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A reservoir of glveerin (glye) has & mass of 1200 kg and a volume of 0,952 m", Find the glycerin's weight (W),
mass density (@), specific welght (y), and specific gravity (s.g.).
I F=W=ma=(1200)981)=11TI0N or 11.77kN
p=m/V = L200/0.952 = 1261 kg/m’
y=W/V=1177/0.952 = 12.36 kN/m’
i = '.I"n-rj‘.l'lliu-wc= 12,36/9.81=1.26

A body requires a force of 100N o aceelerate it al a rate of 0.20 m/s". Determine the mass of the body in
kilograms and in slugs.
' F=ma
100= (m)(0.20)
m = 500 kg = 500/14.59 = 3.3 slugs

A reservoir of carbon tetrachloride (CCL) has a mass of 500 kg and a volume of 0.315 m”. Find the carbon
tetrachlonde's weight, mass deasity, specific weight, and specific gravity,
I FoW=ma=(500){9.81)=4905N or 4905kN
o= m Vo S00/0.315 = 1587 kg/m"
y= WV = 4.905/0.315 = 1557 kN/m’
5.2 = Yoo/ Yo wee = 15.57/9.81 = 1.59
The weight of a body is 100 Ib. Determine (a) its weight in newtons, (b) its mass in kilograms, and {c) the rate

of acceleration [in both feet per second per second (ft/s”) and meters per second per second (m/s%)] if a net
force of 50 [b i applied 1o the body.

I ia) W= (100)(4.448) = 44 EN
(b) F=W=ma 4MdE=(m)%8]) m=4d53kg
(e) m = 45,34/14.50 = 3,108 slugs

F=ma S=311082 = a=1600f4 = (16.09)((0. J04E) = 4,904 m/s*

The specific gravity of ethyl aleohol is 0.79. Caleulate its specific wedght (in both pounds per cubic foot and
kilongwions per cubic meter) and mass density (1n both slugs per culnic foot and kiograms per cubic meter).
I y = (0L T9)(62.4) = 49.3 Ib/fi* ¥ = (0. 79)(9.79) = 7.73 kN/m’

o= (0.79)1.94) = 1.53 shugs/ft’ p = (0.79)( 1000 = 790 kg/m’
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A certain gasoline weighs 46.5 (b, What are iis mass density, specific volume, and specific gravity?

I p=vlg = 46.5/32.2 = 144 dlugs/ft* V,=1/p = 1/1.44 = 0.604 ft*fslug
fg.o= L44/1.94 =072

If the specific weight of a substance is 8.2 kN/m’, what is its mass density?

I p=ylg=830ME] = E:'I-Elkgu"m:"

Ad object &t & certain bocation has a mass of 2.0 kg and weighs 190N on a spring balance. What is the
acceleration due to gravity at this location?

I FeWepma 190=20a a=950m/s

A liguid compressed in a cylinder has a volume of 1000 e’ at 1 MN/m? and a volume of 995 em” at 2 MN/m”.
What s its bulk modulus of elasticity (K)?

Ap -1 200 MPa

! K= = Vv~ ™ (s 1000/ 1000

Find the bulk modulus of elasticity of a liquid if a pressure of 150 psi applied to 10 ft* of the liquid causes a
volume reduction of 0,021t

1 K=- aﬁf ‘mfn_ng{f{::ﬂ' 10800000 b/t or 75000 psi

IfK=22GFaithe ici 1 ]
: i the bulk modulus of elasticity for water, what pressure is required to reduce a volume by 0.6

Ap -0
I K=o “"fa.ma p;=00132GPa or 13,2 MPa

Find the change in volume of 100000 ft” of water a1 80 °F when subjected 1 . )
Water's bulk modulus of elasticity at this temperature is Jlﬂﬂ]p::.j 0 & presure increase of 300 psi,

! -2 e - MO0 =
AVIV M Aviioom AV = -000mz

From the following test data, determine the bulk modulus of elasticity of water: at S0 o
1000, and at 3500 psi the volume was 0,990 ', Y of watcr: at 500 psi the volume was

