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PREFACE

This publication provides practical, easy to follow methodologies for a range of calculations used in the design of heating ventilating
and air conditioning building services systems.

The calculation sheets are presented in five sections covering:

e Heating loads and plant

Cooling loads and plant
Water flow distribution systems
Air flow distribution systems

Acoustics for building services

The calculation sheets provide practical guidance including design watchpoints, design tips and rules of thumb, and are intended to
aid the design process and reduce errors. The guidance is based primarily on data and procedures contained within the CIBSE
Guides, together with other sources such as Building Regulations, with clear cross-referencing provided to data sources.

This publication is intended primarily to help junior design engineers, working within a structured and supervised training
framework, by providing assistance in completing the basic calculations needed to define operating conditions for systems, size
distribution systems and to specify required duties for plant and equipment. It is not the purpose of this guide to identify the most
appropriate system for a particular application. Such decisions require knowledge, experience and analysis of the application.

This guidance is also not intended to be exhaustive or definitive. It will be necessary for users to exercise their own professional
judgement, or obtain further advice from senior engineers within their organisation when deciding whether to abide by or depart
from the guide. The calculation sheets are relevant to many design applications, but cannot be fully comprehensive or cover every
possible design scenario. Every design project is different and has differing needs, and it is the professional duty of the responsible
design engineer to consider fully all design requirements. Designers should exercise professional judgement to decide relevant factors
and establish the most appropriate data sources and methodologies to use for a particular application.

Designers must be aware of their contractual obligations and ensure that these are met. Following this guidance - or any other
guidance - does not preclude or imply compliance with those obligations. Similarly, it is the duty of the designer to ensure
compliance with all relevant legislation and regulations.

It is hoped that design practices and individual designers will be encouraged to share knowledge and experience by extending and
adding to the design watchpoints and design tips, and disseminating this work within their organisations. BSRIA would be pleased
to receive any such contributions for incorporation into any future revisions of this publication to provide wider industry sharing of
such knowledge.
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INTRODUCTION

BSRIA has been researching into the design process and design
methodology in the building services industry since the mid 1990’s.
This has produced guidance on the use of engineering design
margins', feedback to design’ and quality control systems for detailed
technical design’. The overall aim has been to develop systematic
guidance for the industry that would contribute to greater
consistency in design and to an overall raising of design standards.

The studies have involved considerable discussions with industrial
partners on their current and future needs, and several visits to the
design offices of a number of industrial contributors to the projects.
A majority of those organisations consulted said that a lack of formal
design guidance and inadequate recording of calculations was a
major barrier to quality improvement in design. Many also felt that
standardised formal procedures would help improve the quality of
design outputs.

BSRIA’s research also revealed that there is a lack of standardisation
in design procedures, both between companies and between
individuals. Many companies have developed their own design
guidance and approaches to calculation procedures, leading to
considerable diversity within the industry. This can make it
difficult to cross-check work done by others, which could lead to
differences in system design parameters and sizes, and even
calculation and design errors. There are many specific examples of
design errors and issues that should have been considered during
design calculations and have led, (or could have led) to operational
problems or subsequent litigation®, including:

e Omission of HEPA filter resistance from fan-pressure
calculations, requiring subsequent fan motor replacement which
then required additional silencing

e Onmission of duct sizes and flows from drawings, leading to
incorrect sizes being installed

e Incorrect pipe and pump sizing for a constant temperature
heating circuit, necessitating replacement of system distribution
network

e No allowance for pipework expansion on a heating mains.

Although there is considerable design guidance and data available to
inform the design process much of it is intended for use by
experienced engineers, who have fulfilled a programme of
education and training and have design experience. For example,
while the design guides published by the Chartered Institution of
Building Services Engineers (CIBSE)’ provide essential design data
for building services engineers, they are intended for use by
experienced engineers, and therefore do not always show how to
design in detail by giving every necessary calculation step. They
also do not show how different calculation routines link together to
build up the design process.

Research has also shown that many employers are currently finding
it difficult to recruit design engineers with appropriate building
services skills and experience, which necessitates recruiting and
retraining engineers from other disciplines.” Output from building
services courses is currently falling,” which implies there will be no
short term improvement in this situation.

These recruits, with no building services training or experience,
will require close supervision and considerable training which can
place a heavy burden on company resources.

While there is no substitute for an appropriate quality control
framework and adequate supervision by qualified senior staft, good
training resources and technical support can provide an invaluable
adjunct to company training provision.
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As a result of all these factors many of the leading organisations
involved in education and training in the building services industry,
including BSRIA, CIBSE, ESTTL and HVCA and a number of
industrial contributors embarked on this project to develop simple
and clear guidance on building services calculation procedures that
would be applicable across the industry.

The resulting guidance is intended to be suitable as an in-company
learning resource, in order to improve quality and communication
within the design process. This should reduce the risk of design
calculation errors and omissions, simplify the task of calculation
checks and improve the overall efficiency of the design process.

A comprehensive review of current building services design practice
and calculation procedures was carried out in consultation with the
industry. This was closely linked to current industry design guides
and reference material in order to develop this good practice
guidance for building services calculation procedures, including:

e An overview of the building services design process;

e Flowcharts of key calculation sequences;

e Practical procedures and calculation sheets covering 30 key
building services calculation design topics;

e Clear cross-referencing to the CIBSE Guide and other
appropriate reference sources.

The calculation sheets provide an overview of each procedure,
with guidance on design information, inputs and outputs, design
tips and watchpoints and worked examples, to aid the design
process and reduce errors. They are supplemented with illustrations
and guidance on how to use appropriate tables, figures and design
information correctly.

This guidance is intended for practising building services design
engineers, and will be particularly relevant to junior engineers and
students on building services courses. Junior engineers would be
expected to use it under supervision, (for example within a formal
company training scheme) as part of their practical design work.
Students can use it within the taught framework or industrial
training component of their course, guided by course tutors as
appropriate. The guidance should also encourage clear recording
and referencing of calculation procedures which will aid quality
assurance requirements and allow simpler and easier in-house
checking of design work.

The guidance complements the CIBSE Guides, in particular Guide
A covering design data, Guide B covering heating, ventilation and
air conditioning, and Guide C covering reference data. It
especially complements the CIBSE Concise Handbook" a
companion volume showing the use and practical application of
commonly used design data from other CIBSE Guides.

The Practical Guide to Building Services calculations also closely
complements the BSRIA Guide: BG 4/2007 Design Checks for
HVAC — a quality control framework (Second edition)’. This provides
good practice guidance for building services technical procedures
and design management, including design guidance sheets for 60
key design topics and check sheets that can be used in project
quality assurance procedures.

New entrants to building services may find it helpful to read the
overview information given in the BSRIA illustrated guides
volumes 1 and 2.”
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THE BUILDING SERVICES DESIGN PROCESS

Calculation procedures are a necessary component of design but
it is important to see them in the context of the whole design
process. Decisions made as part of initial design and during the
calculation procedures will affect system design, installation,
operation and control.

The BSRIA publication Design Checks for HVAC — a quality
control framework (Second edition)’, provides a useful and relevant
discussion of the building services design process. As part of this
work, a detailed analysis of design procedures and tasks was
carried out for building services design and a simple linear
model of the building services design process derived was
derived as shown. This gives a single design sequence, from
statement of need, through problem analysis, synthesis and
evaluation to final solution and enables design tasks to be clearly
linked to both preceding and succeeding actions. Some primary
feedback loops are shown, but in practice there are often
feedback loops between all tasks and even within specific tasks.

This work also mapped the building services design process,
both as a sequence of design tasks and as a series of topics that
make up the design process. This detailed map of the process is
shown opposite. The map is shown as a linear view of design,
(with iteration and intermediate feedback omitted) in the form
of an Ishikawa or fishbone diagram. The process originates from
the client’s need on the left with various branches feeding into
the main design line to eventually reach design completion and
design feedback. The map may be of particular benefit to
junior engineers as it will enable them to put their contribution
to the whole design process in context. When engineers carry
out load calculations or pipe sizing, it is easy to forget that this is
part of a larger process with consequences for impact on future
system installation, operation and control.

Note that CIBSE Guides B1 to B5 have been combined to form
Guide B — Heating, Ventilation, Air Conditioning and Refrigeration.
This publication provides references to both individual B guides
and the combined B Guide where appropriate.

Identify client requirements and
environmental criteria. Gather information
about site and use of building

Figure 1: Simple example of a building services design process.

+

Contribute to discussion about satisfying
legal requirements, and building form fabric

. 4

Agree parameters and brief. Analyse
building and calculate main loads (heating and
cooling) and ventilation requirements

¥

Consider alternative HVAC system design
solutions.Value engineering exercise

F N

2

Consider client requirements, acceptable
risk,and energy use. Assess options against
cost, comfort, control and convenience.
Check part load performance

b 2

Select the final design

2

Size and select equipment,
distribution network and plant

F N

b 2

Check layouts and services co-ordination
for clashes and ease of commissioning
and maintenance

. 2

Design review and
study the lessons learned
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THE BUILDING SERVICES DESIGN PROCESS
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OVERVIEW OF CALCULATION SHEETS

The calculation sheets are organised into five sections covering
over 30 topics relevant to building services design:

This section covers the key topics and calculations relevant to
establishing heat loads for a space or building and sizing heating
plant, covering infiltration, U values, heat loss, heating load, radiator
sizing and boiler sizing. It explains how to use design data from
different sources to establish heat losses and heating loads and
explains the different components that make up plant loads.

This section covers the key topics and calculations relevant to
establishing cooling loads for a space or building and sizing cooling
plant, covering internal gains, external gains, cooling load, supply air
temperature, cooler battery sizing and humidifier duty selection. It
provides an overview of heat gains, explains maximum simultaneous
loads and explains how to determine acceptable supply air
temperatures and size plant components.

This section covers the key topics and calculations relevant to the
sizing of water flow distribution systems, covering pipe sizing,
system resistance, pump sizing and water system pressurisation. It
explains how to read information from pipe sizing tables, how to
work out pressure loss through pipe fittings, and how to determine
the index run.

This section covers the key topics and calculations relevant to the
sizing of air flow distribution systems, covering duct sizing, system
resistance, fan sizing, grille and diffuser sizing, and space
pressurisation. It explains how to read information from the CIBSE
duct sizing chart, how to convert from circular to rectangular duct
sizes, discusses practical selection of duct sizes to enable economic
system installation, explains how to work out pressure loss through
duct fittings, and how to apply corrections for air density changes.

This section shows how acoustics must be considered in building
services design as most items of mechanical plant or equipment
generate noise. This noise can be transmitted through the building
to its occupants and outside the building to the external
environment.

Calculation flowcharts are provided at the beginning of each
section as shown opposite. These show the calculation
procedures in that section and help to explain how different
calculation routines link in sequence to build up the design
process. This enables any one calculation sequence to be
viewed in the context of the broader design process. Some
other relevant design inputs and related processes are also shown
for completeness, although they are not included in this current
guidance as detailed calculation procedures.

Although the calculation procedures provided in this guide are
grouped into four sections with calculation sequence flowcharts
given for each section, during a real design process all the
sections will inter-link. For example, emitter and boiler sizing
will require consideration of pipe sizing, boiler sizing needs,
details of heater batteries, duct sizing requires consideration of
heating and cooling loads and ventilation requirements.

Air flow Acoustics
Cooog o Woter e Ao p
FLOW CHART | - TOPICS WITHIN THIS SECTION
Seack eifect U wakoen
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! f !

1 : 1
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For each calculation topic the guidance provides the following
information, as appropriate:

An overview of the calculation topic and procedure explaining
what it is and where and when it is used to put it in context.

This explains literally what you need to know to carry out a
particular calculation, such as the design information necessary
for a procedure, for related design decisions, system layouts or
selection of equipment. This could include design data such as
an internal design temperature or a mass flow rate, fluid type
and temperature, and other design information such as duct
material, insulation details and floor to ceiling heights.

Key technical data (with units) essential for that particular
calculation procedure such as mass flow rate, heating load, and
limiting pressure drops.

The required design output from a particular calculation
procedure which will be used to either inform future design, or
to form part of the specification or design production, such as
schedules of loads, schematic diagrams, system layout drawings
with sizes and design data included, and schedules of equipment
sizes and duties.
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OVERVIEW OF CALCULATION SHEETS

This provides guidance on the design approach to be considered
during a calculation procedure and points to be aware of such as
designing to minimise noise, the need to check that all of a
system 1s under positive static pressure and the need to reduce
corrosion risk.

This provides step-by-step procedural guidance, explaining the
use of any charts or tables that are likely to be used.

Note: While the calculation procedures are as comprehensive as
possible, no design guidance manual can be fully comprehensive
for all design applications. It is the responsibility of the designer
to add additional information as required by a particular project.
Every design project is different and has differing needs and it is
the responsibility of the design engineer to fully consider all
design requirements

One or more worked examples to illustrate the calculation
procedure in detail.

Relevant rule-of-thumb data which could be used (with
caution) to provide reasonable data for use in design, such as
selection of an acceptable pressure drop for use in pipe or duct
sizing, or could be used to provide an approximate order of
magnitude, a cross-check on a design output such as a watts per
square metre, or watts per cubic metre check on a heating load.

Reference to relevant design information sources, such as
CIBSE Guides, BSRIA publications, and Building Regulations.

Reference to other relevant calculation sheets in this guide.

These provide practical design tips at the point where they are
relevant during the explanation of the calculation procedure.

These provide guidance on things to watch out for or be aware
of during the design process. An example is shown below.

DESIGN WATCHPOINTS

I.  For example, the design watchpoints could include checking that
the minimum fresh air requirement is always met, to cross-check
computer outputs, to check noise levels are acceptable from
selected grilles and diffusers, to ensure that duct dimensions
selected are standard or readily available sizes.

6 GUIDE TO HVAC BUILDING SERVICES CALCULATIONS
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Use of the guidance

Design calculations are part of the design process and therefore
will form part of the project design file and records and be
subject to standard in-company quality assurance (QA) and
quality control (QC) procedures. As such they should always
be properly recorded and checked. By clearly identifying
required design inputs and design outputs in this guidance, and
providing a clear methodology, users are encouraged to follow a
good practice approach to design. Junior engineers would be
expected to use this guidance within a framework of adequate
supervision within their organisations, however the following
notes highlight some good practice approaches to the use of
design calculations.

It is good practice to clearly record/cross-reference to data
sources to enable input information to be adequately verified
and to allow track-back of data if necessary. This is particularly
important if changes occur in the design which necessitate
reworking certain design calculations. Data used should be
clearly identified as eg from a client brief (with date and design
file reference), or from good practice sources such as the CIBSE
Guides, BSRIA publications, British Standards etc. (again with
precise details of the publication, date and exact source
reference eg page number, table etc),

Where any assumptions are made in the calculation process
because data is currently unknown these should be made overt,
ie clearly noted as assumptions, and if necessary approved by a
senior engineer. Assumptions made should always be reviewed
at the end of any calculation process to check again that they
were reasonable. If a calculation will need to be redone when
more detailed information is provided (eg from a client,
manufacturer etc) then this should be clearly noted.

Design calculations should always be properly recorded and
checked. Always ensure that all calculations are recorded in
sufficient detail that they can be clearly followed by others. Be
aware that if a problem arises on a project this could mean
revisiting calculations several years after they were originally
done.

Margins should never be added during a calculation process
without an adequate reason for doing so and with the approval
of a senior engineer. Excessive margins can result in system
oversizing and poor operational performance and control. If
any margins are used they should be clearly identified and a
justification given for their use, which should be recorded in the
design file. The use of margins should be reviewed at several
stages during the design process to check their appropriateness
and avoid any duplication or excess eg at the end of a
calculation procedure, at design review stage etc.

(For more information on the use of margins in engineering
design refer to Design Checks for HVAC — A Quality Control
Framework for Building Services Engineers’, topic sheet number 1 —
Design Margins and CIBSE Research Report RR 04,
Engineering Design Margins'.)
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OVERVIEW OF CALCULATION TOPICS

Heating loads and plant Water flow distribution systems

HI  Stack effect WI Pipe sizing — General

H2 Infiltration W2 Pipe sizing — Straight lengths

H3 U values W3 Pipe sizing — Pressure drop across fittings
H4 Condensation risk W4 System resistance for pipework — Index run
H5 Heat loss W5 Pump sizing

Hé  Plant heating load W6 Control valve selection/sizing

H7 Heating plant configuration and load matching W7 Water system pressurisation

H8 Radiator sizing
H9 Boiler sizing

HI0 Flue sizing
Air flow distribution systems
Cooling loads and plant Al  Duct sizing — General
A2 Duct sizing — Selecting a circular duct size
. A3 Duct sizing — Circular to rectangular ducts
Cl Internal heat gains

A4 Duct sizing — Pressure loss through fittings
A5  Duct system — Index run

A6  Fan sizing

A7  Grille and diffuser sizing

A8  Air density correction

A9  Pressurisation of spaces

C2  External gains

C3  Cooling plant loads

C4 Ventilation — Outdoor air requirements
C5  Supply air quantity and condition

Cé6 Heating/cooling coil sizing

C7 Return air temperature effects on coil duty
C8 Humidifier duty

C9 Dehumidification

Acoustics

ACI Acoustics for building services
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HEATING LOADS AND PLANT

The following section contains ten
building services engineering topic areas
related to the design of heating systems,
including heating loads and plant sizing.

The following two pages contain flow
charts of the relevant design and
calculation processes.

The first flow chart shows the ten topics
within this section.

The second flow chart provides an
overview of the process, showing some
of the many related topics that need to
be considered in the design of heating
systems. The boxes highlighted in blue
show an area that is fully or partially
covered within one of the ten topic
areas in this section, or in the rest of the
guidance, with the appropriate reference
numbers given.
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FLOW CHART 2 - OVERVIEW OF SYSTEM DESIGN PROCESS
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Stack effect

(H1)

Infiltration rates
(H2)

Pipework distribution
system design

WI -Ww34)

Design

Avrchitectural layouts
and elevations

Fabric

U values
(H3)

Fabric heat loss
(H5)

Infiltration heat loss
(H2)

Total room heat loss

r_
|
|
I_
|

1
[

Outdoor air vent
heating load

(H5) (H6,C4)
I [
r -t 1
Room heat | Duct heat |
emitter sizing I losses }
(H8) e —
i SR S

Distribution pipework

heat losses
(H5,W2)
Processload | i
(Hé) I I
|
| | r———————
I | |
Central heating load
HWSload  ——————— (H6)

Heating load
diversities
(Hé)

Pre-heating margin
(H6,H9)

Maximum
instantaneous

heating load

Heating plant
configurationand | _ I
load matching I ! I
(H7)

(Hé)
I

Boiler selection

(H9)

load

ratio |

This chart shows the design areas relevant to this design process.Where design areas are wholly or partially
discussed in this document the relevant sheet references are given in brackets
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Cooling loads

Non-mechanical airflow through a building can occur due to
both wind pressure imposed on a building and temperature
differences between the inside and outside air.

Stack effect is a difference in pressure caused by a difference
between inside and outside air temperature which gives
different air densities, thereby causing vertical air movement.

In practice, wind pressures will modify stack eftect (this aspect is
not dealt with in this sheet). Further information is found in
CIBSE AM 10 Natural ventilation in non-domestic buildings.

This pressure difference can be used to promote air movement,
but will always be dependant on the difference in temperatures,
and so may not be practicable for all ventilation applications.

To promote air movement through stack effect, there must be
an air inlet point and an air outlet point, and the greater the
vertical distance between the two the greater the stack effect.

The direction of air flow will depend on the temperature
values. In other words, when the inside temperature is greater
than the outside temperature, the resulting air flow will be
upwards with air entering through the lower opening and
exiting through the higher opening. If, however, the internal
temperature should be lower than that outside, then the airflow
would reverse, with air entering through the higher opening
and leaving through the lower one.

The principle of stack effect can be used for daytime ventilation
and also free cooling overnight. This is done by drawing cooler
night time air through the building to reduce the internal
temperature before occupancy the following morning. This can
be very effective at liberating (after occupancy hours) the heat
energy stored in the thermal mass of the building structure.

Another use is to limit internal temperature rise within a
machine enclosure. Where internal gains are very high, a tall
enclosure is constructed with vents or openings at high and low
level. The airflow created by the stack effect reduces the internal
temperatures to acceptable operating conditions for the
machinery.

Standard calculations are available in chapter 4 of CIBSE

Guide A for the estimation of airflow through simple building
layouts. Additional information on wind pressure can also be
found in chapter 4. For buildings that have a more complex
arrangement of opening layouts, additional information can be
found in the CIBSE publication AM10 Natural ventilation in non-
domestic buildings 2005.

Type, size and location of openings
The type and shape of the openings will have an effect on the
airflow through them, and so needs to be accurately identified.

12 GUIDE TO HVAC BUILDING SERVICES CALCULATIONS
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Water flow

Air flow Acoustics

Inside and outside air temperatures (°C). The difference
between inside and outside temperatures affects the
difference in density and difference in pressure. The
temperature difference is required as it causes the difference
in pressure of the internal and external air masses which
results in stack effect

Height difference between inlet and outlet points (m). The
greater the difference between the two openings, the greater
the stack effect that can be achieved

Ventilation strategy and specification including ventilation
type, such as cross ventilation, single-sided ventilation;
schedule of window types, actuators, method of control;
and schedule of transfer grilles

Analysis of predicted ventilation performance
Requirements for solar shading, where appropriate
Layout plan drawings showing air flow paths

Control philosophy to be applied, where appropriate

1. Select appropriate calculation according to the building
layout

2. Identify the inside and outside air temperatures that are to
be applied to the calculation

3. Identify the height difference between the inlet and outlet
points (centre to centre)

4. Identify the type, size and shape of the opening, (some
factors in the equation may vary according to this)

5. Enter values into equation to calculate the volume flow rate
through the building.

Calculate the rate of natural airflow due to temperature through

the building described below.

Design data
The building has four openings for ventilation, two on each of
the opposite sides, one at high level one at low level.

Stack effect
Aq t; As
h2
'y 4_ _>
£ ha, to
L hq
o &5 —» S
q Az AA
A4 N




Cooling loads

Hl STACK EFFECT

Where:

t, = Mean inside temperature (°C)

t,= Mean outside temperature (°C)

A,, A, A,, A,= Opening areas (m’)

h;, h,= heights above ground of centres of openings (m)
h, = Difference between heights h; and h,

a

O5m-25m=7m)
Using equation:
Q,=C; XAbX[

Where:
Q, = volumetric flow-rate due to stack effect only (m’/s)
C4 = discharge coefficient (value for a sharp opening is 0-61)
A, = equivalent area for ventilation by stack effect
only (m)
g =acceleration due to gravity (9:81 m/s)
t =mean of t; and t, (°C)
At = temperature difference between inside and outside
A, = found from:
1 1 1
+

A (A +A) (A+A,)

2xAtxh, g |
T+273

Area of openings:

A=1 m’
A,=075m
As=1 m’
A,=075m’
Temperatures:
Summer
t, =22°C
t, =26°C
Therefore:

At=26-22 = 4°C
T = (22 + 26)/2 = 24°C

Find A,
1 1 1
2= 2+ 2
A (1+1)° (0-75+0-75)
BN
A’ 28 1.5
11 1
_2=_+_
A’ 4 225
1
~=0-25+0-444=0-694
b
T,
0-694 °
1-44=A

Therefore:

A, =V1-44=1.20m’

Water flow

Air flow Acoustics

With all the variables found the flow rate can be calculated:

Q, =0-61x1-2x 2x4x7x9-81 )
b 24+273

-0 (36)

Q, =0-732x (1-849)"

Therefore:
Q, =0-732x1:36=0-995 m’/s

CIBSE Guide A, Environmental Design, 2006,

ISBN 1 903287 66 9

CIBSE, Natural Ventilation in Non-Domestic Buildings, AM10,
2005, ISBN 1 903287 56 1

AIVC 1998, TN 44 Numerical Data for Air Infiltration &
Natural Ventilation Calculations, ISBN 1946075972

Sheet H2 Infiltration

Sheet H5 Heat loss

Sheet C1 Internal heat gains

Sheet C2 External gains

Sheet C4 Ventilation — Outdoor air requirements
Sheet A8 Air density correction

Sheet A9 Pressurisation of spaces

DESIGN WATCHPOINTS

I. Be sure of the direction of airflow as it may change through the
year as the outside temperature changes.

2. Make sure that airflow induced by stack effect does not cause
problems with over- pressurising a space, or disturbing the design
airflow patterns of ventilation and air conditioning systems.

3. Wind pressures acting on the building may nullify the pressure
difference induced by stack effect.

4.  Air paths or openings, provided to make use of airflow from the
stack effect, might affect heat loss if they are not able to be
closed.

5. Openings for stack effect airflow may represent a security risk if
they are not satisfactorily secured.

6. Internal partitions and obstructions may lessen the effect by
imposing greater resistance on the flow of air. Stack effect should
ideally be limited to single zone areas.
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Cooling loads

Infiltration can be outside air, which enters a building or room,
or internal air at a different temperature that enters a room. Air
enters the building through defects or imperfections in the
external facade, such as small gaps, and through cracks around
windows and doors. This is due to an air pressure difference
caused by wind pressure or temperature differences.

Infiltration should not be confused with a mechanical air change
rate or with natural ventilation, which is the deliberate
provision of outside air for ventilation by non-mechanical
means.

In winter it can cause additional heat loss as air enters the space
at outdoor conditions, and in summer it can cause additional
heat gain. Therefore, the volume of infiltration air must be
considered as part of the heating and cooling load calculation.

Pressurising a building will reduce infiltration but will incur
costs in terms of both energy and plant.

In order to comply with Building Regulations Approved Document
Part L2A, any new building must be designed and built to have
a maximum air permeability of 10 m’/(h.m”) at 50Pa. This
typically equates to an air leakage index of 15m’/(h.m?). The
recommended air leakage standards in Table 1, Section 5 of
CIBSE TM?23, and BSRIA BG 4/2006 Air Tightness Testing,
can be significantly lower than this depending on the type of
building and whether good or best practice is applied. These
values can be achieved with a robust building design combined
with good construction techniques and careful site supervision.

All buildings with a usable floor area of 500m’ and over must be
tested to determine infiltration rates. The approved procedure
for pressure testing is given in the ATTMA publication
Measuring Air Permeability of Building Envelopes.

The CIBSE and BSRIA recommended standards are for
different types of buildings, for good practice and best practice
and are given in terms of air leakage index and air permeability.
These values are substantially lower than those permitted under
the Building Regulations.

It is expected that the requirement for testing will result in
realised infiltration rates falling.

Air leakage index and air permeability have the same units of
m’/(h.m’).

Air leakage index Q5,/S, is the air leakage rate at a pressure
difference of 50 Pa divided by the building envelope area S. S
does not include the lower floor area unless the floor is not
supported by the ground.

14 GUIDE TO HVAC BUILDING SERVICES CALCULATIONS
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Water flow

Air flow Acoustics

Air permeability Qs,/Sy, is the air leakage rate at a pressure
difference of 50 Pa divided by the building envelope area S;. Sy
includes the ground floor area for all types of building.

The Building Regulations Approved Document Part L2A gives
required performance levels in terms of air permeability but, as
already discussed, recommended standards for both terms are
available in CIBSE TM23 and BSRIA BG 4/2006.

The following is only one method of calculating the heat loss
due to infiltration, and it is suggested that advice is sought from
a senior engineer as to an organisation’s preferred calculation
methodology and assumptions.

Section 6 of CIBSE TM23 gives a calculation that allows the
infiltration rate in ach™ to be determined from the air leakage
index. The actual air leakage index will not be known until the
building is tested, but maximum compliance levels are in force.
It is reasonable to determine a maximum infiltration rate for
average wind conditions for design purposes.

Building details and dimensions

These can be obtained from the architect’s detailed drawings.
This should include the height as well as the plan dimensions,
whether the lower floor is supported by solid ground or if there
is a basement or car park under the building.

Internal surface area S (mz)

The internal surface area of the building facade is required. For
the air leakage index, S does not include the ground or lowest
floor area unless special circumstances apply.

(See CIBSE TM 23 section 3.3.1)

Volume V (m3)
The internal volume of the building being tested

Air leakage index Qg,/S (m’/(h.m’)

The recommended air leakage index for the type of building
needs to be known. Values can be found in Table 1, Section 5
of CIBSE TM23, for good practice and best practice.



Cooling loads

H2 INFILTRATION

Q5o (m'/h)

Qs is determined from air tightness testing. It is the rate at
which air leaks from a building when pressurised to 50 Pa.
From this, value, Qs, the air leakage index of a building can be
determined by dividing Qs, by S.

For example:
Air leakage index = Qs/S

Therefore:

Qs = air leakage index x S

At (K)
The difterence between the external and internal temperatures.

Internal surface area S (m°), excluding ground floor
Volume V (m)

Air leakage index (Qsy/S)

Leakage airflow rate at 50 Pa Qs (m’/h)

At air temperature (K)

I is the infiltration rate in air changes per hour for design
purposes. It should be noted that some texts use N to
denote air change rates in ventilation calculations; take care
not to confuse the two

Qv is the infiltration heat loss (kW)

The key design inputs are established and applied to
the following equation (equation from Section 6 CIBSE
TM23):

1.5 Qu
20 V. S
giving an average infiltration rate in air changes per hour for
average weather conditions.

The equation is formed in three parts:

Qs0 s the air leakage index,

S

1 is applied to the air leakage index to approximate the

20  air infiltration rate in air changes per hour for
dwellings,

S the surface to volume ratio, is then applied to

\% approximate air infiltration rate in air changes per

hour for non-domestic buildings.

Apply the value for infiltration to the heat loss
calculation:

QV:%XIXVXAT

Water flow

Air flow Acoustics

Calculate the design heat loss due to infiltration for a three-
storey office building with balanced mechanical ventilation
from the following data:

Maximum air leakage index for good practice = 5-0 (m’/h)/m’
Internal dimensions: 15m wide, 30m long, 9m high.
Temperatures: 21°C internal, -3°C external.

Establish:

Internal surface area S (m’), excluding ground floor,
Volume V (m")

Qs (m3/h)

S={2x(30+15)x 9} +(30x15)=1260 m*
V=30x15x9= 4050 m’

air leakage index = 5 = Q,,/S

Apply to infiltration equation:
1 1260
=—x——X
20 4050

1=0-077 ach”
Apply to ventilation heat loss calculation:

Q, =%x0-077><4050><24

Q, =2520 W ie 2-52kW

CIBSE TM23, Testing Buildings for Air Leakage, 2000,
ISBN 1903287103

Sheet H5 Heat loss

Sheet H6 Plant heating load

Sheet H9 Boiler sizing

Sheet C3 Cooling plant loads

Sheet C4 Ventilation — Outdoor air requirements
Sheet A9 Pressurisation of spaces
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Cooling loads Water flow Air flow

H2 INFILTRATION

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —
sheet 21, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Building Regulations Approved Document Part F1 — Ventilation:
2006 Edition, ISBN 1 85946 205 7

Building Regulations Approved Document Part L2A — Conservation
of Fuel and Power in Existing Buildings Other than Dwellings. 2006
edition, ISBN 1 8959462 20 0

Pickavance D, Jones T J, Air Tightness Testing — The Essential
Guide to Part L2 of the Building Regulations, BG 4/2006, BSRIA
2006, ISBN 0 86022 622 X

Potter I N, Air Tightness Specification for Quality Buildings,
TN 10/98, BSRIA 1998, ISBN 0 86022 499 6

Potter I N, Jones T J, Booth W B, Air Leakage of Office
Buildings, TN 8/95, BSRIA 1995, ISBN 0 86022 402 3

CIBSE Guide A, Environmental Design, Section 4, 2006, ISBN 1
903287 66 9

CIBSE, Natural Ventilation Non-Domestic Buildings, AM10,
CIBSE 2005, ISBN 1 903287 561

ATTMA, Measuring Air Permeability of Building Envelopes, 2006

DESIGN WATCHPOINTS

I. It must be borne in mind that an airtightness index of 5 m’ /(h.mz)

is only achieved by the combination of good design details, good
construction techniques and careful site supervision.

2. Use dimensions given on the drawings wherever possible rather
than scaling off. Drawings can distort during the copying process,
resulting in inaccuracies when measuring from the print.

3. Air infiltration through the building fabric should be minimised by
installing air barriers. Certificates or declarations should be
provided or obtained by the person carrying out the work.
Designers should refer to the Building Regulations Approved
Document Part L2A for more information.

4. The values for air leakage index given in CIBSE TM23 are
substantially lower than those permitted by the Building
Regulations, being applicable to good and best practice.

5. Not all four sides of a building will be subjected to infiltration at
the same time. How much and where will depend on the weather
conditions at the time and the location/orientation of the
building. Check with senior engineers as there may be a set
company procedure, such as only considering 50% of the
calculated infiltration rate at any one time.

6. Note that the equation in CIBSE TM23 relates the seasonal
average infiltration rate to airtightness. While this is useful for
energy calculations, for design sizing purposes, it may be
underestimating the infiltration load that occurs at the design
extremes.

7. While point five above is valid, in practice the diversity is not
often taken into account; this will offset to an extent, the
underestimating referred to in point six for system and boiler
sizing. Do remember that, for room heat emitter sizing, the full
local infiltration rate must be considered. Care should also be
taken as the infiltration part of the calculation assumes greater
importance with increasing levels of insulation.
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Cooling loads

The U value is the common term for unit thermal transmittance,
and is used in the calculation of heat losses and gains. The
thermal transmittance is a result of the relationship between the
thermal resistances of a particular element or elements, and can
be determined through calculation. The calculation of U values
for composite walls, roofs and floors can be very complex.
Building Regulation Approved Document Part L2A provides limiting
U value standards.

Guidance for U value calculations is provided in Section 3 of
CIBSE Guide A and BR 443 — Conventions for U Value
Calculations.

Software for calculating U Values is available. When using any
kind of software package, whether it is for U values or other
building services calculations, check that it reflects the current
regulations in place at the time.

The thermal resistance, R, of a structural element can be
calculated from:

R=9
A

Where:
d = thickness of element (m)
A = thermal conductivity (W/mK)

The basic formula for calculating the U value of an element
or structure is:

U=_L
RT
R T + R 'Wer
Where: R = Uppe Lowe
2
2
Therefore: U =——
R, +R,

Where:
R, = upper bound thermal resistance (m?K/W)
R, =lower bound thermal resistance (m*K/W)
R = thermal resistance of section (m?K/W)
U = thermal transmittance (W/m’K)

R, = inside surface resistance (m’K/W)
R, = outside surface resistance (m’K/W)
R, = resistance of air space (m’K/W)

a

Construction
The detailed build-up of the wall or roof that is being
considered, including dimensions.

Materials

The exact type of materials being used (for example lightweight
or heavyweight blockwork; this can have a significant effect on
the U value obtained), and the thermal conductivity (or thermal
resistance) of each material. Wherever possible, the actual
manufacturer’s details should be used, as there may be a
difference between the values of thermal conductivity, for
instance, of an item from one manufacturer to another. Values
of thermal conductivity can be found in CIBSE Guide A,
Appendix 3.A8.

Water flow

Air flow Acoustics

R;; will depend upon direction of heat flow
(horizontal/up/down)

R,, will depend upon direction of heat flow and wind speed.

Bridged walls
This is the combined method of calculating U values in terms of
proportions of the total surface area.

For each bridged layer, calculate the proportion (P) of
the surface area that is each material.

Find the thermal resistance of each material (if not
already known):
d
R=—
A
Where:

R = Thermal resistance (m?K/W)
d = Thickness of material (m)
A = Thermal conductivity (W/mK)

If possible, split the wall into sections, from an external
or internal surface to a cavity, or from cavity to cavity. The
thermal resistance for each section that contains no bridging
(each layer consists of only one material) can then be calculated
by simply summing the thermal resistances for each layer in that
section (including surface resistances). For bridged sections (one
or more layers have two or more component materials), a
thermal resistance must be calculated for each possible route
through the section by summing the thermal resistances of the
component parts (if a wall has two layers, each with two
materials a and b and ¢ and d respectively), there are four routes:
a-c, b-c, a-d, b-d. The thermal resistance for each route would
be: R,y = (R, + R). Each route will also have an associated
proportion, which is found using: P, = P, x P..

B C e SR R p b-c
a
d
B i i it » b-d
R e e | » a-d
b
B e e e R e » a-c
c
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Cooling loads

H3 U VALUES

The thermal resistance for the entire section can then be found
as follows:

1 _ Puo + P—g + Py + P gy
RT R(a—c) R(a—d) R(b—c) R(b—d)
Where:

R = thermal resistance of section (m2K/W)

The upper bound of the thermal resistance can then be
found by simply summing the thermal resistances of all the
individual sections.

The lower bound is the sum of the thermal resistances
of each layer. For a bridged layer, this is the sum of (P x R) for
each material in that layer.

The U value can then be calculated as follows:
2

(Ry+Ry)

Where:
U = thermal transmittance (W/m’K)

Ry, = upper bound thermal resistance (m?K/W)

R, =lower bound thermal resistance (m?K/W)

X HOCOCC A

© @ ® &G
| 0105 m brickwork

2 0-05 m air cavity

3 0-125 m concrete blocks (0-44 m x 0-215 m)
bridged by 0-01 m mortar joints

4 0-03 m insulation between timber studs
0-05 m x 0-03 m) at 0-6 m centres

5 0-013 m plasterboard

Note: As the thermal conductivities, of brickwork and mortar
differ by approximately 0-1 W/mK, the mortar in the
brickwork can be ignored in the calculation.
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Water flow

Air flow Acoustics

Thermal conductivities:
Brickwork: A, = 0-77 W/mK
Very lightweight areated concrete blocks: A, = 0-11 W/mK
Mortar: A, = 0-88 W/mK
Insulation: A, = 0-:04 W/mK
Timber: A, = 0:14 W/mK
Plasterboard: A , = 0-16 W

Surface resistances:
External surface: R, = 0:06 m2K/W
Internal surface: R; = 0:12 m?K/W
Air cavity: R, = 0-18 m?K/W

Calculate the proportions of each bridged layer (in this
case 3 and 4) that are each material.

Concrete Mortar
0-215
0-01
0-215
0-01 T

» l—
0-44 0-01 0-44 0-01

Layer 3:
Area of the concrete is 4 x 0-215 x 0-44 = 0-3784 m?
Total area is 4 x (0-215 + 0-01) x (0-44 + 0-01) = 0-405 m?
Proportion of concrete is 0-3784 + 0-405 = 0-9343
Proportion of mortar is 1 - 0:9343 = 0-0657

Insulation
50 mm
le—>|
Timber 7 T 30 mm
stud !
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
;
< »! -
30 mm thick ! 300 mm thick

Layer 4:
Area of the wood is 003 x 0-05 = 0:0015 m?
Total area is (005 + 0-55) x (0:03 + 0-57) = 036 m?
Proportion of wood is 0-0015 + 0-36 = 0-00417
Proportion of Insulation is 1 — 0-:00417 = 0-9958



Cooling loads

H3 U VALUES

Use the depth and the thermal conductivity of each
material to calculate the thermal resistance.

R =d=+2A

R, =0-105 = 0:77 = 0-136 m*K/W
R, =0-125 + 0'11 = 114 m*K/W
R,,=0-125 + 0:88 = 0-142 m*K/W
R, =003 = 014 = 021 m*K/W
R, =0:03 = 0:04 = 0-75 m?K/W
R, =0-013 = 016 = 0-081 m*K/W

Calculate the Thermal resistance of each section:
Section I (no bridging)
From External Surface to midpoint of cavity
R, =R, + R, + %R,
=006 + 0136 + %5 x 0-18
=0286 m?K/W

Section Il (bridged)

Possible routes:

i. cavity — concrete block — insulation —
plasterboard — internal wall

ii. cavity — concrete block — timber —
plasterboard — internal wall

iii. cavity — mortar — insulation — plasterboard —
internal wall

iv. cavity — mortar — timber — plasterboard —
internal wall

1
R, = ERa +R_+R +R +R =2-18m K/W

P,=P.xP, =0-930

1
R,=-R, +R_+R +R +R =1-64m’ K/W

P,= P.xP, =0-00390

1
R3 = ER‘ +Rm +R1 +RP +R51 :1 : 18n12 K/W

P,= P, xP,=0-0654

m i

1
R,= R +R,+R +R, +R,=0- 64m’ K/W

P,= P, xP, =0-000274

m

P P P P
L:_1+_2+_3+_4:0.485
RII Rl RZ R} 4

R, = 2-06m>K/W

Use the thermal resistances for each section to calculate
the upper bound thermal resistance:

Ry=®R; +Ry)
= (0-286 + 2:06)
=2-346 m?>K/W

Water flow

Air flow Acoustics

Calculate the lower bound thermal resistance.
R, =0:06+ 0-136+0-18+((1-14x0-9343)+ (0-142x0- 0657))

+((0-21x0-0417)+ (0-75%0-9958)) + 0+ 081+0- 12
R, =2-399m’K/W

Use the upper and lower bound thermal resistances to

calculate the U value.
2
(Ry+R))

2
(2-346+2-399)
2
T 4745
=0-421Wm’K

Details on various fabric elements, as well as values for inside,
outside and air resistances, can be found from specific
manufacturers, or general guidance information is given in
CIBSE Guide A.

CIBSE Guide A, Environmental Design, Section 3, CIBSE 2006,
ISBN 1 903827 66 9

Building Regulations Approved Document Part L2A, 2006, ISBN 1
859462 19 7

Andersen B, BRE 443 — Conventions for U Value Calculations,
BRE 2006

Sheet H2 Infiltration

Sheet H5 Heat loss

Sheet H9 Boiler sizing

Sheet C4 Ventilation — Outdoor air requirements

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —
sheet 22, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

DESIGN WATCHPOINTS

. All new constructions in the UK must have the building
constructed with U values complying with the current edition of
Building Regulations Approved Document Part L2A. This will also
involve any impending changes to standards for declaring of
conductivity of insulation that accounts for ageing effects.

2.  Use the dimensions shown on the drawings wherever possible
rather than scaling off, as the drawings may become distorted
while being copied.

