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Q1-The drag force exerted on a car by
air depends on a dimensionless drag
coefficient, the density of air, the car
velocity, and the frontal area of the car.
That is, FD = function (CDrag, Afront, ro,
V). Based on unit considerations alone,
obtain a relation for the drag force.




Solution A relation for the air drag exerted on a car is to be obtained in terms of on the drag coefficient, the air density, the
car velocity, and the frontal area of the car.

Analysis The drag force depends on a dimensionless drag coefficient, the air density, the car velocity, and the frontal area.
Also, the unit of force F is newton N, which is equivalent to kg-m/s*. Therefore, the independent quantities should be

arranged such that we end up with the unit kg-m/s” for the drag force. Putting the given information into perspective, we
have

FD [ kgnvrsﬂ] > lCr[.‘lmg []1 Afmnt [mz]u P [kg"'llmj]s and V/ [WS]

It 1s obvious that the only way to end up with the unit “kg-m/ s™ for drag force is to multiply mass with the square of the
velocity and the fontal area, with the drag coefficient serving as the constant of proportionality. Therefore, the desired
relation 1s

Fp = CDragpAﬁnntVz

Discussion Note that this approach is not sensitive to dimensionless quantities, and thus a strong reasoning is required.



0

Sea level

Q2- At 45° latitude, the gravitational acceleration
as a function of elevation z above sea level is
given by g =a - bz, where a =9.807 m/s? and b
=3.32 x 107° s72. Determine the height above
sea level where the weight of an object will
decrease by 1 percent.



Solution The variation of gravitational acceleration above sea level is given as a function of altitude. The height at
which the weight of a body decreases by 1% is to be determined.

Analysis The weight of a body at the elevation z can be expressed as 4
W =mg=m(a—-bz)
where a = g, = 9.807 m/s” is the value of gravitational acceleration at sea level and b = 3.32x1 0° s In our case,
W=m(a—bz)=0.99W =0.99mg_
We cancel out mass from both sides of the equation and solve for z, yielding
a-099g, O
== b Sea level
Substituting,
9.807 m/s’ —0.99(9‘80? mf’sz)
z= — =29,539 m=29,500 m
3.32x107" 1/s”
where we have rounded off the final answer to three significant digits.
Discussion This i1s more than three times higher than the altitude at which a typical commercial jet flies, which is about

30,000 ft (9140 m). So, flying in a jet i1s not a good way to lose weight — diet and exercise are always the best bet.



o= o

Q3-The pressure in an automobile tire
depends on the temperature of the air in
the tire. When the air temperature is 25°C,
the pressure gage reads 210 kPa. If the
volume of the tire is 0.025 m3, determine
the pressure rise in the tire when the air
temperature in the tire rises to 50°C. Also,
determine the amount of air that must be
bled off to restore pressure to its original
value at this temperature. Assume the
atmospheric pressure to be 100 kPa.

i Bir otomobil lastiginin basinei, lastik icerisindeki hava-
nin sicaklifina baghdir. Hava sicaklif 25°C iken etkin basing
FIGURE P2-13 210 kPa’dir. Eger lastifin hacmi 0.025 m* ise, lastik igerisin-

deki sicaklik 50°C’ye ¢iktiginda meydana gelecek olan basing
Stockbvie/GetryImages artigini belirleyiniz. Ayrica bu sicaklikta lastik i¢erisindeki ba-
sinct baglangictaki degerine diisiirmek icin lastikten atilmasi
gereken hava kiitlesini belirleyiniz. Atmosfer basincinin 100
kPa oldugunu varsayiniz.




Solution An automobile tire is inflated with air. The pressure rise of air in the tire when the tire is heated and the
amount of air that must be bled off to reduce the temperature to the original value are to be determined.

Assumptions 1 At specified conditions, air behaves as an ideal gas. 2 The volume of the tire remains constant.

kPa-m’
kg-K

Properties The gas constant of airis R =0.287

k] [ kPa-m’
kg-K kJ

] =0.287

Analysis Initially, the absolute pressure in the tire 1s

B =P, +P,,=210+100=310kPa

Treating air as an ideal gas and assuming the volume of the tire to remain
constant, the final pressure in the tire 1s determined from

A y 323K
A, _ RV, > P :ipl = ——(310kPa) = 336kPa
T, T, 277, 298K
Thus the pressure rise is Tire
25°C
AP=PF, —-F =336-310=26.0 kPa 210 kPa

The amount of air that needs to be bled off to restore pressure to its original value is

_AV (336 kPa)(0.025m?) — 0.0906kg
RT,  (0.287kPa-m’/kg-K)(323K)
PV (310kPa)(0.025m"”)

RT,  (0.287kPa-m>/kg-K)(323K)

Am =m, —m, =0.0906-0.0836 = 0.0070kg

my = =0.0836kg

Discussion  Notice that absolute rather than gage pressure must be used in calculations with the ideal gas law.




Q4-The ideal gas equation of state is very simple, but its range of
applicability is limited. A more accurate but complicated equation is the
Van der Waals equation of state given by
p — RT - a
Cv—=b

where a and b are constants depending on critical pressure and
temperatures of the gas. Predict the Coefflc:lent of compressibility of
nitrogen gas at T =175 K and v= 0.00375 m3 /kg, assuming the nitrogen to
obey the Van der Waals equation of state. Compare your result W|th the
ideal gas value. Take a = 0.175 m®.kPa/ kg% and b = 0.00138 m? /kg for

the given conditions. The experimentally measured pressure of nitrogen
Is 10,000 kPa.



