
 

Solution Manual 

Ch_1 

Section 1.2 Dimensions, Dimensional Homogeneity, and Units 

 

Contact me in order to access the whole complete document.
WhatsApp: https://wa.me/message/2H3BV2L5TTSUF1

Email: solution9159@gmail.com
Telegram: https://t.me/solutionmanual



 

 



 

 



 

 



 

 



 

 

Problem 1.2.12 
 An equation for the frictional pressure loss Δp (mm H2O) in a circular duct of inside diameter 

d(mm) and length L(m) for air flowing with velocity V (m/min) is 
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 Where V0 is a reference velocity equal to 305 m/min. Find the units of the “constant” 0.027. 
 SOLUTION: 
 Solving for the constant gives 
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 The units give 
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Problem 1.2.14 
Show that each term in the given equation has units of N/m3. Consider u as velocity, y as length, x as  
length, p as pressure, and μ as absolute viscosity. 
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Problem 1.2.17 
A formula to estimate the volume rate of flow, Q, flowing over a dam of length, B, is given by the  
equation 

3

23.09Q BH  

where H is the depth of the water above the top of the dam (called the head). This formula gives Q  
in m3/s when B and H are in meter. Is the constant, 3.09, dimensionless? Would this equation be  
valid if units other than meter and seconds were used? 
SOLUTION: 

3

23.09Q BH  
3

3 1 2[ ] [3.09][ ][ ]L T L L  
5

3 1 2[ ] [3.09][ ]L T L  

Since each term in the equation must have the same dimensions the constant 3.09 must have  

dimensions of L1/2 T−1 and is, therefore, not dimensionless. No .  Since the constant has dimensions  

its value will change with a change in units. No .  

 



 

Problem 1.2.20 

 

Problem 1.2.21 



 

Problem 1.2.22 

 

Problem 1.2.23 



 

 

Problem 1.2.25 



 

 

Section 1.4 Measures of Fluid Mass and Weight 

 

Problem 1.4.3 

A stick of butter at 25°C measures 31.75 mm × 31.75 mm × 118.11 mm and weighs 113.4 g. Find its  

specific weight. 

SOLUTION: 
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Problem 1.4.4 

 

Problem 1.4.5 

A certain object weighs 300 N at the Earth’s surface. Determine the mass of the object (in kilograms)  

and its weight (in Newtons) when located on a planet with an acceleration of gravity equal to 1.22  

m/s2. 

SOLUTION: 

 

2

weight 300 N
Mass 30.6 kg

m
9.81

s

  
g

 

 For 21.22 m/sg   

 
2

2 1 N s
Weight (30.6 kg)(1.22 m/s ) 37.3 N
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Problem 1.4.6 



 

Problem 1.4.7 

 



 

Problem 1.4.9 



 

Problem 1.4.10 



 

Problem 1.4.11 



 

Section 1.5 Ideal Gas Law 

Problem 1.5.1 

 

Problem 1.5.2 



 

Problem 1.5.3 



 

Problem 1.5.4 



 

Problem 1.5.5 

A rigid tank contains air at pressure of 620.5 kPa and a temperature of 15.5 °C. By how much will the  

pressure increase as the temperature is increased to 43.3 °C? 

SOLUTION: 

p RT  

For a rigid closed tank, the air mass and volume are constant so ρ = constant. Thus, from the  

equation here (with R constant) 

 1 2

1 2


p p

T T
(1) 

where 1 1620.5 kPa, 15.5 C 273 288.5 K    p T  and 2 43.3 C 273 316.3 K   T  

From Eq. 1 
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Problem 1.5.6 

 

Problem 1.5.7 



 



 

Section 1.6 Viscosity 

 



 



 



 



 

 

Problem 1.6.8 

A liquid has a specific weight of 9268 N/m3 and a dynamic viscosity of 131.6 N·s/m2. Determine its  

kinematic viscosity. 

SOLUTION: 

By definition: ,





 and 
g


  
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Problem 1.6.11 

SAE 30 oil at 15.6 °C flows through a 0.05 m-diameter pipe with a mean velocity of 1.5 m/s.  

Determine the value of the Reynolds number (see Example 1.4). 