3.  Wherever possible, base the calculations on the data of the
actual manufacturer of the materials being used.

4. When calculating U values stop to think about what is being
calculated. For example when calculating windows, the glass may
have a very low U value but the frame will be higher which will
affect the overall U value of the window when considered as a
single unit.
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Cooling loads

Condensation is the precipitation of moisture or water vapour,
normally present in the air, when it meets surfaces or materials
at a temperature below the dew point of the air.

Properties of humid air are given in various sources such as
section 1 of CIBSE Guide C, and on the CIBSE psychrometric
charts.

There are two types of condensation to be considered:

1. Surface or superficial condensation

Surface condensation is formed when moist air comes in contact
with a surface that is below the dewpoint of the air. This is most
commonly seen on the inside of single-glazed windows in
winter.

2. Interstitial or internal condensation

This 1s where condensation occurs actually within the building
element or fabric itself, rather than on the surface, and is formed
when the vapour pressure at any point through the structure
equals the saturated vapour pressure corresponding to the
temperature at that point. This is undesirable as it can cause
deterioration of the building fabric and can lead to mould
growth.

Construction details
The type and thickness of the individual components that make
up the particular element.

Psychrometric tables
These can be found in CIBSE Guide C, Section 1.

Outside design temperature °C. The value to be used as the
lowest outside temperature that can be reached, and the
design internal temperatures that can still be achieved. (See
CIBSE Guide A, section 2.)

Inside design temperature °C. The required temperature
within the room or space. (See CIBSE Guide A, section 1.)
Thermal conductivity W/mK. The thermal conductivity for
each material in the wall. Alternatively, the thermal
resistance can be used. (See manufacturers data or CIBSE
Guide A section 3.)

Vapour resistivity GNs/kgm. The vapour resistivity for each
material in the wall must be known. Alternatively, the
vapour resistance can be used. (See manufacturers data or
CIBSE Guide A section 3.)

Surface resistances (m?K/W) of any cavities and the internal
and external surfaces

Vapour pressure kPa inside and outside
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If not already known, use the values of thermal
conductivity (A), vapour resistivity (r) and thickness (d) to
calculate the thermal resistance (R) and vapour resistance (G)
for each material:

R=d=+2X
G=dxr

Number each node (each node is where two different
materials meet), and work out the temperature (t) and vapour

pressure (P,) at each node.

Temperature at node , = inside surface temperature — (inside
surface — outside surface temperature) (resistance between inside
surface and node/total resistance of structure)

t, =t, —(((t - tse)xiR)+§R)
Pvn = vai _(((val - vac) x iG) +iG)

Where:

= node number

n

= internal surface

si

= external surface

se

Yy means sum of y between the node numbered below, and
the node numbered above.

Use CIBSE tables from Guide C section 1 to find
saturated vapour pressure (P)) for each node (use value for 100%
saturation for each temperature). As the values are only given
for every 0-5°C, you may need to interpolate between
temperatures to find the correct value.

If P, < P, then no condensation will form at that node,
but if P, > P, then there will be condensation (a value of P,
higher than the value of P for the same temperature represents
a saturation higher than 100%, which is not possible, so the
excess moisture condenses). If there is condensation at a node,
the calculation method must be repeated to check that
condensation will not form elsewhere. This is done by splitting
at the nodes with condensation and using the value of P, as the
value for P, for those nodes (it is impossible for P, to be higher
than P, and changing the value of P, at the node could
adversely affect the other nodes).
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The table below shows all the thermal and vapour resistances.

A

0

o @ 06w O

Plaster, |3 mm thick

Medium-weight blockwork, 100 mm thick
Mineral fibre insulation, 50 mm thick

Air gap/cavity

s W R -

Brickwork, 105 mm thick

T
g p 3 £
E > > Z
o~ -~ z ~
E 38 © E 9
Layer ° =~ - -4 Y
Internal surface - - - 0120 0
Plaster 0013 016 60 0-081 078
Blockwork 0l 051 75 0196 75
Mineral insulation 0-05 0035 7 1429 035
Cavity - - - 0-180 0
Brickwork 0-105 084 50 0125 525
External surface - - - 0:060 0
The numbers for each node are:

Internal conditions: 21°C db
External conditions: -4°C db

Internal vapour pressure: 1:258 kPa
External vapour pressure: 0:437 kPa

Surface resistances:

Internal surface: R; = 0-12 m2K/W
External surface: R, = 0:06 m?K/W
Air cavity: R, = 0-18 m*K/W

Thermal conductivities:
Plasterboard: A, = 0-16 W/mK
Blockwork: A, = 0-51 W/mK
Insulation: A ; = 0:035 W/mK
Brickwork: A5 = 0-84 W/mK

Vapour resistivities:
Plasterboard: r; = 60 GNs/kgm
Blockwork: r, = 75 GNs/kgm
Insulation: r; = 7 GNs/kgm
Brickwork: ry = 50 GNs/kgm

Calculate the thermal and vapour resistances:

R, =d, =,
R, =0013 =016
R, =0081 m*K/W

G, =d; xr
G, =0013 x 60
G, =078 GNs/kg

®

Calculate the temperature and the vapour pressure at each node.

For example for node 3:
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t, =t, — (((t“ -t )x i R )+ f R)

6 =21— ((0120 + 0:081 + 0-196 ) = (0120 + 0-081+
0-196 + 1-429 + 0-180 + 0-125 + 0-060) x (21 — -4))

. =21- (0397 = 2:191 x 25)

t, =21-453

t;, =1647°C

Pvu = val _(((vai - Pv:e) x iG) _iG)

P, =1258—((0+ 078 +7:5) = (0 + 078 + 75 + 035 +
0 + 525 + 0) x (1258 — 0-437))

ot

P, =1-258 — ((8:28 = 13-88) x 0-821)
P,, = 1258 - 0490
P, =0768 kPa

21
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This table shows the temperatures and vapour pressures for all
the nodes.

t (°C) P, (kPa)
Inside - 21-00 1-2580
Node | Inside/plaster 19-63 1-2580
Node 2 Plaster/blockwork 18:70 1-2119
Node 3 Blockwork/insulation 16-47 07683
Node 4 Insulation/cavity 016 0-7476
Node 5 Cavity/brickwork -1-89 0-7476
Node 6 Brickwork/outside -3-32 0-4371
Outside - -4-00 0-4371

Interpolating between values to find the saturated
vapour pressure:

For example Node 4: At 0°C, Ps = 0-6108 kPa; at 0-5 °C, Ps =
0:6333 kPa. Therefore for 0:16°C:

P, = 0:6108 + ((0:16-0) = (0-5-0)) x (0:6333 — 0:6108)

P, = 0:6108 + 0-:0072

P, = 0618 kPa

This table shows the saturated vapour pressures.

Water flow

Air flow Acoustics

Taking from the interior surface to node 4 and from node 5 to
the exterior surface separately, the method is followed again.

For the section up to node 4, the temperatures will remain the
same, but the vapour pressures will have to be recalculated
using:

P =P - (((Pm ~P,,)x iG) + iG)

Using:
P,=P,=0-6182kPa

Table for comparing P, and P, up to node 4.

t(°C) P, (kPa) P, (kPa)
Inside - 21-00 1-2580 2-4860
Node | Inside/plaster 19-63 1-2580 2-2846
Node 2 Plaster/blockwork 18:70 1-2002 2-1557
Node 3 Blockwork/insulation 16-:47 06442 1-8720
Node 4 Insulation/cavity 016 06182 0-6182

Again for the section from node 5, the temperatures will remain
the same and the vapour pressures will have to be recalculated,
this time using:

P =p - (((PVS ~P,)x iG) + icj

t(°C) P, (kPa) P, (kPa)
Inside - 21:00 12580  2-4860 Using:
Node | Inside/plaster 1963 12580 22846 P5=P; =0-5220kPa
Node 2 Plaster/blockwork 18:70 1-2119 2-1557 Table for comparing P, and P, from node 5.
Node 3  Blockwork/insulation 16-47 0-7683 1-8720
Node 4  Insulation/cavity 016 07476 06182 t(°C) P, (kPa) P, (kPa)
Node 5 Cavity/brickwork -1-89 07476  0-5220 Node 5 Cavity/brickwork -1-89 05220 05220
Node 6  Brickwork/outside 2332 0-4371 04632 Node 6  Brickwork/outside -3-32 0-4371 0-4632
Outside - -4-00 0-4371 0-4371 Outside - -4-00 0-4371 04371
Condensation occurence in a cavity wall Corrected vapour pressures
30 30
T 25 T 25T
= Saturated vapour pressure < L Saturated vapour pressure
® 20F o 20
g 3
g 15 g I'5°F
[~ [= %
3 1or 5 1of
& Vapour pressure & Vapour pressure
> 05 > 051
0-0 1 _I 1 nlﬂ 1 | 1 | 0-0 1 _l 1 rl) | 1 | |
T s 9 9% 3 o9 9 E T 3 9 9 » 9 o 3
z 3 3 3 8 3 3 ¢ : 3§ § 3 8§ % 3 ¢
z 4 z z z z (o) z z z z z z (@)

This shows that condensation will form at nodes 4 and
5 (where the pink line is below the blue on the graph,
highlighted in the table). In practice, condensation could begin
to form in the insulation near the cavity; this could be a
problem. The method must be repeated to check that
condensation will not occur elsewhere.
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This shows that condensation will not occur anywhere else, as
no other nodes have a vapour pressure greater than the saturated
vapour pressure. Condensation will only occur where the pink
and blue lines meet.
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CIBSE Guide A, Environmental Design, Section 7, CIBSE 2006,
ISBN 1 903827 66 9

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

Building Regulations Approved Document Part F — Means of
Ventilation: 2006 Edition, ISBN 1 859462 05 7

BRE, Thermal Insulation: Avoiding Risks, BR 262, BRE
Scotland, 2002 edition, ISBN 1 86081 515 4

DESIGN WATCHPOINTS

A variety of outside temperatures may need to be looked at, not
just the design temperature. This will provide the level of outside
temperature at which condensation will occur.

2. British Standards BS5250:2002 (1995) Code of Practice for Control
of Condensation in Buildings provides monthly mean temperature
and relative humidity for a range of geographical locations that
can be used for condensation calculations corrections to monthly
mean temperatures and relative humidities from a mean year to
achieve condensation risk years with various return periods.
Other British Standards give suggestions for serious exposure,
for example BS6279:1982 Code of Practice for flat roofs with
continuously supports coverings, which suggests -5° to 20°C. The
values you use must be confirmed by your senior engineer.

3. Wherever possible, base the calculations on the data from the
actual manufacturer of the materials being used, as values such as
thermal and vapour resistances may differ significantly.

4. Ensure that the U value of any structure complies with the
Building Regulations where appropriate, and notify the relevant
party if it does not.

5. Notwithstanding the above calculations, problems with damp and
moisture ingress can also occur through poor construction
standards and techniques.

6. When there is a serious risk of condensation, a vapour barrier

can be applied. In such a case, advice should be sought from

senior personnel.
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Calculate the ventilation conductance of the room:
The heat loss value of a room or building is a measure of the C,=NV=3
amount of heat or energy that.ls lost from that space, and hence Where:
needs to be replaced by a heating system to maintain a particular o
C, = ventilation conductance (W/K)

internal temperature or comfort level.

The calculation of heat loss is based around the relationships
between the following factors:

External temperature

Internal temperature

Dimensions of the various building elements
Thermal transmittance of the building elements
Infiltration rate to the space

Outside air temperature °C

The value to be used as the lowest outside temperature that can
be reached and the design internal temperatures still be
achieved. It will vary with geographical location and exposure.
(CIBSE Guide A, section 2)

Inside dry resultant design temperature °C
The required temperature within the room or space (CIBSE
Guide A, section 1).

Dimensioned plan or drawing

A plan from which the areas of various building elements, such
as walls and floors, can be measured and calculated (from the
architect or surveyor).

U values W/m’K

The thermal transmittance is expressed in terms of the U value
for a particular building element or surface (CIBSE Guide A,
section 3).

Infiltration rate
The rate at which external air is introduced into the space in air
changes per hour (ach™). (CIBSE Guide A, section 4)

More general design information is contained in BG14/2003
Rules of thumb, available from BSRIA.

Determine the area of each construction element and
work out the product of the area and the previously determined
U value for each. If a wall is an internal partition, the U value
must be adjusted (just for that wall) as follows:

U = U((t - t)= (. — t,0)

Where:
U’ =adjusted U value (W/m?K)
U =U value (W/m?K)

t. = dry resultant temperature in room (°C)

c

s

t

c

= dry resultant temperature at the opposite side of the
partition (°C)

t,, = outside air temperature (°C)

a0

If t. is larger than t_, then the adjusted U value will be negative
and will represent a heat gain.
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N = air changes per hour (/h)
V = volume of the room (m?)

Two correction factors, F,, and F,_,, are needed to
calculate the total heat loss:

3(C, +6XA)

E, =

' X(AU)+18XA+1-5R(3C, - X(AU))
Y(AU)+18X A

E, =

' Y(AU)+18XA+1-5R(3C, - X(AU))

Where:
R = radiant fraction of the heat source (see Table 5.4,
CIBSE Guide A)
YA = total area through which heat flow occurs (m?)
2 (AU) = sum of the products of surface area and
corresponding thermal transmittance (W/K)

Calculate the total heat loss:
QE = [F1cu X Z (AU) + FZcu X Cv] X (tc - tao)

Where:
Q, = total heat loss (W)
t. = dry resultant temperature (°C)
t,, = outside air temperature (°C)

Below is a small factory that is to be heated to a dry resultant
temperature of 21°C. The site is subject to normal conditions of
exposure, and will be heated using multi-column radiators.

L

B

| S

Internal dimensions: 12m x 7 m x 4 m
Glazing: 2 m x 1-5 m (6 off)

Door A: 4m x35m

DoorB: 1 m x 2 m

U Value of floor: 0-5 W/m*K

U Value of roof: 0:25 W/m?K

U Value of external walls: 0-55 W/m?K
U Value of glazing: 3-5 W/m?K

U Value of doors: 3 W/m?K

An infiltration rate of 1 air change per hour is assumed for this
example. The external design temperature is —4°C.
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This shows the area, U value and the products of both
for each surface in the factory:

Area, A U Value, U AU

Surface (m?) (W/mK) (WIK)
Floor 84 0-5 42
Roof 84 0-25 21
Walls 118 0-55 649
Glazing 18 35 63
Doors 16 3 48
>A =320 2(AU) = 2389

Calculate the ventilation conductance:
C,=1x(12x7x4)=3
C, =112m?/h

Calculate factors F,, and F,;:
3x(112+6x320)

E =
T 238-9+18x320+1-5x0-2x(3x 112~ 238-9)
E. =1-0111

1o

- (238-9+18x320)
2en T 233.9+18><32()+1-5><0-2><(3X112_238'9)
E_ =0-9952

2cu

Calculate the total heat loss:

Q, = (10111 x 238:9 + 0:9952 x 112) x (21— -4)
Q, = 353:01 x 25
Q, = 8:825 kW

Water flow

Air flow Acoustics

CIBSE Guide A, Environmental Design, Chapters 1,2,3 and 4,
CIBSE 2006, ISBN 1 903827 66 9

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Sheet H2 Infiltration

Sheet H3 U values

Sheet H9 Boiler sizing

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —

sheet 26, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

DESIGN WATCHPOINTS

I.  Use the dimensions shown on the drawings wherever possible

rather than scaling from the drawing, as the drawing may become
distorted while being copied.

2. Wherever possible, base the calculations on the U values of the

actual materials or products to be used.

3. Asa minimum requirement, the U values shall comply with the

current edition of the Building Regulations if the project is to be
constructed within the UK.

4. If an adjacent room is warmer than the room being calculated,

there may be a heat gain to the room.

5.  If different rooms in a building are different temperatures, the

heat loss for each room will have to be calculated separately, and
then all summed to calculate the total heat loss.

6. If the building is to be continuously occupied, you may consider

some reduction in heat loss due to gains from the occupants,
lighting and machinery (small power loads).
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The plant heating load, as the name suggests, is the total heating
requirement for a building. The plant heating load consists of:

Fresh air load

Fresh air is introduced into a space to reduce the concentration
of contaminants in a space. This includes odours and CO0, levels.
The fresh air load arises from the fresh air intake being
conditioned to the required supply air set-points. The fresh air
load will depend on the type of system used (for example heat
recovery, maximum re-circulation or full fresh air), and the
amount of fresh air required to suit the use and conditions
within the building, (such as smoking or non smoking office);
see Table 1.5 and Section 1.7.2 of CIBSE Guide A.

System losses/gains

One example is fan gains, where the temperature of the air
passing through the fan can be raised by between 1-3°C. The
temperature difference between the air in the duct and the air
surrounding the duct may also result in some heat transfer,
which can create the need for extra insulation and therefore
raise capital costs.

Infiltration heat loss

This 1s the heat loss due to outside air entering a space and
warm air escaping from the space due to factors such as external
wind pressure and temperature differences between inside and
outside. The infiltration rate can increase significantly if the
room is under negative pressure for example if the mechanical
ventilation extract exceeds supply provision either deliberately
such as in toilet ventilation or by poor design or poor
commissioning. Infiltration into a building will vary depending
on the airtightness of the building. The Building Regulations
Approved Document Part L2A requires all new buildings with a
usable floor are of 500 m” and over to be tested for air
permeability. The Approved Document Part L2A gives guidance
on how to comply with the Regulations whether the building is
above or below 500 m”.

Fabric heat loss

This is the heat lost through the fabric of the building, the fabric
being the building elements such as walls, glazing, roofs and
floors.

Zone heating load

The zone load is the total heat loss for a room, or group of
rooms, consisting of the fabric and infiltration losses. Typically
there is no diversity applied to a room load, so the heat emitter
is sized to overcome the total calculated zone load.

Pre heat capacity

Once all the heat losses have been determined, a pre-heat
capacity may be added to establish the required boiler capacity.
This 1s discussed in sheet H9 Boiler sizing.

HWS
(If required).
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Diversity

The plant heating load is generally made up of the total of the
zone loads with a diversity factor applied. This diversity element
will vary from building to building, but is intended to reflect
the use of the building. In other words one zone of a building
may be an office area that is occupied for nine hours a day,
while another zone may be a factory area that operates 24 hours
a day. A diversity factor is applied to the heating plant to allow
for this. This is dealt with in more detail in the sheet H9 Boiler
Sizing. (See watchpoints.)

Heat losses
Heat losses in terms of each individual zone as well as for the
building as a whole.

Use of the building
This will have an impact on the simultaneous heating load of
the building.

Heating systems to be used

The types of systems that will be used to meet the heat load, for
example a radiator system and fresh air supply system, will have
a different heating load to an all air heating system.

The plant heating load is determined by adding up the
individual heat losses, such as fabric heat loss and infiltration
loss, and fresh air load. This is dealt with in more detail in the
sheet H5 Heat loss.

Building Regulations Approved Document Part L2A, 2006, ISBN 1
859462 19 7

CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287
66 9

Sheet H2 Infiltration

Sheet H5 Heat loss

Sheet H7 Heating plant configuration and load matching
Sheet H9 Boiler sizing

Sheet C4 Ventilation — Outdoor air requirements

Sheet C5 Supply air quantity and condition

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —
sheet 26, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

DESIGN WATCHPOINTS

I.  Some computer programmes only include heat losses in their
heating loads and do not include fresh air loads unless this
information is specifically entered.

2. Diversity factors are complex. For example, the infiltration
related heat losses for the building are not the simple summation
of individual room losses due to variations in wind velocity and
direction. Advice should be sought from a service engineer.
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Plant Loads
The load on the plant and justifiable margins need to be

determined before the configuration of heating plant can be
decided. Sheets H6 and H9 discuss plant loads.

This section describes a simplistic approach to configuring
heating plant, and more complex systems may require a more
detailed solution.

Designers need to note the following:

Systems that combine mechanical ventilation plant and
heating plant can have different peak loads and different start
times for each system.

Preheat times may not coincide for all the rooms in a
building if the building is zoned or if different areas have
different uses (such as an office area used eight hours each
working day and a production area used 16 hours, seven
days a week).

For a system delivering both a heating load and an outdoor
air load, the maximum plant load may come from either the
start-up heating load (including pre-heat) or from the
steady-state heating load plus outdoor air load.

Compensated circuits, where the hot water temperature is
adjusted according to the external conditions, are not
considered in this calculation sheet. Nor does this sheet cover
issues associated with primary and secondary circuits.

Hot water supply
Hot water can be supplied in three ways:

1. With local electric or gas water-heaters. (These are not
considered any further in this guide.)

2. HWS provided by a separate central boiler or similar
dedicated system. This option allows for easy variation
between operating temperatures of a heating system (such as
underfloor heating) and the HWS, and for variation in
operating cycles (such as HWS required all year round,
heating not required in summer).

3. The HWS load may be incorporated into the operation of
the central boiler plant.

The eftect on the overall plant duty will depend on the timing
and level of hot water demand. Careful design can avoid
simultaneous peaks with a minimum effect on the capacity of
the boilers — for example by increased storage capacity. Demand
for hot water could be met by diverting the boiler capacity from
the heating circuits to the hot water circuit for short lengths of
time (common for domestic systems). Whether this is practicable
will depend on the reaction time of the heating system. For
example, this would work with underfloor heating but not with
an air-water system such as fan coils.

Water flow

Air flow Acoustics

Continuously heated buildings

When a building is continuously heated there will be some
diversity between the heating loads in difterent spaces. CIBSE
Guide A Table 5.18 gives some suggested values that range from
0.7 for a group of buildings with dissimilar uses up to 1.0 for a
single building heated as one space.

Intermittently heated buildings

When a building is not heated continuously, then the designer
needs to make an allowance for the time required for the
building to attain an acceptable temperature. This is typical of
offices that are only occupied during normal office hours (say,
Monday to Friday, 08:00 h to 18:00 h). This is done through
the inclusion of a pre-heat factor, applied to the heating load.

The pre-heat factor chosen will depend on the proportion of
the day that the heating is operated, and the way the thermal
characteristics of the building affect the speed with which it
heats up and cools down.

CIBSE Guide B1/CIBSE Guide B gives figures for the pre-heat
factor in Table 4.6/Table1.11 which vary between 1.2 for
buildings of low thermal weight that are heated for a total of 16
hours each day, and 2.0 for buildings of high thermal weight
that are heated for a total of 10 hours each day.

Plant configuration
The use of the building, or parts of it, will affect the
configuration of plant within the scheme.

Where a part of the building has a specific heating requirement
that is not typical of the rest of the building, then dedicated
plant for this area may be required. For example:

a reception space in an office building with security staff on
duty 24 hours a day, seven days a week

an operating theatre in a hospital, where space temperatures
and air quality can be critical for patient health.

Another factor in plant configuration is the need for standby or
back-up plant. This is usually required where a business critical
activity would cease if the heating systems failed. For example:

dealing rooms in banks
laboratories
buildings in very cold environments.

Although back-up plant has cost and space implications, these
need to be weighed against the cost to the client of business
operations being suspended.

Building Regulations compliance
The following information is based on the 2006 Building
Regulations as they apply to England and Wales.

It is a requirement of the Building Regulations that: "reasonable
provision for the conservation of fuel and power" is made
whenever building work is carried out. Guidance on meeting
the Building Regulations for new non-dwellings is provided by
Approved Document L2A. For work in existing non-dwellings,
guidance is provided by Approved Document L2B.
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H7 HEATING PLANT CONFIGURATION AND LOAD MATCHING

The Building Regulations also require that a prediction of CO,
emissions is performed for all new buildings, and that a certain
target is achieved. Details can be found under Criterion 1 in
Approved Document L2A. Clearly, the efficiency of heating plant

has a direct effect on CO, emissions and therefore Building
Regulations compliance.

Designers have considerable flexibility in meeting Criterion 1
for new buildings; however Criterion 2 in Approved Document
L2A imposes “limits on design flexibility”. These limits include
minimum seasonal efficiencies and effective control systems for
heating plant. Approved Document L2A refers to a second-tier
document, the Non-Domestic Heating, Cooling and Ventilation
Compliance Guide for these minimum standards.

There is no requirement to predict CO, emissions for existing
buildings. However, minimum standards still apply. These are
given in the Non-Domestic Heating, Cooling and Ventilation
Compliance Guide, although the minimum standards are not
necessarily the same as those for new buildings.

Even if there are some areas that require specific system
arrangements, there are likely to be more general areas
elsewhere in a building. These areas may justify a modular
boiler set-up rather than a back-up set of boilers.

If a single boiler is selected and sized for the whole load, then
there is no back-up for boiler failure. Also, for much of the time
the boiler will be operating at a fraction of its full capacity,
which could be very inefficient. To overcome this, it is usual to
break down the overall load and meet it using multiple or
modular systems.

If the main boiler plant consists of two boilers, each sized to half
the total load (after applying a preheat factor and additional
capacity if required), then one boiler should be able to supply
the duty in the event that the other boiler were to fail. This
may be sufficient to keep a business operating while the
unserviceable boiler is fixed.

Although the above examples have only mentioned boilers,
similar configuration strategies can apply to other items of plant
(for example chillers). As a system becomes more critical to
business operation, it may be justifiable to provide additional
redundancy.

In particular, if a dual pump set is installed and one pump fails,
then the second can be started by the control system to ensure
continuous operation. The failed pump can then be replaced or
repaired without interrupting the system.

Consider a situation where a building has a forced outdoor-air
ventilation system with a heating coil and a radiator-based space
heating system.
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In this example, the space-heating load is 150 kW and the
heating load in the air handling unit (ahu) is 50 kW (outdoor air
with no pre-heat). This configuration allows the ventilation
plant to be held off prior to occupation, with pre-heating
provided by the radiator system.

The maximum load on the heating plant is determined by
comparing the following two situations:

Start-up: Heating load plus pre-heat factor
Steady-state: Heating load plus ahu load

(See Design Watchpoint 1.)

Assume a building of low thermal weight that is heated for 11
hours each day. CIBSE Guide B1, Table 4.6/CIBSE Guide B,
Table 1.11 gives a pre-heat factor (F,) of 1-4.

Start-up load is therefore 150 kW x 1-4 = 210 kW
Steady state load 1s 150 kW + 50 kW = 200 kW.

Take the largest figure to give the total installed capacity, for
example 210 kW. In this situation, the two simplest strategies
are a single boiler of 210 kW, or two boilers at 105 kW each
(or the next largest capacity if these precise sizes are not
available from manufacturers).

In addition to the scenario in Example 1, the client has a
business—critical activity where the heating load is 40 kW
(requiring an installed load of 56 kW allowing for pre-heat).
This takes the total installed capacity to 266 kW, of which 56
kW needs permanent backup.

Some strategies available here are:

1 x210 kW + 1 x 56 kW
2x 105 kW + 1 x 56 kW
5 x 56 kW (using the same size of boiler throughout leads

to a small amount of overcapacity, as 5 x 56 kW = 280 kW,
slightly greater than the full load of 266 kW)

The first and second options show the backup plant as
obviously separate from the main plant.

The third option uses five boilers of the same size, of which one
is the backup. In the event of a boiler failure, three of the
boilers will still provide 80 percent of the original full load of
210 kW, assuming the fourth boiler is dedicated to the business
critical heating load.

In addition, maintenance and repair should be more
straightforward as there are fewer plant variations in the system.
Finally, using this third option allows usage to be rotated
between all the boilers giving equal wear and tear on all units.
In this situation, the controls system must be appropriate to
enable this approach.
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Water flow

Air flow Acoustics

H7 HEATING PLANT CONFIGURATION AND LOAD MATCHING

210 kW 56 kW

mie

2 x 105 kW

oA

If the 5 x 56 kW option is chosen for Example 2, then the
optimum boiler arrangement might be argued as follows.

Although the total heating load required for this building is 210
kW, this may only be needed for two or three days of the year.
Most of the time, the heating load will be satisfied by firing-up
one, two or all three of the 56 kW boilers. The back-up heating
load for the business-critical activity could, therefore, be
provided by the fourth 56 kW boiler.

The chances of the backup being required on the same day as
the maximum heating load in the whole building are very
remote. If this were acceptable the fifth boiler could be
removed from the scheme, saving capital and maintenance costs,
and space.

Modular boilers give more flexibility in the event of failure or
when routine maintenance is required. In Example 2, if the set
of five boilers is chosen then each operating boiler can run at or
near to full load, which gives greater fuel economy. With this
example another advantage of having a set of five modular
boilers at 56 kW each is that one boiler can provide all the ahu
load requirements.

Of course, the boilers don’t all have to be the same size and it
may be beneficial to size one boiler to a particular load such as
the ahu or hws load. The precise arrangement of boilers that is
chosen for a modular system will depend on the load patterns of
the building throughout each day and season.

Modular systems do have disadvantages which need to be
weighed against the operating advantages:

increased capital and installation costs of the boilers
additional costs of pipework and pumps for each unit
space requirements for the boiler array and for additional
ventilation or flue requirements

additional controls and associated wiring and panels

the need for more complex control strategies, although
computer based systems can minimise the impact of this.

Efficiencies of part load operation will depend on the overall
arrangement and the type of plant used. For example modular
boilers tend to have better efficiencies than two stage or on/off
boilers as they are more likely to be used at full capacity but also
as the output may be infinitely variable.

If using a modular arrangement for the boiler plant it may be
suitable to use a combined heat and power (chp) unit in place of
one of the boilers. Combined heat and power is generally only
feasible if it can be run at full capacity for as long as possible.
This may suit a building that always has a minimum demand. It
is worthwhile looking at the energy demands of the building
throughout the year and on an average daily basis to see if a
suitable chp system can be sized accordingly.

However, chp is relatively expensive in capital terms and is
usually more complex as the electrical system has to be
integrated with the chp plant. As a total solution, chp may be
more effective than just replacing one modular boiler,
particularly if on-site electrical generation is a suitable way of
meeting the client’s needs.

(See Design Watchpoints 2 and 3.)

CIBSE Guide A, Environmental Design, CIBSE 2006, ISBN 1
903827 66 9

CIBSE Guide B1 Heating, 2002, ISBN 1 903287 20 0/CIBSE
Guide B, Heating, Ventilating, Air Conditioning and Refrigeration,
2005, ISBN 1 903287 58 8

Sheet H6 Plant Heating Load
Sheet H9 Boiler sizing

DESIGN WATCHPOINTS

I.  Pre-heat factor and ahu loads are not both applied to determine
the maximum load. By definition, pre-heat is applied to prepare
the building for occupation, whereas the outdoor air load is only
required during occupation.

2. Remember that decisions made regarding boiler configuration
will have a knock on effect throughout the system, for example
requiring extra valve sets and pump sets.

3. It will usually be helpful to discuss boiler configuration with one
or more manufacturers, to take advantage of their greater
expertise in their own product
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The most common form of heating in domestic and non-
domestic buildings is by radiators. This is an inaccurate term as
radiators actually provide most of their heat in the form of
convection, with a relatively small part by radiation.

Generally, a radiator or radiators are selected to overcome the
calculated heat loss of a room. Other considerations such as the
available height and space to mount the emitters, or
architectural or aesthetic considerations, will all have a bearing
on the final selection.

Radiators are typically made from steel, cast-iron or aluminium,
and there are number of different configurations which most
manufacturers produce. These include the following types:

Single panel
These are exactly what the name suggests - a single panel
emitter.

Double panel

These are formed by placing two single panels back to back.
This increases the output without requiring additional wall
space.

Single-panel convector

This is a single-panel radiator with an additional finned element
fitted to the back. This has the effect of increasing the surface
area of the emitter, and hence the output.

Double-panel, single convector
This is a double-panel radiator with the additional finned
element fitted between them to increase the output.

Double-panel, double convector

This configuration provides the greatest output due to the large
amount of surface area obtained by having two panel radiators
fitted together, each with a finned element.

All types of radiators, are available in a variety of sizes, with
standard heights and almost any length. Special non-standard
units can be made to order.

Radiators can be used with a variety of water temperatures to
suit the application, but the data produced by the manufacturer
detailing the output of their particular products will have been
based on particular operating conditions. These figures need to
be corrected by the application of factors to obtain the output
data for the required use.

BS EN 442 details set conditions to which radiators should be
tested to provide certified output figures, and such tests must be
carried out by authorised test organisations. The manufacturer
will then provide a series of correction factors for use with
operating conditions other than those specified in the standard.
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Heat losses
The radiator/s must be sized to overcome the heat loss from the
room.

Room design internal temperature
The room temperature is required to calculate the correction
factor for radiator outputs.

Woater flow and return temperatures

The average water temperature is required to determine the
radiator outputs. Flow and return temperatures of 82°C and
71°C are often used but other temperatures may be suitable for
the application.

Radiator manufacturers’ data

Output and general performance of radiators varies from one
manufacturer to another. They will also provide the appropriate
correction factors for different operating conditions.

Available space
Radiators must be selected to fit into the space available.

Building construction details

These details will help to place the radiators in the most
advantageous positions, such as under windows, to offset down-
draughts and the effect of cold radiation.

Pre-heat factor

When sizing the heating plant a pre-heat factor also known as a
boost margin or plant ratio may be included. This may help
overcome any additional loss due to poor construction, use of
alternative materials to those assumed at design stage or provide
some spare capacity to aid initial warm-up. The pre-heat factor
is often expressed as a percentage of the calculated heat loss.
This pre-heat factor is normally included in the sizing of the
boiler but has sometimes been historically included in the
radiator or emitter sizing. An alternative to increasing the size of
an emitter or boiler for pre-heating is to increase the flow
temperature.

Zone heating loads, in kW
Design flow and return temperatures, in °C
Internal design condition, in °C
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H8 RADIATOR SIZING

A schedule of radiators with water and surface temperature,
connection and valve requirements, and sufficient data for
manufacturer selection

Control requirements

Commissioning strategy statement

Relevant specification clauses

1. Determine the room heat loss to be overcome by the
radiator. This can be found by following the procedures
detailed in the appropriate data sheets.

2. Calculate the mean water temperature (mwt) as the average
of the flow and return temperatures

_ flow temperature + return temperature

2

mwt

3. Subtract the room temperature from the mean water
temperature to establish the system temperature difference.

4. Select the appropriate output correction factor for the
system temperature difference from the manufacturer’s data.

5. Divide the room heat loss by the output correction factor to
obtain a corrected required output figure.

6. Select a suitable radiator from the manufacturer’s literature,
which meets the corrected required output figure.

Select a radiator to suit the following case:

Design data
Room heat loss:
2750 W
Water temperatures:
flow 82°C
return 71°C
Room temperature:
21°C
Heat output correction factors are given by the equation
Q =kAt'” in the table below.

System temperature

q Correction factor
difference °C

40 0-605
45 0-700
50 0-798
55 0-898
60 1-000
65 1-104
70 1-211

Water flow

Air flow Acoustics

Radiator output data (radiator height: 600 mm)

Sections Length Output W

mm Type | Type 2 Type 3
28 1120 929 1361 1988
32 1280 1056 1552 2265
36 1440 1182 1741 2542
40 1600 1307 1930 2818
44 1760 1432 2119 3094
48 1920 1556 2308 3369
52 2080 1680 2496 3644
56 2240 1803 2683 3918
60 2400 1926 2871 -
64 2560 2049 3058 -
68 2720 2171 3245 -
72 2880 2293 3431 -

Radiator type 1: single panel
Radiator type 2: single panel with convector
Radiator type 3: double panel with single convector

From the design data, the design heat loss for the room
is 2750 W.

Calculate the mean water temperature;
Mean water temperature (mwt) =

82+71:76-5°C

The system temperature difference is;
mean water temperature — room temperature

=76-5-21=55-5°C

Find the output correction factor by interpolating
between the figures on the opposite table. As the system
temperature difference in this case is equal to 10% above 55°C,
then the required factor will be that of the 55°C factor plus 10%
of the difference between the 55°C and 60°C factors.

Correction factor for 60°C = 1-000
Correction factor for 55°C = 0-898
Correction factor required for 55-5°C
Interpolate between 1-:000 and 0-898.

Therefore:
1-000—-0-898=0-102

60°C -55°C =5°C
5°C
0-5°C

=10

Ten percent of 0102 needs to be added to the correction factor
for 55°C, hence correction factor for 55-5°C is:

0-102

0-898 + =0-898+0-0102=0-9082
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H8 RADIATOR SIZING

To obtain the corrected required output figure:

required output 2750

=3028W

output correction factor ©0-9082

From the data in the radiator selection chart opposite,
the three options available are:

Option 1, single panel with convector radiator:
64 sections, 2560 mm long, 3058 W output

Option 2, double panel radiator with single convector:
44 sections, 1760 mm long, 3094 W output

Option 3, two single panel with convector radiators:
32 sections, 1280 mm long, 1552 W output each.

The final selection will depend on issues including space
available, aesthetics and cost.

BSI, BS EN 442 — Specification for Radiators and Convectors,
ISBN 0580257762

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —

sheet 30, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet H3 U values

Sheet H5 Heat loss

Sheet H6 Plant heating load

Sheet H9 Boiler Sizing

CIBSE Guide B1, Heating, 2002, ISBN 1 903 487 200/CIBSE
Guide B, Heating, Ventilating, Air Conditioning and Refrigeration,
Section 1, 2005, ISBN 1 903287 58 8

Manufacturers’ literature for output figures and correction
factors.

DESIGN WATCHPOINTS

I. When selecting radiators to fit into a particular space, remember
to make sufficient space allowance for radiator valves or
thermostatic radiator valves.

2. Make sure that the surface temperature of the radiators is
suitable for the intended use. For example, low surface
temperature emitters may be required in healthcare premises.

3. Ensure that the correct fixings are used for securing the radiator
to the wall. Some large radiators can weigh in excess of 50 kg.

4. Check radiator pipe connections are as specified by the
manufacturer, such as TBOE or BOE as given outputs may
depend on connection type.

5. Using the power law Q = kAt' *removes any need to apply a

correction factor and avoids interpolation.
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Cooling loads

Boiler plant should be capable of meeting the maximum
simultaneous load experienced by the building or site
throughout the year. It should be sized and selected to also
satisfy the following criteria:

1. To maintain optimum thermal efficiency throughout the
operating year.

2. To provide accurate load matching of the plant output to
the heat demand.

3. To have sufficient standby capacity to ensure effective
operation in times of partial plant failure.

4. To provide spare capacity to meet future needs specified by
the client.

5. To have sufficient capacity to meet the pre-heating
requirements of the building.

CIBSE Guide B, Section 4.7/ Guide B, Section 1.4.7 contains
more information on additional plant capacities.

Boiler plant needs to meet the requirements of several different
load sources:

Heating
The water generated by the boiler plant can be used in a
number of different heating system types:

1. Low and medium temperature hot water heating circuits,
typically feeding radiators, convectors, radiant panels and
underfloor heating manifolds.

2. Air based heating systems including such applications as
LTHW frost coils and heater batteries within air handling
units, as well as fan coil units and unit heaters.

Domestic hot water

Boiler plant is also used to provide primary energy to a variety
of heat exchange equipment generating hot water, generally
stored at a lower temperature than the primary circuit, for use in
domestic hot water applications. For example:

1. Calorifiers and commercial/industrial water storage
equipment where large quantities of domestic hot water are
used.

2. Plate heat exchangers — a method of instantaneously
generating large quantities of domestic hot water. This
approach provides little or no storage capacity.

3. Domestic hot water cylinder — the indirect copper hot water
cylinder is the most common source of domestic hot water
generation.

Process load

Sometimes, in industrial situations, boiler plant may be required
to produce hot water as part of a manufacturing process. This is
a more specialist application and is often provided by dedicated
boiler plant, and not the type used in general building services
systems.

Water flow

Air flow Acoustics

All loads to be met by the boiler plant must be carefully
calculated and considered to arrive at the total boiler capacity
required. The type, number and arrangement (such as multi
boilers or modular boilers) of boilers should be selected to not
only meet the load requirement but also be suited to the
application and available fuel supply. More details are available
in CIBSE Guide B1, Section 5.1.2/ Guide B, Section 1.5.1.2.

Heating load
The total heating load to be met by the plant.

Domestic hot water load
The primary load necessary to deal with the maximum
simultaneous domestic hot water load.

Process load
Any process load that may be supplied from the boiler plant.

Details of building usage
For example, 24 hours occupancy of certain areas to assist in
establishing diversity and peak demand.

Diversity

Generally a diversity factor can be applied to plant sizing if the
plant is to operate continuously, or if one service can be
sacrificed or reduced at times to help satisfy the peak demands
of another. (See Design Watchpoint 1.)

Building characteristics

The form and weight of the building is important in order to
determine its inertia. This has a large effect on the additional
plant capacity that may need to be provided in the form of pre-
heat to allow intermittent operation. (See Design Watchpoint 2.)

Calculate the peak or maximum simultaneous demand
of the various systems to be supplied by the boiler plant. This
involves examining the loads and their operating times to arrive
at the peak requirement.

Apply diversity to the total load. This may be relevant
if the plant is operating continuously, or if it is thought that the
performance of one system can be reduced for short periods to
lower the overall plant capacity. A typical example may be that
the domestic hot water load can be suppressed if the heating
demand is at full load at the same time.

Apply a plant factor for preheating capacity if the
building services are to operate intermittently. Information is
given in a number of sources including CIBSE, Guide A, section
5.10.3.3. Unnecessary excess capacity is inefficient and can
result in poor part-load operation with certain boiler and air-
circuit types. (See Design Watchpoint 3.)

Calculate the required installed load of the plant from
steps 1 to 3 above.
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H9 BOILER SIZING

Determine the plant arrangement to best suit the load

requirements considering the use of multiple or modular boilers.

The plant should be selected to operate at maximum possible
efficiency during both the summer and winter loads. Where the
seasonal load variations are large, separate plant may be selected
for each season, but connected to the same distribution
network.

Determine the boiler sizing for a building with the following
load requirements.

