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Chapter 5 
MASS AND ENERGY ANALYSIS OF CONTROL 

VOLUMES

Conservation of Mass

5-1C Mass, energy, momentum, and electric charge are conserved, and volume and entropy are not
conserved during a process.

5-2C Mass flow rate is the amount of mass flowing through a cross-section per unit time whereas the
volume flow rate is the amount of volume flowing through a cross-section per unit time.

5-3C The amount of mass or energy entering a control volume does not have to be equal to the amount of
mass or energy leaving during an unsteady-flow process. 

5-4C Flow through a control volume is steady when it involves no changes with time at any specified
position.

5-5C No, a flow with the same volume flow rate at the inlet and the exit is not necessarily steady (unless
the density is constant). To be steady, the mass flow rate through the device must remain constant.

5-6E A garden hose is used to fill a water bucket. The volume and mass flow rates of water, the filling
time, and the discharge velocity are to be determined.
Assumptions 1 Water is an incompressible substance. 2 Flow through the hose is steady. 3 There is no 
waste of water by splashing.
Properties We take the density of water to be 62.4 lbm/ft3 (Table A-3E). 
Analysis (a) The volume and mass flow rates of water are 
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(b) The time it takes to fill a 20-gallon bucket is 
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(c) The average discharge velocity of water at the nozzle exit is 
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Discussion Note that for a given flow rate, the average velocity is inversely proportional to the square of 
the velocity. Therefore, when the diameter is reduced by half, the velocity quadruples.
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5-7 Air is accelerated in a nozzle. The mass flow rate and the exit area of the nozzle are to be determined.
Assumptions Flow through the nozzle is steady.
Properties The density of air is given to be 2.21
kg/m3 at the inlet, and 0.762 kg/m3 at the exit.
Analysis (a) The mass flow rate of air is determined
from the inlet conditions to be

m kg/s0.796)m/s04)(m0.009)(kg/m21.2( 23
111 VA

(b) There is only one inlet and one exit, and thus m m1 2 .
Then the exit area of the nozzle is determined to be

m

V1 = 40 m/s 
A1 = 90 cm2

V2 = 180 m/s AIR
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kg/s0.796 2
3

22
2222 V

mAVAm

5-8 Air is expanded and is accelerated as it is heated by a hair dryer of constant diameter. The percent 
increase in the velocity of air as it flows through the drier is to be determined.
Assumptions Flow through the nozzle is steady.
Properties The density of air is given to be 1.20 kg/m3 at the inlet, and 1.05 kg/m3 at the exit.
Analysis There is only one inlet and one exit, and thus
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Therefore, the air velocity increases 14% as it flows through the hair drier.

5-9E The ducts of an air-conditioning system pass through an open area. The inlet velocity and the mass
flow rate of air are to be determined.
Assumptions Flow through the air conditioning duct is steady.

D = 10 in
AIR

450 ft3/min
Properties The density of air is given to be 0.078 lbm/ft3 at the 
inlet.
Analysis The inlet velocity of air and the mass flow rate 
through the duct are 
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5-10 A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line, 
and air is allowed to enter the tank until the density rises to a specified level. The mass of air that entered
the tank is to be determined.
Properties The density of air is given to be 1.18 kg/m3 at the beginning,
and 7.20 kg/m3 at the end.

V1 = 1 m3

1 =1.18 kg/m3

Analysis We take the tank as the system, which is a control volume since
mass crosses the boundary.  The mass balance for this system can be 
expressed as 
Mass balance: VV 1212system mmmmmm ioutin

Substituting,

kg6.02)m1]( kg/m1.18)-(7.20[)( 33
12 Vim

Therefore, 6.02 kg of mass entered the tank.

5-11 The ventilating fan of the bathroom of a building runs continuously. The mass of air “vented out” per 
day is to be determined.
Assumptions Flow through the fan is steady.
Properties The density of air in the building is given to be 1.20 kg/m3.
Analysis The mass flow rate of air vented out is

 kg/s036.0)/sm030.0)( kg/m20.1( 33
airair Vm

Then the mass of air vented out in 24 h becomes
kg3110s)3600kg/s)(24036.0(air tmm

Discussion Note that more than 3 tons of air is vented out by a bathroom fan in one day.

5-12 A desktop computer is to be cooled by a fan at a high elevation where the air density is low. The mass
flow rate of air through the fan and the diameter of the casing for a given velocity are to be determined.
Assumptions Flow through the fan is steady.
Properties The density of air at a high elevation is given to be 0.7 kg/m3.
Analysis The mass flow rate of air is 

kg/s0.0040 kg/min238.0)/minm34.0)( kg/m7.0( 33
airair Vm

If the mean velocity is 110 m/min, the diameter of the casing is
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/min)m34.0(44
4
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Therefore, the diameter of the casing must be at least 6.3 cm to ensure that 
the mean velocity does not exceed 110 m/min.
Discussion This problem shows that engineering systems are sized to satisfy certain constraints imposed by
certain considerations.
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5-13 A smoking lounge that can accommodate 15 smokers is considered. The required minimum flow rate 
of air that needs to be supplied to the lounge and the diameter of the duct are to be determined.
Assumptions Infiltration of air into the smoking lounge is negligible. 
Properties The minimum fresh air requirements for a smoking lounge is given to be 30 L/s per person.
Analysis The required minimum flow rate of air that needs to be supplied to the lounge is determined
directly from

/sm0.45 3=L/s450= persons)person)(15L/s(30=

 persons)ofNo.(rsonair per peair VV

Smoking Lounge 

15 smokers 
30 L/s person 

The volume flow rate of fresh air can be expressed as 

)4/( 2DVVAV

Solving for the diameter D and substituting,

m0.268
m/s)(8

)/sm45.0(44 3

V
D V

Therefore, the diameter of the fresh air duct should be at least 26.8 cm if the velocity of air is not to exceed 
8 m/s.

5-14 The minimum fresh air requirements of a residential building is specified to be 0.35 air changes per
hour. The size of the fan that needs to be installed and the diameter of the duct are to be determined.
Analysis  The volume of the building and the required minimum volume flow rate of fresh air are 

L/min3150L/h189,000h/m189)/h35.0)(m540(ACH

m540)mm)(2007.2(
33
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The volume flow rate of fresh air can be expressed as 

)4/( 2DVVAV

Solving for the diameter D and substituting,

m0.106
m/s)(6

)/sm3600/189(44 3

V
D V

Therefore, the diameter of the fresh air duct should be at least 10.6 cm
if the velocity of air is not to exceed 6 m/s.

0.35 ACH

House

200 m2
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5-15 Air flows through a pipe. Heat is supplied to the air. The volume flow rates of air at the inlet and exit,
the velocity at the exit, and the mass flow rate are to be determined.

180 kPa 
40 C

Q
Air

200 kPa 
20 C
5 m/s 

Properties The gas constant for air is 0.287 kJ/kg.K (Table A-2). 
Analysis (a) (b) The volume flow rate at the inlet and the mass flow rate are 
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(c) Noting that mass flow rate is constant, the volume flow rate and the velocity at the exit of the pipe are 
determined from
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5-16 Refrigerant-134a flows through a pipe. Heat is supplied to R-134a. The volume flow rates of air at
the inlet and exit, the mass flow rate, and the velocity at the exit are to be determined.

180 kPa
40 C

Q
R-134a
200 kPa 

20 C
5 m/s 

Properties The specific volumes of R-134a at the inlet and exit are (Table A-13) 
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Analysis (a) (b) The volume flow rate at the inlet and the mass flow rate are 
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(c) Noting that mass flow rate is constant, the volume flow rate and the velocity at the exit of the pipe are 
determined from
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5-17 Warm water is withdrawn from a solar water storage tank while cold water enters the tank. The
amount of water in the tank in a 20-minute period is to be determined.
Properties The density of water is taken to be
1000 kg/m3 for both cold and warm water.

Warm water
45 C

0.5 m/s 

300 L 
45 C

Cold water
20 C

5 L/min 
Analysis The initial mass in the tank is first
determined from

kg300)m3.0)(kg/m1000( 33
tank1 Vm

The amount of warm water leaving the tank
during a 20-min period is

kg5.188s)60m/s)(205.0(
4

m)02.0()kg/m1000(
2

3tVAcem

The amount of cold water entering the tank during a 20-min period is

kg100min)(20)/minm005.0)(kg/m1000(t 33
cim V

The final mass in the tank can be determined from a mass balance as 

kg211.55.1881003001212 eiei mmmmmmmm
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Flow Work and Energy Transfer by Mass 

5-18C  Energy can be transferred to or from a control volume as heat, various forms of work, and by mass.

5-19C  Flow energy or flow work is the energy needed to push a fluid into or out of a control volume.
Fluids at rest do not possess any flow energy.

5-20C Flowing fluids possess flow energy in addition to the forms of energy a fluid at rest possesses. The 
total energy of a fluid at rest consists of internal, kinetic, and potential energies. The total energy of a 
flowing fluid consists of internal, kinetic, potential, and flow energies.

5-21E Steam is leaving a pressure cooker at a specified pressure. The velocity, flow rate, the total and flow
energies, and the rate of energy transfer by mass are to be determined.
Assumptions 1 The flow is steady, and the initial start-up period is disregarded. 2 The kinetic and potential
energies are negligible, and thus they are not considered. 3 Saturation conditions exist within the cooker at
all times so that steam leaves the cooker as a saturated vapor at 30 psia.
Properties The properties of saturated liquid water and water vapor at 30 psia are vf = 0.01700 ft3/lbm, vg = 
13.749 ft3/lbm, ug = 1087.8 Btu/lbm, and hg = 1164.1 Btu/lbm (Table A-5E). 
Analysis (a) Saturation conditions exist in a pressure cooker at all times after the steady operating
conditions are established. Therefore, the liquid has the properties of saturated liquid and the exiting steam
has the properties of saturated vapor at the operating pressure. The amount of liquid that has evaporated,
the mass flow rate of the exiting steam, and the exit velocity are
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(b) Noting that h = u + Pv and that the kinetic and potential energies are disregarded, the flow and total
energies of the exiting steam are

Btu/lbm1164.1
Btu/lbm76.3

hpekeh
uhPe 8.10871.1164flow v

Note that the kinetic energy in this case is ke = V2/2 = (15.4 ft/s)2 = 237 ft2/s2 = 0.0095 Btu/lbm, which is
very small compared to enthalpy.
(c) The rate at which energy is leaving the cooker by mass is simply the product of the mass flow rate and
the total energy of the exiting steam per unit mass,

Btu/s1.356Btu/lbm)4.1lbm/s)(11610165.1( 3
mass mE

Discussion The numerical value of the energy leaving the cooker with steam alone does not mean much
since this value depends on the reference point selected for enthalpy (it could even be negative). The 
significant quantity is the difference between the enthalpies of the exiting vapor and the liquid inside
(which is hfg) since it relates directly to the amount of energy supplied to the cooker. 
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5-22 Refrigerant-134a enters a compressor as a saturated vapor at a specified pressure, and leaves as 
superheated vapor at a specified rate. The rates of energy transfer by mass into and out of the compressor
are to be determined.
Assumptions 1 The flow of the refrigerant through the compressor is steady. 2 The kinetic and potential
energies are negligible, and thus they are not considered. 
Properties The enthalpy of refrigerant-134a at the inlet and the
exit are (Tables A-12 and A-13) 

(1)
0.14 MPa 

(2)
0.8 MPa 

60 C

R-134a
compressor

kJ/kg16.239MPa14.0@1 ghh kJ/kg81.296
C60
MPa8.0

2
2

2 h
T
P

Analysis Noting that the total energy of a flowing fluid is equal to its
enthalpy when the kinetic and potential energies are negligible, and
that the rate of energy transfer by mass is equal to the product of the
mass flow rate and the total energy of the fluid per unit mass, the rates
of energy transfer by mass into and out of the compressor are 

kW14.35kJ/s35.14kJ/kg)16kg/s)(239.06.0(1inmass, hmmE in

17.81kWkJ/s81.17kJ/kg)81kg/s)(296.06.0(2outmass, hmmE out

Discussion The numerical values of the energy entering or leaving a device by mass alone does not mean
much since this value depends on the reference point selected for enthalpy (it could even be negative). The 
significant quantity here is the difference between the outgoing and incoming energy flow rates, which is 

kW46.335.1481.17inmass,outmass,mass EEE
This quantity represents the rate of energy transfer to the refrigerant in the compressor.

5-23 Warm air in a house is forced to leave by the infiltrating cold outside air at a specified rate. The net 
energy loss due to mass transfer is to be determined.
Assumptions 1 The flow of the air into and out of the house through the cracks is steady. 2 The kinetic and 
potential energies are negligible. 3 Air is an ideal gas with constant specific heats at room temperature.
Properties The gas constant of air is R = 0.287 kPa m3/kg K (Table A-1). The constant pressure specific 
heat of air at room temperature is cp = 1.005 kJ/kg C (Table A-2). 
Analysis The density of air at the indoor conditions and its mass flow rate are 

3
3

kg/m189.1
273)KK)(24/kgmkPa287.0(

kPa325.101
RT
P

kg/s0.0495kg/h178.35/h)m150)(kg/m189.1( 33Vm
Noting that the total energy of a flowing fluid is equal
to its enthalpy when the kinetic and potential energies
are negligible, and that the rate of energy transfer by
mass is equal to the product of the mass flow rate and 
the total energy of the fluid per unit mass, the rates of
energy transfer by mass into and out of the house by air
are

Warm
air

24 C

Warm air 
24 C

Cold air 
5 C

1inmass, hmmE in

2outmass, hmmE out

The net energy loss by air infiltration is equal to the difference between the outgoing and incoming energy
flow rates, which is 

kW0.945kJ/s0.945C5)-C)(24kJ/kg5kg/s)(1.000495.0(

)()( 1212inmass,outmass,mass TTcmhhmEEE p

This quantity represents the rate of energy transfer to the refrigerant in the compressor.
Discussion The rate of energy loss by infiltration will be less in reality since some air will leave the house 
before it is fully heated to 24 C.
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5-24 Air flows steadily in a pipe at a specified state. The diameter of the pipe, the rate of flow energy, and 
the rate of energy transport by mass are to be determined. Also, the error involved in the determination of
energy transport by mass is to be determined.
Properties The properties of air are R
= 0.287 kJ/kg.K and cp = 1.008 
kJ/kg.K (at 350 K from Table A-2b) 25 m/s 

18 kg/min 
300 kPa

77 C
Air

Analysis (a) The diameter is determined
as follows

/kgm3349.0
kPa)300(

K)2737kJ/kg.K)(7287.0( 3

P
RT
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2
3

m004018.0
m/s25

/kg)m49kg/s)(0.3360/18(
V
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m0.0715)m(0.00401844 2AD

(b) The rate of flow energy is determined from

kW30.14/kg)m9kPa)(0.334kg/s)(30060/18( 3
flow vPmW

(c) The rate of energy transport by mass is

kW105.94

22
2

2
mass

/sm1000
kJ/kg1m/s)(25

2
1K)2737kJ/kg.K)(7(1.008kg/s)(18/60

2
1)( VTcmkehmE p

(d) If we neglect kinetic energy in the calculation of energy transport by mass

kW105.84K)2737kJ/kg.K)(75kg/s)(1.00(18/60mass TcmhmE p

Therefore, the error involved if neglect the kinetic energy is only 0.09%.
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Steady Flow Energy Balance: Nozzles and Diffusers 

5-25C  A steady-flow system involves no changes with time anywhere within the system or at the system
boundaries

5-26C  No. 

5-27C  It is mostly converted to internal energy as shown by a rise in the fluid temperature.

5-28C  The kinetic energy of a fluid increases at the expense of the internal energy as evidenced by a 
decrease in the fluid temperature.

5-29C  Heat transfer to the fluid as it flows through a nozzle is desirable since it will probably increase the 
kinetic energy of the fluid. Heat transfer from the fluid will decrease the exit velocity.

5-30 Air is accelerated in a nozzle from 30 m/s to 180 m/s. The mass flow rate, the exit temperature, and 
the exit area of the nozzle are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. 5 There are no work interactions.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The specific heat of air at the
anticipated average temperature of 450 K is cp = 1.02 kJ/kg. C (Table A-2). 
Analysis (a) There is only one inlet and one exit, and thus m m m1 2 . Using the ideal gas relation, the
specific volume and the mass flow rate of air are determined to be 

P1 = 300 kPa 
T1 = 200 C
V1 = 30 m/s
A1 = 80 cm2

P2 = 100 kPa 
V2 = 180 m/s

AIR
/kgm0.4525

kPa300
)K473)(K/kgmkPa0.287( 3
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1
1 P

RT
v

kg/s0.5304)m/s30)(m0.008(
/kgm0.4525

11 2
311

1
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v

(b) We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy
balance for this steady-flow system can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate
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massand work,heat,by
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0
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2
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Substituting,
22

22

2
/sm1000

kJ/kg1
2

)m/s30()m/s180(
)C200)(KkJ/kg1.02(0 T

It yields T2 = 184.6 C
(c)  The specific volume of air at the nozzle exit is 

/kgm1.313
kPa100

)K273184.6)(K/kgmkPa0.287( 3
3

2
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2322
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v
A2 = 0.00387 m2 = 38.7 cm2
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5-31 EES Problem 5-30 is reconsidered. The effect of the inlet area on the mass flow rate, exit velocity,
and the exit area as the inlet area varies from 50 cm2 to 150 cm2 is to be investigated, and the final results
are to be plotted against the inlet area. 
Analysis The problem is solved using EES, and the solution is given below.

Function HCal(WorkFluid$, Tx, Px)
"Function to calculate the enthalpy of an ideal gas or real gas"
    If   'Air' = WorkFluid$  then 
         HCal:=ENTHALPY('Air',T=Tx) "Ideal gas equ."
    else
        HCal:=ENTHALPY(WorkFluid$,T=Tx, P=Px)"Real gas equ."
    endif
end  HCal

"System: control volume for the nozzle"
"Property relation: Air is an ideal gas"
"Process: Steady state, steady flow, adiabatic, no work"
"Knowns - obtain from the input diagram"
WorkFluid$ = 'Air'
T[1] = 200  [C] 
P[1] = 300   [kPa] 
Vel[1] = 30  [m/s]
P[2] = 100  [kPa] 
Vel[2] = 180  [m/s] 
A[1]=80 [cm^2] 
Am[1]=A[1]*convert(cm^2,m^2)

"Property Data - since the Enthalpy function has different parameters
for ideal gas and real fluids, a function was used to determine h."
h[1]=HCal(WorkFluid$,T[1],P[1])
h[2]=HCal(WorkFluid$,T[2],P[2])

"The Volume function has the same form for an ideal gas as for a real fluid."
v[1]=volume(workFluid$,T=T[1],p=P[1])
v[2]=volume(WorkFluid$,T=T[2],p=P[2])

"Conservation of mass: "
m_dot[1]= m_dot[2] 
"Mass flow rate"
m_dot[1]=Am[1]*Vel[1]/v[1]
m_dot[2]= Am[2]*Vel[2]/v[2]

"Conservation of Energy - SSSF energy balance"
h[1]+Vel[1]^2/(2*1000) = h[2]+Vel[2]^2/(2*1000)

"Definition"
A_ratio=A[1]/A[2]
A[2]=Am[2]*convert(m^2,cm^2)
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A1 [cm2] A2 [cm2] m1 T2

50 24.19 0.3314 184.6
60 29.02 0.3976 184.6
70 33.86 0.4639 184.6
80 38.7 0.5302 184.6
90 43.53 0.5964 184.6

100 48.37 0.6627 184.6
110 53.21 0.729 184.6
120 58.04 0.7952 184.6
130 62.88 0.8615 184.6
140 67.72 0.9278 184.6
150 72.56 0.9941 184.6

50 70 90 110 130 150
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5-32 Steam is accelerated in a nozzle from a velocity of 80 m/s. The mass flow rate, the exit velocity, and 
the exit area of the nozzle are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 There are no work interactions.
Properties From the steam tables (Table A-6) 

120 kJ/s

2SteamkJ/kg3196.7
/kgm0.057838

C004
MPa5

1

3
1

1

1

hT
P v

1
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Analysis (a)  There is only one inlet and one exit, and thus m m m1 2 . The mass flow rate of steam is 

kg/s6.92)m1050)(m/s80(
/kgm0.057838

11 24
311

1
AVm

v

(b) We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy
balance for this steady-flow system can be expressed in the rate form as 

outin

energiesetc.potential,
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Substituting, the exit velocity of the steam is determined to be

22

22
2

/sm1000
kJ/kg1

2
m/s)(803196.73024.2kg/s6.916kJ/s120 V

It yields V2 = 562.7 m/s
(c) The exit area of the nozzle is determined from

24 m1015.42
m/s562.7

/kgm0.12551kg/s6.9161 3
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5-33E Air is accelerated in a nozzle from 150 ft/s to 900 ft/s. The exit temperature of air and the exit area 
of the nozzle are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible. 4 There are no work interactions.
Properties The enthalpy of air at the inlet is h1 = 143.47 Btu/lbm (Table A-17E). 
Analysis (a) There is only one inlet and one exit, and thus m m m1 2 . We take nozzle as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE 6.5 Btu/lbm 

2AIR1

2

0)peW(since/2)V+()2/(
2

1
2

2
12out

2
22out

2
11

VV
hhmQ

hmQVhm

or,

Btu/lbm121.2
/sft25,037

Btu/lbm1
2

)ft/s150()ft/s900(
Btu/lbm143.47Btu/lbm6.5

2

22

22

2
1

2
2

1out2
VV

hqh

Thus, from Table A-17E, T2 = 507 R
(b)  The exit area is determined from the conservation of mass relation,

2ft0.0482
2

1
2

1

11

22
1

2

1

1

2
211

1
22

2

ft0.1
ft/s900600/50
ft/s150508/14.7

/
/11

A

A
V
V

PRT
PRTA

V
VAVA

v
VA

v
v

v
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5-34 [Also solved by EES on enclosed CD] Steam is accelerated in a nozzle from a velocity of 40 m/s to
300 m/s. The exit temperature and the ratio of the inlet-to-exit area of the nozzle are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is 
negligible.
Properties From the steam tables (Table A-6), 

kJ/kg3231.7
/kgm0.09938

C400
MPa3

1

3
1

1

1

hT
P v

Analysis  (a) There is only one inlet and one exit, and thus m m m1 2 . We take nozzle as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

P1 = 3 MPa
T1 = 400 C
V1 = 40 m/s 

P2 = 2.5 MPa 
V2 = 300 m/s

Steam

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2
0

0)peW(since/2)V+()2/(
2

1
2

2
12

2
22

2
11

VV
hh

QhmVhm

or,

kJ/kg3187.5
/sm1000

kJ/kg1
2

)m/s04()m/s300(
kJ/kg3231.7

2 22

222
1

2
2

12
VV

hh

Thus,
/kgm0.11533kJ/kg3187.5

MPa2.5
3

2

2

2

2

v

C376.6T
h
P

(b)  The ratio of the inlet to exit area is determined from the conservation of mass relation,

6.46
)m/s40)(/kgm0.11533(
)m/s300)(/kgm0.09938(11

3

3

1

2

2

1

2

1
11

1
22

2 V
V

A
A

VAVA
v

v

vv
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5-35 Air is accelerated in a nozzle from 120 m/s to 380 m/s. The exit temperature and pressure of air are to 
be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. 5 There are no work interactions.
Properties The enthalpy of air at the inlet temperature of 500 K is h1 = 503.02 kJ/kg (Table A-17). 
Analysis  (a) There is only one inlet and one exit, and thus m m m1 2 . We take nozzle as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2AIR1

2
0

0)peW(since/2)V+()2/(
2

1
2

2
12

2
22

2
11

VVhh

QhmVhm

or,

kJ/kg438.02
/sm1000

kJ/kg1
2

m/s120m/s380kJ/kg503.02
2 22

222
1

2
2

12
VVhh

Then from Table A-17 we read T2 = 436.5 K
(b)  The exit pressure is determined from the conservation of mass relation,

11
11

22
22

11
1

22
2 /

1
/

111 VA
PRT

VA
PRT

VAVA
vv

Thus,

kPa330.8)kPa600(
)m/s380)(K500(
)m/s120)(K436.5(

1
2

1
212

121
2 P

VTA
VTA

P
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5-36 Air is decelerated in a diffuser from 230 m/s to 30 m/s. The exit temperature of air and the exit area of
the diffuser are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. 5 There are no work interactions.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The enthalpy of air at the inlet 
temperature of 400 K is h1 = 400.98 kJ/kg (Table A-17). 
Analysis  (a) There is only one inlet and one exit, and thus m m m1 2 . We take diffuser as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2AIR1

2
0

0)peW(since/2)V+()2/(
2

1
2

2
12

2
22

2
11

VV
hh

QhmVhm
,

or,

kJ/kg426.98
/sm1000

kJ/kg1
2

m/s230m/s30
kJ/kg400.98

2 22

222
1

2
2

12
VV

hh

From Table A-17, T2 = 425.6 K
(b)  The specific volume of air at the diffuser exit is 

/kgm1.221
kPa100

K425.6K/kgmkPa0.287 3
3

2

2
2 P

RT
v

From conservation of mass,

2m0.0678
m/s30

)/kgm1.221)(kg/s36006000(1 3

2

2
222

2 V
m

AVAm
v

v
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5-37E Air is decelerated in a diffuser from 600 ft/s to a low velocity. The exit temperature and the exit 
velocity of air are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. 5 There are no work interactions.
Properties The enthalpy of air at the inlet temperature of 20 F is h1 = 114.69 Btu/lbm (Table A-17E). 
Analysis  (a) There is only one inlet and one exit, and thus m m m1 2 . We take diffuser as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2AIR1

2
0

0)peW(since/2)+()2/(
2

1
2

2
12

2
22

2
11

VV
hh

QVhmVhm
,

or,

Btu/lbm121.88
/sft25,037

Btu/lbm1
2

ft/s6000Btu/lbm114.69
2 22

22
1

2
2

12
VVhh

From Table A-17E, T2 = 510.0 R
(b)  The exit velocity of air is determined from the conservation of mass relation,

11
11

22
22

11
1

22
2 /

1
/

111 VA
PRT

VA
PRT

VAVA
vv

Thus,

ft/s114.3)ft/s600(
)psia14.5)(R480(

)psia13)(R510(
5
1

1
212

121
2 V

PTA
PTA

V
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5-38 CO2 gas is accelerated in a nozzle to 450 m/s. The inlet velocity and the exit temperature are to be 
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 CO2 is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. 5 There are no work interactions.
Properties The gas constant and molar mass of CO2 are 0.1889 kPa.m3/kg.K and 44 kg/kmol (Table A-1). 
The enthalpy of CO2 at 500 C is h1 30,797 kJ/kmol (Table A-20). 

Analysis (a) There is only one inlet and one exit, and thus m m m1 2 . Using the ideal gas relation, the
specific volume is determined to be 

/kgm0.146
kPa1000

K773K/kgmkPa0.1889 3
3

1

1
1 P

RT
v

2CO21
Thus,

m/s60.8
m1040

/kgm0.146kg/s6000/36001
24

3

1

1
111

1 A
mVVAm v

v

(b)  We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy
balance for this steady-flow system can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2
0

0)peW(since/2)V+()2/(
2

1
2

2
12

2
22

2
11

VV
hh

QhmVhm

Substituting,

kJ/kmol26,423

kg/kmol44
/sm1000

kJ/kg1
2

m/s60.8m/s450
kJ/kmol30,797

2

22

22

2
1

2
2

12 M
VV

hh

Then the exit temperature of CO2 from Table A-20 is obtained to be T2 = 685.8 K
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5-39 R-134a is accelerated in a nozzle from a velocity of 20 m/s. The exit velocity of the refrigerant and 
the ratio of the inlet-to-exit area of the nozzle are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is 
negligible.
Properties From the refrigerant tables (Table A-13) 

2R-134a1kJ/kg358.90
/kgm0.043358

C120
kPa700

1

3
1

1

1

hT
P v

and

kJ/kg275.07
/kgm0.056796

C30
kPa004

2

3
2

2

2

hT
P v

Analysis (a) There is only one inlet and one exit, and thus m m m1 2 . We take nozzle as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2
0

0)peW(since/2)V+()2/(
2

1
2

2
12

2
22

2
11

VVhh

QhmVhm

Substituting,

/sm1000
kJ/kg1

2
m/s20

kJ/kg358.90275.070
22

22
2V

It yields V2 = 409.9 m/s

(b)  The ratio of the inlet to exit area is determined from the conservation of mass relation,

15.65
m/s20/kgm0.056796

m/s409.9/kgm0.04335811
3

3

1

2

2

1

2

1
11

1
22

2 V
V

A
A

VAVA
v

v

vv
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5-40 Air is decelerated in a diffuser from 220 m/s. The exit velocity and the exit pressure of air are to be 
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible.  4 There are no work interactions.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The enthalpies are (Table A-17) 

T h
T h

1 1

2 2

27 300 30019
42 315 27

C =  K  kJ / kg
C = 315 K kJ / kg

.
.

Analysis  (a) There is only one inlet and one exit, and thus m m m1 2 . We take diffuser as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE
18 kJ/s 

AIR1 2

2

0)peW(since/2)+()2/(
2

1
2

2
12out

2
22out

2
11

VVhhmQ

VhmQVhm

Substituting, the exit velocity of the air is determined to be

22

22
2

/sm1000
kJ/kg1

2
m/s)(220kJ/kg300.19)(315.27kg/s2.5kJ/s18 V

It yields V2 = 62.0 m/s
(b)  The exit pressure of air is determined from the conservation of mass and the ideal gas relations,

/kgm0.992
kg/s2.5

m/s62m0.041 3
2

22
222

2 m
VA

VAm v
v

and

kPa91.1
/kgm0.992

K315K/kgmkPa0.287
3

3

2

2
2222 v

v
RT

PRTP
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5-41 Nitrogen is decelerated in a diffuser from 200 m/s to a lower velocity. The exit velocity of nitrogen 
and the ratio of the inlet-to-exit area are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Nitrogen is an ideal gas
with variable specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus
heat transfer is negligible. 5 There are no work interactions.
Properties The molar mass of nitrogen is M = 28 kg/kmol (Table A-1). The enthalpies are (Table A-18) 

kJ/kmol8580K295=C22

kJ/kmol8141K280=C7

22

11

hT

hT

Analysis  (a) There is only one inlet and one exit, and thus m m m1 2 . We take diffuser as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2N21

22
0

0)peW(since/2)+()2/(
2

1
2

212
2

1
2

2
12

2
22

2
11

VV
M

hhVV
hh

QVhmVhm
,

Substituting,

22

22
2

/sm1000
kJ/kg1

2
m/s200

kg/kmol28
kJ/kmol814185800 V

It yields V2 = 93.0 m/s

(b)  The ratio of the inlet to exit area is determined from the conservation of mass relation,

or,

0.625
m/s200kPaK/85295
m/s93.0kPaK/60280

/
/

/
/11

1

2

22

11

2

1

1

2

22

11

1

2

2

1

2

1
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1
22
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V
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VAVA
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5-42 EES Problem 5-41 is reconsidered. The effect of the inlet velocity on the exit velocity and the ratio of
the inlet-to-exit area as the inlet velocity varies from 180 m/s to 260 m/s is to be investigated. The final
results are to be plotted against the inlet velocity.
Analysis The problem is solved using EES, and the solution is given below.