Bir akigkanin Uzerine basing
uygulandiginda sikistigi, Ote
yandan  akigkanin  uzerindeki
basing dasuraldtgunde ise
akiskanin genlestigi bilinen bir
ozelliktir.  Diger bir degisle
akiskanlar basinca karsi elastik
katilar gibi davranirlar. Dolayisiyla
katilar icin tanimlanan Young
elastik modulune benzer sekilde
akiskanlar icinde sikistirilabilirlik
katsayisi K (coefficient of
compressibility) tanimlanabilir.

dP aP
K= —Vvl— = p| — (Pa)
o/ 7 dp T

Solution
state. The result is to be compared to ideal gas and experimental values.
Assumptions 1 Nitrogen gas obeys the Van der Waals equation of state.

From the definition we have

o q(ap) B vRT 2a
“="V\ov r (v—»b)2% 12

Analysis

since

(ap) B 2a RT
v/t 83 (v Lo b)z

The gas constant of nitrogen is0.2968 K] /kg- K (Table A—1). Substituting given data we obtain

3 kP
(0.00375 -’13(‘—) (o 2968 kk] ) x (175K) 2% 0.175 mé- kgj‘
= e g% — - —— 9788 kPa
(o 00375 —— — 0.00138 —) (o 00375 m—)
kg kg kg

For the ideal gas behavior, the coefficient of compressibility is equal to the pressure (Eq. 2—15). Therefore we get

- (0.2968 kkl K) x (175 K)

v 0.00375m3/kg

k=P = = 13851 kPa

whichis in error by 38.5% compared to experimentally measured pressure.

The coefficient of compressibility of nitrogen gas is to be estimated using Van der Waals equation of



Q5-Carbon dioxide enters an adiabatic
nozzle at 1200 K with a velocity of 50
m/s and leaves at 400 K. Assuming
constant specific heats at room
temperature, determine the Mach
number (a) at the inlet and (b) at the exit
of the nozzle. Assess the accuracy of
the constant specific heat
approximation.

1200 K

50 m/'s

T

Carbon
L — A0 K
dioxide

/



Solution Carbon dioxide flows through a nozzle. The inlet temperature and velocity and the exit temperature of CO»
are specified. The Mach number is to be determined at the inlet and exit of the nozzle.
Assumptions 1 CO, is an 1deal gas with constant specific heats at room temperature. 2 This is a steady-flow process.

Properties The gas constant of carbon dioxide 1s R = 0.1889 kJ/kg-K. Its constant pressure specific heat and specific
heat ratio at room temperature are c, = 0.8439 kJ/kg-K and & = 1.288.

Analysis (a) Atthe inlet
1000m? /s*
¢, =/kyRT, =_|(1.288)(0.1889 kJ/kg-K)(1200 K) o | =540 3ms
g
Thus,
Vi _ S50m/s 1200 K
Ma, =—=—————_—0.0925 Carbon
T T 5403 ms S0m's ™ gioxide . ‘00K
(b) At the exit,
2,2
¢y =k RT, = J{I.ZSS}(U.ISSG kJ/kg - K)400 K)[%] =312.0 m/s
g

The nozzle exit velocity is determined from the steady-flow energy balance relation,
2 F2 2 P2

P Vyt =¥
O0=hy by +—=—" o 0=c,(I,-T))+>—"

>V, =1163m/s

Vy2 —(50 m/s)’
0 = (0.8439 k/kg-K)(400— 1200 K) + -2 —O0™s) { lkl/kg ]

2 1000m? /s
Thus,
V,  1163m/s
¢, 312ms
Discussion  The specific heats and their ratio & change with temperature, and the accuracy of the results can be
improved by accounting for this variation. Using EES (or another property database):
At 1200K: ¢, = 1.278 klkg K, k=1.173 — ¢ =516 m/s, 1 =50m/s, Ma,=0.0969
At400K: c,=0.9383kikgK, k=1.252 — c;=308m/s, V,=1356m/s, Ma,=44

Therefore, the constant specific heat assumption results in an error of 4.5% at the inlet and 15.5% at the exit in the Mach
number, which are significant.

Ma, = -3.73



’ \
Q6-A thin 30-cm 3 30-cm flat plate is pulled at 3 m/s
Fixed wall horizontally through a 3.6-mm-thick oil layer
| | sandwiched between two plates, one stationary and
lhl =T V=13 m/s F the other moving at a constant velocity of 0.3 m/s, as
i shown in Fig. P2-81. The dynamic viscosity of the oil is
¥, =0.3 ms 0.027 Pa.s. Assuming the velocity in each oil layer to
| R vary linearly, (a) plot the velocity profile and find the
Moving wall location where the oil velocity is zero and (b) determine
the force that needs to be applied on the plate to

FIGURE P2-81 maintain this motion.

L

h; =2.6 mm

L]

20 ¢cm x 20 ¢cm boyutlarinda ince diizlemsel levha, ara-
lan1 3.6 mm kalinhginda bir yag tabakasi ile dolu paralel iki
levha arasinda 1 m/s hizla yatay olarak ¢ekilmektedir. Levha-
lardan biri sabit, digeri ise Sekil P2—81'de gosterildigi gibi 0.3
m/s sabit hizla sola dogru hareket etmektedir. Aradaki yagin
dinamik viskozitesi 0.027 Pa-s olduguna ve her bir yag taba-
kasindaki hizin dogrusal degistigi kabul edildifine gore; (a)
her bir tabakadaki hiz profilini ¢izerek yag hizimmn sifir oldugu
konumu bulunuz ve (b) bu hareketi siirdiirebilmek i¢in uygu-
lanmasi gerekli olan F kuvvetini belirleyiniz.




Solution A thin flat plate is pulled horizontally through an oil layer sandwiched between two plates, one stationary
and the other moving at a constant velocity. The location in oil where the velocity 1s zero and the force that needs to be
applied on the plate are to be determined.

Assumptions 1 The thickness of the plate is negligible. 2 The velocity profile in each oil layer is linear.
Properties The absolute viscosity of oil is given to be = 0.027 Pa-s = 0.027 N-s/m’.