Heating systems

Radiator system load: 150 kW
Air handling unit load: 50 kW
Domestic hot water load: 100 kW

Occupancy pattern
Radiator system:
Air handling unit:
Domestic hot water

09-00 h — 18-:00 h
09-00 h — 18-:00 h
08-:00 h —10-00 h
1600 h —18-00 h

Maximum simultaneous load. First, determine the

maximum simultaneous load for the systems:

The maximum demand occurs between 09.00 h and 10.00 h,
and then again between 16.00 h and 18.00 h, and is:

Radiator load + AHU load + DHWS
=150 kW + 50 kW + 100 kW = 300 kW

However, during the summer when there is no heating load,
the maximum load is only;

DHWS load = 100 kW

Diversity - As the use of the building dictates that the
domestic hot water and heating should be available throughout
the times stated in the design criteria, and as the plant is
operated intermittently, there is no scope for applying diversity
in this case.

Plant factor for pre-heat - Applying a pre-heat factor

F;of 1.2 (minimum suggested value CIBSE Guide A section
5.10.3.3) to the radiator heating load to allow for admittance of
the structure. This gives a required heating plant capacity of:

150 kW x 1-2 = 180 kW
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Using equation 5.54 in section 5.10.3.3 of CIBSE Guide A
gives details on how to calculate F;.

No such factor is required for the domestic hot water as the
criteria which determine the power required vary very little.
The plant size for the domestic hot water is simply a function of
the volume of water to be heated through a given temperature
range in a given time. As such, no pre-heat capacity is required.

Installed load requirements - The installed load
requirements for the two systems are:

Heating: 180 kW

AHU Load: 50 kW

Domestic hot water: 100 kW

Total maximum installed load capacity: 330 kW

Plant arrangement - The two systems indicate a clear
difference in load requirements throughout the year. Therefore,
in order to operate plant as close to maximum efficiency as
possible, a plant selection strategy of providing a degree of
separate plant for each system may be appropriate.

For instance, to meet the heating load of 230 kW, a possible
strategy would be to install two boilers, each at half the load for
example 115 kW. This not only meets the load requirements
but also provides some degree of safety should one of the boilers
be out of use due to failure or routine maintenance.

In cases where a preheat factor has not been applied, boilers are
often selected to provide 60% of the total load, for example two
boilers at 138 kW each. (See Design Watchpoint 4.)

Assuming the boilers selected have a burner turn- down ratio of
50% (giving 50% output), this gives four combinations of plant
capacities to deal with part load conditions:

One boiler at 50%, one boiler off = 75 kW,

One boiler at 100% full, one boiler oft = 150 kW,
One boiler at 100%, one boiler at 50% = 225 kW,
Two boilers at 100% = 300 kW.

Where modulating burners are used, the output is almost
infinitely variable from a minimum setting right up to full load.
With this arrangement, part-load efficiencies tend to be higher
than for two-stage or on/off burners.

For the domestic hot water service, a single boiler of 100 kW
would be suitable. This third boiler can operate on its own
throughout the summer season, with the heating boilers
available as back-up should the DHWS boiler fail.

Therefore, the selected plant arrangement for this example is:

Two boilers at 150 kW each
One boiler at 100 kW
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CIBSE Guide A, Environmental Design Section 5.10.3.3, CIBSE
2006, ISBN 1 903827 66 9

CIBSE Guide B1, Heating, Section 5.1.2, 2002,

ISBN 1 903 487 200/ Guide B, Section 1.5.1.2, 2005, ISBN 1
903287 58 8

Martin A J, Banyard C P, Library of System Control Strategies,
AG 7/98, BSRIA 1998, ISBN 0 86022 497 X

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —

sheet 51, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet H2 Infiltration

Sheet H5 Heat loss

Sheet H6 Plant heating load

Sheet H7 Heating plant configuration and load matching
Sheet H10 Flue sizing

Sheet C4 Ventilation — Outdoor air requirements

Sheet W7 Water system pressurisation

Design watchpoints

DESIGN WATCHPOINTS

I.  Restrictions in the choice of flue that can be used may influence
the type of boiler used in the system. CIBSE Guide B/, Section
5.1.2/Guide B, Section 1.5.1.2 gives details on the types of boilers
available and their suitability for different applications.

2. Pre-heat is usually considered with the boiler capacity rather than
the radiator capacity, but not both.

3. Applying a plant factor for preheating capacity effectively adds a
margin to the system size and should be carefully considered.
Check if any margins have been added elsewhere in the design
and avoid the use of duplicate margins.

4. Boiler selection will also depend on standard boiler sizes available
for example two boilers at 150 kWV.
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Flue or chimney sizing is required to allow the products of
combustion to be exhausted from the boiler. The flue disperses
the exhaust gases to prevent air pollution in confined spaces and
dilute the gases to an acceptable level normally to open space.

Calculations on this sheet will give a preliminary height and size
of the flue. The final design should normally be carried out by a
specialist (such as a flue manufacturer), taking into account
pressure drops and flue resistance.

To achieve this, the flue or chimney design must take into
consideration many aspects of the system and building in which
it is housed. These include whether the flue/chimney is free
standing or adjacent to a building, and whether it is a single or
multi-flue system. All of these will affect the overall height of
the flue.

Once the height is determined the flue area needs to be
selected. This will require details of the fuel to be burned along
with velocities and friction losses within the flue. The selected
flue area must provide the highest possible flue-gas velocity and
the smallest cooling area. This must also take into consideration
the available draught. Total resistance of the flue/chimney is
compared to the available chimney draught. If the residual
chimney draught is excessive then the flue areas can be
recalculated using higher flue-gas velocities.

Fuel type with details of calorific value and the percentage
sulphur content.

Type and rated output of the boiler.

Overall thermal efficiency of the boiler based on gross
calorific value.

Boiler flue-gas outlet conditions at both high and low fire.
This should include gas outlet temperatures and percentages
of carbon dioxide.

Draught requirements at the boiler outlet at high and low
fire.

Height of installation above sea level. Gas volumes are
increased by approximately 4% for every 300 m above sea
level. For installations at more than 600 m above sea level
allowances must be made in specifying volumes of forced
and induced fans.

Location of plant and the character of the surroundings,
such as topography, the height of any buildings that may
surround any plant, prevailing wind direction and velocities
and the position of the boiler (such as a basement or roof
top location).

‘Winter and summer extremes of ambient temperature.
Proposed chimney construction to assess the cooling effect
on gases.
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Use q, = 1009 = (nh,)
Where:

q,, =maximum fuel burning rate (kg/s)
¢ =the rated boiler output (kW)
n =thermal efficiency of the boiler(%)

h, =the calorific value of the fuel (kJ/kg)

Find the maximum sulphur dioxide emission for fired
equipment:
E.= I<1qmS

m

Where:

E,= the maximum SO, emission (g/s)

m

S = the sulphur content of the fuel (%)

K, = a constant — 20 for oil firing, 18 for coal firing

Alternatively use E, = K, x ¢ ~ 1

Where K, is a constant that can be found from CIBSE Guide
B1, table A2.1/Guide B, table 1.A2.1.

If E,, is more than 0-38 g/s, use CIBSE Guide B1, page
A2-1/Guide B, page 1-67 to determine the category of the
chimney, and use figure 1.A2.1 to find the uncorrected
chimney height. For fuel of more than 2% sulphur content,

multiply this value by 1.1.

If the value found in Step 3 exceeds 2-5 times the
height of the building, then that is the height of the chimney. If
it is not, substitute into the following formula:

H= (056 h, + 0375 h,) + 0:625 h,

Where:
H = final chimney height (m)

h, = building height or greatest length, whichever is the
lesser (m)

h, = building height (m)

h, = uncorrected chimney height in metres found in Step 3
If the emission of sulphur dioxide is less than 0-38 g/s:

a) Assess the height of the buildings through which the
chimney passes or to which it is attached.

b) Add 3 m to this height

¢) Where the particular building is surrounded by higher
buildings, the height of the latter must be taken into
consideration as above

d) Select a trial flue-gas velocity (from CIBSE Guide B1, table
1.A2.3/Guide B, table A2.3) and calculate the flue and
chimney resistance

e) Compare this with the available chimney draught
(figure A2.2/figure 1.A2.2) and adjust the chimney height
to suit, recalculating if necessary.
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Procedure - single chimneys
Assess the boiler plant heat input rate.

When dealing with a single freestanding chimney, read
off the corresponding height from figure A2.3 in CIBSE Guide
B1/Guide B, figure 1.A2.3 (the left hand side of chart).

When dealing with single chimneys that pass through
or adjacent to buildings, read the height off figure A2.3 in
CIBSE Guide B1/ Guide B, figure 1.A2.3 (right hand side of
chart). This should then be added to the building height to give
the final chimney height.

Procedure — multi-chimneys
Work out the final chimney height as previously
shown.

Determine the freestanding height of each chimney if
each is considered to be alone and completely freestanding (left
hand side of figure A2.3 in CIBSE Guide B1/ Guide B, figure
1.A2.3).

Express the separation (distance) ‘s’ between each pair
as a multiple of the free standing height of the smaller chimney
determined in 2.

Using the ratio of s to Hy (smaller chimney)
determined in 3, read off the height correction factor ‘h’ from
figure A2.4 in CIBSE Guide B1/ Guide B, figure 1.A2.3.

Calculate the required increase in height:
AH, = h x H (taller chimney)

Repeat these steps for each combination of pairs of
chimneys.

Add the largest increase in height (AH,) found to the
final height of each chimney.

Check that the overall height of each chimney
provides the required combustion draught.

Before starting any calculations the following information is
required:

Flue-gas volume flow-rates to be handled at full and

low fire conditions according to the temperature involved at the

particular boiler outlet.

Flue-gas velocity — select a reasonable velocity for the plant
from table A2.3 in CIBSE Guide B1/Guide B, table 1.A2.3.

The equivalent area needs to be calculated from:

A=
v
where:

A = area equivalent m’ (table A2.4 in CIBSE Guide B1/Guide

B, table 1.A2.4)

qr = flue gas volume flow rate at full fire (m’/s)
v = flue gas velocity (m/s)

Water flow

Air flow Acoustics

The diameter of the flue can then be calculated from:

d =2V(A=n)

Find the heights and areas of three chimneys on top of a
building 10 m high. All boilers burn non-sulphur bearing fuel.

Design data

Boiler A produces 5 MW

Boiler B produces 14 MW

Boiler C produces 9 MW

AtoBis 10 m

BtoCis15m

CtoAis195m

Volume flow rate for A is 4:3 m3/s
Volume flow rate for B is 12:1 m3/s
Volume flow rate for C is 7°8 m?/s

Using the procedure for multi-chimneys:
Heights to be added to height of building are:
A—-18m
B-32m
C-25m

Therefore the heights of the chimneys (before correction) are:

A-11-8m
B-102m
C-125m
From figure A2.3/figure 1.A2.3, freestanding heights
are:
A—-44m
B-74m
C-6m
Ratio of s to H,:
AB —-2-27
BC-25
CA — 443
Height correction factors (h) from figure A2.4/figure
1.A2.4
A—-024
B-023
C-018
Increase in height (H, x h)
A —-1056 m
B-1702m
C-108m

Therefore use 1-702 m, as it is the largest increase

Final Heights:
A—-11-8+1702=135m
B-132+1702=149m
C—-125+1702=142m
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HI10 FLUE SIZING

Using the procedure for calculation of flue area:
From table A2.3/table 1.A2.3, flue gas velocity is 4-5
m/s

Area Equivalent (A= q;+v)
A - 0956 m?

B —2:689 m?
C—-1733m?
Diameter (d=2V(A=1))
A-11m
B-185m
C-149m

Therefore the preliminary sizings are:
A — 135 m high, diameter 1-1 m
B — 14:9 m high, diameter 1-85 m
C — 142 m high, diameter 1-49 m

CIBSE Guide B, Appendix 1.A2, ISBN 1 903287 58 8
CIBSE Guide B1, Heating, Appendix A2, 2002,

ISBN 1 90328 720 0

Clean Air Act (1993), ISBN 0 105 411 930

Sheet H6 Plant heating load

Sheet H9 Boiler Sizing

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —

sheet 51, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

DESIGN WATCHPOINTS

I. Designing flue areas and heights correctly is very important due
to the health issues surrounding the exhaust gases. Because of
this it is recommended that specialists do the final designs.

2. When requesting a design from a specialist certain information
will be required. This will include:
e Surrounding location of chimney/flue
e Type of fuel used

e System requirements

3. If however a preliminary design is required for a project, use the
procedures listed on the previous pages. These can be found in
CIBSE Guide Bl, Appendix A2/Guide B, Appendix |.A2 with
additional information in Section 5.5/Section 1.5.5.
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COOLING LOADS AND PLANT

The following section contains nine
building services engineering topic areas
related to the design of cooling systems,
including cooling loads and plant sizing.

The following two pages contain flow
charts of the relevant design and
calculation processes.

The first flow chart shows the nine topics
within this section.

The second flow chart provides an
overview of the process, showing some of
the many related topics that need to be
considered in the design of cooling
systems. The boxes highlighted in blue
show an area that is fully or partially
covered within one of the nine topic areas
in this section, or in the rest of the
guidance, with the appropriate reference
numbers given.
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FLOW CHART 1 - TOPICS WITHIN THIS SECTION
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Heating loads
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FLOW CHART 2 - OVERVIEW OF SYSTEM DESIGN PROCESS
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This chart shows the design areas relevant to this design process.VWhere design areas are wholly or partially
discussed in this document the relevant sheet references are given in brackets
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Heating loads

C1 INTERNAL HEAT GAINS

When calculating cooling loads, the effect of heat gains needs to
be taken into consideration. This includes gains that are generated
internally but the source may be external. The internal gains
depend on the use of the building and this will need to be clarified
before starting any calculations.

Some buildings may have zones or rooms that are maintained at a
different temperature to the rest of the building. The individual
systems that serve these rooms will need to be sized to take into
consideration the gains and losses through internal walls to the rest
of the building, likewise the system serving the rest of the building
will need to be designed to consider the impact of these
individually conditioned spaces.

Identifying heat from occupants

Heat emissions from the occupants of a building vary according to
the activity of the people within and the conditions (temperature
and humidity) in which they are working.

The total heat emission from occupants comprises sensible heat
gains and latent heat gains. The sensible heat gains affect the
temperature within the space, whereas the latent gains affect the
humidity in the space.

Heat emission can vary from 90 W sensible and 25 W latent per
person when seated at rest to 190 W sensible and 250 W latent per
person for heavy work at 20°C. These figures can be found in
Table 6.3 of CIBSE Guide A. The three main considerations when
dealing with occupancy gains are:

Occupancy hours — Is the building used for daytime use only or is it
used 24 h/day (such as call centres and hospitals).

Number of occupants — The normal number of occupants in the
building during occupancy hours. Also include the number of
people using the building outside occupancy hours, such as security
staff, cleaners and night time staff (although hospitals operate 24 h,
they will have reduced number of occupants at night through fewer
visitors and administration staff).

Activity and number of occupants — This may be fairly difficult to
assess particularly where the activities change regularly.
Conference rooms, meeting rooms and restaurants will have a
varied occupancy from day to day.

Identifying heat from lighting

All of the energy is eventually converted into heat. Different types
of lamp will give different heat outputs in both radiant and
convective form. The percentage of radiant heat is required when
dealing with air and environmental points. The location of the
lamp will also have an impact on the direction of the output. A
recessed light fitting within a ceiling void will heat the air in the
void increasing the ceiling temperature, which in turn will heat the
space. If there is significant airflow through the void the heat gains
from the lights may be removed. The control gear of the lamp will
also contribute heat gains into the space. Manufacturers’ data will
provide information specific to the lamp and control gear
arrangement.
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For each type of lamp used, details of the heat output, number of
lamps and hours of use are required.

Identifying heat from office machinery and process equipment
The heat gains from all types of machinery will need to be
considered. This includes office equipment, lifts and hoists. If a
piece of equipment has a name plate which shows it to be 1-:5 kW,
this does not necessarily mean that 1-5 kW of heat will be
dissipated into the space. Either apply a diversity factor to the kW
rating (which also has to be reasonable), or use values available in
Table 6.7 onwards in CIBSE Guide A.

Occupancy and activity details
Details of proposed lighting scheme
Details of proposed small power provision

Schedule of internal gains and sources for each space giving
gains from occupants, lighting, small power and other
equipment. Gains may also be broken down to give radiant and
convective components

CIBSE Guide A, Environmental Design, Section 6, 2006, ISBN 1
903287 66 9

Sheet C2 External gains

Sheet C3 Cooling plant loads

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —
sheet 20, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

DESIGN WATCHPOINTS

1. Don’t forget, when calculating heat gains for buildings that are

to house animals, the gains per animal need to be included,
these are quite different to those of people. Values are
available in Appendix 6.A1 of the CIBSE Guide A.



Heating loads

C2 EXTERNAL GAINS

External gains are made up of three different components, solar,
conductive (temperature) and convective (airflow). Solar
radiation that reaches the earth is in two forms: direct and diffuse.

Diffuse radiation

This occurs when solar radiation is absorbed and reflected from
dust and vapours in the atmosphere. Diffuse radiation can also
have a heat gain effect on a building by being reflected from other
surfaces onto the building.

Direct solar radiation (may be referred to as solar beam)

This occurs when the radiation has a direct effect on the building
in other words it is not diffused or reflected. If done by hand solar
gain calculations can be lengthy. The amount of gain depends
upon the location of the building, the orientation of the building,
the angle of any surface of the building, time of day and day of
year.

Solar gain occurs through fabric and glazing, and the procedures
for calculating each are dealt with differently. With fabrics such as
walls, the associated time lag and decrement factor will be needed,
whether they are calculated manually or with a computer package.
For solar gains through glazing, the glazed area, type of glazing
and amount of shading can have a significant impact on the total
gains.

Fabric and infiltration

The conduction through the building fabric depends on the U value
of the fabric and the Sol-air temperature difference. There will be a
time lag that occurs according to the material and thickness of the
fabric.

Heat gains from airflow occur in the form of infiltration. Normally
this is associated with heat loss, but this depends on whether the
outside air temperature is higher or lower than the inside air
temperature.

It is important to calculate external heat gains on an hourly basis to
identify the peak gains. Again this can be quite lengthy.

Computer programs are available that will calculate the heat gains
(and losses) of a building. Input data needs to be correct otherwise
a potentially inaccurate result will be given. Details such as
building dimensions (internal and external), orientation, fabric
construction and design criteria are required. External gains can be
calculated with the right information.

Building orientation and location

The location will probably be fixed as the client may already have
a plot of land. If the opportunity exists, it is often worth
considering the orientation, size and type of glazing as this can
have a major impact on comfort, plant size and energy
consumption.

Other surrounding buildings will also have an effect on the gains
of the building. When the final decision has been made, the details
of orientation of walls should be entered into the computer
programme.

Building design
The shape of the building and angles of any surface that is not
horizontal or vertical will need to be identified.

Water flow

Air flow Acoustics

Building fabric
Details of the construction fabric and U values are required to
calculate the heat transfer gains.

Time lags

The programme may require a value for time lags through the
building fabric. The time lag is the time it takes for the heat to
transfer through the fabric. This will depend on the type of
materials used and their thickness.

Decrement factor

This is a function of the thickness and thermal capacitance of an
element and has no dimensions. It represents the ability of an
element to moderate the extent of a temperature change at one face
of the element before it reaches the other. A decrement factor is
defined as the variation in the rate of heat flow through the
structure due to variations in external heat transfer temperature
from its mean value (with the environmental temperature held
constant), divided by the steady-state transmittance.

Time lags and decrement factors for different building fabrics can
be found in tables 3.49-3.55 in CIBSE Guide A.

The build quality and therefore air tightness of a building will
determine any heat gains due to infiltration. Infiltration is
discussed in sheet H2.

CIBSE Guide A, Environmental Design, Sections 2 and 5, 2006,
ISBN 1903287 66 9

Sheet C1 Internal heat gains

Sheet C3 Cooling plant loads

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —
Sheet 22, 23 and 27, BG 4/2007, BSRIA 2007, ISBN 978 086022
669 7

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

DESIGN WATCHPOINTS

1. External gain calculations can be done manually but it is a
complex process that is prone to user error.

2. Always check the values that are being entered into the compute
programme against a reputable source such as C/IBSE and Britis
Standards. Also check that not only are the values reasonable bt
are appropriate to the building.

3. Check again once all data is entered. Check the inputs and also
make sure that any assumptions the program makes are known
and correct. It is easy to make unwitting mistakes particularly if
the user is unfamiliar with the computer application.

4. Once a result has been determined from the computer
program, examine the results to see if they are what would be
expected. It may be beneficial to undertake some manual
calculations to cross check your results or to use some rules of
thumb to check that the answers are in the expected range.

5. Diffuse radiation is often higher during overcast conditions than
during clear sky conditions. Peak gains for north zones will
usually occur during overcast conditions.

IDE TO HVAC BUILDING SERVICES CALCULATIONS 43

© BSRIA BG 30/2007



Heating loads

C3 COOLING PLANT LOADS

A cooling plant load consists of:

Outdoor air load

As with heating plant the outdoor air load will depend on the use
and conditions within the building, (see table 1.5 CIBSE Guide A),
type of installation used such as full outdoor air system.

System losses/gains

This will include fan gains. The temperature of the air passing
through a fan can be raised 1-3°C, and the temperature difference
between the air in the duct and the air surrounding the duct may
result in some heat transfer. This may have implications on the
required level of insulation and therefore raise capital costs.

External gains

This is the heat gain through the fabric of the building, the fabric
being the building elements such as walls, glazing, roofs and
floors. The amount of gain will depend on time of day and
seasonal variations (see C2 External gains).

Internal gains
Internal heat gains are all those that occur within the building as
explained in sheet C1 Internal heat gains.

Zone load

This is determined from all the heat gains that affect the zone
concerned. A zone may consist of several rooms such as all the
offices on the east side of a building or be an area within a larger
open plan office. Temperature differences between physical
barriers of adjacent zones with different set points will also need to
be considered as this may result in heat transfer between the two
zones.

Peak simultaneous building or zone loads

As the peak loads of each zone will occur at different times of day,
it is necessary to establish the time at which the total load for all
the zones is at its peak. This is termed the peak simultaneous load.

When determining the cooling load from the heat gains it is
important to consider both the sensible and latent heat gain
components. Sources of heat such as occupants and catering will
have a sensible and latent heat gain effect. The latent heat gains in
an area need to be known if the plant is to provide humidity
control. If there is to be no allowance for humidity control (such as
heating and cooling only) then the cooling coil will be sized to
offset only the sensible heat gains. That said, some latent cooling
invariably takes place due to the low supply air temperature.
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Zones

Separating a building into zones enables the temperatures in each
zone to be controlled more accurately, particularly when there are
varying heat gains between zones. The architect’s layout drawings
showing the position of windows and columns are required in
order to determine the number and size of zones. Each zone will
have its own system or part of a system that cools the area, for
example AHU’s serving each zone, or a group of fan coils for the
purpose of cooling only that zone.

Zone heat gains

The heat gains to each area need to be calculated; this will include
heat gains through internal walls if there are temperature
differences within a single building.

Hourly cooling loads

The zone loads can be calculated on an hourly basis. Plotting the
values on a graph will enable the peak simultaneous load to be
determined. It is not essential to calculate and plot all the zone
cooling loads for each and every hour of the day if the
approximate peak time of loads in the building is known. For
example if the peak time is likely to be 14.00 h then checking
13.00 h and 15.00 h would be useful to make certain the correct
peak time and load is identified. Computer programmes can easily
identify the time of the maximum loads.

Consider a theoretical building, which has two zones, east and
west. Fifty fan coil units serve each zone. The cooling capacity of
each fan coil in the east zone is 1-5 kW each; in the west zone the
cooling capacity of each fan coil unit is 2 kW. The total capacity
of all the fan coils in the building is 175 kW but the primary
cooling system that supplies the fan coils will not need to have a
capacity of 175 kW as all the fan coil units will not run at their full
capacity at the same time.

The cooling load for each zone is tabulated on an hourly basis and
shown in the following table overleaf.
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C3COOLING PLANT LOADS
Time 24 h East zone West zone Total (kW)
(kW) (kW) CIBSE Guide A, Environmental Design, 2006,
00:00 0 0 0 ISBN 1 903287 66 9
01:00 0 0 0
02:00 0 0 0
03:00 0 0 0 Sheet H5 Heat loss
04:00 0 0 0 Sheet C1 Internal gains
05:00 0 0 : Sheet C2 External gains
06:00 0 H L Lawrence Race G, Pennycook K, Design Checks for HVAC — A
07:00 20 L 29 Quality Control Framework for Building Services Engineers —
L el 29 60 sheets 19-23, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
09:00 65 30 95
10:00 75 40 115
11:00 65 60 125
12:00 60 75 135
13:00 55 90 145
14:00 40 100 140
15:00 30 85 15
16:00 20 65 85
17:00 15 55 70
18:00 40 40
19:00 30 30
20:00 20 20
21:00
22:00
23:00

By adding the loads for the east and west zone at each hour, the
building load at each hour can be identified.

From these totals the peak simultaneous load can be found. In this
example the peak simultaneous load is 145 kW. The data has been
shown in the following graph and clearly shows the peak
simultaneous load for the building.

A building may have many areas or zones that will need to be
identified and cooling loads calculated in order to find the
maximum simultaneous load.

Cooling loads
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DESIGN WATCHPOINTS

Solar gains are not the only gain that may be time dependent.
Occupancy of the building may depend on the time of day and
the effect of machines and equipment being on standby instead
of off when not in use. It is important to consider all the gains on
an individual time basis.

2. Some computer programmes only include heat gains in their

cooling loads and do not include outdoor air loads unless this
information is specifically entered.
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C4 VENTILATION - OUTDOOR AIR REQUIREMENTS

Ventilation systems should be designed to meet the requirements
of outdoor air to the occupants while removing contaminants, as
well as providing suitable amounts of air to be able to carry out the
process of heating or cooling if required (see sheet C5 supply air
quantity and condition).

Outdoor air requirements
The amount of outdoor air required for any particular project can
be determined in a number of ways:

A. Airflow rate per person, expressed as litres/second/person.
This is the method generally used for normally occupied
spaces such as offices where the quality of the air is important
for occupant comfort. Different rates are recommended
depending on whether smoking is permitted, or any other
sources of contamination present.

Airflow rate related to the floor area of the space, expressed in
terms of litres per second per metre squared (l/s/mz). This may be
used where occupancy numbers are unknown, or where the area is
only occupied intermittently.

Airflow rate related to the volume of the space as a whole, and
expressed in terms of air change rate per hour (ach'l). This term is
also often used to specify infiltration rate, and this is discussed in
the Infiltration sheet H2. Care is needed not to confuse infiltration
with ventilation.

Recommended outdoor air supply rates are given in Tables 1.5 of
CIBSE Guide A.

Supply air rate

This term generally refers to the total amount of air introduced into
the space, and can be made up of outdoor air and re-circulated air.

As with the outdoor air quantity detailed above, the overall supply
air rate can be expressed in a number of ways:

A. Airflow rate as calculated to deal with the heating or cooling
load, expressed as litres per second (1/s) or cubic metres per
second (m3/s).

B. Air change rate as a measure of general ventilation, or for
extract systems, and typically expressed as air changes per
hour (ach'l). This is also a useful measure for checking other
more specific air volume flow calculations, as converting a
calculated air volume to an air change rate will give a good
indication whether the airflow rate is reasonable. For example,
an air volume of 2-0 m’/s to deal with a cooling load may be
reasonable if it equates to, say 2 air changes per hour, but if
that value should be 20 air changes per hour, it will prove very
problematic to introduce the air into the space effectively
through a conventional ductwork system. Noise would also be
a likely problem.

Guidance on rates to be used for designing ventilation schemes on
this basis are detailed in Table 2.9 in section 2.3.2.1 of CIBSE
Guide B2/Table 2.9 in section 2.3.2.1 of Guide B.
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Occupancy
When determining outdoor air rates in occupied areas such as
offices, the number and pattern of occupancy is necessary.

Use of the area
Details of any source of contamination or air quality requirements
are relevant.

Size of the space
This is obviously necessary if working to an air change rate
criteria, either as a design basis or to use as a checking method.

System design data

Heating or cooling loads will often determine the air flow if they
are part of an air conditioning system. Similarly, the design
criteria may set the airflow requirements for a ventilation
application such as a toilet extract, for example.

Outdoor air requirements
A. If the outdoor air rate for a space is to be based on occupancy,
the total outdoor air volume will be:

Air volume (I/s per person) x number of occupants

This may not necessarily be the total volume of air introduced
into the space, but is more likely to be a small component of a
larger supply air volume.

If heating or cooling is to be achieved using an all-air system,
then the outdoor air component will be part of the required

larger supply air volume.

Where the outdoor air rate is based on the floor area, it will be:

Air volume (l/s/mz) x floor area (mz)

Calculate the ventilation rate for a museum where the following
criteria apply:

Design data
Outdoor air supply rate: 10 1/s/person
Number of occupants: 200 people

Total outdoor air requirement will be:

10 I/s/person x 200 people
=2000 I/s or 2:0 m*/s
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C4 VENTILATION - OUTDOOR AIR REQUIREMENTS

CIBSE Guide B2, Ventilation and Air Conditioning, Section
3.2.1.1,2001, ISBN 1 903287 16 2

CIBSE Guide B, Section 2.3.2.1, 2005, ISBN 1 903287 58 8
CIBSE Guide A, Environmental Design, Section 1.4, 2006,
ISBN 1 903287 66 9

Sheet H5 Heat loss

Sheet H6 Plant heating load

Sheet H9 Boiler sizing

Sheet C3 Cooling plant loads

Sheet C5 Supply air quantity and condition
Sheet A9 Pressurisation of spaces

Building Regulations Approved Document F — Means of
Ventilation: 2006 Edition, ISBN 1 859462 05 7

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,
ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — 4
Quality Control Framework for Building Services Engineers —

sheet 6 BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
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C5 SUPPLY AIR QUANTITY AND CONDITION

Air supply systems are often used to provide heating only, or heating and/or
cooling in addition to ventilation requirements, for example in warm air heating
or air conditioning all-air systems. Air has a low heat capacity, the amount of
air required to carry out heating or cooling is often far in excess of the amount
needed to provide outdoor air to the occupants. Two of the key system design
decisions are therefore to establish both the quantity of air required and the
supply condition, that is temperature and moisture content of the supply
condition.

These two factors are linked, as a given heating requirement can be met by both
a small quantity of air supplied at high temperature or a large quantity of air at
a lower temperature.

In practice the choice of system and supply position (high level diffusers, mid
level or low level displacement system) may well be dictated by the loads to be
met, the configuration of the space and the use of the space. For the purposes
of this guidance sheet it is assumed that the decisions on system type and
supply outlet type and positions have already been made by a senior engineer.

The choice of supply air temperature and quantity is a fundamental design
decision that is necessary for further system design, such as the sizing and
selection of distribution systems (ductwork), and of heating and cooling plant,
(heating and cooling batteries).

Room internal design condition

The room internal design condition (air temperature, and moisture
content or percentage saturation) is required as this is the condition
that must be achieved by the design heating or cooling system.

Type of system
Details of the proposed supply system, and proposed position and
type of supply terminals.

Use of the room or space

Choice of supply condition is normally dictated by comfort criteria
—the temperature and velocity at which you can blow air onto
people without causing complaint. This in turn will vary with
activity and clothing level and occupant position, for example
whether they are seated or standing. Occasionally the supply
condition will be dictated by process use which may limit supply
temperature or velocity.

Room air design condition for both summer and winter ie both
dry bulb air temperature ta (°C) and moisture content g (kg/kg).
If design condition is given as relative humidity or %
saturation then moisture content can be established from
psychrometric data. If the design temperature is given as
resultant temperature, then a design air temperature will need
to be established (see discussion in CIBSE Guide B2, Section
3.2.2.1/Guide B, Section 2.3.2.2)

Heating and cooling loads for the space (kW)
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Supply air condition under both heating and cooling, in other
words both dry bulb air temperature ta (°C) and moisture
content g (kg/kg)

Total mass flow rate of supply air (kg/s)

Supply air temperature and quantity are linked. In general it is
best to have the mass flow rate as small as possible as this will
give smaller duct sizes, but this can lead to a large temperature
differential between supply temperature and room temperature.
As the room design condition is fixed the question is, how low or
high can the supply temperature reasonably go?

Limiting factors for supply temperature:

A. The usual limiting factor is comfort, with cooling usually more
critical than heating as cool air causes more discomfort. Air
velocity and temperature in the occupied zone are critical and
can be difficult to predict accurately.

Supply outlet type and position, room height and position of
occupied zone all relate to acceptable output throw and velocity
and the amount of mixing that can occur before air enters the
occupied zone

Exit temperature from plant. If the primary heat transfer medium is
water, the need to keep the fluid in plant above freezing point and
below boiling point.

High air velocities can result in unwanted noise.

Assume a room with a sensible heat gain/loss (Qs) and a latent
heat gain (QI) to be met. Air is supplied at dry bulb temperature ts
and moisture content gs, and leaves the room at the room dry bulb
air temperature tr and room design moisture content gr.

) Room att, g, )
Air Air
supply ——p Q. —Jp extract
att, g, Q, att g,
Qs = mcp At
Q1= m hfg Ag



Heating loads

Water flow

Air flow Acoustics

C5 SUPPLY AIR QUANTITY AND CONDITION

Where:

s = sensible heat gain/loss (kW)
m = mass flow rate of supply air (kg/s)
cp = specific heat capacity of air (kJ/kg K)
At = temperature difference between supply air and room air ie
(tr-ts) for cooling and (ts- tr) for heating
Q1 = latent heat gain (kW)
G = moisture content (kg/kg)
hfg= latent heat of evaporation (kJ/kg)
Ag = moisture content differential between supply air and room

air, ie (gr — gs)

B. Select reasonable supply temperature differential for
cooling case.

C. Calculate required mass flowrate for cooling. Cross
check that ventilation requirements are met and that room air
diffusion is acceptable.

D. Check with same mass flow rate to see what the
temperature differential is for heating requirements and check
whether acceptable for comfort.

E. Recalculate from step 1 if necessary.

F. Use same mass flow rate with the latent heat gain to find
the supply moisture content differential.

Determine a suitable supply air condition and volume flow rate for
a small auditoria for both heating and cooling.

Design data

Room dimensions 15 m x 15 m x 4 m high

Maximum occupancy: 100 people

Room design condition (summer and winter) 21°C db and 50%
saturation

Cooling load of 10 kW

Heating load 5 kW

Latent gain (summer and winter) 3 kW

Looking at the cooling case first, and considering a
ceiling-mounted supply throwing down, a supply temperature
differential of 5K is a reasonable first choice.

G.
Q, =mcAt
10 = x1-026x5
10
m =——=1-95kg/s
1-026%5

Cross check 1
Humid volume (v) at an air temperature of 21°C and 50%

saturation is 0-8434 m3/kg.

Volume flow rate:
mxv=195x 08434
1-64 m’/s

100 occupants require approximately 10 1/s per person outdoor air
for comfort (no smoking) reference CIBSE Guide A, table 1.5

100 x 10 = 1000 I/s = 1-0 m’/s

The volume flow rate will therefore be more than sufficient to
supply the outdoor air requirement. Some recirculation can be
used to achieve the required volume flowrate of 1:64 m’/s

Cross check 2
The volume flowrate of 1:64 m>/s gives a room air change rate of:

15x15%x 4

=6-6achr™

This is within the range of 6-10 air changes per hour
recommended as a design strategy in CIBSE B2 Table 3.6/CIBSE
B, Table 2.14: design requirements: assembly halls and auditoria.

H. Checking under the heating case

Qs = m cpAt

5 = 195x 102 x At

5 = 195x1-02xAt

At = 2-5°C, which is acceptable
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C5SUPPLY AIR QUANTITY AND CONDITION

L. Not needed

J.
Q1 = i hfg Ag
3 = 195x2450 x Ag
Ag = 0-000628 kg/kg

From psychrometric data, g at 21°C and 50% saturation is
0-007542 kg/kg

The summer supply condition is therefore 16°C and 0-006914
kg/kg

The winter supply condition is therefore 23-5°C and 0-006914
kg/kg

Summer Winter

supply supply
condition condition

Assumptions
Humid volume has been taken as a constant value over the
operating conditions of the system.

Note that if the air volume at the supply condition of 16°C is
calculated this is:

mxv=195x08279 =161 m’/s
ie 2% different from value at the room condition.
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For general comfort applications air changes rates are unlikely
to exceed 10 ach™ , corresponding to a cooling temperature
differential of 8-12 K.

Guideline maximum supply temperature differentials for
cooling are discussed in CIBSE Guide B2, Section
4.2.3.4/Guide B, Section 2.4.2.3:-

N Max tem
Application differentiaIpK
High ceiling (large heat gains/low level 12
input)

Low ceiling (air handling luminaires/low 10
level input)
Low ceiling (downward discharge) 5

Source : Table 4.2 CIBSE Guide B2

CIBSE Guide B2, Ventilation and Air Conditioning, Section 3:
Requirements — esp. Section 3.2.1 Indoor air quality requirements
— offices, Section 3.2.2 Ventilation for internal comfort — offices,
Section 4.2 Room air distribution. CIBSE 2001, ISBN 1 903287
16 2/Guide B, Section 2.3.2.1, Section 2.3.2.2 and Section 2.4.2,
CIBSE 2005, ISBN 1 903287 58 8

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,
ISBN 0 86022 626 3

Sheet H6 Plant heating load

Sheet C3 Cooling plant loads

Sheet C4 Ventilation — Outdoor air requirements
Sheet C6 Heating/cooling coil sizing

Sheet A7 Grille and diffuser sizing

DESIGN WATCHPOINTS

Cooling supply air temperatures differentials tend to be more
critical than heating as cold draughts cause more discomfort
and cold air has negative buoyancy (cold air sinks).

2. Although cooling tends to be more critical, a high heating

differential can also created problems as the air has positive
buoyancy and will therefore tend to rise and stay at high level.
A system that works well under cooling may therefore not give
good air distribution under heating, so room air diffusion under
both modes should always be considered.
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C6 HEATING/ COOLING COIL SIZING

Air handling units use heating and cooling coils (also known as
heating and cooling batteries) to heat and cool the air being used to
supply the various spaces served by the plant.

These can use various energy sources including direct use of
electricity, steam, or hot water from boiler plant for heating, and
direct use of refrigerant via DX coils, chilled water or water/glycol
mix from chiller plant for cooling. The required heating or cooling
loads for the heating and cooling coils need to be known in order
to specify and select appropriate equipment.

Heating coils

The air passing through a heating coil is heated sensibly, in other
words the air temperature is increased and the moisture content
remains unchanged.

Water flow

Cooling coils

The air passing through a cooling coil is first cooled sensibly, in
that the air temperature is decreased and the moisture content
remains unchanged. If the coil continues to cool the air to reach its
dewpoint temperature then dehumidification will also occur as
moisture condenses out of the air and the moisture content will
reduce.

Room internal design condition

The room internal design condition (air temperature, and moisture
content or percentage saturation) is required as this is the condition
that must be met by the design heating/cooling system.

Air flow Acoustics

External design condition

The external design condition (air temperature, and moisture
content or percentage saturation) is required to give the air
condition for outside air entering the plant.

Space heating and cooling loads

The heating and cooling loads (sensible and latent) for the various
spaces served by the system are required in order to determine
supply conditions.

Water flow and return temperatures (indirect coils)
The temperatures of the heating and cooling media are required for
coil sizing for indirect coils.

Room air design condition for both summer and winter, both
dry bulb air temperature ta (°C) and moisture content g (kg/kg)
Heating and cooling loads for the space (kW)

Outdoor air requirements (1/s) - Outdoor air ventilation
requirements for occupants or processes

Fan gains — details of any fan gains ie temperature rise across
fan

Supply air condition under both heating and cooling:

dry bulb air temperature ta (°C) and moisture content g (kg/kg)
Total mass flow rate of supply air (kg/s)
Heating and cooling duties (kW)

See also C5 — Supply air quantity and condition.

The supply air quantity and condition may have already been
determined, but often this is done in combination with sizing of the
required heating and cooling batteries and other plant.

The heating or cooling battery will have to meet both the room
heating or cooling load, and the load imposed on the plant by any
outdoor air requirement. In the example below for heating only,
the heating coil will have to meet both the sensible heating load for
the space and the heating requirement to raise the outdoor air
component from outside air temperature to room temperature.

Outdoor
air supply
at ty &uo I_ll.l > ;\tlrt Sg“PP')’

Room at t. g,

< Q. Q
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See also C5 — Supply air quantity and condition.

Establish or calculate the required supply air mass flow
rate and condition for both summer and winter cases (See C5 —
Supply air quantity and condition). Decide whether a full outdoor
air system or one with re-circulation is required. (Check with
senior engineer as required)

K. Calculate required heating coil duty Qh

a. For full outdoor air this is simply,

Water flow

too o E » e

mg

<

Qn= m_cp At
Where At = (ts — tao), in other words all the supply air must be
raised from the outside air temperature to the supply

temperature.

b. For recirculation this is,

tn 8
M,
tao 8o (@] t g
mao Ill ) rhs
tre 8t
mrt
<
Qh = r'ni Cp At

Where At = (ts — tm), in other words all the supply air must be
raised from the mix condition to the supply temperature.

This calculation can be done in several ways:
The mix condition can be calculated

Alternatively, thinking about what happens, the recirculated
component must be raised from extract condition (often taken
as the same as room condition) to supply condition and the
outside air component must be raised from outside air
temperature to the supply condition.
L. For water to air heating coils calculate the mass flow
rate(mw) for flow and return from boiler circuit using
Qh=m  cp At

Where At = (tf — tr) ie the difference between boiler flow and
return temperatures.

(See heating and cooling Design Watchpoints on page 55)
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Air flow Acoustics

Determine the supply air volume and temperature required for a
warm air heating system for the following open plan office for:
e A full outdoor air system and

e arecirculation system.