Function HCal(WorkFluid$, Tx, Px)
"Function to calculate the enthalpy of an ideal gas or real gas"
    If   'N2' = WorkFluid$  then 
         HCal:=ENTHALPY(WorkFluid$,T=Tx) "Ideal gas equ."
    else
        HCal:=ENTHALPY(WorkFluid$,T=Tx, P=Px)"Real gas equ."
    endif
end  HCal

"System: control volume for the nozzle"
"Property relation: Nitrogen is an ideal gas"
"Process: Steady state, steady flow, adiabatic, no work"

"Knowns"
WorkFluid$ = 'N2' 
T[1] = 7  [C] 
P[1] = 60   [kPa] 
{Vel[1] = 200  [m/s]}
P[2] = 85  [kPa] 
T[2] = 22 [C] 

"Property Data - since the Enthalpy function has different parameters
for ideal gas and real fluids, a function was used to determine h."
h[1]=HCal(WorkFluid$,T[1],P[1])
h[2]=HCal(WorkFluid$,T[2],P[2])

"The Volume function has the same form for an ideal gas as for a real fluid."
v[1]=volume(workFluid$,T=T[1],p=P[1])
v[2]=volume(WorkFluid$,T=T[2],p=P[2])

"From the definition of mass flow rate, m_dot = A*Vel/v and conservation of mass the area ratio
A_Ratio = A_1/A_2 is:"
A_Ratio*Vel[1]/v[1] =Vel[2]/v[2]
"Conservation of Energy - SSSF energy balance"
h[1]+Vel[1]^2/(2*1000) = h[2]+Vel[2]^2/(2*1000)

ARatio Vel1 [m/s] Vel2 [m/s]
0.2603 180 34.84
0.4961 190 70.1
0.6312 200 93.88
0.7276 210 113.6
0.8019 220 131.2
0.8615 230 147.4
0.9106 240 162.5
0.9518 250 177
0.9869 260 190.8
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5-43 R-134a is decelerated in a diffuser from a velocity of 120 m/s. The exit velocity of R-134a and the 
mass flow rate of the R-134a are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 There are no work interactions.
Properties From the R-134a tables (Tables A-11 through A-13) 

2 kJ/s

R-134a1
kJ/kg267.29

/kgm0.025621
.

kPa800

1

3
11

hvaporsat
P v

2
and

kJ/kg274.17
/kgm0.023375

C40
kPa900

2

3
2

2

2

hT
P v

Analysis (a)  There is only one inlet and one exit, and thus m m m1 2 . Then the exit velocity of R-134a
is determined from the steady-flow mass balance to be

m/s60.8m/s120
/kg)m(0.025621
/kg)m(0.023375

1.8
111

3

3

1
2

1

1

2
211

1
22

2
V

A
A

VVAVA
v

v

vv

(b) We take diffuser as the system, which is a control volume since mass crosses the boundary. The energy
balance for this steady-flow system can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2

0)peW(since/2)V+()2/(
2

1
2

2
12in

2
22

2
11in

VV
hhmQ

hmVhmQ

Substituting, the mass flow rate of the refrigerant is determined to be

22

22

/sm1000
kJ/kg1

2
m/s)(120m/s60.8kg267.29)kJ/(274.17kJ/s2 m

It yields m kg/s1.308
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5-44 Heat is lost from the steam flowing in a nozzle. The velocity and the volume flow rate at the nozzle 
exit are to be determined.
Assumptions 1 This is a steady-flow process since there is 
no change with time. 2 Potential energy change is 
negligible. 3 There are no work interactions. 

300 C
200 kPa

Q

STEAM400 C
800 kPa
10 m/s 

Analysis We take the steam as the system, which is a
control volume since mass crosses the boundary. The 
energy balance for this steady-flow system can be expressed 
in the rate form as 
Energy balance:

0)pesince
22

0

out

2
2

2

2
1

1

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQVhmVhm

EE

EEE

or
m

QV
h

V
h out

2
2

2

2
1

1 22

The properties of steam at the inlet and exit are (Table A-6)

kJ/kg7.3267
/kgm38429.0

C400
kPa008

1

3
1

1

1

hT
P v

kJ/kg1.3072
/kgm31623.1

C300
kPa020

2

3
2

1

2

hT
P v

The mass flow rate of the steam is 

kg/s2.082m/s))(10m(0.08
/sm0.38429

11 2
311

1
VAm

v

Substituting,

m/s6062

22

2
2

22

2

kg/s2.082
kJ/s25

/sm1000
kJ/kg1

2
kJ/kg1.3072

/sm1000
kJ/kg1

2
m/s)(10kJ/kg3267.7

V

V

The volume flow rate at the exit of the nozzle is 

/sm2.74 3/kg)m623kg/s)(1.31(2.082 3
22 vV m
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Turbines and Compressors 

5-45C  Yes. 

5-46C  The volume flow rate at the compressor inlet will be greater than that at the compressor exit.

5-47C  Yes. Because energy (in the form of shaft work) is being added to the air. 

5-48C  No. 

5-49 Steam expands in a turbine. The change in kinetic energy, the power output, and the turbine inlet area 
are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Properties From the steam tables (Tables A-4 through 6) 

W
·

P1 = 10 MPa 
T1 = 450 C
V1 = 80 m/s 

S
 = 12 k· TEAM

m g/s

kJ/kg3242.4
/kgm0.029782

C450
MPa10

1

3
1

1

1

hT
P v

and

kJ/kg2392.52392.10.92191.81
92.0
kPa10

22
2

2
fgf hxhh

x
P

Analysis (a) The change in kinetic energy is determined from

kJ/kg95.1
/sm1000

kJ/kg1
2

m/s)(80m/s50
2 22

222
1

2
2 VV

ke
P2 = 10 kPa 
x2 = 0.92 
V2 = 50 m/s (b) There is only one inlet and one exit, and thus m m m1 2 . We take the 

turbine as the system, which is a control volume since mass crosses the
boundary. The energy balance for this steady-flow system can be expressed 
in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2

0)peQ(since/2)+()2/(
2

1
2

2
12out

2
22out

2
11

VV
hhmW

VhmWVhm

Then the power output of the turbine is determined by substitution to be
MW10.2kJ/kg)1.953242.42392.5)(kg/s12(outW

(c)  The inlet area of the turbine is determined from the mass flow rate relation,

2m0.00447
m/s80

)/kgm0.029782)(kg/s12(1 3

1

1
111

1 V
m

AVAm
v

v
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5-50 EES Problem 5-49 is reconsidered. The effect of the turbine exit pressure on the power output of the
turbine as the exit pressure varies from 10 kPa to 200 kPa is to be investigated. The power output is to be 
plotted against the exit pressure.
Analysis The problem is solved using EES, and the solution is given below.

"Knowns "
T[1] = 450 [C] 
P[1] = 10000  [kPa] 
Vel[1] = 80  [m/s]
P[2] = 10  [kPa] 
X_2=0.92
Vel[2] = 50  [m/s]
m_dot[1]=12 [kg/s]
Fluid$='Steam_IAPWS'

0 40 80 120 160 200
40
50
60
70
80
90

100
110
120
130

P[2]  [kPa]

T
[2
]
[C
]

"Property Data"
h[1]=enthalpy(Fluid$,T=T[1],P=P[1])
h[2]=enthalpy(Fluid$,P=P[2],x=x_2)
T[2]=temperature(Fluid$,P=P[2],x=x_2)
v[1]=volume(Fluid$,T=T[1],p=P[1])
v[2]=volume(Fluid$,P=P[2],x=x_2)

"Conservation of mass: "
m_dot[1]= m_dot[2] 

"Mass flow rate"
m_dot[1]=A[1]*Vel[1]/v[1]
m_dot[2]= A[2]*Vel[2]/v[2]

"Conservation of Energy - Steady Flow energy balance"
m_dot[1]*(h[1]+Vel[1]^2/2*Convert(m^2/s^2, kJ/kg)) =
m_dot[2]*(h[2]+Vel[2]^2/2*Convert(m^2/s^2, kJ/kg))+W_dot_turb*convert(MW,kJ/s)

DELTAke=Vel[2]^2/2*Convert(m^2/s^2, kJ/kg)-Vel[1]^2/2*Convert(m^2/s^2, kJ/kg)

P2

[kPa]
Wturb

[MW]
T2

[C]
10 10.22 45.81

31.11 9.66 69.93
52.22 9.377 82.4
73.33 9.183 91.16
94.44 9.033 98.02
115.6 8.912 103.7
136.7 8.809 108.6
157.8 8.719 112.9
178.9 8.641 116.7
200 8.57 120.2

0 40 80 120 160 200
8.5

8.85

9.2

9.55
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10.25

P[2] [kPa]

W
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5-51 Steam expands in a turbine. The mass flow rate of steam for a power output of 5 MW is to be 
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Properties From the steam tables (Tables A-4 through 6) 

1
kJ/kg3375.1

C500
MPa10

1
1

1 h
T
P

kJ/kg2344.72392.10.90.81191
90.0
kPa01

22
2

2
fgf hxhh

x
P

Analysis There is only one inlet and one exit, and thus m m m1 2 . We take the
turbine as the system, which is a control volume since mass crosses the boundary.
The energy balance for this steady-flow system can be expressed in the rate form
as

H2O

2

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

( )

mh W mh Q ke pe

W m h h
1 2

2 1

out

out

(since 0)

Substituting, the required mass flow rate of the steam is determined to be

kg/s4.852mm kJ/kg)3375.12344.7(kJ/s5000

5-52E Steam expands in a turbine. The rate of heat loss from the steam for a power output of 4 MW is to
be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 
Properties From the steam tables (Tables A-4E through 6E) 

1
Btu/lbm1448.6

F900
psia1000

1
1

1 h
T
P

Btu/lbm1130.7
.

psia5
2

2 h
vaporsat

P

H2O
Analysis There is only one inlet and one exit, and thus m m m1 2 . We
take the turbine as the system, which is a control volume since mass crosses 
the boundary. The energy balance for this steady-flow system can be 
expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2

( )

mh Q W mh ke pe

Q m h h W
1 2

2 1

out out

out out

 (since 0)

 Substituting,

Btu/s182.0
kJ1.055

Btu1kJ/s4000Btu/lbm)6.14487.1130)(lbm/s45000/3600(outQ
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5-53 Steam expands in a turbine. The exit temperature of the steam for a power output of 2 MW is to be
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Properties From the steam tables (Tables A-4 through 6) 

kJ/kg3399.5
C500

MPa8
1

1

1 h
T
P

Analysis There is only one inlet and one exit, and thus m m m1 2 . We take the turbine as the system,
which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE 1

H2O

( )

mh W mh Q ke pe

W m h h
1 2

1 2

out

out

(since 0)

Substituting,

kJ/kg2566.2
kJ/kg3399.5kg/s3kJ/s2500

2

2

h
h 2

Then the exit temperature becomes

C60.12
2

2

kJ/kg2566.2
kPa20

T
h
P
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5-54 Argon gas expands in a turbine. The exit temperature of the argon for a power output of 250 kW is to
be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 4 Argon is an ideal gas with
constant specific heats.
Properties The gas constant of Ar is R = 0.2081 kPa.m3/kg.K. The constant pressure specific heat of Ar is
cp = 0.5203 kJ/kg· C (Table A-2a) 
Analysis There is only one inlet and one exit, and thus m m m1 2 . The inlet specific volume of argon
and its mass flow rate are 

/kgm0.167
kPa900

K723K/kgmkPa0.2081 3
3

1

1
1 P

RT
v

250 kW 

A1 = 60 cm2

P1 = 900 kPa 
T1 = 450 C
V1 = 80 m/s 

ARGON

Thus,

skg2.874m/s80m0.006
/kgm0.167

11 2
311

1
/VAm

v

We take the turbine as the system, which is a control volume since
mass crosses the boundary. The energy balance for this steady-flow
system can be expressed in the rate form as 

E E E

E E

in out

in out

Rate of net energy transfer
 by heat, work, and mass

system
  (steady)

Rate of change in internal, kinetic,
potential, etc. energies

0 0
P2 = 150 kPa 
V2 = 150 m/s 

2

0)pe(since/2)+()2/(
2

1
2

2
12out

2
22out

2
11

VVhhmW

QVhmWVhm

Substituting,

22

22

2
/sm1000

kJ/kg1
2

)m/s80()m/s150(
)C450)(CkJ/kg0.5203()kg/s2.874(kJ/s T250

It yields T2 = 267.3 C
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5-55E Air expands in a turbine. The mass flow rate of air and the power output of the turbine are to be 
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with
constant specific heats.
Properties The gas constant of air is R = 0.3704 psia.ft3/lbm.R. The constant pressure specific heat of air at 
the average temperature of (900 + 300)/2 = 600 F is cp = 0.25 Btu/lbm· F (Table A-2a) 
Analysis (a) There is only one inlet and one exit, and thus m m m1 2 . The inlet specific volume of air 
and its mass flow rate  are 

/lbmft3.358
psia150

R1360R/lbmftpsia0.3704 3
3

1

1
1 P

RT
v 1

AIR

lbm/s10.42ft/s350ft0.1
/lbmft3.358

11 2
311

1
VAm

v

(b) We take the turbine as the system, which is a control volume since mass
crosses the boundary. The energy balance for this steady-flow system can be
expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE
2

2
)(

2

0)peQ(since/2)+()2/(
2

1
2

2
12

2
1

2
2

12out

2
22out

2
11

VV
TTcm

VV
hhmW

VhmWVhm

p

Substituting,

Btu/s1486.5

/sft25,037
Btu/lbm1

2
ft/s350ft/s700F900300FBtu/lbm0.250lbm/s10.42 22

22

out

kW1568

W
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5-56 Refrigerant-134a is compressed steadily by a compressor. The power input to the compressor and the
volume flow rate of the refrigerant at the compressor inlet are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Properties From the refrigerant tables (Tables A-11 through 13) 

kJ/kg235.92
/kgm0.17395

.
C24

1

3
11

hvaporsat
T v kJ/kg.81296

C06
MPa0.8

2
2

2 h
T
P

2

R-134a

Analysis (a) There is only one inlet and one exit, and thus m m m1 2 .
We take the compressor as the system, which is a control volume since 
mass crosses the boundary. The energy balance for this steady-flow
system can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

1

( )

W mh mh Q ke pe

W m h h
in

in

  (since 0)1 2

2 1

 Substituting, kJ/s73.06kJ/kg235.92296.81kg/s1.2inW
(b)  The volume flow rate of the refrigerant at the compressor inlet is 

/sm0.209 3)/kgm0.17395(kg/s1.2 3
11 vV m

5-57 Air is compressed by a compressor. The mass flow rate of air through the compressor is to be
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible.  3 Air is an ideal gas with variable specific heats.
Properties The inlet and exit enthalpies of air are (Table A-17) 

T1 = 25 C = 298 K h1 = h@ 298 K = 298.2 kJ/kg
T2 = 347 C = 620 K h2 = h@ 620 K = 628.07 kJ/kg

2Analysis We take the compressor as the system, which is a control 
volume since mass crosses the boundary. The energy balance for this
steady-flow system can be expressed in the rate form as 

1500 kJ/min 

AIR

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2

0)pe(since/2)+()2/(
2

1
2

2
12outin

2
22out

2
11in

VV
hhmQW

VhmQVhmW 1

Substituting, the mass flow rate is determined to be

kg/s0.674mm 22

2

/sm1000
kJ/kg1

2
0m/s90298.2628.07kJ/s)(1500/60-kJ/s250
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5-58E Air is compressed by a compressor. The mass flow rate of air through the compressor and the exit
temperature of air are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible.  3 Air is an ideal gas with variable specific heats.
Properties The gas constant of air is R = 0.3704 psia.ft3/lbm.R (Table A-1E). The inlet enthalpy of air is 
(Table A-17E) 

T1 = 60 F = 520 R h1 = h@ 520 R = 124.27 Btu/lbm
Analysis (a) There is only one inlet and one exit, and thus m m m1 2 . The inlet specific volume of air 
and its mass flow rate  are 

/lbmft13.1
psia14.7

R520R/lbmftpsia0.3704 3
3

1

1
1 P

RT
v

2

lbm/s6.36lbm/min381.7
/lbmft13.1
/minft5000

3

3

1

1

v
Vm

10 Btu/lbm 

AIR(b) We take the compressor as the system, which is a control volume since
mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE
1

( )

W mh Q mh

W Q m h h
in out

in out

(since ke pe 0)1 2

2 1

Substituting,

Btu/lbm192.06

Btu/lbm124.27lbm/s6.36Btu/lbm)10(lbm/s)6.36(
hp1

Btu/s0.7068hp700

2

2

h

h

Then the exit temperature is determined from Table A-17E to be 
T2 = 801 R = 341 F
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5-59E EES Problem 5-58E is reconsidered. The effect of the rate of cooling of the compressor on the exit
temperature of air as the cooling rate varies from 0 to 100 Btu/lbm is to be investigated. The air exit
temperature is to be plotted against the rate of cooling.
Analysis The problem is solved using EES, and the solution is given below.

"Knowns "
T[1] = 60  [F] 
P[1] = 14.7  [psia]
V_dot[1] = 5000  [ft^3/min]
P[2] = 150  [psia]
{q_out=10 [Btu/lbm]}
W_dot_in=700 [hp] 

"Property Data"
h[1]=enthalpy(Air,T=T[1])
h[2]=enthalpy(Air,T=T[2])
TR_2=T[2]+460 "[R]"
v[1]=volume(Air,T=T[1],p=P[1])
v[2]=volume(Air,T=T[2],p=P[2])

"Conservation of mass: "
m_dot[1]= m_dot[2] 

"Mass flow rate"
m_dot[1]=V_dot[1]/v[1] *convert(ft^3/min,ft^3/s)
m_dot[2]= V_dot[2]/v[2]*convert(ft^3/min,ft^3/s)

"Conservation of Energy - Steady Flow energy balance"
W_dot_in*convert(hp,Btu/s)+m_dot[1]*(h[1]) = m_dot[1]*q_out+m_dot[1]*(h[2])

qout

[Btu/lbm]
T2

[F]
0 382

10 340.9
20 299.7
30 258.3
40 216.9
50 175.4
60 133.8
70 92.26
80 50.67
90 9.053

100 -32.63

0 20 40 60 80 100
-50

0

50

100

150

200

250

300

350

400

qout  [Btu/lbm]

T[
2]

[F
]
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5-60 Helium is compressed by a compressor. For a mass flow rate of 90 kg/min, the power input required
is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible.  3 Helium is an ideal gas with constant specific heats.
Properties The constant pressure specific heat of helium is cp = 5.1926 kJ/kg·K (Table A-2a).
Analysis There is only one inlet and one exit, and thus m m m1 2 . We take the compressor as the 
system, which is a control volume since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as 

P2 = 700 kPa 
T2 = 430 K 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

W·
He

90 kg/min 

·Q

)()(

0)peke(since

1212outin

2out1in

TTcmhhmQW

hmQhmW

p

Thus,

kW965
310)KK)(430kJ/kg26kg/s)(5.19(90/60+kJ/kg)kg/s)(200(90/6

12outin TTcmQW p P1 = 120 kPa 
T1 = 310 K 

5-61 CO2 is compressed by a compressor. The volume flow rate of CO2 at the compressor inlet and the
power input to the compressor are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible.  3 Helium is an ideal gas with variable specific heats. 4 The device is 
adiabatic and thus heat transfer is negligible.
Properties The gas constant of CO2 is R = 0.1889 kPa.m3/kg.K, and its molar mass is M = 44 kg/kmol
(Table A-1). The inlet and exit enthalpies of CO2 are (Table A-20) 

2T h

T h
1 1

2 2

300 9 431

450 15 483

 K  kJ / kmol

 K  kJ / kmol

,

,

CO2
Analysis (a) There is only one inlet and one exit, and thus m m m1 2 .
The inlet specific volume of air and its volume flow rate are 

/kgm0.5667
kPa100

K300K/kgmkPa0.1889 3
3

1

1
1 P

RT
v

/sm0.283 3)/kgm0.5667)(kg/s0.5( 3
1vV m

(b) We take the compressor as the system, which is a control volume since mass crosses the boundary. The 
energy balance for this steady-flow system can be expressed in the rate form as 

1

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

( ) ( ) /

W mh mh Q

W m h h m h h M
in

in

(since ke pe 0)1 2

2 1 2 1

Substituting kW68.8
kg/kmol44

kJ/kmol9,43115,483kg/s0.5
inW
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Throttling Valves

5-62C  Because usually there is a large temperature drop associated with the throttling process. 

5-63C  Yes. 

5-64C  No. Because air is an ideal gas and h = h(T) for ideal gases.  Thus if h remains constant, so does the 
temperature.

5-65C  If it remains in the liquid phase, no. But if some of the liquid vaporizes during throttling, then yes. 

5-66 Refrigerant-134a is throttled by a valve. The temperature drop of the refrigerant and specific volume
after expansion are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work 
interactions involved.

P1 = 700 kPa 
Sat. liquid

Properties The inlet enthalpy of R-134a is, from the refrigerant tables
(Tables A-11 through 13), 

kJ/kg28.88
C69.26

liquidsat.
MPa7.0

1

sat11

fhh
TTP

R-134a
Analysis There is only one inlet and one exit, and thus m m m1 2 . We
take the throttling valve as the system, which is a control volume since
mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as P2 = 160 kPa 

0 2121outin
(steady)0

systemoutin hhhmhmEEEEE

since . Then, Q W ke pe 0

kJ/kg241.11
C15.60kJ/kg,.2131kPa160 sat

12

2

g

f

h
Th

hh
P

Obviously hf <h2 <hg, thus the refrigerant exists as a saturated mixture at the exit state and thus T2 = Tsat = -
15.60°C. Then the temperature drop becomes

C42.369.2660.1512 TTT

The quality at this state is determined from

Thus,

/kgm0.0344 3)0007437.012348.0(2745.00007437.0

2745.0
90.209

21.3182.88

22

2
2

fgf

fg

f

x

h
hh

x

vvv
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5-67 [Also solved by EES on enclosed CD] Refrigerant-134a is throttled by a valve. The pressure and 
internal energy after expansion are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work 
interactions involved.
Properties The inlet enthalpy of R-134a is, from the refrigerant tables (Tables A-11 through 13), 

kJ/kg86.41
C25
MPa0.8

C25@1
1

1
fhh

T
P

P1 = 0.8 MPa 
T1 = 25 CAnalysis There is only one inlet and one exit, and thus m m m1 2 .

We take the throttling valve as the system, which is a control volume
since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as 

R-134a
0 2121outin

(steady)0
systemoutin hhhmhmEEEEE

   since . Then,Q W ke pe 0

kJ/kg218.84kJ/kg238.41
kJ/kg25.39,kJ/kg25.49C20

12

2

gg

ff

uh
uh

hh
T T2 = -20 C

Obviously hf < h2 <hg, thus the refrigerant exists as a saturated mixture at the exit state, and thus 
P2  = Psat @ -20°C  = 132.82 kPa

Also, 2861.0
91.212

49.2541.862
2

fg

f

h
hh

x

Thus, kJ/kg80.7445.1932861.039.2522 fgf uxuu

5-68 Steam is throttled by a well-insulated valve. The temperature drop of the steam after the expansion is 
to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work 
interactions involved.
Properties The inlet enthalpy of steam is (Tables A-6),

P1 = 8 MPa
T1 = 500 CkJ/kg3399.5

C500
MPa8

1
1

1 h
T
P

Analysis There is only one inlet and one exit, and thus m m m1 2 . We take 
the throttling valve as the system, which is a control volume since mass
crosses the boundary. The energy balance for this steady-flow system can be 
expressed in the rate form as 

H2O

0 2121outin
(steady)0

systemoutin hhhmhmEEEEE
P2 = 6 MPa

since . Then the exit temperature of steam becomesQ W ke pe 0

C490.12
12

2 MPa6
T

hh
P
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5-69 EES Problem 5-68 is reconsidered. The effect of the exit pressure of steam on the exit temperature
after throttling as the exit pressure varies from 6 MPa to 1 MPa is to be investigated.  The exit temperature
of steam is to be plotted against the exit pressure.
Analysis The problem is solved using EES, and the solution is given below.

"Input information from Diagram Window"
{WorkingFluid$='Steam_iapws' "WorkingFluid: can be  changed to ammonia or other fluids"
P_in=8000 [kPa] 
T_in=500  [C] 
P_out=6000  [kPa]}
$Warning off

"Analysis"
m_dot_in=m_dot_out "steady-state mass balance"
m_dot_in=1 "mass flow rate is arbitrary"
m_dot_in*h_in+Q_dot-W_dot-m_dot_out*h_out=0 "steady-state energy balance"
Q_dot=0 "assume the throttle to operate adiabatically"
W_dot=0 "throttles do not have any means of producing power"
h_in=enthalpy(WorkingFluid$,T=T_in,P=P_in) "property table lookup"
T_out=temperature(WorkingFluid$,P=P_out,h=h_out) "property table lookup"
x_out=quality(WorkingFluid$,P=P_out,h=h_out) "x_out is the quality at the outlet"

P[1]=P_in;  P[2]=P_out; h[1]=h_in;  h[2]=h_out "use arrays to place points on property plot"

Pout

[kPa]
Tout [C] 

1000 463.1
2000 468.8
3000 474.3
4000 479.7
5000 484.9
6000 490.1

1000 2000 3000 4000 5000 6000
460

465

470

475

480

485

490

495

Pout [kPa]

T o
ut

[°
C

]

Throttle exit T vs exit P for steam
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5-70E  High-pressure air is throttled to atmospheric pressure. The temperature of air after the expansion is
to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work 
interactions involved. 5 Air is an ideal gas.
Analysis There is only one inlet and one exit, and thus m m m1 2 . We take 
the throttling valve as the system, which is a control volume since mass
crosses the boundary. The energy balance for this steady-flow system can be 
expressed in the rate form as 

P1 = 200 psia 
T1 = 90 F

0 2121outin
(steady)0

systemoutin hhhmhmEEEEE Air

since . For an ideal gas, h = h(T).Q W ke pe 0

Therefore,
P2 = 14.7 psia 

T2 = T1 = 90°F

5-71 Carbon dioxide flows through a throttling valve. The temperature change of CO2 is to be determined
if CO2 is assumed an ideal gas and a real gas. 
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work 
interactions involved.
Analysis There is only one inlet and one exit, and thus m m m1 2 . We take the throttling valve as the
system, which is a control volume since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as 

0 2121outin
(steady)0

systemoutin hhhmhmEEEEE

since .Q W ke pe 0

100 kPa 
CO2

5 MPa 
100 C

(a) For an ideal gas, h = h(T), and therefore, 

C02112 100 TTTCTT

(b) We obtain real gas properties of CO2 from EES software as follows 

kJ/kg77.34
C100

MPa5
1

1

1 h
T
P

C0.66
kJ/kg77.34

kPa100
2

12

2 T
hh

P

Note that EES uses a different reference state from the textbook for CO2 properties. The temperature
difference in this case becomes

C34.00.6610021 TTT

That is, the temperature of CO2 decreases by 34 C in a throttling process if its real gas properties are used.
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Mixing Chambers and Heat Exchangers 

5-72C  Yes, if the mixing chamber is losing heat to the surrounding medium.

5-73C Under the conditions of no heat and work interactions between the mixing chamber and the
surrounding medium.

5-74C Under the conditions of no heat and work interactions between the heat exchanger and the
surrounding medium.

5-75 A hot water stream is mixed with a cold water stream. For a specified mixture temperature, the mass
flow rate of cold water is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The mixing chamber is well-insulated so that heat loss
to the surroundings is negligible. 3 Changes in the kinetic and potential energies of fluid streams are 
negligible. 4 Fluid properties are constant. 5 There are no work interactions.
Properties Noting that T < Tsat @ 250 kPa = 127.41°C, the
water in all three streams exists as a compressed liquid, 
which can be approximated as a saturated liquid at the
given temperature.  Thus, H2O

(P = 250 kPa)
T3 = 42 C

T
m·

1 = 80 C
1 = 0.5 kg/s 

T2 = 20 C
m2
·

h1 hf @ 80 C  = 335.02 kJ/kg
h2 hf @ 20 C  =   83.915 kJ/kg
h3 hf @ 42 C  = 175.90 kJ/kg

Analysis We take the mixing chamber as the system, which is a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as 

Mass balance: 321
(steady)0

systemoutin 0 mmmmmm

Energy balance:

0)peke(since

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhm

EE

EEE

Combining the two relations and solving for  givesm2

3212211 hmmhmhm

m h h
h h

m2
1 3

3 2
1

Substituting, the mass flow rate of cold water stream is determined to be

kg/s0.865kg/s0.5
kJ/kg83.915175.90
kJ/kg175.90335.02

2m
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5-76 Liquid water is heated in a chamber by mixing it with superheated steam. For a specified mixing
temperature, the mass flow rate of the steam is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.
Properties  Noting that T < Tsat @ 300 kPa = 133.52 C, the cold water stream and the mixture exist as a 
compressed liquid, which can be approximated as a saturated liquid at the given temperature.  Thus, from
steam tables (Tables A-4 through A-6) 

h1 hf @ 20 C  =  83.91 kJ/kg
h3 hf @ 60 C  = 251.18 kJ/kg

and

kJ/kg3069.6
C300
kPa300

2
2

2 h
T
P

Analysis   We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as 

Mass balance: m 321outin
(steady)0

systemoutin 0 mmmmmmm

Energy balance:

0)peke(since

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhm

EE

EEE

H2O
(P = 300 kPa)

T3 = 60 C

T
m·

1 = 20 C
1 = 1.8 kg/s 

T2 = 300 C
m2
·Combining the two, 3212211 hmmhmhm

Solving for :m2
h h
h h

m2
1 3

3 2
1m

Substituting,

kg/s0.107)kg/s1.8(
kg3069.6)kJ/(251.18

kg251.18)kJ/
2

(83.91m
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5-77 Feedwater is heated in a chamber by mixing it with superheated steam. If the mixture is saturated 
liquid, the ratio of the mass flow rates of the feedwater and the superheated vapor is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.
Properties Noting that T < Tsat @ 1 MPa = 179.88 C, the cold water stream and the mixture exist as a 
compressed liquid, which can be approximated as a saturated liquid at the given temperature.  Thus, from
steam tables (Tables A-4 through A-6) 

h1 hf @ 50 C   =  209.34 kJ/kg
h3 hf @ 1 MPa = 762.51 kJ/kg

and

kJ/kg2828.3
C200

MPa1
2

2

2 h
T
P

Analysis   We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as 

Mass balance: m 321outin
(steady)0

systemoutin 0 mmmmmmm

Energy balance:

0)peke(since

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhm

EE

EEE

H2O
(P = 1 MPa) 
Sat. liquid 

T
m·

1 = 50 C
1

T2 = 200 C
m2
·

Combining the two, 3212211 hmmhmhm

Dividing by  yields m2 321 1 hyhhy

Solving for y: y h h
h h

3 2

1 3

where  is the desired mass flow rate ratio. Substituting,y m m/1 2

762.51209.34
2828.3762.51y 3.73
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5-78E Liquid water is heated in a chamber by mixing it with saturated water vapor. If both streams enter at
the same rate, the temperature and quality (if saturated) of the exit stream is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.
Properties From steam tables (Tables A-5E through A-6E), 

h1 hf @ 50 F   =   18.07 Btu/lbm
h2  = hg @ 50 psia = 1174.2 Btu/lbm

Analysis   We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as 

Mass balance: mmmmmmmmmmmm 21321outin
(steady)0

systemoutin 20

Energy balance:

0)peke(since

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhm

EE

EEE

H2O
(P = 50 psia)

T3, x3

T1 = 50 F

Sat. vapor
m2 = 1m··

Combining the two gives 2/or2 213321 hhhhmhmhm

Substituting,
h3  =  (18.07 + 1174.2)/2 = 596.16 Btu/lbm

At 50 psia, hf = 250.21 Btu/lbm and hg = 1174.2 Btu/lbm.  Thus the exit stream is a saturated mixture since
hf < h3 < hg.  Therefore, 

T3 = Tsat @ 50 psia = 280.99 F
and

03.924
21.25016.5963

3
fg

f

h
hh

x 0.374
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5-79 Two streams of refrigerant-134a are mixed in a chamber. If the cold stream enters at twice the rate of 
the hot stream, the temperature and quality (if saturated) of the exit stream are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.
Properties From R-134a tables (Tables A-11 through A-13), 

h1 hf @ 12 C   =  68.18 kJ/kg
h2  = h @ 1 MPa,  60 C = 293.38 kJ/kg

Analysis   We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as 

Mass balance: 212321outin
(steady)0

systemoutin 2since30 mmmmmmmmmmm

Energy balance:

R-134a
(P = 1 MPa) 

T3, x3

T2 = 60 C

T1 = 12 C
m1 = 2 2m··

0)peke(since

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhm

EE

EEE

Combining the two gives 3/232 213322212 hhhorhmhmhm

Substituting,
h3 = (2 68.18 + 293.38)/3 = 143.25 kJ/kg

At 1 MPa, hf = 107.32 kJ/kg and hg = 270.99 kJ/kg.  Thus the exit stream is a saturated mixture since
hf < h3 < hg.  Therefore, 

T3 = Tsat @ 1 MPa = 39.37 C
and

67.163
32.10725.1433

3
fg

f

h
hh

x 0.220
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5-80 EES Problem 5-79 is reconsidered. The effect of the mass flow rate of the cold stream of R-134a on 
the temperature and the quality of the exit stream as the ratio of the mass flow rate of the cold stream to
that of the hot stream varies from 1 to 4 is to be investigated. The mixture temperature and quality are to be
plotted against the cold-to-hot mass flow rate ratio.
Analysis The problem is solved using EES, and the solution is given below.