Analysis (a) The velocity profile in each o1l layer relative to the fixed wall is as shown in the figure below. The point
of zero velocity 1s indicated by point A, and its distance from the lower plate 1s determined from geometric considerations
(the similarity of the two triangles in the lower o1l layer) to be

26-y, 3
Y4 0.3

> y,=0.23636 mm

Fixed wall

Moving wall

(b) The magnitudes of shear forces acting on the upper and lower surfaces of the plate are



Fixed wall

| Moving wall

(b) The magnitudes of shear forces acting on the upper and lower surfaces of the plate are

du V-0 2 2 3m/s
F;llcm.upper u upperA = /IA 5 = P hl = (0027 N-s/m )(03 x0.3m )m =7.29N
V-V
B o = T tonaly = AP = gid T =% = (0,027 N slen? Y0303 B B S 3)] m's _ 308N
- | 77 e ™ 2.6x10° m

Noting that both shear forces are in the opposite direction of motion of the plate, the force F is determined from a force
balance on the plate to be

=729+3.08=10.4N

shear, lower

F= Fhmruppu+[:

Discussion Note that wall shear is a friction force between a solid and a liquid, and it acts in the opposite direction of
motion.



Q7-A thin plate moves between two parallel, horizontal,
stationary flat surfaces at a constant velocity of 5 m/s. The
two stationary surfaces are spaced 4 cm apart, and the
medium between them is filled with oil whose viscosity is
0.9 N.s/ m? . The part of the plate immersed in oil at any

S . t ary s -f- ) s . . . 1
tationary surtac given time is 2-m long and 0.5-m wide. If the plate moves

through the mid-plane between the surfaces, determine the

h Y=o mis F force required to maintain this motion.

4

| * What would your response be if the plate was 1 cm from

Stationary surface the bottom surface (h2) and 3 cm from the top surface
(h1)?

* b) If the viscosity of the oil above the moving plate is 4
times that of the oil below the plate, determine the
distance of the plate from the bottom surface (h2) that will
minimize the force needed to pull the plate between the ,

two oils at constant velocity.

4



Ince bir levha, birbirine paralel ve aralarinda 4 cm ka-
linlifinda dinamik viskozitesi 0.90 N-s/m* olan bir yag tabaka-
s1 bulunan iki sabit levha arasinda Sekil P2-94’te gosterildigi
gibi 5 m/s sabit hizla ¢ekilmektedir. Cekilen levhanin yag ice-
risinde kalan kismu 2 m uzunlugunda ve 0.5 m genisligindedir.
Bu levhanin yag filminin tam ortasindan ¢ekilmesi durumunda
gerekli kuvvet kag N olur? Eger levha tlistteki levhadan i, =

Stationary surface

| cm, alttaki levhadan ise h, = 3 cm uzakta olacak sekilde 1

cekilmis olsaydi cevabimiz ne olurdu? h,

|~

V=5 m/s

—_—

4

b) Problem 2-94°ii tekrar gtz Oniine alimz. Bu sefer ce-
kilen levhanin iizerindeki akiskanin dinamik viskozitesi, lev-
hanin altindaki akiskanin dinamik viskozitesinin 4 kat1 olsun.
Bu durumda levhay1 iki yag arasinda sabit bir hizla minimum
kuvvetle ¢cekebilmek i¢in h, mesafesi ne olmahidir?

Stationary surface



Solution A thin flat plate 1s pulled horizontally through the mid plane of an oil layer sandwiched between two
stationary plates. The force that needs to be applied on the plate to maintain this motion is to be determined for this case

and for the case when the plate .

Assumptions 1 The thickness of the plate 1s negligible. 2 The velocity profile in each o1l layer is linear.

Properties The absolute viscosity of oil is given to be p = 0.9 N-s/m”.

Analysis The velocity profile in each oil layer relative to the fixed wall is as shown in the figure. }T

Stationary surface

da
i Area A
N N" u=V / Force F
Py
8 i/ Velocity V
£
Y
M u=10
Velocity profile
u(y)= y
£
FIGURE 2-24

The behavior of a fluid in laminar
flow between two parallel plates
when the upper plate moves with
a constant velocity.

In steady laminar flow, the fluid velocity
between the plates varies linearly

Stationary surface )
between 0 and V, and thus the velocity
profile and the velocity gradient are

The magnitudes of shear forces acting on the upper and lower surfaces of the moving thin plate are . J v
¥ I
du -0 7 2. dm/s H(_}) = _U and = —
Fshear. upper Ty, upperAs = a'“AIs g = a”'d_i [ =(0.9N-s/m }(ﬂ.SX 2m~) 0.02m =225N ¢ fe""r’ {
du V-r, ». Sm/s
Fohear,lower = Ty, lower s = pds|—| = pA, = (0.9N- s/m’ N0.5%2m") =225N

Noting that both shear forces are in the opposite direction of motion of the plate, the force F 1s determined from a force

balance on the plate to be
F=F,

shear, upper

+F, =225+225=450N

shear, lower



When the plate is 1 cm from the bottom surface and 3 ¢cm from the top surface, the force F becomes

du V=0 S5m/s
Fihear, upper — ©w, upperAs = A, 5 = A, h1 =(09N ‘E'uI"IIIl2 ]{[:'5}( 2 ['['l2 ) 0.03m =150N
F'Shear.]ﬂwer =T, ll:-werAs = ,UAI j = ‘EHS Ph_ﬂ = ([:'g -N‘Sf"l['['l2 }(DSKZ ]le ) ;3';.-".5 =450N
2 Alm

Noting that both shear forces are in the opposite direction of motion of the plate, the force F 1s determined from a force

balance on the plate to be
F= Fshm upper + Fshm?]ﬂ“ﬁ =150+450=600N

Discussion Note that the relative location of the thin plate affects the required force significantly.



Properties The absolute viscosity of oil is u = 0.9 N-s/m” in the lower part, and 4 times that in the upper part.