Design data

Winter design fabric heat loss is 12 kW

Internal design air temperature is 19°C

External design air temperature is —1°C

Occupancy minimum outdoor air requirement is 250 1/s

Outdoor
air supply:
250 I/sat - I°C I?I ) Air supply at t, g,
= Room at 19°C
< Q, = |I2 kw

v

Supply air temperature and volume - If the outdoor air
requirement only were used for heating:

250 I/s = 0-25 m°/s

Qs = m, cp At, where At = (ts — tao)
= VpepAt

Humid volume at 19°C and say 50% saturation is 0-8365
m>/kg, density is 1-195 kg/m’ (data may be obtained from
tables in CIBSE Guide C).

12 = 025 x1-195 x 1-026 x At
At =39°C

This would give a supply air temperature of 58°C, which is
high and obviously unacceptable.

Assuming a ceiling distribution for an average height office,
an acceptable At for heating would probably be around 8-12°C,
depending on throw. Selecting a At of 10°C, giving a supply
air temperature of 29°C

Q = m_ cp At
12 = m x 1-026 x 10
m = 1-17 kg/s

V =m/p =1-17/1-195 = 0-98m°/s
In other words a supply volume flow rate of, say, 1 m’/s at
29°C
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M. Heating coil size for full outdoor air
Qh = m_cp At
Where
At = (ts —tao)
Qh =117 x 1:026 x (29 + 1)
=36 kW

Heating coil size for recirculation (method 1)
Qh = m_ cp At
=025x1-195 x 1-026 x (29 + 1) (outdoor air component)
+ 073 x 1:195 x 1:026 x (29-19) (recirculated

component)
=92+89=181kW

Heating coil size for recirculation (method 2)

By thinking about what happens, the heating coil load under
recirculation can also be worked out as the heat to raise the
outdoor air component up to room temperature so it is neutral plus
the sensible heat load for the space:

(025 x 1:195 x 1:026 x (19 + 1) ) + 12

= 61+12
181 kW

Heating coil size for recirculation (method 3)
A third approach is to find the mix condition and then look at the
load across the coil:

m Xt =m_ Xt +m Xt
S m IC e a0 ao

J

1'17xtm= (073 x 1-195 x 19) + (0-25 x 1-195 x-1)
= 1628
tm = 13-9°C
Qh = m cp At
= 117 x1-026 x (29-13-9)
= 181kW

Return air is the same temperature as the room air
Air density is the same throughout the system — an average value
was used throughout at the room condition. In practice it changes
with temperature

e Fan and duct gains have been ignored

N. Calculate the required mass flow rates of hot water for an
indirect heating coil.

Assume flow and return hot water temperatures of 80°C and 70°C:

Qh = m cp At

Where:
At = (tF—tr)
181 =m_ x42x10
m, = 043 kg/s

Water flow

Air flow Acoustics

See also C5 — Supply air quantity and condition.
See also calculation approach — heating coil.

Establish/calculate required supply air mass flow rate and
condition for both summer and winter cases. (See C5 — Supply air
quantity and condition.) Decide whether a full outdoor air system
or one with re-circulation is required. (Check with senior engineer
as required.)

0. Calculate required cooling coil duty Qc.

a) For sensible cooling, at constant moisture content. In other
words with ga = gs, all parts of the cooling coil in contact with the
air stream must be above the dewpoint temperature of the entering
air stream.

tg IEI—) tog m,

The cooling coil load is given by:
Qc = m,_ cp At

Where:
At = (ta—ts),

Alternatively:
Qc = m_ Ah

Where Ah = the specific enthalpy (kJ/kg) difference between the
on coil and off coil conditions:

ie (ha — hs),

b) For sensible cooling with dehumidification

.//'

Qc = m_ Ah
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C6 HEATING/COOLING COIL SIZING

Where Ah = the specific enthalpy (kJ/kg) difference between the
on coil and off coil conditions:

(ha — hs)

For a full outdoor air system the on coil condition (ta, ha) will be
the outside design condition.

For a system with recirculation the on coil condition will be the
mix condition. The mix condition can be found using the same
procedure shown in the heating coil sizing procedure and example
ie:

m X tm =m_ X trc + m X tm

The moisture content of the mix condition can be found in the
same way:

mxg,=m Xg +m, xg,

P. For indirect cooling coils calculate the mass flow rate
(mw) for flow and return from chiller circuit using

Qc= m_ cp At

Where:

At = (tr — tf) ie the difference between chiller flow and return
temperatures.

Determine the supply air volume and temperature required and the
cooling coil load for summer operation for the following space.

Design data

Summer sensible heat gain is 10 kW.

Latent heat gain is 3 kW.

Internal design air condition is 20°C, 50% sat.

Summer external design air condition is 28°C, 50% sat.

Occupancy minimum outdoor air requirement is 325 1/s.
Acceptable supply temperature in summer is 14°C.

Supply air volume and temperature - considering the
cooling case first.

Qs = Ihg Cp At
10 = 1ia_x 1-026 x (20-14)
m = 1626 kg/s

The latent gain is given by:

Q1 = mhfg Ag

3 =1626 x2450 x Ag

Ag = (gr—gs) = 0-000753 kg/kg
From psychrometric data the space moisture content gr is 0-00738
kg/kg. The supply air moisture content gs is given by:

gs = 000738 — 0-000753 = 0-00663 kg/kg

The summer supply condition is therefore 1:626 kg/s at 14°C and a
g of 0-:00663 kg/kg.
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Water flow

Air flow Acoustics

The humid volume at this condition is 0-8218 m3/kg, so the
required volume flow rate is:

V = mxv=1626x 08218
= 1336 m’/s

Considering the minimum outdoor air requirement of 325 1/s this
gives a value of 25% outdoor air and 75% recirculated.

Q. Coil capacity - A mix condition can now be found and
the cooling coil sized.

rili >< tm = rier X tl'C + ﬁ1£lﬂ X tl\()
1626 x tm =(0-75 x 1-626 x 20)+(0-25 x 1-626 x 28)
tm= 22°C

m Xg, =m, Xg, +m, Xg,

1626 x gm =(0-75 x 1626 x 0-00738) + (0-25 x 1:626 x
0-01210).
gm = 0-00856 kg/kg
Q = m, Ah = (ha—hm)
From psychromatic data, using t and g

Enthalpy at mix condition is 43-88 kJ/kg
Enthalpy at supply condition is 30-83 kJ/kg

Qc = 1:626 x (4388 — 30-83)
=2122kW

Alternatively, as it is enthalpies that are used to size the coil, then
a mix enthalpy condition can be found initially using the
enthalpies of the two air streams.

R. Cooling medium mass flow rate - Calculate the required
mass flow rates of chilled water for water to air heating coil.

Assume flow and return chilled water temperatures of 6 and 12°C
Qc = m cp At

Where At = (tf — tr)
2122= 1 x42x6
m_, = 0-84kg/s

Return air is the same temperature as the room air

Fan and duct gains have been ignored

Coil contact factors have not been included in this simple example
The adp (apparatus dew point) of the coil has also not been
considered. In practice a coil will cool down a line on the
psychrometric chart from the mix point to the adp, which provides
dehumidification. This can over-cool the air and thus necessitate
reheat to achieve the required supply temperature.
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C6HEATING/COOLING COIL SIZING

CIBSE Guide B2, Ventilation and Air Conditioning, Section 3:
requirements — esp. Section 3.2.1 Indoor air quality requirements —
offices, Section 3.2.2 Ventilation for internal comfort — offices,
Section 4 Systems, CIBSE 2001, ISBN 1 903287 16 2/Guide B,
Section 2.3.2.1, Section 2.3.2.2 and Section 2.4.2, CIBSE 2005,
ISBN 1903287 58 8

CIBSE Guide C, Reference Data, Section 1, 2007, ISBN 978
1903287 80 4

Lawrence Race G, Pennycook K, Design Checks for HVAC — A4
Quality Control Framework for Building Services Engineers —
sheet 52, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,
ISBN 0 86022 626 3

There are many text books available that provide further data on
psychrometrics and the design of air conditioning systems eg:

Jones WP, Air Conditioning Engineering, 5" edition, 2001,
ISBN 075 065 0745

Legg R, Air Conditioning Systems Design, Comissioning and
Maintenance, 1991, ISBN 0 7134 5644 2

Sheet H6 Plant heating load

Sheet H6 Heating plant configuration and load matching
Sheet C3 Cooling plant loads

Sheet C4 Ventilation — Outdoor air requirements

Sheet C5 Supply air quantity and condition

Sheet C7 Return air temperature effects on coil duty

DESIGN WATCHPOINTS

1. The basic heat transfer equation Q = m cp At is used many
times. Always stop and think what fluid it applies to (air or
water or water/glycol mix) and what temperature difference is
correct. Ensure the correct value for specific heat capacity is
used.

2. Return air can be at a different temperature to the room air
condition. With high level extract or extract via air-handling
luminaries, it may well be 1-2°C above the room condition
which can impose an additional load on a cooling coil.

3. Dehumidification requirements can sometimes necessitate a
larger cooling coil than would be required for sensible cooling
only.

4.  Air density will vary throughout a system.

5. Fan and duct gains can add an additional heat gain to a system
that can impose an additional load on a cooling coil.

6. Apply any correction necessary for density of air due to the
altitude of the site. An incorrect value used in the calculations
could result in the plant being undersized.

7. Coils using refrigerant (direct expansion) as the cooling medium
are more complicated.

8. Heating coils using steam, refrigerant (in a heat pump) or
directly fired coils are more complicated.
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C7 RETURN AIR TEMPERATURE EFFECTS ON COIL DUTY

In a mixed-air system, the return air temperature to the plant is
likely to be higher than the room air temperature, which means
that heating coils will be oversized and cooling coils will be
undersized unless these differences are taken into account.

In theory, there are a number of reasons for the temperature
difference between return air and room air, but not all of them
apply in every case.

e Effect 1: Fan gains. When air passes over a fan mounted in a
supply or return duct, there will be some heat gain from the work
done by the fan to pressurise the air-stream, as well as heat gain
from the fan motor if this is mounted in the air-stream. A fan in
the supply air-stream will require a lower off-coil temperature
from the heating or cooling coil in order to maintain the desired
supply air temperature. A fan in the extract air-stream will raise
the temperature in the return air duct coming onto the heating or
cooling coil.

e Effect 2: Gains from ceiling lights. An increase in air temperature
will arise from the heat given off by light fittings. Some of the
heat from lighting will directly increase the heat in the room
(below the ceiling) and should be taken into account in calculating
the room load. However, some of the heat from the lighting will
directly heat the ceiling void. This leads to an increase in return
air temperature when the space above the ceiling is used as the
return air path.

o Effect 3: Duct wall heat gains. There is a theoretical heat gain or
loss through the walls of the duct leading from the extract grilles
back to the plant when the ceiling void is not used as the return air
path. However, return air ductwork is seldom used. Duct
insulation will minimise the heat gains, so this effect has been
ignored here.

o Effect 4: Stratification of air temperature within the room. This is
the difference in air temperature from floor to ceiling. As is
shown in CIBSE Guide A (page
5-29), this can amount to several degrees Celsius. However,
stratification is most severe in systems where there is no forced air
circulation (such as radiator-based systems). Ceiling-mounted
mixed-air systems are less likely to suffer from stratification, as
the overall mixing of supplied and room air is more effective. As
this calculation sheet deals with return air temperatures, and hence
applies to systems with air circulation, stratification will not be
considered further.

Readers should cross-reference the effect of return air
temperatures on coil duty with Section C6: Heating/cooling coil
sizing.

More detailed consideration of the effects of fan gains and lighting
gains is given below. The calculation procedure is explained and
some examples given.
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Fan gains

Fan gains can be calculated using an energy balance equation
where the power supplied to the fan is equated to the heat gain of
the air-stream. This approach is valid as all power supplied to the
fan eventually ends up as a heat gain to the air-stream.

Note that the case examples below make a distinction between fan
motors in and out of the air-stream.

Fan power = fan total pressure x volumetric flow rate + fan
total efficiency

Heat gain by air-stream = volumetric flow rate x density x
specific heat capacity x temperature rise (At).

Equating these two cancels out the volumetric flow rate and gives:

Fan total pressure + fan total efficiency = density x specific
heat capacity x temperature rise

At(k) = fan pressure + (fan total efficiency x density x specific
heat capacity)

Standard figures are used for density (1-2 kg/m’) and specific heat
capacity (1-026 kJ/kgK). So for a nominal
1 kPa fan pressure, the heat gain to the air-stream is given by:

At(k) = 0-812 =+ fan total efficiency K.

For a specific fan, multiply this nominal temperature difference by
the fan total pressure in kilopascals.

The fan total efficiency is defined as the ratio of impeller output to
shaft input. A typical figure is 70 percent. This gives a
temperature difference of approximately 1-2 K/kPa.

Here, all the heat generated by the fan, the motor and the
transmission goes into the air-stream, so the efficiency of both the
fan and the motor are taken into account. Typical motor efficiency
is 90 percent. This gives a temperature difference of 1-:3 K/kPa.

It is clear that care must be taken in determining fan gains, as these
depend on fan pressure and efficiency, which can vary according
to the type of system.

Gains from ceiling lights

In considering gains from lighting, allowance must be made for
the lamps used, the way in which the lights are mounted into or
below the ceiling, and whether the ceiling void is used as the
return air path.
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C7 RETURN AIR TEMPERATURE EFFECTS ON COIL DUTY

Lamp type

As fluorescent lamps are most common in commercial buildings,
only this kind of lighting will be considered here. CIBSE Guide 4,
section 6.4.2, states that surveys found lighting loads in the range
8-18 W/m? for maintained illuminance levels of 350-500 lux,
typical of office buildings. For different applications, Table 6.4 in
CIBSE Guide A gives a range of power densities depending on the
building type and the lamp type.

The ceiling void

Where the return air is ducted directly from exhaust grilles, there is
no direct mixing between the air in the ceiling void and the return
air from the room. The only heat transfer that can occur between
them is transmission through the walls of the ductwork from the
extract grilles back to the plant. As mentioned earlier, insulation
of the ductwork will minimise this and lighting gains to the return
air need not be considered further. However, if the light fittings
double up as extract grilles, then there will be a direct effect from
the lighting gain on the temperature in the return duct.

However if the space above the ceiling is used as the return air
path, the heat transfer needs to be taken into account. For this, the
proportion of total heat output from the lighting that directly heats
the ceiling void must be used to calculate a temperature increase in
the return air.

Fluorescent lamp mounting arrangement

The mounting arrangement of the fluorescent fittings will affect
the relative proportions of heat that are directed up into the ceiling
void or down into the room. The downward component will
already have been taken into account in calculating the room load,
so is not considered further. The upward component will heat the
return air when the light fittings are used as extract grilles or where
the ceiling void forms the return-air void.

The major difference occurs between recessed and surface
mounting of fittings:

e For a recessed mounting, the energy distribution is typically 40-50
percent up and 50-60 percent down

e For recessed fittings used as air extracts, the energy distribution is
typically 80 percent up and 20 percent down

e For surface-mounted fittings, the energy distribution is typically 5-
20 percent up and 80-95 percent down.

More details of specific fitting types are given in CIBSE Guide A,
Table 6.5.

(See Design Watchpoint 1.)

Size of room and type of light fitting, to calculate energy
distributed to the ceiling void

Outdoor air condition (dry bulb and wet bulb), room air design
condition and supply air condition in terms of dry bulb
temperature and moisture content

Mass flow rates of outdoor air supplied, mixed air and stale air
extracted from the room.

Heating and cooling duties

Use fan gain to revise the supply temperature or on coil
temperature as necessary, as described earlier.

S. Use the lighting heat gain, and any gains through duct
walls, to calculate any further rise in the on coil temperature.

T. Calculate the mixed air temperature t,, using the adjusted
return air temperature. Calculate the mixed air moisture content
g, for calculating cooling loads.

Subscripts m, rc, ao, s refer to mixed air, room condition, air
outside and supply condition respectively.

tm = [(rhrc X t:l'(?)-i- (rilao X tﬂO )] + rilS
g, =[(mh, xg, )+ (m, xg, )]+ m,

Where:
m = mass flow rate

U. Calculate the duty of the heating/cooling coil using the
mixed air temperature from step 3.

For heating: Q, =ri_x Cp(ts ~t,)
For cooling: Q_ = X (h = hs)

Where:
m_ = supply mass flow rate
C, = specific heat capacity of air
ty = supply air temperature
tn = mixed air temperature
hy = specific enthalpy for the supply air
h,, = specific enthalpy for mixed air

Central plant heating coil

This example shows the cumulative effects of supply and return
fan gains and lighting gains on the return air temperature in a re-
circulated air system where the space above the ceiling is used as
the return air void.

Part 1 of the example calculates the heating coil duty with no gains
taken into account, part 2 incorporates supply and return fan gains
for a fan pressure of 1 kPa. No lighting gain is calculated as this
example concerns a heating coil.
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It is assumed that the fan motors are outside the air-stream. -

Design inputs

m, =0-85kg/s
m,, =0-32kg/s
m, =1-17kg/s
t, =-1°C
t, =19°C
t,=29°C

C, =1:026k]/kgK
Part 1 — no gains taken into account
No change to design inputs.
No change to design inputs.
Calculate the mixed air temperature t,, using

tm = [(mn. x trc)+(mao x tau )]_ms

Gives:
- (085x19)+ (032 x-1) _ 135°C
1.17
V. Calculate the duty of the heating coil Q, using the mixed

air temperature t,, from step 3.

Using:

Q, =m_ X Cp(t\ —tm)
Q, =1-17x 1026029~ 135) = 18-6 kW

Part 2 — supply and return fan gains

The 1 kPa supply fan produces temperature gain of 1.2
Kelvin thereby lowering the required off-coil temperature t; from
29°C to 27.8°C. The 1 kPa return fan produces another
temperature gain of 1.2 K, increasing the temperature returning
from the room from 19°C to 20.2°C.

W. No lighting gains as this is a heating coil calculation.
X. The mixed air temperature is re-calculated as:
. (085%202)+(0-32x-1) _ g oC
1-17
Y. Calculate the duty of the heating coil Q.

Qh = rhs x Cp(ti - tm)
Q, =1-17x1-026(27-8 —14-4) = 16:1 kW

Summary of heating coil duties

Part | Part 2

No fan gains Supply and return fan gains

18:6 kW 16:1 kW

58 GUIDE TO HVAC BUILDING SERVICES CALCULATIO

© BSRIA BG 30/2007

Ceiling-mounted fan-coil unit in cooling mode.

This example shows the effect of supply and return fan gains and
lighting gains on the cooling coil in a re-circulated air system
using fan coil units.

The calculations are shown for three situations: without any fan or
lighting heat gains, with fan gain only (in this example it is
assumed that the fan is upstream of the heating and cooling coils),
with both fan and lighting gains.

Design inputs
The room dimensions are 6 m by 6 m. The lighting load is 15
W/m” and the fitting type is recessed with a prismatic diffuser.
Extract air is not channelled through the light fittings.

m,_ =016 kg/s

m, = 0-05 kg/s

m, =021kg/s

tao = 28°C dry bulb and 20°C wet bulb (screen)

te =24°C

ty =14°C

e =60%

Cp =1-026 kJ/kgK

Part 1 — excluding fan and lighting gains
No change to design inputs.

Z. No lighting gains in this part of the example.

AA. Calculate the mixed air temperature t,, using

ty = |:(1i1rc Xt ) + (mm Xt ):. +1hy
tn = [(0-16 x 24) +(0-05 x 28)] + 0-21
tm = 25-0°C

and the mixed air moisture content g, using:
g, = (i, xg, )+ (m, xg, )+,

From CIBSE Guide C psychrometric tables, the moisture contents
for the room condition and the outside air are:
2., =0-01065 kg/kg

Hence:

2n=1[(0-16 x 0-01137) + (0-05 x 0-01065)] + 0-21
g, =0-0112 kg/kg

BB. Calculate the duty of the cooling coil Q. using the mixed
air temperature t,, from step 3 and determining specific enthalpies
for the mixed air (on coil) and supply air (off coil) from CIBSE
Guide C psychrometric tables, interpolating where necessary.

h, = 29-25 kl/kg
hy, = 53-65 kJ/kg

Using:
Q. =1, x(h, ~h,)
This gives

Q. =021 x(53-65 -29-25)=5-12 kW
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Part 2 — including fan gain only

Assume that the fan in the fan coil unit is rated at 200 Pa,
with the motor inside the air-stream. This will produce a
temperature rise of 1-3°C x 0-2 =0-26°C. As the fan is in the
return air-stream, this increases the on-coil temperature by 0-26°C.

CC. No lighting gain in this part of the example.

DD. The mixed-air temperature increases from 25-0°C to
25-26°C. The mixed-air moisture content remains at 0-0112 kg/kg.
The specific enthalpy of the mixed air is now 53-95 kJ/kg.

EE. Calculate the duty of the cooling coil Q..

Using:
Qc = rhs X (hm - hs)

This gives:
Q. =021 x (53-95-29-25) =5-19 kW.

Part 3 — including fan gain and lighting gain

Assume that the fan in the fan-coil unit is rated at 200 Pa,
with the motor inside the air-stream. This will produce a
temperature rise of 1-:3°C x 0-2 =0-26°C. As the fan is in the
return air-stream, this increases the on-coil temperature by 0-26°C.

FF. Calculate the lighting gain.

The room lighting load is 6 m x 6m x 15 W/m®> = 540 W. The
energy distribution is 50 percent upwards = 270 W.

The temperature rise this gives to the return air passing through the
ceiling void is calculated using:

Qn=m xC, x At

Therefore:
At=Q,+ (m xC,)
At=0-27 + (0-21 x 1-026)
At=1-3°C

GG. The mixed air temperature increases by 1-56°C from
25-0°C to 26-56°C. The mixed air moisture content remains at
0-0112 kg/kg. The specific enthalpy of the mixed air is now 55-3
kl/kg.

HH. Calculate the duty of the cooling coil Q..

Using:
Qc = rh; X (hm - hs)

This gives:
Q. =021 x (553 —29-25) = 547 kW.

Note: As a cross-check, the difference between the cooling duties,
calculated with and without the lighting gain, is 5-47 kW — 5-19
kW = 0-28 kW. This is in line with the lighting gain calculated in
step 2 of 270 W, allowing for rounding errors.

Summary of cooling coil duties

The table below shows the percentage difference between the
cooling coil duty with no fan or lighting gains compared with the
other two scenarios illustrated in this example.

Part | Part 2 Part 3
No gains Fan gain Fan and lighting
gain
5-12 kW 5:19 kW 5:47 kW
+ 1-4% +7%

Central plant cooling coil (fully ducted return air)

This example shows the effect of supply and return fan gains and
lighting gains on the cooling coil in a re-circulated air system
using central plant. Return air is extracted through the light fittings
and then ducted back to the central plant.

The calculations are shown for two situations: without any fan or
lighting heat gains, with both fan and lighting gains.

Design inputs

Room dimensions are three floors of 15 m by 30 m. The lighting
load is 15 W/n1’, and the fitting type is recessed with extract air
channelled through the light fittings.

m, =3-2kg/s

m = 0-8kg/s

m, =4-0kg/s

tyo = 28°C dry bulb and 20°C wet bulb (screen)
t, =24°C

t, =14°C

B =60%

C, =1-026 kl/kgK
Part 1 — excluding fan and lighting gains
No change to design inputs.
II. No lighting gains in this part of the example.
1. Calculate the mixed air temperature t,, using:
t, = [(Ih” x tr()+ (rhﬂ0 X tm)] +m,
tm =[(3-2 x 24) + (0-8 x 28)] + 4.0
ty = 24-8°C
and the mixed air moisture content g, using:
g, =0, xg )+(n, xg, )]+,

From CIBSE Guide C psychrometric tables, the moisture contents
for the room condition and the outside air are:

2. = 001137 kg/kg
2., =0-01065 kg/kg

Hence:
gn=(3.2x0.01137) + (0.8 x 0.01065) + 4.0
gn=0.0112 kg/kg
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KK. Calculate the duty of the cooling coil Q. using the mixed-
air temperature t,, from step 3 and determining specific enthalpies
for supply and mixed air from CIBSE Guide C psychrometric
tables, interpolating where necessary.

hy=29-25 kl/kg
h,, = 53-45 kJ/kg

Using:
Qc = m, x (hy —hy)

This gives:
Q. =40 x (53-45 —29-25) =96-8 kW

Part 2 — including fan gain and lighting gain

Assume that the supply and return fans in the air
handling unit are both rated at 1 kPa, with their motors inside the
air-stream. These will each produce a temperature rise of 1-3°C.
The return air fan will raise the on-coil temperature from 24-8°C to
26-1°C. The supply fan will necessitate a lower off coil
temperature of 12.7°C rather than 14°C.

LL. Calculate the lighting gain.

The room lighting load is 3 x 15 m x 30 m x 15 W/m® = 20-25
kW. Energy distribution for air extract light fittings is 80 percent
upwards = 16-2 kW.

The temperature rise this gives to the return air passing through the
return ductwork is calculated using:

Qn=m, xC, x At

Therefore
At=Qy =+ (m, x Cp)
At=16-2 + (4 x 1-026)
At =3-9K

Note that if the ceiling void had been used as the return air path
instead of ducting directly from the light fitting then the
temperature in the void would have risen but by less than 3-9K as
there would have been some heat transfer from the ceiling void to
the room below. This heat gain to the room should be included in
calculating the total room heat gain.

If the ceiling is fabricated from 15 mm acoustic tiles, then the U-
value would be about 2 W/m’K and the lighting gain would be
distributed 50 percent to the void and 50 percent to the room
below, rather than the 80 percent and 20 percent assumed in this
example.

MM. The return fan and lighting gains increase the mixed air
temperature by a total of 5-2°C, from 24-8°C to 30-0°C. The
mixed air moisture content remains at 0-0112 kg/kg. The specific
enthalpy of the mixed air is now 58-8 kJ/kg.

60 GUIDE TO HVAC BUILDING SERVICES CALCULATIO

© BSRIA BG 30/2007

NN. Calculate the duty of the cooling coil Q..

Using:
Q.= m, x (hy —hy).

This gives:
Qc =40 x (58-8 —29-25) = 118-2kW.

Summary of cooling coil duties

The table below shows the percentage difference between the
cooling coil duty with no fan or stratification gains compared with
the other four scenarios illustrated in this example.

Part | Part 2
No gains Fan and lighting gain
96-8 kW 1182 kW
+22%

Central plant cooling coil (ceiling void as return air path)

This example is the same as Example 3, except that the return air
is extracted through the light fittings into the ceiling void before
being ducted back to the central plant.

The design inputs and Part 1 of the example are exactly the same
as Example 3.

Part 2 - including fan gain and lighting gain

This is exactly the same as Example 3. The return air fan
will raise the on-coil temperature from 24-8°C to 26.1°C. The
supply fan will lower the off coil temperature from 14°C to
12-7°C.

00. Calculate the lighting gain.

The lighting load is 20-25 kW. Initial energy distribution for air
extract light fittings is 80 percent upwards = 16-2kW. However,
some of the heat that accumulates in the ventilated ceiling void
will transmit back into the room through the ceiling tiles and raise
the room temperature (which will be taken into account in the
mass flow rate required).

Applying a U-value for the suspended ceiling of 2 W/m’K will
give a revised energy distribution of 50 percent up from the light
fittings into the ceiling void and 50 percent down into the room.

The temperature rise this gives to the return air passing through the
ceiling voids is calculated using:

Qn=m, xC,x At

In other words:
At=Q,+(m_  xC,)
At=101 =+ (4 x 1-:026)
At=2-4°C
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PP. The return fan and lighting gains increase the mixed air
temperature by a total of 3-7°C, from 24-8°C to 28-5°C. The
mixed air moisture content remains at

0-0112 kg/kg. The specific enthalpy of the mixed air is now 57-2
kJ/kg.
QQ.

Using:
Qc = rh; X (hm - hs)

Calculate the duty of the cooling coil Q..

This gives:
Q.=40x(572-29-25)=111-8 kW.

Summary of cooling coil duties

The table below shows the percentage difference between the
cooling coil duty with no fan or stratification gains compared with
the other four scenarios illustrated in this example.

Part | Part 2
No gains Fan and lighting gain
96-8 kW I111-8 kW
+15%

There are two methods of selecting a heating or cooling coil, either
by asking a manufacturer to specify the equipment or by the design
engineer using manufacturer’s information to select the

appropriate equipment. Both have advantages and disadvantages

as listed below. Collaboration between the engineer and the
manufacturer is the best approach.

Manufacturer selection
Provide design details to the manufacturer. It will select the
appropriate equipment, but it is important to note that:

e Information returned from manufacturer may be in a different
format.
e Assumptions may have been made by manufacturer.

Care must be taken, as the engineer may not always be aware of all
the facts influencing selection. For example, it may be beneficial
to deliver more cooling water to a coil to ensure turbulent flow in
the pipe to give maximum heat exchange.

Selecting from manufacturers’ data

e The design engineer will make the decision as to what is
appropriate and why.

e If the manufacturer’s data is in a different format, take care when
interpreting it.

e Some manufacturers may provide software that can speed up the
selection process. Be careful when using this type of software if
you are unfamiliar with it or are unaware of the assumptions made
by the software.

In either case, the engineer should use a psychrometric chart to
check the heating and/or cooling processes that are occurring inside
the system.

1.

CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287
669

CIBSE Guide C, Reference Data, Section 1, 2007, ISBN 978
1903287 80 4

Jones, Air Conditioning Engineering (5" edition),Butterworth
Heinemann, 2001

C6 Heating/cooling coil sizing

DESIGN WATCHPOINTS

Lighting gains in return air are only used when calculating cooling
coil duty. The lighting gains are ignored as fortuitous gains when
calculating heating coil duty.

IDE TO HVAC BUILDING SERVICES CALCULATIONS 61

© BSRIA BG 30/2007



Heating loads

C8 HUMIDIFIER DUTY

During winter, the air intake to an air conditioning system may be
too dry for comfort conditions in the supplied space. For this
reason humidifiers often form part of the air-handling unit to add
moisture to the air before being delivered to the space.

The air can be humidified in two ways. The most common is with
steam humidification. The water is already converted to vapour or
steam before entering the supply airflow.

The second method is adiabatic humidification. Humidification is
achieved by adding droplets (or a spray) of water to the airflow.
When spraying water into the airflow it is important to consider
the potential risks associated with humidifier fever and
Legionnaires’ Disease, (see CIBSE, Technical Memorandum
TM13, Minimising the risk of Legionnaires’ disease, 2002).

A psychrometric chart or data is needed in order to calculate the
humidifier duty.

Design conditions
Agreed outside conditions for winter and summer, internal
conditions, and design supply air conditions.

Type of humidifier

Steam or adiabatic, steam humidification is the last process in air
conditioning before the air is delivered to the space. With adiabatic
humidification, the air is re-heated after humidification.

Mass flow rate of air
The mass flow rate should already be known, but if not, it can be
determined from the air volume flow rate and density

Direct steam injection

Steam is provided from either a boiler or from a local steam
generator (humidifier). Steam humidification provides the
following:

e No latent heat for evaporation — this is added before the steam
enters the air stream

e There is an increase in the enthalpy of the air and moisture
content.
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Isothermal process
The dry bulb temperature of the air remains almost constant and
may be referred to as isothermal.

The load on the humidifier is given by:
Qnh = i1, (hb —ha)

The mass flow rate of the steam supplied is given by:

= 1, (gb - ga)

Where:

Qh = humidifier load,
m_ = mass flow rate of air,

ha = enthalpy at point A,

hb = enthalpy at point B,

ga = moisture content at point A,
gb = moisture content at point B,
ts = supply air temperature,

m_= mass flow rate of steam.

s

It is assumed that the process is isothermal and therefore the dry
bulb temperature remains constant.

Calculate the humidifier duty and quantity of steam supplied using
the following data:
m, = 1-4 kg/s,
ga = 0-004 kg/kg,
gb = 0-008 kg/kg,
a = 2518 kl/kg,
ho = 3530 kl/kg,

Therefore:
Qn = 14 (353 -25-18) = 14-168kW
m, = 14 (0-008 — 0-004) = 0-0056 kg/s
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Adiabatic humidification

This type of humidifier sprays water directly into the air stream.
The water may be introduced either by a spinning disc or by a
pressurised water nozzle or by ultra-sonics. Water that is not
evaporated into the air stream will either be drained away or
recycled back into the air stream.

Although adiabatic humidifiers are a simple method of introducing
moisture to air, they need to be checked and maintained regularly
as there is a risk of Legionella and other contaminants developing.
This risk is increased if some non-evaporated water is then
recycled and not treated correctly.

Adiabatic humidification provides the following:

Constant enthalpy: (ha = hb), the enthalpy difference is negligible
to the extent that the effectiveness of the humidification process is
expressed in terms of moisture content.

Reduced dry bulb temperature: the water vapour that enters the air
picks up the latent heat of evaporation from the air, which causes
the dry bulb temperature to reduce. Because of this a re-heat
battery is often used.

The adiabatic humidifier is defined in terms of the mass flow rate
of water to the humidifier (mw). This will vary with the efficiency
of the process in which the water is delivered.

Eff=—

In;, (gb - ga )
Note: 1, =, (g, —g,)

The process is shown on the chart below.

Water flow

Air flow Acoustics

For the following values, calculate the quantity of water supplied.

Where:
m, = 15 kg/s,
ga = 0-005 kg/kg,
gb = 0-009 kg/kg,
eff = 60%
Then:
60 = My %100
1-5(0-009—-0-005)
m, =60x1-5%x0-004=100=0-0036 kg/s

CIBSE, Minimising the Risk of Legionnaires’ Disease, Technical
Memorandum TM13, 2002, ISBN 190328 723 5.

Sheet C5 Supply air quantity and condition
Sheet C6 Heating/cooling coil sizing
Sheet C9 Dehumidification

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers —
sheet 53, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

DESIGN WATCHPOINTS

1. Steam humidification normally requires large energy use

(invariably electrical) which can be easily forgotten in building
energy predictions.

2. Ensure that the electrical loads for humidification are included

in the electrical distribution schematic for the overall design.
These loads may be considerable.

3. Steam humidifiers are often high maintenance items and may

require treated water supplies.

4. There are various ways of determining humidifier efficiency,

consult your senior engineer.
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Dehumidification is the process of removing moisture from air.
This process is used in air conditioning systems in a range of
situations. For example, outside air coming into a building may be
too moist for comfort, or the activities in the building (such as
cooking, swimming pools, laundry) may add excessive moisture to
the air.

There are two principal methods of dehumidification — chemical
and mechanical. A side-effect of chemical dehumidification is a
slight increase in the dry bulb temperature of the air as a result of
the chemical reaction. Consequently, the percentage saturation of
the air decreases.

Mechanical dehumidification reduces the dry bulb temperature of
the air - cooling the air to a point where it can hold less moisture.
The excess moisture condenses out, thereby reducing the amount
of moisture in the air. As reducing both temperature and moisture
raises the percentage saturation of the air, mechanical
dehumidification is usually accompanied by sensible heating to
bring the relative humidity back to a comfortable level.

Mechanical dehumidification is much more common in the UK
than chemical dehumidification. The examples in this calculation
sheet are based on the mechanical dehumidification process.

Chemical dehumidification
(Sorption process — desiccant dehumidification)

This method requires a desiccant medium, which may be
absorbent or adsorbent.

An absorbent material is one that changes physically and/or
chemically during the sorption process. Lithium chloride is an
example.

An adsorbent material is one that does not change physically or
chemically during the sorption process. Silica gel is an example.

The desiccant removes the moisture from the air until it becomes
saturated, at which point the desiccant needs to be regenerated by
removing the moisture from it. This is often done using warm air.

A rotating desiccant wheel can be used to give continuous
operation. As one part of the wheel is dehumidifying the moist air,
the other part is being regenerated in a continuous cycle. This
method is suitable for cold store applications or where very low
percentage saturation is required, as it avoids use of a cooling coil
and hence avoids build up of frost on that coil.

The frost that forms in a domestic freezer is the result of using
mechanical cooling, a side effect of which is dehumidification by

condensing moisture out of the air (which then freezes).

Desiccant dehumidification can also be used when traditional

chilled water temperatures cannot remove sufficient moisture from

the air-stream, or where a direct expansion refrigeration system
would be evaporating at too low a temperature.
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The use of a desiccant reduces the latent heat in the air-stream but
is also likely to increase the sensible heat. In other words,
chemical dehumidification moves the air down the wet-bulb line
on the psychrometric chart. If a desiccant wheel is being used, the
warm air used to regenerate the desiccant will heat the wheel, thus
further raising the sensible heat in the air-stream. The air may need
sensible cooling before being discharged into the occupied space.
This process is shown on the psychrometric chart in Figure 1, with
the dehumidified air moving from point A to point E.

Mechanical dehumidification
(Cooling to a temperature below the dew point of the moist air)

This method is generally used for normal air-conditioning
applications in the UK. It is achieved by passing moist air over a
cooling coil which has an average surface temperature lower than
the dewpoint of the moist air. Figure 1 also shows the mechanical
dehumidification process on a psychrometric chart using a cooling
coil.

e Point A is the incoming moist air to the coil (known as on-coil).
Point B is the drier air after it has passed over the coil (known as
off-coil).

e Point C is the apparatus dew point (ADP), that is the average coil
surface temperature.

Point B does not lie on the saturation line because the
cooling/dehumidification effect of the coil is not 100 percent
efficient.

The efficiency of the coil is quoted in terms of a contact factor.
This describes the proportion of air that comes into physical
contact with the coil.

As a theoretical approximation, line ABC is usually drawn
straight. This implies that, as the air travels over the coil and
changes from its on-coil state to its off-coil state, it loses both
sensible heat and latent heat at constant rates. In practice however,
this line is curved as the air loses sensible heat first, and then loses
latent heat as its capacity to hold moisture reduces. In other words,
the coil cools the air and as a result its latent heat reduces as excess
moisture condenses.

The curved line is also shown on Figure 1. For the purposes of this
calculation sheet, a linear approximation is used.

Figure 1 shows the significance of the dehumidification load in the
overall cooling load.

The effect of this process is tabulated below:

Moisture content Reduced
Dry-bulb temperature Reduced
Specific enthalpy Reduced
Saturation percentage Increased
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Figure 1: The mechanical dehumidification process on a psychrometric

chart using a cooling coil.

Water flow

100% saturation line

8 Actual and theoretical lines for mechanical
dehumidification

(3) Dehumidification load on-coil (k)/kg)

(4) Sensible cooling load (kJ/kg)

(5) Total cooling load (k)/kg)

@ Lines for chemical dehumidification followed by
sensible heating during desiccant regeneration

t, = dry-bulb temperature of the moist air

t, = dry-bulb off-coil temperature

t. = dry-bulb average coil surface temperature
(ADP). For example, with chilled water at
&C flow and 12°C return this will be
approximately 9°C (but may be lower if a
direct expansion refrigerant coil is used as
thiscannot be controlled as accurately as
a chilled water control valve)

ty = dew point temperature of the moist air

£ g g =moisture content (kg/kg) atA,B and C

h, hy he =specific enthalpy (k)/kg) at A, B and C

The contact factor is also known as effectiveness. The opposite of
the contact factor is the bypass factor. This describes the
proportion of air that does not come into physical contact with the
coil.

Contact factor + bypass factor = 1
A contact factor of 0-8 gives a bypass factor of 0-2. Contact factor

(B) can be defined in terms of moisture content, enthalpy and dry-
bulb temperature:

B= (ga - gb) _ (ha - hb) , which approximates to
(. ~gc) (b, —h,

B — (ta - tb)
(t‘rl - tC

Air flow Acoustics

Other factors, such as the manufacture of the joints between the
coil and the fins attached to it, have a much greater influence on
the contact factor than whether g, h or t is used in the calculation.
To allow for this and other manufacturing variances, it is usual to
ask for the coil to be rated 10 percent higher than the calculated
cooling load.

Most practical coil selections have typical contact factors of
between 0.8 and 0.9, but this should be checked with the
manufacturer before carrying out the final calculation.

The conditions of the moist air entering the dehumidification
equipment.

The output conditions required — for typical applications, these
will usually be within an envelope bounded by dry bulb
between 18°C and 26°C and saturation between 30 percent and
70 percent.

Mass flow-rate of the air

Two criteria of the moist air and dry air conditions so they
may be drawn on a psychrometric chart.
The apparatus dewpoint (ADP) of the process.

Using the data provided, determine:

i. The load on the coil
ii. The contact factor
iii. The by-pass factor.

Data:
e Point A (the on-coil state)

t,=25°Cdb g2,=0-0130 kg/kg h, =58 kj/kg
e Point B (the off-coil state)

t, = 13°Cdb g, = 0-0088 kg/kg h, =35 kj/kg

Continuing the AB line to the saturation line to get the details of C.

e Point C (the ADP)

t,=105°Cdb g = 00079 kg/kgs,  he = 30 kj/kga

Mass flow rate of air:
m, =3-:0kg/s
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Heating loads

C9 DEHUMIDIFICATION

Water flow

Air flow Acoustics

0-0130

-~ |0-0088
-- 0-0079

I R

b F=——————

" '
™)
[

0011

0-0075
0-0064

75 12 26

Calculations:

i.  Using:
Q. =m, (h;\ - hB)
Q. = 30(58-35) = 69kW
ii. Using:
pole.-g)
(g, —gc)

_ (0:013-0-0088) _ 0-0042 o

P= (0013-00079) 00051

The same result can be achieved using:

_ (ha _hb)
p= (ha—hc)

~ (58-35) 23
b= (58-30) 28 -0e

For this example using the definition in terms of dry-bulb
temperature:
8= (t,—t) _
(6 —c)

iii. By-pass factor = 1 minus the contact factor =1 —0-82 =0-18

(25-13) 12 083
(25-105) 145

Using the data provided determine:
i. The ADP

ii. The load on the coil
iii. The contact factor using temperature ratios

Data:
e Point A (the on-coil state)

t,=26°Cdb g,=0-0110 kg/kg h, = 54 kj/kg
e Point B (the off-coil state)

t,=12°Cdb g, =0-0075 kg/kg h, =30 kj/kg

Mass flow rate of air:
m, =2-50kg/s

Calculations:
i. Continuing the AB line to the saturation line to get the details
of Point C (the ADP): The ADP

t.=7-5°Cdb g, =0-0064 kg/kgg, he = 23-66 ki/kgq,
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However, in practice, the apparatus dew point is an inherent
characteristic of the equipment being selected. If the ADP is
unsuitable for the application then the engineer should alter the
design or select different equipment.

ii. Using:
(Qc ::ﬁla(hﬂ _-hb)
Q, =25(54—31)=57-5kW

As a check, we can also calculate Q. as the sum of the sensible and
latent heat loads:

Qc:Qs+Ql

where:
Q,=m, x C, (t, — t,), with C, being the specific heat capacity of
air
Qs =2-5x 1026 (26 — 11) =35-9kW
Qi =m, x h, (g, — g), with h, being the specific enthalpy of air
QL=25x2450 (0-011 — 0-0074) = 21-4kW
Giving Q. = 57-3kW

(See Design Watchpoint 2)

iii. Using:
(tA _tB)
B=
(tA _tc)
B (26-12) _ Mo
(26-75) 185

Jones W P, Air Conditioning Engineering,
ISBN: 07131 33120

Sheet C6 Heating/cooling coil sizing
Sheet C8 Humidifier duty

DESIGN WATCHPOINTS

1. Sometimes these definitions may be written in terms of wet-bulb

temperatures, but the scale of wet-bulb temperatures is not linear
on the psychrometric chart so there will be errors.