"Input Data"
"m_frac = 2" "m_frac =m_dot_cold/m_dot_hot= m_dot_1/m_dot_2"
T[1]=12 [C] 
P[1]=1000 [kPa] 
T[2]=60 [C] 
P[2]=1000 [kPa] 
m_dot_1=m_frac*m_dot_2
P[3]=1000 [kPa] 
m_dot_1=1

"Conservation of mass for the R134a: Sum of m_dot_in=m_dot_out"
m_dot_1+ m_dot_2 =m_dot_3 

"Conservation of Energy for steady-flow: neglect changes in KE and PE"
"We assume no heat transfer and no work occur across the control surface."
E_dot_in - E_dot_out = DELTAE_dot_cv 
DELTAE_dot_cv=0 "Steady-flow requirement"
E_dot_in=m_dot_1*h[1] + m_dot_2*h[2]
E_dot_out=m_dot_3*h[3]

"Property data are given by:"
h[1] =enthalpy(R134a,T=T[1],P=P[1])
h[2] =enthalpy(R134a,T=T[2],P=P[2])

1 1.5 2 2.5 3 3.5 4
0

0.1

0.2

0.3

0.4

0.5

mfrac

x 3

T[3] =temperature(R134a,P=P[3],h=h[3]) 
x_3=QUALITY(R134a,h=h[3],P=P[3])

mfrac T3 [C] x3

1 39.37 0.4491
1.333 39.37 0.3509
1.667 39.37 0.2772

2 39.37 0.2199
2.333 39.37 0.174
2.667 39.37 0.1365

3 39.37 0.1053
3.333 39.37 0.07881
3.667 39.37 0.05613

4 39.37 0.03649

1 1.5 2 2.5 3 3.5 4
30

32

34

36

38

40

mfrac

T[
3]

  [
C

]
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5-81 Refrigerant-134a is to be cooled by air in the condenser. For a specified volume flow rate of air, the
mass flow rate of the refrigerant is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the device to the 
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid. 5 Air is an ideal gas with constant specific heats at room temperature.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The constant pressure specific heat of 
air is cp = 1.005 kJ/kg·°C (Table A-2). The enthalpies of the R-134a at the inlet and the exit states are
(Tables A-11 through A-13) 

kJ/kg93.58
C30

MPa1

kJ/kg324.64
C09

MPa1

30@4
4

4

3
3

3

Cfhh
T
P

h
T
P

AIR

2

1

4

3

R-134a

Analysis The inlet specific volume and the mass flow rate of air are 

and

kg/min.9696
/kgm0.861

/minm600

/kgm0.861
kPa100

K300K/kgmkPa0.287

3

3

1

1

3
3

1

1
1

v

V

v

m

P
RT

We take the entire heat exchanger as the system, which is a control volume. The mass and energy balances 
for this steady-flow system can be expressed in the rate form as 
Mass balance ( for each fluid stream):

Ra mmmmmmmmmmm 4321outin
(steady)0

systemoutin and0

Energy balance (for the entire heat exchanger): 

0)peke(since

0

44223311

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhmhm

EE

EEE

Combining the two, 4312 hhmhhm Ra

Solving for :mR a
p

aR m
hh

TTc
m

hh
hhm

43

12

43

12

Substituting,

kg/min100.0)kg/min.9696(
kJ/kg)93.58324.64(

C27)C)(60kJ/kg1.005(
Rm
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5-82E Refrigerant-134a is vaporized by air in the evaporator of an air-conditioner. For specified flow rates, 
the exit temperature of the air and the rate of heat transfer from the air are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the device to the 
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid. 5 Air is an ideal gas with constant specific heats at room temperature.
Properties The gas constant of air is 0.3704 psia.ft3/lbm.R (Table A-1E). The constant pressure specific 
heat of air is cp = 0.240 Btu/lbm·°F (Table A-2E). The enthalpies of the R-134a at the inlet and the exit
states are (Tables A-11E through A-13E) 

Btu/lbm73.102
vaporsat.

psia20

Btu/lbm38.83282.910.3445.11
3.0

psia20

psia20@4
4

33
3

3

g

fgf

hh
P

hxhh
x
P

AIR

2

1

4

3

R-134a

Analysis (a) The inlet specific volume and the mass flow rate of air are 

and
lbm/min14.43

/lbmft13.86
/minft200

/lbmft13.86
psia14.7

R550R/lbmftpsia0.3704

3

3

1

1

3
3

1

1
1

v
V

v

m

P
RT

We take the entire heat exchanger as the system, which is a control volume. The mass and energy balances 
for this steady-flow system can be expressed in the rate form as 
Mass balance (for each fluid stream):

Ra mmmmmmmmmmm 4321outin
(steady)0

systemoutin and0

Energy balance (for the entire heat exchanger): 

0)peke(since

0

44223311

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhmhm

EE

EEE

Combining the two, 121243 TTcmhhmhhm paaR

Solving for :T2
pa

R

cm
hhm

TT 43
12

Substituting, F16.2
FBtu/lbm0.24Btu/min14.43

Btu/lbm102.7338.83lbm/min4
F902T

(b) The rate of heat transfer from the air to the refrigerant is determined from the steady-flow energy 
balance applied to the air only. It yields

Btu/min255.6F90)-F)(16.2Btu/lbm24.0)(lbmg/min43.14(

)()(

outair,

1212outair,

Q

TTcmhhmQ paa
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5-83 Refrigerant-134a is condensed in a water-cooled condenser. The mass flow rate of the cooling water
required is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the device to the 
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid.
Properties  The enthalpies of R-134a at the inlet and the exit states are (Tables A-11 through A-13) 

kJ/kg.8288
liquidsat.

kPa007

kJ/kg308.33
C70
kPa007

kPa007@4
4

3
3

3

fhh
P

h
T
P

Water

2

1

4

3

R-134a

Water exists as compressed liquid at both states, and thus (Table A-4) 
h1 hf @ 15 C   =   62.98 kJ/kg
h2 hf @ 25 C   = 104.83 kJ/kg

Analysis We take the heat exchanger as the system, which is a 
control volume. The mass and energy balances for this steady-flow
system can be expressed in the rate form as 
Mass balance (for each fluid stream):

Rw mmmmmmmmmmm 4321outin
(steady)0

systemoutin and0

Energy balance (for the heat exchanger): 

0)peke(since

0

44223311

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhmhm

EE

EEE

Combining the two, 4312 hhmhh Rwm

Solving for :mw m h h
h h

mw R
3 4

2 1

Substituting,

kg/min42.0kg/min)(8
kJ/kg62.98)(104.83
kJ/kg.82)88(308.33

wm
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5-84E [Also solved by EES on enclosed CD] Air is heated in a steam heating system. For specified flow 
rates, the volume flow rate of air at the inlet is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the device to the 
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid. 5 Air is an ideal gas with constant specific heats at room temperature.
Properties The gas constant of air is 0.3704 psia.ft3/lbm.R (Table A-1E). The constant pressure specific 
heat of air is Cp = 0.240 Btu/lbm·°F (Table A-2E). The enthalpies of steam at the inlet and the exit states
are (Tables A-4E through A-6E) 

Btu/lbm180.21
F212

psia25

Btu/lbm1237.9
F400

psia30

F212@4
4

4

3
3

3

fhh
T
P

h
T
P

Analysis  We take the entire heat exchanger as the system, which 
is a control volume. The mass and energy balances for this steady-
flow system can be expressed in the rate form as 
Mass balance ( for each fluid stream):

sa mmmmmmmmmmm 4321outin
(steady)0

systemoutin and0

AIR

2

1

4

3

Steam

Energy balance (for the entire heat exchanger): 

0)peke(since

0

44223311

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhmhm

EE

EEE

Combining the two, 4312 hhmhhm sa

Solving for :ma s
p

sa m
TTc

hhm
hh
hhm

12

43

12

43

Substituting,

lbm/s22.04lbm/min1322)lbm/min15(
F)80130)(FBtu/lbm0.240(

Btu/lbm)180.211237.9(
am

Also, /lbmft13.61
psia14.7

)R540)(R/lbmftpsia0.3704( 3
3

1

1
1 P

RT
v

Then the volume flow rate of air at the inlet becomes

/sft300 3)/lbmft13.61)(lbm/s22.04( 3
11 vV am
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5-85 Steam is condensed by cooling water in the condenser of a power plant. If the temperature rise of the
cooling water is not to exceed 10 C, the minimum mass flow rate of the cooling water required is to be 
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the device to the 
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid. 5 Liquid water is an incompressible substance with constant specific heats at room temperature.
Properties The cooling water exists as compressed liquid at both states, and its specific heat at room
temperature is c = 4.18 kJ/kg·°C (Table A-3). The enthalpies of the steam at the inlet and the exit states are
(Tables A-5 and A-6) 

kJ/kg251.42
liquidsat.

kPa20

kJ/kg2491.12357.50.95251.42
95.0

kPa20

kPa20@f4
4

33
3

3

hh
P

hxhh
x
P

fgf

Analysis We take the heat exchanger as the system, which is a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as 
Mass balance (for each fluid stream):

sw mmmmmmmmmmm 4321outin
(steady)0

systemoutin and0

Energy balance (for the heat exchanger): 

Water

Steam
20 kPa 

0)peke(since

0

44223311

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhmhm

EE

EEE

Combining the two, 4312 hhmhhm sw

Solving for :mw s
p

sw m
TTc

hh
m

hh
hh

m
12

43

12

43

Substituting,

)kg/s020,000/360(
)C10)(CkJ/kg4.18(

kJ/kg)251.422491.1(
wm 297.7 kg/s
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5-86 Steam is condensed by cooling water in the condenser of a power plant. The rate of condensation of 
steam is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties
are constant. 
Properties The heat of vaporization of water at 50 C is hfg = 2382.0 kJ/kg and specific heat of cold water
is cp = 4.18 kJ/kg. C (Tables A-3 and A-4). 
Analysis We take the cold water tubes as the system, which
is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as 

)(

0)peke(since

0

12in

21in

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcmQ

hmhmQ

EE

EEE

p

Then  the heat transfer rate to the cooling water in the condenser becomes
50 C

27 C

18 C

Water

Steam
50 C

kJ/s3800=
C)18CC)(27kJ/kg.kg/s)(4.18(101

)]([  watercoolinginout TTcmQ p

The rate of condensation of steam is determined to be

kg/s1.60
kJ/kg0.2382
kJ/s3800)( steamsteam

fg
fg h

QmhmQ
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5-87 EES Problem 5-86 is reconsidered. The effect of the inlet temperature of cooling water on the rate of 
condensation of steam as the inlet temperature varies from 10°C to 20°C at constant exit temperature is to
be investigated. The rate of condensation of steam is to be plotted against the inlet temperature of the
cooling water.
Analysis The problem is solved using EES, and the solution is given below.

"Input Data"
T_s[1]=50 [C] 
T_s[2]=50 [C] 
m_dot_water=101 [kg/s] 
T_water[1]=18 [C] 
T_water[2]=27 [C] 
C_P_water = 4.20 [kJ/kg-°C] 

"Conservation of mass for the steam: m_dot_s_in=m_dot_s_out=m_dot_s"
"Conservation of mass for the water: m_dot_water_in=lm_dot_water_out=m_dot_water"
"Conservation of Energy for steady-flow: neglect changes in KE and PE"
"We assume no heat transfer and no work occur across the control surface."
E_dot_in - E_dot_out = DELTAE_dot_cv 
DELTAE_dot_cv=0 "Steady-flow requirement"
E_dot_in=m_dot_s*h_s[1] + m_dot_water*h_water[1]
E_dot_out=m_dot_s*h_s[2] + m_dot_water*h_water[2]

"Property data are given by:"
h_s[1] =enthalpy(steam_iapws,T=T_s[1],x=1) "steam data"
h_s[2] =enthalpy(steam_iapws,T=T_s[2],x=0)
h_water[1] =C_P_water*T_water[1] "water data"
h_water[2] =C_P_water*T_water[2] 

h_fg_s=h_s[1]-h_s[2] "h_fg is found from the EES functions rather than using h_fg = 2305 kJ/kg" 

ms

[kg/s]
Twater,1

[C]
3.028 10
2.671 12
2.315 14
1.959 16
1.603 18
1.247 20

10 12 14 16 18 20
1

1.5

2

2.5

3

3.5

Twater[1]  [C]

m
s

[k
g/s
]
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5-88 Water is heated in a heat exchanger by geothermal water. The rate of heat transfer to the water and the 
exit temperature of the geothermal water is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties
are constant.
Properties The specific heats of water and geothermal fluid are given to be 4.18 and 4.31 kJ/kg. C,
respectively.
Analysis We take the cold water tubes as the system, which is a control volume.
The energy balance for this steady-flow system can be expressed in the rate form
as

60 C

Brine
140 C

Water
25 C

)(

0)peke(since

0

12in

21in

outin

energiesetc.potential,
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massand work,heat,by
nsferenergy tranetofRate

outin

TTcmQ

hmhmQ
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EEE
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Then the rate of heat transfer to the cold water in the heat exchanger becomes
kW29.26=C)25CC)(60kJ/kg.kg/s)(4.182.0()]([ waterinout TTcmQ p

Noting that heat transfer to the cold water is equal to the heat loss from the geothermal water, the outlet
temperature of the geothermal water is determined from

C117.4
C)kJ/kg.kg/s)(4.313.0(

kW26.29C140)]([ inoutgeot.wateroutin
p

p cm
QTTTTcmQ

5-89 Ethylene glycol is cooled by water in a heat exchanger. The rate of heat transfer in the heat exchanger 
and the mass flow rate of water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties
are constant.
Properties The specific heats of water and ethylene glycol are given to be 4.18 and 2.56 kJ/kg. C,
respectively.
Analysis (a) We take the ethylene glycol tubes as the system, which is a control
volume. The energy balance for this steady-flow system can be expressed in the rate
form as 
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40 C

Cold Water
20 C

Hot Glycol

80 C
2 kg/s

Then the rate of heat transfer becomes
kW204.8=C)40CC)(80kJ/kg.kg/s)(2.562()]([ glycoloutinp TTcmQ

(b) The rate of heat transfer from glycol must be equal to the rate of heat transfer to the water. Then,



5-55

kg/s1.4=
C)20CC)(55kJ/kg.(4.18

kJ/s8.204
)(

)]([
inout

waterwaterinout TTc
QmTTcmQ

p
p
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5-90 EES Problem 5-89 is reconsidered. The effect of the inlet temperature of cooling water on the mass
flow rate of water as the inlet temperature varies from 10°C to 40°C at constant exit temperature) is to be
investigated. The mass flow rate of water is to be plotted against the inlet temperature.
Analysis The problem is solved using EES, and the solution is given below.

"Input Data"

{T_w[1]=20 [C]}
T_w[2]=55 [C] "w: water"
m_dot_eg=2 [kg/s] "eg: ethylene glycol"
T_eg[1]=80 [C] 
T_eg[2]=40 [C] 
C_p_w=4.18 [kJ/kg-K] 
C_p_eg=2.56 [kJ/kg-K] 

"Conservation of mass for the water: m_dot_w_in=m_dot_w_out=m_dot_w"
"Conservation of mass for the ethylene glycol: m_dot_eg_in=m_dot_eg_out=m_dot_eg"

"Conservation of Energy for steady-flow: neglect changes in KE and PE in each mass steam"
"We assume no heat transfer and no work occur across the control surface."
E_dot_in - E_dot_out = DELTAE_dot_cv 
DELTAE_dot_cv=0 "Steady-flow requirement"
E_dot_in=m_dot_w*h_w[1] + m_dot_eg*h_eg[1]
E_dot_out=m_dot_w*h_w[2] + m_dot_eg*h_eg[2]
Q_exchanged =m_dot_eg*h_eg[1] - m_dot_eg*h_eg[2]

"Property data are given by:"
h_w[1] =C_p_w*T_w[1] "liquid approximation applied for water and ethylene glycol"
h_w[2] =C_p_w*T_w[2] 
h_eg[1] =C_p_eg*T_eg[1] 
h_eg[2] =C_p_eg*T_eg[2] 

mw [kg/s] Tw,1 [C] 
1.089 10
1.225 15

1.4 20
1.633 25
1.96 30
2.45 35

3.266 40

10 15 20 25 30 35 40
1

1.5

2

2.5
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Tw[1]  [C]

m
w
[k
g/s
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5-91 Oil is to be cooled by water in a thin-walled heat exchanger. The rate of heat transfer in the heat
exchanger and the exit temperature of water is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible.  4 Fluid
properties are constant.
Properties The specific heats of water and oil are given to be 4.18 and 2.20 kJ/kg. C, respectively. 
AnalysisWe take the oil tubes as the system, which is a control volume. The
energy balance for this steady-flow system can be expressed in the rate form
as

40 C

Hot oil 
150 C
2 kg/s 

Cold
water
22 C
1.5 kg/s 
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Then the rate of heat transfer from the oil becomes
=C)40CC)(150kJ/kg.kg/s)(2.22()]([ oiloutin kW484TTcmQ p

Noting that the heat lost by the oil is gained by the water, the outlet temperature of the water is determined
from

C99.2=
C)kJ/kg.kg/s)(4.18(1.5

kJ/s484C22)]([
water

inoutwaterinout
p

p cm
QTTTTcmQ

5-92 Cold water is heated by hot water in a heat exchanger. The rate of heat transfer and the exit 
temperature of hot water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible.  4 Fluid
properties are constant.
Properties The specific heats of cold and hot water are given to be 4.18 and 4.19 kJ/kg. C, respectively. 
Analysis We take the cold water tubes as the system, which
is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as Cold

Water
15 C

Hot water

100 C
3 kg/s
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Then the rate of heat transfer to the cold water in this heat exchanger becomes
kW75.24=C)15CC)(45kJ/kg.kg/s)(4.1860.0()]([  watercoldinout TTcmQ p

Noting that heat gain by the cold water is equal to the heat loss by the hot water, the outlet temperature of
the hot water is determined to be

C94.0
C)kJ/kg.kg/s)(4.193(

kW24.75C100)]([ inouthot wateroutin
p

p cm
QTTTTcmQ
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5-93 Air is preheated by hot exhaust gases in a cross-flow heat exchanger. The rate of heat transfer and the 
outlet temperature of the air are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible.  4 Fluid
properties are constant.
Properties The specific heats of air and combustion gases are given to be 1.005 and 1.10 kJ/kg. C,
respectively.
Analysis We take the exhaust pipes as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as 
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Then the rate of heat transfer from the exhaust gases becomes
kW102.85=C)95CC)(180kJ/kg.kg/s)(1.11.1()]([ gas.outin TTcmQ p

Air
95 kPa 
20 C

0.8 m3/s

Exhaust gases 
1.1 kg/s, 95 C

The mass flow rate of air is 

kg/s904.0
K293/kg.K)kPa.m287.0(

/s)mkPa)(0.8(95
3

3

RT
Pm V

Noting that heat loss by the exhaust gases is equal to the heat gain by the air, the outlet temperature of the
air becomes

C133.2
C)kJ/kg.5kg/s)(1.00904.0(

kW85.102C20)( inc,outc,inc,outc,
p
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5-94 Water is heated by hot oil in a heat exchanger. The rate of heat transfer in the heat exchanger and the 
outlet temperature of oil are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible.  4 Fluid
properties are constant.
Properties The specific heats of  water and oil are given to be 4.18 and 2.3 kJ/kg. C, respectively. 
Analysis We take the cold water tubes as the system, which is 
a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as 
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Then the rate of heat transfer to the cold water in this heat exchanger becomes
kW940.5=C)20CC)(70kJ/kg.kg/s)(4.185.4()]([ waterinout TTcmQ p

70 C

Water
20 C

4.5 kg/s 

Oil
170 C
10 kg/s

Noting that heat gain by the water is equal to the heat loss by the oil, the outlet temperature of the hot water
is determined from

C129.1
C)kJ/kg.kg/s)(2.310(
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p
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5-95E Steam is condensed by cooling water in a condenser. The rate of heat transfer in the heat exchanger 
and the rate of condensation of steam are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties
are constant. 
Properties The specific heat of water is 1.0 Btu/lbm. F (Table 
A-3E). The enthalpy of vaporization of water at 85 F is 1045.2
Btu/lbm (Table A-4E).

85 F

73 F

60 F

Water

Steam
85 F

Analysis We take the tube-side of the heat exchanger where 
cold water is flowing as the system, which is a control volume.
The energy balance for this steady-flow system can be
expressed in the rate form as 
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Then the rate of heat transfer to the cold water in this heat exchanger becomes

Btu/s1794=F)60FF)(73Btu/lbm.lbm/s)(1.0138()]([ waterinoutp TTcmQ

Noting that heat gain by the water is equal to the heat loss by the condensing steam, the rate of 
condensation of the steam in the heat exchanger is determined from

lbm/s1.72
Btu/lbm2.1045
Btu/s1794)( steamsteam
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fg h

QmhmQ
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5-96 Two streams of cold and warm air are mixed in a chamber. If the ratio of hot to cold air is 1.6, the
mixture temperature and the rate of heat gain of the room are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.
Properties The gas constant of air is
R = 0.287 kPa.m3/kg.K. The enthalpies
of air are obtained from air table (Table 
A-17) as 

Warm
air
34 C

Room 24 C

Cold
air
5 C

    h1  = h @278 K  = 278.13 kJ/kg
    h2  = h @ 307 K = 307.23 kJ/kg
    hroom  = h @ 297 K = 297.18 kJ/kg
Analysis (a) We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as 
Mass balance: 

121311outin
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systemoutin 6.1since6.26.10 mmmmmmmmmmm

Energy balance:
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Combining the two gives 6.2/6.16.26.1 213312111 hhhorhmhmhm

Substituting,
h3 = (278.13 +1.6  307.23)/2.6 = 296.04 kJ/kg

From air table at this enthalpy, the mixture temperature is 
T3  = T @ h = 296.04 kJ/kg  = 295.9 K = 22.9 C

(b) The mass flow rates are determined as follows 
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The rate of heat gain of the room is determined from

kW4.88kJ/kg)04.29618.297(kg/s)277.4()( 3room3cool hhmQ
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5-97 A heat exchanger that is not insulated is used to produce steam from the heat given up by the exhaust
gases of an internal combustion engine. The temperature of exhaust gases at the heat exchanger exit and 
the rate of heat transfer to the water are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Exhaust gases are assumed to have air
properties with constant specific heats.
Properties The constant pressure specific heat of the exhaust gases is taken to be cp = 1.045 kJ/kg·°C
(Table A-2). The inlet and exit enthalpies of water are (Tables A-4 and A-5) 

kJ/kg3.2798
 vap.)(sat.1
MPa2

kJ/kg98.62
liq.)(sat.0
C15

outw,
outw,

inw,
inw,

h
x
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h
x
T

2 MPa 
sat. vap.

Heat
exchanger

Exh. gas
400 C

Q

Water
15 C

Analysis We take the entire heat exchanger as the system,
which is a control volume. The mass and energy balances for 
this steady-flow system can be expressed in the rate form as 
Mass balance (for each fluid stream):

outin
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systemoutin 0 mmmmm

Energy balance (for the entire heat exchanger): 
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Noting that the mass flow rate of exhaust gases is 15 times that of the water, substituting gives

outQmTm

mm

kJ/kg)3.2798(C)kJ/kg.045.1(15

kJ/kg)98.62(C)400(C)kJ/kg.045.1(15

woutexh,w

ww  (1) 

The heat given up by the exhaust gases and heat picked up by the water are

C)400C)(kJ/kg.045.1(15)( outexh,woutexh,inexh,exh TmTTcmQ pexh  (2) 

kJ/kg)98.623.2798()( winw,outw,w mhhmQw    (3) 

The heat loss is

     (4)exhexhout QQfQ 1.0lossheat

The solution may be obtained by a trial-error approach. Or, solving the above equations simultaneously
using EES software, we obtain

kg/s5333.0kg/s,03556.0 exhwwoutexh, mmQT kW,97.26C,206.1
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Pipe and duct Flow

5-98 A desktop computer is to be cooled safely by a fan in hot environments and high elevations. The air
flow rate of the fan and the diameter of the casing are to be determined.
Assumptions 1 Steady operation under worst conditions is considered. 2 Air is an ideal gas with constant
specific heats. 3 Kinetic and potential energy changes are negligible.
Properties The specific heat of air at the average temperature of Tavg =  (45+60)/2 = 52.5 C = 325.5 K is cp

= 1.0065 kJ/kg. C. The gas constant for air is R = 0.287 kJ/kg.K (Table A-2). 
Analysis The fan selected must be able to meet the cooling requirements of the computer at worst
conditions. Therefore, we assume air to enter the computer at 66.63 kPa and 45 C, and leave at 60 C.

We take the air space in the computer as the system, which is a control volume. The energy 
balance for this steady-flow system can be expressed in the rate form as 
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Then the required mass flow rate of air to absorb heat at a rate of 60 W is 
determined to be
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The density of air entering the fan at the exit and its volume flow rate are 
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For an average exit velocity of 110 m/min, the diameter of the casing of the fan is determined from

cm6.3=m063.0
m/min)110(

/min)m341.0)(4(4
4

32

V
DVDVAc

V
V



5-62

5-99 A desktop computer is to be cooled safely by a fan in hot environments and high elevations. The air
flow rate of the fan and the diameter of the casing are to be determined.
Assumptions 1 Steady operation under worst conditions is considered. 2 Air is an ideal gas with constant
specific heats. 3 Kinetic and potential energy changes are negligible.
Properties The specific heat of air at the average temperature of Tave =  (45+60)/2 = 52.5 C is cp = 1.0065 
kJ/kg. C The gas constant for air is R = 0.287 kJ/kg.K (Table A-2). 
Analysis The fan selected must be able to meet the cooling requirements of the computer at worst
conditions. Therefore, we assume air to enter the computer at 66.63 kPa and 45 C, and leave at 60 C.

We take the air space in the computer as the system, which is a control volume. The energy 
balance for this steady-flow system can be expressed in the rate form as 
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Then the required mass flow rate of air to absorb heat at a rate of 100 W is
determined to be
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The density of air entering the fan at the exit and its volume flow rate are 
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For an average exit velocity of 110 m/min, the diameter of the casing of the fan is determined from
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5-100E Electronic devices mounted on a cold plate are cooled by water. The amount of heat generated by
the electronic devices is to be determined.
Assumptions 1 Steady operating conditions exist. 2 About 15 percent of the heat generated is dissipated
from the components to the surroundings by convection and radiation. 3 Kinetic and potential energy
changes are negligible.
Properties The properties of water at room temperature are  = 62.1 lbm/ft3 and cp = 1.00 Btu/lbm. F
(Table A-3E).
Analysis We take the tubes of the cold plate to be the system, which is a control volume. The energy 
balance for this steady-flow system can be expressed in the rate form as 
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Then mass flow rate of water and the rate of heat removal by the water are determined to be
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which is 85 percent of the heat generated by the electronic devices. Then the total amount of heat generated
by the electronic devices becomes

 W263Btu/h896
0.85

Btu/h762Q

5-101 A sealed electronic box is to be cooled by tap water flowing through channels on two of its sides.
The mass flow rate of water and the amount of water used per year are to be determined.
Assumptions 1 Steady operating conditions exist. 2 Entire heat generated is dissipated by water. 3 Water is 
an incompressible substance with constant specific heats at room temperature. 4 Kinetic and potential
energy changes are negligible.
Properties The specific heat of water at room temperature is 
cp = 4.18 kJ/kg. C (Table A-3).