Analysis We measure vertical distance y from the lower plate. The total distance between the stationary plates is
h=h, +h, =4cm, which is constant. Then the distance of the moving plate 1s y from the lower plate and & — y from the

upper plate, where y is variable.

Stationary surface

Stationary surface

The shear forces acting on the upper and lower surfaces of the moving thin plate are

du F
Fshear.upper =Ty, I:I]J]JEI'A.T = iuupperAs E = iuupperA.v h —y

du V
Fshear. lower = Tw, lower*’{s = Ju]awerAs - | = a“lu:-werAs T

Then the total shear force acting on the plate becomes

A V | Hupper 1
F= Fshenr. UPP¢r+FsheaI,]ower - -'uuppEI‘A.i ry"—ﬂlowu*ﬁis h—_}»‘ = Aqi’[ h—_y + }wer

The value of y that will minimize the force F is determined by setting — =0

v
ﬁupper _ Hiower -0 N ¥ _ Hlgwer
('h_.}’]z yl 'h_y Hypper

Solving for y and substituting, the value of y that minimizes the shear force 1s determined to be
Hiower "ll.-”upper b= q.l'[!"4

y=
1_1|I|J[£lon'erf#upper I-+1/4

(4cm)=1cm




Q8- Two immiscible Newtonian liquids flow steadily
between two large parallel plates under the influence of an
applied pressure gradient. The lower plate is fixed while the
upper one is pulled with a constant velocity of U = 10 m/s.
The thickness, h, of each layer of fluid 1s 0.5 m. The velocity
profile for each layer is given by

Vi=6+ay — 3y?, —05=y=0

V,=b+cy — 97, 0=y=-05

where a, b, and ¢ are constants.

(a) Determine the values of constants a, b, and c.

(b) Develop an expression for the viscosity ratio, e.g., w,/m, =7

(c¢) Determine the forces and their directions exerted by the
liquids on both plates if w, = 10~ Pa-s and each plate has a
surface area of 4 m>.

U=10m/s
—_—
-l
Liquid 1 = Y
Liquid interface — X

Liquid 2

FIGURE P2-126

Birbirine karismayan iki Newton tipi sivi, paralel iki
genis levha arasinda uygulanan bir basing gradyeni nedeniyle
daimi olarak akmaktadir. Alttaki levha sabit olup iistteki lev-
ha sabit bir U = 10 m/s hizla cekilmektedir. Her bir akigkan
tabakasinin kalinlifr 0.50 m’dir. Tabakalar icerisinde gelisen
hiz profilleri ise a, b ve ¢ birer sabit olmak lizere asagidaki
bagintilarla verilmektedir:

Vi=6+ay—3y, 0=y=05m

V, = b+ cy — 972, —05m=y=0

(a) Hiz profillerinde yer alan a, b ve ¢ sabitlerini belirleyiniz.
(b) Viskozite oranm1 u,/u, i¢in bir bagint1 gelistiriniz.

(c) Levhalarin alanlant 4 m? ve p; = 107° Pas olduguna
gore, akigskanlarin levhalar iizerine uyguladifi kuvvetleri ve
bu kuvvetlerin yonlerim belirleyiniz.



Solution Two immiscible Newtonian liquids flow steadily between two large parallel plates under the influence of an
applied pressure gradient. The lower plate is fixed while the upper one is pulled with a constant velocity. The velocity
profiles for each flow are given. The values of constants are to be determined. An expression for the viscosity ratio is to be
developed. The forces and their directions exerted by liquids on both plates are to be determined.

Assumptions 1 The flow between the plates is one-dimensional. 2 The fluids are Newtonian.

Properties The viscosity of fluid one is given to be 4y = 1073 Pa- s

Analysis U=10m/s
—>
>7 y
Liquid 1 o/

Liquid interface

(a) The velocity profiles should satisfy the conditions V; (k) = 10, V,(—h) = 0and V4 (0) = V,(0). It is clear that
¥;(0) =6m/s.

V3(h)=10: 10=6+ax05-3x(0.5)*2>a=95

V,(0)=6=b+cx0-9(0)2>b=6
Finally,
Vo(-h) =0-20=6+cx(-05)-9(-05)2>¢c=175
Therefore we have the velocity profiles as follows:
V; =6+95y—3y%, —-05=y=0
V,=6+75y—-92% 0=y=<-05



Therefore we have the velocity profiles as follows:
V; =6+95y—3y%, —-05=y=<0
V,=6+75y—-9% 0=y=<-05

(b) The shear stress at the interface is unique, and then we have

dv; |
aly dV; pu, A4yl 75- 18yl
o= =] Y eEoare— = > 0.79
" dy y=0 * dy y=0 M2 %’1_ 9.5-6yl,
}' - y:

(c)

Lower plate:

av 10~3N- s/m? .
2 A= ( / )x [7.5 — 18y],=_o5 X (4 m?) = 0.0835 N

=ty 0.79
. 16.5 it acts in the opposite direction of
Upper plate: motion.
dV; -
Fy = ul-d—;- A=(10"3N-s/m?) x [9.5 — 6y],= o5 X (4 m?) = 0.026 N
y=h i ) ’




Q9-The water in a tank is pressurized by air, and the pressure is
measured by a multifluid manometer as shown in Fig. P3-12.
Determine the gage pressure of air in the tank if h1 =0.4 m, h2=0.6 m,
and h3 = 0.8 m. Take the densities of water, oil, and mercury to be
1000 kg/ m3, 850 kg/ m3, and 13,600 kg/ m3, respectively.

Sy |
%]
|

FIGURE P3-12



Solution The pressure in a pressurized water tank 1s measured by a multi-fluid manometer. The gage pressure of air in
the tank 1is to be determined.

Assumptions The air pressure in the tank is uniform (i.e., its variation with elevation is negligible due to its low density),
and thus we can determine the pressure at the air-water interface.