This may be deemed acceptable if the margin of error is small.
Most practical coil selections have typical contact factors of
between 0-.8 and 0-.9, but this should be checked with the
manufacturer before carrying out the final calculation.

2. The above equations for Qs and Q. are key to understanding the

energy transfers involved in moving round the psychrometric chart.



WATER FLOW DISTRIBUTION SYSTEMS

The following section contains seven
building services engineering topic areas
related to the design of water flow
distribution systems.

The following two pages contain flow
charts of the relevant design and
calculation processes.

The first flow chart shows the seven
topics within this section.

The second flow chart provides an
overview of the process, showing some
of the many related topics that need to
be considered in the design of water
flow distribution systems. The boxes
highlighted in blue show an area that is
fully or partially covered within one of
the seven topic areas in this section, or
in the rest of the guidance, with the
appropriate reference numbers given.
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Cooling loads

Air flow

FLOW CHART | - TOPICS WITHIN THIS SECTION

68

(W2)

Pipe sizing -
straight lengths

Acoustics

building
services

(ACI)

Pipe sizing -
general

(W)

——— e

System resistance
for pipework -
index run

(W9)

Pump sizing

(W5)

Valve sizing

(W6)

Water system
pressurisation

(W7)
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Acoustics

Pipe sizing -
pressure drop
across fittings

(W3)




Heating loads Cooling loads Air flow Acoustics

FLOW CHART 2 - OVERVIEW OF SYSTEM DESIGN PROCESS

r——————————— 1
Heat loss/heat gains | Flow and return |
(H5,Cl1,C2) I temperature selections I
T T T T r————
| |
e |
| |
| |
| |
Plant/terminal
emitter sizing
(H8)
[
|
|
|
r————— Lt 1
| Mass flow |
I rates }
,,,,,, -
|
|
|
|
Pipe sizing — general
wi)
T T T
| I I
| [ I
| I I
| I I
| I I
| I I
F———————————————— | r_ -
| | I
| | I
| | I
| | I
| | I
1 I |
Pi|.)e sizing — |r Plant/terminal I‘ Pipe sizing — pressure
straight lengths | - drop across fittings
resistance I
(W2) r Ww3)

System resistance
for pipework -
index run
(W4)

T
|

Pump sizing
(W5)

Valve sizing
(We)

Water system
pressurisation

(W7)

This chart shows the design areas relevant to this design process.Where design areas are wholly or partially
discussed in this document the relevant sheet references are given in brackets
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Heating loads Cooling loads

This section makes numerous references to CIBSE Guide C.
The 2001 edition (and previous editions) provided a range of
pressure-loss data tables based on the Colebrook-White
equation. The 2007 edition of the guide makes use of the
Haaland equation and the pressure-loss tables are removed from
the guide and replaced by an accompanying spreadsheet
(supplied on CD). The spreadsheet can be used to calculate
pressure loss based on the Haaland equation. The spreadsheet
can also be used to generate pressure-loss data tables in the style
of the previous editions of CIBSE Guide C.

Whenever a fluid flows along a pipe, there will be a loss of
pressure due to friction. This pressure drop depends, among
other factors, on the fluid velocity. So, for a required fluid flow
rate, the pipe diameter and pressure loss are related. A small
diameter pipe will result in high fluid velocity and so a high
pressure loss; a larger pipe carrying the same flow rate will result
in a lower velocity and pressure loss. Pipe sizing involves
determining the most appropriate pipe diameters to use and the
resulting velocities and pressure losses.

There are limits to acceptable fluid velocity. High velocities lead
to noise and erosion while low velocity can give problems with
air-locking (CIBSE Guide C, Table 4.6). While pipe capital
costs are obviously related to diameter, the running costs for
pumped systems, are proportional to pressure loss. Therefore,
pipe sizing involves value engineering.

With gravity systems, (for example cold water down services),
the available head is the limiting factor. Pipe sizing involves
determining the pipe sizes which will deliver the design flow
rate at a total pressure loss equal to this head.

Pressure loss is found to be proportional to velocity pressure:
T >
AP oc —pv
> p

For practical purposes, the pressure losses through straight pipes
and pipe fittings are dealt with separately.

Straight pipes
The equation above is written as:

(Known as the D’Arcy Equation)

Where:
AP = pressure loss (Pa)
p = density of the fluid (kg/m”)
A = friction factor
1 = length of pipe (m)
v = mean velocity of water flow (m/s)
d = internal pipe diameter (m)
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Air flow Acoustics

Values of A are calculated using the Haaland equation:

111
L giag 80 [k
NAY Re \3-71

Where:
A = friction factor
Re = Reynolds number
k = equivalent roughness
d internal pipe diameter (m)

The Haaland equation is used as the basis for the pressure loss
calculation procedure in the CIBSE Guide C spreadseheet.

(See sheet W2 Pipe sizing — straight lengths for a worked
example.)

(See Design Watchpoint 1.)

Pipe fittings
In this case the above equation is written as:

1 5
AP =( x—pv
g 5P

Where C is the coefficient of velocity pressure loss. Values of §
are found from tables in Section 4 of CIBSE Guide C.

(See sheet W3 Pipe sizing — fittings for a worked example.)

Pipe sizes

Standard pipe sizes quoted are nominal and are not the internal
diameter. In CIBSE Guide C internal diameters are listed in
tables 4.2, 4.3 or 4.4.

Fluids other than water
See CIBSE Guide C Section 4.6 and 4.7 for guidance
concerning the flow of steam and natural gas in pipes.

Type of system supplied

For example radiators and cooling coils and batteries. This will
determine what is acceptable in terms of flow temperatures,
pressure drops and noise. Consult a senior engineer as necessary.

Details of fluid
For example water, gas and glycol solution.

This will enable fluid properties to be determined such as fluid
density and viscosity.

Fluid temperature

For example whether hot or chilled water. Typical flow
temperatures for low temperature hot water systems are 70-
95°C, and for primary chilled water are 6-12°C.

Design flow and return temperatures
To give the temperature drop across system. This will be
needed to determine the required mass flow rate.



Heating loads Cooling loads

W1 PIPE SIZING - GENERAL

Pipe material
For example copper, steel etc. This determines pipe roughness
and hence the flow characteristics and pipe pressure losses.

Pipe insulation details

Whether pipes are insulated and, if so, insulation details — this
governs losses from the pipes and the extra heating or cooling
required to compensate for this.

Pipe system layout
Including pipe lengths, number and type of fittings etc.

Distribution space available
Horizontally and vertically such as false ceiling depths and risers.

Details of ambient conditions
Surrounding air temperature and whether the pipes will have to
run through chilled or outdoor spaces.

Design mass flow rates in kg/s

Limiting maximum pipe pressure loss per metre run in
Pa/m

Limiting maximum and minimum flow velocity in metres
per second

Schematic of pipework layout and associated plant showing
required flow rates

Schedule of pipe sizes and lengths, and fittings such as
elbows and valves

Pipe sizing should ensure that both pressure drop and velocity
are acceptable to ensure efficient operation. Pipe diameter is
therefore often selected on a pre-determined pressure drop per
unit length or a pre-determined velocity. The design criteria
may require a system that is designed with a pre-selected
pressure drop but also operates within a maximum velocity
limit. Note the following:

1. Design should minimise pipe and valve noise, erosion,
installation and operating costs.

2. Small pipe sizes can result in high flow velocities, noise,
erosion, and high pumping costs.

3. Large pipe sizes will increase installation costs and make it
difficult to vent air.

Water flow temperature — heating

LTHW: 70-95°C

MTHW: 100-120°C

HTHW: over 120°C

(Above 95°C the system should be pressurised to avoid the risk
of flash steam formation.)

Air flow Accoustics

Water flow temperatures — chilled water
Chilled water primary circuits flow temperatures: 6-12°C
Chilled water secondary circuits flow temperatures: 10-15°C

Woater velocities

Steel pipe up to 50 mm diameter: 0-75-1-5 m/s
Steel pipe over 50 mm diameter: 1-:25-3 m/s
Small bore systems: <1 m/s

Microbore systems: 1-2 m/s

Corrosive water systems: 2m/s maximum.

Pressure drop

Typical range for re-circulating system pipe sizes over 50 mm 1is
100-300 Pa/m. For under 50 mm a similar range may be used
but it is essential to check that the velocity is acceptable. CIBSE
Guide C, suggests a suitable starting point of 250 Pa/m.

Further information is available in CIBSE Guide C, section 4
and CIBSE Guide B1, Section 5.1.3 and appendix A1.3/ Guide
B, Section 1.5.1.3 and appendix 1.A1.3.

CIBSE Guide B1, Heating, Section 5.1.3 and appendix A1.3,
2002, ISBN 1 9032 8720 0

CIBSE Guide B, Section 1.5.1.3 and appendix 1.A1.3, 1005,
ISBN 1 90328720 58 8

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
28 and 46, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet W2 Pipe sizing - Straight lengths
Sheet W3 Pipe sizing - Pressure drop across fittings
Sheet W4 System resistance for pipework - Index run

DESIGN WATCHPOINTS

I. If pipe materials or flow temperatures differ markedly from the
standard tables then pipe sizing should be done using initial fluid
flow equations with appropriate data. Otherwise errors could
occur, resulting in incorrectly sized pumps and inadequate heat
delivery.

2. Check that both flow velocities and pressure drops are within
acceptable limits.

3. Check pipes and fittings can withstand maximum system working
pressure.

4. Check that all of the system operates under positive static
pressure to ensure any leaks are obvious and air does not enter
system.

5. Pipework systems can suffer from a number of problems that
must be considered during design — including:

e dirt blockages

e aijr locking

e erosion - due to cavitation effect and the scouring effect of
dirt particles

e corrosion - if system materials and water quality are not
carefully considered.
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In order to size pipework both straight lengths and fittings need
to be considered. Initial pipe sizing is done by considering
straight runs alone, but for complete system design and pump
sizing both straight runs and fittings need to be considered.

The examples in the pipe sizing, index run and pump sizing
sheets (W2-5) are shown as manual calculations. Although
calculations are often done on a spreadsheet or by using a
computer sizing package, these will still require input and design
decisions that require familiarity with the fundamental theory
and manual sizing procedures.

Pipe length in metres
This may already have been provided on schematics.

(See also sheet W1.)
(See Design Watchpoint 1.)

Fluid type and operating temperature

The specific heat capacity, density and viscosity of fluids will
depend on the type used. (Properties of various fluids are given
in CIBSE Guide C Appendix 4.A1.)

Temperature drop across system (K)
At across the system.

Pipe material

If not already laid out, sketch the system under
consideration, indicating pipe lengths and unit loads (kW).
Allocate a reference number to each length of pipework.

Estimate the heat loss for each section (often taken as a
percentage of unit load such as 5-10%, or as a typical value such
as 25 W/m run for insulated heating pipes, 100 W/m run for
un-insulated pipes) to give the total load for each section. The
heat loss will depend on pipe orientation (vertical/horizontal)
and the quality and installation of insulation. Heat losses can be
less than 5% if the pipes are well insulated.

Select an appropriate temperature drop across the
system, such as 10-20 K for low pressure hot water and,
assuming this to be constant across the system, calculate the mass
flow rate in each section.

Select an acceptable design value for either pressure
drop per unit length or velocity. (See sheet W1 and seek advice
from senior engineer as required.)
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Air flow Acoustics

Size pipe using the CIBSE Guide C pipe sizing
spreadsheet. Select an appropriate pipesize using the mass flow
rate and the selected value of either pressure drop per metre run
or velocity.

Find the pipe size for a 10 m straight run of medium steel
heating pipe carrying water at 75°C and serving four fan
convectors, each rated at 4:15 kW output.

water at 75°C
length 10 m
load: 4 fan convectors at 4| 5k'W each

..-—-..._,__’

A simple sketch above shows the necessary information

Estimate the heat loss with an assumed estimated loss as
6% of the load.

Hence:
Total fan coil load = 4 x 415 = 16°6 kW,
6% of 16:6 = 0:996 kW
Total load =17-6 kW

Temperature drop across system assumed as 10K, from
Q =1mxCpxAt

Where:
Q = load (kW)
Cp = specific heat capacity of water (kJ/kg.K)

At = temperature difference (K)

Mass flow rate is therefore:
17.
m= 7:6 =0-42 kg/s
4.2x10

A nominal pressure drop per metre run of 250 Pa/m is
selected

Using the CIBSE Guide C pipe sizing spreadsheet for
medium grade steel pipe with winter at 75°C, size the pipe to
give the required mass flow rate and pressure drop per metre
run. Using the individual results section of the spreadsheet it
can be found that a 25 mm diameter pipe will give a velocity of
0-73 m/s with a pressure loss of 241 Pa/m. Alternatively the
spreadsheet can be used to produce a pressure-loss data table.

Note that a worked example demonstrating the calculation
procedure used by the CIBSE pipesizing spreadsheet is provided
in Section 4.A2.1 of CIBSE Guide C.

Cross-check: a velocity of 0-73 m/s is acceptable for 25 mm
steel pipe



Heating loads Cooling loads

Air flow Accoustics

W2 PIPE SIZING - STRAIGHT LENGTHS

25 mm

0-42 kg/s of water at 75°C
pi = 250 Pa/m

.--—i\._"

Note that as an alternative approach to step 2, an experienced
estimate of pipe size of 25 mm gives a heat loss for uninsulated
steel pipe of 92 W/m run (CIBSE Guide C, table 3.19), in other
words 920 W. This is 5:55 % of the total load, therefore the
original assumed loss of 6% is reasonable.

DESIGN WATCHPOINTS

I. If taking dimensions from drawings use dimensions shown rather
than scaling off, as drawings can become distorted if photocopied.

2. If pressure drop was selected, check that the velocity falls within a
reasonable range and vice versa.

CIBSE Guide B1, Heating, Section 5.1.3, and appendix A1.3,
2002, ISBN 19032 8720 0/CIBSE Guide B, Section 1.5.1.3,
appendix 1.A1.3, 2005, ISBN 1 9032 8720

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets 26
and 46, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
Department for Communities and Local Government, Non-
Domestic Heating, Cooling and Ventilation Compliance Guide

Sheet W1 Pipe sizing - General
Sheet W3 Pipe sizing - Pressure drop across fittings
Sheet W4 System resistance for pipework - Index run
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There are two methods of calculating the total pressure loss
through a fitting:

AP =5xPv ={x0-5xpx v’ CIBSE Guide C,
equation 4-11)

Where:
AP = total pressure loss (Pa),
= pressure loss factor
= density (kg/m’)
= velocity (m/s)

T < O Jx

. = 0:5xx px v'= velocity pressure
Values of AP/1 can be determined using the CIBSE Guide C
pipe sizing spreadsheet. The spreadsheet also calculates the

velocity pressure (P ).
The & values represent the fraction of one velocity pressure that
has the same pressure loss as the fitting.

(See also sheet W1 pipe sizing — general)

Pipe system layout
Pipe lengths, location, number and type of fittings,

Pipe sizes

When the straight length diameters have been calculated, the
corresponding 1, and AP/1 for each section may be required.
When calculating the pressure drop across a branch fitting, the €
for the straight section and branch section will be determined
separately These will then be used to calculate the pressure drop
across both parts of the branch.

Mass flow rate

The mass flow rate through each section and therefore through
the fittings is required. Again, with a fitting such as a swept
diverging tee, (such as a branch), the mass flow-rate at each part
of the tee will be required. For example, one flow into the tee
(1) and two flows out of the tee (2 and 3) as shown below:

| ———» 3

N
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Air flow Acoustics

To calculate the pressure loss through a fitting the following
steps are required:

Find the appropriate velocity pressure loss factor (£)
value for the fitting in tables 4.20-4.39 of CIBSE Guide C.

Determine the velocity pressure in the pipe using the
Guide C pipe sizing spreadsheet.

Calculate AP using CIBSE Guide C equation 4.11.

Note that velocity pressures (P ) are also available in CIBSE
Guide C Table 4.10.

Calculate the pressure loss through a 90° sharp elbow with a
smooth radiused inner of 25 mm diameter connected to a
medium grade steel pipe and passing a water flow rate of 0-5
kg/s at 75°C.

From CIBSE Guide C table C4.21 (pressure loss factors

for elbows) the € value for a 90° sharp elbow with a smooth
radiused inner with a 25 mm diameter is 0-8.

From the CIBSE Guide
C spreadsheet a velocity pressure
of 369 Pa is obtained.

e
The pressureloss | /I ______
associated with the elbow can be 05 kg/s
calculated from of water
90 at 75°C
AP =(x P,
= 0-8x 369 25 mm
= 295Pa

CIBSE Guide B1, Heating, Section 5.1.3, and appendix A1.3,
2002, ISBN 19032 8720 0/ Guide B, Section 1.5.1.3 and
appendix A1.3, 2005, ISBN 1 903287 58 8

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
28 and 46, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet W1 Pipe sizing - General
Sheet W2 Pipe sizing - Straight lengths
Sheet W4 System resistance for pipework - Index run

DESIGN WATCHPOINTS

I. A common mistake is to apply the C for a tee piece to the wrong
part of the branch. The values of £ in CIBSE Guide C should be
used with the velocity pressure (P,) of the combined flow.



Heating loads Cooling loads

The index run within a system is the circuit that has the highest
resistance to the flow of water and supplies the index heat
emitter. This is the worst case possible when considering
pressure losses within a system. It is usually, but not always, the
longest circuit in the system. Sometimes a shorter run with a
greater number of fittings or items of equipment can be the
index run.

The index pd (pressure drop) is required in order to successfully
size the pump for the system. If the pump can work to the
pressure demands of the index run then all other circuits will
work.

To identify the index run, the pressure drop for several circuits
may need to be found. The pressure drop across each length of
pipe, fitting and terminal within these circuits will need to be
calculated to determine the total pressure drop for each circuit.
The one with the largest pressure drop will be the index.

See also sheet W1 Pipe sizing — general.

Number of circuits
Each circuit within a multi-circuit system needs to be clearly
identified.

Pipe sizing details

All pipework and fittings should have been sized with pressure
drop per unit length (AP/I) velocity pressure (P ) and pressure

loss factor (). Data is available from tables such as those found
in section 4 of CIBSE Guide C and the pie sizing spreadsheet.

Identify each section and where it begins and ends.
For example, section 1 starts at the combined flow side of the
tee fitting in the return, goes through the boiler and ends at the
combined flow side of the tee fitting in the flow. Assign a
reference to each section. Identify each fitting within each
section and determine the design details: pressure drop per unit
length (A/P]) velocity pressure (P ) and pressure loss factor (C).

Identify each circuit by the sections it consists of, for
example: circuit A = 1,2,3, circuit B = 2,3,4 and so on.

Calculate all direct pressure losses across fittings and
pipe work in each section

For fittings use:
AP=( x P,

For straight pipe use:
AP= (AP/l) x 1

Air flow Accoustics

Add up the total direct pressure losses from each
section within a circuit to give a circuit pressure drop.

Identity the index run by examining each circuit
pressure drop to identify the highest pressure drop.

Identify the index run and calculate the index run pressure drop
for the following two-pipe system serving two panel radiators,
each rated at 4-15 kW. The water temperature is 75°C.

Design data

For two heat emitters at 4:15 kW each, a 6% emission loss from
pipework has been added when calculating the mass flow rate.

Assume a At of 10K across the system.

Cp = 4-2kJ/kgK
Q=(2x4-15)x1-06 = 8- 8kw

From:
Q = rhcpAt
m =& =0-21kg/s
4-2x10

From the CIBSE Guide C pipe sizing spreadsheet, a 20 mm
pipe with a flow of 0-2 kg/s gives a AP/1 0212 Pa/m and a
velocity pressure (P ) of 165 Pa.

Identify the difterent sections and their design details.

Heat emitter | Heat emitter 2

@J

N

Y

A

Boiler

Section 1: Green
Section 2: Red
Section 3: Blue

Section details

Straight Pipe work: length 25 m, m = 0-21 kg/s, diameter =
20 mm.

Elbow: Smooth radiused inner diameter: 20 mm, ¢ value:
0-75 (Table 4.21 CIBSE Guide C.)

Boiler: Sectional boiler € value: 1°5.
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Air flow Acoustics

W4 SYSTEM RESISTANCE FOR PIPEWORK - INDEX RUN

Straight pipe work: length 8 m, i = 0-105 kg/s, diameter =
15 mm, AP/1=251Pa/m,P, =133Pa.

Radiator: panel radiator C value: 2-5.

Diverging tee with reduction: { value = 1:30 (Table 4.33
CIBSE Guide C).

Converging tee with enlargement: ( value = 2:98, (Table
4.34 CIBSE Guide C).

Straight pipework: length 13 m, m = 0-105 kg/s, diameter =
15 mm, AP/1=251Pa/m,P, =133Pa.

Elbow (two off): Smooth radiused inner diameter 15mm,

€ value = 0-93 (Table 4.21 CIBSE Guide C).

Radiator: panel radiator £ value = 2-5.

Diverging tee with reduction: { value = 0-57, (Table 4.33
CIBSE Guide C).

Converging tee with enlargement: { value = 163, (Table
4.34 CIBSE Guide C).

Values of  for radiators and boilers are found in table 9.1 of
Heating & Air Conditioning of Buildings Faber & Kell, Ninth
Edition. (See Design Watchpoint 1.)

Now identify the circuits in the system;
Circuit A consists of section 1 and 2,
Circuit B consists of section 1 and 3.

Calculate the pressure loss across each fitting and the
pipework for each section. (See Design Watchpoint 2.)

There are two branches in this example. For both, the
combined flow forms part of section 1; therefore as the velocity
pressure (P ) to be used is that of the combined flow, the value
for this example is 165 Pa.

Heat emitter |

A 4
\ 4

a
A

Section 1: Green
Section 2: Red
Section 3: Blue

Pressure loss for each section

Straight pipe: 25 m x 212 Pa/m = 5300 Pa
Elbow: 0-75% 165 Pa = 124 Pa

Boiler: 1-5x 165 Pa = 248 Pa

Total = 5672 Pa
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Straight pipe: 8 m x 251 Pa/m = 2008 Pa
Radiator: 2:5x 133 Pa = 333 Pa
Diverging tee: 1:3 x 165 Pa = 215 Pa
Converging tee: 2:98 x 165 Pa = 492 Pa
Total = 3048 Pa

Straight pipe: 13 m x 251 Pa/m = 3263 Pa
Elbow (2 off): 2 x 0:93 x 133 Pa = 247 Pa
Radiator: 2:5x 133 Pa = 333 Pa
Diverging tee: 0-57x 165 Pa = 94 Pa
Converging tee: 1:63x 165 Pa = 269 Pa
Total = 4206 Pa

Add up total section losses for each circuit.
Circuit A Total pressure loss = 5672 Pa + 3048 Pa
= 8720 Pa, (8'7 kPa)
Circuit B Total pressure loss = 5672 Pa + 4206 Pa
= 9879 Pa, (99 kPa)

The index circuit in this example is Circuit B.

CIBSE Guide A, Environmental Design, 2006,

ISBN 1 903287 669

CIBSE Guide B1, Heating, Section 5.1.3, and appendix A1.3,
2002, ISBN 19032 8720 0/Guide B, Section 1.5.1.3 and
appendix A1.3, 2005, ISBN 1 903287 58 8

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
28 and 46, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
Heating & Air Conditioning of Buildings, Ninth Edition, Faber &
Kell. ISBN 075 064 642 X

Sheet W1 Pipe sizing - General

Sheet W2 Pipe sizing - Straight lengths

Sheet W3 Pipe sizing - Pressure drop across fittings
Sheet W5 Pump sizing.

DESIGN WATCHPOINTS

I. This example has the same heat emitters in both circuits. This
may not always be the case.

2. When calculating the pressure loss through a fitting such as the
branch fittings in this example, the velocity pressure (P ) of the
combined flow is used.
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Pumps are required to transport the required fluid at a given
mass flow rate around a system against the resistance to flow.

Centrifugal pumps are normally used for most building services
applications. There are other types of pumps, such as positive
displacement pumps, that are normally used in applications
where high viscosity fluid is the system medium, such as heavy
fuel oil. The two main designs of pumps that are used in
building services are the in-line pump and the end-suction

pump.

The basic information required to size a pump is the total mass
flow rate required for the system and the total pressure drop (the
index pressure drop).

Once these details have been confirmed, the next step is to
determine what configuration of pumps are to be used (such as
single, series or parallel), and then to compare the pump
performance curve or characteristic to the system performance
curve or characteristic. These issues are explained below and can
be determined graphically or by calculation.

Various pump laws show the relationships between pressure,
flow rate, efficiency and power. These can be used to calculate
each factor:

oc N

o« N

« N’

ocp

ocp

D’

D’

«D’

€T0ETE€70

Where:
Q = volume flow rate
N = speed
P = pressure developed
W = power
D = diameter of the impeller
p = density.

The fundamental fluid flow laws can be found in various
sources ranging from guides such as CIBSE Guide B2, section
5.11/ Guide B, section 2.5.11, to text books such as Woods
Practical Guide to Fan Engineering.

Air flow Accoustics

The system performance can be expressed in the form of the
equation AP=RQ’ for turbulent flow. The constant R is
required as the equation is derived from P oc Q*. Most building
services systems will use the turbulent flow equation.

Graph 1 shows the system characteristic on a pressure and
volume flow rate graph.

Graph |

System curves

140
120
100

Pressure

Volume flow rate

Any system will have a resistance to flow due to the fittings,
components, (such as heat exchangers) and the materials used.
The flow of fluid through a system will vary according to the
pressure developed by the pump.

Changes can be made easily to the points of operation by
changing the speed of the pump. In more extreme cases either
the pump impeller or the entire pump can be changed.

The pump characteristic curve shown below is also on a graph
with pressure and volume flow rate axis. In the following
examples where pumps are compared to one another, it is
assumed that all pumps are individually identical in duty.

A pump curve for a single pump is shown in Graph 2:

Graph 2

Pump curves

Pressure

Flow rate

GUIDE TO HVAC BUILDING SERVICES CALCULATIONS 77

© BSRIA BG 30/2007



Heating loads Cooling loads

W5 PUMP SIZING

When a system performance curve and pump performance are
plotted on the same graph, the intersection is the operating
point for that particular pump and system combination (see
Graph 3). This is the point where the operating pressure and
flow rate are the same for the system and pump performance
curves. This 1s not necessarily the desired operating point.

Graph 3

Pump and system curves

System

Pressure

L 37-5kPa Pump

Volume flow rate

Dual pumps may sometimes be used for various reasons, such as
for extra flow or to handle a high system resistance. It may be
that the decision to install dual pumps for additional power
instead of a single larger pump has been made due to economic
costs.

Dual series pumps

‘When comparing the pump characteristics of a single pump and
dual pumps in series (all identical), the pressure is doubled for a
given volume flow rate. The combined pumps give a new
curve.

Graph 4
Single and dual series fan curves
90
80 Series pumps
70
o 60
o
a2 S0
;L_’ 40
30 .
20 Single pump
10 -
0 1 1 |
0 0-5 1-0 I-5 2:0
Flow rate

When the system curve is also plotted on the same graph the
new operating point can be determined and compared with that
of a single pump (see Graph 5).
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Air flow Acoustics

Graph 5
System curve with single and dual series pumps
90
80 Series pumps
70 - System
o 60
o
2 S0
c;_ﬂ 40
30
20 +
10 Single pump
0 1 | 1
0 0-5 1-0 15 2:0
Volume flow rate

Dual parallel pumps
The same applies with parallel pumps where the volume is
doubled for a given pressure.

Graph 6
System curve with single and dual parallel pumps
80
70 - System
60
g 50 -
g 40
o 30 Parallel pumps
20
10 - Single pump
0 | 1 1 1 1 |
02 05 0 I'5 20 25 30 35 40
Volume flow rate

Details of pipework system layout
Including lengths and fittings, materials and insulation details.

Details of possible locations
Such as plant room location and layout, space available for
installation of pumps and drives, permissible weights.

Criticality of system served

Electrical supply
One or three phase.

Pump type
Centrifugal (end-suction, in line, immersed rotor), displacement

(helical or rotary).

Drive type
Belt or direct.

Noise criteria
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Details of fluid, for example water, glycol solution or oil.
Design flow and return temperatures (°C)

System mass flow rates (kg/s)

System pressure drops (Pa)

Ambient conditions including the surrounding air
temperature (°C)

Schematic of pump layout installation, mounting and
pipework connections

Schedule of pump types, flow rates, pressure and efficiencies
including motor requirements, drive type and adjustment,
speed control and stand by provision

Media details, such as water/refrigerant, and temperature.

A schedule of electricity supply requirements

Calculate the index run pressure drop and total system
mass flow rate.

Convert mass flow rate to volume flow rate in 1/s.

Determine system equations constant R. This can be
done by substituting the required AP and Q into the equation
AP = RQ’ and then solving for R.

Select a pump that will operate within the required
parameters and plot the system and pump characteristics on the
same graph.

Determine the operating point. Identify operating
pressure and flow rate.

Calculate pump speed to achieve required values or
select another pump.

A system has a volume flow rate requirement of 1 I/s with an
index run AP of 30 kPa. Find an appropriate pump.

Pressure drop and volume flow rate are
available in the units required.

The constant R in the system characteristic curve
equation can be calculated as shown below:
AP = RQ’
Index run pd = 30 kPa
Volume flow rate = 11/s

30=Rx1°
ieR:31—0—30
AP = 30Q°

Air flow Accoustics

A pump needs to be selected that will work within the
parameters of pressure and volume flow rate already stated.
Selection will also depend on the type of system and design
features of the pump. (See Design Watchpoint 1.)

Once a pump has been selected that can work in the range
required, the pump and system curve should be plotted on a
single graph. Some manufacturers will provide a range of pump
curves on a graph with efficiency and power curves underneath.
If this is the case then the system curve can be drawn directly
onto the graph and the operating points identified quickly. For
this example it is assumed that the pump data is given in table
form.

A manufacturer’s catalogue gives the following information for
a centrifugal pump operating at 12 rev/s:

P pressure (kPa)
Q volume Flow Rate (1/s)

P 4938 475 44-38 40 34:38 27'5 19-38
Q 0-25 0-5 0-75 | 1-25 -5 1-75
This particular pump has the following equation:
AP =50 - 10Q°

With the system equation the two can be solved simultaneously,
or the pressure against volume flow rate for both equations can
be plotted to find the intersection point.

Pump and system curves

Graph 7

Pump and system curves

80 - System

Pressure
(9]
o

0-2 0-7 -2 1-7 2:2

Volume flow rate

The operating point occurs when the two curves
intersect, 1:121/s at 37-5 kPa

As 1-121/s is too high, the pump will need to be
slowed down in order to achieve the required flow rate.
Alternatively, a different pump may give a closer value. This is
worth considering when comparing the efficiency of different
pumps at different speeds and pressures.
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By using the pump law Q oc N:

Qdcs — Ndcs
Q N
Where:

Qge, = desired volume flow rate

N, = desired pump rotational speed

The required speed can be determined that is needed to provide
1:0 1/s.

Therefore:

=10 122107 rewss
112

des

This can also be achieved by using the pump law P oc N°, for

example:
2

Pdes _ N }

— des

P N

Therefore:

30
=122 =115-2
375

N, =+v115-2=10-7 rev/s

Net Positive Suction Head (NPSH)

Net positive suction head is the total inlet head, plus the head
corresponding to the atmospheric pressure, minus the head
corresponding to the vapour pressure. The total inlet head is the
sum of static, positive and velocity heads at the inlet section of
the pump.

The term head is often used to mean pressure developed by a
pump or column of liquid. Centrifugal pumps are not able to
develop suction pressure unless filled with fluid first (primed).
Care is needed to ensure that at the suction of a pump, the
absolute pressure of the fluid exceeds the vapour pressure of the
fluid. This is particularly important when working with hot
fluids. (See Design Watchpoint 2.)

If a pump 1s drawing water from some point below the centre
line of the impellor, the vertical height through which that
water is lifted must not be sufficient to cause cavitation.

Cavitation 1s where small pockets (bubbles) of vapour of the
fluid are created due to incorrect pressures. As the bubbles move
through the pump, they change in pressure causing them to
collapse. This creates noise and can cause damage to the pump
in the suction line or to the impellor surface.
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Air flow Acoustics

Parsloe C ], Variable speed pumping in heating and cooling circuits,
AG 14/99, BSRIA 1999, ISBN 086022533X

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheet
49, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet W1 Pipe sizing - General

Sheet W2 Pipe sizing — Straight lengths

CIBSE Guide B1, Heating, Section 5.1.4, 2002,

ISBN 1 903 487 200/Guide B, section 1.5.1.4, 2005,

ISBN 1 903287 58 8

CIBSE Guide B2, Ventilation and Air Conditioning, Section 5.11,
2001, ISBN 1 903287 16 2/Guide B, section 2.5.11, 2005,
ISBN 1 903287 58 8

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

DESIGN WATCHPOINTS

I. When selecting a pump check the point of operation. If the pump
selected is operating on a flat part of the curve, controlling
volume flow rate can be difficult as the pressure is fairly constant
for a changing volume flow rate.

2. Net positive suction head (NPSH), can be a complex area. If
errors are made there can be potential system problems. It is
only briefly discussed here as it is advised that a junior engineer
should consult a senior engineer.
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In order to control a required flow, a valve must be sized
properly. While this applies to control valves and balancing
valves, this sheet deals only with control valves. In addition,
this calculation sheet does not cover variable-flow circuits.

Valves are manufactured with many different basic
characteristics (such as flow rate against spindle lift/rotation) to
suit particular valve applications. This sheet covers the types of
valves and their applications, but primarily deals with
modulating control valves for heating and cooling batteries and
circuits.

A crucial factor in selecting a control valve is its authority.
Valve authority N is the ratio of the pressure drop across the
valve when fully open to that of the pressure drop across the

complete circuit. This is shown in more detail in Figures 9-12.

A valve with suitable authority provides good control of the
circuit — the primary consideration without unduly increasing
the pump head. The authority affects the basic flow
characteristic and the consequential thermal output. The
objective is to choose a basic valve characteristic and valve
authority, which, together, provide a thermal output. This
varies linearly with valve spindle lift/rotation.

The solution is to select a valve with the correct basic
characteristic and a suitable authority, which will also depend
on the flow coefficient of the valve — see page 84 ef seq. The
valve authority will depend on the application and valve
configuration of the system.

Type of system
System layout
Required valve flow coefficient (K, value)

Volume flow rate (m’/s)
Pressure drop across circuit — P, variable flow section (bar)

Pressure drop across valve - P, (bar)

Valves can have two, three or four ports. The application and
pipework arrangement will determine the number of ports
required.

Ports can have flanged connections, for large diameter pipes
(>70 mm) or screwed connections for smaller diameter pipes.

Three-port valves may be for mixing (two inputs into one
output) or diverting (one input into two outputs). Different
valve designs are intended for these different uses, so that the
valve closes and opens in a stable way.

Air flow Accoustics

Butterfly valves

Butterfly valves have the following characteristics:

e They provide on/oft control

e They provide an option to close to only 95 percent to
prevent boilers cooling down

e Their operating characteristics are equivalent to that of
quick-opening valves shown in Figure 4 (this is very
different from the linear response mentioned later)

e They are used for bypass on modulating cooling towers

e They are used for backend protection for boilers.

Figure |: Cross-section of a typical butterfly valve.

o L

Globe Valves (lift and lay or plug and seat)

e Can be two-port, three-port or four-port where the bypass
and tee connections are combined in the valve body

e Can be single or double-seated.
e Spindle moves up and down to open or close valve

e Used in steam systems and low, medium or high pressure
systems

e Requires a linear actuator — height depends on overall valve
size and type/size of actuator used.
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W6 CONTROL VALVE SELECTION/SIZING

Figure 2: Three port single seat valve

The characterisation of a valve is the relationship between the
percentage the valve is open and the percentage of full flow this
gives. For globe valves, this is in terms of the spindle lift and
area of valve opening. For rotary valves, this is in terms of shoe
rotation and area of valve opening.

Three-port single-seat valve

Those most commonly used in building services control systems
are:
—h
| ]
—

e Linear

e Characterised V-port

e Equal percentage

L e Quick opening (mainly used for on/oft control).
o

Figure 4 shows idealised curves for the percentage spindle lift
against the percentage flow rate for the four most common
n v types of valve. The difference between each type is clearly
< < - shown by the percentage flow when each valve is 50% open.
The percentage flow is relative to full flow under constant
pressure.
Flow rate at 50 percent lift:

Linear (A) =~ 50%
Characterised V-port (B) =~ 30%
Equal percentage (C) = 10%

Three-port double-seat valve Two-port single-seat valve

Rotary shoe valves
Rotary shoe valves have the following characteristics: Quick opening (D) = 90%
e They are three-port valves

) Figure 4
e More compact than a globe valve and does not require the
same amount of headroom as globe valves Valve characterisation
e Can be used for mixing or diverting circuits but check what
100

manufacturer recommends
e Rotating shoe moves across characterised internal ports

e Often used on chilled water systems and low pressure hot
water systems

e Have a higher let-by rate than globe valves.

Figure 3: Cross-section of a typical rotary shoe valve.

Flow%

Cross-section of a typical rotary shoe valve

0 Valve spindle lift% 100
A Linear C Equal percentage
B Characterised V-part D Quick opening
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Relating spindle lift to heating or cooling output

Figures 5, 6 and 7, from ASHRAE Systems and Equipment
Handbook 2004 page 42.8 show the characteristics of valve lift of
an equal percentage valve (curve C from Figure 4) compared to
the percentage flow and percentage heat output of a coil. It
should be noted that these figures are idealised characteristics
and the results from real valves will be different. Note that
CIBSE Guide H gives an alternative description of how output
will vary with valve operating characteristics and authority.

Figure 5 shows the valve spindle lift against percentage flow. In
particular, 50 percent spindle lift gives 10 percent flow and 90
percent spindle lift gives 50 percent flow. These flow rates are
both with respect to the flow at constant pressure when the
valve is fully open.

Figure 5

Valve spindle lift
against percentage heat output
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Flow%
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Spindle lift%

Figure 6 shows the percentage flow against the percentage heat
output. The diagram is marked at 10 percent and 50 percent
flow giving 50 percent and 90 percent heat output respectively.

This means that when the valve is passing 10 percent of the full
flow the heat output is 50 percent, and when the valve is
passing 50 percent of the full flow the heat output is 90 percent.

Figure 7 shows the combination of Figures 5 and 6, to show
percentage spindle lift against percentage heat output. As can be
seen, the valve gives an almost linear relationship between these
two factors. Because of this, equal percentage valves are
recommended for control on hot and chilled water systems,
provided the valves have suitable authority.

Figure 6

Percentage flow against
percentage heat output
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Figure 7
Percentage spindle lift
against percentage heat output
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Figures 5, 6 and 7 have been derived on the basis of a constant
pressure drop being present across the control valve. In practice
this does not happen as the pressure drop across the valve varies
depending on how far open or closed it is. The pressure drop is
at a maximum when the valve is controlling and at a minimum
when it is nearing fully open (ASHRAE Systems and Equipment
Handbook 2004 page 42.8).

(See Design Watchpoint 1.)
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This coefficient relates the rate of fluid flow through the valve
to the pressure drop across it. It is, therefore, numerically
equivalent to the volumetric flow rate at a pressure drop of 1
Pa.

Av = Vm pﬁn
\ P
3
A =m ke [
v 3
s m Pa

V.n = volumetric flow rate (m’/s)

P, = pressure drop across valve (Pa)
Prin = fluid density (kg/m’)
Ay = flow co-efficient of valve (kg"’s Pa™)

Re-arranging:

Vm = Av PL

pfin

For water flow systems the term K, (capacity index) is often
used by manufacturers. The capacity index defines the same
relationship between flow rate and pressure drop, but uses
different units to the flow co-efficient. Volume flow rate is in
m’/h and pressure drop is in bar.

V m

vV Pm

K, =

Where:

V.n = volume flow rate of water (m’h")

P, = pressure drop across valve (bar)
K = flow coefficient of valve (m’h bar"”)

Re-arranging

Vm = Kv x ‘\ij

Note: there is also a flow coefficient C_ for U.S. units and
imperial units. The table below (from CIBSE Guide H table
3.9) shows the different types of valve flow coefficients.

Notation Flow
SI (BS 4740) A, m’/s
Continental K, m’/h
Imperial C, gal/min
us C US gal/min

<
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Air flow Acoustics
Valve authority is defined as:
N = _ P (See Figures 9a and 9b)

Pi+ P2
Where:
N = Valve authority
P, = Pressure drop across fully open valve
P, = Pressure drop across remainder of circuit with varying

flow — this convention is shown in Figures 9a and 9b

The variation of valve characteristic (% flow vs. % open) for
linear valves with different authority is shown in Figure 8a.