Water
1nlet

1

Water
exit
2

Electronic
box

2 kW 

Analysis We take the water channels on the sides to be the system,
which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as 
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Then the mass flow rate of tap water flowing through the electronic box becomes

kg/s0.1196
C)C)(4kJ/kg.(4.18

kJ/s2
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QmTcmQ
p

p

Therefore, 0.1196 kg of water is needed per second to cool this electronic box. Then the amount of cooling
water used per year becomes

tons/yr3,772=kg/yr3,772,000=s/h)3600h/day24days/yrkg/s)(3651196.0(tmm
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5-102 A sealed electronic box is to be cooled by tap water flowing through channels on two of its sides.
The mass flow rate of water and the amount of water used per year are to be determined.
Assumptions 1 Steady operating conditions exist. 2 Entire heat generated is dissipated by water. 3 Water is 
an incompressible substance with constant specific heats at room temperature. 4 Kinetic and potential
energy changes are negligible
Properties The specific heat of water at room temperature is cp = 
4.18 kJ/kg. C (Table A-3). Water

1nlet
1

Water
exit
2

Electronic
box

4 kW 

Analysis We take the water channels on the sides to be the
system, which is a control volume. The energy balance for this 
steady-flow system can be expressed in the rate form as 
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Then the mass flow rate of tap water flowing through the electronic box becomes

kg/s0.2392
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p

Therefore, 0.2392 kg of water is needed per second to cool this electronic box. Then the amount of cooling
water used per year becomes

tons/yr7544=kg/yr7,544,400=s/h)3600h/day24days/yrkg/s)(36523923.0(tmm

5-103 A long roll of large 1-Mn manganese steel plate is to be quenched in an oil bath at a specified rate.
The rate at which heat needs to be removed from the oil to keep its temperature constant is to be
determined.
Assumptions 1 Steady operating conditions exist. 2 The thermal properties of the roll are constant. 3
Kinetic and potential energy changes are negligible
Properties The properties of the steel plate are given to be  = 7854 kg/m3 and cp = 0.434 kJ/kg. C.
Analysis The mass flow rate of the sheet metal through the oil bath is

kg/min4.785m/min)10(m)005.0(m)2)(kg/m7854( 3wtVm V

We take the volume occupied by the sheet metal in the oil bath to be the system, which is a control volume.
The energy balance for this steady-flow system can be expressed in the rate form as 
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 Oil bath 
45 C

Steel plate 
10 m/min 

Then the rate of heat transfer from the sheet metal to the oil bath becomes
Q kW4368=kJ/min090,262C)1.51820)(CkJ/kg.434.0)(kg/min4.785()( metaloutinout TTcm p

This is the rate of heat transfer from the metal sheet to the oil, which is equal to the rate of heat removal
from the oil since the oil temperature is maintained constant.
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5-104 EES Problem 5-103 is reconsidered. The effect of the moving velocity of the steel plate on the rate
of heat transfer from the oil bath as the velocity varies from 5 to 50 m/min is to be investigated. Tate of
heat transfer is to be plotted against the plate velocity.
Analysis The problem is solved using EES, and the solution is given below.

"Knowns"
Vel = 10 [m/min] 
T_bath = 45 [C] 
T_1 = 820 [C] 
T_2 = 51.1 [C] 
rho = 785 [kg/m^3] 
C_P = 0.434 [kJ/kg-C] 
width = 2 [m] 
thick = 0.5 [cm] 

"Analysis:
 The mass flow rate of the sheet metal through the oil bath is:"
Vol_dot = width*thick*convert(cm,m)*Vel/convert(min,s) 
m_dot = rho*Vol_dot 

"We take the volume occupied by the sheet metal in the oil bath to be the system,
which is a control volume. The energy balance for this steady-flow system--the metal can be
expressed  in the rate form as:"

E_dot_metal_in = E_dot_metal_out 
E_dot_metal_in=m_dot*h_1
E_dot_metal_out=m_dot*h_2+Q_dot_metal_out

h_1 = C_P*T_1 
h_2 = C_P*T_2 

Q_dot_oil_out = Q_dot_metal_out

Qoilout
[kW]

Vel
[m/min]

218.3 5
436.6 10
654.9 15
873.2 20
1091 25
1310 30
1528 35
1746 40
1965 45
2183 50
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5-105 [Also solved by EES on enclosed CD] The components of an electronic device located in a horizontal
duct of rectangular cross section are cooled by forced air. The heat transfer from the outer surfaces of the
duct is to be determined.
Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room
temperature. 3 Kinetic and potential energy changes are negligible
Properties The gas constant of air is R  = 0.287 kJ/kg. C (Table A-1). The specific heat of air at room
temperature is cp = 1.005 kJ/kg. C (Table A-2).
Analysis The density of air entering the duct and the mass flow rate
are

minkg7000min)/m6.0)(kg/m165.1(

kg/m165.1
273)K+/kg.K)(30kPa.m287.0(

kPa325.101

33

3
3

/.Vm

RT
P

We take the channel, excluding the electronic components, to be the
system, which is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as 

40 C

180 W 

25 C

Air
30 C

0.6 m3/min
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Then the rate of heat transfer to the air passing through the duct becomes

[Q  W117=kW117.0C)3040)(CkJ/kg.005.1)(kg/s60/700.0()]( airinoutair TTcm p

The rest of the 180 W heat generated must be dissipated through the outer surfaces of the duct by natural
convection and radiation,

Q Q Qexternal total internal 180 117 63 W
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5-106 The components of an electronic device located in a horizontal duct of circular cross section is
cooled by forced air. The heat transfer from the outer surfaces of the duct is to be determined.
Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room
temperature. 3 Kinetic and potential energy changes are negligible
Properties The gas constant of air is R  = 0.287 kJ/kg. C (Table A-1). The specific heat of air at room
temperature is cp = 1.005 kJ/kg. C (Table A-2).
Analysis The density of air entering the duct and the mass flow rate
are

minkg7000min)/m6.0)(kg/m165.1(

kg/m165.1
273)K+/kg.K)(30kPa.m287.0(

kPa325.101

33

3
3

/.Vm

RT
P

We take the channel, excluding the electronic components, to be the system, which is a control volume.
The energy balance for this steady-flow system can be expressed in the rate form as 
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21
Air

30 C
0.6 m3/s

Then the rate of heat transfer to the air passing through the duct becomes
[Q  W117=kW117.0C)3040)(CkJ/kg.005.1)(kg/s60/700.0()]( airinoutair TTcm p

The rest of the 180 W heat generated must be dissipated through the outer surfaces of the duct by natural
convection and radiation,

Q Q Qexternal total internal 180 117 63 W

5-107E Water is heated in a parabolic solar collector. The required length of parabolic collector is to be
determined.
Assumptions 1 Steady operating conditions exist. 2 Heat loss from the tube is negligible so that the entire
solar energy incident on the tube is transferred to the water. 3 Kinetic and potential energy changes are 
negligible
Properties The specific heat of water at room temperature is cp = 1.00 Btu/lbm. F (Table A-2E).
Analysis We take the thin aluminum tube to be the system, which is a control volume. The energy balance
for this steady-flow system can be expressed in the rate form as 
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2

180 F

1
Water

55 F
4 lbm/s

Then the total rate of heat transfer to the water flowing through the tube becomes
Btu/h1,800,000=Btu/s500F)55180)(FBtu/lbm.00.1)(lbm/s4()(total iep TTcmQ

The length of the tube required is

ft4500
Btu/h.ft400

Btu/h000,800,1total

Q
Q

L
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5-108 Air enters a hollow-core printed circuit board. The exit temperature of the air is to be determined.
Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room
temperature. 3 The local atmospheric pressure is 1 atm. 4 Kinetic and potential energy changes are 
negligible.
Properties The gas constant of air is R  =
0.287 kJ/kg. C (Table A-1). The specific
heat of air at room temperature is cp = 1.005 
kJ/kg. C (Table A-2).

1
Air

32 C
0.8 L/s

2

Analysis The density of air entering the
duct and the mass flow rate are 

skg0009280)s/m0008.0)(kg/m16.1(

kg/m16.1
273)K+/kg.K)(32kPa.m287.0(

kPa325.101

33

3
3

/.Vm

RT
P

We take the hollow core to be the system, which is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as 
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Then the exit temperature of air leaving the hollow core becomes

C53.4
C)J/kg.kg/s)(1005000928.0(

J/s20+C32)( in
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5-109 A computer is cooled by a fan blowing air through the case of the computer. The required flow rate
of the air and the fraction of the temperature rise of air that is due to heat generated by the fan are to be 
determined.
Assumptions 1 Steady flow conditions exist. 2 Air is an ideal gas with constant specific heats. 3 The
pressure of air is 1 atm. 4 Kinetic and potential energy changes are negligible
Properties   The specific heat of air at room temperature is cp = 1.005 kJ/kg. C (Table A-2).
Analysis   (a) We take the air space in the computer as the system, which is a control volume. The energy 
balance for this steady-flow system can be expressed in the rate form as 
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Noting that the fan power is 25 W and the 8 PCBs transfer a total of
80 W of heat to air, the mass flow rate of air is determined to be

kg/s0.0104
C)C)(10J/kg.(1005

 W25 W10)(8
)(

)( inin
inin

iep
iep TTc

WQmTTcmWQ

(b) The fraction of temperature rise of air that is due to the heat generated by the fan and its motor can be
determined from

24%24.0
C10
C2.4=

C4.2
C)J/kg.kg/s)(1005(0.0104

 W25

f

cm
QTTcmQ

p
p

5-110 Hot water enters a pipe whose outer surface is exposed to cold air in a basement. The rate of heat 
loss from the water is to be determined.
Assumptions 1 Steady flow conditions exist. 2 Water is an incompressible substance with constant specific 
heats. 3 The changes in kinetic and potential energies are negligible.
Properties  The properties of water at the average temperature of (90+88)/2 = 89 C are  and 
c

3kg/m965

p = 4.21 kJ/kg. C (Table A-3). 
Analysis  The mass flow rate of water is 

kg/s0.970m/s)8.0(
4

m)(0.04)kg/m965(
2

3VAm c

We take the section of the pipe in the basement to be the system, which is a control volume. The energy
balance for this steady-flow system can be expressed in the rate form as 

Q
2

88 C

1
Water

90 C
0.8 m/s
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Then the rate of heat transfer from the hot water to the surrounding air becomes
kW8.17C)8890)(CkJ/kg.21.4)(kg/s970.0(][ wateroutinout TTcmQ p
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5-111 EES Problem 5-110 is reconsidered. The effect of the inner pipe diameter on the rate of heat loss as
the pipe diameter varies from 1.5 cm to 7.5 cm is to be investigated. The rate of heat loss is to be plotted
against the diameter.
Analysis The problem is solved using EES, and the solution is given below.

"Knowns:"

{D = 0.04 [m]}
rho = 965 [kg/m^3] 
Vel = 0.8 [m/s]
T_1 = 90 [C] 
T_2 = 88 [C] 
C_P = 4.21[kJ/kg-C] 

"Analysis:"

"The mass flow rate of water is:"
Area = pi*D^2/4
m_dot = rho*Area*Vel

"We take the section of the pipe in the basement to be the system, which is a control volume. The 
energy balance for this steady-flow system can be expressed in the rate form as"

E_dot_in - E_dot_out = DELTAE_dot_sys

DELTAE_dot_sys = 0 "Steady-flow assumption"

E_dot_in = m_dot*h_in
E_dot_out =Q_dot_out+m_dot*h_out 

h_in = C_P * T_1 
h_out = C_P * T_2 

D [m] Qout [kW]
0.015 1.149
0.025 3.191
0.035 6.254
0.045 10.34
0.055 15.44
0.065 21.57
0.075 28.72
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5-112 A room is to be heated by an electric resistance heater placed in a duct in the room. The power rating 
of the electric heater and the temperature rise of air as it passes through the heater are to be determined.
Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room
temperature. 3 Kinetic and potential energy changes are negligible. 4 The heating duct is adiabatic, and 
thus heat transfer through it is negligible. 5 No air leaks in and out of the room.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The specific heats of air at room
temperature are cp = 1.005 and cv = 0.718 kJ/kg·K  (Table A-2).
Analysis (a) The total mass of air in the room is 

200 kJ/min

200 W

We

5 6 8 m3
kg284.6

)K288)(K/kgmkPa0.287(
)m240)(kPa98(

m240m865
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We first take the entire room as our system, which is a closed system
since no mass leaks in or out. The power rating of the electric heater is 
determined by applying the conservation of energy relation to this
constant volume closed system:
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Solving for the electrical work input gives

kW5.40
s)60C/(15)1525)(CkJ/kg0.718)(kg284.6()kJ/s0.2()kJ/s200/60(

/)( 12infan,outine, tTTWQW mcv

(b) We now take the heating duct as the system, which is a control volume since mass crosses the 
boundary. There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this 
adiabatic steady-flow system can be expressed in the rate form as 
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5-113 A house is heated by an electric resistance heater placed in a duct. The power rating of the electric 
heater is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats at room temperature. 3 Kinetic and potential energy changes are negligible.
Properties The constant pressure specific heat of air at room temperature is cp = 1.005 kJ/kg·K (Table A-2) 
Analysis We take the heating duct as the system, which is a control volume since mass crosses the 
boundary. There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this steady-
flow system can be expressed in the rate form as 
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Substituting, the power rating of the heating element is determined to be
W kW4.22kW0.3)C7)(CkJ/kg1.005(kg/s)0.6()kJ/s0.3(infan,outine, WTQ pcm

5-114 A hair dryer consumes 1200 W of electric power when running. The inlet volume flow rate and the
exit velocity of air are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats at room temperature. 3 Kinetic and potential energy changes are negligible. 4 The
power consumed by the fan and the heat losses are negligible.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The constant pressure specific heat of 
air at room temperature is cp = 1.005 kJ/kg·K (Table A-2) 
Analysis We take the hair dryer as the system, which is a control volume since mass crosses the boundary.
There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this steady-flow system
can be expressed in the rate form as 
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Substituting, the mass and volume flow rates of air are determined to be
We = 1200 W 
·

P1 = 100 kPa 
T1 = 22 C

T2 = 47 C
A2 = 60 cm2

kg/s0.04776
C2247CkJ/kg1.005

kJ/s1.2
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(b) The exit velocity of air is determined from the mass balance m m m1 2  to be
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5-115 EES Problem 5-114 is reconsidered. The effect of the exit cross-sectional area of the hair drier on 
the exit velocity as the exit area varies from 25 cm2 to 75 cm2 is to be investigated. The exit velocity is to
be plotted against the exit cross-sectional area. 
Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
R=0.287 [kPa-m^3/kg-K] 
P= 100 [kPa] 
T_1 = 22 [C] 
T_2= 47 [C] 
{A_2 = 60 [cm^2]}
A_1 = 53.35 [cm^2] 
W_dot_ele=1200 [W] 

"Analysis:

 We take the hair dryer as the system, which is a control volume since mass
crosses the boundary. There is only one inlet and one exit.  Thus, the
energy balance for this steady-flow system can be expressed in the rate form
as:"
E_dot_in = E_dot_out 
E_dot_in = W_dot_ele*convert(W,kW) + m_dot_1*(h_1+Vel_1^2/2*convert(m^2/s^2,kJ/kg))
E_dot_out = m_dot_2*(h_2+Vel_2^2/2*convert(m^2/s^2,kJ/kg))
h_2  = enthalpy(air, T = T_2) 
h_1= enthalpy(air, T = T_1) 

"The volume flow rates of air are determined to be:"
V_dot_1 = m_dot_1*v_1 
P*v_1=R*(T_1+273)
V_dot_2 = m_dot_2*v_2
P*v_2=R*(T_2+273)
m_dot_1 = m_dot_2 
Vel_1=V_dot_1/(A_1*convert(cm^2,m^2))

"(b) The exit velocity of air is determined from the mass balance  to be"
Vel_2=V_dot_2/(A_2*convert(cm^2,m^2))
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Neglect KE Changes
Set A1 = 53.35cm^2
Include KE Changes

A2 [cm2] Vel2 [m/s]
25 16
30 13.75
35 12.03
40 10.68
45 9.583
50 8.688
55 7.941
60 7.31
65 6.77
70 6.303
75 5.896
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5-116 The ducts of a heating system pass through an unheated area. The rate of heat loss from the air in the
ducts is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats at room temperature. 3 Kinetic and potential energy changes are negligible. 4 There
are no work interactions involved.
Properties The constant pressure specific heat of air at room temperature is cp = 1.005 kJ/kg·K (Table A-2) 
Analysis We take the heating duct as the system, which is a control volume since mass crosses the 
boundary. There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this steady-
flow system can be expressed in the rate form as 
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Substituting, kJ/min482C)C)(4kJ/kg005kg/min)(1.(120outQ

5-117E The ducts of an air-conditioning system pass through an unconditioned area. The inlet velocity and 
the exit temperature of air are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats at room temperature. 3 Kinetic and potential energy changes are negligible. 4 There
are no work interactions involved.
Properties The gas constant of air is 0.3704 psia.ft3/lbm.R (Table A-1E). The constant pressure specific
heat of air at room temperature is cp = 0.240 Btu/lbm.R (Table A-2E) 
Analysis  (a) The inlet velocity of air through the duct is
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2 Btu/s 

AIR450 ft3/min

(b) We take the air-conditioning duct as the system, which is a control volume since mass crosses the 
boundary. There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this steady-
flow system can be expressed in the rate form as 
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Then the exit temperature of air becomes
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5-118 Water is heated by a 7-kW resistance heater as it flows through an insulated tube. The mass flow
rate of water is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Water is an
incompressible substance with constant specific heats at room temperature. 3 Kinetic and potential energy
changes are negligible. 4 The tube is adiabatic and thus heat losses are negligible.
Properties The specific heat of water at room temperature is c = 4.18 kJ/kg·°C  (Table A-3). 
Analysis We take the water pipe as the system, which is a control volume since mass crosses the boundary.
There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this steady-flow system
can be expressed in the rate form as 

12
0

1212ine,

out21ine,

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

])([)(

0)peke(since

0

TTcmPTTcmhhmW

QhmhmW

EE

EEE

v

WATER

7 kW 

75 C20 C

Substituting, the mass flow rates of water is determined to be

kg/s0.0304
C)2075)(CkJ/kg4.184(
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5-119 Steam pipes pass through an unheated area, and the temperature of steam drops as a result of heat
losses. The mass flow rate of steam and the rate of heat loss from are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time.  2 Kinetic and potential
energy changes are negligible. 4 There are no work interactions involved.
Properties From the steam tables (Table A-6), 

kJ/kg2950.4
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STEAM1 MPa 
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Analysis (a) The mass flow rate of steam is determined directly from

kg/s0.0877m/s2m0.06
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(b) We take the steam pipe as the system, which is a control volume since mass crosses the boundary.
There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this steady-flow system
can be expressed in the rate form as 

)(

0)peke(since

0

21out

2out1

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

hhmQ

WhmQhm

EE

EEE

Substituting, the rate of heat loss is determined to be
kJ/s8.87kJ/kg)2950.4-.63051)(kg/s0.0877(lossQ
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5-120 Steam flows through a non-constant cross-section pipe. The inlet and exit velocities of the steam are
to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy change
is negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is 
negligible.
Analysis We take the pipe as the
system, which is a control volume
since mass crosses the boundary. The
mass and energy balances for this
steady-flow system can be expressed
in the rate form as 

D1
200 kPa
200 C
Vel1

Steam

D2
150 kPa
150 C
Vel2

Mass balance: 

2

2
2
2

1

1
2
1

1

1
1

1

1
1outin

(steady)0
systemoutin

44

0

vvvv
VDVDVAVAmm

mmm

Energy balance:

0)peke(since
22

0

2
2

2

2
1

1

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQVhVh

EE

EEE

The properties of steam at the inlet and exit are (Table A-6)

kJ/kg7.2870
/kgm0805.1

C200
kPa002

1

3
1

1

1

hT
P v

kJ/kg9.2772
/kgm2855.1

C150
kPa015

2

3
2

1

2

hT
P v

Assuming inlet diameter to be 1.8 m and the exit diameter to be 1.0 m, and substituting,

)/kgm1.2855(4
)m1.0(

)/kgm1.0805(4
)m1.8(

3
2

2

3
1

2 VV
  (1) 

22

2
2

22

2
1

/sm1000
kJ/kg1

2
kJ/kg2772.9

/sm1000
kJ/kg1

2
kJ/kg2870.7 VV  (2) 

There are two equations and two unknowns. Solving equations (1) and (2) simultaneously using an 
equation solver such as EES, the velocities are determined to be

V1 = 118.8 m/s 
V2 = 458.0 m/s 
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Charging and Discharging Processes 

5-121 A large reservoir supplies steam to a balloon whose initial state is specified. The final temperature in 
the balloon and the boundary work are to be determined.
Analysis Noting that the volume changes linearly with the pressure, the final volume and the initial mass
are determined from

   (Table A-6) /kgm9367.1
C150
kPa100 3

1
1

1 v
T
P

Steam
50 m3

100 kPa 
150 C

Steam
150 kPa 
200 C

33
1

1

2
2 m75)m50(

kPa100
kPa150

VV
P
P

kg82.25
/kgm1.9367

m50
3

3

1

1
1 v

V
m

The final temperature may be determined if we first calculate specific 
volume at the final state 

/kgm4525.1
kg)25.82(2

m75
2

3
3

1

2

2

2
2 mm

VV
v

   (Table A-6) C202.523
2

2

/kgm4525.1

kPa150
T

P

v

Noting again that the volume changes linearly with the pressure, the boundary work can be determined
from

kJ31253
12

21 m)5075(
2

kPa)150100()(
2

VV
PP

Wb

5-122 Steam in a supply line is allowed to enter an initially evacuated tank. The temperature of the steam in 
the supply line and the flow work are to be determined.
Analysis Flow work of the steam in the supply line is converted to sensible internal energy in the tank.
That is, 

4 MPa 

Initially
evacuated

Steamtankline uh

where  (Table A-6) kJ/kg5.3189
C550

MPa4
tank

tank

tank u
T
P

Now, the properties of steam in the line can be calculated 

  (Table A-6) 
kJ/kg5.2901kJ/kg5.3189

MPa4

line

line

line

line

u
T

h
P C389.5

The flow work per unit mass is the difference between enthalpy and internal energy of the steam in the line
kJ/kg2885.29015.3189linelineflow uhw
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5-123 A vertical piston-cylinder device contains air at a specified state. Air is allowed to escape from the 
cylinder by a valve connected to the cylinder. The final temperature and the boundary work are to be 
determined.
Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1). 

Air

Air
0.25 m3

600 kPa 
300 C

Analysis The initial and final masses in the cylinder are 

3
3

1

1
1 m9121.0

K)27300kJ/kg.K)(3287.0(
)mkPa)(0.25600(

RT
P

m
V

kg2280.0kg)9121.0(25.025.0 12 mm

Then the final temperature becomes

K458.4
kJ/kg.K)287.0(kg)2280.0(

)mkPa)(0.05600( 3

2

2
2 Rm

P
T

V

Noting that pressure remains constant during the process, the boundary work is determined from

kJ1203
21 0.05)mkPa)(0.25(600)( VVPWb

5-124 Helium flows from a supply line to an initially evacuated tank. The flow work of the helium in the 
supply line and the final temperature of the helium in the tank are to be determined.
Properties The properties of helium are R = 2.0769 kJ/kg.K, cp = 5.1926 kJ/kg.K, cv = 3.1156 kJ/kg.K
(Table A-2a). 
Analysis The flow work is determined from its definition but
we first determine the specific volume 200 kPa, 120 C

Initially
evacuated

Helium

/kgm0811.4
kPa)200(

K)27320kJ/kg.K)(10769.2( 3line

P
RT

v

kJ/kg816.2/kg)m1kPa)(4.081200( 3
flow vPw

Noting that the flow work in the supply line is converted to
sensible internal energy in the tank, the final helium
temperature in the tank is determined as follows

K655.0tanktanktanktank-

lineline

linetank

kJ/kg.K)1156.3(kJ/kg7.2040

kJ/kg7.2040K)27320kJ/kg.K)(11926.5(

TTTcu

Tch
hu

p

v

Alternative Solution: Noting the definition of specific heat ratio, the final temperature in the tank can also 
be determined from

K655.1K)273120(667.1linetank kTT

which is practically the same result.
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5-125 An evacuated bottle is surrounded by atmospheric air. A valve is opened, and air is allowed to fill 
the bottle. The amount of heat transfer through the wall of the bottle when thermal and mechanical
equilibrium is established is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Air is an ideal gas with variable specific heats. 3 Kinetic and potential energies are negligible. 4
There are no work interactions involved. 5 The direction of heat transfer is to the air in the bottle (will be
verified).
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1).
Analysis We take the bottle as the system, which is a control volume since mass crosses the boundary. 
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: )0(since initialout2systemoutin mmmmmmm i

Energy balance:

)0(since initialout22in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeEEWumhmQ

EEE

ii
100 kPa

17 C

8 L 
Evacuated

Combining the two balances:
Q ihum 22in

where

kJ/kg206.91
kJ/kg290.16

K290

kg0.0096
)K290)(K/kgmkPa0.287(

)m0.008)(kPa100(

2

17-ATable
2

3

3

2

2
2

u
h

TT

RT
P

m

i
i

V

Substituting, Qin = (0.0096 kg)(206.91 - 290.16) kJ/kg = - 0.8 kJ Qout = 0.8 kJ
Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we
reverse the direction.

5-126 An insulated rigid tank is evacuated. A valve is opened, and air is allowed to fill the tank until
mechanical equilibrium is established. The final temperature in the tank is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Air is an ideal gas with constant specific heats. 3 Kinetic and potential energies are negligible. 4
There are no work interactions involved. 5 The device is adiabatic and thus heat transfer is negligible.
Properties The specific heat ratio for air at room temperature is k = 1.4 (Table A-2).
Analysis We take the tank as the system, which is a control volume since mass
crosses the boundary. Noting that the microscopic energies of flowing and 
nonflowing fluids are represented by enthalpy h and internal energy u, respectively, 
the mass and energy balances for this uniform-flow system can be expressed as 
Mass balance: )0(since initialout2systemoutin mmmmmmm i

Energy balance:

)0(since initialout22

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeEEWQumhm

EEE

ii

Air

initially
evacuated

Combining the two balances:
iipipi kTTccTTcTchu )/(222 vv

Substituting, T2 1.4 290 K 406 K 133 C
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5-127 A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line, 
and air is allowed to enter the tank until mechanical equilibrium is established. The mass of air that entered
and the amount of heat transfer are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Air is an ideal gas with variable specific heats. 3 Kinetic and potential energies are negligible. 4
There are no work interactions involved. 5 The direction of heat transfer is to the tank (will be verified).
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The properties of air are (Table A-17) 

kJ/kg02.250K350
kJ/kg49.210K295
kJ/kg17.295K295

22

11
uT
uT
hT ii

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ii

The initial and the final masses in the tank are 

kg11.946
)K350)(K/kgmkPa0.287(

)m2)(kPa600(

kg2.362
)K295)(K/kgmkPa0.287(

)m2)(kPa100(

3

3

2

2
2

3

3

1

1
1

RT
Pm

RT
Pm

V

V

Q
·

V1 = 2 m3

P1 = 100 kPa 
T1 = 22 C

Pi = 600 kPa 
Ti = 22 C

Then from the mass balance, 
m m mi 2 1 11946 2 362. . 9.584 kg

(b) The heat transfer during this process is determined from

kJ339out

1122in

kJ339
kJ/kg210.49kg2.362kJ/kg250.02kg11.946kJ/kg295.17kg9.584

Q

umumhmQ ii

Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we
reversed the direction.
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5-128 A rigid tank initially contains saturated R-134a liquid-vapor mixture. The tank is connected to a
supply line, and R-134a is allowed to enter the tank. The final temperature in the tank, the mass of R-134a
that entered, and the heat transfer are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved. 4 The
direction of heat transfer is to the tank (will be verified).
Properties The properties of refrigerant are (Tables A-11 through A-13) 

kJ/kg335.06
100

MPa1.0

kJ/kg246.79
/kgm0.02562

 vaporsat.
kPa800

kJ/kg182.9219.1720.762.39
/kgm0.037170.00078870.0527620.70.0007887

7.0
C8

kPa800@2

3
kPa800@22

11

3
11

1

1

i
i

i

g

g

fgf

fgf

h
CT

P

uu
P

uxuu
x

x
T

vv

vvv

R-134a

0.2 m3

R-134a

1 MPa 
100 C

Analysis We take the tank as the system, which is a control volume
since mass crosses the boundary. Noting that the microscopic energies
of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this
uniform-flow system can be expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ii

(a) The tank contains saturated vapor at the final state at 800 kPa, and thus the final temperature is the
saturation temperature at this pressure,

31.31ºCkPa800@sat2 TT

(b)  The initial and the final masses in the tank are 

kg7.81
/kgm0.02562

m0.2

kg5.38
/kgm0.03717

m0.2

3

3

2
2

3

3

1
1

v
V

v
V

m

m

Then from the mass balance 
2.43 kg38.581.712 mmmi

 (c)  The heat transfer during this process is determined from the energy balance to be 

kJ130
kJ/kg182.92kg5.38kJ/kg246.79kg7.81kJ/kg335.06kg2.43

1122in umumhmQ ii
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5-129E A rigid tank initially contains saturated water vapor. The tank is connected to a supply line, and
water vapor is allowed to enter the tank until one-half of the tank is filled with liquid water. The final
pressure in the tank, the mass of steam that entered, and the heat transfer are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved. 4 The
direction of heat transfer is to the tank (will be verified).
Properties The properties of water are (Tables A-4E through A-6E) 

Q

Steam

Water
3 ft3

300 F
Sat. vapor

200 psia 
400 F

Btu/lbm1210.9
F400
psia020

Btu/lbm1099.8,51.269
/lbmft4663.6,01745.0

mixturesat.
300

Btu/lbm1099.8
/lbmft4663.6

 vaporsat.
F030

3
2

F030@1

3
F030@11

i
i

i

gf

gf

g

g

h
T
P

uu
FT

uu
T

vv

vv

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ii

(a) The tank contains saturated mixture at the final state at 250 F, and thus the exit pressure is the
saturation pressure at this temperature,

psia67.03F300@sat2 PP

(b)  The initial and the final masses in the tank are 

lbm20.86232.097.85
/lbmft6.4663
.ft1.5

/lbmft0.01745
ft1.5

lbm0.464
/lbmft6.4663

ft3

3

3

3

3

2

3

3

1
1

g

g

f

f
gf mmm

m

v

V

v

V

v
V

Then from the mass balance 
464.020.8612 mmmi 85.74 lbm

 (c)  The heat transfer during this process is determined from the energy balance to be 