SOLUTION: 

ρ = 912.2 kg/m3 

μ = 0.383 N·s/m2 
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Problem 1.6.19 

The sled shown in Fig. P1.6.19 slides along on a thin horizontal layer of water between the ice and  

the runners. The horizontal force that the water puts on the runners is equal to 5.34 N when the  

sled’s speed is 15.24 m/s. The total area of both runners in contact with the water is 0.0074  

m2, and the viscosity of the water is 1.67 × 10−3 N·s/m2. Determine the thickness of the water layer  

under the runners. Assume a linear velocity distribution in the water layer. 



  
 Figure P1.6.19 

SOLUTION: 

F (force) = τA 

  
dv V

dy d
    where d = thickness of water layer. 

Thus, 

 
V

F A
d

  

and 

 
3 2 2
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Problem 1.6.21 



 

Problem 1.6.22 

A piston having a diameter of 0.14 m and a length of 0.24 m slides downward with a velocity V  

through a vertical pipe. The downward motion is resisted by an oil film between the piston and the  

pipe wall. The film thickness is 5.08 × 10−5 m, and the cylinder weighs 2.225 N. Estimate V if the oil  

viscosity is 0.766 N·s/m2. Assume the velocity distribution in the gap is linear. 

SOLUTION: 

  
Constant velocity vertical 0 F  

     W A D   

Linear velocity profile → Newtonian fluid → 
(velocity)

(film thickness)
  

du V

dy
   


 

Substitution yields: 
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Problem 1.6.26 

A 0.3 m diameter circular plate is placed over a fixed bottom plate with a 0.0025 m gap between the  

two plates filled with glycerin as shown in Fig. P1.6.26. Determine the torque required to rotate the  

circular plate slowly at 2 rpm. Assume that the velocity distribution in the gap is linear and that the  

shear stress on the edge of the rotating plate is negligible. 

  
 Figure P1.6.26 

SOLUTION: 

As shown, considering an annular ring of differential width 2 dT r dA r rdr    

Integration yields: 2
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For the annular strip: 
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Using the data specified: 

 

2 4rev rad 1 min
2 (1.5 N·s/m ) 2 2 (0.15 m)

min rev 60 s

(0.0025 m)(4)
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 0.016 N·mT   

 



 

Section 1.7 Compressibility of Fluids 

 

 



Problem 1.7.3 

A rigid-walled cubical container is completely filled with water at 4.45 °C and sealed. The water is  

then heated to 37.78 °C. Determine the pressure that develops in the container when the water reaches  

this higher temperature. Assume that the volume of the container remains constant and the value of  

the bulk modulus of the water remains constant and equal to 2068 MPa. 

SOLUTION: 

Since the water mass remains constant, 

 4.45 37.78 ( )   V V V   

where   is volume and   is change in volume if water were unconstrained during heating. 

Thus, 4.45

37.78

1




 

V

V




 

From the table Physical Properties of Water (BG/EE Units) 

 
3

4.45 1000 kg/m   and 
3

37.78 993 kg/m   so that 
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From the equation v   

dp
E

V

V

 it follows with  dV V  and  dp p  that the change in pressure  

required to compress the water back to its original volume is 

 
(2068 MPa)(0.007)

14.47 MPa
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Problem 1.7.4 

Estimate the increase in pressure (in MPa) required to decrease a unit volume of mercury by 0.1%. 

SOLUTION: 

 

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v

dp p
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Thus, 

 
v (28544 MPa)( 0.001)

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 28.544 MPa p  

 



 

 

Problem 1.7.7 

Air is enclosed by a rigid cylinder containing a piston. A pressure gage attached to the cylinder  

indicates an initial reading of 172.3 kPa. Determine the reading on the gage when the piston has  

compressed the air to one-third its original volume. Assume the compression process to be isothermal  

and the local atmospheric pressure to be 101.3 kPa. 

SOLUTION: 

For isothermal compression, constant ,  
fi

i f

ppp

  
 where i ~ initial state and f ~ final state. 

Thus, 
f

f i
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p p
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Because the mass of air is constant: mass initial volume
3

volume final volume
   

f

i





 

Therefore, 

 (3)[(172.3 101.3)kPa (abs)] 820.8 kPa (abs)  fp  

or 

 (gage) (820.8 101.3)kPa 719.5 kPa (gage)  fp  

 

Problem 1.7.8 

Air is enclosed by a rigid cylinder containing a piston. A pressure gage attached to the cylinder  

indicates an initial reading of 172.3 kPa. Determine the reading on the gage when the piston has  

compressed the air to one-third its original volume. Assume the compression process take place  

without friction and without heat transfer (isentropic process) and the local atmospheric pressure to be  

101.3 kPa. 