' B .i: - —&_— i
AVIVT (1000 - 0.990)1.000 o0 00 pei
A rigid steel container is partially filled with a liquid at 15 atm, The volume of the biqusd is 1, 23300 L. At a
ﬂ“ nf'i:] atm, the mlu;ne of the liquid is 1.23100 L. Find the average bulk modulus of elasticity of vhe
quid ower e given range of presare if the temperature after o i its indi
value. What is the coefficient of compressibility {£)7 ompression s sllowed 1o retm to s nitl

I . (30— 15){101.3)
AVIV (L2300 - 1. 2330001, 23300

=1LE2 =10 kPa or 1.872GPa

B=1/K=1/1812=05MGPa™"*
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At a depth of 7km in the ocean, the pressure is 716 MPa. Assome a specific weight at the surface of
100,05 kN/m" and an average bulk modulus of elasticity of 2.4 GPa for that pressure range, Find (a) the change
in specific volume between the surlace and 7 km; (k) the specific volume a1 7km; (¢) the specific weight at 7km,

I im (Vi =Lp=g/y, =9.81/10050 = 00009761 m'/kg
o by n_’u.ﬁxm‘—n . .
K T 234 % 10 T AV, = =0, 0000299 m' kg
(b} (V)= (V) + A¥, = 0.000976] - 0,0000299 = (. 000946 m* kg
c) ¥y = g Vo =981 /0L000%46 = 10 370 N/m'

A l-in-ameter soap bubble has an internal pressure 0.0045 Ib/in® greater than that of the outside atmosphere.
Compute the surface tension of the soap—air interface. Note that a soap bubble has two interfaces with air, an
inner and owter surface of nearly the same radios.

I p=dafr  (LOMF)(144) = (o) [(}12] o =0.00675 b/t

What force is required to Lift a thin wire ring 6 om in diameter from a water surface at 20°C?

I Meglecting the weight of the wire, F = al.. Since there is resistance on the mside and outside of the ring,
F = (20 o)) = {2007 2R { )0 06)] = 0.0274 M.

The ghass tabe: in Fig. 1-28 is used to measure pressure py in the water tank. The tube diameter is 1 mm and the
water is at 30 °C. After correcting for surface tensiom, what is the true water height m the tube?

M o 2oc0s 8 (2)(0.0712)(cos 0F)
T pgr o (996)9.81)[(1) 1000]

True water height in the tube = 17— 2.9 =14.1 cm.

=0029m or Z.9cm

-

17cm

L

Fig. 1-28

1.123  Find the angls the surface tension film keaves the glass for a vertical tube immersed in water if the diameter is

0.25in and the capillary rise is 0.08 in. Use o= {0L005 Ih/ft.

| gkl 0% Q0050

o 12 (L94)(322)[(0.25/2)/12) cos = 0L433406 6 =643



0.00001667 m'/s = 1 L/min
0.002228 ft*/s = | gal/min
0.01451b/in* = 1 mbar
0348 m=1ft
25em=1in
1Blft=1m

dqt=1gal

4,184 kI =1 keal
4448N=11b

6.894 kN/m’ = 1 [b/in’
T48gal=11t
12in=1ft

14.59kg =1 slug
25.4mm=1in

60 min=1h

6 s=1min

[em=1m

100 kPa = 1 bar

Conversion Factors

101.3kPa=1atm
144in* =1 ft

550 ft-Ib/s = 1 hp

TT8 ft-lb =1 Btu
1000N=1kN

1000L =1m’

1000 mm=1m

1000 Pa=1kPa
1728in’ = 1 ft'

20001 =11ton
3600s=1h
4184 J =1 keal
5280 ft = 1 mile
Bod00s=1day
1000 000N =1MN
1000000 Pa=1MPa
1000000 000N =1 GN
1000000000 Pa=1GPa



A differential manometer is shown in Fig. LH.MMMM between points 4 and B.
I Pa+ [(0.92)(62.4)][(x +12)/12] - [(13.6)(62.4))(1F) — [(0.92)(62.4))[(x + 24)/12] = ps

Pi—Pr= 906 Ib/ft*
2

B
Oil (5.4 = 092)

Oil {s.g. = 0.92)

Mercury (g = 116) Fig. 2-33

Calculate the pressure difference between A and B for the setup shown in Fig. 2-42.