Btu80,900, out

1122in

Btu90080
Btu/lbm1099.8lbm0.464Btu23,425Btu/lbm1210.9lbm85.74

Q

umumhmQ ii

since Btu23,4251099.80.232269.5197.85222 ggff umumumU

Discussion A negative result for heat transfer indicates that the assumed direction is wrong, and should be
reversed.
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5-130 A cylinder initially contains superheated steam. The cylinder is connected to a supply line, and is 
superheated steam is allowed to enter the cylinder until the volume doubles at constant pressure. The final 
temperature in the cylinder and the mass of the steam that entered are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant.  2 The expansion process is quasi-equilibrium.  3 Kinetic and potential energies are negligible. 3
There are no work interactions involved other than boundary work. 4 The device is insulated and thus heat
transfer is negligible.
Properties The properties of steam are (Tables A-4 through A-6) 

kJ/kg3158.2
C350

MPa1

kJ/kg2643.3
/kgm0.42503

C200
kPa500

1

3
1

1

1

i
i

i h
T
P

uT
P v

Analysis (a) We take the cylinder as the system, which is a control volume since mass crosses the
boundary. Noting that the microscopic energies of flowing and nonflowing fluids are represented by
enthalpy h and internal energy u, respectively, the mass and energy balances for this uniform-flow system
can be expressed as 

Pi = 1 MPa
Ti = 350 C

P = 500 kPa 
T1 = 200 C

V1 = 0.01 m3

Steam

Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122outb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQumumWhm

EEE

ii

Combining the two relations gives 112212outb,0 umumhmmW i

The boundary work done during this process is

kJ5
mkPa1

kJ1
m0.010.02kPa500P

2

1 3
3

12, VVVdPW outb

The initial and the final masses in the cylinder are 

2

3

2

2
2

3

3

1

1
1

m0.02

kg0.0235
/kgm0.42503

m0.01

vv
V

v
V

m

m

Substituting, 3.26430235.002.02.31580235.002.050 2
22

u
vv

Then by trial and error (or using EES program), T2 = 261.7°C   and v2 = 0.4858 m3/kg
(b)  The final mass in the cylinder is 

kg0.0412
/kgm0.4858

m0.02
3

3

2

2
2 v

V
m

Then, mi = m2 - m1 = 0.0412 - 0.0235 = 0.0176 kg
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5-131 A cylinder initially contains saturated liquid-vapor mixture of water. The cylinder is connected to a 
supply line, and the steam is allowed to enter the cylinder until all the liquid is vaporized. The final 
temperature in the cylinder and the mass of the steam that entered are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant.  2 The expansion process is quasi-equilibrium.  3 Kinetic and potential energies are negligible. 3
There are no work interactions involved other than boundary work. 4 The device is insulated and thus heat
transfer is negligible.
Properties The properties of steam are (Tables A-4 through A-6) 

kJ/kg3168.1
C350

MPa0.5

kJ/kg2706.3
 vaporsat.

kPa002

kJ/kg.618252201.60.6504.71
6.0

kPa002

kPa200@2
2

11
1

1

i
i

i

g

fgf

h
T
P

hh
P

hxhh
x
P

Pi = 0.5 MPa 
Ti = 350 C

(P = 200 kPa) 
m1 = 10 kg 

H2O

Analysis (a) The cylinder contains saturated vapor at the final state at a pressure of 200 kPa, thus the final
temperature in the cylinder must be 

T2 = Tsat @ 200 kPa = 120.2°C
(b) We take the cylinder as the system, which is a control volume since mass crosses the boundary. Noting
that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal
energy u, respectively, the mass and energy balances for this uniform-flow system can be expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122outb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQumumWhm

EEE

ii

Combining the two relations gives 112212outb,0 umumhmmW i

or, 112212 hmhmhmm i0

since the boundary work and U combine into H for constant pressure expansion and compression
processes. Solving for m2 and substituting,

kg9.072kg10
kJ/kg2706.33168.1
kJ/kg.618253168.1

1
2

1
2 m

hh
hhm

i

i

Thus,
mi = m2 - m1 = 29.07 - 10 = 19.07 kg
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5-132 A rigid tank initially contains saturated R-134a vapor. The tank is connected to a supply line, and R-
134a is allowed to enter the tank. The mass of the R-134a that entered and the heat transfer are to be 
determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved. 4 The
direction of heat transfer is to the tank (will be verified).
Properties The properties of refrigerant are (Tables A-11 through A-13) 

Q

R-134a

R-134a
0.12 m3

1 MPa 
Sat. vapor

1.2 MPa 
36 C

kJ/kg.30102
C36
MPa1.2

kJ/kg116.70
/kgm0.0008934

liquidsat.
MPa1.2

kJ/kg250.68
/kgm0.02031

vaporsat.
MPa1

C36@

MPa1.2@2

3
MPa1.2@22

MPa1@1

3
MPa1@11

fi
i

i

f

f

g

g

hh
T
P

uu
P

uu
P

vv

vv

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ii

(a)  The initial and the final masses in the tank are 

kg134.31
/kgm0.0008934

m0.12

kg91.5
/kgm0.02031

m0.12

3

3

2

2
2

3

3

1

1
1

v

V

v

V

m

m

Then from the mass balance 
kg128.491.531.13412 mmmi

 (c)  The heat transfer during this process is determined from the energy balance to be 

kJ1057
kJ/kg250.68kg5.91kJ/kg116.70kg134.31kJ/kg102.30kg128.4

1122in umumhmQ ii
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5-133 A rigid tank initially contains saturated liquid water. A valve at the bottom of the tank is opened, and
half of the mass in liquid form is withdrawn from the tank. The temperature in the tank is maintained
constant.  The amount of heat transfer is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved. 4 The
direction of heat transfer is to the tank (will be verified).
Properties The properties of water are (Tables A-4 through A-6) 

Q

H2O
Sat. liquid 
T = 200 C
V = 0.3 m3

kJ/kg852.26
liquidsat.

C200

kJ/kg850.46
/kgm0.001157

liquidsat.
C200

C200@

C200@1

3
C200@11

fe
e

f

f

hhT

uu
T vv

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ee

The initial and the final masses in the tank are 

kg129.7kg259.4

kg259.4
/kgm0.001157

m0.3

2
1

12
1

2

3

3

1

1
1

mm

m
v

V

Then from the mass balance, 
kg129.77.1294.25921 mmme

Now we determine the final internal energy,

kJ/kg866.467.1743009171.046.850
009171.0

C200

009171.0
001157.012721.0
001157.0002313.0

/kgm0.002313
kg129.7

m0.3

22
2

2

2
2

3
3

2
2

fgf

fg

f

uxuu
x
T

x

m

v

vv

V
v

Then the heat transfer during this process is determined from the energy balance by substitution to be

kJ2308
kJ/kg850.46kg259.4kJ/kg866.46kg129.7kJ/kg852.26kg129.7Q
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5-134 A rigid tank initially contains saturated liquid-vapor mixture of refrigerant-134a. A valve at the 
bottom of the tank is opened, and liquid is withdrawn from the tank at constant pressure until no liquid
remains inside. The amount of heat transfer is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved. 4 The
direction of heat transfer is to the tank (will be verified).
Properties The properties of R-134a are (Tables A-11 through A-13) 

R-134a
Sat. vapor 

P = 800 kPa 
V = 0.12 m3 Q

kJ/kg95.47
liquidsat.

kPa800

kJ/kg246.79
/kgm0.025621

 vaporsat.
kPa800

kJ/kg79.246=kJ/kg,79.94

/kgm0.025621=/kg,m0.0008458kPa800

kPa800@

kPa800@2

3
kPa800@22

33
1

fe
e

g

g

gf

gf

hh
P

uu
P

uu

P

vv

vv

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ee

The initial mass, initial internal energy, and final mass in the tank are 

kg684.4
/kgm0.025621

m20.1

kJ2.4229246.793.51394.7935.47

kg.9838.5133.4735
/kgm0.025621
m0.750.12

/kgm0.0008458
m0.250.12

3

3

2
2

111

3

3

3

3

1

v
V

v

V

v

V

m

umumumU

mmm

ggff

g

g

f

f
gf

Then from the mass and energy balances, 
kg.3034684.498.3821 mmme

kJ201.2kJ4229kJ/kg246.79kg4.684kJ/kg95.47kg34.30inQ
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5-135E A rigid tank initially contains saturated liquid-vapor mixture of R-134a. A valve at the top of the 
tank is opened, and vapor is allowed to escape at constant pressure until all the liquid in the tank
disappears.  The amount of heat transfer is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved.
Properties The properties of R-134a are (Tables A-11E through A-13E) 

Q
R-134a

Sat. vapor 
P = 100 psia 
V = 4 ft3

Btu/lbm113.83
 vaporsat.

psia100

Btu/lbm104.99
/lbmft0.4776

 vaporsat.
psia100

Btu/lbm99.104Btu/lbm,623.37

/lbmft0.4776/lbm,ft0.01332psia100

psia100@

psia100@2

3
psia100@22

33
1

ge
e

g

g

gf

gf

hh
P

uu
vP

uu

P

v

vv

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ee

The initial mass, initial internal energy, and final mass in the tank are 

lbm8.375
/lbmft0.4776

ft4

Btu2962104.996.7037.62360.04

lbm66.746.7060.04
/lbmft0.4776

ft0.84
/lbmft0.01332

ft0.24

3

3

2
2

111

3

3

3

3

1

v
V

v

V

v

V

m

umumumU

mmm

ggff

g

g

f

f
gf

Then from the mass and energy balances, 
lbm58.37375.874.6621 mmme

Btu4561
Btu2962Btu/lbm104.99lbm8.375Btu/lbm113.83lbm58.37

1122in umumhmQ ee
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5-136 A rigid tank initially contains superheated steam. A valve at the top of the tank is opened, and vapor
is allowed to escape at constant pressure until the temperature rises to 500 C.  The amount of heat transfer
is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process by using constant average properties for the
steam leaving the tank.  2 Kinetic and potential energies are negligible. 3 There are no work interactions
involved. 4 The direction of heat transfer is to the tank (will be verified).

QSTEAM
2 MPa 

Properties The properties of water are (Tables A-4 through A-6) 

kJ/kg3468.3,kJ/kg3116.9
/kgm0.17568

C500
MPa2

kJ/kg3024.2,kJ/kg2773.2
/kgm0.12551

C300
MPa2

22

3
2

2

2

11

3
1

1

1

huT
P

huT
P

v

v

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ee

The state and thus the enthalpy of the steam leaving the tank is changing during this process.  But for 
simplicity, we assume constant properties for the exiting steam at the average values. Thus, 

kJ/kg3246.2
2

kJ/kg3468.33024.2
2

21 hh
he

The initial and the final masses in the tank are 

kg1.138
/kgm0.17568

m0.2

kg1.594
/kgm0.12551

m0.2

3

3

2

2
2

3

3

1

1
1

v

V

v

V

m

m

Then from the mass and energy balance relations, 
kg0.456138.1594.121 mmme

kJ606.8
kJ/kg2773.2kg1.594kJ/kg3116.9kg1.138kJ/kg3246.2kg0.456

1122 umumhmQ eein
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5-137 A pressure cooker is initially half-filled with liquid water. If the pressure cooker is not to run out of 
liquid water for 1 h, the highest rate of heat transfer allowed is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device remains
constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved.
Properties The properties of water are (Tables A-4 through A-6) 

Q

kJ/kg2700.2
 vaporsat.

kPa175

kJ/kg2524.5
/kgm1.0036

 vaporsat.
kPa175

kJ/kg5.2524kJ/kg,82.486

/kgm1.0037/kg,m0.001057kPa175

kPa175@

kPa175@2

3
kPa175@22

33
1

ge
e

g

g

gf

gf

hh
P

uu
P

uu

P

vv

vv

Pressure
Cooker

4 L 
175 kPa

Analysis We take the cooker as the system, which is a control volume since
mass crosses the boundary. Noting that the microscopic energies of flowing
and nonflowing fluids are represented by enthalpy h and internal energy u,
respectively, the mass and energy balances for this uniform-flow system can 
be expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeWumumhmQ

EEE

ee

The initial mass, initial internal energy, and final mass in the tank are 

kg0.004
/kgm1.0037

m0.004

kJ926.62524.50.002486.821.893

kg1.8950.0021.893
/kgm1.0036

m0.002
/kgm0.001057

m0.002

3

3

2
2

111

3

3

3

3

1

v
V

v

V

v

V

m

umumumU

mmm

ggff

g

g

f

f
gf

Then from the mass and energy balances, 
kg1.891004.0895.121 mmme

kJ4188kJ926.6kJ/kg2524.5kg0.004kJ/kg2700.2kg1.891
1122in umumhmQ ee

Thus,

kW1.163
s3600
kJ4188

t
QQ
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5-138 An insulated rigid tank initially contains helium gas at high pressure. A valve is opened, and half of
the mass of helium is allowed to escape. The final temperature and pressure in the tank are to be 
determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process by using constant average properties for the
helium leaving the tank.  2 Kinetic and potential energies are negligible. 3 There are no work interactions 
involved. 4 The tank is insulated and thus heat transfer is negligible. 5 Helium is an ideal gas with constant
specific heats.
Properties The specific heat ratio of helium is k =1.667 (Table A-2). 
Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

m m m me2
1
2 1 2

1
2 1(given) m

He
0.08 m3

2 MPa 
80 C

Energy balance:

)0(since1122

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQWumumhm

EEE

ee

Note that the state and thus the enthalpy of helium leaving the tank is changing during this process. But for
simplicity, we assume constant properties for the exiting steam at the average values.

Combining the mass and energy balances: 0 1
2 1

1
2 1 2 1 1m h m u m ue

Dividing by m1/2 12
21

12 2
2

020 TcTc
TT

coruuh pe vv

Dividing by cv: vcckTTTTk p /since420 1221

Solving for T2: K225K353
1.6672
1.6674

2
4

12 T
k
kT

The final pressure in the tank is 

kPa637kPa2000
353
225

2
1

1
21

22
2

22

11

2

1 P
Tm
Tm

P
RTm
RTm

P
P
V

V
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5-139E An insulated rigid tank equipped with an electric heater initially contains pressurized air. A valve is 
opened, and air is allowed to escape at constant temperature until the pressure inside drops to 30 psia. The
amount of electrical work transferred is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the exit temperature (and enthalpy) of air
remains constant.  2 Kinetic and potential energies are negligible. 3 The tank is insulated and thus heat
transfer is negligible. 4 Air is an ideal gas with variable specific heats.
Properties The gas constant of air is R =0.3704 psia.ft3/lbm.R (Table A-1E). The properties of air are 
(Table A-17E) 

T h
T u
T u

i i580 R 138.66 Btu / lbm
580 R 98.90 Btu / lbm
580 R 98.90 Btu / lbm

1 1

2 2

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122ine,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQumumhmW

EEE

ee

The initial and the final masses of air in the tank are 

lbm8.38
R580R/lbmftpsia0.3704

ft60psia30

lbm20.95
R580R/lbmftpsia0.3704

ft60psia75

3

3

2

2
2

3

3

1

1
1

RT
P

m

RT
P

m

V

V

We

AIR
60 ft3

75 psia 
120 F

Then from the mass and energy balances, 
m m me 1 2 20 95 8 38. . 12.57 lbm

Btu500
Btu/lbm98.90lbm20.95Btu/lbm98.90lbm8.38Btu/lbm138.66lbm12.57

1122ine, umumhmW ee
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5-140 A vertical cylinder initially contains air at room temperature. Now a valve is opened, and air is 
allowed to escape at constant pressure and temperature until the volume of the cylinder goes down by half.
The  amount air that left the cylinder and the amount of heat transfer are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the exit temperature (and enthalpy) of air
remains constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions. 4 Air is 
an ideal gas with constant specific heats. 5 The direction of heat transfer is to the cylinder (will be
verified).
Properties The gas constant of air is R = 0.287 kPa.m3/kg.K (Table A-1).
Analysis (a) We take the cylinder as the system, which is a control volume since mass crosses the
boundary. Noting that the microscopic energies of flowing and nonflowing fluids are represented by
enthalpy h and internal energy u, respectively, the mass and energy balances for this uniform-flow system
can be expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122inb,in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeumumhmWQ

EEE

ee
AIR

300 kPa 
0.2 m3

20 C
The initial and the final masses of air in the cylinder are 

12
1

3

3

2

22
2

3

3

1

11
1

kg0.357
K293K/kgmkPa0.287

m0.1kPa300

kg0.714
K293K/kgmkPa0.287

m0.2kPa300

m
RT
P

m

RT
P

m

V

V

Then from the mass balance, 
m m me 1 2 0 714 0 357. . 0.357 kg

(b) This is a constant pressure process, and thus the Wb and the U terms can be combined into H to yield
Q m h m h m he e 2 2 1 1

Noting that the temperature of the air remains constant during this process, we have hi = h1 = h2 = h.

Also, 12
1

2 mmme .  Thus, 

0hmmmQ 112
1

12
1
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5-141 A balloon is initially filled with helium gas at atmospheric conditions. The tank is connected to a 
supply line, and helium is allowed to enter the balloon until the pressure rises from 100 to 150 kPa. The 
final temperature in the balloon is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Helium is an ideal gas with constant specific heats. 3 The expansion process is quasi-
equilibrium.  4 Kinetic and potential energies are negligible. 5 There are no work interactions involved
other than boundary work. 6 Heat transfer is negligible.
Properties The gas constant of helium is R = 2.0769 kJ/kg·K (Table A-1). The specific heats of helium are 
cp = 5.1926 and cv = 3.1156 kJ/kg·K (Table A-2a). 
Analysis We take the cylinder as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy
balance:

)0(since1122outb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQumumWhm

EEE

ii

He
25 C

150 kPa

kg7041.74
KK/kgmkPa2.0769

m97.5kPa150

m97.5m65
kPa100
kPa150

kg61.10
K295K/kgmkPa2.0769

m65kPa100

22
3

3

2

22
2

33
1

1

2
2

2

1

2

1

3

3

1

11
1

TTRT
Pm

P
P

P
P

RT
Pm

V

VV
V
V

V

He
22 C

100 kPa 

Then from the mass balance, 

m m m
Ti 2 1

2

7041 74 10 61. . kg

Noting that P varies linearly with V, the boundary work done during this process is

kJ4062.5m6597.5
2

kPa150100
2

3
12

21 VV
PP

Wb

Using specific heats, the energy balance relation reduces to
W 1122outb, TcmTcmTcm ipi vv

Substituting,

2951156.361.101156.374.70412981926.561.1074.70415.4062 2
22

T
TT

It yields T2 = 333.6 K
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5-142 An insulated piston-cylinder device with a linear spring is applying force to the piston. A valve at
the bottom of the cylinder is opened, and refrigerant is allowed to escape. The amount of refrigerant that
escapes and the final temperature of the refrigerant are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process assuming that the state of fluid leaving the device
remains constant. 2 Kinetic and potential energies are negligible.
Properties The initial properties of R-134a are (Tables A-11 through A-13) 

kJ/kg11.354
kJ/kg03.325

/kgm02423.0

C120
MPa2.1

1

1

3
1

1

1

h
u

T
P v

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0(since1122inb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQumumhmW

EEE

ee

The initial mass and the relations for the final and exiting masses are 

2

3

21

2

3

2

2
2

3

3

1

1
1

m0.502.33

m0.5

kg02.33
/kgm0.02423

m0.8

v

v
V

v
V

mmm

v
m

m

e

Noting that the spring is linear, the boundary work can be determined from

R-134a
0.8 m3

1.2 MPa 
120 C

kJ270m0.5)-0.8(
2

kPa600)(1200)(
2

3
21

21
inb, VV

PP
W

Substituting the energy balance,

kJ/kg)kg)(325.0302.33(m5.0m5.002.33270 2
2

3

2

3
uhe vv

 (Eq. 1)

where the enthalpy of exiting fluid is assumed to be the average of initial and final enthalpies of the
refrigerant in the cylinder. That is, 

2
kJ/kg)11.354(

2
221 hhh

he

Final state properties of the refrigerant (h2, u2, and v2) are all functions of final pressure (known) and 
temperature (unknown). The solution may be obtained by a trial-error approach by trying different final
state temperatures until Eq. (1) is satisfied. Or solving the above equations simultaneously using an 
equation solver with built-in thermodynamic functions such as EES, we obtain
    T2 = 96.8 C, me = 22.47 kg, h2 = 336.20 kJ/kg,

u2 = 307.77 kJ/kg, v2 = 0.04739 m3/kg, m2 = 10.55 kg 
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5-143 Steam flowing in a supply line is allowed to enter into an insulated tank until a specified state is 
achieved in the tank. The mass of the steam that has entered and the pressure of the steam in the supply line
are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid entering the tank remains
constant. 2 Kinetic and potential energies are negligible.
Properties The initial and final properties of steam in the tank are 
(Tables A-5 and A-6) 

400 C

Sat. vapor 
2 m3

1 MPa 

Steam

kJ/kg8.2582
/kgm19436.0

 vap.)(sat.1
MPa1

1

3
1

1

1

ux
P v

kJ/kg2.2773
/kgm12551.0

C300
MPa2

2

3
2

1

2

uT
P v

Analysis We take the tank as the system, which is a control volume
since mass crosses the boundary. Noting that the microscopic energies
of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this 
uniform-flow system can be expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeQumumhm

EEE

ii

The initial and final masses and the mass that has entered are 

kg5.64529.1094.15

kg94.15
/kgm0.12551

m2

kg29.10
/kgm0.19436

m2

12

3

3

2
2

3

3

1
1

mmm

m

m

i

v
V

v
V

Substituting,

kJ/kg3.3120kJ/kg)kg)(2582.829.10(kJ/kg)kg)(2773.294.15(kg)645.5( ii hh

The pressure in the supply line is

(determined from EES) kPa8931i
i

i P
T
h

C400
kJ/kg3.3120
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5-144 Steam at a specified state is allowed to enter a piston-cylinder device in which steam undergoes a
constant pressure expansion process. The amount of mass that enters and the amount of heat transfer are to
be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid entering the device
remains constant. 2 Kinetic and potential energies are negligible.
Properties The properties of steam at various states are (Tables A-4 through A-6) 

12

3
3

1

1
1 /kgm16667.0

kg0.6
m0.1

PP
m
V

v

Q

Steam
5 MPa
500 C

Steam
0.6 kg 
0.1 m3

800 kPa

kJ/kg4.2004
/kgm16667.0

kPa800
13

1

1 u
v

P

kJ/kg9.2715
/kgm29321.0

C250
kPa800

2

3
2

2

2

uT
P v

kJ/kg7.3434
C500

MPa5
i

i

i h
T
P

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0(since1122outb,in

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

pekeumumhmWQ

EEE

ii

Noting that the pressure remains constant, the boundary work is determined from

kJ80m0.1)0.12(kPa)(800)( 3
12outb, VVPW

The final mass and the mass that has entered are 

kg0.0826.0682.0

kg682.0
/kgm0.29321

m0.2

12

3

3

2

2
2

mmm

m

i

v

V

(b) Finally, substituting into energy balance equation

kJ447.9in

in kJ/kg)kg)(2004.46.0(kJ/kg)kg)(2715.9682.0(kJ/kg)kg)(3434.7082.0(kJ80
Q

Q
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Review Problems 

5-145 A water tank open to the atmosphere is initially filled with water. The tank discharges to the
atmosphere through a long pipe connected to a valve. The initial discharge velocity from the tank and the 
time required to empty the tank are to be determined.
Assumptions 1 The flow is incompressible. 2 The draining pipe is horizontal. 3 The tank is considered to
be empty when the water level drops to the center of the valve.
Analysis (a) Substituting the known quantities, the discharge velocity can be expressed as 

gzgz
DfL

gzV 1212.0
m)m)/(0.10100(015.05.1

2
/5.1

2

z

D
D0

Then the initial discharge velocity becomes

m/s1.54m)2)(m/s81.9(1212.01212.0 2
11 gzV

where z is the water height relative to the center of the orifice at 
that time.
(b) The flow rate of water from the tank can be obtained by
multiplying the discharge velocity by the pipe cross-sectional area, 

gzDVA 1212.0
4

2

2pipeV

Then the amount of water that flows through the pipe during a differential time interval dt is 

dtgzDdtd 1212.0
4

2
VV (1)

which, from conservation of mass, must be equal to the decrease in the volume of water in the tank,

dzDdzAd
4

)(
2
0

tankV   (2) 

where dz is the change in the water level in the tank during dt. (Note that dz is a negative quantity since the
positive direction of z is upwards. Therefore, we used –dz to get a positive quantity for the amount of water 
discharged). Setting Eqs. (1) and (2) equal to each other and rearranging, 

dzz
gD

D
gz

dz
D
D

dtdz
D

dtgzD
2
1

1212.01212.04
1212.0

4 2

2
0

2

2
0

2
0

2

The last relation can be integrated easily since the variables are separated. Letting tf be the discharge time
and integrating it from t = 0 when z = z1 to t = tf when z = 0 (completely drained tank) gives

2
1

1

2
1

1
12

2
0

0

2
12

2
00 2/1

2

2
0

0 1212.0

2

1212.0
-

1212.0
z

gD
Dz

gD
D

tdzz
gD

D
dt

z

f
zz

t

t

f

Simplifying and substituting the values given, the draining time is determined to be

h7.21s940,25
)m/s81.9(1212.0

m2
m)1.0(
m)10(2

1212.0
2

22

2
1

2

2
0

g
z

D
D

t f

Discussion The draining time can be shortened considerably by installing a pump in the pipe.
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5-146 The rate of accumulation of water in a pool and the rate of discharge are given. The rate supply of
water to the pool is to be determined.
Assumptions 1 Water is supplied and discharged steadily. 2 The rate of evaporation of water is negligible.
3 No water is supplied or removed through other means.
Analysis The conservation of mass principle applied to the pool requires that the rate of increase in the
amount of water in the pool be equal to the difference between the rate of supply of water and the rate of 
discharge. That is,

eieiei dt
d

m
dt

dm
mmm

dt
dm

V
V

V
poolpoolpool

since the density of water is constant and thus the conservation of 
mass is equivalent to conservation of volume. The rate of discharge
of water is 

/sm00982.0m/s)/4](5m)(0.05[/4)( 32
e

2
e VDVAeeV

The rate of accumulation of water in the pool is equal to the cross-
section of the pool times the rate at which the water level rises,

/sm0.00300/minm18.0m/min)m)(0.0154m3( 33
levelsection-cross

pool VA
dt

dV

Substituting, the rate at which water is supplied to the pool is determined to be 

/sm0.01282 300982.0003.0pool
ei dt

d
V

V
V

Therefore, water is supplied at a rate of 0.01282 m3/s = 12.82 L/s.

5-147 A fluid is flowing in a circular pipe. A relation is to be obtained for the average fluid velocity in
therms of V(r), R, and r.
Analysis Choosing a circular ring of area dA = 2 rdr as our differential area, the mass flow rate through a 
cross-sectional area can be expressed as 

dr

r
R

R

A

drrrVdArVm
0

2

Solving for Vavg,

drrrV
R

R

02avg
2V
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5-148 Air is accelerated in a nozzle. The density of air at the nozzle exit is to be determined.
Assumptions Flow through the nozzle is steady.
Properties The density of air is given to be 4.18 kg/m3 at the inlet.
Analysis  There is only one inlet and one exit, and thus m m m1 2 . Then,

2AIR1

3kg/m2.64) kg/m18.4(
m/s380
m/s1202 3

1
2

1

2

1
2

222111

21

V
V

A
A

VAVA
mm

Discussion Note that the density of air decreases considerably despite a decrease in the cross-sectional area 
of the nozzle. 

5-149 The air in a hospital room is to be replaced every 15 minutes. The minimum diameter of the duct is 
to be determined if the air velocity is not to exceed a certain value. 
Assumptions 1 The volume occupied by the furniture etc in the room is negligible. 2 The incoming
conditioned air does not mix with the air in the room.

Hospital
Room

6 5 4 m3

10 bulbs

Analysis The volume of the room is
V = (6 m)(5 m)(4 m) = 120 m3

To empty this air in 20 min, the volume flow rate must be 

/sm1333.0
s6015

m120 3
3

t
V

V

If the mean velocity is 5 m/s, the diameter of the duct is 

m0.184
m/s)(5

/s)m1333.0(44
4

32

V
DVDAV V

V

Therefore, the diameter of the duct must be at least 0.184 m to ensure that the air in the room is exchanged
completely within 20 min while the mean velocity does not exceed 5 m/s.
Discussion This problem shows that engineering systems are sized to satisfy certain constraints imposed by
certain considerations.

5-150 A long roll of large 1-Mn manganese steel plate is to be quenched in an oil bath at a specified rate.
The  mass flow rate of the plate is to be determined.
Assumptions The plate moves through the bath steadily.

Steel plate 
10 m/min 

Properties The density of steel plate is given to be
 = 7854 kg/m3.
Analysis The mass flow rate of the sheet metal through
the oil bath is 

kg/s6.55kg/min393m/min)10(m)005.0(m)1)(kg/m7854( 3wtVm V

Therefore, steel plate can be treated conveniently as a “flowing fluid” in calculations.
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5-151E A study quantifies the cost and benefits of enhancing IAQ by increasing the building ventilation.
The net monetary benefit of installing an enhanced IAQ system to the employer per year is to be 
determined.
Assumptions  The analysis in the report is applicable to this work place. 
Analysis The report states that enhancing IAQ increases the productivity of a person by $90 per year, and 
decreases the cost of the respiratory illnesses by $39 a year while increasing the annual energy 
consumption by $6 and the equipment cost by about $4 a year. The net monetary benefit of installing an 
enhanced IAQ system to the employer per year is determined by adding the benefits and subtracting the
costs to be 

Net benefit = Total benefits – total cost = (90+39) – (6+4) = $119/year   (per person) 
The total benefit is determined by multiplying the benefit per person by the number of employees,

Total net benefit = No. of employees  Net benefit per person = 120 $119/year = $14,280/year
Discussion Note that the unseen savings in productivity and reduced illnesses can be very significant when 
they are properly quantified.

5-152 Air flows through a non-constant cross-section pipe. The inlet and exit velocities of the air are to be 
determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy change
is negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is 
negligible. 5 Air is an ideal gas with constant specific heats.
Properties The gas constant of air is R = 0.287 kPa.m3/kg.K. Also, cp = 1.005 kJ/kg.K for air at room
temperature (Table A-2) 
Analysis We take the pipe as the system,
which is a control volume since mass
crosses the boundary. The mass and energy
balances for this steady-flow system can be 
expressed in the rate form as 
Mass balance: 

2
2
2

2

2
1

2
1

1

1
2

2
2

2

2
1

2
1

1

1
222111outin

(steady)0
systemoutin

44

0

VD
T
PVD

T
PVD

RT
PVD

RT
PVAVAmm

mmm

D1
200 kPa
50 C
Vel1

Air
D2
150 kPa
40 C
Vel2

Energy balance:

out

2
2

2

2
1

1outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

22

0)pesince0

qVhVhEE

WEEE

or out

2
2

2

2
1

1 22
q

V
Tc

V
Tc pp

Assuming inlet diameter to be 1.8 m and the exit diameter to be 1.0 m, and substituting given values into
mass and energy balance equations

2
2

1
2 )m1.0(

K313
kPa150)m1.8(

K323
kPa200 VV (1)

kJ/kg3.3
/sm1000

kJ/kg1
2

K)13kJ/kg.K)(3(1.005
/sm1000

kJ/kg1
2

K)23kJ/kg.K)(3(1.005
22

2
2

22

2
1 VV

  (2) 

There are two equations and two unknowns. Solving equations (1) and (2) simultaneously using an 
equation solver such as EES, the velocities are determined to be

V1 = 28.6 m/s 
V2 = 120 m/s 
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5-153 Geothermal water flows through a flash chamber, a separator, and a turbine in a geothermal power 
plant. The temperature of the steam after the flashing process and the power output from the turbine are to 
be determined for different flash chamber exit pressures. 
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The devices are insulated so that there are no heat losses to the 
surroundings. 4 Properties of steam are used for geothermal water.
Analysis For all components, we take the steam
as the system, which is a control volume since
mass crosses the boundary. The energy balance
for this steady-flow system can be expressed in 
the rate form as 

4
32

1

liquid

20 kPa
x=0.95

230°C
sat. liq.