SOLUTION: 

For isentropic compression, constant ,  
fi

k k k

i f

ppp

  
 where i ~ initial state and f ~ final state. 

Thus 
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Because the amount of mass is constant: mass initial volume
3

volume final volume
   

f

i





 

Therefore, 

 1.40(3) [(172.3 101.3)kPa (abs)] 1273.7 kPa (abs)  fp  

or 

 (gage) 1273.7 101.3 1172.4 kPa (gage)  fp  

 

 



Problem 1.7.10 

Natural gas at 21°C and standard atmospheric pressure of 101.3 kPa (abs) is compressed  

isentropically to a new absolute pressure of 482.6 kPa. Determine the final density and temperature of  

the gas. 

SOLUTION: 

For isentropic compression, constant ,
fi

k k k

i f

ppp

  
    where i ~ initial state and f ~ final state. 

Therefore, 
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k
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Also, 3(101.3 kPa)
0.665 kg/m

(518.23 J/kg·K)[(21 C 273)K]

i

i

i

p

RT
   

 
 

Therefore, 

1

1.31
3 3482.6 kPa

(0.665 kg/m ) 2.19 kg/m
101.3 kPa

f
 

  
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Using the ideal gas model: 

 3

(482.6 kPa)
425 K

(2.19 kg/m )(518.23 J/kg·K)

f

f

f

p
T

R
    

  

Problem 1.7.11 

A compressed air tank in a service station has a volume of 0.283 m3. It contains air at 21°C and 1034  

kPa. How many tubeless tires can it fill to 308.2 kPa at 21°C if each tire has a volume of 0.0424 m3 at  

21°C because of heat transfer through the tank’s large surface area. 

SOLUTION: 

Modeling the air as an ideal gas, the mass of air mi that can be put into each tire is found from 

 
tire ( ) ( ) ( )f i f i

f i

pV pV V
m pV pV p p

RT RT RT

   
        

   
 

 
3

tire

(0.0424 m )(308.2 101.3)kPa
0.104 kg

(287 J/kg·K)(294 K)
m


   

Air in the tank can be put into the tires until the tank air pressure drops to 308.2 kPa absolute. The  

mass of air mT that can be taken out of the tank and put into the tires is 

 ( ) ( ) ( )T i f i f

V
m pV pV p p

RT
     

       
3(0.283 m )(1034 308.2)kPa

2.434 kg
(287 J/kg·K)(294 K)


   

The number of tires that can be filled is 

 
2.434 kg

No. 23.4 or No. 23 tires
0.104 kg

    

Problem 1.7.12 

Oxygen at 30 °C and 300 kPa absolute pressure expands isothermally to an absolute pressure of 120 

kPa. Determine the final density of the gas. 

SOLUTION: 

For isothermal expansion, constant
p


 so that 

   ,
fi

i f

pp

 
  where i ~ initial state and f ~ final state. 
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Also, 

 
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N
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259.8 (30 C 273)K
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p
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So that 
3 3

120 kPa kg kg
3.81 1.52

300 kPa m m
f
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Problem 1.7.13 

Compare the isentropic bulk modulus of air at 101 kPa (abs) with that of water at the same pressure. 

SOLUTION: 

For air (Eq. 1.17), 

3 5(1.40)(101 10  Pa) 1.41 10  PaVE kp      

For water (Table 1.6) 

92.15 10  PaVE    

Thus,  
9

4

5

(water) 2.15 10  Pa
1.52 10

(air) 1.41 10  Pa

V

V

E

E


  


 

 

 

Problem 1.7.14 

Often the assumption is made that the flow of a certain fluid can be considered as incompressible flow  

if the density of the fluid changes by less than 2%. If air is flowing through a tube such that the air  

pressure at one section is 62 kPa and at a downstream section it is 59.3 kPa at the same temperature,  

do you think that this flow could be considered an incompressible flow? Support your answer with the  

necessary calculations. Assume standard atmospheric pressure. 