.+ (62.4)(66.6/12) = [(13.6)(62.4)](40.3/12) + (62.4)(22.2/12)
e . ~ [(13.6)(62.4)}(30.0/12) — (62.4)(10.0/12) = p»

pa—pa=45621b/f¢ or 31.7Ibfin’

+( o

G656 in

is.g. = 13.86) Fig. 2-42



Gate AB in Fig. 315 is 1.0 m long and 0.9 m wide. Calculate force F on the gate and the position X of its center
of pressure.

I F = yh A = [(0.81)(9.79)][3 + (1 + 1.0/2)(sin 507))[(0.9)(1.0)] = 29.61 kN

- = Iy sin E' =[(0.9)(1.0)*/12]{sin 50%)
haA [3 + (1 + 1.0/2)(sin S0°)]{(0.9)(1.0)]
= ={),015 m from the centroid

X =1.0/2 +0.015 = 0.515 m from point A

| n——l S—
i,
59081
7m ’{In

Fig. 3-15

le
I

An inclined, circular gate with water on one side is shown in Fig. 3-10. Determine the total resultant force
acting on the gate and the location of the center of pressure.

I F = yh A = (9.79)[1.5 + }(1.0sin 60°))[x(1.0)*/4] = 14.86 kN

Tt A [m &2 {Lﬂ}] * {1575 60"+ 3O (LOy /4] >0

FORCES ON SUBMERGED PLANE AREAS [ 57

Fig. 3-10



Example 1: The water is on the right side of the curved surface AB, which is one
quarter of a circle of radius 1.3m. The tank’s length is 2.1m. Find the horizontal and
vertical component of the hydrostatic acting on the curved surface.

_____________ Co_....|° s
T |
!
]
'
1
2.5m -
]
]
_*_ o E ...... .f.- Water
:
1.3m : J
]
* '
B

Solution:
Horizontal force, Fy = y. A h, = Fy = 1000 = 9,81 # (2.5 + 12—3) 1.3+ 2.1 = 84.4 kN
Vertical force, F;, = y.volume

T
F, = 1000 * 9,81 * (E #1.32+2.14 1.3 +2.1+ 2.5) = 94.297kN

Example 2: The gate AB shown is hinged at A and is in the form of quarter-circle wall
of radius 12m. If the width of the gate is 3om, calculate the horizontal and vertical

force.
F\I’
O
AV : .
Water - %
FH __:_*
A
Solution:

Horizontal force, Fy = y.A.h, — Fy = 1000 * 9.81 (1?‘) 12 + 30 = 21189.6 kN

Vertical force, F, = y.volume

w
Fy = 1000 * 9,81 * (Z *12%  30) = 33284.546kN



A vertical, triangular gate with water on one side is shown in Fig. 3-8. Determine the total resultant force acting
on the gate and the location of the center of pressure.

I F = yh A = (62.4)(6 + 3/3)[(2)(3)/2] = 1310 b
ST R A WA ) £ S
e (ﬁ + 3) rErameeE - T
NNE AN E AN N EAN
_l ...'-.____I__'____,.....-fw

&M H . h

3t _F_% dy e iy T

L = o.p:

Fig. 3-8

A, fishpond gate 6 ft wide and 9 ft high is hinged at the top and held closed by water pressure as shown in Fig.
3-16. What horizontal force applied at the bottom of the gate is required to open it?

I F = yh A = (62.4)(8 + 4.5)[(6)(9)] = 42 120 b

Iy (6)9)°/12
heA (8+4.5)(6)(9)]

S M,=0 (P)(9) - (42 120/(13.04 =8) =0 P =235871b

hp=hy+ =(8+4.5)+ =13.04 ft

B Fig. 3-16



G. 01
4.17 The velocity of air in the diverging pipe shown in Fig,
P4.17 is given by V, = 4r ft/s and V, = 21 ft/s, where 7 is in
seconds. (a) Determine the local acceleration at points (1) and ] [Eoe
(2). (b) Is the average convective acceleration between these V=4t H;" I'.
two points negative, zero, or positive? Explain.

v, = 21 itis
 —

* FIGURE P4.17

U U 1
a) 5r =‘¥;1 and jTl=23-'i
)] (z)

b) convective acceleration along the pipe = U 'j'l'%

where U >O. At any fime, &, V, <V . Thos between (1) and(2)
o Vol
x5 =

ﬁ’sﬂcej /4 g—g— <0 or e average copvective acceleration
/5 negafff'v.e.



