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9-16 The four processes of an air-standard cycle are described. The cycle is to be shown on P-v and T-s
diagrams, and the maximum temperature in the cycle and the thermal efficiency are to be determined.
Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg.K, ¢, =0.718 kl/kg'K, and k
= 1.4 (Table A-2).

Analysis (b) From the ideal gas isentropic relations and energy balance, =
p (k=1)/ k 1000 kP 0.4/1.4
T, =T)| == =(300 K) ——= =5792K %in
B 100 kPa 2 3
qin:h3_h2:cp(T3_T2) ; e
2800 kJ/kg = (1.005 ki/kg - K )T5 =579.2) —— T, = T3 = 3360 K 1 y
41
Py, P, P 100 kP v
(0 =B-24% 1, =Ly J100KPa a0y k)-336 K
, T, P " 1000 kPa T
Gout = 93400t T 94100 = (”3 —Uuy )+(h4 _hl) 3
=CU(T3_T4)+Cp(T4_Tl) Gin
=(0.718 kJ/kg - K 3360 —336)K +(1.005 kJ/kg - K )336 —300)K 2§ Qs
- 2212 kl/kg 4 !
2212 kl/k 1 b
J
oy =1-Low £ -21.0% S
o 2800 kJ/kg

Discussion The assumption of constant specific heats at room temperature is not realistic in this case the
temperature changes involved are too large.

9-17E The four processes of an air-standard cycle are described. The cycle is to be shown on P-vand T-s
diagrams, and the total heat input and the thermal efficiency are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with variable specific heats.

Properties The properties of air are given in Table A-17E.

Analysis (b) The properties of air at various states are

P
T, =540 R —>u, =92.04 Btu/Ibm, /1, =129.06 Btu/lbm
Uy =1y +qi 1 = 92.044300 = 392.04 Btw/lbm LER
Gin,12 = Uy — Uy A 21 &,
T, =2116R, h, =537.1 Btu/lbm 4 4,
P, P T 2116 R e %
v v
222 L Py=-%2p = (14.7 psia) = 57.6 psia 1 4
T, T T 540 R Yout
h; = 849.48 Btu/lbm
T3=3200R—>Pr3:1242 .
P, 14.7 psi
P o=2p =P (1549)=317.0 —> h, =593.22 Btw/lbm
‘" Py 7 57.6psia
From energy balance,
Gasim = hs =y =849.48—537.1 = 312.38 Btu/Ibm

Gin = d12in + 923 = 300+312.38 = 612.38 Btu/Ibm

Qou = hy —hy =593.22-129.06 = 464.16 Btu/Ibm

(¢) Then the thermal efficiency becomes
464.16Btu/lb
Py =1-do T _24.2%
Tin 612.38Btu/lbm

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




9-18E The four processes of an air-standard cycle are described. The cycle is to be shown on P-vand T-s
diagrams, and the total heat input and the thermal efficiency are to be determined.
Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.
Properties The properties of air at room temperature are ¢, = 0.240 Btw/Ibm.R, ¢, = 0.171 Btu/lbm.R,
and k= 1.4 (Table A-2E). P
Analysis (b)

Qin,12 Uy —U; =CU(T2 _Tl)
300 Btu/lbm = (0.171 Btu/lbm.R YT, —540)R

T, =2294R
P P, T 2294 R '
2% _ 1% Py=22p = (14.7 psia) = 62.46 psia o
T, T, T, 540 R v
Ginzs =y —hy = cp(T5 =T, )= (0.24 Btw/lbm- R 3200 - 2294)R = 217.4 Btw/lbm
Process 3-4 is isentropic:
(k-1)/k . N\04/14
P 14.7 T
T, =Ty =~ =(3200 R) —— P12 =2117R
Py 62.46 psia
Gin = 9qin12 T 9in23 =300+217.4 =517.4 Btu/lbm
Gou =hy —hy =, (T} —T;)=(0.240 Btu/Ibm.R)2117 - 540)=378.5 Btw/Ibm
378.5 Btu/lb
(©) M =1-T =1 T 26.8% P

517.4 Btu/lbm

in

9-19 The three processes of an air-standard cycle are described. The cycle is to be shown on P-v and T-s
diagrams, and the heat rejected and the thermal efficiency are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kl/kg.K, ¢, =0.718 kl/kg'K, and k
= 1.4 (Table A-2).