SOLUTION: 

Modeling the air as an ideal gas undergoing an isothermal process: 

 1 2 2 2

1 2 1 1

p p p
p RT

p




  
      

% density change 
1 2 2 2

1 1 1

(59.3 101.3)kPa
100 1 100 1 100 1 100

(62 101.3)kPa

p

p

  

 

      
               

    
 

      = 1.69 % < 2% 

Yes .  This process is well modelled as an incompressible flow. 

 

Problem 1.7.15 

An important dimensionless parameter concerned with very high-speed flow is the Mach number,  

defined as V/c, where V is the speed of the object such as an airplane or projectile, and c is the speed  

of sound in the fluid surrounding the object. For a projectile traveling at 287.5 kmph through air at 10  

°C and standard atmospheric pressure, what is the value of the Mach number? 

SOLUTION: 

Mach number 
V

c
  

From the table of Physical Properties of Air at Standard Atmospheric Pressure (BG/EE Units) 



 air@10 C 337 m/sc    

1 hr
(1287.5 kmph)(1000 m/km)

3600 s
Mach number 1.06

337 m/s

 
 
 

   

 

Problem 1.7.16 

The “power available in the wind” of velocity V through an area A is 
31
,

2
W AV  

where ρ is the air density (11.78 N/m3). For an 29 kmph wind, find the wind area A that will supply a 

power of 2983 W. 

SOLUTION: 

Solving for the area A and using appropriate unit conversion factors: 

 2 2

33

3 3

2 2(2983 W)
0.9688 m·s (9.81 m/s )

m 1 hr
(11.78 N/m )(29 kmph) 1000

km 3600 s

W
A

V
  

 
 

 

 

 29.5 mA   

  

Problem 1.7.17 

Air enters the converging nozzle shown in Fig. P1.7.17 at T1 = 21°C and V1 = 15.24 m/s. 

At the exit of the nozzle, V2 is given by 

 2

2 1 1 22 ( )pV V c T T    

where cp = 1.005 kJ/kg·K and T2 is the air temperature at the exit of the nozzle. Find the temperature  

T2 for which V2 = 304.8 m/s 

  
 Figure P1.7.17 

SOLUTION: 

Solving for T2 and inserting the values specified: qc gives 

 

2 2 2 2

2 1
2 1

(304.8 m/s) (15.24 m/s)
294 K

2 2(1.005 kJ/kg·K)p

V V
T T

c

 
     

 
2 248 KT   

 

Problem 1.7.18 

(See The Wide World of Fluids article titled “This water jet is a blast”, section 1.7.1.) By what 

percent is the volume of water decreased if its pressure is increased to an equivalent to 3000 

atmospheres (304 MPa)? 

SOLUTION: 

 V

dp p
E

dV V

V V


   


 

 
304 MPa 0.101 MPa

0.141
2151.165 MPaV

V p

V E

  
       

Thus % decrease in volume = 14% 



 

Section 1.8 Vapor Pressure 

 

Problem 1.8.2 

When a fluid flows through a sharp bend, low pressure may develop in localized regions of the bend. 

Estimate the minimum absolute pressure (in kPa) that can develop without causing cavitation if the 

fluid is water at 71°C. 

SOLUTION: 

Cavitation may occur when the local pressure equals the vapor pressure. For water at 71°C (from 

Table of Physical Properties of Water [BG/EE Units]) 

 71 32.7 kPa (abs) minimum pressure 32.7 kPa (abs)vT C p       

 

Problem 1.8.3 

A partially filled closed tank contains ethyl alcohol at 20°C. If the air above the alcohol is evacuated, 

what is the minimum absolute pressure that develops in the evacuated space? 

SOLUTION: 

Minimum pressure = vapor pressure = 5.86 kPa (abs) 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



Section 1.9 Surface Tension 

 

 



 

 

 



Problem 1.9.6 

Calculate the pressure difference between the inside and outside of a spherical water droplet having a 

diameter of 0.79 mm and a temperature of 10°C. 

SOLUTION: 

A force balance on the outside surface of the drop gives 

      

 0F


   

 
2 2

atm 1 2 0p R p R R       

 atm

2
ip p

R


   

 For water at 10°C, σ = 0.074 N/m so 

 atm 4

2(0.074 N/m)
187 Pa

7.9 10 m
ip p


  


 

 



 



 

 



 

 

 

 