4.21  The fluid velocity along the x axis shown %

in Fig. P4.21 changes from & m/s at point A to Va = 6 mls Vp = (8 mis
i8 m/s at point B. It is also known that the ve- =
locity is a linear function of distance along the

streamline. Determine the acceleration at points 0.05 m——°‘
A, B, and C. Assume steady flow. W\

0.1 m
FIGURE P4.2)

5—"—“’ Vi‘/ With w=uix) , V=0, and w=0
this becames

a=(3f +uh)t =udpt ()
Since W is a linear fonction of X , U= C X +¢, where the
constants ¢, ,c, are given as '’ Uy=6 =¢C,

and . ;a:o,;‘q, +e,

Thus, @ (!29)(1'-5)3 with X~=m

From Eq.(})
{f:u—gj%é‘z(!zox+é)3me(f20%)?
or

for X,=0 , @= 720 14}

for Xg=0.05m, G= 14400
and ———

_ = =050 M
for X=0im , &= 2160 1455



4.27 A nozzle is designed to accelerate the fluid from V, to
V, in a linear fashion. That is, V = ax + b, where g and b are
constants. If the flow is constant with V, = 10m/satx, = 0
and V, = 25 m/s at x, = 1 m, determine the local acceleration,

the convective acceleration, and the acceleration of the fluid at
points (1) and (2).

. - ai; -
With w=ax+b , v=0, and w=0 the acceleration @=" VTV
can be written as

- ol

q=a,l where ay=U7jx. (N

Since u=V, =104 af x=0 and w=V,=252 af x=I we obtain
0= 04}

25= a+b  so that a=15 and b=10
That is, a=(!5x+10)§1 ; where X~m , So that from fi.ffj

o= (18000 (55) =(oxso) 8

Note: The local acceleration is zero %—}fra . and the
convective acceleration is a%—j{-f‘ = (225x150) ¢ %

At x=0, @=1500 % ; alx=/m , a=3750%




4.29
4.29 Repeat Problem 4.2 7with the assumption that the flow
15 not steady, but at the time when ¥, = 10m/s and V, = 25
m/s, it is known that aV, /or = 20 m/s* and aV,/d = 60 m/s*.

With w=utx,t) , v=0, and w=0 the acceleration 3 =3f VoV
can be written as
G=ayl where gy =% ruS% , with w=alt)x +b6), ffi’
At 1he given time (+=ta) w=V =102 4} x=0 gnd u=V,=25% al x=im
Thus, 10=0 +b(t)

25=qt,) +h(t) so that alte) =75 and bih)=10
Alse at t=1, ) j—f;%‘f—sz 2 at x=0
and % =%é =60% aft X=/m Note! These are local
accelerations at time =t

The convective acceleration at x=0 (Eq. (1) 15

S~ (ax+b)(a)=(15(0+10) 215 +)=1502
while at X=1 .'f .'5

wil - (15 HOT(55) = 3055
Tﬁe fluid acce!emﬁ'an at t=t, /s

2 =(udg)t =(200150)0 & = 1708 S5 at x=0

and’f
7=(60+373)0 3 =4355¢8 at itsim




6.10

6.10 Some velocity measurements in a three-dimensional
incompressible flow field indicate that u = 6xy® and v =
—4y’z. There is some conflicting data for the velocity com-
ponent in the z direction. One set of data indicates that w =
4yz” and the other set indicates that w = 4yz — 6y’z. Which
set do you think is correct? Explain.

To satisty The contmurty E‘EMM‘H}&

du v
IxT %E-r g—t-w:o )
J/ne U oyt V= _
nce Lu =6y ane [ dy Z
Then Frem £g. ()

ﬁ?“ﬁ)
_— = Fﬂi'—éal t2)

ffﬂm‘m}: (2) Can be .:nkjm-/nf wilh respect +» 2 ey
fc{w- = f&g!a’; - féjla'; + £ xy)

r w-= #yz- bs'2 + L1y

7?!& sg£ a-J[ a’méa- (‘U‘*-ﬂ" *C(‘I‘J) =0 )
W =442*-ly'2

boould  appesy +o be The Gyprect set.