(k-1)/k 0.4/1.4
P. 1000 kP
Analysis (b) T, =T, 2 = (300 K btk =579.2K
P 100 kPa

Oy = mlhy —hy)= '”Cp(T3 -T,)
2.76 kJ = (0.004 kg)(1.005 ki/kg - K )T} —579.2) — Ty =1266 K

Process 3-1 is a straight line on the P-v diagram, thus the ws; is

simply the area under the process curve, v
Py +P, Py+P (RT, RT,
Wy, =area = v, —vs)= —_—-
31 (vi—v3) > P T
Qin 3
1000+100 kP 300K 1266 K
- 2 - (0.287 ki/kg - K) =273.7 kl/kg 2
2 100 kPa 1000 kPa

Energy balance for process 3-1 gives
Eiy = Eqy = AEgygtem —> =031 0ut —Ws10u = m(uy —u3) 1 out
Q31,01 = —1MW31 g =1, (T =T5) = _m[w3l,out +e, (1 =Ty )]
= —(0.004kg)273.7+(0.718 kl/kg - K }300-1266)K ] = 1.679 kJ
Oou _, 1679K

c -2 = 39.2%
@ =l 276 kI °

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




9-8

9-20 The three processes of an air-standard cycle are described. The cycle is to be shown on P-v and T-s
diagrams, and the net work per cycle and the thermal efficiency are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with variable specific heats.

Properties The properties of air are given in Table A-17.

Analysis (b) The properties of air at various states are P

u; =206.91kl/kg

hy =290.16 kl/kg

P, 380 kPa

2=
95 kPa

T, =290 K —>

Hv, _ Ay T,

= (290 K)=1160 K
T2 Tl Pl

—> u, =897.91kl/kg, P, =207.2 v
P 95 kP
P =2P, =— 2 (207.2)=51.8 —> hy =840.38 ki/kg
P p, ™ 380 kPa T
Oin = mluy —u;)=(0.003 kg)(897.91-206.91)kJ/kg = 2.073 kJ 2
in
Quut = mlhs —hy )=(0.003 kg )(840.38 —290.16)k)/kg = 1.651 kJ
3
W perout = Oin = Oou = 2.073-1.651=0.422 kJ . .
W, 0.422kJ s
© gy == =20.4%
O,  2073kJ

9-21 The three processes of an air-standard cycle are described. The cycle is to be shown on P-v and T-s
diagrams, and the net work per cycle and the thermal efficiency are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg.K, ¢, =0.718 kl/kg'K, and k
= 1.4 (Table A-2).

Analysis (b) From the isentropic relations and energy balance,

P P P P
2¥2 _ % 1, =2og - 380KPa hos k)= 1160 K
7, T P, 95 kPa
(k=1)/k 04/1.4 2 r’;?:»,
P 95 kP ¢
Ty =T, = =(1160 K)| ——— =780.6 K Wl -
P, 380 kPa in 5
1 3
9 =m(u2 —”1)=mcu(T2 _Tl) Ao v
=(0.003 kg)(0.718 kJ/kg - K )1160 —290)K = 1.87 kJ T
2
Qout = m(hS _hl)z mcp(Tfi _Tl)
qln
=(0.003 kg )(1.005 kJ/kg - K )780.6 —290)K = 1.48 kJ :
3
Waetout = O —Oour = 1.87-1.48 = 0.39 kJ 1 Gout
N
Wy 039k
(©) Ny =—= =——=20.9%
O, 1.87kJ
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9-22 A Carnot cycle with the specified temperature limits is considered. The net work output per cycle is
to be determined.

Assumptions Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kl/kg.K, ¢, = 0.718 kl/kg'K, R =
0.287 kJ/kg.K, and k= 1.4 (Table A-2).

Analysis The minimum pressure in the cycle is P; and the maximum pressure is P;. Then,

(k-1)/k
L (ﬁj T .
T3 Py 900 1 3 2
or, h
k/(k-1) 1.4/0.4
T 900 K
P, =P, (—2J =(20 kPa{—) =935.3 kPa
T 300K 300+ 4 N
The heat input is determined from Gout s
J0
T. P 935.3 kP!
sy=s=c,In==  —Rin=2=—(0.287 ki/kg-K)ln———— = 02181 kl/kg-K
T, P 2000 kPa

Oin = mTy (s, —s,)=(0.003 kg)(900 K)0.2181 ki/kg - K)=0.5889 kJ
Then,

T 300 K
Ny =1-—L=1-——=66.7%
T, 900 K

Woetout =T O = (0.667)0.5889 kJ)=0.393 kJ

net,out

9-23 A Carnot cycle with specified temperature limits is considered. The maximum pressure in the cycle,
the heat transfer to the working fluid, and the mass of the working fluid are to be determined.

Assumptions Air is an ideal gas with variable specific heats.

Analysis (a) In a Carnot cycle, the maximum pressure occurs at the beginning of the expansion process,
which is state 1.