Properties The densities of mercury, water, and oil are given to be 13,600, 1000, and 850 kg/m”, respectively.

Analysis Starting with the pressure at point | at the air-water interface, and moving along the tube by adding (as we
go down) or subtracting (as we go up) the pgh terms until we reach point 2, and setting the result equal to P, since the

tube is open to the atmosphere gives

B + Pyaier 8 + Poighy — Percury ghy = Py Adr
Solving for P, I
N Heo
Pl = P.'Iltm _pwaterghl _poilghi + plmmur}' g‘h?l- 1
or, h
lrjl _Patm = g(pjmmm}'hﬂ B pwmerhl _pailhij ¥
: . 1T h
Noting that P g = P - Pasw and substituting, Water >< a/ ., 3
P ggee = (9-81m/s7)[(13,600 kg/m” }(0.8 m) — (1000 kg/m™ )(0.4 m) J_w__. LN
5 IN 1kPa
- (850 kg/m™ )(0.6 m)] } )
kg -m/s> )\ 1000 N/m? \/
=97.8kPa
Discussion  Note that jumping horizontally from one tube to the next and realizing that pressure remains the same in the

same fluid simplifies the analysis greatly.




Q10-The basic barometer can be used to measure the height of a
building. If the barometric readings at the top and at the bottom of a
building are 730 and 755 mmHg, respectively, determine the height
of the building. Assume an average air density of 1.18 kg/ m3.

Piop =730 mmHg

N\ 77277 4

Pyo =755 mmHg

FIGURE P3-26



Solution A barometer 1s used to measure the height of a building by recording reading at the bottom and at the top of
the building. The height of the building is to be determined.

Assumptions The variation of air density with altitude 1s negligible.

Properties The density of air is given to be p= 1.18 kg/m’. The density of mercury is 13,600 kg/m".

Analysis Atmospheric pressures at the top and at the bottom of the building are 730 mmHg
— (13,600 kg/m*)(9.807 m/s>)(0.730 m) : —
1 kg-m/s” J{ 1000 N/m h
=97.36 kPa

‘Pbul'lum = (pg 'I"I)Itx.l'llum

= (13,600 kg/m’)(9.807 m/s*)(0.755 m) IN 5 L kPa 3
1 kg -m/s 1000 N/m~
=100.70 kPa

755

mmHg

Taking an air column between the top and the bottom of the building, we write a force balance per unit base area,

Wuir "II( A= Pbunum - ‘F:up an‘d (pgh )a.ir = "Pbullum - F:up

(118 kg/m’)(9.807 m/s?)(h)| ——> LkPa ) 100.70-97.36) kPa
1 keg-m/s? )| 1000 N/m?

which yields & = 288.6 m = 289 m, which 1s also the height of the building.

Discussion ~ There are more accurate ways to measure the height of a building, but this method 1s quite simple.




Q11-Two chambers with the same fluid at their base are separated
by a 30-cm-diameter piston whose weight is 25 N, as shown in Fig.
P3-54. Calculate the gage pressures in chambers Aand B

Piston

A B
Alr Air=u ________
50 cm
B - |
30 cm ?‘Stm
E, 5 30 cm N R ¢_ Y

Water

- 00 cm -

FIGURE P3-54



Solution Two chambers with the same fluid at their base are separated by a piston. The gage pressure in each air
chamber is to be determined.

Piston
Assumptions 1 Water is an incompressible substance. 2 The B
variation of pressure with elevation in each air chamber 1s A ‘
negligible because of the low density of air. ) arr B
air
Properties We take the density of water to be p =1000 | '
kg/m’.
—ll 50fcm
Analysis The piston is in equilibrium, and thus the net 30 cm C
force acting on the piston must be zero. A wvertical force = > 25{cm
balance on the piston involves the pressure force exerted by _ 30em I B 2N 2
water on the piston face, the atmospheric pressure force, and E
the piston weight, and yields
W, piston
Rﬁ""{pismu = P:lthpis.tou +Wpistan - P(‘ = Patm water
Apiston
90 cm
The pressure at the bottom of each air chamber 1s determined B -
from the hydrostatic pressure relation to be
_ W — W _—
Pairh. =P.E =PF+%C"E=Pﬁtm +ﬂ+;¥£‘£ - Pair .n'\,gagnE::ﬂ'i_pg(:E
piston ‘4plsmn
- W, _ W _
- piston - piston -
PairB =PD =Pf_fjg('D=ﬂtn1+7_f:g('D - P.':irB.gage= _JDECD
“Ipiston piston
Substituting,
25N 3 2 I N 2
Py s e = ——————+ (1000 kg/m )(9.81 m/s”)(0.25 m)| ————— |=2806 N/m” =2.81 kPa
SEE 2003 m) /4 1 kg-m/s

25N

I N
P = (1000 kg/m’)9.81 m/s*)(0.25 m)] ————
air B, gage ?:_({]3 m]3 r’,4 [ gf ){ )( }[1 kg ]']'],l'l

2
5

]:—2099 N/m” =-2.10 kPa

Discussion  Note that there 1s a vacuum of about 2 kPa in tank B which pulls the water up.



Q12-A 6-m-high, 5-m-wide rectangular plate blocks the end of a 5-m-
deep freshwater channel, as shown in Fig. P3-75. The plate is hinged
about a horizontal axis along its upper edge through a point A and is
restrained from opening by a fixed ridge at point B. Determine the
force exerted on the plate by the ridge.

w3 =
—=

6 m yiiksekliginde ve 5 m genigligindeki dikdortgen
levha Sekil P3—75"te gosterildigi gibi 5 m derinlifindeki tath
su gecisini kapatmaktadir. Levha iist kenarindaki A noktasin-
dan gegen yatay bir eksen boyunca mafsallanmig olup agilmast
B noktasindaki sabit bir ¢ikinti ile engellenmektedir. Cikinti
e tarafindan levhaya uygulanan kuvveti hesaplayimz.