6.27 In a certain two-dimensional flow field the velocity is
constant with components . = —4 ft/s and v = —2 ft/s.
Determine the cormresponding stream function and velocity po-
tential for this flow field. Skeich the eguipotential line ¢ = 0O
which passes through the origin of the coordinate system.

ront The detisriticn of The stveam Famnctaon
= = 2% . . 37
w= ¢ v 2% (Egs. ¢.37)
Se That Aor The ve focity em)wmvb 5;::':»
_3__?:’ - — ']
2y ¥
2 _ £z )
5% = 2

Lintegrate Eg. (1) ti?n respeed > 4 o obtui
fae = [-4dy + £

ov Y =—-4y + £ (x) s
Similarly , integrate Eg.0Z) with respeci B X Fo obtwin
fc_fy :/z.dx + £(’_§r)
°r L= 2x + £ Cy) C&#)
Thuas, +o satisty beth £gs5.(3) and ()
g = 2x —4y +~C
theve C  is an arbifrary gonstaat .
From The dediniton of 7Zhe velocity potentral
U= g—f = %ﬁé (E‘;s. l.b¥)
So  That Sor The velooty esmporents ?.wén
%g -1 €s)
g_?f =—2z &)



3.82

/ Ay =0.071t°
pa=5.0psi
3.82  Water flows through the horizontal branching pipe )

shown in Fig. P3.82at a rate of 10 fi*/s. If viscous effects are

negligible, determine the water speed at section (2), the pressure A= 0217
at section (3), and the flowrate at section (4).

vy = 20ftis

—_—

A= 11t
0y = 10ft%s
p1= 10 psi S

m FIGURE P3.82

From (1) to (2): ﬁ' +"-‘ 12, = ‘%' iﬁ; +2, where Z = =2, f *ff?ﬁn

Fz 7551, aﬂd’l{, 7}' or
# n _ o
Thus, with J"- pg V,=(1030) /114%) = 10%

IOﬁ)(ﬁW + a.s 1: (S%Jﬁ -J Vz or V zg?gﬂ
5 s 2 2
(5% ‘?&?P) 2 (19% _‘;.:Q

2
From (1) te (3): J%‘— 4_3{ s, W

29 29 t2, whers Z) =23_: ﬁ; =/-‘?‘ﬂd‘!;
Tﬁb’s V =f0-f:1r and |, = 29{?
O AN . , ok
fL.4 ﬁ- 2(3228)  42# #j 2(32.28)
or 1h ,
ﬁ —”50]1-1;:. 7?&;)51'
Also,

Qtf: {;’;'-0;_#03 = inﬂllé_ﬁ.ilé'

or

0 = 102 - 0ontr (20.08) —024t7208) = 3975 ix



3.10R

3.10R (Bernoulliicontinuity) Water  flows steadily

through a diverging tube as shown in Fig. P3,10R. Determine

the velocity, V, at the exit of the tube if frictional effects are
negligible,

T

ﬂ WWater 0.5 f# —

'[;c:n 2‘ i'u)

— SG =20

* FIGURE P3.10R

%L 1} +z‘| £‘%‘ +-$ + Zg_ {i‘;=3:.) (J)
where AV, =A. Ve ,
=(_E== Vz ‘97’”) V, =196 Va )
Also, p, + Y (H+0.281) - S8 (0.241) -8 H = o,
0

;a f’ +28(0.2)-¥(0.2) -ﬂ,+52‘5‘ [2 ;] (0.2 1)
By combining t’!} (2), and (3) .
4 (196 '»°‘,_)‘1“!'/=L #L L I2we b Y, 52

r T mmaisen “Z1.4lb/A* T 2(32.2 f1/s5)
" Vo=2./3 fifc and V, =194(2.13 t14) = 417 /5
Thus, since ‘I{;A.s = V Az ; then

V; = (D’-) Ve (‘:_’ﬁ){z.fsf%):!.ﬁffﬁ/&