Figure 8a

100
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Spindle lift (%)

The effect of different valve authorities on the characteristics of
an equal percentage valve is shown in Figure 8b of the
ASHRAE Systems and Equipment Handbook, page 42.8. The
curve shown in Figure 5 represents a valve where authority
N=1.

Pressure Fluid density Conversion into A,
Pa kg/m3
bar Water 28-0x10°x K,
psi Specific gravity 28:8x10°x C,
psi Specific gravity 24-0x10° x C,
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The percentage flow for each valve authority at 50 percent

spindle lift has been listed below:

Valve authority Approximate percentage
flow rate
1-0 10%
0-5 20%
0-25 34%
0-1 50%
Figure 8b
100
90 -
80
70
g 60 -
3
s 50
8
= 401
30
20
10+
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0 10 20 30 40 50 60 70 80 90 100
Spindle lift (%)

Using Figure 6, these percentage flows can be translated into
approximate percentage heat outputs (again for 50 percent

spindle lift):

Valve authority Approximate
percentage flow

rate

1-0 10%

05 20%

0-25 34%

0l 50%

Approximate
percentage heat

output
50%
65%
80%

90%

So, when comparing the same equal percentage valves with
different valve authorities, the higher the valve authority the
lower the flow rate giving a more linear relationship between

the valve spindle lift and percentage heat output.

Valve authority should be kept as high as possible for the
application. This is discussed further in CIBSE Guide H,

Building Control Systems.

If a valve is under sized
When fully open, the pressure drop across the valve will be high
compared to the pressure drop across the rest of the circuit.

The valve will offer a high resistance to flow when fully open;
hence, when the valve starts to close, there will be an
immediate effect on the flow. In order to maintain flow
additional pump head may be necessary. This will increase
pump costs and energy use.

To summarise:

High pressure-drop across a valve will lead to higher pumping
costs and increased velocity noise.

If a valve is over-sized

When fully open, the pressure drop across a valve will be small
compared to the pressure drop across the rest of the circuit.

The valve will not offer much resistance to the flow when fully
open. When the valve starts to close there will be little effect on
the flow.

Control would only be obtained over a small range of spindle
lift of the valve such as when it is nearing its fully closed
position. This can cause instability in the control of the circuit,
as the valve would effectively act as an on/oft control rather
than a modulating control.

To summarise, low pressure-drop across the valve will lead to
instability of control.

Important: For diverting applications, the valve authority
should not be less than 0-5, for mixing circuits the valve
authority should not be less that 0-3. For two port applications
the valve authority should be a minimum of 0-5.

Turn-down ratio and rangeability
Turn-down ratio is defined as the ratio of maximum and
minimum usable flow through a valve.

Rangeability is defined as the ratio of maximum and minimum
controllable flow through a valve.

A minimum usable or controllable flow arises from a valve
actuator being unable to completely close its valve and this
giving rise to some uncontrolled leakage through the valve.

The maximum controllable flow occurs when the valve is fully
open. The maximum usable flow occurs when the valve is
open as far as it needs to be to give maximum flow in the
circuit — if a valve has been oversized then it will never be
required to open fully.

Both turn down and rangeability are expressed as ratios, but
rangeability will always be a more favourable figure than turn
down because rangeability is based on the theoretical maximum
and minimum flows through a valve. Typical figures for
commercial valves in hvac applications are 20:1 to 30:1. The
higher the figure, the closer the control. However some
industrial applications require higher ratios of 40:1 or even 50:1.
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Designers will calculate turn-down ratios based on the
requirements of the circuits they are designing, but
manufacturers will quote rangeability, and care must be taken
not to confuse these two figures.

Sizing three-port control valves

Selecting a mixing or diverting valve for a water system — see
Figures 9a and 9b for two typical arrangements. For simplicity
these examples are all constant flow circuits.

Obtain the flow rate (m’/h) and pressure drop P, in
bar. The details should be available from the system designer.

Determine the required K value either by using a
valve-sizing chart or by calculation.

i. To determine the K, value from a valve sizing chart first
check that it is appropriate, such as for water not steam, and
whether it is suitable for all manufacturers’ valves or only for
certain manufacturers’ valves. Plot the flow rate (m’/h) and
pressure drop (P,) bar, on the chart. Where they intersect
read off the K valve.

Or:

ii. To determine the K, value by calculation use the equation as
expressed in ASHRAE Systems and Equipment Handbook:

Vm

V Pm

KV:

Where:
IV = Volume flow rate of water (m’/h)

m

P = Pressure drop (P,) (bar)

Select a suitable valve for the application and K, value.
Control valves are produced with a limited range of K, values
and it will be unusual to find a K which gives exactly the valve
authority required. In most situations it will be a question of
accepting the valve with the K value nearest to, but below, the
required value. Reducing K means increasing resistance, but for
good control a suitably high authority is more important than increased
pressure drop across the valve.

Determine the pressure drop (P)) across the selected
valve. Again this can be done by either using a sizing chart or
by calculation.

i. To determine the pressure drop (P,) across the selected valve
from the valve-sizing chart, plot the flow rate (m’/h) as
before and the K value of the selected valve. Where they
intersect read off the pressure drop.

ii. To determine the pressure drop (P,) across the selected valve
by calculation use the equation:

Vm

N/

Use the volume flow rate (m’/h) as before and the K value of
the selected valve to determine what P, would be in used in the
circuit.

K, =
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Now that P, and P, have been identified the valve
authority can be calculated, using:

P
Pi+ P2

Check whether the valve authority is acceptable for the
application/configuration of the system. If not, select a valve
with a different K value. Re-evaluate P, and the valve
authority.

Figure 9a

4
|

Three-port diverting circuit |
—»| P ‘4—
>

Boiler 4
Loa

F 3

)

Simple diverting and mixing circuits are shown below, with P,
and P, indicated. Note that these circuits do not show the two-
port regulating valves that would be included in the by-pass
circuit to make sure that the pressure drop across the by-pass is
approximately equal to the pressure drop across the load.

Figure 9b

> Three-port mixing circuit
—» P |4

P, Boiler

r 3
r 3

A 4
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W6 CONTROL VALVE SELECTION/SIZING

Using a valve sizing chart determine the ideal K value and
hence valve authority for a diverting valve in a low-pressure hot
water mixing system to pass a duty of 2-5 m’/h at a pressure
drop across the system of 1 bar.

Obtain the flow rate (m’/h) and pressure drop P, in
bar.
Duty is 2-5 m’/h, P, is 1 bar

Using a manufacturer’s value-sizing chart for water,
plot the duty and P,, read off the K value where they intersect.
The corresponding K| is 2-5.

Assume that after looking at the range of manufacturers
valves, there is no valve with a K of 2-5 that would suit the
application. There is however a valve with a K of 3-2 and a
valve with a K of 2.

Determine the resulting pressure drop across the valves and
corresponding valve authority.

For valve 1 — K of 3-2.
Plot the required duty of 2-5 m’/h on the valve-sizing chart as
before and the K value of 3-2. Where they intersect the
pressure drop P, is 0-9 bar.

For valve 2 — K of 2.
Plot the required duty of 2-5 m’/h on the valve-sizing chart as

before and the K, value of 2. Where they intersect the pressure
drop P, is 1-5 bar.

Determine the valve authority N, for these two valves.

For valve |
P, = 1bar
P, = 0-9bar
Using:
N = P1 _ 0-9 — 047
P14+ P2 09 +1
For valve 2
P, = 1bar
P, = 1-5bar
Using:
_ P _ 1-5 - 06
Pi+ P2 15+ 1

The authority of valve 1 is less than 0.5, the lower limit for
diverting valves, whereas the authority of valve 2 is above 0.5.
So in this instance, valve 2 would be preferred.

By calculation determine the ideal K value and hence valve
authority for a diverting valve in a low-pressure hot water
mixing system to pass a duty of 1m’/h at a pressure drop across
the system of 2-5 bar.

Obtain the flow rate (m’/h) and pressure drop P, in
bar.
Duty is:
1m’/h, P, is 25 bar
To determine the K, value by calculation use the

equation:

V m

\V Pm

K, =

Where:
IV = Volume flow rate of water (m’/h)

m

P, = Pressure drop (P,) (bar)

m

Such that

K., = =063

_1

V25
Assume that after looking at the range of
manufacturers valves, there is no valve with a K of 0-63 that

would suit the application. There is however a valve with a K,
of 0-75 and a valve with a K of 0-5.

Determine the resulting pressure drop across the valves and
corresponding valve authority.

For valve 1 — K, of 0-75

To determine the pressure drop (P) across valve 1 by
calculation, use the equation:

V m

N

Use the volume flow rate (m’/h) as before and the K, value of
the selected valve to determine what P, would be in used in the
circuit.

Kv =

Therefore;
1

VP

Transpose the equation to give:

12
P, =| ——| = 178bar
0-75

0-75 =

For valve 2 - K of 0-5
Repeat the above calculation for valve 2.

GUIDE TO HVAC BUILDING SERVICES CALCULATIONS 87

© BSRIA BG 30/2007



Heating loads Cooling loads

Air flow Acoustics

W6 CONTROL VALVE SELECTION/SIZING

Determine the valve authority N, for valves 1 and 2.

For valve |
P, = 1-78bar
P, = 2-5bar
_ P _ 1-78 = 042
Pi+ P2 178 + 25
For valve 2
P, = 4bar
P, = 2-5bar
N=—D2L g2
Pi+ P2 4+ 25

The authority of valve 1 is less than 0-5, the lower limit for
diverting valves, whereas the authority of valve 2 is above 0-5.
So in this instance, valve 2 would be preferred.

Sizing two-port control valves

In a circuit with a two-port control valve, the flow varies in the
whole circuit (or branch). In the calculations, P, remains as the
pressure drop across the control valve when fully open, and P,
remains as the pressure drop across the remainder of the variable
flow circuit.

The aim is still to achieve a valve authority greater than 0-5 (P,
>p).

The following examples show how the value of P, will vary for
different types of variable flow terminal circuit.

Circuits with regulating valves
Figure 10 illustrates the calculation of valve authority.

Sizing two-port control valves is more complicated than three-
port valves because the calculation of P, + P, includes the
pressure drop across the regulating valve and this itself depends
on the pressure drop across the control valve.

To get around this problem, a safe approach is to size all control
valves based on the design pressure loss across the first branch
off the circuit. Hence, if all branches have the same design flow
rate, they will all end up with the same size control valve. Only
where branch flow rates vary will the selected control valves

vary.
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Figure 10

P, +P,

Regulating
valve

A J

Circuits with differential pressure control valves

Because the differential pressure control valve maintains a fixed
pressure differential across the terminal unit and control valve
combination, the value of (P, + P,) is fixed at the set point of
the differential pressure control valve, as shown in figure 11.
Therefore the control valves can be selected such that P, is not
less than P, so that a minimum authority of 0-5 is achieved.

As any pressure variations are corrected by the differential
pressure control valve, valve authorities greater than 0-5 give no

significant improvement in performance.

Figure 11

P, +P,

4 N

Y
N
7
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W6 CONTROL VALVE SELECTION/SIZING

Circuits with constant flow regulators

In a branch fitted with a constant flow regulator, the value of
(P, + P,) will be the entire design pressure drop across the
branch, including the pressure drop across the automatic
balancing valve at its set point, see Figure 12.

Since this value will be different for each branch, the control
valve can be selected such that an authority of 0-5 is achieved at
the first terminal branch. Then the same valve would be used
for all downstream branches, ensuring that their authorities are
each greater than 0-5.

Figure 12

P, +P,

o=

F

The calculation procedure for selecting two-port valves is the
same as that for selecting three-port valves (see page 86).

Using a valve sizing chart determine the ideal K value and
hence valve authority for the regulating valve and two-port
control valve in a low-pressure hot water branch circuit to pass
a duty of 2-5m’/h at a pressure drop across the branch of 0-7
bar.

The circuit is illustrated in Figure 13. Intermediate circuit
pressures have been added to the schematic of the branch.

As this is a two-port valve circuit, assume that P, is
0-35 bar. As P, + P, is 0-7 bar, this assumption gives an
authority for the control valve of 0-5. If the pressure drop
across the emitter is O-1 bar, then the pressure drop across the
regulating valve 1s 0-25 bar.

From the valve sizing chart, this gives the following
values for K

Air flow Accoustics
Figure 13
X+0-35 bar
X bar
>
14 bar P
-
0-7 bar

Control valve K_ for flow of 2:5 m’/h and pressure drop of 0-35
bar is 4.

Regulating valve K_ for flow of 2:5 m’/h and pressure drop of
0-25 bar is 5.

Suppose that a regulating valve with a K of 5 is
available from the manufacturer, but that control valves are only
available for K of 3-5 or 4-25. Identify the pressure drops across
the control valve for these two options and the impact this
would have on the authority of the control valve and the K, of
the regulating valve.

Control valve option 1: K of 3-5
The valve chart gives a pressure drop in this case of 0-48 bar.
This gives an authority for the control valve of 0-48/0-7 = 0-69
and a pressure drop across the regulating valve of 0-12 bar,
giving a K of 7

Control valve option 2: K, of 4:25

The valve chart gives a pressure drop in this case of 0-3 bar.
This gives an authority for the control valve of 0-3/0-7 = 0-43
and a pressure drop across the regulating valve of 0.3 bar, giving
a K of 4-25.

Conclusion
If the regulating valve were available with a K of 7, then option
1 would be the best choice of control valve, as this gives an
authority greater than 0-5, and hence adequate controllability.

However, if the regulating valve were not available with a K of
7, and the same valve body could be used as both the regulating
and control valve, then option 2 might be the best choice, as
both valve bodies would be the same and this could simplify the
purchasing and installation arrangements.
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W6 CONTROL VALVE SELECTION/SIZING

When dealing with controls for water it may be appropriate to
use either a three port or two port configuration, (unlike steam
where only two port is used). A three-port valve system has a
constant volume whereas a two-port valve arrangement does
not.

The reduction of water volume when a two-port valve closes
causes an increase in pressure which can be used to start/stop a
two-speed pump or a variable-speed pump can be installed to
match the circuit requirements.

Using a two-port valve therefore has particular advantages, such
as reduced capital cost of the valve and reduced energy cost
because of reduced pumping. Note that the capital costs of the
pump may increase.

Note that the stated approach to sizing two-port valves is
intentionally simplistic and would not apply to large projects.

When automatic balancing valves are used, advantage can be
gained by achieving a constant return temperature. This will not
necessarily make circuits more difficult to balance, but it will
reduce water flow in the system. The costs can rise substantially
as well.

ASHRAE Systems and Equipment Handbook, 2004.
CIBSE Applications Manual, Automatic Controls, 1985.
CIBSE Guide H, Building Control Systems, 2000.

Parsloe C J, Variable Speed Pumping in Heating and Cooling
Circuits, BSRIA Application Guide 14/99.

Teekaram A, Variable-flow water systems: Design, installation and
commissioning guidance, BSRIA AG 16/2002.

DESIGN WATCHPOINTS

. Remember that the characteristics of the valve will determine the
relationship between the valve spindle lift and percentage flow. Do not
assume this will be linear. Also, do not assume the percentage flow and the
percentage heating or cooling output will have a linear relationship.
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The density of a fluid changes significantly with temperature

leading to a change in fluid volume. For example water entering

a heating system at 4°C will expand by 2:9% in volume if heated
up to 80°C, and by 5% if heated up to 110°C (as in medium
pressure hot water systems). Hence a 1000 litre system will
expand to 1050 litres if heated from 4°C to 110°C. If this is not
catered for, the fluid volume expansion could create an
excessive rise in system pressure and cause serious safety or
operational problems.

Most HVAC wet systems do not operate at a constant
temperature, but will cycle in temperature during operation or
when starting up. Although the mass will remain constant the
fluid volume will expand and contract. The amount of
expansion will depend on the type of system, heating or
cooling, and the operating temperatures. (See Design
Watchpoint 1.)

Allowance must be made within the system for these variations.
This is normally done by installing an expansion vessel in sealed
(closed) systems or a feed and expansion tank in a vented (open)
system such as domestic hot water systems. (See Design
Watchpoint 2.)

System type and fluid type and temperature

Designers should state the conditions of hot water, chilled water
and the exact composition of any water and glycol mixture to
determine the density and expansion characteristics of the fluid.

Initial pressure (kPa or bars)

This consists of the system static pressure (the height of the
system circuit above the plant) together with a reasonable safety
pressure margin. (The values for pressure margins for water
systems are given in table 1)

Expansion factor

This can be calculated using information on density (such as
V= m/p). Figures for the expansion of water are given in table
1 according to temperature.

Total system volume (litres)
This can be determined from pipe work and the plant associated
with the system.

Maximum allowable system pressure (kPa or bars)
This should be carried out as a safety cross-check.

Total system volume (litres)

System static pressure (kPa or bars)

System flow and return temperatures (°C)
Maximum allowable system pressure (kPa or bars)

Vessel parameters allowing selection from manufacturer’s
data

The safety-valve pressure-setting for the system

Air flow Accoustics

Calculate initial pressure as follows:
Initial pressure equals static pressure plus the pressure margin
(from table 1 below).

Calculate expansion volume:
Expansion volume equals the expansion factor (table 1 below)
times the total system volume.

Select a vessel to accept the expansion volume with at
least a 10% margin. The maximum vessel working pressure is 6
bar (see: BS4814: 1990 Sealed heating systems).

Calculate the acceptance factor:

Expansion volume

Acceptance factor =
Total vessel volume

Calculate the final pressure:

Initial pressure + acceptance factor

1-0—acceptance factor

Determine the required safety valve pressure setting for
the system.

Table I: Expansion factors for water.

Maximum Pressure margin Expansion factor
temperature °C bar water
20 0-5 0-002
30 0-5 0-005
40 0-5 0-008
50 0-5 0-012
60 0-5 0-017
70 0-5 0-023
80 0-5 0-03

Determine the expansion volume for the following heating
system and select an appropriate expansion vessel and the final
pressure.

Design data

Total system volume 4500 litres

Static pressure (15 m) 15 bar

System flow and return temperatures 82/71°C
Max allowable system pressure 40 bar
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W7 WATER SYSTEM PRESSURISATION

Vessel Selection

Pressure margin = 05 bar from table 1,
Initial pressure = 1-5 + 0'5 = 2 bar

Expansion factor = 0-03 from table 1,
Expansion volume = 0-03 x 4500 = 135 litres

Select vessel to accept 135 litres expansion volume with at least
10% margin.

Such as at least 135 + 135 = 148-5 litres

A vessel with 500 litres volume has been selected from
manufacturer’s data.

Acceptance factor =

1
135 .07
500

Calculate final pressure =

Initial pressure + acceptance factor

1-0—acceptance factor
=2:0%0°27 5 109 bar
1-0-0-27
Safety valve setting:
The system safety valve set pressure should be no less than 0-7
bar above the calculated final pressure.

Therefore the system safety valve should be set at a minimum of

3-109 + 0-7 = 3-809 bar
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CIBSE Guide B1, Heating, Section 4.3.9 and appendix Al.1,
2001, ISBN 1 903 487 200/Guide B, Section 1.4.3.9 and
appendix 1.A1, 2005, ISBN 1 903287 58 8

CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
28 and 46, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
BSI, BS 4814: 1990, Sealed heating systems, BSI 1990,

ISBN 0580 176908

BSI, BS 5449: 1990, Specification for forced circulation hot water
central heating systems, BSI 1990, ISBN 0580172937

BSI, BS 7074: 1989, Application, selection and installation of
expansion vessels and ancillary equipment for sealed water systems
Parts 1, 2 and 3, BSI 1989, ISBN 0580171450,

ISBN 0580171469, ISBN 0580171477

Sheet W2 Pipe sizing - Straight lengths
Sheet W3 Pipe sizing - Pressure drop across fittings
Sheet W4 System resistance for pipework - Index run

DESIGN WATCHPOINTS

I.  Note that even chilled water systems need to allow for
expansion, as the water in the system may be starting at an
ambient temperature of 20°C or higher if idle for long periods in
summer.

2. Sealed fluid systems must include appropriate safety features such
as safety valves and high pressure alarms.



AIR FLOW DISTRIBUTION SYSTEMS

The following section contains nine
building services engineering topic areas
related to the design of air flow
distribution systems.

The following two pages contain flow
charts of the relevant design and
calculation processes. The first flow
chart shows the nine topics within this
section.

The second flow chart provides an
overview of the process, showing some
of the many related topics that need to
be considered in the design of air flow
distribution systems. The boxes
highlighted in blue show an area that is
fully or partially covered within one of
the nine topic areas in this section, or in
the rest of the guidance, along with the

appropriate reference numbers.
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FLOW CHART | - TOPICS WITHIN THIS SECTION

Air density
correction (A8)

Duct sizing -
general (Al)

|

|

|

|

| Duct sizing -

| selecting a

I circular duct size
| (A2)

|

Duct sizing - pressure
loss through
fittings (A4)

Grille and diffuser
sizing (A7)

Duct sizing - circular
to rectangular
ducts size
(A3)

Acoustics
building
services

(ACI)

Ducts system —
index run (A5)

Fan sizing
(A6)
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FLOW CHART 2 - OVERVIEW OF SYSTEM DESIGN PROCESS

Fr——————————— 1
Heat loss/heat Air density | Flow and return |
gains correction I temperature selections |
(H5,Cl1,C2) ~w8 e —————
T T |
I ________________ I I r-r———————-—-—""= I
| | I
l ! |
Plant/terminal Pressurisation/
emitter sizing leakage of spaces 1
(H8) (A9) I
| |
| ' |
———— e a | |
| } |
! I I
Grille/diffuser sizing Air flow rates |
(A7) (=2 ) R |
| i |
| | |
| | |
' |
| | |
| Duct sizing |
} (Al -A5) }
| I I 1 |
|
! | | I |
——_———————— e — - ] ———_———— - I
| | | |
4t | | |
r——————————— 1 .
| Plant/terminal | Ductwork resistance Pressure loss I
I resistance I (Al -A5) through fittings [
—— T ————— 0 (A4) |
| | I T I
| - I ] |
| | | | |
: s |
| Tota! SR Static/total press. |
I res(lj:;;\ce consideration I
| : T |
| I | |
| I I |
| I | |
: | -
I AHU selection I [
““““““““““ (A6) | !
| I
| | |
I [——————— | |
| | |
| | |
r——————————— 1
| Extract air | Fans selection | _!
I requirements I (A6)
______ ———
I |
I |
I |
I |
| S : -
| | Arfow | e e
______________ balanci -
L (c)

This chart shows the design areas relevant to this design process.Where design areas are wholly or partially
discussed in this document the relevant sheet references are given in brackets
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Duct sizing is used to determine the correct duct sizes to deliver
the air volume required for ventilation, heating and cooling, or
to remove contaminants. Air is a fluid and therefore the
fundamental principles of fluid flow apply (the same D’Arcy
fluid flow equation as given for pipes on sheet W1).

The equation (known as the D’Arcy Equation) above is written
as:

AP = pressure loss (Pa)

= density of the fluid (kg/ m’)

= friction factor

= length of duct (m)

mean velocity of water flow (m/s)
internal duct diameter (m).

Q<4 — >0
Il

There may be several duct size options that are initially
acceptable but the final choice of duct size will depend on the
cost of materials and installation, the space available and the
energy costs of moving the air.

Duct sizing can be carried out either manually or using a
spreadsheet or computer sizing package. However, in all cases,
correct input data must be used and the output cross-checked.

There are several methods available for sizing a ductwork
system. These are the constant pressure-drop method (also
known as constant pressure gradient), the constant velocity
method, static regain (CIBSE B3 Ductwork Section 4.3/ Guide
B, Section 3.4.3) and the T-method (see 2005 ASHRAE
Fundamentals Handbook (SI), Chapter 35 Duct Design, page
35.19).

The constant pressure drop method is the one most widely used
for normal air conditioning applications.

The constant velocity method is used in applications such as
exhaust ventilation where a minimum velocity for carrying dust
is important, or in applications where noise pollution is
unacceptable and the duct velocities need to be limited. Where
these conditions apply it is normally used either for sections of a
duct system, or a whole duct system if it has a simple layout.

Static regain is normally used with a computer package for high
velocity systems where the duct velocity pressure is adequate to
give static-pressure regain at the end of the run without creating
excessively low duct velocities. Normally this method is used
for the main duct in the system, while the branches off the main
duct are sized using the constant pressure-drop method.

Client requirements

It may be obvious that the design of the system should meet the
requirements of the client but these details will determine many
choices made in the design process. It is important to agree with
the client on requirements and main priorities.
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Water flow

Acoustics

Required supply air condition
This will enable the relevant air properties such as density to be
determined.

Type of system supplied
This will determine what is acceptable in terms of flow
temperatures, pressure drops and, noise level.

Ambient conditions

These are the conditions through which the ductwork system
will run. This will affect heat losses and gains to the ductwork
system.

Duct material

Ducts can be made from galvanised steel, aluminium, plaster or
plastic. This determines duct roughness and hence the flow
characteristics and duct pressure losses.

Duct insulation

Designers should determine whether ducts are to be insulated
and, if so, the details of the insulation. Although the
temperature differentials are not normally as great as can occur
with water flow systems, there may be occasions when losses
and gains to and from the ductwork system will need to be
considered.

Duct system layout
Determine the distribution space available both horizontally and
vertically, the duct lengths, and the number and type of fittings.

Design volume flow rates in m™/s

Limiting duct pressure loss in Pa/m
Limiting flow velocity in m/s

A schematic of ductwork layout and associated plant
showing required volume flow rates
A schedule of duct sizes and lengths, and fittings

1. The design process should minimise breakout noise,
installation and operating costs.
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DUCT SIZING - GENERAL

Ductwork layouts should be as short as possible; minimise
tight bends and ensure the system is as self-balancing as
possible.

High pressure drops will result in smaller duct sizes but fan
running costs will be higher.

Low pressure drops result in lower fan costs but duct sizes
will be larger.

When designing a duct system, the designer should use the
duct type and material appropriate for the project and
application. The basic shapes of ductwork available are
rectangular, flat oval and circular.

Contoured flexible ducting, although convenient and easy
to use, does have a considerably higher AP/l compared to
fixed rectangular ducts. Fittings such as reducers and
enlargements are costly, particularly when both dimensions
are being changed in the same fitting. When using these
types of fittings only one dimension should be reduced or
enlarged at each fitting, for example fitting with height
reduction and constant width.

LT

Whichever method of sizing is used, it is important to check
the AP/1 at each section and the velocity for the required
volume flow rate and the chosen duct size. This is
particularly important when adjusting a duct size for
economic reasons or for imposed limitations such as lack of
space.

While flow in ductwork is normally turbulent, the design
should minimise the occurrence of excessively turbulent
flow as this increases the pressure drop and wastes energy
in higher fan running costs. Excessive turbulence can be
caused by obstructions to flow, such as sharp changes in
direction and rough surfaces. Excessive turbulence will
increase the maximum required velocity.

If rectangular ductwork is used then the amount of
excessively turbulent flow can be kept to a minimum by
choosing a duct that is as near to a circle as possible in other
words square, or at least with dimension ratios as close to 1:1
as possible.

Water flow

Acoustics

Aspect ratios

When using rectangular duct it is important to try and keep
the aspect ratio at 1:1, or if not, as close as possible to 1:1. As
the aspect ratio increases, the frictional resistance increases
and therefore the pressure loss increases. This is because the

wetted perimeter of a piece of ductwork with an aspect ratio

of 4:1 is larger than the wetted perimeter of a piece of
ductwork with an aspect ratio of 1:1 with the same cross-

sectional area. The smallest wetted perimeter for the same

cross sectional area would be achieved by using a circular
duct.

Given a cross sectional area of 0-5 m’, the following
dimensions would be required as follows:

A circular duct
Area = Ttr’
Perimeter=2nr
0-5=mnr’
0-5+m=r"

1'2\/_(0~5+713)

r=0-398m
therefore the wetted perimeter of the duct is
P =2n0-398
P=2-50m

A rectangular duct with an
aspect ratio of 1:1

2
Area=x

Perimeter=4x

0-5=x> X
x=40-5
x=0-707m

therefore the wetted perimeter of the duct is
P=4x0-707
P=2-82m

A rectangular duct with an
aspect ratio of 4:1

Area = 4x°
Perimeter=10x
0-5=4x>

x=4 (0-5+4)
x =0-353m

therefore the wetted perimeter of the duct is
P=10x0-353
P=3-53m
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Al DUCT SIZING - GENERAL

Engineers are recommended to not use an aspect ratio larger
than 4:1 as the frictional resistance becomes too high. The
wetted perimeter increases with the aspect ratio but also
with flexibility of the duct wall. This can lead to increased
noise breakout and the possibility of drumming. (See Design
Watchpoint 1.)

Once the initial duct design has been made the dimensions
should be put onto a schematic or layout drawing of the
system. The system below has had the different sections of
ductwork sized according to the criteria given (see sheet A3
-Circular to rectangular duct, examples 1,2 and3). The
results of the initial sizing without any correction is as shown
in the layout drawing.

200
q wxh 0-15 X
(m3/s) (mm) } 200
AP/I v
(Pa/m) (m/s) 09 38
System | - initial dimensions
5
(600 x200) (350 x 225) (350 x 175)
=) =) ) )
o o o~ LN
N = < 0
o X <+ X ~ X — X
o o o o
N o N o
a T ul a
0-2 mi/s 0-13m3/s  0:15m¥/s 0-1 mi/s

8. It is at this point junior engineers should go back through
the duct-sizing procedure remembering to consider
dimension ratios, changing one dimension at a time for
fittings and the range of standard sizes and costs of using
non-standard sizes. A degree of judgement may be required
from experienced engineers. The initial dimension above
gives awkward changes in dimension, such as 600 x 200 to
350 x 225.
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After taking into consideration ratios etc the final dimensions of
system 1 are as follows:

System | - final dimensions

7 5
(400 x 300) (400 x 200) (300 x 200)
in S S S
N S S S
~ I I I
o X <+ X ~ X — X
n =) o o
N S S S
2 S5 S5 o
0-2 m¥/s 0-13 m3/s 0-15 m3/s 0-1 m¥/s

Of course the pressure drops through each section would need
to be checked to make sure that they are within acceptable
limits for the type of system.

Typical air velocities and pressure drops
Low velocity systems: 3-6 m/s with a maximum pressure drop
of 1 Pa/m.

High velocity systems: 7-5-15 m/s with a maximum pressure
drop of 8 Pa/m. (See Design Watchpoint 4.)

Table 4.12 of CIBSE Guide C gives typical velocities through
air handling units and components.

Section 3.2 of CIBSE Guide B3/Section 3.3.2 of Guide B gives
velocities and noise ratings that are suitable for different
applications.

In practice figure 4.2 CIBSE Guide C is used for duct sizing
using either the constant pressure drop or the velocity method.

CIBSE Guide A, Environmental Design, 2006,

ISBN 1 903287 66 9

CIBSE Guide B3, Ductwork, Section 3.2, Duct air velocities,
2002, ISBN 1 903287 20 0/Guide B, Section 3.3.2, 2005,
ISBN 1 903287 58 8

CIBSE Guide C, Reference Data, Section 4, 2007,

ISBN 978 1903287 80 4

HVCA, Specification for Sheet Metal Ductwork DW/144,
Appendix A, 2000, ISBN 0903783274

HVCA, A Practical Guide to Ductwork Leakage Testing DIV/143,
2000, ISBN 0903783304

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
29 and 47, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
Building Regulations Approved Document Part L2A — Conservation
of Fuel and Power in New Buildings Other than Dwellings, 2006,
ISBN 1 859462 19 7
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Building Regulations Approved Document Part L2B — Conservation of
Fuel and Power in Existing Buildings Other than Dwellings, 2006,
ISBN 1 859462 20 0

ODPM, Non-Domestic Heating, Cooling and Ventilation

Compliance Guide, 2006, ISBN 10 1 85946 22 6 X

Sheet A2 Duct sizing — Selecting a circular duct size
Sheet A3 Duct sizing — Circular to rectangular ducts
Sheet A4 Duct sizing — Pressure loss through fittings
Sheet A5 Duct system — Index run

Sheet A8 Air density correction

CIBSE Guide B3, Ductwork, Section 2, Strategic design issues,
2002, ISBN 1 903287 20 0/Guide B, Section 3.2, 2005,
ISBN 1 903287 58 8

DESIGN WATCHPOINTS

I. Restrictions in available space may be an obvious factor to
consider when sizing a duct but it is worthwhile remembering to
check this, for example, ceiling voids of fixed depth. Also
excessively sized risers to take ductwork use potentially lettable
floor space.

2. Air density changes with pressure and temperature (see sheet
A8). Table 4.13 from CIBSE Guide C gives air densities at different
temperatures at a constant pressure of [-01325 bar. Equation
4.17 from CIBSE Guide C can be used to adjust the density if the
air pressure changes. The equation includes a value for density at
any air temperature, and this can be taken from table 4.36.

3. Check that both flow velocities and pressure drops are within
acceptable limits at each section of the duct, whether during
initial sizing or final sizing.

4. Leakage from a duct system is undesirable. If a system leaks too
much air the running costs of the system will increase and the
system may not provide the required volume and quality of air.
The HVCA Specification for Sheet Metal Ductwork DW/144 appendix
A: air leakage from ductwork, contains details on acceptable limits
of duct leakage and should be read in conjunction with DW/143 A
practical guide to Ductwork leakage testing.

5. For buildings with mechanical ventilation and air conditioning,
Approved Document L2A and the associated compliance guide
(Non-Domestic Heating, Cooling and Ventilation Compliance Guide)
stipulates limits on energy consumption. Section 10.3, table 35
portrays a range of limiting specific fan power in new buildings. In
addition Approved Document L2A and L2B requires that an air
handling system should be capable of achieving a specific fan
power at 25% of design flow rate no greater than that achieved at
100% design flow rate.
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The duct sizing given in figure 4.2 of CIBSE Guide C shows
the flow of air at 20°C in circular galvanised steel ducts.

The chart relates the four variables needed for duct and fan
sizing:

Volume flow rate (q) (m’/s)

Velocity (v) (m/s)

Pressure drop per unit length (AP/1) (Pa/m)

Diameter (m).

In order to use the chart, two of the variables need to be known
or selected and the remaining two can then be found from the
chart.

A representation of figure 4.2 Guide C is shown below. A line
representing a single value for each variable has been drawn to
show the angle at which the different variables lie on the chart.

Diameter

Volume flow
rate

Velocity

AP per unit length

‘While the volume flow rate (q) is usually known from the
ventilation requirements and/or heating/cooling loads, one
other factor is needed. The second value is either a pre-
determined pressure drop per unit length or a pre-determined
velocity, (hence the constant pressure drop and velocity
methods for duct sizing).

Where a length of duct has a given or found AP per unit length,
of say, 2 Pa and the piece of duct in question has a length of 20
m, the total pressure drop across that length is obviously 40 Pa.

Volume flow rate (m’/s)

Pressure drop per unit length (Pa/m)
Velocity (m/s)

For each part of a ductwork system, engineers must
determine the required volume flow rate, the preliminary
duct size and the pressure drop per metre run and velocity
for that section. (On this sheet circular duct sizing is
covered; circular to rectangular duct dimensions are covered
on sheet A3.)
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Once the known volume flow rate q and a suitable value for
velocity is selected, they can be drawn on the chart (shown in
red). Where the two lines cross, values for pressure drop and
diameter can be read oft the chart.

Diameter

Volume flow
rate

Velocity

AP per unit length

A client asks for a duct system to be sized. Part of that duct
needs to be sized with the following criteria: a volume flow rate
of 08 m’/s and a velocity of 8 m/s. What is the corresponding
diameter and pressure drop per unit length?

Diameter
Volume flow
rate
0-8 m3/s
Velocity
8 mi/s

AP per unit length

1. Using figure 4.2 CIBSE Guide C, draw on the lines that
correspond to volume flow rate and velocity, this has been
highlighted in red on diagram 3.

2. Mark on the chart where the volume flow rate and
velocity intersect.

3. Read off the associated pressure drop per unit length and
duct diameter. The pressure drop per unit length is 2
Pa/m, with a circular diameter of 0-36 m.
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q d 0-8 0-36
(m?/s) (m) }
AP/ v
(Pa/m) (m/s) 2:0 80

(See Design Watchpoint 1.)

It is decided that the pressure drop is too high and therefore
unacceptable. It is decided that the velocity can be reduced but
must be at a minimum of 6 m/s and the volume flow rate must
be maintained at 0-8 m’/s. Find the diameter and pressure drop
per unit length using decreased velocity.

1. Using figure 4.2 CIBSE Guide C, draw on the lines that
correspond to volume flow rate and velocity.

2. Mark on the chart where the volume flow rate and
velocity intersect.

3. Read off the associated pressure drop per unit length and
diameter.

The pressure drop per unit length is 1:05 Pa/m (slightly over 1
Pa/m), with a circular diameter of 0-42 m.

q d 08 0-42
(m¥s) | (m) }
AP/| v
(Pa/m) | (mis) 1-05 6:0

(See Design Watchpoint 2.)

Where greater accuracy is required an alternative method of
sizing a duct using the velocity method is by calculation, using
the equations:

q=Av

Where:
q =volume flow rate (m’/s)
v =velocity (m/s)
A =Area (mz)

Where:
A= ndT

D =diameter (m)

Once the known volume flow rate q has been highlighted on

the chart, a pressure drop value is selected and also highlighted.

Where the two lines cross, values of velocity and diameter can

be read off the chart.

Diameter

Volume flow
rate

Velocity

AP per unit length

Using the duct sizing figure 4.2 Guide C, find the circular duct

sizes and corresponding velocities for each section of system 1.

System |

Volume flow rate (q) values are known and a pressure drop of 1

Pa/m is assumed.

AN T T

N

m3/s 0-13 mi/s

Volume flow rates are worked out for each section and using
the CIBSE duct sizing chart figure 4.2 the duct diameters and
velocities are determined:

Section q AP v Diameter
(m’s)  (Palm)  (mls) (mm)
) 0.1 | 36 190
2 015 | 4 225
3 0-25 | 4-5 270
4 013 | 39 210
5 0-38 | 50 308
6 02 | 44 245
7 0-58 | 55 370
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A2 DUCT SIZING - SELECTING A CIRCULAR DUCT SIZE

These diameters are the initial sizes found using the CIBSE duct
sizing chart figure 4.2 with the relevant volume flow rate and
maintaining a pressure drop of 1 Pa/m for each section. Many,
if not all of the values for velocity and duct diameter have been
interpolated by eye from the chart, therefore repeating the
process may result in slightly different figures being determined.

(See Design Watchpoint 3.)

Cross-check
Velocities are within the range 3-6 m/s, which is acceptable for
a low velocity system.

CIBSE Guide B3, section 4.3/ Guide B, section 3.4.3, Principles
of design gives further details of the methods of designing a
ductwork system.

CIBSE Guide B3, Ductwork, Section 4.3, Principles of design,
2002, ISBN 1 903287 20 0/Guide B, section 3.4.3, 2005,
ISBN 1 903287 58 8

CIBSE Guide C, Reference Data, Section 1, 2007,
ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,
ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
29 and 47, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet A1 Duct sizing — General

Sheet A3 Duct sizing — Circular to rectangular ducts
Sheet A4 Duct sizing — Pressure loss through fittings
Sheet A5 Duct system — Index run

DESIGN WATCHPOINTS

I. Beware - the duct sizing chart (figure 4.2) is logarithmic and
inaccurate readings on smaller values can have a considerable
impact on pressure drop; for example at duct sizes of 100-150
mm small changes can increase the pressure drop by 20-50%.

2. Don’t forget that when drawing lines on charts in order to
determine other values the accuracy of the lines drawn and
values, read off will depend on pencil thickness and the user’s
accuracy.

3. Recommended sizes for ductwork can be found in CIBSE B3
Ductwork, Appendix Al/Guide B, Appendix 3.Al, and standard
sizes for flat oval ducts and circular ducts can be found in HVCA
Specification for Sheet Metal Ductwork DW/[44.

4. If circular ductwork is going to be used for this system, then a
further review will be needed to review the practicalities of the
duct sizes chosen. In other words it may be more economic from
an installation viewpoint to have all branches - or at least
branches 1,2 and 4 - the same size.

[NOPA GUIDE TO HVAC BUILDING SERVICES CALCULATIONS
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As discussed in sheet A2, using chart figure 4.2 in CIBSE Guide
C enables the required duct diameters to be determined.
However, other ductwork materials and shapes may be required
for a particular application so the diameters will need to be
converted to an appropriate size. For rectangular ductwork this
can be done using table 4.16 from CIBSE Guide C, and table
4.17 allows conversion from circular to flat-oval duct.

Rectangular ducts are the most commonly used duct type for
low-pressure duct systems. They are available in standard sizes
but can be tailored to fit into the space available by a
manufacturer to required dimensions, within reason. Joints to
system components such as filters and coils are straightforward
and branch connections are easily made compared to other
ductwork shapes.

Circular ductwork has the lowest pressure drop per unit length.
Flat-oval has a slightly higher pressure drop when compared to
the equivalent rectangular duct, but the advantages of using
rectangular duct often outweigh this. It may be appropriate to
use a combination of duct types, such as rectangular ducting for
main distribution with flexible connections to terminals or
circular ducting for the main ducts with rectangular branches.

Information on standard sizes can be found in BS EN
1506:1998 Ventilation for buildings - Sheet metal air ducts and fitting
with circular cross section — Dimensions.

Table 4.16 from CIBSE Guide C gives equivalent rectangular
dimensions (side w and side h) for a given diameter.
Dimensions are for equal volume flow rate, in pascals per metre
(Pa/m), and surface roughness as those for the selected circular
duct although the velocity will be higher. Where velocity in the
circular duct is near the limits of the table, an area-for-area
calculation might be more appropriate.

Diagram 1 is a simplified version of table 4.16 to illustrate its
use.

The diagram is divided. The top section gives the dimensions
for sides w and h given at the top and right hand side for a
rectangular duct, while the bottom section gives the dimensions
for sides w and h given at the bottom and left hand side.

(See Design Watchpoint 1.)

