4-93

4-131 A cylinder is initially filled with helium gas at a specified state. Helium is compressed polytropically to a specified

temperature and pressure. The heat transfer during the process is to be determined.

Assumptions 1 Helium is an ideal gas with constant specific heats. 2 The cylinder is stationary and thus the kinetic and
potential energy changes are negligible. 3 The thermal energy stored in the cylinder itself is negligible. 4 The compression

or expansion process is quasi-equilibrium.

Properties The gas constant of helium is R = 2.0769 kPa.m’/kg.K (Table A-1). Also, ¢, = 3.1156 kJ/kg.K (Table A-2).

Analysis The mass of helium and the exponent n are determined to be

PV, 150 kPa )0.5 m*
m= ( a})( m ) =0.123 kg
RT, (20769 kPa-m®/kg-K [293 K)

PV, PV T,P,

i BV, Ly DAy, 43K 150KPR s 0264 m®

RT,  RT, T,P, ' 293K 400 kPa
P v 5

RV =PV —> 2 |=|+ —>—400=(—05 j ——> n=1.536
P\, 150 0.264

Then the boundary work for this polytropic process can be determined from

2 - —_—
Woin = —I pay = DYa— AV _mR(T,-T,)
: 1 — L5
__ (0.123 kg)(2.07619 klj/;<3g6 K)(413 - 293)K e

PV

He

C

We take the contents of the cylinder as the system. This is a closed system since no mass enters or leaves. Taking the
direction of heat transfer to be to the cylinder, the energy balance for this stationary closed system can be expressed as

Ein - Eout = AE,

system

[
Net energy transfer

. L
Change in internal, kinetic,
by heat, work, and mass

potential, etc. energies
On +Woin =AU = m(uy —uy)
O =muy —uy) =Wy
=mcy (T, =) —Wy i
Substituting,

O = (0.123 kg)(3.1156 kl/kg-K)(413 - 293)K - (57.2 kJ) = -11.2 kJ

The negative sign indicates that heat is lost from the system.
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4-103

4-143 A well-insulated room is heated by a steam radiator, and the warm air is distributed by a fan. The average
temperature in the room after 30 min is to be determined.

Assumptions 1 Air is an ideal gas with constant specific heats at room temperature. 2 The kinetic and potential energy
changes are negligible. 3 The air pressure in the room remains constant and thus the air expands as it is heated, and some
warm air escapes.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1). Also, ¢, = 1.005 kJ/kg.K for air at room
temperature (Table A-2).

Analysis We first take the radiator as the system. This is a closed system since no mass enters or leaves. The energy
balance for this closed system can be expressed as

Ein - Eout = AEsystem
—_—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
— QO =AU =m(uy —u;) (since = KE = PE = 0) 10°C
— X X
Out = m(uy — ) 4mx4mx5S5m

Using data from the steam tables (Tables A-4 through A-6), some

properties are determined to be — s g Steam
P, =200 kPa }Vl =1.08049 m> /kg = radiator
T, =200°C | u, = 2654.6 kl/kg =
P, =100 kPa }uf =0.001043, v, =1.6941m’/kg «— 5
(v, =v)) u, =417.40, u, =2088.2 kl/kg

Vy =V, 1.08049-0.001043
Vi 1.6941-0.001043

Uy =uy+xyuz =417.40+0.6376x2088.2 =1748.7 kl/kg
v 0.015m?
m=-t= 2T =00139 kg
vy 1.08049 m”/kg
Substituting, Oou = (0.0139 kg)(2654.6 — 1748.7)kJ/kg = 12.58 kJ
The volume and the mass of the air in the room are /= 4x4x5 = 80 m> and
RV _ (100 kPa )80 m’)
RT;  (0.2870 kPa-m*/kg - K [283 K)

=0.6376

x2:

=98.5kg

My

The amount of fan work done in 30 min is
Weanin = Wfan,inAt =(0.120kJ/s)(30x 605s) = 216k]J
We now take the air in the room as the system. The energy balance for this closed system is expressed as
Ey, —Eqgy = AEsystem
O + Weanjn = Woou = AU
O + Weanjn = AH = mc (T, - 1))

since the boundary work and AU combine into AH for a constant pressure expansion or compression process. It can also be
expressed as