T =1200K —> P, =238

(Table A-17) T Qi
I,=35%0K —— B, =2379 1200} 1 N 2
P, _
P=—2P = ﬂ(mo kPa)= 30,013 kPa= P, Wioee = 0.5 kJ
P, 2.379 |
350 4 3
(b) The heat input is determined from > WQ )
T 350K s
Ny =1-—L=1- =70.83%
Ty 1200 K

O = Wastou /1 = (0.5 k1)/(0.7083) = 0.706 kJ

(¢) The mass of air is

AT P, 300 kPa
Sy —83=\s,—s — RIn— =—-(0.287 kJ/kg - K )In ——
v (“ ) 2 ( gK) 150 kPa
=-0.199kl/kg-K =5, -5,
Woetout = (52 =51 Ty — T, )= (0.199kJ/kg - K 1200 -350)K = 169.15kJ/kg
W,
_Dneow __ OSK g 50796 kg

w 169.15 kl/kg

net,out
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9-34 An ideal Otto cycle with air as the working fluid has a compression ratio of 8. The pressure and
temperature at the end of the heat addition process, the net work output, the thermal efficiency, and the
mean effective pressure for the cycle are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 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 = 0.287 kJ/kg.K. The properties of air are given in Table A-17.

Analysis (a) Process 1-2: isentropic compression.

u; =214.07kl/kg P
fi=300K == 612
T, =673.1K
v, =220, =Ly “Le212)=7765 —> 2707
oy o8 u, =491.2 kl/kg
P. P, T 673.1K
2%2 4% Py =122 p = (8) = |(95 kPa) = 1705 kPa v
T, T, v, T 300 K
Process 2-3: v= constant heat addition.
T, =1539K
q23,in =Uy—Uy — U3 = Uy +q23,in =491.2+750=1241.2 kJ/kg—)U - 6.588
P. P T 1539 K
s _ D% Py =23 p, <[ 232K 4705 kpa) - 3898 kPa
T, T, T 673.1K
(b) Process 3-4: isentropic expansion.
T, =7745K
v, =Ly, =rv, =(8)6.588)=52.70 — > *
oy, ° 3 u, =571.69 kl/kg
Process 4-1: v= constant heat rejection.
Gout = Ug —t =571.69-214.07 =357.62 kI /kg
Wietout = Tin ~Gout = 750 —357.62 = 392.4 kJ/kg
w 392.4 kl/k
(© g m— £ _523%
Gin 750 kl/kg
RT, (0.287kPa-m? kg K )300K) ;
v =—= =0.906m"/kg =v
@ 'Top 95kPa 87 Y
Ymin =V2 = Zmax
,
w w 392.4 kJ/k -m’
MEP = _/hetout _ netout  _ : g kPa-m — 495.0 kPa
vi-v,  vi-1/r) (0.906 m kgfi-1/8) kI
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9-37 An ideal Otto cycle with air as the working fluid has a compression ratio of 9.5. The highest pressure
and temperature in the cycle, the amount of heat transferred, the thermal efficiency, and the mean effective
pressure are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kl/kg'K, ¢, = 0.718 kl/kgK, R =
0.287 kl/kg'K, and k=1.4 (Table A-2).

Analysis (a) Process 1-2: isentropic compression.

P
k-1
T, =T, (i) = (308 K)9.5)"* =757.9K
vy
P. P, T 7579 K
2% % P, =122 p —(9.5) 2222 |100 kPa)= 2338 kPa
Process 3-4: isentropic expansion. v

k-1
T, = T{Z—“J = (800 K)9.5)"* =1969 K
3

Process 2-3: v= constant heat addition.

Py; P T
Vs _ D% p=5p, o[ 29K No338 kpa)-6072 kPa
L, T T, 757.9K
PV, 100 kPa 0. ’
O L (L Jo.0006 m’) = 6.788x10 kg

RT,  (0.287 kPa-m*/kg-K |308 K)
On = mlus —uy)=me, (T~ T, ) = (6.788x10 ke |0.718 ki/kg - K Y1969 — 757.9)K = 0.590 kJ
(c) Process 4-1: v= constant heat rejection.
OQout =Mty —uy)=me, (T, —T,)= —(6.788 x107* ngo.ﬂs kJ/kg - K Y800 —308)K = 0.240 kJ
W = Oin — Qo = 0.590 — 0.240 = 0.350 kJ
Waetour _ 0.350 kJ

= = = 59.4%
T =T T T 0590k °
v
(d) Vmin =V2 2%
MEP = W et out _ W retout _ 0.3530 kJ kPa-m? 652 kPa
Vv, Via-1/r) (0.0006 m*f1-1/95) K
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