Flash
chamber steam

turbine

separator

Energy balance:

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

For each component, the energy balance reduces to 
Flash chamber: 21 hh

Separator: liquidliquid3322 hmhmhm

Turbine: )( 433T hhmW

(a) For a flash chamber exit pressure of P2 = 1 MPa 
The properties of geothermal water are 

C179.9kPa1000@2

kPa1000@

kPa1000@2
2

12

C230@1

113.0
6.2014

51.76214.990

kJ/kg14.990

sat

fg

f

sat

TT

h
hh

x

hh

hh

)(05.0(42.251
95.0
kPa20

kJ/kg1.2777
1

kPa1000

44
4

4

3
3

3

fgf hxhh
x
P

h
x
P

kJ/kg1.2491kJ/kg)5.2357

The mass flow rate of vapor after the flashing process is
kg/s.6495kg/s)(50)113.0(223 mxm

Then, the power output from the turbine becomes

kW1616)1.2491.1kg/s)(2777(5.649TW

Repeating the similar calculations for other pressures, we obtain

(b) For P2 = 500 kPa, kW2134C,151.8 T2 WT

(c) For P2 = 100 kPa, kW2333C,99.6 T2 WT

(d) For P2 =50 kPa, kW2173C,81.3 T2 WT
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5-154 A water tank is heated by electricity. The water withdrawn from the tank is mixed with cold water in
a chamber. The mass flow rate of hot water withdrawn from the tank and the average temperature of mixed
water are to be determined.
Assumptions 1 The process in the mixing chamber is a steady-flow process since there is no change with 
time. 2 Kinetic and potential energy changes are negligible. 3 There are no work interactions. 4 The device 
is adiabatic and thus heat transfer is negligible.
Properties The specific heat and density of water are taken 
to be cp = 4.18 kJ/kg.K,  = 100 kg/m3 (Table A-3). 
Analysis We take the mixing chamber as the system, which 
is a control volume since mass crosses the boundary. The 
energy balance for this steady-flow system can be expressed 
in the rate form as 
Energy balance:

0)peke(since

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhm

EE

EEE

m=?
Mixing
chamber20 C

0.06 kg/s

Tank
T1=80 C
T2=60 C

Tmix=?

20 C
m

or (1)mixturecoldhotcoldcoldavetank,hot )( TcmmTcmTcm ppp

Similarly, an energy balance may be written on the water tank as 

 (2) )()( tank,1tank,2tankavetank,coldhotine, TTcmtTTcmW pp

where C70
2

6080
2

tank,2tank,1
avetank,

TT
T

and kg60)m)(0.060kg/m1000( 33
tank Vm

Substituting into Eq. (2),

kg/s0.0577hot

hot C)8060(C)kJ/kg.18.4(kg)(60s)608(C)7020(C)kJ/kg.18.4(kJ/s6.1

m

m

Substituting into Eq. (1),

C44.5mixture

mixtureC)kJ/kg.18.4(0.06)kg/s](0.0577[
C)20(C)kJ/kg.18.4(kg/s)(0.06C)70(C)kJ/kg.18.4(kg/s)(0.0577

T

T
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5-155 Water is boiled at a specified temperature by hot gases flowing through a stainless steel pipe
submerged in water. The rate of evaporation of is to be determined.
Assumptions 1 Steady operating conditions exist. 2 Heat losses from
the outer surfaces of the boiler are negligible. 
Properties   The enthalpy of vaporization of water at 150 C is
hfg = 2113.8 kJ/kg  (Table A-4).
Analysis  The rate of heat transfer to water is given to

be 74 kJ/s. Noting that the enthalpy of vaporization
represents the amount of energy needed to vaporize a
unit mass of a liquid at a specified temperature, the rate
of evaporation of water is determined to be 

kg/s0.0350
kJ/kg2113.8

kJ/s74boiling
nevaporatio

fgh
Q

m

Hot gases

Water
150 C

Heater

5-156 Cold water enters a steam generator at 20 C, and leaves as saturated vapor at Tsat = 150 C. The
fraction of heat used to preheat the liquid water from 20 C to saturation temperature of 150 C is to be
determined.
Assumptions 1 Steady operating conditions exist. 2 Heat losses from the steam generator are negligible. 3
The specific heat of water is constant at the average temperature.
Properties   The heat of vaporization of water at 150 C is hfg = 2113.8 kJ/kg (Table A-4), and the specific
heat of liquid water is c = 4.18 kJ/kg. C (Table A-3). 
Analysis The heat of vaporization of water represents the amount of heat needed to vaporize a unit mass of 
liquid at a specified temperature. Using the average specific heat, the amount of heat transfer needed to
preheat a unit mass of water from 20 C to 150 C is

kJ/kg543.4=C20)C)(150kJ/kg18.4(preheating Tcq

and
kJ/kg2.26574.5438.2113preheatingboilingtotal qqq

Therefore, the fraction of heat used to preheat the water is 

)(or
2657.2

4.543preheato
total

preheating 20.5%0.205
q

q
Fraction t

Cold water
20 C

Steam

Water
150 C

Heater
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5-157 Cold water enters a steam generator at 20 C and is boiled, and leaves as saturated vapor at boiler
pressure. The boiler pressure at which the amount of heat needed to preheat the water to saturation
temperature that is equal to the heat of vaporization is to be determined.
Assumptions  Heat losses from the steam generator are negligible.
Properties  The enthalpy of liquid water at 20 C is 83.91 kJ/kg. Other properties needed to solve this
problem are the heat of vaporization hfg and the enthalpy of saturated liquid at the specified temperatures,
and they can be obtained from Table A-4. 
Analysis The heat of vaporization of water represents the amount of heat needed to vaporize a unit mass of 
liquid at a specified temperature, and h represents the amount of heat needed to preheat a unit mass of 
water from 20 C to the saturation temperature. Therefore,

kJ/kg91.83kJ/kg91.83

)(

satsatsatsat

satsat

@@@@

@C@20@

boilingpreheating

TfgTfTfgTf

TfgfTf

hhhh

hhh

qq

The solution of this problem requires choosing a boiling 
temperature, reading hf and hfg at that temperature, and substituting
the values into the relation above to see if it is satisfied. By trial
and error,  (Table A-4) 
     At 310 C: 1402.0 – 1325.9 = 76.1 kJ/kgh hf T fg T@ sat sat@

     At 315 C: 1431.6 – 1283.4 = 148.2 kJ/kgh hf T fg T@ sat sat@

Cold water 
20 C

Steam

Water

HeaterThe temperature that satisfies this condition is
determined from the two values above by
interpolation to be 310.6 C. The saturation pressure 
corresponding to this temperature is 9.94 MPa. 

5-158 Saturated steam at 1 atm pressure and thus at a saturation temperature of Tsat = 100 C condenses on a 
vertical plate maintained at 90 C by circulating cooling water through the other side. The rate of 
condensation of steam is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The steam condenses and the condensate drips off at
100 C. (In reality, the condensate temperature will be between 90 and 100, and the cooling of the 
condensate a few C should be considered if better accuracy is desired). 

Steam

Q

Condensate

90 C
100 C

PlateProperties   The enthalpy of vaporization of water at 1 atm (101.325
kPa) is hfg = 2256.5 kJ/kg (Table A-5).
Analysis The rate of heat transfer during this condensation process is
given to be 180 kJ/s. Noting that the heat of vaporization of water
represents the amount of heat released as a unit mass of vapor at a
specified temperature condenses, the rate of condensation of steam is
determined from

kg/s0.0798
kJ/kg2256.5

kJ/s180
oncondensati

fgh
Qm
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5-159 Water is boiled at Tsat = 100 C by an electric heater. The rate of evaporation of water is to be
determined. Steam
Assumptions 1 Steady operating conditions exist. 2 Heat losses from
the outer surfaces of the water tank are negligible.
Properties   The enthalpy of vaporization of water at 100 C is
hfg = 2256.4 kJ/kg (Table A-4).
Analysis  Noting that the enthalpy of vaporization represents the
amount of energy needed to vaporize a unit mass of a liquid at a
specified temperature, the rate of evaporation of water is determined to
be

Water
100 C

Heater
kg/h4.79=kg/s0.00133

kJ/kg2256.4
kJ/s3boilinge,

nevaporatio
fgh

W
m

5-160 Two streams of same ideal gas at different states are mixed in a mixing chamber. The simplest
expression for the mixture temperature in a specified format is to be obtained. 
Analysis The energy balance for this steady-flow system can be expressed in the rate form as 

332211

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

)0(since

0

TcmTcmTcm
WQhmhmhm

EE

EEE

ppp
Mixing
device

m3, T3

m2, T2

m1, T1

and, 213 mmm

Solving for final temperature, we find

2
3

2
1

3

1
3 T

m
m

T
m
m

T
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5-161 An ideal gas expands in a turbine. The volume flow rate at the inlet for a power output of 200 kW is
to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Properties The properties of the ideal gas are given as R = 0.30 kPa.m3/kg.K, cp = 1.13 kJ/kg· C, cv = 0.83 
kJ/kg· C.
Analysis We take the turbine as the system, which is a control volume since mass crosses the boundary.
The energy balance for this steady-flow system can be expressed in the rate form as 

0

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin EEE

P1 = 600 kPa 
T1 = 1200 K 

0)peke(since2out1outin QhmWhmEE

200 kW 
Ideal gas

which can be rearranged to solve for mass flow rate

kg/s354.0
700)K-200kJ/kg.K)(1(1.13

kW200
)( 21

out

21

out

TTc
W

hh
W

m
p

The inlet specific volume and the volume flow rate are

/kgm6.0
kPa600

K1200K/kgmkPa0.3 3
3

1

1
1 P

RT
v

T2 = 700 KThus, /sm0.212 3/kg)mkg/s)(0.6354.0( 3
1vV m

5-162 Two identical buildings in Los Angeles and Denver have the same infiltration rate. The ratio of the
heat losses by infiltration at the two cities under identical conditions is  to be determined.
Assumptions 1 Both buildings are identical and both are subjected to the same conditions except the 
atmospheric conditions. 2 Air is an ideal gas with constant specific heats at room temperature. 3 Steady
flow conditions  exist.
Analysis We can view infiltration as a steady stream of air that is heated as it flows in an imaginary duct
passing through the building. The energy balance for this imaginary steady-flow system can be expressed
in the rate form as 

)()(

0)peke(since

0

1212in

21in

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcTTcmQ

hmhmQ

EE

EEE

pp V

Los Angeles: 101 kPa
Denver: 83 kPa 

Then the sensible infiltration heat loss (heat gain for the infiltrating air) can
be expressed

)())(ACH()( buildingair,aironinfiltrati oipooip TTcTTcmQ V

where ACH is the infiltration volume rate in air changes per hour. Therefore, the infiltration heat loss is 
proportional to the density of air, and thus the ratio of infiltration heat losses at the two cities is simply the 
densities of outdoor air at those cities, 

1.22
kPa83
kPa101

)/(
)/(

ratiolossheatonInfiltrati

Denver,0

AngelesLos,

Denver00

AngelesLos00

Denverair,,

AngelesLosair,,

Denveron,infiltrati

AngelesLoson,infiltrati

P
P

RTP
RTP

Q
Q

o

o

o

Therefore, the infiltration heat loss in Los Angeles will be 22% higher than that in Denver under identical 
conditions.
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5-163 The ventilating fan of the bathroom of an electrically heated building in San Francisco runs
continuously. The amount and cost of the heat “vented out” per month in winter are to be determined.
Assumptions 1 We take the atmospheric pressure to be 1 atm = 101.3 kPa since San Francisco is at sea
level. 2 The building is maintained at 22 C at all times. 3 The infiltrating air is heated to 22 C before it 
exfiltrates. 4 Air is an ideal gas with constant specific heats at room temperature. 5 Steady flow conditions
exist.
Properties The gas constant of air is R = 0.287 kPa.m3/kg K (Table A-1). The specific heat of air at room
temperature is cp = 1.005 kJ/kg °C (Table A-2). 
Analysis The density of air at the indoor conditions of 1 atm and 22 C is 

22 C

30 L/s 
12.2 C

3
3

kg/m20.1
K)273+/kg.K)(22kPa.m287.0(

kPa)3.101(

o

o
o RT

P

 Then the mass flow rate of air vented out becomes

kg/s036.0)/sm030.0)(kg/m20.1( 33
airair Vm

We can view infiltration as a steady stream of air that is heated as it flows in
an imaginary duct passing through the house. The energy balance for this
imaginary steady-flow system can be expressed in the rate form as 

)(

0)peke(since

0

12in

21in

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcmQ

hmhmQ

EE

EEE

p

outin

Noting that the indoor air vented out at 22 C is replaced by infiltrating outdoor air at 12.2 C, the sensible
infiltration heat loss (heat gain for the infiltrating air) due to venting by fans can be expressed

kW0.355=kJ/s355.0C)2.12C)(22kJ/kg.5kg/s)(1.00036.0(

)( outdoorsindoorspairfanbyloss TTcmQ

Then the amount and cost of the heat “vented out” per month ( 1 month = 30 24 = 720 h) becomes

h$23.0/mont

kWh/month256

)/kWh09.0)($kWh/month256(energy)ofcostloss)(Unit(EnergylossMoney

h/month)kW)(720.3550(lossEnergy fanbyloss tQ

Discussion Note that the energy and money loss associated with ventilating fans can be very significant.
Therefore, ventilating fans should be used with care. 
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5-164 Chilled air is to cool a room by removing the heat generated in a large insulated classroom by lights
and students.  The required flow rate of air that needs to be supplied to the room is to be determined.
Assumptions 1 The moisture produced by the bodies leave the room as vapor without any condensing, and
thus the classroom has no latent heat load. 2 Heat gain through the walls and the roof is negligible. 4 Air is 
an ideal gas with constant specific heats at room temperature. 5 Steady operating conditions  exist.
Properties The specific heat of air at room temperature is 1.005 kJ/kg C (Table A-2). The average rate of 
sensible heat generation by a person is given to be 60 W.
Analysis  The rate of sensible heat generation by the people in the room and the total rate of sensible
internal heat generation are 

 W000,1560009000

 W9000=persons)(150 W/person)60(people)of(No.

lightingsensiblegen,sensibletotal,

sensiblegen,sensiblegen,

QQQ

qQ

Both of these effects can be viewed as heat gain for the chilled
air stream, which can be viewed as a steady stream of cool air 
that is heated as it flows in an imaginary duct passing through
the room. The energy balance for this imaginary steady-flow
system can be expressed in the rate form as 

Return air
25 C

Chilled air 
15 C

)(

0)peke(since

0

12sensibletotal,in

21in

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcmQQ

hmhmQ

EE

EEE
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Then the  required mass flow rate of chilled air becomes

kg/s1.49
C15)C)(25kJ/kg(1.005

kJ/s15sensibletotal,
air Tc

Q
m

p

Discussion The latent heat will be removed by the air-conditioning system as the moisture condenses
outside the cooling coils.
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5-165 Chickens are to be cooled by chilled water in an immersion chiller. The rate of heat removal from
the chicken and the mass flow rate of water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The thermal properties of chickens and water are 
constant.
Properties The specific heat of chicken are given to be 3.54 kJ/kg.°C. The specific heat of water is 4.18 
kJ/kg. C (Table A-3). 
Analysis (a) Chickens are dropped into the chiller at a rate of 500 per hour. Therefore, chickens can be
considered to flow steadily through the chiller at a mass flow rate of

mchicken (500 chicken / h)(2.2 kg / chicken) 1100 kg / h = 0.3056kg / s

Taking the chicken flow stream in the chiller as the
system, the energy balance for steadily flowing chickens
can be expressed in the rate form as 

Chicken
15 C

Immersion
chilling, 0.5 C

)(

0)peke(since

0

21chickenchickenout

21

outin

energiesetc.potential,
kinetic,internal,inchangeofRate
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system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcmQQ

hmQhm

EE

EEE

p

out

Then the rate of heat removal from the chickens as they are 
cooled from 15 C to 3ºC becomes

kW13.0C3)ºC)(15kJ/kg.ºkg/s)(3.54(0.3056)( chickenchicken TcmQ p

The chiller gains heat from the surroundings at a rate of 200 kJ/h = 0.0556 kJ/s. Then the total rate of heat 
gain by the water is 

. . .Q Q Qwater chicken heat gain kW13 0 0 056 13 056

Noting that the temperature rise of water is not to exceed 2ºC as it flows through the chiller, the mass flow 
rate of water must be at least 

kg/s1.56
C)C)(2ºkJ/kg.º(4.18

kW13.056
)( water

water
water Tc

Q
m

p

If the mass flow rate of water is less than this value, then the temperature rise of water will have to be more
than 2 C.
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5-166 Chickens are to be cooled by chilled water in an immersion chiller. The rate of heat removal from
the chicken and the mass flow rate of water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The thermal properties of chickens and water are 
constant. 3 Heat gain of the chiller is negligible.
Properties The specific heat of chicken are given to be 3.54 kJ/kg.°C. The specific heat of water is 4.18 
kJ/kg. C (Table A-3). 
Analysis   (a) Chickens are dropped into the chiller at a rate of 500 per hour. Therefore, chickens can be
considered to flow steadily through the chiller at a mass flow rate of

mchicken (500 chicken / h)(2.2 kg / chicken) 1100 kg / h = 0.3056kg / s

Taking the chicken flow stream in the chiller as the system, the
energy balance for steadily flowing chickens can be expressed 
in the rate form as 

Chicken
15 C

Immersion
chilling, 0.5 C

)(

0)peke(since
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Then the rate of heat removal from the chickens as they are 
cooled from 15 C to 3ºC becomes

kW13.0C3)ºC)(15kJ/kg.ºkg/s)(3.54(0.3056)( chickenchicken TcmQ p

Heat gain of the chiller from the surroundings is negligible. Then the total rate of heat gain by the water is 

kW0.13chickenwater QQ

Noting that the temperature rise of water is not to exceed 2ºC as it flows through the chiller, the mass
flow rate of water must be at least 

kg/s1.56
C)C)(2ºkJ/kg.º(4.18

kW13.0
)( water

water
water Tc

Q
m

p

If the mass flow rate of water is less than this value, then the temperature rise of water will have to be more
than 2 C.
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5-167 A regenerator is considered to save heat during the cooling of milk in a dairy plant. The amounts of 
fuel and money such a generator will save per year are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The properties of the milk are constant.
Properties The average density and specific heat of milk can be taken to be milk water 1 kg/L and
cp, milk = 3.79 kJ/kg. C  (Table A-3). 
Analysis The mass flow rate of the milk is 

kg/h43,200=kg/s12L/s)kg/L)(121(milkmilk Vm

Q

Regenerator

4 C

Cold milk

Hot milk
72 C

Taking the pasteurizing section as the system,
the energy balance for this steady-flow system
can be expressed in the rate form as 
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0)peke(since
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Therefore, to heat the milk from 4 to 72 C as being done currently, heat must be transferred to the milk at a 
rate of 

kJ/s3093C4)72kJ/kg.ëC)(kg/s)(3.79(12

)]([ milkionrefrigerationpasturizatpcurrent TTcmQ

The proposed regenerator has an effectiveness of  = 0.82, and thus it will save 82 percent of this energy.
Therefore,

( . )(Q Qsaved current  kJ / s) = 2536 kJ / s0 82 3093

Noting that the boiler has an efficiency of boiler = 0.82, the energy savings above correspond to fuel
savings of 

Fuel Saved (2536 kJ / s)
(0.82)

(1therm)
(105,500 kJ)

0.02931therm / ssaved

boiler

Q

Noting that 1 year = 365 24=8760 h and unit cost of natural gas is $1.10/therm, the annual fuel and money
savings will be

Fuel Saved = (0.02931 therms/s)(8760 3600 s) = 924,400 therms/yr 

/yr$1,016,800=rm)($1.10/the therm/yr)(924,400=
fuel)ofcosttsaved)(Uni(Fuel=savedMoney
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5-168E A refrigeration system is to cool eggs by chilled air at a rate of 10,000 eggs per hour. The rate of 
heat removal from the eggs, the required volume flow rate of air, and the size of the compressor of the
refrigeration system are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The eggs are at uniform temperatures before and after 
cooling. 3 The cooling section is well-insulated. 4 The properties of eggs are constant. 5 The local 
atmospheric pressure is 1 atm.
Properties The properties of the eggs are given to  = 67.4 lbm/ft3 and cp = 0.80 Btu/lbm. F. The specific 
heat of air at room temperature cp = 0.24 Btu/lbm. F (Table A-2E). The gas constant of air is R = 0.3704 
psia.ft3/lbm.R (Table A-1E).
Analysis   (a) Noting that eggs are cooled at a rate of 10,000 eggs per hour, eggs can be considered to flow
steadily through the cooling section at a mass flow rate of

lbm/s0.3889=lbm/h1400lbm/egg)14eggs/h)(0.(10,000eggm

Taking the egg flow stream in the cooler as the system, the energy 
balance for steadily flowing eggs can be expressed in the rate form as Egg

0.14 lbm
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Air
34 F

Then the rate of heat removal from the eggs as they are cooled from 90 F to 50ºF at this rate becomes

Btu/h44,800F)50F)(90Btu/lbm.0lbm/h)(0.8(1400)( eggegg TcmQ p

(b) All the heat released by the eggs is absorbed by the refrigerated air since heat transfer through he walls
of cooler is negligible, and the temperature rise of air is not to exceed 10 F.  The minimum mass flow and
volume flow rates of air are determined to be

lbm/h18,667
F)F)(10Btu/lbm.(0.24

Btu/h44,800
)( air

air
air Tc

Qm
p

ft³/h232,500
lbm/ft³0.0803
lbm/h18,667

lbm/ft0803.0
460)R/lbm.R)(34psia.ft(0.3704

psia7.14

air

air
air

3
3air

m
RT
P

V
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5-169  Dough is made with refrigerated water in order to absorb the heat of hydration and thus to control
the temperature rise during kneading. The temperature to which the city water must be cooled before
mixing with flour is to be determined to avoid temperature rise during kneading.
Assumptions 1 Steady operating conditions exist. 2 The dough is at uniform temperatures before and after
cooling. 3 The kneading section is well-insulated. 4 The properties of water and dough are constant.
Properties The specific heats of the flour and the water are given to be 1.76 and 4.18 kJ/kg. C,
respectively. The heat of hydration of dough is given to be 15 kJ/kg.
Analysis   It is stated that 2 kg of flour is mixed with 1 kg of water, and thus 3 kg of dough is obtained
from each kg of water. Also, 15 kJ of heat is released for each kg of dough kneaded, and thus 3 15 = 45 kJ 
of heat is released from the dough made using 1 kg of water.

15 kJ/kg

Dough

Flour

Water
15 C

Q
Taking the cooling section of water as the system, which is

a steady-flow control volume, the energy balance for this steady-
flow system can be expressed in the rate form as 
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In order for water to absorb all  the heat of hydration and end up at a temperature of 15ºC, its temperature
before entering the mixing section must be reduced to

C4.2
C)kJ/kg.kg)(4.181(

kJ45C15)( 2112doughin
p

p mc
QTTTTmcQQ

That is, the water must be precooled to 4.2ºC before mixing with the flour in order to absorb the entire heat
of hydration.
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5-170 Glass bottles are washed in hot water in an uncovered rectangular glass washing bath. The   rates of 
heat and water mass that need to be supplied to the water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The entire water body is maintained at a uniform
temperature of 55 C. 3 Heat losses from the outer surfaces of the bath are negligible. 4 Water is an
incompressible substance with constant properties.
Properties The specific heat of water at room temperature is cp = 4.18 kJ/kg. C. Also, the specific heat of 
glass is 0.80 kJ/kg. C (Table A-3).
Analysis (a) The mass flow rate of glass bottles through the water bath in steady operation is 

m mbottle bottle Bottle flow rate = (0.150 kg / bottle)(800 bottles / min) = 120 kg / min = 2 kg / s

Taking the bottle flow section as the system, which is a steady-
flow control volume, the energy balance for this steady-flow
system can be expressed in the rate form as Water bath

  55 C

)(

0)peke(since

0

12waterbottlein
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Q
Then the rate of heat removal by the bottles as they are heated
from 20 to 55 C is

 W,00056Cº2055CkJ/kg.º8.0kg/s2bottlebottle TcmQ p

The amount of water removed by the bottles is 

kg/s102.67 3=g/min160g/bottle0.2min/bottles800

bottleperremovedWaterbottlesofrateFlowoutwater,m

Noting that the water removed by the bottles is made up by fresh water entering
at 15 C, the rate of heat removal by the water that sticks to the bottles is 

W446C)º1555)(CºJ/kg4180)(kg/s1067.2( 3
removedwaterremovedwater TcmQ p

Therefore, the total amount of heat removed by the wet bottles is 

W56,446446000,56removedwaterremovedglassremovedtotal, QQQ

Discussion In practice, the rates of heat and water removal will be much larger since the heat losses from
the tank and the moisture loss from the open surface are not considered.
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5-171 Glass bottles are washed in hot water in an uncovered rectangular glass washing bath. The   rates of 
heat and water mass that need to be supplied to the water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The entire water body is maintained at a uniform
temperature of 50 C. 3 Heat losses from the outer surfaces of the bath are negligible. 4 Water is an
incompressible substance with constant properties.
Properties The specific heat of water at room temperature is cp = 4.18 kJ/kg. C. Also, the specific heat of 
glass is 0.80 kJ/kg. C (Table A-3).
Analysis (a) The mass flow rate of glass bottles through the water bath in steady operation is 

m mbottle bottle Bottle flow rate = (0.150 kg / bottle)(800 bottles / min) = 120 kg / min = 2 kg / s

Taking the bottle flow section as the system, which is a 
steady-flow control volume, the energy balance for this
steady-flow system can be expressed in the rate form as 

Q

Water bath
     50 C
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Then the rate of heat removal by the bottles as they are
heated from 20 to 50 C is

W,00048Cº2050CkJ/kg.º8.0kg/s2bottlebottle TcmQ p

The amount of water removed by the bottles is 

kg/s102.67 3=g/min016g/bottle20.min/bottles800

bottleperremovedWaterbottlesofrateFlowoutwater,m

Noting that the water removed by the bottles is made up by fresh water entering at 15 C, the rate of heat 
removal by the water that sticks to the bottles is 

W391C)º1550)(CºJ/kg4180)(kg/s1067.2( 3
removedwaterremovedwater TcmQ p

Therefore, the total amount of heat removed by the wet bottles is 

W48,391391000,48removedwaterremovedglassremovedtotal, QQQ

Discussion In practice, the rates of heat and water removal will be much larger since the heat losses from
the tank and the moisture loss from the open surface are not considered.
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5-172 Long aluminum wires are extruded at a velocity of 10 m/min, and are exposed to atmospheric air.
The rate of heat transfer from the wire is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The thermal properties of the wire are constant.
Properties The properties of aluminum are given to be  = 2702 kg/m3 and cp = 0.896 kJ/kg. C.
Analysis  The mass flow rate of the extruded wire through the air is

kg/min191.0m/min)10(m)0015.0()kg/m2702()( 232
0 VV rm

Taking the volume occupied by the extruded wire as the system, which is a steady-flow control volume, the
energy balance for this steady-flow system can be expressed in the rate form as 
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350 C

Aluminum wire

10 m/min

Then the rate of heat transfer from the wire to the air becomes

kW0.856=kJ/min51.3=C)50350)(CkJ/kg.896.0)(kg/min191.0(])([ TtTcmQ p

5-173 Long copper wires are extruded at a velocity of 10 m/min, and are exposed to atmospheric air. The
rate of heat transfer from the wire is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The thermal properties of the wire are constant.
Properties The properties of copper are given to be  = 8950 kg/m3 and cp = 0.383 kJ/kg. C.
Analysis  The mass flow rate of the extruded wire through the air is

kg/min633.0m/min)10(m)0015.0()kg/m8950()( 232
0 VV rm

Taking the volume occupied by the extruded wire as the system, which is a steady-flow control volume, the
energy balance for this steady-flow system can be expressed in the rate form as 
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350 C

Copper wire

10 m/min

Then the rate of heat transfer from the wire to the air becomes

Q kW1.21=kJ/min72.7=C)50350)(CkJ/kg.383.0)(kg/min633.0(])([ TtTcm p
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5-174 Steam at a saturation temperature of Tsat = 40 C condenses on the outside of a thin horizontal tube.
Heat is transferred to the cooling water that enters the tube at 25 C and exits at 35 C. The rate of
condensation of steam is to be determined.
Assumptions 1 Steady operating conditions exist. 2 Water is an incompressible substance with constant
properties at room temperature. 3 The changes in kinetic and potential energies are negligible.
Properties   The properties of water at room temperature are = 997 kg/m3 and cp = 4.18 kJ/kg. C (Table
A-3). The enthalpy of vaporization of water at 40 C is hfg = 2406.0 kJ/kg (Table A-4). 
Analysis The mass flow rate of water through the tube is

kg/s409.1]4/m)03.0(m/s)[)(2kg/m997( 23
water cVAm

Taking the volume occupied by the cold water in the tube as the system, which is a steady-flow control 
volume, the energy balance for this steady-flow system can be expressed in the rate form as 
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Steam
40 C

35 C
Cold

Water
25 C

Then the rate of heat transfer to the water and the rate of condensation become
Q kW58.9=C25)C)(35kJ/kgkg/s)(4.18409.1()( inout TTcm p

kg/s0.0245
kJ/kg2406.0
kJ/s9.58

condcond
fg

fg h
QmhmQ

5-175E Saturated steam at a saturation pressure of 0.95 psia and thus at a saturation temperature of Tsat = 
100 F (Table A-4E) condenses on the outer surfaces of 144 horizontal tubes by circulating cooling water 
arranged in a 12  12 square array. The rate of heat transfer to the cooling water and the average velocity 
of the cooling water are to be determined.
Assumptions 1 Steady operating conditions exist. 2 The tubes are 
isothermal. 3 Water is an incompressible substance with constant
properties at room temperature. 4 The changes in kinetic and 
potential energies are negligible. 
Properties  The properties of water at room temperature are  = 
62.1 lbm/ft3 and cp = 1.00 Btu/lbm. F (Table A-3E). The enthalpy
of vaporization of water at a saturation pressure of 0.95 psia is hfg
= 1036.7 Btu/lbm (Table A-4E).
Analysis (a) The rate of heat transfer from the steam to the cooling 
water is equal to the heat of vaporization released as the vapor
condenses at the specified temperature,