Il




Solution A rectangular plate hinged about a horizontal axis along its upper edge blocks a fresh water channel. The
plate is restrained from opening by a fixed ridge at a point B. The force exerted to the plate by the ridge is to be determined.

Assumptions Atmospheric pressure acts on both sides of the plate, and thus it can be ignored in calculations for
convenience.

Properties We take the density of water to be 1000 kg/m’ throughout.

Analysis The average pressure on a surface is the pressure at the centroid
(midpoint) of the surface, and is determined to be

Pye = Pc = pghe = pg(h/2)
1kN
1000 kg - m/s*

= (1000 kg/m> (9.8 1 m/s*)(5/2 m)[ ] =24.53 kN/m’

Then the resultant hydrostatic force on each wall becomes
Fp =P, ,A=(24.53kN/m?>)6mx5m)=7359m

h=5m

The line of action of the force passes through the pressure center, which 1s 24/3 from
the free surface,
2h 2% (5m)

Fndgc

Taking the moment about point 4 and setting it equal to zero gives
M =0 >  Fp(s+yp)="Fyg,AB

Solving for F ;4. and substituting, the reaction force is determined to be
_3H Y o 023339m 535618 - 638KN

F, =
AB Sm

ndge —

Discussion The difference between F and F4,, 1s the force acting on the hinge at point A.




Q13-A water trough of semicircular cross section of radius 0.6 m
consists of two symmetric parts hinged to each other at the
bottom, as shown in Fig. P3-79. The two parts are held together by
a cable and turnbuckle placed every 3 m along the length of the
trough. Calculate the tension in each cable when the trough is
filled to the rim.

12 m Yarim daire kesitli 0.6 m yancapindaki bir su yalag
‘B ,— Cable Sekil P3-79’da goriildiigii gibi tabanda birbirlerine mafsal-
lanmus iki simetrik parcadan olugmaktadir. Bu iki parca, yalak
boyunca 3 m araliklarla yerlestirilen gergili bir kablo ile bir
arada tutulmaktadir. Yalagin tam dolu olmas: halinde her bir
'N\”_ kablodaki cekme kuvvetini hesaplayiniz.
nge

FIGURE P3-79



Solution Two parts of a water trough of semi-circular cross-section are held together by cables placed along the
length of the trough. The tension T in each cable when the trough 1s full 1s to be determined.

Assumptions 1 Atmospheric pressure acts on both sides of the trough wall, and thus it can be ignored in calculations for
convenience. 2 The weight of the trough 1s neghgible.

Properties We take the density of water to be 1000 kg/m’ throughout.

Analysis To expose the cable tension, we consider half of the trough whose cross-section is quarter-circle. The
hydrostatic forces acting on the vertical and horizontal plane surfaces as well as the weight of the liquid block are:

Horizontal force on vertical surface:

Fy=F, =P, A=pgh.A=pg(R/2)A

ave”

= (1000 kg/m® )(9.81m/s2)(0.6/2 m)0.6 mx 3m) —
lkg-m/s

=5297N

The vertical force on the horizontal surface 1s zero, since 1t comncides with the
free surface of water. The weight of fluid block per 3-m length 1s

Fy =W = pgV = pg[wx zR* / 4]

IN
= (1000 kg/m” )(9.81 m/s)[(3 m)7(0.6 m)* /4] ————
(1000 kg/m’ X [ S Fromre

=832IN



=832IN
Then the magnitude and direction of the hydrostatic force acting on the surface of the 3-m long section of the trough become
Fp=yF2 + F? =(5297 N)? + (8321 N)? =9864 N

F, 832IN
F, 5297N

tan ¢ = =1.571 — @=57.52°

Therefore, the line of action passes through the center of the curvature of the trough, making 57.52° downwards from the
horizontal. Taking the moment about point 4 where the two parts are hinged and setting it equal to zero gives

> M,=0 — FyRsin(90-57.52)°=TR
Solving for T and substituting, the tension in the cable is determined to be
T = Fy sin(90 — 57.52)° = (9864 N) sin(90 — 57.52)° =5297N

Discussion ~ This problem can also be solved without finding F by finding the lines of action of the horizontal
hydrostatic force and the weight.



Q14-A cylindrical tank is fully filled with water (Fig. P3-80). In order
to increase the flow from the tank, an additional pressure is applied
to the water surface by a compressor. For PO =0, PO =3 bar, and PO =
10 bar, calculate the hydrostatic force on the surface A exerted by

water
.f-'iiL Pl]‘
P Water level

— '
4( Water 80 cm (4)
] Y

FIGURE P3-80




Solution A cylindrical tank is fully filled by water. The hydrostatic force on the surface A i1s to be determined for

three different pressures on the water surface.

Assumptions Atmospheric pressure acts on both sides of the cylinder, and thus it can be ignored in calculations for

convenlience.

Properties We take the density of water to be 1000 kg/m’ throughout.

Analysis Air. Py
Water level
7 r Y
Water
80 cm
] v
p=0 bar.
70.8
Fp=9810x0.4x =1972N=1.97kN
I, 8
Vep =Veg T— =U.4+M=ﬂ.5 m
Veg A 0.4x 0.8 /4
p=3 bar.
Additional imaginary water column
5
poLar  3X10 Pa_ 5 50,
9810

}"Iﬂ-'ﬂ fer

A=aR% I, o=mRY4
(b) Circle




Therefore we can imagine the water level as if it were 30.58 m higher than its original level. In this case,

Veg =heg =0.4+30.58=30.98 m

2

Fp =9810x30.58 x 208

=150,791N=151kN

=30.981 m

4
Yep = Veg i3 IXC =30.98+ 708 /647
YA 30.98x 70.8% /4

p=10 bar.