Water flow

Acoustics

Diagram |

Duct . . . Duct
R Dimensions of duct side w R
side side

h [100
100
125

v
0
o
S
=

100
125

X X X X X X X X X
X X X X X X X X X X

X

2500 X X [2500
h 950 » 900 h

D_UCt Dimensions of duct side w D_UCt
side side

Duct diameters from Table 4.16 CIBSE Guide C

The aspects that need to be considered are discussed in sheet Al
Duct sizing — general.

Duct diameters (mm) - The diameters for each section of
the system being designed are required. These are found
using the chart figure 4.2 CIBSE Guide C (see Sheet A2 for
sizing procedure) or by calculation

(See Design Watchpoint 2.)

A preliminary schedule of duct dimensions and lengths.
These should be re-checked against client requirements,
space available, aspect ratio requirements, and, availability,
and changed as necessary. As experience is gained this can
be done in one step but cross-checks should always be done
at the final stage

See also design outputs given under sheet A1 Duct sizing —
general
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A3 DUCT SIZING - CIRCULAR TO RECTANGULAR DUCT

Preliminary dimensions — find the duct diameter on
table 4.16 CIBSE Guide C and read off duct side w and duct
side h. If the diameter is not on the chart take the nearest
available size.

Mark the dimensions, volume flow rate, velocity and
pressure drop for each section on a drawing layout. This can be
done as a cross-check (see sheet Al- Duct sizing — general).

Re-check and change the dimensions as required to
make sure that the aspect ratios are acceptable. Cross-check that
the pressure drop and velocity values are still acceptable.

Check that at each change of section only one
dimension changes.

For a duct diameter of 980 mm find the equivalent rectangular
dimensions using table 4.16. Use values of exactly 980 mm
(these will be found on the lower section of the table).

Diagram 2

D.UCt Dimensions of duct side w D.UCt
side side
h |100 900| h
100 X X X X X X X X X X/|Il00
125 X X X X X X X|125

X X X X X X X

X X X X X X X

X X X X X X

X X X X X

X X X X

950 X X X

X X

X

X

2500 X X |2500
h 950 1200 2500| h
Duct Dimensions of duct side w Duct
side side

Duct diameters from Table 4.16 CIBSE Guide C

Dimensions given are 1200 mm for side w, and 950 mm for
side h.
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For a diameter of 200 mm find the equivalent rectangular
dimensions using table 4.16:

Diagram 3
Es)i:I:t Dimensions of duct side w Es)i:I:t
h {100 200 250 900| h
100 [ X X X X X X X X X X/ 100
125 X X X X X | 125
X X X X X
X X X X X
X X X X| 200
X X X | 225
X X X
X X X
X X
X
v
2500 X X [2500
h {950 » 2500 | h
Duct Dimensions of duct side w Duct
side side

The exact dimension of 200 mm is not on table C4.16 but the
205 mm is on the table. This gives rectangular dimensions of
250 mm for side w, and 200 mm for side h. However, there
may be constraints in plant space allowance such as the
maximum allowable length of any one side is 225 mm. If this
were the case then the dimensions selected above, given by the
diameter of 202 mm, would not be feasible. If this were the case
then another value would need to be used on the chart that is
close to the original value of 200 mm. The chart does have a
value for 207 mm, this gives dimensions of 225 mm for side w,
and 225 mm for side h. This would satisfy the limits of the
space allowance.

As a different diameter has been chosen, the designer should
refer back to figure 4.2 CIBSE Guide C to check any
differences in pressure drop and velocity that have occurred.

Preliminary sizing

Using the duct diameters found in system 1, sheet A2,

page 101, with a constant pressure-drop, find the equivalent
rectangular duct using the exact diameters or the nearest value.

The diameters sized for system 1, sheet A2, page 101, are shown
in table 1.
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A3 DUCT SIZING - CIRCULAR TO RECTANGULAR DUCT

Table |

These are the initial diameter sizes found using the CIBSE duct-
sizing chart figure 4.2, with the relevant volume flow rate and
maintaining a pressure drop of 1 Pa/m for each section.

Section q AP v Diameter
(m’ts)  (Pa/m) (m/s) (mm)
| 01 | 36 190
2 0-15 I 4 225
3 0-25 | 45 270
4 0-13 | 39 210
5 0-38 | 5-0 308
) 02 I 44 245
7 0-58 I 55 370

Preliminary dimensions. Using table 4.16 from CIBSE
Guide C, determine the preliminary rectangular duct dimensions
from the diameters shown in table 1. If the diameter value does
not appear on the chart, use the nearest value, in other words
diameter 245 mm is not on the chart but 246 mm is. The
preliminary dimensions are shown in table 2 with the

corresponding diameter that was used, (ie 246 mm not 245 mm).

Table 2

Section q Diameter used on table Preliminary
(mSIs) 4.4, (exact or closest to  dimensions
diameters in table ) (mm)wxh

| 01 192 200 x 150

2 0-15 224 350 x 125

3 0-25 270 350 x 175

4 0-13 209 400 x 100

5 0-38 305 350 x 225

6 0-2 246 250 x 200

7 0-58 371 600 x 200

At this point the dimensions determined from table
4.16 CIBSE Guide C, should be put onto a layout drawing.

System | - Preliminary rectangular dimensions

7 5 3
(600 x 200) (350 x 225) (350 x 175)
S S i )
S S ~ n
I3 = = 0
o X <+ X ~ X — X
o =) o o
A IS Pl S
o A < o
0-2 m¥/s 0-13m3/s 015 md/s 0-1 m3/s

These dimensions will give 1 Pa/m (or as close to 1 Pa/m as is
feasible), throughout the system. This is achieved because the
duct diameters from figure 4.2 have been followed as closely as
possible. Where a non exact diameter is used, for example 242
mm instead of 240 mm, this should be referred back to figure
4.2 to check what difference this makes to the pressure drop
(Pa/m). If the difference in diameter is very small, as it is here,
then the difference may be negligible, but this should always be
checked.

(See Design Watchpoints 3 and 4.)

The preliminary sets of rectangular dimensions are
unacceptable. They are uneconomic in terms of standard or
readily available sizes, have more than one dimension changed
at connecting sections, will have practically unachievable fittings
and is generally a poor design so therefore must be
reconsidered.

The designer should be aware of the acceptable limits for both
pressure drop and velocity, and know of any physical constraints
within the building that will affect the design. With this
information the aspect ratio of the ducts (therefore dimensions)
can be re-considered but only one dimension should be
changed at a time.

The client’s requirements are such that the volume flow rate
must be maintained and the pressure drop should not exceed
1:0 Pa/m run. The velocity must not exceed 6 m/s. For this
example the branches must have an aspect ratio of 1:1.

Once the acceptable limits of velocity, pressure loss, the desired
aspect ratio, avoiding changing both dimensions of duct from
joining sections and maintaining the required volume flow rate
are known, the duct dimensions can be re-considered.

For example, Section 7 has preliminary rectangular dimensions
of 600 mm x 200 mm (table 2) giving an aspect ratio of 3:1,
determined from the initial equivalent circular duct diameter of
370 mm (table 1). A better choice would be to select the
rectangular dimensions of 400 mm x 300 mm which has an
equivalent diameter of 381 mm. This gives an aspect ratio of 4:3
(1:0-75), which is far closer to 1:1 than 3:1. Referring the
equivalent diameter of 381 mm back to the CIBSE duct sizing
chart figure 4.2, the velocity and pressure loss are also within
the required limits.
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A3 DUCT SIZING - CIRCULAR TO RECTANGULAR DUCT

The next step is to reconsider the joining sections,
remembering the client’s requirements, aspect ratio and any
factors that may determine parts of the design. There may be
more than one option available - the choice is based on
suitability and application.

Table 3
Section AP v (mls) Equivalent Dimensions
(Pa/m) diameter (mm)wxh
(mm)

) 0-55 2:8 220 200 x 200

2 0-9 38 220 200 x 200

3 | 45 269 300 x 200

4 0-75 33 220 200 x 200

5 | 5-0 308 400 x 200

6 I 42 248 225 x 225

7 0-65 46 38l 400 x 300

The new dimensions should be marked onto a layout drawing.
If space permits then it would be useful to show all the
information at each section in the form of a cross.

For example:

200
q wxh 0-15 X
(m3/s) (mm) 200
D
»
AP/l v
(Pa/m) (m/s) 09 38
System | Final dimensions
5
400 x 300) (400 x 200) (300 x 200)
i ) ) )
o~ o o o
o~ ~ o~ o~
o X < X ~ X - %
n o o o
o~ o o o
a a a o
0-2 mi/s 0-13mi/s 015 md/s 0-1 mi/s

From the layout drawing of the final dimensions it can be seen
that the dimensions of section 7 are 400 x 300 mm and the
dimensions of the branch section 6 are 225 x 225 mm. Both
dimensions have been changed, but the resultant dimensions
have an aspect ratio of 1:1. If the requirements were not that
the branches must have an aspect ratio of 1:1, other dimensions
could have been used. This could have lead to the possibility of
the volume flow rate being decreased. Decisions like this will
frequently need to be made when designing a system. Having
the criteria readily available along with advice from senior
engineers will help junior engineers in making these decisions.
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CIBSE Guide B3, Ductwork, Appendix 6, 2002, ISBN 1 903287
20 0/Guide B, Appendix 3.A6, 2005, ISBN 1 903287 58 8
CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
29 and 47, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
BSI, BS EN 1506:1998, Ventilation for buildings — Sheet metal air
ducts and fitting with circular cross section — Dimensions. BSI 1998,
ISBN 0580290247

Sheet A1 Duct sizing — General

Sheet A2 Duct sizing — Selecting a circular duct size
Sheet A4 Duct sizing — Pressure loss through fittings
Sheet A5 Duct system — Index run

Sheet A8 Air density correction

DESIGN WATCHPOINTS

. When reading duct diameters from CIBSE duct-sizing chart figure
4.2, it may be that the exact diameter is not found on table 4.16.
In this situation the nearest value from the original diameter
value should be used. Always re-check the pressure drop as this
varies even with small changes in the diameter.

2. Check the units and convert from metres to millimetres as table
4.16 CIBSE Guide C is in millimetres.

3. Pressure drops should always be checked. Even relatively small
changes in diameter can cause substantial changes in pressure
drop.

4. Using non-standard duct sizes can increase costs. However, there
may be situations where using non-standard duct sizes is
necessary due to restraints on the allocated space for the
ductwork such as ceiling beams and riser shafts.
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Pressure drops across fittings need to be determined in order to
calculate the total pressure drop of the system in order to select
a fan. The fitting pressure drop equals the fitting pressure loss
factor times P,

AP=( xP, = {x05xp xv

‘Where:
AP = Fitting pressure drop (Pa)
€ = Pressure loss factor

p =Density (kg/m’)
v = Velocity (m/s)
P, =05 xp x v' = velocity pressure

v

(See sheet A1 — duct sizing — general)

System layout
Including types of duct, and the specific fittings used within the
system.

Duct details

Full details of the duct are required in order to select the correct
velocity pressure factor. For each fitting the information
required (if appropriate) is:

e cross sectional area (m’)

e dimensions (m)

e angles (°)

e velocities through each part (m/s)

e volume flow rates through each part (m’/s)

Air density (kg/m3)

Pressure loss factors ({)

(See Design Watchpoint 1.) For each duct fitting under
consideration. These can be found in CIBSE Guide C, in tables
4.109 — 4.125 for rectangular fittings, and tables 4.40 — 4.100 for
circular components and fittings. Data is also available in
ASHRAE and HVCA guidance.

To calculate the pressure loss through a fitting the following
steps are required:

Check the duct details for each part of the fitting and
work out the ratios needed to select the pressure factor.

Check the value for density used is correct for the
conditions.

Select the appropriate velocity pressure loss factor (&).
Know the velocity in m/s of the air of the combined
flow (if a tee).
Apply these figures to:
AP ={ x05 xp xv. (See Design Watchpoint 2.)

Water flow

Acoustics

Calculate the pressure loss through the fitting. This example
uses the data from the branch and straight fitting comprising of
sections 1,2 and 3. (See Design Watchpoint 3.)

Design data

Mitre bend with an angle of 90°

Velocity of 2:8 m/s

Density of 12 kg/m’ (at 20°C, 43% sat.)

Dimensions - duct height (h) of 02 m and width (w) of 0-2 m.

/7
7

Height h = 0-2 m, width w = 0-2 m, therefore h/w =
0-2/0-2 = 1 and angle a = 90°.

Density = 1-2 kg/m”, standard conditions apply.
Select  from table 4:115, £ = 1-19.

There is only one velocity as the fitting is not a tee,
therefore v =2-8 m/s

Apply to calculation:

AP = x05 xp xv
AP =119 x 05 x1:2x7:84 =56 Pa

Calculate the pressure loss through the fitting.

Design data
A 90° swept diverging rectangular duct branch.

Combined flow: Dimensions of combined flow, 0:3 m x 0-:2 m
Cross sectional area of combined flow, A, = 0-06 rnz,

Volume flow rate of combined flow q, = 0-25 m’/s

Straight flow: Dimensions of straight, 0-2 m x 0'2 m
Cross sectional area of the straight flow, A, = 0-04 m’,
Volume flow rate of straight flow q, = 0-1 m’/s

Branch flow: Dimensions of branch, 0-:2m x 0-:2 m
Cross sectional area of the branch flow, A, = 0-04 mz,

Volume flow rate of branch flow q, = 0-15 m’/s
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Water flow

Acoustics

A4 DUCT SIZING - PRESSURE LOSS THROUGH FITTINGS

Note:
9. =9, T Qb \ \
025 m’/s =0-1 m’/s + 0-15 m/s.

Duct details are given, the ratios required (see CIBSE
table 4:99 and 4-100 Guide C) are:

A/A.=0:04/0:06 = 0-67
A/A = 0:04/0-06= 0:67
q/q. =01/025 =04
qQ/q. = 015/0:25 = 06
Density = 1-2 kg/m?, standard conditions apply.

Two values of § are required, one for the straight
section and one for the branch.

To determine £ from table 4.124 for the straight flow the ratios
q/9. A/A. and A, /A, are required. The value that is the closest
to the ratios calculated is £ equals 0-14.

To determine § from table 4.125 for the branch flow the ratios
Qv/qes A/ A, and A/ A are required.

The value that is the closest to the area ratios calculated is
interpolated between 0-3 and 0-4 for q,/q,, is €., = 0-31.

Velocity of the combined flow,
v.=q./A,=0-25/0-06=4-17m/s

Therefore using:
AP=( x05 xp xv
For Straight:

AP =014x05x12x17-4 = 146 Pa

For Branch:
AP =031x05%x12x174 = 324 Pa
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CIBSE Guide B3, Ductwork, Appendix 6, 2002, ISBN 1 903287
20 0/Guide B, Appendix 3.A6, 2005, ISBN 1 903287 58 8
CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
29 and 47, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet A1 Duct sizing — General

Sheet A2 Duct sizing — Selecting a circular duct size
Sheet A3 Duct sizing — Circular to rectangular ducts
Sheet A5 Duct system — Index run

Sheet A7 Grille and diffuser sizing

Sheet A8 Air density correction

DESIGN WATCHPOINTS

I. Density varies with pressure and temperature; engineers should
use a corrected figure if the building is at a high altitude or if
heated or cooled air is being supplied.

2. As with pipework design, a common mistake is to apply £ for a
tee piece to the wrong part of the branch. The values of € in the
new CIBSE Guide C should be used with the velocity pressure of
the combined flow.

3. CIBSE Guide C refers to velocity as ‘c’; when reading documents
check the symbol definitions and suffixes as they may differ.
These sheets use ‘v’ for velocity.
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The index run within a system is the run that has the highest
resistance to the flow of air and supplies the index terminal. In
other words, the worst case possible when considering pressure
losses within a system. It is usually, (but not always), the longest
run in the system. Sometimes a shorter run with a greater
number of fitting or items of equipment can be the index run.

The index pd (pressure drop) is required in order to successfully
size the fan for the system. If the fan can work to the pressure
demands of the index run, then all other runs will work.

To identify the index run the pressure drop for several runs may
need to be found. The pressure drop across each length of
duct, fittings and grille/diffuser within these runs will need to
be calculated to determine the total pressure drop for each run.
The one with the largest pressure drop will be the index run.
(See Design Watchpoint 1.)

If the system only consists of one run then the pressure loss
through that run is used to size the fan.

(See also sheet A1 — duct sizing — general)

Number of runs

Each run within a multi-run system needs to be clearly
identified.

Section details

Each section of the system needs to be clearly identified with
details of all the components in that section. The sections make
up the runs, so care is required when deciding which
component should be in which section.

Duct sizing details
All ductwork and fittings should have been sized with pascals

per metre run and § values for all fittings and components. Data
is available from tables such as those found in CIBSE Guide C.

Air handling unit and equipment details

If a packaged air handling unit is to be used the pressure drop
through it may not be known at this time but a reasonable
allowance must be made (and checked later) for this and any
other equipment for which details are not available such as
heating/cooling batteries, filters, humidifiers, and specific fan
power in watts per litre per second (W/Is™).

Length of each section (m)
Pressure drop per unit length for each section (Pa/m)
Velocities through all branches and tees (m/s)

Water flow

Acoustics

Identify and assign a reference to each section. For
example number each
length of duct, identify
each fitting, where
branches are used
identify each path of the
branch by different

2 references or by using
the corresponding duct
length identities. For
example, as shown above, the ductwork leading to the branch
section 1, the ductwork that branches off (branch) section 2
and, the ductwork after the branch but still in line with the
combined flow (straight) section 3.

| ————» 3

.

Once the ductwork has been labelled for each section the
branch needs to be referenced. The branch fitting consists of
two parts, the straight and the branched. The pressure loss for
each part will need to be calculated separately as the pressure
loss factor (C) for the straight length and the branch is often
different.

The parts of the branch fitting can be identified as:
Branch ref: 1-3, for the straight part and,
Branch ref: 1-2, for the branched part.

When calculating the total pressure drop in a section,
identifying the fittings such as branches or similar fittings needs
to be done correctly. In the example above the pressure loss
across branch reference: 1-3 should be included in the total
pressure loss for section 3. Section 3 starts from this part of the
branch. The airflow that is diverted to section 2 includes the
pressure loss for branch reference: 1-2 as the air has to pass this
point to get to section 2. It is important to identify each fitting
and total straight lengths within a section as this makes it easier
to identify each run.

Identify each run by the sections it consists of, for
example run A equals 1,3, run B equals 1,2. These sections
should already include the fittings that apply to individual runs
such as elbows and enlargements, but also the part of any branch
that applies to the run.

Calculate all direct pressure losses across fittings and
ductwork in each section, for fittings AP = § x 05 x p x v°, for

straight duct lengths use pascals per metre times length in
metres. (See sheets A2, A3 and A4)

Add up the total pressure losses from each section
within a run to give a run pressure drop.

Identify the index run from analysis of the various
pressure drops of each run, in other words the highest pressure
drop. (See Design Watchpoint 3.)
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A5 DUCT SYSTEM - INDEX RUN

Calculate the index run for system 1 using the sizes shown
below. (Figures for duct dimensions are from sheet A3 Duct
Sizing - Circular to rectangular ducts, Table 3.) In order to keep the
worked example simplified, this example does not contain all
the fittings such as dampers that would normally be required in
a ducting system. CIBSE Guide B3, Appendix A6/ Guide B,
Appendix 3.A6 contains a more detailed worked example of
ductwork sizing and pressure drop calculations.

Identify the different sections and their design details.

System |

Water flow

—

§

0-15 m3¥/s 0-

m3/s

AHU pressure drop = 150 pa
Section details

Dimensions: w = 200 mm x h = 200 mm

Straight Ductwork, 6 m + 8 m equals 14 m length,
1 x elbow, mitre, rectangular (angle 90°)

Branch ref: 3-1,

Discharge to space,

1 velocity head at discharge.

AP/1 = 055 Pa/m

Dimensions: w = 200 mm x h = 200 mm
Straight Ductwork, 6 m

Branch ref: 3-2,

Discharge to space (plain extract),

1 velocity head at discharge.

AP/1 =09 Pa/m

Dimensions: w = 300 mm X h = 200 mm
Straight ductwork, 5 m

Branch ref: 5-3,

AP/1=1Pa/m

Dimensions: w = 200 mm x h = 200 mm
Straight ductwork, 6 m

Branch ref: 5-4,

Discharge to space (plain extract),

1 velocity head at discharge.

AP/1= 075 Pa/m
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Acoustics

Dimensions: w = 400 mm x h = 200 mm
Straight ductwork, 5 m

Branch ref: 7-5

AP/1 =1 Pa/m

Dimensions: w = 225 mm x h = 225 mm
Straight ductwork, 6 m

Branch ref: 7-6,

Discharge to space (plain extract),

Velocity = 42 m/s

AP/1=1-0 Pa/m

Dimensions: w = 400 mm x h = 300 mm
Straight ductwork, 5 m

AP/1 =065 Pa/m

Don’t forget the ductwork leading to the AHU, such as, the outdoor air
intake, which may include louvers or other restrictions to the airflow.

Section 7

Supply air |

Section 8

| Outdoor air AHU

Dimensions: w = 400 mm x h = 300 mm
Straight ductwork, 5 m,

Air entry at outdoor air intake (plain duct entry),
AP/l =10 Pa/m

Note that for plain extract and duct entries engineers should assume a mesh
with 50% free area (CIBSE Guide C table 4.103)

Identify each run by the sections:

Circuit A: 8,7,6
Circuit B: 8,7,5,4
Circuit C: 8,7,5,3,2
Circuit D: 8,7,5,3,1

Calculate pressure loss through each section. See Index
run tables sections 1-8 below and opposite page.

Total pressure loss in each run:

Circuit A: 30-56 + 3-25 +48-58= Pa

Circuit B: 30-56 + 3-25 +4-54 + 33-01= Pa

Circuit C: 30:56 + 3:25 + 4:54 + 4:46 + 40:72 = Pa
Circuit D: 30-56+3:25+4-54+4:46+30:94 = Pa

Circuit C is the index run with a pressure loss of 835
Pa. Adding the resistance of the AHU of 150 Pa gives a total
system pressure drop of 233-5 Pa.
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A5 DUCT SYSTEM - INDEX RUN

Where:
q = Volume flow rate (m’/s)
w x h= rectangular dimensions, sides w and h (mm)
d, = equivalent diameter (mm), from CIBSE Guide C, table
4.16, or CIBSE Guide C duct sizing spreadsheet
A =area (m2>
AP/1 =pressure loss drop per unit length (Pa/m), from
CIBSE Guide C, figure 4.2, or CIBSE Guide C duct sizing
spreadsheet
1 =Length of straight duct (m)
€ = pressure loss factor
v = velocity (m/s)
P, = velocity pressure (Pa), (0-5 xp x v, always use for
combined flow where branches/tees are used)
AP =pressure loss in duct or fitting

Fitting q (m’s) wxh(mm) d,(mm)

200x200 220 0-04

A (m?)
Straight 01
length

Elbow @
90°

Branch
Ref:3-1

Discharge
to space

| Velocity
head

Total AP

Fitting

Straight 0-15
length

q(m’s) wxh(mm) d,(mm) A (m?)

200x200 220 0-04

Branch
Ref:3-2

Discharge
to space

| Velocity
head

Total AP

Water flow

Acoustics

CIBSE Guide B3, Ductwork, Appendix 6, 2002, ISBN 1 903287
20 0/Guide B, Appendix 3.A6, 2005, ISBN 1 903287 58 8
CIBSE Guide C, Reference Data, Section 1, 2007,

ISBN 978 1903287 80 4

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheets
29 and 47, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet C4 Ventilation — Outdoor air requirements
Sheet A1 Duct sizing — General

Sheet A2 Duct sizing — Selecting a circular duct size
Sheet A3 Duct sizing — Circular to rectangular ducts
Sheet A4 Duct system — Pressure loss through fittings
Sheet A6 Fan sizing

DESIGN WATCHPOINTS

I. Engineers should not forget that the run will need to include any
heating/cooling batteries, fan connections and any other related
fittings and equipment.

2. Often the longest run is the index run, but there is always the
possibility of a shorter run with many fittings being the index run.

3. Engineers should include ductwork prior to the fan, the air
discharge and air intake and any grilles, diffusers or meshes.

4. Remember to add the resistance of the AHU, or separate plant
items if a non-packaged unit is used, to obtain the overall system
pressure drop to use in fan sizing.

1 (m) ¢ v (m/s) P, (Pa) AP (Pa)
14 2-8 77
I-19 2-8 470 5-59
0-04 45 12:15 0-49
2-65 2-8 470 12-46
2-8 470 470
30-94
1 (m) ¢ v (mls) P, (Pa) AP (Pa)
6 3-8 5-40
0-305 45 12:15 371
2:65 3-8 8-66 2295
3-8 8-66 866
4072
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A5 DUCT SYSTEM - INDEX RUN

Fitting q(m’s) wxh(mm) d,(mm) A (m?) AP/

Straight 0-25 300x200 269 0-06 |

length
Branch
Ref:5-3
Total AP

Fitting q(m’s) wxh(mm) d,(mm) A (m?) AP/l

Straight 013 200x200 220 0-04 0-75

length
Branch
Ref:5-4
Discharge
to space
| Velocity
head

Total AP

Fitting q(m¥s) wxh(mm) d,(mm) A (m?) AP/

Straight 0-38
length

40x200 308 0-08 |

Branch
Ref:7-5

Total AP

Fitting q(m’s) wxh(mm) d,(mm) A (m?) AP/

Straight 02
length

225x225 248 0-0625 -0

Branch
Ref:7-6
Discharge
to space

| Velocity
head

Total AP

Fitting q(m’s) wxh(mm) d,(mm) A (m?) AP/l

Straight 0-58 400x300 38l 0-12 0-65

length
Total AP

Fitting q(m¥s) wxh(mm) d,(mm) A (m?) AP/

Straight 0-58
length

400x300 38l 0-12 0-65

Outdoor
air intake

Total AP
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I(m) g
5
-0:036
I(m) g
6
0312
2:65
I(m) g
5
-0:036
I(m) g
6
0312
2:65
I(m) g
5
I(m) g
5
215

v (mls)

45

50

v (mls)

33

50

33

33

v (mls)

50

46

v (mls)

42

46

42

42

v (mls)

46

v (mls)

46

46

Acoustics

P, (Pa)

P, (Pa)

6-53

6-53

P, (Pa)

12:70

P, (Pa)

12:70
10-58

10-58

P, (Pa)

P, (Pa)

12:70

AP (Pa)
5

-0-54

446

AP (Pa)
45

468
17-30
653

33-01

AP (Pa)

-0-46

454

AP (Pa)
60

3-96
28:04
10-58

48-58

AP (Pa)
3-25

325

AP (Pa)
325

27-31

30-56
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There are two main categories of fan: axial and centrifugal. The
difference between the two is the way in which the air passes
through the fan.

Axial fans are in line with the airflow. They are mainly used in
low pressure, high volume applications with efficiencies in the
60 to 75% range. Noise can be a problem.

Centrifugal fans resemble a construction similar to a water
wheel. The air enters in line with the drive shaft and exits at
90° to the entering air.

Centrifugal fans are the most commonly used in air
conditioning systems for medium to high pressure applications,
with efficiencies in the 50 to 85% range.

There are different types of centrifugal fans determined by the
type of blade and configuration. The following describes the
two most common types.

Forward curved fan (multivane)

Many small blades mounted with the tips, inclined to the
direction of rotation. Commonly used as they can move the
largest volume of air for the fan and are quiet. They do have a
severely rising power characteristic.

Backward curved fans

Tips of blades mounted at an incline away from the direction of
rotation. Normally the impeller is fitted with 10 or 16 blades.
These fans are not as compact as forward-curved fans but are
more efficient and have a non-overloading characteristic. They
are used in systems where a high or varying pressure is needed.

Further information is available in CIBSE Guide B2, section
5.11, table 5.17/ Guide B, section 2.5.11, table 2.5.3 gives a
summary of nine fan types with typical efficiencies and
applications.

Fan laws
For a given system;
QN
P N
W e N’
P o«p
Woep
Q o< D’
P oD’
W oc D

Where:
Q = volume flow rate
N = speed
P = pressure developed
W = power
D = diameter of the impeller

p = density

Water flow

Acoustics

The fundamental fluid flow laws can be found in various
sources ranging from guides such as CIBSE Guide B2, section
5.11/ Guide B, section 2.5.11 to text books such as Woods
Practical Guide to Fan Engineering.

Fan Characteristic
Fan sizing follows the same rules as pump sizing (see W5).

The fan supplies energy to the air stream which replaces the
energy lost due to friction. The energy supplied by the fan is
measured in terms of pressure (energy per unit volume) just as
the energy lost due to friction is measured in terms of pressure
loss. Fan sizing involves selecting a fan which will provide just
enough pressure energy to produce the design air flow rate.
Over-sizing the fan will inject more energy than necessary into
the air stream resulting in excessive flow rate or the need to add
additional resistance during balancing to absorb this energy.
Energy is also wasted.

The pressure produced by a fan depends upon the volume flow
rate of air which in turn depends upon the resistance of the
ductwork. So, in order to select a fan, the pressure/volume
characteristic of both fan and ductwork needs to be known.

Fan characteristics vary depending upon fan design, (centrifugal,
axial etc); fan size and fan speed. This information is usually

given in the form of data in graphs from the manufacturer.

The ductwork system characteristic follows a quadratic law:

AP =RQ?
Where:
AP = pressure loss
Q = volume flow rate
R = constant of proportionality

R 1s found from the calculated pressure loss at design flow rate
(duct sizing).

As the pressure (energy per unit volume) developed by the fan
will be completely absorbed by the air stream and consumed by
friction, the only possible operating point is when P=AP. This
can be seen on graph 1:
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A6 FAN SIZING

Graph | Graph 2
Fan and system curve Single and series fan curves
System | Series fan
g L o [
3 [T TT T L
2 : 2
g L i Fan L;_g
| —
i L Single fan
| L
(A T Y I Y I I O N Y Y B | I S I [ A Sy I B |
Volume flow rate Volume flow rate
Total, static and velocity pressure When the system curve is plotted on the same graph the
Fan total pressure equals fan static pressure plus fan velocity new operating point can be determined and compared with
pressure that of a single fan.
In theory, the fan total pressure is available but much of this can Graph 3
be lost at the fan exit (and entry) which will not have been
allowed for in the duct sizing calculations. It is usual therefore System curve with single and series fans
to select the fan on fan static pressure rather than fan total
pressure.
Series fan

= System
Fan static pressure is the measured pressure difference between
the fan inlet and the fan outlet.

Pressure

Fan static pressure = P, —P, | Single fan
Where: B
P, =fantotal pressure (Pa)

P, =fanvelocity pressureat outlet
Volume flow rate

Fan speed

Reducing fan speed dramatically reduces power consumption,
(see fan laws), and so is an excellent way of both regulating and
controlling volume flow rate. (see - Variable Flow Control,
General Information Report 41, BRECSU, 1996). The fan
characteristic at any speed can be determined from its

The same applies with parallel fans where the volume flow
rate is doubled for a given pressure.

Graph 4

characteristic equation at full speed. L
System curve with single and parallel fans

Dual fans
Sometimes dual fans are used either in series or parallel. System

‘When comparing the fan characteristics of a single fan and dual
fans in series (all identical) the pressure is doubled for a given
volume flow rate.

Parallel fans

Pressure

Single fan

Volume flow rate

N I3 GUIDE TO HVAC BUILDING SERVICES CALCULATIONS

© BSRIA BG 30/2007



Heating loads Cooling loads

A6 FAN SIZING

If not already available, calculate the ductwork index
run pressure-drop and total system flow rate.

Determine system equations for constant R. This can
be done by substituting the required AP and Q into the
equation AP = RQ” and then solving for R.

Select a fan that appears to operate within the required
parameters and plot the system and fan characteristics on the
same graph.

Determine the operating point. Identify the operating
pressure and flow rate.

If there is a mismatch (for example the flow rate is too
high), then either select another fan or change the fan output by
either varying the speed (if necessary obtain new fan data and
re-draw the graph) or restrict the flow by means of a damper.

If a damper is required, calculate the pressure drop
needed to achieve the system requirements.

A system has a volume flow rate requirement of 2 m’/s
with an index run AP of 100 Pa. Find an appropriate fan.

Pressure drop and volume flow rate are available in the units
required.

The constant R in the system characteristic curve
equation can be calculated as show below:

AP = RQ’

Index run pd = 100Pa
Volume flow rate = 2 1/s

100 =R x 2°

er=10_5s
4

AP = 25Q°

A fan needs to be selected that will work within the
parameters of pressure and volume flow rate already stated.
Selection will also depend on the type of system and design
features of the fan. (See Design Watchpoint 1.)

Once a fan has been selected that can work in the range
required, the fan and system curve should be plotted on a single
graph. Some manufacturers will provide a range of fan curves
already on a graph with efficiency and power curves
underneath. If this is the case then the system curve can be
drawn directly onto the graph and the operating points
identified quickly. For this example it is assumed that the fan
data is given in table form:

For a centrifugal fan operating at 15 rev/s:

FTP = fan total pressure (Pa)
Q = volume flow (I/s)

ftp 1975 190 177-5 160 1375 110 77°5
Q 0-5 | I-5 2 2-5 3 35

Water flow

Acoustics

This can be plotted in a graph of pressure against volume flow
rate.

With the system curve also plotted the intersection point can
also be found.

Graph 5
Fan and system curve
250
200 System
[}
£ 150 b 143Pa TS .
1% |
[
£ ook i Fan
|
1
|
0 12:39 m3/s
0 | | : | |
0 | 2 3 4
Volume flow rate

The operating point occurs when the two curves
intersect, 239 m’/s at 143 Pa.

As 2:39 m’/s is too high, the fan will need to be either
slowed down or restricted in order to achieve the required flow
rate. Alternatively, a different fan may give a closer value; this is
worth considering when comparing the efficiency of different
fans at different speeds and pressures.

If a damper were to be installed, what would the
pressure drop be in order to achieve the requirements of the
system?

Using 20 m’/s determine the AP of the fan from the graph:
AP = 160 Pa

The fan is therefore developing more pressure than is required
by the system. In order to match the fan to the system either the
system characteristics must change (for example by adding a
damper) or the fan characteristics must change (for example by
changing the fan speed).

The pressure drop required in the ducting is 100 Pa. Here a
damper has been added therefore the pressure drop across the
damper would need to be:

160 Pa — 100 Pa = 60 Pa

The pressure drop required over the damper adds 60% to the
system resistance that is effectively wasted energy ie the fan
develops 160 Pa, 60 Pa of which are absorbed by the damper.
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A6 FAN SIZING

Alternatively the speed of the fan can be reduced to match the
required volume flow rate.

By using the fan law Q oc N:

Q N
—— des = des
Where:
Q.. = desired volume flow rate
N, = desired fan rotational speed

The required speed can be determined that is needed to provide
2 m’/s.

Therefore:

2
o = x15=12-5rev/s
39

This can also be achieved by using the fan law:
PaN*:

N 2

des

P

des __

P N

Therefore:

2 :@x152=157-3
143

des

N,. =+157-3=12-5rev/s
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Water flow

Acoustics

CIBSE Guide B2, Ventilation and Air Conditioning, Section 5.11,
2001, ISBN 1 903287 16 2/Guide B, Section 2.5.11, 2005,
ISBN 1 903287 58 8

CIBSE TM30, Improved Life Cycle Performance of Mechanical
Ventilation Systems, 2003, ISBN 1 903287 36 7

Daley, BB, Woods Practical Guide to Fan Engineering

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheet
50, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
ODPM, Non-Domestic Heating, Cooling and Ventilation
Compliance Guide, 2006, ISBN 10 1 85946 22 6 X

Sheet A1 Duct sizing — General

Sheet A2 Duct sizing — Selecting a circular duct size
Sheet A3 Duct sizing — Circular to rectangular ducts
Sheet A4 Duct Sizing — Pressure loss through fittings
Sheet A5 Duct System — Index run

DESIGN WATCHPOINTS

. When selecting the fan from fan curve charts, it is important to
consider the efficiency of the fan. The fan efficiency curve is often
on the same chart or sheet. If the fan selected satisfies the duty
and pressure requirements but the efficiency is very low, a better
choice would be to select a different fan with better efficiency
but still meeting the requirements for the system.

2. ltis worthwhile reading though all the manufacturer’s data before
starting. Correction factors provided by manufacturer’s may be
appropriate to specific ranges of products.

3. Don'’t forget the fan power output will be different from the
power input (motor power). The overall efficiency of the motor
and drive losses will be required to calculate this.

4. Consideration of system energy efficiency is required under

Building Regulations Approved Documents L2A and L2B. Specific fan
power is an overall measure of the energy efficiency of the
ventilation system — for a discussion of this see Section 2.| of
CIBSE TM 30 - Improved life cycle performance of mechanical
ventilation systems.

5. Check that the specific fan power does not exceed that stipulated
in Section 10.3 of the Non-Domestic Heating, Cooling and Ventilation
Compliance Guide.
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In air conditioning and ventilation systems, the supply air needs
to be introduced into the space eftectively to enable the air to
achieve the required cooling or heating.

Air terminal devices

All devices used to introduce air into the space are called air
terminal devices, of which grilles and diffusers are the most
common examples.

Although the terms grilles and diffusers are often used
generically, the two types of air terminal devices are designed to
introduce air in subtly difterent ways.

These devices come in many forms.

Grilles

This type of air terminal device discharges the air in a three-
dimensional stream, normally perpendicular or nearly
perpendicular to its face. Examples are:

Single and double deflection

e Fixed bar

e FEgg crate

e Non-vision

e Perforated stamped or mesh
Diffusers

Diffusers generally discharge air to make use of the coanda or
ceiling eftect, where the air stream sticks to the ceiling on
leaving the device. An exception to this is the swirl diffuser,
which generates a highly turbulent swirl effect on discharge,
which enables very high air volumes to be supplied. Diffuser
options include:

e  Multi-cone
Louvred face
Perforated plate
Slot
Multi-blade

Swirl

Other more specialist devices include:

Nozzles/drums

Disc valves

Supply luminaires
Ventilated ceilings
Laminar flow panels

Displacement ventilation diffusers

Water flow

Acoustics

Volume flow rate
The required volume flow rate for each space - the amount of
air the grille or diffuser needs to handle will determine the size
of diffuser or grille.

Internal design conditions
The required design condition in the space.

Supply air condition

The required supply air temperature and humidity to meet the
heating and cooling requirement. Together with the other
design information this will allow prediction of air diftusion
patterns from the selected output.

Noise levels

The acceptable noise level for the space has a great effect on
grille and diftuser sizing. Generally the more air that passes
through a device, the higher the noise level.

Throw

The throw is the distance that the device pushes or throws the
air. If the throw is too great, then excess velocities will create
draughts. Conversely, too short a throw will result in poor air
distribution.

Use of space
To determine limiting acceptable velocities in occupied zone
etc.

Room characteristics

The room characteristics need to be evaluated so that issues
such as available throw, possible device locations, occupancy
patterns and locations can all be determined, and the equipment
selected accordingly.

Sizing nomogram
The manufacturer will produce a nomogram for each grille or
diffuser model to enable accurate sizing.

1. System design drawings showing diffuser positions,
required supply air flow rates, throws and throw directions

2. Diftuser schedule including pressure drop, air volume flow
rates, NR rating, details of plenum box, neck size/nominal
face size. Method of support and finish
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A7 GRILLE AND DIFFUSER SIZING

Most air terminal devices are sized using charts or data provided
by the various equipment manufacturers, produced to accurately
reflect the performance of their particular products.

The approach varies slightly depending on the type of air
terminal device being considered, but a general method is
described below.

Note: This procedure has been based on a nomogram
produced by a particular manufacturer, and may differ from
those produced by other companies. However, the same
general principles will apply. Simplified drawings of the charts
used are also shown.

First, determine the volume flow rate to be handled by
each outlet/device. The number of outlets will be chosen by a
combination of total flow rate, size of room, coverage, available
space, and the capacity of the device. This will be very specific
to each case.

Select the type of device necessary to give the required
air flow pattern. This can be done from manufacturer’s data. If
there are a number of suitable options, other considerations
such as aesthetics or device capacity may determine which type
to use.

Calculate the available throw for the device. To
prevent excess velocity or over-blow, a rule of thumb is that
this should be 75% of the distance from the device outlet to the
opposite wall or, if there is another device in the facing wall,
this should be 33% of the distance between them.

Establish the maximum acceptable noise level.

From the manufacturer’s data, select the appropriate
sizing nomogram for the device type being considered.

Plot the required volume flow rate on the vertical scale
on the left of the nomogram.

Draw a line from the selected volume flow rate
through the throw point on the next vertical line to the right
hand side of the nomogram. This will now also indicate:

e asound level

e jet velocity

e device pressure drop

e a point on the pivot line.

Assuming that the sound level, jet velocity and
pressure drop are acceptable, the device width and length can
be found by striking a line through these two vertical lines,
pivoting about the pivot point, until a suitable arrangement is
found.

For adjustable deflection grilles, a second chart must be
referred to, in order to make sure that the air stream is at an
acceptably low velocity by the time it enters the occupied zone.
Referring to the drop chart, plot a line between the velocity
value on the jet velocity vertical line and the throw distance on
the throw vertical line. The jet velocity is read from the
nomogram.
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From the other scale on this line read oft the drop due
to spread distance.

Plot a line from the appropriate temperature
differential value through the pivot point found from step 9 to
the drop due to temperature differential line.

Add together the two distances found in steps 10 and
11, and then subtract this value from the grille mounting height
to find the height at which the acceptable air stream velocity
occurs.

Should this be greater than the distance between the
top of the occupied zone and the grille, the blades will have to
be adjusted accordingly.

By reference to the manufacturer’s spread nomogram,
determine the amount or angle of deflection required. Reading
the 0° deflection curve where it crosses the throw point value
on the horizontal scale gives a spread drop distance. Adding this
to the total drop found in step 12 above, gives the overall
distance that the deflection must overcome.

The maximum deflection permissible to achieve a
comfortable air velocity in the occupied zone. Therefore, the
blades must be deflected to achieve the following degree of
deflection.