Q Btu/s1958=Btu/h7,049,560=Btu/lbm)6.7lbm/h)(1036800(fghm

Cooling
water

Saturated
steam
0.95 psia 

(b) All of this energy is transferred to the cold water. Therefore, the mass flow rate of cold water must be

lbm/s8.244
F)F)(8Btu/lbm.(1.00

Btu/s1958
waterwater Tc

QmTcmQ
p

p

Then the average velocity of the cooling water through the 144 tubes becomes

ft/s5.02
]4/ft)(1/12)[144lbm/ft(62.1

lbm/s8.244
)4/( 232Dn

m
A

mVAVm
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5-176 Saturated refrigerant-134a vapor at a saturation temperature of Tsat = 34 C condenses inside a tube.
The rate of heat transfer from the refrigerant for the condensate exit temperatures of 34 C and 20 C are to 
be determined.
Assumptions 1 Steady flow conditions exist. 2 Kinetic and potential energy changes are negligible. 3
There are no work interactions involved.
Properties   The properties of saturated refrigerant-134a at 34 C are hf = 99.40 kJ/kg, are hg = 268.57
kJ/kg, and are hfg = 169.17 kJ/kg. The enthalpy of saturated liquid refrigerant at 20 C is hf = 79.32 kJ/kg,
(Table A-11). 
Analysis We take the tube and the refrigerant in it as the system. This is a control volume since mass
crosses the system boundary during the process. We note that there is only one inlet and one exit, and thus

. Noting that heat is lost from the system, the energy balance for this steady-flow system can 
be expressed in the rate form as 
m m m1 2

Qout
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R-134a
34 C

where at the inlet state h1 = hg = 268.57 kJ/kg. Then the rates of
heat transfer during this condensation process for both cases become
Case 1: T2 = 34 C: h2 = hf@34 C = 99.40 kJ/kg.

kg/min16.9=kJ/kg99.40)-8.57kg/min)(261.0(outQ

Case 2: T2 = 20 C: h2 hf@20 C =79.32 kJ/kg.

kg/min18.9=kJ/kg79.32)-8.57kg/min)(261.0(outQ

Discussion Note that the rate of heat removal is greater in the second case since the liquid is subcooled in
that case.
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5-177E A winterizing project is to reduce the infiltration rate of a house from 2.2 ACH to 1.1 ACH. The 
resulting cost savings are to be determined.
Assumptions 1 The house is maintained at 72 F at all times. 2 The latent heat load during the heating
season is negligible. 3 The infiltrating air is heated to 72 F before it exfiltrates. 4 Air is an ideal gas with
constant specific heats at room temperature. 5 The changes in kinetic and potential energies are negligible.
6 Steady flow conditions exist.
Properties The gas constant of air is 0.3704 psia.ft3/lbm R (Table A-1E). The specific heat of air at room
temperature is 0.24 Btu/lbm °F (Table A-2E). 
Analysis The density of air at the outdoor conditions is 

3
3

lbm/ft0734.0
R)6.5/lbm.R)(49psia.ft3704.0(

psia5.13

o

o
o RT

P

The volume of the house is
32

building ft000,27ft))(9ft3000(ht)area)(HeigFloor(V

We can view infiltration as a steady stream of air that is heated
as it flows in an imaginary duct passing through the house. The 
energy balance for this imaginary steady-flow system can be 
expressed in the rate form as 

Cold air 
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Warm air 
72 F

The reduction in the infiltration rate is 2.2 – 1.1 = 1.1 ACH. The reduction in the sensible infiltration heat
load corresponding to it is

 therm/h0.18573=Btu/h18,573=
F36.5)-)(72ft27,000F)(1.1/h)(Btu/lbm.)(0.24lbm/ft0734.0(

))()((
33

buildingsavedsavedon,infiltrati oipo TTACHcQ V

since 1 therm = 100,000 Btu. The number of hours during a six month period is 6 30 24 = 4320 h. Noting
that the furnace efficiency is 0.65 and the unit cost of natural gas is $1.24/therm, the energy and money
saved during the 6-month period are 

ar therms/ye1234=
65h/year)/0.4320 therm/h)(18573.0(

ciencyyear)/EffiperhoursofNo.)((savingsEnergy savedon,infiltratiQ

$1530/year=
therm)ar)($1.24/ therms/ye1234(

energy)ofcostUnit)(savingsEnergy(savingsCost

Therefore, reducing the infiltration rate by one-half will reduce the heating costs of this homeowner by
$1530 per year.
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5-178 Outdoors air at -5 C and 90 kPa enters the building at a rate of 35 L/s while the indoors is
maintained at 20 C. The rate of sensible heat loss from the building due to infiltration is to be determined.
Assumptions 1 The house is maintained at 20 C at all times. 2 The latent heat load is negligible. 3 The
infiltrating air is heated to 20 C before it exfiltrates. 4 Air is an ideal gas with constant specific heats at
room temperature. 5 The changes in kinetic and potential energies are negligible. 6 Steady flow conditions
exist.
Properties The gas constant of air is R = 0.287 kPa.m3/kg K. The specific heat of air at room temperature
is cp = 1.005 kJ/kg °C (Table A-2). 
Analysis The density of air at the outdoor conditions is 

3
3 kg/m17.1

K)273/kg.K)(-5kPa.m287.0(
kPa90

o

o
o RT

P

We can view infiltration as a steady stream of air that is heated
as it flows in an imaginary duct passing through the building.
The energy balance for this imaginary steady-flow system can 
be expressed in the rate form as 

Cold air 
-5 C

90 kPa 
35 L/s

Warm
air

20 C
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Warm air 
20 C

Then the sensible infiltration heat load corresponding to an infiltration rate of  35 L/s becomes

kW1.029=
C(-5)]-C)[20kJ/kg./s)(1.005m)(0.035kg/m17.1(

)(
33

oninfiltrati oipairo TTcQ V

Therefore, sensible heat will be lost at a rate of 1.029 kJ/s due to infiltration.
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5-179 The maximum flow rate of a standard shower head can be reduced from 13.3 to 10.5 L/min by
switching to low-flow shower heads. The ratio of the hot-to-cold water flow rates and the amount of
electricity saved by a family of four per year by replacing the standard shower heads by the low-flow ones
are to be determined.
Assumptions  1 This is a steady-flow process since there is no change with time at any point and thus

. 2 The kinetic and potential energies are negligible, m ECV CV and0 0 ke pe 0 . 3 Heat losses 
from the system are negligible and thus . 4 There are no work interactions involved. 5 .Showers
operate at maximum flow conditions during the entire shower. 6 Each member of the household takes a 5-
min shower every day. 7 Water is an incompressible substance with constant properties. 8 The efficiency 
of the electric water heater is 100%. 

Q 0

Properties The density and specific heat of water at room temperature are  = 1 kg/L and c = 4.18 
kJ/kg. C (Table A-3).
Analysis (a) We take the mixing chamber as the system. This is a control volume since mass crosses the 
system boundary during the process. We note that there are two inlets and one exit.  The mass and energy
balances for this steady-flow system can be expressed in the rate form as follows:
Mass balance: 0

321outin

(steady)0
systemoutin

mmmmm

mmm

Energy balance:

)00,,0(since=

0

332211

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

pekeWQhmhmhm

EE

EEE

Mixture
3

Hot
water

2

Cold
water

1

Combining the mass and energy balances and rearranging,

( )
( ) ( )

m h m h m m h
m h h m h h

1 1 2 2 1 2 3

2 2 3 1 3 1

Then the ratio of the mass flow rates of the hot water to cold water becomes

2.08
C)4255(
C)1542(

)(
)(

32

13

32

13

32

13

1

2

TT
TT

TTc
TTc

hh
hh

m
m

(b) The low-flow heads will save water at a rate of

kg/year20,440=L/year)40kg/L)(20,4(1==

L/year20,440=days/yr)65persons)(3.day)(4min/personL/min](510.5)-[(13.3=

savedsaved

saved

V

V

m

Then the energy saved per year becomes

kJ)3600=kWh1(since=
kJ/year2,307,000=

C15)-C)(42kJ/kg..18kg/year)(4(20,440==savedEnergy saved

kWh641

Tcm

Therefore, switching to low-flow shower heads will save about 641 kWh of electricity per year.
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5-180 EES Problem 5-179 is reconsidered. The effect of the inlet temperature of cold water on the energy
saved by using the low-flow showerhead as the inlet temperature varies from 10°C to 20°C is to be 
investigated. The electric energy savings is to be plotted against the water inlet temperature.
Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
C_P = 4.18 [kJ/kg-K ] 
density=1[kg/L]
{T_1 = 15 [C]}
T_2 =  55 [C] 
T_3 = 42 [C] 
V_dot_old = 13.3 [L/min]
V_dot_new = 10.5 [L/min]
m_dot_1=1[kg/s] "We can set m_dot_1 = 1 without loss of generality."

"Analysis:"
"(a) We take the mixing chamber as the system. This is a control volume since mass
crosses the system boundary during the process. We note that there are two inlets
and one exit.  The mass and energy balances for this steady-flow system can be
expressed in the rate form as follows:"

"Mass balance:"
m_dot_in - m_dot_out = DELTAm_dot_sys
DELTAm_dot_sys=0
m_dot_in =m_dot_1 + m_dot_2 
m_dot_out = m_dot_3 

"The ratio of the mass flow rates of the hot water to cold water is
obtained by setting m_dot_1=1[kg/s].  Then m_dot_2 represents
the ratio of m_dot_2/m_dot_1"

"Energy balance:"
E_dot_in - E_dot_out = DELTAE_dot_sys
DELTAE_dot_sys=0
E_dot_in = m_dot_1*h_1 + m_dot_2*h_2 
E_dot_out = m_dot_3*h_3 
h_1 = C_P*T_1 
h_2 = C_P*T_2
h_3 = C_P*T_3

"(b) The low-flow heads will save water at a rate of "
V_dot_saved = (V_dot_old  -  V_dot_new)"L/min"*(5"min/person-
day")*(4"persons")*(365"days/year") "[L/year]"
m_dot_saved=density*V_dot_saved "[kg/year]"

"Then the energy saved per year becomes"
E_dot_saved=m_dot_saved*C_P*(T_3 - T_1)"kJ/year"*convert(kJ,kWh) "[kWh/year]"

"Therefore, switching to low-flow shower heads will save about 641 kWh of electricity per year. "

"Ratio of hot-to-cold water flow rates:"
m_ratio = m_dot_2/m_dot_1 



5-124

Esaved [kWh/year] T1 [C] 
759.5 10
712 12

664.5 14
617.1 16
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5-181 A fan is powered by a 0.5 hp motor, and delivers air at a rate of 85 m3/min. The highest possible air
velocity at the fan exit is to be determined.
Assumptions  1 This is a steady-flow process since there is no change with time at any point and thus

. 2 The inlet velocity and the change in potential energy are negligible,
. 3 There are no heat and work interactions other than the electrical power consumed

by the fan motor. 4 The efficiencies of the motor and the fan are 100% since best possible operation is
assumed. 5 Air is an ideal gas with constant specific heats at room temperature.

m ECV CV and0
0and01 peV

0

Properties The density of air is given to be  = 1.18 kg/m3. The constant pressure specific heat of air at 
room temperature is cp = 1.005 kJ/kg. C (Table A-2).
Analysis We take the fan-motor assembly as the system. This is a control volume since mass crosses the 
system boundary during the process. We note that there is only one inlet and one exit, and thus

.m m m1 2

The velocity of air leaving the fan will be highest when all of the entire electrical energy drawn by
the motor is converted to kinetic energy, and the friction between the air layers is zero. In this best possible
case, no energy will be converted to thermal energy, and thus the temperature change of air will be zero, 

 Then the energy balance for this steady-flow system can be expressed in the rate form as T T2 1.

0)peand0(since/2)+(

0

1
2

221ine,

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

VVhmhmW

EE

EEE

0.5 hp 
85 m3/min

Noting that the temperature and thus enthalpy remains constant, the
relation above simplifies further to

/22
2, VmW ine

where

kg/s1.67=kg/min100.3=/min)m)(85kg/m18.1( 33Vm

Solving for V2 and substituting gives

m/s21.1
 W1

s/m1
hp1

 W7.745
kg/s67.1
hp)5.0(22 22

,
2 m

W
V ine

Discussion In reality, the velocity will be less because of the inefficiencies of the motor and the fan. 
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5-182 The average air velocity in the circular duct of an air-conditioning system is not to exceed 10 m/s. If 
the fan converts 70 percent of the electrical energy into kinetic energy, the size of the fan motor needed and 
the diameter of the main duct are to be determined.
Assumptions  1 This is a steady-flow process since there is no change with time at any point and thus

. 2 The inlet velocity is negligible,m ECV CV and0 0 .01V 3 There are no heat and work 
interactions other than the electrical power consumed by the fan motor. 4 Air is an ideal gas with constant
specific heats at room temperature.
Properties The density of air is given to be  = 1.20 kg/m3. The constant pressure specific heat of air at 
room temperature is cp = 1.005 kJ/kg. C (Table A-2).
Analysis  We take the fan-motor assembly as the system. This is a control volume since mass crosses the 
system boundary during the process. We note that there is only one inlet and one exit, and thus

. The change in the kinetic energy of air as it is accelerated from zero to 10 m/s at a rate of 
180 m
m m m1 2

3/s  is 

kW18.0
s/m1000

kJ/kg1
2

0m/s)10()kg/s6.3(
2

=EK

kg/s3.6=kg/min216=/min)m)(180kg/m20.1(

22

22
1

2
2

33

VV
m

m V

10 m/s 
180 m3/min

It is stated that this represents 70% of the electrical energy consumed by the 
motor. Then the total electrical power consumed by the motor is determined to be

0 7
0 7

018.
.

.W KE W KE
motor motor

 kW
0.7

0.257 kW

The diameter of the main duct is

m0.618
s60

min1
m/s)10(

min)/m180(44)4/(
3

2

V
DDVVAV V

Therefore, the motor should have a rated power of at least 0.257 kW, and the diameter of the duct should
be at least 61.8 cm

5-183 An evacuated bottle is surrounded by atmospheric air. A valve is opened, and air is allowed to fill
the bottle. The amount of heat transfer through the wall of the bottle when thermal and mechanical
equilibrium is established is to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Air is an ideal gas. 3 Kinetic and potential energies are negligible. 4 There are no work 
interactions involved. 5 The direction of heat transfer is to the air in the bottle (will be verified).
Analysis We take the bottle as the system. It is a control volume since mass crosses the boundary. Noting 
that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal
energy u, respectively, the mass and energy balances for this uniform-flow system can be expressed as 
Mass balance: )0(since initialout2systemoutin mmmmmmm i

Energy balance:

)0pekeinitial2in

Change

system

massand work,heat,by
nsferenergy traNet

outin

umhmQ

EEE

ii (since out2

energiesetc.potential,
kinetic,internal,in

EEW

)( 22 ipTcTcm v

V
V

00
0

0
0 PRT

RT
PRT

P0
T0

V
Evacuated

Combining the two balances:
Q )( 22in ihum

But Ti  = T2  = T0     and cp - cv  = R. Substituting,

v 202in mTccm pQ

Therefore, Qout  = P0V   (Heat is lost from the tank)
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5-184 An adiabatic air compressor is powered by a direct-coupled steam turbine, which is also driving a
generator. The net power delivered to the generator is to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The devices are adiabatic and thus heat transfer is negligible. 4 Air is an 
ideal gas with variable specific heats.
Properties From the steam tables (Tables A-4 through 6) 

and

kJ/kg2392.52392.10.92191.81
92.0
kPa10

kJ/kg3343.6
C500
MPa12.5

44
4

4

3
3

3

fgf hxhh
x
P

h
T
P

From the air table (Table A-17), 

kJ/kg628.07K620

kJ/kg295.17K295

22

11

hT

hT

Steam
turbine

Air
comp

12.5 MPa 
500 C1 MPa 

620 K

98 kPa 
295 K

Analysis  There is only one inlet and one exit for either
device, and thus . We take either the
turbine or the compressor as the system, which is a control 
volume since mass crosses the boundary. The energy
balance for either steady-flow system can be expressed in 
the rate form as 

outin mmm

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE 10 kPa

For the turbine and the compressor it becomes

Compressor: W m (h m h W m hcomp, in air air comp, in air )1 2 2 h1

3 4Turbine: (m h W m h W m h hsteam turb, out steam turb, out steam )3 4

Substituting,

kW23,777kJ/kg2392.53343.6kg/s25

kW3329kJ/kg295.17628.07kg/s10

outturb,

incomp,

W

W

Therefore,

kW20,4483329777,23incomp,outturb,outnet, WWW
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5-185 Water is heated from 16°C to 43°C by an electric resistance heater placed in the water pipe as it 
flows through a showerhead steadily at a rate of 10 L/min. The electric power input to the heater, and the
money that will be saved during a 10-min shower by installing a heat exchanger with an effectiveness of
0.50 are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time at any point within the
system and thus m ECV CV and0 0 ,. 2 Water is an incompressible substance with constant specific 
heats. 3 The kinetic and potential energy changes are negligible, ke pe 0 . 4 Heat losses from the
pipe are negligible.
Properties The density and specific heat of water at room temperature are  = 1 kg/L and c = 4.18 
kJ/kg·°C  (Table A-3).
Analysis We take the pipe as the system. This is a control volume since mass crosses the system boundary
during the process. We observe that there is only one inlet and one exit and thus m m . Then the 
energy balance for this steady-flow system can be expressed in the rate form as 

m1 2

)(])()([)(

0)peke(since

0

12
0

121212ine,

21ine,

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcmPPvTTcmhhmW

hmhmW

EEEEE

where

kg/min10L/min10kg/L1Vm
WATER

43 C16 CSubstituting,

kW18.8C1643CkJ/kg4.18kg/s10/60ine,W

The energy recovered by the heat exchanger is 

kW8.0kJ/s8.0
C1639CkJ/kg.4.18kg/s10/600.5

minmaxmaxsaved TTCmQQ

Therefore, 8.0 kW less energy is needed in this case, and the required electric power in this case reduces to 

kW10.80.88.18savedoldin,newin, QWW

The money saved during a 10-min shower as a result of installing this heat exchanger is
cents11.3cents/kWh8.5h10/60kW8.0
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5-186 EES Problem 5-185 is reconsidered. The effect of the heat exchanger effectiveness on the money
saved as the effectiveness ranges from 20 percent to 90 percent is to be investigated, and the money saved 
is to be plotted against the effectiveness.
Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
density = 1 [kg/L] 
V_dot = 10 [L/min]
C = 4.18 [kJ/kg-C] 
T_1 = 16 [C] 
T_2 = 43 [C] 
T_max = 39 [C] 
T_min = T_1 
epsilon = 0.5 "heat exchanger effectiveness "
EleRate = 8.5 [cents/kWh] 

"For entrance, one exit, steady flow m_dot_in = m_dot_out = m_dot_wat er:"
m_dot_water= density*V_dot /convert(min,s)

"Energy balance for the pipe:"
W_dot_ele_in+ m_dot_water*h_1=m_dot_water*h_2 "Neglect ke and pe"

"For incompressible fluid in a constant pressure process, the enthalpy is:"
h_1 = C*T_1
h_2 = C*T_2

"The energy recovered by the heat exchanger is"
Q_dot_saved=epsilon*Q_dot_max
Q_dot_max = m_dot_water*C*(T_max - T_min)

"Therefore, 8.0 kW less energy is needed in this case, and the required
electric power in this case reduces to"
W_dot_ele_new = W_dot_ele_in - Q_dot_saved

"The money saved during a 10-min shower as a result of installing this heat exchanger is"
Costs_saved = Q_dot_saved*time*convert(min,h)*EleRate
time=10 [min] 

Costssaved

[cents]
4.54 0.2
6.81 0.3
9.08 0.4

11.35 0.5
13.62 0.6
15.89 0.7
18.16 0.8
20.43 0.9

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
2

5.667

9.333

13

16.67

20.33

24

Heat exchanger effectiveness
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5-187 [Also solved by EES on enclosed CD] Steam expands in a turbine steadily. The mass flow rate of the
steam, the exit velocity, and the power output are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with 
time. 2 Potential energy changes are negligible.

1 30 kJ/kg

Properties From the steam tables (Tables A-4 through 6) 

and

kJ/kg2500.22345.50.95271.96
/kgm5.89330.00102-6.20340.950.00102

95.0
kPa25

kJ/kg3502.0
/kgm0.035655

C055
MPa10

22

3
22

2

2

1

3
1

1

1

fgf

fgf

hxhh
x

x
P

hT
P

vvv

v H2O

2

Analysis (a) The mass flow rate of the steam is 

kg/s25.242
311

1
m0.015m/s60

/kgm0.035655
11 AVm

v

(b) There is only one inlet and one exit, and thus m m m1 2 . Then the exit velocity is determined from

m/s1063
2

3

2

2
222

2 m0.14
)/kgm5.8933)(kg/s25.24(1

A
m

VAVm
v

v

(c) We take the turbine as the system, which is a control volume since mass crosses the boundary. The 
energy balance for this steady-flow system can be expressed in the rate form as 

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

2

0)pe(since/2)+()2/(
2

1
2

2
12outout

2
22outout

2
11

VV
hhmQW

VhmQWVhm

Then the power output of the turbine is determined by substituting to be

kW10,330

22

22

out /sm1000
kJ/kg1

2
m/s60m/s10633502.02500.2kg/s25.24kJ/s3025.24W
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5-188 EES Problem 5-187 is reconsidered. The effects of turbine exit area and turbine exit pressure on the
exit velocity and power output of the turbine as the exit pressure varies from 10 kPa to 50 kPa (with the
same quality), and the exit area to varies from 1000 cm2 to 3000 cm2 is to be investigated. The exit velocity
and the power output are to be plotted against the exit pressure for the exit areas of 1000, 2000, and 3000
cm2.
Analysis The problem is solved using EES, and the results are tabulated and plotted below.

Fluid$='Steam_IAPWS'

A[1]=150 [cm^2] 
T[1]=550 [C] 
P[1]=10000 [kPa] 
Vel[1]= 60 [m/s]
A[2]=1400 [cm^2] 
P[2]=25 [kPa] 
q_out = 30 [kJ/kg] 
m_dot = A[1]*Vel[1]/v[1]*convert(cm^2,m^2)
v[1]=volume(Fluid$, T=T[1], P=P[1]) "specific volume of steam at state 1"
Vel[2]=m_dot*v[2]/(A[2]*convert(cm^2,m^2))
v[2]=volume(Fluid$, x=0.95, P=P[2]) "specific volume of steam at state 2"
T[2]=temperature(Fluid$, P=P[2], v=v[2]) "[C]" "not required, but good to know"

"[conservation of Energy for steady-flow:"
"Ein_dot - Eout_dot = DeltaE_dot" "For steady-flow, DeltaE_dot = 0"
DELTAE_dot=0 "[kW]"
"For the turbine as the control volume, neglecting the PE of each flow steam:"
E_dot_in=E_dot_out
h[1]=enthalpy(Fluid$,T=T[1], P=P[1])
E_dot_in=m_dot*(h[1]+ Vel[1]^2/2*Convert(m^2/s^2, kJ/kg)) 
h[2]=enthalpy(Fluid$,x=0.95, P=P[2])
E_dot_out=m_dot*(h[2]+ Vel[2]^2/2*Convert(m^2/s^2, kJ/kg))+ m_dot *q_out+ W_dot_out 
Power=W_dot_out
Q_dot_out=m_dot*q_out

Power [kW] P2 [kPa] Vel2 [m/s]
-54208 10 2513
-14781 14.44 1778
750.2 18.89 1382
8428 23.33 1134

12770 27.78 962.6
15452 32.22 837.6
17217 36.67 742.1
18432 41.11 666.7
19299 45.56 605.6
19935 50 555
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5-189E Refrigerant-134a is compressed steadily by a compressor. The mass flow rate of the refrigerant and 
the exit temperature are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Properties From the refrigerant tables (Tables A-11E through A-13E) 

Btu/lbm107.52
/lbmft3.2551

F20
psia15

1

3
1

1

1

hT
P v 2

R-134a

Analysis  (a) The mass flow rate of refrigerant is 

lbm/s3.072
/lbmft3.2551

/sft10
3

3

1

1

v

V
m

(b) There is only one inlet and one exit, and thus m m m1 2 . We take 
the compressor as the system, which is a control volume since mass
crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as 

1

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin 0

EE

EEE

( )

W mh mh Q ke pe

W m h h
in

in

  (since 0)1 2

2 1

 Substituting,

Btu/lbm117.87

Btu/lbm107.52lbm/s3.072
hp1

Btu/s0.7068hp)45(

2

2

h

h

Then the exit temperature becomes

F95.72
2

2

Btu/lbm117.87
psia100

T
h
P
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5-190 Air is preheated by the exhaust gases of a gas turbine in a regenerator. For a specified heat transfer 
rate, the exit temperature of air and the mass flow rate of exhaust gases are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the regenerator to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid. 5 Exhaust gases can be treated as air. 6 Air is an ideal gas with variable specific heats.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The enthalpies of air are (Table A-
17)

kJ/kg02.607K600
kJ/kg95.821K800
kJ/kg74.555K550

44

33

11

hT
hT
hT

AIR

2

1

4

3

Exhaust
GasesAnalysis (a) We take the air side of the heat exchanger as the 

system, which is a control volume since mass crosses the 
boundary. There is only one inlet and one exit, and thus

. The energy balance for this steady-flow system can 
be expressed in the rate form as 
m m m1 2

)(

0)peke(since

0

12airin

2air1airin

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

hhmQ

WhmhmQ

EE

EEE

Substituting,
3200 kJ/kg554.71kg/s800/60kJ/s 2h h2  =  794.71  kJ/kg

Then from Table A-17 we read T2  = 775.1 K
(b)  Treating the exhaust gases as an ideal gas, the mass flow rate of the exhaust gases is determined from
the steady-flow energy relation applied only to the exhaust gases, 

)(

0)peke(since

43exhaustout

4exhaustout3exhaust

outin

hhmQ

WhmQhm

EE

kJ/kg607.02-821.95kJ/s3200 exhaustm

It yields
kg/s14.9exhaustm
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5-191 Water is to be heated steadily from 20°C to 55°C by an electrical resistor inside an insulated pipe.
The power rating of the resistance heater and the average velocity of the water are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time at any point within the
system and thus m ECV CV and0 0 . 2 Water is an incompressible substance with constant specific
heats. 3 The kinetic and potential energy changes are negligible, ke pe 0 . 4 The pipe is insulated
and thus the heat losses are negligible.
Properties The density and specific heat of water at room temperature are  = 1000 kg/m3 and c = 4.18 
kJ/kg·°C  (Table A-3).
Analysis (a) We take the pipe as the system. This is a control volume since mass crosses the system
boundary during the process.  Also, there is only one inlet and one exit and thus m m . The energy 
balance for this steady-flow system can be expressed in the rate form as 

m1 2

12
0

1212ine,

out21ine,

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

])([)(

0)peke(since

0

TTcmPTTcmhhmW

QhmhmW

EE

EEE

v

WATER
30 L/min D = 5 cm

We
·

The mass flow rate of water through the pipe is

kg/min30)/minm0.030)(kg/m1000( 33
1Vm

Therefore,

kW73.2C)2055)(CkJ/kg4.18)(kg/s30/60()( 12ine, TTcmW

(b)  The average velocity of water through the pipe is determined from

m/min15.3
)m0.025(

/minm0.030
2

3

2
1

1
1

rA
V VV
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5-192 The feedwater of a steam power plant is preheated using steam extracted from the turbine. The ratio
of the mass flow rates of the extracted seam the feedwater are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Heat loss from the device to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold
fluid.
Properties  The enthalpies of steam and feedwater at are (Tables A-4 through A-6) 

C179.9
kJ/kg762.51

liquidsat.
MPa1

kJ/kg2828.3
C200

MPa1

2

MPa1@21

1
1

1

T
hhP

h
T
P

f

STEAM

2

1

4

Feedwater

3and

kJ/kg718.55
C17010

MPa2.5

kJ/kg209.34
C50
MPa2.5

C170@4
24

4

C50@3
3

3

f

f

hh
TT

P

hh
T
P

Analysis We take the heat exchanger as the system, which is a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as 
Mass balance (for each fluid stream):

fw4321outin
(steady)0

systemoutin and0 mmmmmmmmmmm s

Energy balance (for the heat exchanger): 

0)peke(since

0

44223311

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQhmhmhmhm

EE

EEE

Combining the two, 4312 hhmhhm fws

Dividing by  and  substituting,mfw

0.246
kJ/kg762.512828.3
kJ/kg209.34718.55

12

43

hh
hh

m
m

fw

s
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5-193 A building is to be heated by a 30-kW electric resistance heater placed in a duct inside. The time it 
takes to raise the interior temperature from 14 C to 24 C, and the average mass flow rate of air as it passes 
through the heater in the duct are to be determined.
Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room
temperature. 3 Kinetic and potential energy changes are negligible. 4 The heating duct is adiabatic, and 
thus heat transfer through it is negligible. 5 No air leaks in and out of the building.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The specific heats of air at room
temperature are cp = 1.005 and cv = 0.718 kJ/kg·K  (Table A-2).
Analysis (a) The total mass of air in the building is 

kg461.3
K287K/kgmkPa0.287

m400kPa95
3

3

1

11

RT
Pm V .

We first take the entire building as our system, which is a 
closed system since no mass leaks in or out. The time required
to raise the air temperature to 24°C is determined by applying
the energy balance to this constant volume closed system:

12avg,outinfan,ine,

outinfan,ine,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

0)=PE=KE(since

TTmcQWWt

UQWW

EEE

v
T1

T2 = T1 + 5 C

14 C 24 C

V = 400 m3

P = 95 kPa 

450 kJ/min

250 W

We

Solving for t gives

s146
)kJ/s450/60(kJ/s)25.0()kJ/s30(
C)1424)(CkJ/kg0.718)(kg461.3(

outinfan,ine,

12avg,

QWW
TTmc

t v

(b) We now take the heating duct as the system, which is a control volume since mass crosses the 
boundary. There is only one inlet and one exit, and thus m m m1 2 . The energy balance for this 
adiabatic steady-flow system can be expressed in the rate form as 

)()(

0)peke(since

0

1212infan,ine,

21infan,ine,

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

TTcmhhmWW

QhmhmWW

EE

EEE

p

Thus,

kg/s6.02
)C5)(CkJ/kg1.005(

kJ/s0.25)(30infan,ine,

Tc
WW

m
p
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5-194 [Also solved by EES on enclosed CD] An insulated cylinder equipped with an external spring
initially contains air. The tank is connected to a supply line, and air is allowed to enter the cylinder until its 
volume doubles. The mass of the air that entered and the final temperature in the cylinder are to be
determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant.  2 The expansion process is quasi-equilibrium.  3 Kinetic and potential energies are negligible. 4
The spring is a linear spring. 5 The device is insulated and thus heat transfer is negligible. 6 Air is an ideal 
gas with constant specific heats.
Properties The gas constant of air is R = 0.287 kJ/kg·K (Table
A-1). The specific heats of air at room temperature are cv = 
0.718 and cp = 1.005 kJ/kg·K (Table A-2a). Also, u = cvT and
h = cpT.