Additional imaginary water column

5
p= Pair_10x10" Pa _ 0 g4
9810

}’water

70.8°

Fr =9810x101.94 x ~502671N=503kN



Q15-A 4-m-long quarter-circular gate of radius 3 m and of negligible
weight is hinged about its upper edge A, as shown in Fig. P3-88. The
gate controls the flow of water over the ledge at B, where the gate is
pressed by a spring. Determine the minimum spring force required
to keep the gate closed when the water level rises to A at the upper
edge of the gate.

® 4 m boyunda ve 3 m yarigapina sahip c¢eyrek

" daire seklindeki agirhiksiz kapak iist kenarnindaki

A noktasindan $Sekil P3-88’de gosterildigi gibi mafsallanmus-

tir. S6z konusu kapak bir yay vasitasiyla bastirilan B nokta-

sindaki diiz kesitte olusan su akigini kontrol etmektedir. Su

seviyesinin kapagin iist kenarindaki A noktasina ulasmasi

halinde kapag kapal1 bigimde tutabilmek i¢in gerekli mini-
mum yay kuvvetini hesaplayiniz.

1|1

FIGURE P3-88



Solution A quarter-circular gate hinged about its upper edge controls the flow of water over the ledge at B where the
gate 1s pressed by a spring. The minimum spring force required to keep the gate closed when the water level rises to A at the
upper edge of the gate 1s to be determined.

Assumptions 1 The hinge 1s frictionless. 2 Atmospheric pressure acts on both sides of the gate, and thus 1t can be 1gnored
in calculations for convenience. 3 The weight of the gate is negligible.

Properties We take the density of water to be 1000 kg/m’ throughout.

Analysis We consider the free body diagram of the liquid block enclosed by the circular surface of the gate and its
vertical and horizontal projections. The hydrostatic forces acting on the vertical and horizontal plane surfaces as well as the
weight of the liquid block are determined as follows:

Horizontal force on vertical surface:
Fy=F, =P, A= pgheA= pg(R/2)A

. 1 kN
= (1000 ke/m> X9.81 m/s> }3/2m)4 mx3m
( gmX X X {mnﬂkg-mfs?]

=176.6 kN
Vertical force on horizontal surface (upward):

F:T = legA = pgth = Pgﬁhoﬂum‘d

= (l{]{]{] kg;’ml)('igl m/s’ ](3 m)(4m x 3 m)[

1 kN
1000 kg - m/s*

] =353.2 kN

The weight of fluid block per 4-m length (downwards):
W =pgV = pg[wxm?z f-‘-l-]

1 kN
1000 kg - m/s”

= (1000 kg/m’ )(9.81 m/s* )[ (4 m) 7(3 m}3f4][ j= 2774 kN

Therefore, the net upward vertical force is

Fy =F, -W =353.2-277.4=T5.8kN



Therefore, the net upward vertical force 1s

Fy =F, —W =3532-277.4="75.8kN

Then the magnitude and direction of the hydrostatic force acting on the surface of the 4-m long quarter-circular section of
the gate become

Fp=+Fp+F; = J{l?ﬁ.ﬁ kN)? +(75.8kN)? =192.2 kN
F,  75.8kN
F,, 176.6kN

tan & = =0429 — =237

Therefore, the magnitude of the hydrostatic force acting on the gate 1s 192.2 kN, and its line of action passes through the
center of the quarter-circular gate making an angle 23.2° upwards from the horizontal.

The mimimum spring force needed 1s determined by taking a moment about the point 4 where the hinge 1s, and
setting it equal to zero,

M =0 — FpRsin(90—0)—Fpiu,R=0

pring

Solving for F ., and substituting, the spring force is determined to be
Fiping = Fpsin(90-0) = (192.2kN) sin(90° - 23.2°) = 17T kN

Discussion Several variations of this design are possible. Can you think of some of them?




Q16-Consider a 1-m wide inclined gate of negligible weight that
separates water from another fluid. What would be the volume of
the concrete block (SG = 2.4) immersed in water to keep the gate at
the position shown? Disregard any frictional effects.

Carbon
tetrachloride |2.5 m
SG=1.59

i
im ,-_’ E Water

FIGURE P3-92



Solution An inclined gate separates water from another fluid. The volume of the concrete block to keep the gate at the
given position is to be determined.

Assumptions 1 Atmospheric pressure acts on both sides of the gate, and thus it can be ignored in calculations for
convenience. 2 The weight of the gate is negligible.

Properties We take the density of water to be 1000 kg/m’ throughout. The specific gravities of concerete and carbon
tetrachloride are 2.4 and 1.59, respectively.

Analysis
F'y
+5
Im
Carbon tetrachlonde 2.5m
~=1.59
Y

The force applied by water:

3
iF'] =ﬂ1fglf1l =981ﬂx5x[lx

} =50974 N

Sinf

3 3
B
Sin60

3 12 ".I.'.I.'.-t'
+ ~231m o= vy +
28in60 3 [ 3 ] Yr = Ye
w| ]

Yept =
! _T(.ﬂ

28in60 Sin6()



b/2
The force applied by carbon tetrachloride: C
2.5 2.5 r b ®
Fy =gy Ay =1.59%x9810x — x| I1x— =56284 N
2 Sin6l) b2
25 ) 4
x| Sed al2 al?
Yoy =y 12 _1.924m =20 _0693 m A=ab, I .=ab¥/12
P2 28in60 2.5 [1x 25 Sin60 R_u. -
25in60 | Sin60 (@) Rectangle

Moment about hinge would give

(WE —Fh)xﬁ'fﬂﬁx(x+ Ll)'l‘ F2 X(Ll —J-’fpz }—Fi X(LI _.-vfpl)=[]

Since W_—F, =h’c(;vr_, —yh,]. we obtain

o _Fix (b = yen)-Fax(La —vgn)  50974(3.464 - 2.41) - 56284(2.886 ~1.924)
" (y.-pu)xSinBx(L +x) 9810(2.4 —1)Sin60(3.464 + 0.693)

~0.0946m*



Q17-An elastic air balloon having a diameter of 30
cm is attached to the base of a container partially
filled with water at +4°C, as shown in Fig. P3-151. If
the pressure of the air above the water is gradually
increased from 100 kPa to 1.6 MPa, will the force on
the cable change? If so, what is the percent change
in the force? Assume the pressure on the free
surface and the diameter of the balloon are related
by P=C D", where C is a constant and n = -2. The
weight of the balloon and the airin it is negligible.