The level of deflection indicated by the spread
nomogram is found by interpolation between the distances
plotted at 22-5° and 45°.

Size a suitable grille for the following office:

Design data

Room dimensions: length 6m
width 3m
height 3m

Air volume flow rate: 0-07 m’/s

Cooling temperature differential: 6°C

Acceptable noise level: 30 dbA

Grille mounting height: 2:75m

Grille location: centred in the 3 m wall

Volume flow rate is given in the design
criteria. For the application above, a single adjustable deflection
grille has been selected.

The throw will be equal to:

75% x distance from outlet to opposite wall
075x 6
45 m

The maximum acceptable sound pressure level as
stated in the design criteria is 30 dbA.
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A7 GRILLE AND DIFFUSER SIZING

A diagram of a sizing nomogram is shown below. The scales
have not been included as this will depend on the nomogram
used. References of A to I have been shown on the diagram to
indicate the technical data with a legend below.

Water flow

Sizing nomogram |

E G H
L L L Where:
A = Air flow rate m%/s

B = Throw in metres
C = Terminal velocity m/s
D =Sound level dBA

E = Jet velocity m/s

pressure Pa

G = Grille width mm

H = Pivot line

D
4,‘ F = Grille total
C

F I = Grille height mm

Plot the required volume flow rate on
the appropriate scale on the nomogram (diagram 2).

Sizing nomogram 2

4_
B
4-5m
A
0-07 mi/s

Draw a line from the selected volume flow rate
through the throw point on the appropriate line, (diagram 2),
and across to the right hand side of the nomogram. This
indicates the following data (diagram 3):

e sound level is below 20 dbA
e jet velocity is 1'9 m/s
e pressure drop is 2 Pa

These all meet the design criteria.

Acoustics

Sizing nomogram 3
E
1-9 m/s
A
D
Drawn line is
below the limit F
20 dbA 2 Pa

By rotating about the pivot point, a grille size of 300
mm by 150 mm has been selected.

Sizing nomogram 4

N

150 mm

300 mm

h— 1

Pivot line

Referring to the drop chart, plot a line
between the velocity value on the jet velocity vertical line and
the throw distance on the throw vertical line. The jet velocity
is read from the nomogram as detailed in Step 7 above. The
drop due to spread value is read off the scale as 0-54 m.

Taking a point from the 6°C value on the
temperature differential scale, and crossing through the pivot
line at the point crossed in Step 9 and 10 above, and on to the
drop due to temperature difference line. The value read here is
1:02 m.
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A7 GRILLE AND DIFFUSER SIZING

This gives a combined drop distance of
1-56 m, ( 1:02 m + 0-54 m). This means that the air stream
drops to: 275 m — 1-56 m = 119 m before an acceptable air
stream velocity is achieved. As this is within the occupied zone,
(2 m above floor level) this is not acceptable and therefore the
spread chart will need to be used. If it were acceptable then the
deflection would not be required.

A D F
19 m/s 1:02 m 0-54 m

Drop chart

Where:
A = Jet velocity m/s

C = Pivot line

‘ B = Temperature difference

D = Drop in metres due
to difference

A

E = Throw in metres

F = Drop in metres due

to spread
B
6C
C E
Pivot 4-5 m/s
line

From the manufacturer’s spread chart, reading the 0°
deflection curve where it crosses the throw point read from the
horizontal scale gives a deflection of 1:6 m. Added to the total
drop found in Steps 12 and 13 above results in a total drop of 3:16
m. Therefore, the blades must be adjusted to overcome this drop.

Spread chart
5%-deflect
39m-p=-4=-1-1-F-
,// 22t5% deflectian
a | t—t—"1
23 m-F--A-1-L 4
/A ]
~ —
ﬁ__ T | %4 deflection
H"“‘---..____
16 m- N —]
™ M T
\\ e
9 T
N
o
Throw in metres

The maximum deflection permissible to achieve a
comfortable air velocity in the occupied zone is

275m—-20m =075m

Therefore, the blades must be deflected to achieve the following
degree of deflection:

316 m—075m=241m
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The level of deflection indicated by the spread
nomogram, for this example is 23-9°, found by interpolation
between the distances plotted at 22-5° and 45° as follows:

Spread at 4-5 m throw for: 22:5° = 2-3 m
Spread at 4-5 m throw for: 45° =39 m

The difference between the two angles being 22-5°, and
represents a difference in spread of 1-6 m.

The additional spread required is 0-1 m, so the calculation
becomes:

1-6
20m g6
0-1m
22-5
220 g
16

Therefore, deflection required to provide satisfactory air
velocity in the occupied zone is:

22:5° + 1-4° = 23-9°, say 24°

BSRIA, Rules of Thumb, BG 14/2003, BSRIA 2003,

ISBN 0 86022 626 3

Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheet
48, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

Sheet C1 Internal heat gains

Sheet C3 Cooling plant loads

Sheet C4 Ventilation — Outdoor air requirements
Sheet C5 Supply air quantity and condition
Sheet A5 Duct system — Index Run

DESIGN WATCHPOINTS

I. Make sure that the grille meets all the criteria required, including
throw, velocity, noise level and pressure drop.

2. Where applicable, check grille/diffuser performance is satisfactory
under both heating and cooling modes. The performance may
vary as the air volume and/or temperature changes.

3. Check that the air velocity in the occupied zone is acceptable.

4. Check that the grille/diffuser is compatible with the ceiling system
if applicable.

5. Check that the grille selected can fit in the space available,
including the addition of any plenums or grille boxes that may be
required.

6. Size grilles and diffusers to ensure adequate spread and air
movement throughout the whole of the area being served.

7. When considering a grille or diffuser type for sizing, consider the
air pattern required. Fixed blade devices will not always be
suitable for use in areas with low ceiling heights.

8. Check manufacturers recommendations for the maximum duct
velocities into plenum boxes.

9. When using long contoured ducting and flexible ducting and
connections, the pressure drop can be increased significantly.
Ideally keep to a minimum but be aware of the pressure drop it
incurs.

10. Size devices to deal with local loads where possible. Often,
dealing with a heat gain at source will improve air patterns
throughout the space generally whereas a high local gain could
disrupt airflow.
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Density is defined as mass per unit volume; it varies with
- . . 3
altitude and temperature. The units of density are kg/m” .

(The standard value normally used for density is 1-2 kg/m’ at
20°C dry bulb, 1013-25 mbar)

Note that 1 bar = 1000 mbar = 10° Pa (100,000 Pa) = 100kPa.
Standard atmospheric pressure: 1 atm = 1-01325 bar.

Barometric pressure changes with altitude. At altitudes above
sea level it reduces from the standard value of 101325 mbar.
For example Nairobi, which is at a height of 1820 m above sea
level, has a standard atmospheric pressure of 776 mbar.

From the general gas law, density changes with pressure.
Therefore the higher the altitude the lower the density of air.
This affects the volume flow rate of air conditioning systems.
Mass flow rate remains unchanged, so as the density decreases
the volume flow rate increases.

In practice, even at standard operating conditions, systems will
operate at continually changing atmospheric pressure of
between approximately 980-1020 mbar due to normal
atmospheric pressure variations. Density will therefore vary
slightly anyway. (See Design Watchpoint 1.)

As altitude increases the mass of O, in the air decreases (think of
mountaineers). Air conditioning and ventilation systems will
require more air to meet a certain performance at a high altitude
than they would at sea level.

From the psychrometric tables in CIBSE Guide C, at 20°C dry
bulb, 101-325 kPa the following densities have been determined
fromv =1/ p

n% @ relative v specific p density
saturation humidity  volume m‘kg kg/m®
50 50-59 0-8399 1-1906
43 43-58 0-8386 1-1924
100 100 0-8497 1-1769
0 0 0-8301 1-2046

Density at a particular altitude can be found in two ways:

1. Knowing the atmospheric pressure at the new latitude,
density can be found using the general gas law.

2. Using the density value at sea level as a reference value, a
correction factor is applied to obtain the condition of the
air at the altitude of the particular case being considered.
Such factors are published in a variety of sources such as
Thermodynamic and Transport Properties of Fluids, Fifth Edition,
by G F C Rogers and Y R Mayhew.

Once the corrected density has been found, the corrected value
can then be used for all calculations where density is an integral
factor. (See Design Watchpoint 2.)

Water flow

Acoustics

The altitude of the site in metres

The air density will vary with the altitude, and so knowledge of
the altitude of the site under consideration is essential,
particularly in more extreme or higher locations. Variation in a
single building may also be relevant if the building is particularly
tall.

The appropriate correction factor (for method 2)

The exact correction factor needs to be determined to suit the
particular location in order to ensure that plant and systems are
not undersized.

Establish the altitude and atmospheric pressure of the
site under consideration. This can be found from
meteorological data, or from the site itself.

Use the general gas law equation to calculate the
revised density.

PV = mRT
m_P
v RT
Where:

P = pressure

V = volume

m = mass

R = particular gas constant

T = absolute temperature (273 + t,, t, = air dry bulb
temperature in °C)

P (273+20)
2x——"

p:l .
1013(273+¢,)
P
p:O . 347 X—a
(273+t,)
Where:

t, = air dry bulb temperature in °C

a

P, = atmospheric pressure

Calculate the corrected density value for air which has
a temperature of 27°C and an atmospheric pressure of 885
mbar.

Using,

P
p=0-347x—*—
(273+t,)

885

p=0-347 x———=
(273+27)

885
347 x——=1-024 kg/m’
300
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A8 AIR DENSITY CORRECTION

Establish the altitude of the site under consideration.
This can be found from meteorological data, or from the site
itself.

Interpolate the exact correction factor from published
data source.

Multiply the density value at sea level (1-225 kg/m”)
by the correction factor to obtain the corrected density value.

Calculate the corrected density value for the following site
(correction factors used from Thermodynamic and Transport
Properties of Fluids, Fifth Edition, by G F C Rogers and Y R
Mayhew).

Design data
Location: Mexico City, Mexico
Altitude: 2234 m

The altitude of the site is 2234 m above sea level, as
detailed in table 2.26 of CIBSE Guide A.

Interpolating between the correction factors for 2000
m and 2500 m to get the exact value for 2234 m:

Correction factor at 2000 m: 0-8217
Correction factor at 2500 m: 0-7812
0-8217—0-7812=0-0405

O~0405xﬁ:0-0190
500

0-8217—-0-0190= 0-8027
So, the corrected density becomes:

1-225x0-8027=0-9833kg/m’

Calculate the corrected density value for a site with an altitude
of 2000 m (correction factor used from Thermodynamic and
Transport Properties of Fluids, Fifth Edition, by G F C Rogers and Y
R Mayhew).

The altitude of the site is 2000 m above sea level.
The correction factor for 2000 m = 0:8217

So, the corrected density becomes;

1-225 x0-8217=1-0066kg/m’
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Calculate the corrected density value for a site with an altitude
of 2500 m (correction factor used from Thermodynamic and
Transport Properties of Fluids, Fifth Edition, by G F C Rogers and Y
R Mayhew).

The altitude of the site is 2500 m above sea level.
The correction factors for 2500 m = 0-7812

So, the corrected density becomes:

1-225 x0-7812=0-9570kg/m’

At habitable altitude, the rate of reduction can be taken as 0-1
mbar per metre of height above sea level and an increase of 0-1
mbar per metre depth below sea level.

CIBSE Guide A, Environmental design, 2006,
ISBN 1 903287 66 9

CIBSE Guide C, Reference Data, Section 4, 2007,
ISBN 978 1903287 80 4

G F C Rogers and Y R Mayhew, Thermodynamic and Transport
Properties of Fluids — fifth edition, 2001, ISBN 0 63119703 6
Roger Legg, Air Conditioning Systems; Design, Commissioning and
Maintenance, 1991, ISBN 0 7134 5644 2

Sheet H9 Boiler sizing

Sheet H10 Flue sizing

Sheet C5 Supply air quantity and condition
Sheet C6 Battery sizing

Sheet A6 Fan sizing

DESIGN WATCHPOINTS

I.  Correction of air density is important. When comparing density
at sea level (1-225 kg/m® at 1013-25 m bar, 15-15°C) and density
at 2,000 m above sea level (1:0066 kg/m® at 795-0 m bar, 2-2°C),
the density has decreased by nearly 18%. When compared to air
density at 2,500 m (0-9570 kg/m’ at 746-9 m bar, -1-1°C) the
decrease in air density is nearly 22%.

2. Using the incorrect density values for a site can have a serious
effect on the performance of the equipment.
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Consideration of pressurisation is part of ventilation system
design. Spaces or zones may require pressurisation (either
positive or negative with respect to surrounding areas), for a
variety of reasons ranging from containment of contaminants to
maintaining clean room conditions for manufacturing or in

hospitals.

An example is shown below of positive pressurisation of a
hospital operating theatre. The pressure in the operating theatre
is higher than the pressure in the connecting scrub room. That,
in turn, has a room pressure that is higher than the entrance
lobby. This will reduce the risk of airborne contaminants
entering the operating theatre.

Operating Scrubs Entrance
theatre room lobby
+20Pa +10Pa + OPa

Sources such as the NHS Estates Guides and BS EN 1210-
6:2005 give calculation procedures for achieving these types of
room pressure arrangements.

Positive pressurisation

In this case the room is kept at a positive pressure by supplying
more air to the space than is extracted, thus providing a flow of
air out from the space. This reduces the risk of airborne
contaminants entering the space. Typical applications are:

e Operating theatres, to avoid contaminating the sterile
environment

e Manufacturing processes, to prevent contamination of the
products

e  Means of escape corridors, this may be required by the local
authority to ensure a smoke free escape route.

Negative pressurisation

This is the reverse of the previous situation. Here more air is
extracted than supplied, resulting in a flow of air into the room
from surrounding spaces. This reduces the risk of airborne
contaminants entering surrounding spaces. Typical applications
are:

e Nuclear processing, to prevent leakage of contaminated air

e Toilets, to stop the vitiated air escaping into surrounding
areas, and control odours

e Catering kitchens, to prevent moist and odorous air getting
into other areas.

To maintain a space at the desired level of pressurisation
requires careful design of the ventilation systems. The
pressurisation within each space is generally referred to as a
differential pressure (Pa) between the space and surrounding
areas. For example, an operating theatre may be kept at a
positive pressure of +10 Pa compared to the scrubs/sluice room
next to it, and +15 Pa compared to the corridor.

Water flow

Acoustics

In practice, the rooms are usually arranged to provide a cascade
affect, rising 5 Pa between rooms, with the greatest overall
pressure level in the room requiring the highest level of
cleanliness.

A reverse of the above pattern will be observed in negatively
pressurised areas where the most heavily contaminated areas will
have the largest negative pressure. This is particularly applicable
to nuclear or some process applications where airflow under
negative pressure is used to protect other working areas.

Internal design criteria
Including required air quality.

The use of the space and details of any processes.
This is needed to determine the level of pressurisation required.

The building layout
Including space dimensions, relationship with surrounding areas,
details of separation and zoning.

Statutory requirements

Many industries or applications have very particular standards
for maintaining pressurisation gradients, such as the health
service, and the nuclear industry. These will generally detail the
requirements for the particular case.

Pressurisation levels

These may be determined by reference to the appropriate
statutory document, or from more general design sources in less
critical cases.

Details of other ventilation systems

That could have an impact on the area being pressurised. This
is important to avoid system interaction and achieve the
required control of air flow and hence pressure.

Air flow diagrams illustrating air flow paths and patterns
Required supply and extract rates to achieve required
degree of pressurisation

In its simplest form, pressurisation can be expressed as a
percentage difference between supply and extract air flows. For
example, in order to maintain a negative pressure in a simple
toilet area, the supply air rate may be specified as only 80% of
the amount being extracted. The remaining 20% will be drawn
from surrounding areas through transfer grilles or under doors.

GUIDE TO HVAC BUILDING SERVICES CALCULATIONS 123

© BSRIA BG 30/2007



Heating loads Cooling loads

A9 PRESSURISATION OF SPACES

Calculate the supply and extract air volumes, and the supply air
change rate for the following toilet area:

Design data

Length: 6 m
Width: 4 m
Height: 3 m.
(See Design Watchpoint 3.)

Supply: 80% of extract
Extract: 8 air changes/hour.

To calculate the extract air volume

= length x width x height
=6mx4mx3m
=72m

Room volume

Extract air volume = volume x air change rate

= 72 m’ x 8 ac/hr
= 576 m’/h
= 016 m’/s

If the supply air volume is 80% of the extract volume,
then:
Supply air volume

= extract volume x 0'8
= 016 m’/s x 0-3
= 0128 m’/s

As an air change rate, this equates to:
Supply air change rate = extract rate x 0-8
= 8ac/hx08
= 64 ac/h

2238 GUIDE TO HVAC BUILDING SERVICES CALCULATIONS

© BSRIA BG 30/2007

Water flow

Acoustics

Building Regulations

CIBSE Guide A, Environmental design, 2006, Section 1 ISBN 1
903287 69 9

CIBSE Guide B2, Ventilation and Air Conditioning, 2001,

ISBN 1 903287 16 2/Guide B, 2005, ISBN 1 903287 58 8
Lawrence Race G, Pennycook K, Design Checks for HVAC — A
Quality Control Framework for Building Services Engineers — sheet 8,
BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

BSI, BS EN 12101:2005 — Smoke and Heat Control Systems —
Specification for Pressure Differential Systems, ISBN 0580 46255 2

Sheet H5 Heat loss

Sheet H7 Plant heating load

Sheet H9 Boiler sizing

Sheet C4 Ventilation — Outdoor air requirements
Sheet C3 Cooling plant loads

DESIGN WATCHPOINTS

I. Excess negative pressure can result in increased heat losses
through introducing more infiltration than was allowed for in the
heat loss calculations.

2. Do not over-pressurise (or under-pressurise) a space, as there
may be difficulty in using the area effectively such as doors being
difficult to open or close, or keep closed once shut.

3. Use dimensions given on the drawings wherever possible rather
than scaling-off. Drawings can distort during the copying process
resulting in inaccuracies when measuring from the print.

4. In applications where air quality is important, check that the
allowance for fresh air is sufficient to maintain the required air
quality.

5. Where make-up air is required to replace air being extracted,
check that the path for the make-up air is achievable. The use of
an air flow diagram is a simple way to plot air paths and ensure
that there is an airflow balance throughout the building that
satisfies the design.

6. When designing pressurisation systems for means of escape, a
path must also be provided for the air to leave the space,
creating a flow of air at the stipulated velocity. This is a
requirement of BS EN 12101-6 and is often forgotten.

7. When providing transfer air, make sure that the fire integrity is
maintained between fire compartments.

8. Make sure that the required pressure in any particular area can
be maintained as the operating conditions of other plant vary. A
good example is where the air conditioning system is used to
over-pressurise an office. If a variable air volume system is used,
the return or extract air volume should be matched to the supply
so that as the supply volume changes with internal conditions, the
extract/return varies accordingly, thus maintaining the same
pressure differential in the space.



ACOUSTICS FOR BUILDING SERVICES

The following section contains one
building services engineering topic area
related to the design of any mechanical
plant or equipment that generates noise.

The following page contains a flow chart
which shows how acoustics relates to all
design aspects referred to in this
document.
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Acoustics must be considered in building services design as most
items of mechanical plant or equipment generate noise. This
noise can be transmitted through the building to its occupants
and outside the building to the external environment. Noise
produced by the plant can aftect the well-being of the building’s
occupants in addition to causing a potential health and safety
hazard to the plant room engineers.

CIBSE Guide B5 Noise and Vibration Control for HVAC states:

“The building services engineer must take responsibility for the control of
noise, whether it originates in the mechanical plant, or is external noise
transmitted through the system.”

In addition, the engineer has the responsibility of advising the
architect or client where noise may be a possible problem with
the design of the building. Some of the noise issues in the
building and the surrounding environment may not be within
the scope of the building services engineer’s experience and
specialist noise consultants may also be required in order to
advise on solutions.

Sound is a transverse pressure wave that is commonly measured
with a dimensionless logarithmic scale in decibels (dB).

Sound power and sound pressure

It is usual for sound sources to be quoted in sound power levels
(L,). Calculations at the sound receiver are in sound pressure
levels (L)). Although sound power and sound pressure are both
given in decibels, they are not the same.

A useful analogy to sound is the heat produced by an electric
heater. If the heater power represents the sound power level,
then the temperature at a distant point is analogous to the sound
pressure level. Like heat, the intensity of sound decreases as it
moves away from the source.

Sound in buildings interacts with obstacles through absorption
(where the sound is dissipated to heat), reflection, transmission
and refraction. In detailed calculations, the free-field sound is
corrected to allow for these effects.

Source Receiver

(Lw) m (Lp)

Structure borne noise and vibration

Structural-borne noise is generated by plant vibrations moving
through the building fabric and transmitted as airborne noise.
This type of noise can be reduced by damping the vibrations at
source.

Water flow

Air flow

The damping of structural-borne noise is not covered in this

calculation sheet. More information on this topic can be found
in the CIBSE Guide B5.

Vibration from plant is usually contained by installing anti-
vibration mountings and isolating distribution pipework and
ductwork. This will reduce energy transmission to the building
structure.

Airborne noise

Airborne noise is transmitted through the building in the
ductwork, both along the duct and as break-out from the duct.
This diagram shows the means by which airborne noise is
transmitted and generated, in this case from a plant-room fan
via ductwork and the environment into occupied rooms.

Lines represent noise propagation and travel.

Noise breakout
into the plant
room

Duct breakout
noise

A

Noise breakout

Fan FI
; ow generated
causing |<- generated Attenuator |- S ise
envnronmenm -
noise
Noise
transmitted

into room from
duct and from
plant room

/A

N
Grille * \Crosstalk

via grilles
and ducts

-

generated
noise

Room | Room 2

Noise frequencies

Noise is characterised by its sound pressure levels within a range
of frequencies. The frequency of a noise is perceived as its pitch
— high frequencies give high pitch noise. As the sound moves
from the source to the receiver along ductwork, certain
frequencies are attenuated more than others. This is one reason
why the noise is analysed using bands of frequency (spectral
distributions).

Spectral distribution of a typical low frequency noise
60

40

20

; BB

63 125 250 500 1000 2000 4000 8000
Octave band centre frequency (Hz)

Sound pressure (dB)
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Water flow

Spectral distribution of a typical high frequency noise
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0
63 125 250 500 1000 2000 4000 8000
Octave band centre frequency (Hz)

Sound pressure (dB)

(See Design Watchpoint 1.)

Noise rating (NR)

Noise rating curves were developed to give information on the
frequency content of noise. They are created by plotting the
octave band frequency spectrum on the same grid as the NR
curves. The rating of a given noise is the highest NR curve
touched by the spectrum (see chart on page 7).

Noise rating curves are usually used to provide an acoustic
specification for internal environments. For example, an office
may be specified to achieve a noise rating of NR 35.

The sound pressure level can be related to the sound power
level by the following equation.

L,=L,-20log,(r)-11+C (Equation 1)

Where r is the distance from source to receiver in metres and C
is the directivity constant. This equation is valid if the sound
source is small enough to be considered as a point source
(usually the case for building services plant).

The directivity constant is added to allow for sound being
reflected off adjacent surfaces:

Sound source in
free field: C = 0 dB

Source at intersect of
two planes: C = 6 dB

O ®

Source at intersect of
three planes: C = 9 dB

Source on a plane:
C=3dB

O

(See Design Watchpoints 2-4.)
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In noise sensitive buildings select the quietest possible plant.
Where possible, plant should be located away from sound
sensitive areas of the building.

Designers should give priority to attenuating the sources with
the highest dB rating, as every 3dB approximates to a doubling
of sound power or pressure levels.

Sound insulation between the plant room and adjacent rooms
should be considered in order to reduce the sound levels in the
adjacent rooms.

The transmission paths for the sound should be considered, for
example sound passing along ductwork from either plant or
neighbouring occupants.

e Depending on the manufacturer and the type of plant,
manufacturers will provide data in different forms.

e The duty of the plant will affect the noise level that the
plant produces.

e The noise level produced by plant can be represented by the
manufacturer’s data as a sound pressure level (L on the
dB(A) scale) at a set distance. A spectral distribution of
sound power across a band of frequencies at the source is
also sometimes stated. Other plant items (especially grilles or
diffusers), may be categorised in NR (noise rating).

e The data obtained from the manufacturer has to be used
with caution. Plant equipment data quoted by the
manufactures may represent the best performance of the
plant and may not include noise from the vibrations of the
casing or directional variations.

e Designers may wish to validate manufacturers’ data with
independent testing.

Questions to ask manufacturers about the source of sound

1. Is the information stated in Lw (power level) or Lp
(pressure level)?

2. Is the data average or maximum?

— Some sources can be directional and therefore if
average sound levels are quoted the design calculation
may not be sufficiently accurate.

3. Is the plant quoted at the correct duty?

— As the duty affects the frequency distribution as well as
the sound power, it is important to check that the
sound levels are those at the duty point at which the
plant equipment is planned to run.

4. If the data is given as a pressure level, what distance is this
at?

— Manufacturers tend to state the pressure level at either
1 or 3 metres however if a sound pressure level is given
without a distance from the source this distance will be
required to allow a calculation to be made.

5. Is there spectral information?

— Spectral information is useful in determining the pitch
of the sound and how well the sound will propagate.
This information is quite important in order for the
designer to assess the noise rating levels.



Heating loads Cooling loads

ACI

6. Measurement conditions?
— The standard followed for the measurement will affect
the reliability of the sound power level.

Examples of manufacturer’s data.

e A fan manufacturer may provide a specification sheet for its
fans. The data includes the fan sound pressure level 71
dB(A) at 3m and the spectral distribution of the sound.
These figures however, could well be extrapolations and
therefore if the noise produced from the plant is critical the
fan should be tested in its casing.

e A chiller manufacturer may produce data only in sound
pressure level in dB(A) at 1 metre. This is limited data giving
a general indication of which chillers are louder than others,
however more frequency bands from the manufacturer
would be needed for most calculations.

e A grille manufacturer may produce tables that include the
NR levels for a given volume flow rate. For this
manufacturer the grilles should be selected so that they are
not above the room’s maximum specified noise level. Other
manufacturers may provide charts enabling the engineer to
calculate the size of grille required for a given noise level. (If
the grilles are not installed correctly the noise rating could
be significantly higher.)

(See Design Watchpoint 5.)

Combining noise levels

Decibels cannot simply be added together (or subtracted) as they
are a logarithmic function. There are two methods of adding
together two sounds of known decibel.

1. Mathematically, using base 10 log and antilog functions.

Total dB = 1010gm(10<nmse1/w)+ 10(1\015&2/1('))

2. Using a line chart or graph as below to give the additional
dB to be added to the higher value.

Decibels to be added to higher level

OI'S 0'|6 | 0-4 02

O —

Difference between two levels in decibels

Subtract one noise level from the other

Find this difference on bottom half of the chart

Read the additional dB from the top half of the chart
Add the additional dB to the higher noise level to give

the combined noise level.

To combine a series of decibel readings, sort them into
ascending order. Then use the chart to add the lowest two
readings. Use this result with the next reading and so on.

Water flow

Air flow
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Add together the sound pressure levels 50 dB, 57dB and 55 dB
using the line chart method.

Sort the levels into ascending order:

50 dB, 55 dB, 57 dB.

Take the lowest two readings (50 dB and 55 dB).
Determine the difference between the two values to be added,
for example:

55 dB-50 dB = 5 dB.

For a difference of 5 dB, the number of dB to be
added to the higher figure is about 1.2 dB — remembering that

the scale is logarithmic when interpolating between points on
the scale.

This gives a combined figure of:
55dB + 1.2 dB = 56.2 dB.

Now repeat the addition process using 56.2 dB and the
next value in the list, 57 dB. The difference is 0.8 dB. From the
chart, this equates to an addition of 2.7dB.

The final figure is:
57 dB + 2.7 dB = 59.7 dB.

Using the mathematical method of logs and antilogs:

Total = 10 log (antilog (5.0)+antilog(5.5)+antilog (5.7))
Total = 10 log (100 000 + 316 228 + 501 187)
Total = 59.6 dB

There are two key points:

1. As with any process that relies on data being read off a
graph, the accuracy will depend on the user, whereas using
the mathematical method relies on the maths being carried
out correctly.

2. Sound pressure levels are usually quoted to the nearest
decibel, as the ear cannot differentiate sound pressures
more precisely than this.

From this second point the results of the above example would
be quoted as 60 dB.
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The human ear is more sensitive to higher frequencies than
lower frequencies, as higher frequencies sound louder to us. To
account for this a dB(A) scale 1s used. This incorporates a set of
correction factors based on frequency to give sound levels closer
to those heard.

This chart shows how a typical noise expressed in decibels is
corrected by using the dB(A) scale so that the heard sound levels
can be used in specifications and calculations.

Water flow

dB vs. dB(A)
70
601 / . LpdB
) N
g
£ 401
o
3 30
v
20~
10
0 1 L 1 1 L 1 1
63 125 250 500 1000 2000 4000 8000
Frequency

Any sound level given in decibels should indicate whether or
not it was weighted when measured and with which set of
corrections (in addition to A corrections there are also B and C
corrections but these are not covered here). Hence:

dB — un-weighted
dB(A)— A weighted.

The adjustments made to an unweighted frequency distribution
to produce an A weighted distribution are tabulated below.
These adjustments are illustrated in the dB vs. dB(A) chart,
above.

Frequency
63 125 250 500 Ik 2k 4k 8k
A -25 -16 -9 -3 0 [ [ -1

weighting

Example: A 125 Hz note with a decibel sound pressure level of
90 dB would read 74 dB on the dB(A) scale.

Sound pressure levels in dB can be measured using a sound level
meter, either as instantaneous or time-averaged values. A
correction to give readings in dB(A) can be applied by the
meter.

Some meters also give the spectral distribution of pressure levels,
which is usually more helpful for practical calculations of sound
pressure levels.
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Health and safety requirements to assess and control exposure to
noise is set out in the Control of Noise at Work Regulations
2005. The amount of sound exposure (L, ) for an individual
can be calculated from the machine sound levels and the
duration of exposure. There is an Excel spreadsheet on the HSE
website which will calculate daily personal exposure. Got to
www.hse.gov.uk/noise/calculator.htm.

Where the lower exposure action value of 80 dB(A) is
exceeded, it is recommended that employees are provided with
information about the risks to hearing, with hearing protection
being provided on request.

Where the upper exposure action value of 85 dB(A) is
exceeded, then specific steps need to be taken:

e Limiting the noise at source, as the first step
e Requiring hearing protection to be worn
e Limiting the time people are exposed to noise.

Even with the above measures in place, daily or weekly
exposure of 87 dB(A) or a peak sound pressure of
140 dB(A) must not be exceeded at any time.

It is advisable to put some effort into design of a plant room in
order to prevent breaching the action levels. In doing so the
plant room will not only be healthier for employees, but
beneficial for the management as exceeding the second action
level places additional legal obligations on management for
enforcement, regular checks and record keeping.

More guidance is available in the HSE leaflet INDG362 Noise at
work: guidance for employers.

Will contractors washing windows for 4 hours 4 metres away
from a point source of 88dB sound power mounted on a wall
require ear protection?

L =L, —20log,(r) — 11 + C dB (in this case C=3)
L, =88 —20log,(4) —8 dB = 68 dB

This result has first to be converted to the dB(A) scale before it
can be compared with the action levels. However, this requires
knowledge of the spectral distribution.

As dB(A) figures are generally lower than decibel figures
(because of the reduction at lower frequencies), it can safely be
assumed that the equivalent dB(A) pressure level will be less
than 85 dB(A). Also the time of exposure is less than 8 h, so the
personal exposure calculated using the HSE spreadsheet will be
less than the instantaneous pressure level of 68 dB. This means,
for example, that a cleaning contractor will not require sound
protection in order to wash the windows nearby.

(See Design Watchpoint 6.)
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Noise transmission along ductwork should be taken into
consideration as part of its design. The ductwork cross-section
and components in the ductwork such as plenums, bends and
silencers affect the noise transmitted and produced by the
ductwork, along with the airflow along the duct.

Detailed calculation and analysis can be performed in order to
calculate the effect of noise carried by the duct to the rooms. In
order to perform these calculations, the following steps need to
be taken:

e Identify the noise source

e Establish critical duct-branches

e Estimate sound pressure levels

e Establish the noise criterion

e Select suitable silencers if required.

The primary source of noise in the ducts is the sound
transmitted along the ducts from the fan or other equipment
and this noise level can be reduced by the introduction of sound
attenuators. However, the preferred method is to select
equipment with lower sound power levels. Attenuators add
resistance and create inlet turbulence, both of which require
additional fan pressure which itself produces more noise and
increases energy use.

Typical attenuation levels per metre for a square section duct are
as shown in Table 1.

Table I.
Side Octave Band Centre Frequency (Hz)
dimension
(mm) 63 125 250 500 1k 2k 4k
75-200 0-16 0-33 0-49 0-33 0-33 0-33 0-33
200-400 0-49 0-66 0-49 0-33 0-23 0-23 0-23
400-800 0-82 0-66 0-33 0-16 0-16 0-16 0-23

800-1500 0-66 0-33 0-16 0-10 0-07 0-07 0-07

This data is taken from p197 of Noise Control in Building Services.

Similar tables can be found for round sections. However, there
is a much lower level of attenuation.

Duct bends also attenuate the sound produced. The levels of
attenuation are shown in Table 2. The attenuation from end
reflection can be found on p203 of Noise Control in Building
Services.

Water flow

Air flow
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Table 2.
Duct width/ Octave Band Centre Frequency (Hz)
Diameter
(mm) 63 125 250 500 1k 2k 4k
75-250 - - = = I 2 3
250-500 - - - | 2 3 3
500-1000 - - [ 2 3 3 3
1000-2000 - | 2 3 3 3 3

Other forms of attenuation include:

Lagged duct runs (see note below)
Lined plenums
Changes in cross-sectional area

Branch losses

Installed attenuators
Duct termination attenuation due to end reflection loss

Room and atmosphere corrections

All these forms of attenuation will give rise to correction factors
to be applied to the sound level calculations. These attenuations
may be many times that due to the duct length or the duct
bends, so they must be allowed for. Details of these attenuation
effects can be found in texts such as Noise Control in Building
Services or  CIBSE Guide B5.

Components in the air stream produce noise in addition to
attenuating noise. The noise level and frequency is related to
the volume flow rate of the air in the ducts.

Determining velocity-generated noise is quite complicated.
However empirical charts are available in Noise Control in
Building Services and additional information can be found in
CIBSE Guide B5 which includes details on:

e Designing ductwork in order to reduce velocity-generated
noise

e Limiting the velocity of air in ductwork to reduce velocity-
generated noise.

However, in typical applications, the limits that are placed on
air velocity to optimise fan power and pressure losses will also
reduce noise to acceptable levels.

Cross talk

The ducts in the ventilation system can provide a channel in
which sound can pass from one room to another. This can be a
problem if sound privacy is required in either or both of the
rooms. This problem is usually solved by introducing an
attenuator in the duct between the rooms, although bends in
the connecting duct will also have an attenuating effect.

(See Design Watchpoints 8-10.)

GUIDE TO HVAC BUILDING SERVICES CALCULATIONS 131

© BSRIA BG 30/2007



Heating loads Cooling loads

ACI

Environmental noise is the noise emitted from the building to
the environment. Common sources of environmental noise
include breakout of noise from plant rooms via louvres in plant
room walls. The environmental noise in noise sensitive areas
can be reduced by:

1. Locating the plant away from noise sensitive areas.

2. Reducing the sound level of the plant (for example
reducing plant load at night)

3. Erecting screening in order to prevent sound reaching the
noise sensitive areas.

Often the location of the plant is restricted to areas such as roofs
in which case the sound levels from the plant at neighbouring
buildings also need to be calculated. This can be done by using
Equation 1 (see page 2) to calculate the attenuation of the sound
at a distance from a small source.

For an enclosed space such as a plant room, the effective sound
power level at the opening is calculated from the reverberant
pressure of the room (L) and the opening surface area (S):

L, =L + 10log,S -6 dB

This effective sound power level is then used in equation 1 to
calculate the sound pressure at a distance from the opening
(assuming the opening is small enough to be treated as a point
source).

Levels of environmental noise are typically specified by local
authorities. If the sound pressure level at the receiver is higher
than that specified and the sound source cannot be reduced or
relocated it may be necessary to create an acoustic screen.
Creating a screen can be quite complex and a number of
building service consultancies would employ an acoustics
specialist to do this. Further information on acoustic screens can
be found in textbooks such as “Noise control in building
services”.

A fan and a chiller are located on a rooftop next to a wall, as
shown in the diagram. A neighbouring window is located 13 m
from each plant item. The sound power distributions for the
items of plant have been provided by the manufacturer.
Calculate whether the noise level at the window is below NR.
40.

As the height of the window is the same as that of the items of
plant (see section) the problem can be represented in 2
dimensions as shown in the plan and section below.
Environmental effects such as wind and heat are assumed to be
negligible for this problem and the sources are considered to be
point sources.

(See Design Watchpoint 11.)
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Plan Open window —r_¥_l <
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mounting

Open window

The manufacturers’ acoustical data for the fan and the chiller are
as follows:

Octave band L, levels at source dB (ref 1x10"*W)

Hz Fan Chiller
63 88 85
125 94 87
250 87 88
500 90 90
1000 87 89
2000 85 85
4000 82 8l
8000 78 78

The first step in solving this problem involves converting each
octave band sound power level into a sound pressure level at
the window.

Using Equation 1 to convert sound power to sound pressure:
L=1L,—-20logr)-11+ C dB
The directivity constant, C, for this example is 6dB as the fan

and chiller are located at the corner of the floor slab and the
vertical wall.
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As ris 13m the pressure levels at the windows are:
80
L=L —-273dB 75
#———=a Calculated frequency
distribution
Octave band L, level at Window dB 70+
Hz Fan Chiller
o 651
63 60-7 577 Z
o
125 667 59-7 3 60
[
250 59-7 607 £ 5
500 627 627 $
o 50
1000 59-7 617 2
3
2000 57-7 57-7 & 45t
4000 54-7 537
40
8000 50-7 50-7
35
For each band of frequencies the sound pressure levels for the 30 | 1 1 1 1 1 1
fan and the chiller can be combined to give an overall pressure 63 125 250 500 1000 2000 4000 8000
level. The sum of the two sound pressure levels at 63Hz is Frequency band (Hz)

62-5dB using the line chart on page 129, as 3dB difterence
means that 1-8dB is added to the higher dB value.

The other frequencies can be combined in a similar way to give
the overall frequency distribution at the window.

Octave band/Hz Combined sound/dB DESIGN WATCHPOINTS
63 625 I.  Some frequencies (and combinations of frequencies) are more of an
125 67-5 irritant to the ear than others.
250 633 2. Sometimes calculations are stated with the relevant reference value (this is
500 657 Ix10™*W for power and 2x10°Pa for pressure)
3. Equation | is only valid if Sl units are used, otherwise the reference values

1000 63-8 used to derive the decibel levels for power and pressure may be different.
2000 60-7 4. If the source cannot be treated as a point source, then additional

adjustments are included in equation I, but this is outside the scope of this
4000 573 calculation sheet.
8000 537 5. Always treat manufacturer’s data with caution. Standards for factory

testing permit errors greater than 3 dB in some cases.

6. Calculations of noise levels within a building are more complicated and
therefore if the noise levels are critical to the design it is recommended
that the calculations are performed by an acoustics specialist. The guide
Noise Control in Building Services outlines the method (see references).

This can be compared with the NR chart in order to determine
the maximum noise level.

The chart opposite shows that the maximum noise rating level 7. Both internal and external lagging reduce noise breakout from within sheet
is between the NR 60 and NR 65 curves at frequencies of 500, metal ductwork and will also reduce noise break into a duct from a
1000 and 2000 Hz. Therefore the resultant noise rating is surrounding plant room. But internal lagging also has the acoustical benefit

of reducing noise transmission along the duct.

estimated to be NR 63. This is significantly higher than the
specified maximum noise rating at the open office window (NR
40), so some action needs to be taken by the designer. This may 9. The sound level in the room will be determined by not only the source

be providing an enclosure for the plant, or erecting a noise but also the room acoustics. For this reason some rooms will require
screen, or selecting quieter plant, or relocating the plant. noise correction factors.

8. Attenuators should be located as close to a sound insulated wall as
possible to avoid breakout noise bypassing the attenuator.

10. Computer programs from some ducting and attenuator manufacturers are
available to calculate duct borne noise and the attenuation capacity
required.

CIBSE Guide B5 2002, Noise and Vibration Control for HVAC
Sharland I, Woods Practical Guide to Noise Control, Woods of

I1. Often sources are not point sources but plane sources that have to be
accounted for by correction factors. Environmental sound is often

Colchester measured in dB(A). However, for this example, a room is included that has
Fry A T et al, Noise Control in Building Services, Sound Research a required noise level (NR).

Laboratory 12. Equipment operating at lower than specified duty does not necessarily
Igbal M A et al, Atkins The Control of noise in ventilation systems, A make less noise. This may cause particular problems with plant operating

design guide WWW.noisenet.oro/ at part load during the night and at weekends.
s . .org
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Acoustics for building services

Air density correction

Boiler sizing

Condensation risk

Control valve selection/sizing

Cooling plant loads

Dehumidification

Duct sizing — Circular to rectangular ducts
Duct sizing — General

Duct sizing — Pressure loss through fittings
Duct sizing — Selecting a circular duct size
Duct system — Index run

External gains

Fan sizing

Flue sizing

Grille and diffuser sizing

Heat loss

Heating/cooling coil sizing

Heating plant configuration and load matching
Humidifier duty

Infiltration

Internal heat gains

Pipe sizing — Pressure drop across fittings
Pipe sizing — General

Pipe sizing — Straight lengths

Plant heating load

Pressurisation of spaces

Pump sizing

Radiator sizing

Return air temperature effects on coil duty
Stack effect

Supply air quantity and condition

System resistance for pipework — Index run
U values

Ventilation — Outdoor air requirements

Water system pressurisation
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