Fspring

Pi = 0.8 MPa 
Ti = 22 C

P = 200 kPa 
T1 = 22 C
V1 = 0.2 m3

Air

Analysis We take the cylinder as the system, which is a control
volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are
represented by enthalpy h and internal energy u, respectively, 
the mass and energy balances for this uniform-flow system can 
be expressed as 
Mass balance: 12systemoutin mmmmmm i

Energy balance:

)0peke(since1122outb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

QumumWhm

EEE

ii

Combining the two relations, 1122,12 umumWhmm outbi

or, 1122,12 )( TcmTcmWTcmm outbip vv

The initial and the final masses in the tank are 

22
3

3

2

22
2

3

3

1

11
1

836.2
K/kgmkPa0.287

m0.4kPa600

kg0.472
K295K/kgmkPa0.287

m0.2kPa200

TTRT
P

m

RT
P

m

V

V

Then from the mass balance becomes m m m
Ti 2 1

2

836 2 0 472. .

The spring is a linear spring, and thus the boundary work for this process can be determined from

kJ80m0.20.4
2

kPa600200
2

3
12

21 VV
PP

AreaWb

Substituting into the energy balance, the final temperature of air T2 is determined to be

295718.0472.0718.02.836295005.1472.02.83680 2
22

T
TT

It yields T2  = 344.1 K

Thus, kg2.430
344.1
836.2

T
836.2

2
2m

and mi  = m2  - m1  =  2.430  -  0.472  = 1.96 kg 
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5-195 R-134a is allowed to leave a piston-cylinder device with a pair of stops. The work done and the heat
transfer are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device is
assumed to be constant. 2 Kinetic and potential energies are negligible.

Q
R-134a

2 kg 
800 kPa 

80 C

Properties The properties of R-134a at various states are 
(Tables A-11 through A-13) 

kJ/kg97.316
kJ/kg84.290

/kgm032659.0

C80
kPa800

1

1

3
1

1

1

h
u

T
P v

kJ/kg46.263
kJ/kg40.242

/kgm042115.0

C20
kPa500

2

2

3
2

2

2

h
u

T
P v

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21systemoutin mmmmmm e

Energy balance:

)0peke(since1122outinb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

umumhmQW

EEE

ee

The volumes at the initial and final states and the mass that has left the cylinder are 

kg112
m0.04212/kg)m15kg)(0.0421(1/2)(2)2/1(

m0.06532/kg)m59kg)(0.0326(2

21

33
21222

33
111

mmm
mm

m

e

vvV

vV

The enthalpy of the refrigerant withdrawn from the cylinder is assumed to be the average of initial and
final enthalpies of the refrigerant in the cylinder

kJ/kg21.290)46.26397.316)(2/1())(2/1( 21 hhhe

Noting that the pressure remains constant after the piston starts moving, the boundary work is determined
from

kJ11.63
212inb, m)04212.006532.0(kPa)(500)( VVPW

(b) Substituting,

kJ60.7out

out kJ/kg)kg)(290.842(kJ/kg)kg)(242.401(kJ/kg)kg)(290.211(kJ6.11
Q

Q
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5-196 Air is allowed to leave a piston-cylinder device with a pair of stops. Heat is lost from the cylinder.
The amount of mass that has escaped and the work done are to be determined.
Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device is
assumed to be constant. 2 Kinetic and potential energies are negligible. 3 Air is an ideal gas with constant
specific heats at the average temperature.
Properties The properties of air are R = 0.287 kPa.m3/kg.K (Table A-1), cv = 0.733 kJ/kg.K, cp = 1.020 
kJ/kg.K at the anticipated average temperature of 450 K (Table A-2b). 
Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be 
expressed as 
Mass balance: 21system mmmmmm eoutin

Q
Air

1.2 kg 
700 kPa 
200 C

Energy
balance:

)0peke(since1122outinb,

energiesetc.potential,
kinetic,internal,inChange

system

massand work,heat,by
nsferenergy traNet

outin

umumhmQW

EEE

ee

or 1122outinb, TcmTcmTCmQW epe vv

The temperature of the air withdrawn from the cylinder is assumed to
be the average of initial and final temperatures of the air in the
cylinder. That is, 

)473)(2/1())(2/1( 221 TTTTe

The volumes and the masses at the initial and final states and the mass that has escaped from the cylinder
are given by

kg18.3892.1

kg18.389
/kg.K)mkPa.(0.287

)m2kPa)(0.186(600

m1862.0)2327.0)(80.0(80.0

m2327.0
kPa)(700

K)273/kg.K)(200mkPa.kg)(0.287(1.2

2
21

22
3

3

2

22
2

3
12

3
3

1

11
1

T
mmm

TTRT
P

m

P
RTm

e

V

VV

V

Noting that the pressure remains constant after the piston starts moving, the boundary work is determined
from

kJ27.93
212inb, m)1862.02327.0(kPa)(600)( VVPW

Substituting,

K)73kJ/kg.K)(4733.0(kg)2.1(kJ/kg.K)733.0(18.389

)/2)(473kJ/kg.K)(1020.1(18.3892.1kJ40kJ9.27

2
2

2
2

T
T

T
T

The final temperature may be obtained from this equation by a trial-error approach or using EES to be 
T2 = 415.0 K 

Then, the amount of mass that has escaped becomes

kg0.262
K0.415

18.3892.1em
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5-197 The pressures across a pump are measured. The mechanical efficiency of the pump and the 
temperature rise of water are to be determined.
Assumptions 1 The flow is steady and incompressible. 2 The pump is driven by an external motor so that
the heat generated by the motor is dissipated to the atmosphere. 3 The elevation difference between the 
inlet and outlet of the pump is negligible, z1 = z2. 4 The inlet and outlet diameters are the same and thus the 
inlet and exit velocities are equal, V1 = V2.
PropertiesWe take the density of water to be 1 kg/L = 1000 
kg/m3 and its specific heat to be 4.18 kJ/kg · °C (Table A-3). 
Analysis (a) The mass flow rate of water through the pump is

kg/s50L/s)kg/L)(501(Vm

The motor draws 15 kW of power and is 90 percent efficient.
Thus the mechanical (shaft) power it delivers to the pump is 

kW5.13kW)15)(90.0(electricmotorshaftpump, WW

Motor

15 kW

Pump
inlet

PUMP

To determine the mechanical efficiency of the pump, we need to know the increase in the mechanical
energy of the fluid as it flows through the pump, which is

1

2
11

2

2
22

inmech,outmech,fluidmech, 22
gz

VP
mgz

VP
mEEE

Simplifying it for this case and substituting the given values,

kW10
mkPa1

kJ1
kg/m1000

kPa)100300(kg/s)50(
33

12
fluidmech,

PP
mE

Then the mechanical efficiency of the pump becomes

74.1%741.0
kW13.5

kW10

shaftpump,

fluidmech,

W

E
pump

(b) Of the 13.5-kW mechanical power supplied by the pump, only 10 kW is imparted to the fluid as
mechanical energy. The remaining 3.5 kW is converted to thermal energy due to frictional effects, and this
“lost” mechanical energy manifests itself as a heating effect in the fluid, 

kW5.3105.13fluidmech,shaftpump,lossmech, EWE

The temperature rise of water due to this mechanical inefficiency is determined from the thermal energy 
balance,

TcmuumE )( 12lossmech,

Solving for T,

C0.017
K)kJ/kgkg/s)(4.1850(

kW5.3lossmech,

cm
E

T

Therefore, the water will experience a temperature rise of 0.017°C, which is very small, as it flows through 
the pump.
Discussion In an actual application, the temperature rise of water will probably be less since part of the
heat generated will be transferred to the casing of the pump and from the casing to the surrounding air. If 
the entire pump motor were submerged in water, then the 1.5 kW dissipated to the air due to motor
inefficiency would also be transferred to the surrounding water as heat. This would cause the water
temperature to rise more.
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5- 198 Heat is lost from the steam flowing in a nozzle. The exit velocity and the mass flow rate are to be
determined.
Assumptions 1 This is a steady-flow process since there is 
no change with time. 2 Potential energy change is 
negligible. 3 There are no work interactions. 75 kPa 

Sat. vap.

q

STEAM150 C
200 kPaAnalysis (a) We take the steam as the system, which is a

control volume since mass crosses the boundary. The 
energy balance for this steady-flow system can be expressed 
in the rate form as 
Energy balance:

0)pesince
22

0

out

2
2

2

2
1

1

outin

energiesetc.potential,
kinetic,internal,inchangeofRate

(steady)0
system

massand work,heat,by
nsferenergy tranetofRate

outin

WQVhmVhm

EE

EEE

or )(2 out212 qhhV

The properties of steam at the inlet and exit are (Table A-6)

kJ/kg1.2769
C150
kPa002

1
1

1 h
T
P

kJ/kg4.2662
/kgm2172.2

 vap.sat.
kPa75

2

3
22

h
P v

Substituting,

m/s401.7
22out212

/sm1000
kJ/kg1

kJ/kg)264.26621.2769(2)(2 qhhV

(b) The mass flow rate of the steam is 

kg/s0.181m/s))(401.7m(0.001
/kgm2.2172

11 2
322

2
VAm

v
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5-199 The turbocharger of an internal combustion engine consisting of a turbine, a compressor, and an 
aftercooler is considered. The temperature of the air at the compressor outlet and the minimum flow rate of
ambient air are to be determined.

Cold air 

Air

Exhaust
gases Aftercooler

Turbine Compressor

Assumptions 1 All processes are steady since there is 
no change with time. 2 Kinetic and potential energy
changes are negligible. 3 Air properties are used for 
exhaust gases. 4 Air is an ideal gas with constant
specific heats. 5 The mechanical efficiency between the 
turbine and the compressor is 100%. 6 All devices are 
adiabatic. 7 The local atmospheric pressure is 100 kPa. 
Properties The constant pressure specific heats of 
exhaust gases, warm air, and cold ambient air are taken
to be cp = 1.063, 1.008, and 1.005 kJ/kg·K, respectively
(Table A-2b).
Analysis (a) An energy balance on turbine gives

kW063.1350)KK)(400kJ/kg3kg/s)(1.06(0.02exh,2exh,1exh,exhT TTcmW p

This is also the power input to the compressor since the mechanical efficiency between the turbine and the
compressor is assumed to be 100%. An energy balance on the compressor gives the air temperature at the
compressor outlet

C108.6a,2a,2

a,1a,2a,aC

0)K5K)(kJ/kg8kg/s)(1.00(0.018kW063.1

)(

TT

TTcmW p

(b) An energy balance on the aftercooler gives the mass flow rate of cold ambient air 

kg/s05161.0
C0)3C)(40kJ/kg(1.005C0)8C)(108.6kJ/kg8kg/s)(1.00(0.018

)()(

ca

ca

ca,1ca,2ca,caa,3a,2a,a

m
m

TTcmTTcm pp

The volume flow rate may be determined if we first calculate specific volume of cold ambient air at the 
inlet of aftercooler. That is, 

/kgm8696.0
kPa100

K)273K)(30kJ/kg287.0( 3
ca P

RT
v

L/s44.9/sm0.0449 3/kg)m8696.0kg/s)(05161.0( 3
caca vV m
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Fundamentals of Engineering (FE) Exam Problems 

5-200 Steam is accelerated by a nozzle steadily from a low velocity to a velocity of 210 m/s at a rate of 3.2
kg/s. If the temperature and pressure of the steam at the nozzle exit are 400 C and 2 MPa, the exit area of 
the nozzle is
(a) 24.0 cm2 (b) 8.4 cm2 (c) 10.2 cm2 (d) 152 cm2  (e) 23.0 cm2

Answer   (e) 23.0 cm2

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

Vel_1=0 "m/s"
Vel_2=210 "m/s"
m=3.2 "kg/s"
T2=400 "C"
P2=2000 "kPa"
"The rate form of energy balance is E_dot_in - E_dot_out = DELTAE_dot_cv"
v2=VOLUME(Steam_IAPWS,T=T2,P=P2)
m=(1/v2)*A2*Vel_2 "A2 in m^2"

"Some Wrong Solutions with Common Mistakes:"
R=0.4615 "kJ/kg.K"
P2*v2ideal=R*(T2+273)
m=(1/v2ideal)*W1_A2*Vel_2 "assuming ideal gas"
P1*v2ideal=R*T2
m=(1/v2ideal)*W2_A2*Vel_2 "assuming ideal gas and using C"
m=W3_A2*Vel_2 "not using specific volume"

5-201 Steam enters a diffuser steadily at 0.5 MPa, 300 C, and 122 m/s at a rate of 3.5 kg/s. The inlet area 
of the diffuser is
(a) 15 cm2 (b) 50 cm2 (c) 105 cm2 (d) 150 cm2  (e) 190 cm2

Answer  (b) 50 cm2

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

Vel_1=122 "m/s"
m=3.5 "kg/s"
T1=300 "C"
P1=500 "kPa"
"The rate form of energy balance is E_dot_in - E_dot_out = DELTAE_dot_cv"
v1=VOLUME(Steam_IAPWS,T=T1,P=P1)
m=(1/v1)*A*Vel_1 "A in m^2"

"Some Wrong Solutions with Common Mistakes:"
R=0.4615 "kJ/kg.K"
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P1*v1ideal=R*(T1+273)
m=(1/v1ideal)*W1_A*Vel_1 "assuming ideal gas"
P1*v2ideal=R*T1
m=(1/v2ideal)*W2_A*Vel_1 "assuming ideal gas and using C"
m=W3_A*Vel_1 "not using specific volume"

5-202 An adiabatic heat exchanger is used to heat cold water at 15 C entering at a rate of 5 kg/s by hot air
at 90 C  entering also at rate of 5 kg/s. If the exit temperature of hot air is 20 C, the exit temperature of 
cold water is
(a) 27 C (b)  32 C (c) 52 C (d) 85 C  (e) 90 C

Answer  (b)  32 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

C_w=4.18 "kJ/kg-C"
Cp_air=1.005 "kJ/kg-C"
Tw1=15 "C"
m_dot_w=5 "kg/s"
Tair1=90 "C"
Tair2=20 "C"
m_dot_air=5 "kg/s"
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_air*Cp_air*(Tair1-Tair2)=m_dot_w*C_w*(Tw2-Tw1)

"Some Wrong Solutions with Common Mistakes:"
(Tair1-Tair2)=(W1_Tw2-Tw1) "Equating temperature changes of fluids"
Cv_air=0.718 "kJ/kg.K"
m_dot_air*Cv_air*(Tair1-Tair2)=m_dot_w*C_w*(W2_Tw2-Tw1) "Using Cv for air"
W3_Tw2=Tair1 "Setting inlet temperature of hot fluid = exit temperature of cold fluid"
W4_Tw2=Tair2 "Setting exit temperature of hot fluid = exit temperature of cold fluid"

5-203 A heat exchanger is used to heat cold water at 15 C entering at a rate of 2 kg/s by hot air at 100 C
entering at rate of 3 kg/s. The heat exchanger is not insulated, and is loosing heat at a rate of 40 kJ/s. If the
exit temperature of hot air is 20 C, the exit temperature of cold water is
(a) 44 C (b)  49 C (c) 39 C (d) 72 C  (e) 95 C

Answer  (c) 39 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

C_w=4.18 "kJ/kg-C"
Cp_air=1.005 "kJ/kg-C"
Tw1=15 "C"
m_dot_w=2 "kg/s"
Tair1=100 "C"
Tair2=20 "C"
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m_dot_air=3 "kg/s"
Q_loss=40 "kJ/s"
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_air*Cp_air*(Tair1-Tair2)=m_dot_w*C_w*(Tw2-Tw1)+Q_loss

"Some Wrong Solutions with Common Mistakes:"
m_dot_air*Cp_air*(Tair1-Tair2)=m_dot_w*C_w*(W1_Tw2-Tw1) "Not considering Q_loss"
m_dot_air*Cp_air*(Tair1-Tair2)=m_dot_w*C_w*(W2_Tw2-Tw1)-Q_loss "Taking heat loss as 
heat gain"
(Tair1-Tair2)=(W3_Tw2-Tw1) "Equating temperature changes of fluids"
Cv_air=0.718 "kJ/kg.K"
m_dot_air*Cv_air*(Tair1-Tair2)=m_dot_w*C_w*(W4_Tw2-Tw1)+Q_loss "Using Cv for air"

5-204 An adiabatic heat exchanger is used to heat cold water at 15 C entering at a rate of 5 kg/s by hot
water at 90 C entering at rate of 4 kg/s. If the exit temperature of hot water is 50 C, the exit temperature of 
cold water is
(a) 42 C (b)  47 C (c) 55 C (d) 78 C  (e) 90 C

Answer  (b)  47 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

C_w=4.18 "kJ/kg-C"
Tcold_1=15 "C"
m_dot_cold=5 "kg/s"
Thot_1=90 "C"
Thot_2=50 "C"
m_dot_hot=4 "kg/s"
Q_loss=0 "kJ/s"
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_hot*C_w*(Thot_1-Thot_2)=m_dot_cold*C_w*(Tcold_2-Tcold_1)+Q_loss

"Some Wrong Solutions with Common Mistakes:"
Thot_1-Thot_2=W1_Tcold_2-Tcold_1 "Equating temperature changes of fluids"
W2_Tcold_2=90 "Taking exit temp of cold fluid=inlet temp of hot fluid"

5-205 In a shower, cold water at 10 C flowing at a rate of 5 kg/min is mixed with hot water at 60 C
flowing at a rate of 2 kg/min. The exit temperature of the mixture will be
(a) 24.3 C (b)  35.0 C (c) 40.0 C (d) 44.3 C  (e) 55.2 C

Answer  (a) 24.3 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

C_w=4.18 "kJ/kg-C"
Tcold_1=10 "C"
m_dot_cold=5 "kg/min"
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Thot_1=60 "C"
m_dot_hot=2 "kg/min"
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_hot*C_w*Thot_1+m_dot_cold*C_w*Tcold_1=(m_dot_hot+m_dot_cold)*C_w*Tmix
"Some Wrong Solutions with Common Mistakes:"
W1_Tmix=(Tcold_1+Thot_1)/2 "Taking the average temperature of inlet fluids"

5-206 In a heating system, cold outdoor air at 10 C flowing at a rate of 6 kg/min is mixed adiabatically
with heated air at 70 C flowing at a rate of 3 kg/min. The exit temperature of the mixture is
(a) 30 C (b)  40 C (c) 45 C (d) 55 C  (e) 85 C

Answer  (a) 30 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

C_air=1.005 "kJ/kg-C"
Tcold_1=10 "C"
m_dot_cold=6 "kg/min"
Thot_1=70 "C"
m_dot_hot=3 "kg/min"
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_hot*C_air*Thot_1+m_dot_cold*C_air*Tcold_1=(m_dot_hot+m_dot_cold)*C_air*Tmix
"Some Wrong Solutions with Common Mistakes:"
W1_Tmix=(Tcold_1+Thot_1)/2 "Taking the average temperature of inlet fluids"

5-207 Hot combustion gases (assumed to have the properties of air at room temperature) enter a gas turbine
at 1 MPa and 1500 K at a rate of 0.1 kg/s, and exit at 0.2 MPa and 900 K. If heat is lost from the turbine to
the surroundings at a rate of 15 kJ/s, the power output of the gas turbine is
(a) 15 kW (b)  30 kW (c) 45 kW (d) 60 kW  (e) 75 kW

Answer  (c) 45 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

Cp_air=1.005 "kJ/kg-C"
T1=1500 "K"
T2=900 "K"
m_dot=0.1 "kg/s"
Q_dot_loss=15 "kJ/s"
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_out+Q_dot_loss=m_dot*Cp_air*(T1-T2)
"Alternative: Variable specific heats - using EES data"
W_dot_outvariable+Q_dot_loss=m_dot*(ENTHALPY(Air,T=T1)-ENTHALPY(Air,T=T2))

"Some Wrong Solutions with Common Mistakes:"
W1_Wout=m_dot*Cp_air*(T1-T2) "Disregarding heat loss"
W2_Wout-Q_dot_loss=m_dot*Cp_air*(T1-T2) "Assuming heat gain instead of loss" 
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5-208 Steam expands in a turbine from 4 MPa and 500 C to 0.5 MPa and 250 C at a rate of 1350 kg/h.
Heat is lost from the turbine at a rate of 25 kJ/s during the process. The power output of the turbine is
(a) 157 kW (b)  207 kW (c) 182 kW (d) 287 kW  (e) 246 kW

Answer  (a) 157 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

T1=500 "C"
P1=4000 "kPa"
T2=250 "C"
P2=500 "kPa"
m_dot=1350/3600 "kg/s"
Q_dot_loss=25 "kJ/s"
h1=ENTHALPY(Steam_IAPWS,T=T1,P=P1)
h2=ENTHALPY(Steam_IAPWS,T=T2,P=P2)
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_out+Q_dot_loss=m_dot*(h1-h2)

"Some Wrong Solutions with Common Mistakes:"
W1_Wout=m_dot*(h1-h2) "Disregarding heat loss"
W2_Wout-Q_dot_loss=m_dot*(h1-h2) "Assuming heat gain instead of loss"
u1=INTENERGY(Steam_IAPWS,T=T1,P=P1)
u2=INTENERGY(Steam_IAPWS,T=T2,P=P2)
W3_Wout+Q_dot_loss=m_dot*(u1-u2) "Using internal energy instead of enthalpy"
W4_Wout-Q_dot_loss=m_dot*(u1-u2) "Using internal energy and wrong direction for heat"

5-209 Steam is compressed by an adiabatic compressor from 0.2 MPa and 150 C to 2500 MPa and 250 C
at a rate of 1.30 kg/s. The power input to the compressor is
(a) 144 kW (b)  234 kW (c) 438 kW (d) 717 kW  (e) 901 kW

Answer  (a) 144 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

"Note: This compressor violates the 2nd law. Changing State 2 to 800 kPa and 350C will correct 
this problem (it would give 511 kW)"

P1=200 "kPa"
T1=150 "C"
P2=2500 "kPa"
T2=250 "C"
m_dot=1.30 "kg/s"
Q_dot_loss=0 "kJ/s"
h1=ENTHALPY(Steam_IAPWS,T=T1,P=P1)
h2=ENTHALPY(Steam_IAPWS,T=T2,P=P2)
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_in-Q_dot_loss=m_dot*(h2-h1)
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"Some Wrong Solutions with Common Mistakes:"
W1_Win-Q_dot_loss=(h2-h1)/m_dot "Dividing by mass flow rate instead of multiplying"
W2_Win-Q_dot_loss=h2-h1 "Not considering mass flow rate"
u1=INTENERGY(Steam_IAPWS,T=T1,P=P1)
u2=INTENERGY(Steam_IAPWS,T=T2,P=P2)
W3_Win-Q_dot_loss=m_dot*(u2-u1) "Using internal energy instead of enthalpy"
W4_Win-Q_dot_loss=u2-u1 "Using internal energy and ignoring mass flow rate"

5-210 Refrigerant-134a is compressed by a compressor from the saturated vapor state at 0.14 MPa to 1.2 
MPa and 70 C at a rate of 0.108 kg/s. The refrigerant is cooled at a rate of 1.10 kJ/s during compression.
The power input to the compressor is
(a) 5.54 kW (b)  7.33 kW (c) 6.64 kW (d) 7.74 kW  (e) 8.13 kW

Answer  (d) 7.74 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

P1=140 "kPa"
x1=1
P2=1200 "kPa"
T2=70 "C"
m_dot=0.108 "kg/s"
Q_dot_loss=1.10 "kJ/s"
h1=ENTHALPY(R134a,x=x1,P=P1)
h2=ENTHALPY(R134a,T=T2,P=P2)
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_in-Q_dot_loss=m_dot*(h2-h1)

"Some Wrong Solutions with Common Mistakes:"
W1_Win+Q_dot_loss=m_dot*(h2-h1) "Wrong direction for heat transfer"
W2_Win =m_dot*(h2-h1) "Not considering heat loss"
u1=INTENERGY(R134a,x=x1,P=P1)
u2=INTENERGY(R134a,T=T2,P=P2)
W3_Win-Q_dot_loss=m_dot*(u2-u1) "Using internal energy instead of enthalpy"
W4_Win+Q_dot_loss=u2-u1 "Using internal energy and wrong direction for heat transfer"

5-211 Refrigerant-134a expands in an adiabatic turbine from 1.2 MPa and 100 C to 0.18 MPa and 50 C at 
a rate of 1.25 kg/s. The power output of the turbine is
(a) 46.3 kW (b)  66.4 kW (c) 72.7 kW (d) 89.2 kW  (e) 112.0 kW

Answer  (a) 46.3 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

P1=1200 "kPa"
T1=100 "C"
P2=180 "kPa"
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T2=50 "C"
m_dot=1.25 "kg/s"
Q_dot_loss=0 "kJ/s"
h1=ENTHALPY(R134a,T=T1,P=P1)
h2=ENTHALPY(R134a,T=T2,P=P2)
"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
-W_dot_out-Q_dot_loss=m_dot*(h2-h1)

"Some Wrong Solutions with Common Mistakes:"
-W1_Wout-Q_dot_loss=(h2-h1)/m_dot "Dividing by mass flow rate instead of multiplying"
-W2_Wout-Q_dot_loss=h2-h1 "Not considering mass flow rate"
u1=INTENERGY(R134a,T=T1,P=P1)
u2=INTENERGY(R134a,T=T2,P=P2)
-W3_Wout-Q_dot_loss=m_dot*(u2-u1) "Using internal energy instead of enthalpy"
-W4_Wout-Q_dot_loss=u2-u1 "Using internal energy and ignoring mass flow rate"

5-212 Refrigerant-134a at 1.4 MPa and 90 C is throttled to a pressure of 0.6 MPa. The temperature of the
refrigerant after throttling is
(a) 22 C (b)  56 C (c) 82 C (d) 80 C  (e) 90.0 C

Answer  (d) 80 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

P1=1400 "kPa"
T1=90 "C"
P2=600 "kPa"
h1=ENTHALPY(R134a,T=T1,P=P1)
T2=TEMPERATURE(R134a,h=h1,P=P2)

"Some Wrong Solutions with Common Mistakes:"
W1_T2=T1 "Assuming the temperature to remain constant"
W2_T2=TEMPERATURE(R134a,x=0,P=P2) "Taking the temperature to be the saturation 
temperature at P2"
u1=INTENERGY(R134a,T=T1,P=P1)
W3_T2=TEMPERATURE(R134a,u=u1,P=P2) "Assuming u=constant"
v1=VOLUME(R134a,T=T1,P=P1)
W4_T2=TEMPERATURE(R134a,v=v1,P=P2) "Assuming v=constant"

5-213 Air at 20 C and 5 atm is throttled by a valve to 2 atm. If the valve is adiabatic and the change in
kinetic energy is negligible, the exit temperature of air will be
(a) 10 C (b)  14 C (c) 17 C (d) 20 C  (e) 24 C

Answer  (d) 20 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).
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"The temperature of an ideal gas remains constant during throttling, and thus T2=T1"
T1=20 "C"
P1=5 "atm"
P2=2 "atm"
T2=T1 "C"

"Some Wrong Solutions with Common Mistakes:"
W1_T2=T1*P1/P2 "Assuming v=constant and using C"
W2_T2=(T1+273)*P1/P2-273 "Assuming v=constant and using K"
W3_T2=T1*P2/P1 "Assuming v=constant and pressures backwards and using C"
W4_T2=(T1+273)*P2/P1 "Assuming v=constant and pressures backwards and using K"

5-214 Steam at 1 MPa and 300 C is throttled adiabatically to a pressure of 0.4 MPa. If the change in
kinetic energy is negligible, the specific volume of the steam after throttling will be
(a) 0.358 m3/kg (b) 0.233 m3/kg (c) 0.375 m3/kg (d) 0.646 m3/kg  (e) 0.655 m3/kg

Answer  (d) 0.646 m3/kg

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

P1=1000 "kPa"
T1=300 "C"
P2=400 "kPa"
h1=ENTHALPY(Steam_IAPWS,T=T1,P=P1)
v2=VOLUME(Steam_IAPWS,h=h1,P=P2)

"Some Wrong Solutions with Common Mistakes:"
W1_v2=VOLUME(Steam_IAPWS,T=T1,P=P2) "Assuming the volume to remain constant"
u1=INTENERGY(Steam,T=T1,P=P1)
W2_v2=VOLUME(Steam_IAPWS,u=u1,P=P2) "Assuming u=constant"
W3_v2=VOLUME(Steam_IAPWS,T=T1,P=P2) "Assuming T=constant"

5-215 Air is to be heated steadily by an 8-kW electric resistance heater as it flows through an insulated
duct. If the air enters at 50 C at a rate of 2 kg/s, the exit temperature of air will be
(a) 46.0 C (b)  50.0 C (c) 54.0 C (d) 55.4 C  (e) 58.0 C

Answer  (c) 54.0 C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

Cp=1.005 "kJ/kg-C"
T1=50 "C"
 m_dot=2 "kg/s"
W_dot_e=8 "kJ/s"
W_dot_e=m_dot*Cp*(T2-T1)

"Checking using data from EES table"
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W_dot_e=m_dot*(ENTHALPY(Air,T=T_2table)-ENTHALPY(Air,T=T1))

"Some Wrong Solutions with Common Mistakes:"
Cv=0.718 "kJ/kg.K"
W_dot_e=Cp*(W1_T2-T1) "Not using mass flow rate"
W_dot_e=m_dot*Cv*(W2_T2-T1) "Using Cv"
W_dot_e=m_dot*Cp*W3_T2 "Ignoring T1"

5-216 Saturated water vapor at 50 C is to be condensed as it flows through a tube at a rate of 0.35 kg/s.
The condensate leaves the tube as a saturated liquid at 50 C. The rate of heat transfer from the tube is
(a) 73 kJ/s (b) 980 kJ/s (c) 2380 kJ/s (d) 834 kJ/s  (e) 907 kJ/s

Answer  (d) 834 kJ/s

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on 
a blank EES screen. (Similar problems and their solutions can be obtained easily by modifying numerical
values).

T1=50 "C"
 m_dot=0.35 "kg/s"
h_f=ENTHALPY(Steam_IAPWS,T=T1,x=0)
h_g=ENTHALPY(Steam_IAPWS,T=T1,x=1)
h_fg=h_g-h_f
Q_dot=m_dot*h_fg

"Some Wrong Solutions with Common Mistakes:"
W1_Q=m_dot*h_f "Using hf"
W2_Q=m_dot*h_g "Using hg"
W3_Q=h_fg "not using mass flow rate"
W4_Q=m_dot*(h_f+h_g) "Adding hf and hg"

5-217, 5-218  Design and Essay Problems 