30 cm capindaki elastik bir hava balonu Sekil
P3—-151’de gosterildigi gibi +4°C’deki suyla kismen dolu
olan bir kabin tabanina bir ip vasitasiyla tutturulmustur. Eger
su yiizeyindeki hava basinci kademeli olarak 100 kPa’dan 1.6
MPa’a artirihirsa ipteki kuvvet degisir mi? Degisir diyorsamz
% kag degisir? Serbest yilizeydeki basing ile balon ¢ap1 arasin-
da P = C D"bagintisinin bulundugu varsayilmaktadir. Burada

C bir sabit olup n = -2 alinabilir. Ayrica balonun ve igerisin-
deki havanin agirligi ihmal edilmektedir. Cevap: %98.4

P, = 100 kPa

Water

.
/
/
’
[
/
’/
/
/
[
/’
/
/
/
’
/
’

20 cm

50 cm

50 cm

FIGURE P3-151




Solution An elastic air balloon submerged in water 1s attached to the base of the tank. The change in the tension force
of the cable is to be determined when the tank pressure is increased and the balloon diameter is decreased in accordance
with the relation P = CD™.

Assumptions 1 Atmospheric pressure acts on all surfaces, and thus it can be
ignored in calculations for convenience. 2 Water 1s an incompressible fluid. 3
The weight of the balloon and the air in it is negligible.

P,=100 kPa

Properties We take the density of water to be 1000 kg/m’.

Analysis The tension force on the cable holding the balloon is determined
from a force balance on the balloon to be

Fr:afn'e = FB - Wbaﬂoﬁn = F.B' Water

The buoyancy force acting on the balloon initially 1s

1503
FB.I =pwgvbuﬁnaul =pngl={IUUU kgfm3}(931mf52]

7(0.30m)? [ IN

J: 138.7N
6

| kg-m/s’

The variation of pressure with diameter is given as P = CD ™%, which is equivalent to D =+/C/ P . Then the final diameter
of the ball becomes

p, JCTP, [P 2 0.1MP
2 = J L 5 D,=D, fP = (0.30m) —a_ﬂ.U?Sm
2

D] f B 1.6 MPa




The buoyancy force acting on the balloon in this case is
D3 5. 72(0.075 m)* [ IN

Fgr = Py8VYaiioonr = Pw 8 2= (1000 kgfﬂli )9.81m/s) 5 |= 22N
6 6 lkg-m/s

Then the percent change 1n the cable for becomes

Fm e _Ffu_)g F 133.?_2.2
Change% = —22el—cable? wygp =~ 8L " B2 %190 =~ == %100 = 98.4%.
cablel FB‘,I 138.7

Therefore, increasing the tank pressure in this case results in 98.4% reduction in cable tension.

Discussion We can obtain a relation for the change in cable tension as follows:
f.'ﬁmnge% = M *100 = pwgvhallﬂnn_ 1~ pwgvhalloﬂn.z *100
FBJ pwgvballaﬂ-n,]

3/2
v, D; P
= 1UL{1—M] = lUu{l——}J =100 1—[—1J
Ubﬂlll:lﬂtl.l Dl Pl




Q18- A room in the lower level of a cruise ship has a 30-cm-
diameter circular window. If the midpoint of the window is 4 m
below the water surface, determine the hydrostatic force acting on
the window, and the pressure center. Take the specific gravity of
seawater to be 1.025.

Bir yolcu gemisinin bodrum katindaki bir kamarasi

l|<] \

T o 30 cm capinda dairesel pencereye sahiptir. Pencerenin orta
4 m : noktas: su yiizeyinden 4 m asagida olduguna gore, pencere
tuzerine etki eden hidrostatik kuvveti ve basing merkezini be-

o lirleyiniz. Deniz suyunun bagil yogunlugunu 1.025 olarak ali-

niz.

FIGURE P3-71



Solution A room in the lower level of a cruise ship is considered. The hydrostatic force acting on the window and the
pressure center are to be determined.

Assumptions Atmospheric pressure acts on both sides of the window, and thus it can be ignored in calculations for
convenience.

Properties The specific gravity of sea water is given to be 1.025, and thus its density is 1025 kg/m’.

Analysis The average pressure on a surface 1s the pressure at the centroid
(midpoint) of the surface, and is determined to be A

3 2 IN a2

P . =F-=pgh- =(1025kg/m” ) (9.81m/s” (4 m — |= 40,221 N/m 4 m
lkg-m/s
Then the resultant hydrostatic force on each wall becomes o
o
Fp=PFA= ‘ﬂ:n'e[ED_ “'II4] Fr Y | p=03m

= (40,221 N/'m?)[7(0.3m)* /4] =2843 N = 2840 (three significant digit)

The line of action of the force passes through the pressure center, whose vertical
distance from the free surface 1s determined from

] 4 2 2
vpmye 2oy w Ry Ly DM 4001m
YeA YR 4y- 4S5 m)
Discussion For small surfaces deep in a liquid, the pressure center nearly coincides with the centroid of the surface.

Here, in fact, to three significant digits in the final answer, the center of pressure and centroid are coincident. We give the
answer to four significant digits to show that the center of pressure and the centroid are not coincident.
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