(Qin + I/i/fan,in )At = mcp,avg(TZ - Ti)
Substituting,  (12.58 kJ) + (216 kJ) = (98.5 kg)(1.005 kJ/kg°C)(T> - 10)°C
which yields

T,=12.3°C

Therefore, the air temperature in the room rises from 10°C to 12.3°C in 30 min.
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5-159

5-190 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
Amgy =0 and AEy, =0.2 Water is an incompressible substance with constant specific heats. 3 The kinetic and potential
energy changes are negligible, Ake = Ape = 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 p = 1000 kg/m’ and ¢ =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, =m. The energy balance for this steady-flow system

can be expressed in the rate form as
. _______________________________ |

2 - . &0 (steady) _
Ein - Eout AEsystem =0 WATER
R :
Rate of netenergy transfer  Rate of change in internal, kinetic, 30 L/min S D=5cm
by heat, work, and mass potential, etc. energies
Ein = Eout
W, i, +Mhy =mh, (since Q,, = Ake = Ape = 0) W,

Wi = i, —hy) = m{e(T, =T,) + vAP 0] = me(T, ~T))
The mass flow rate of water through the pipe is
= p¥;, = (1000 kg/m*)(0.030 m*/min) = 30 kg/min
Therefore,
V\'Ie,in =mc(T, —T,) = (30/60 kg/s)(4.18 kJ/kg-" C)(55-20)"C =73.2 KW
(b) The average velocity of water through the pipe is determined from

v_Y_V _0030m’min

=—=—= > =15.3m/min
A o 7(0.025 m)
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5-164

5-195 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.

Air

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 Turbine Compressor
efficiency between the turbine and the compressor is 100%.

6 All devices are adiabatic. 7 The local atmospheric pressure is

100 kPa. Exhaust

Properties The constant pressure specific heats of exhaust gases Aftercooler
gases, warm air, and cold ambient air are taken to be ¢, = Cold air I .
1.063, 1.008, and 1.005 kJ/kg-K, respectively (Table A-2b).

Analysis (a) An energy balance on turbine gives l

Wir = Mo € pext (Texnt — Texnz )= (0.02 ke/s)(1.063 k/kg - K)(400 ~350)K = 1.063 kW

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

V\.IC = man,a (Ta,2 _Ta,l)
1.063 kW = (0.018 kg/s)(1.008 kJ/kg - K)(T,, —50)K ——T,, =108.6 °C
(b) An energy balance on the aftercooler gives the mass flow rate of cold ambient air
macp,a (Ta,Z _Ta,3) = mcacp,ca (Tca,Z _Tca,l)
(0.018 kg/s)(1.008 kJ/kg - °C)(108.6 —80)°C = m, (1.005 kJ/kg - °C)(40 —30)°C
m,, =0.05161kg/s

The volume flow rate may be determined if we first calculate specific volume of cold ambient air at the inlet of aftercooler.
That is,

L, _RT _ (0287 LJ/kg-K)(30+273K)

= 0.8696 m°/k
a4 p 100 kPa &

V., =mv,, =(0.05161kg/s)(0.8696 m*/kg) = 0.0449 m3/s =44.9L/s
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7-118

7-163 A hot water stream is mixed with a cold water stream. For a specified mixture temperature, the mass flow rate of cold
water stream and the rate of entropy generation are 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.

Properties Noting that T < Ty @ 200 kea = 120.21°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 from Table A-4,

P, =200 kPa } by =, g =293.07 kilkg

T, =70°C  [8128; 400 =09551Kikg K

C 70°C.
3.6 kg/s

P, =200 kPa } h, = hf@zooC =83.91kl/kg H,O sooc

T, =20°C S2 =S¢ unoc = 0.2965 kJ/kg - K 200 kPa H@
Py=200kPa| hs=h ... =17590ki/kg 20

T, =42°C Sy = sf@wC =0.5990 kJ/kg - K

Analysis (a) 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

- 2 5 . .
= AE 0 teady) g 5 my +rhy =my

Mass balance: m, —m System

out

Energy balance:

- : _ - 20 (steady) _
Ein - Eout - AEsystcm =0
[ N ————
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mh, +m,h, =m;h, (since Q =W = Ake = Ape = 0)
Combining the two relations gives
by + myh, = (i, +my )y
Solving for m, and substituting, the mass flow rate of cold water stream is determined to be

oo _hiohy (29307 -175.90)kI/ke
>Thy—h, ' (175.90-83.91)kl/kg

(3.6 kg/s) =4.586 kg/s

Also, My =M, +mM, =3.6+4.586 =8.186 kg/s

(b) Noting that the mixing chamber is adiabatic and thus there is no heat transfer to the surroundings, the entropy balance of
the steady-flow system (the mixing chamber) can be expressed as

. . . e S0
Sin - Sout + Sgen - ASsystem =0
\q/_—J [ S—— | S —

Rate of net entropy transfer ~ Rate of entropy ~ Rate of change

by heat and mass generation of entropy

m;s; + m,s, —M;s; + Sgcn =0
Substituting, the total rate of entropy generation during this process becomes
Sgen = M3S3 —IM,s; —Ms,

= (8.186 kg/s}0.5990 kJ/kg - K )—(4.586 kg/s)(0.2965 ki/kg-K)— (3.6 kg/s)0.9551 ki/kg - K)
=0.1054 kW/K
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7-163

7-209 Air is expanded by an adiabatic turbine with an isentropic efficiency of 85%. The outlet temperature, the work
produced, and the entropy generation 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. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at the anticipated average temperature of 400

K are ¢, = 1.013 kJ/kg-°C and k = 1.395 (Table A-2b). Also, R = 0.287 ? ! f23(2) 012’[5 a
kJ/kg-K (Table A-2a). e
Analysis We take the turbine as the system, which is a control volume since
mass crosses the boundary. Noting that one fluid stream enters and leaves the
turbine, the energy balance for this steady-flow system can be expressed in __d
the rate form as
- - - J0 (stead
Ein - Eout AEsystem (steady) =0
Rate of net energy transfer Ratemetic
by heat, work, and mass potentifl, etc. energies ' P,=200 kPa
Ein = Eout
mh, =W, ., + mh, (since Q = Ake = Ape = 0)
. ’ T
Waou =My —hy)=mec, (T, -T,)
2 MPa

The isentropic exit temperature is

2200 kPa

P (k=1)/k
Ty =T, {%J =(300+ 273 K)(

0.395/1.395
MJ ~290.6 K
1

From the definition of the isentropic efficiency,

Wy ut =17 W ou =777 Cp (T) = Tag) = (0.90)(1.013 ki/kg - K)(573 — 290.6)K = 257.5 kJ/kg

The actual exit temperature is then

_257.5kI/kg
1.013kJ/kg - K

— _ Wa,out _ Wa,out _ _
Wa,out _Cp(Tl _TZa)—_>T2a _Tl - c —T1 —C——573K =318.8K
p p

The rate of entropy generation in the turbine is determined by applying the rate form of the entropy balance on the turbine:

: 2 3 _Ad &0 (steady)
S in Sout + Sgen =AS system
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

MyS; —MyS, + Sy, =0 (since Q=0)
S.gen = m(SZ - Sl)

Sgen =55

Then, from the entropy change relation of an ideal gas,

T2 P2
Sgen =52 —=S; =CpIn—=-Rln—
1 1

(1013 kI/kg - K)ln 283K _ 0287 1/kg - Ky 200 KP2
573K 2200 kPa

=0.0944 kJ/kg -K
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7-170

7-215 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 steam to the feedwater and entropy generation per unit mass of 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 Heat loss from the device to the surroundings is negligible.

Properties The properties of steam and feedwater are (Tables A-4 through A-6)

P,=1MPa | h, =2828.3kJ/kg ©)
T, =200°C | s; =6.6956 kJ/kg-K Steam + | MPa
h, =h 762.51 kl/k o 200°C
P, =1MPa 2@ ; 138.1 Wk gK Lo Feedwater
S, =Stq =2. .
sat. liquid | 2 f@MPe g -0
T, =179.88°C 2.5
MPa
P,=25MPa| hy= hf@50°C =209.34 kl/kg /
T, =50°C Sy = sf@50°C =0.7038 kJ/kg-K
(9 -
P, =2.5MPa hy, = hf@170°C =719.08 kJ/kg
T,=T,-10°C=170°C S4;Sf@1709c:2.0417 kl/kg-K +
Analysis (a) We take the heat exchanger as the system, which is a ©)
control volume. The mass and energy balances for this steady-flow sat. liquid

system can be expressed in the rate form as follows:

Mass balance (for each fluid stream):

20 (steady)

min _mout :Amsystem =0—> min =1 out n.’]l = m2 = ms and m3 = m4 = mfw

Energy balance (for the heat exchanger):

- . _ - 20 (steady) _
Ein - Eout - AEsystem =0
-
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

ryhy + mMshy = ryh, +myh, (since Q =W = Ake = Ape = 0)
Combining the two, mg(h, —h,)=m fw(h3 ~h,)

Dividing by my, and substituting,

ms  h,—hy (719.08-209.34)ki/kg
Mg h —h, (2828.3-762.51)kJ/kg

(b) The total entropy change (or entropy generation) during this process per unit mass of feedwater can be determined from
an entropy balance expressed in the rate form as

S.in - S.out + S.gen = AS system&’o =0

— —_— —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

Mg (S; =85)+ Mgy (S3=84) +Sgen =0
Seer M
=5 (s, —5)+(s4 —53)=(0.247)2.1381-6.6956)+(2.0417 - 0.7038)
My, Mey

=0.213 kJ/K per kg of feedwater
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7-187

7-226 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 rate of entropy generation are to be
determined. The reduction in power input and entropy generation as a result of installing a 50% efficient regenerator are
also 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
Amey, =0 and AE., =0.2 Water is an incompressible substance with constant specific heats. 3 The kinetic and potential
energy changes are negligible, Ake = Ape = 0. 4 Heat losses from the pipe are negligible.

Properties The density of water is given to be p = 1 kg/L. The specific heat of water at room temperature is ¢=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. We observe that there is only one inlet and one exit and thus m; =m, = m. Then the energy balance for this

steady-flow system can be expressed in the rate form as

. . B . 20 (steady) B .
Ein - Eout - AEsystem e =0 - Ein - Eout
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
W, ;, +mhy =mh, (since Ake = Ape = 0) WATER
. . . ) s o
W, = m(h, —hy) = (T, = T)) 16°€ 43°C

where

m= pV = (1 kg/L)(lO L/min) =10 kg/min
Substituting,

W, =(10/60 kg/s)4.18 ki/kg-°C)43-16)°C = 18.8 KW

The rate of entropy generation in the heating section during this process is determined by applying the entropy balance on
the heating section. Noting that this is a steady-flow process and heat transfer from the heating section is negligible,
. . . . &0
Sin - Sout + Sgen = ASsystem =0

A — —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

Ms; —Ms, + S,q, = 0——> S, =M(S, —5))

Noting that water is an incompressible substance and substituting,

- T 316 K
S =mcln=2 = (10/60 kg/s )4.18 kJ/kg - K)n
en < ( gis) g-K) K

. =0.0622 kJ/K
1

(b) The energy recovered by the heat exchanger is

Quved = €Qmax = EMC(Toax = Tin ) = 0.5(10/60 kg/s)4.18 kl/kg - °C)39 —16C = 8.0 kJ/s = 8.0 kW

m

Therefore, 8.0 kW less energy is needed in this case, and the required electric power in this case reduces to

w =Wip o1d — Quaveq = 18.8—8.0=10.8 KW

in,new

Taking the cold water stream in the heat exchanger as our control volume (a steady-flow system), the temperature at which
the cold water leaves the heat exchanger and enters the electric resistance heating section is determined from

Q = mC(Tc,out _Tc,in)
Substituting,

8 kJ/s = (10/60 kg/s)(4.18 ki/kg-" C)(T, o —16°C)

It yields
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7-188
T

c,out

=27.5°C =300.5K

The rate of entropy generation in the heating section in this case is determined similarly to be

. T 316 K
S gen = Mcln -2 = (10/60 kg/s}4.18 ki/kg - K) In———— = 0.0350 kJ/K
T 300.5K

gen
1

Thus the reduction in the rate of entropy generation within the heating section is

S =0.0622 — 0.0350 = 0.0272 KW/K

reduction
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