9-14  An air-standard cycle with variable specific heats is
executed in a closed system and is composed of the following
four processes:

1-2  Isentropic compression from 100 kPa and 27°C to

800 kPa

2-3 v = constant heat addition to 1800 K

34 Isentropic expansion to 100 kPa

4-1 P = constant heat rejection to initial state
{a) Show the cycle on P-v and T-5 diagrams.
(b) Calculate the net work output per unit mass.
() Determine the thermal efficiency.

0-14 The four processes of an air-standard cycle are described. The cycle is to be shown on P-vand T-s
diagrams. and the net work output and the thermal efficiency are to be determined.

Assumptions 1 The atr-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an 1deal 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

=]
Jiy =300.19 kT/kg T 3
T, =300K —»p 1386 0
uy =389.22 kI/k; 2
P, B 2 =%(1.386}=11.088—> 2 €
TR 100 kPa T, =539.8K : )
uy =1487.2 kl/kg - S v
T; —1800K — > B, ~1310
Bus Bvn p Tp 180K o) kpa)-2668 kpa T
L I T, © 35398K T

» B 100 kPa

=2 p —— " (1310)=49.10 —— h, =828.1kT’kg
+ P, " 2668 kPa

From energy balances.
Gy =ty —1y =1487.2—389.2 =1098.0 kl/kg

Qo = hy —hy =828.1-300.19 = 527.9 kl/kg
Wparout = Tin —Gons = 1098.0-527.9=570.1 kI/kg

(¢) Then the thermal efficiency becomes



9-16 An air-standard cycle is executed in a closed system
and is composed of the following four processes:
1-2  Isentropic compression from 100 kPa and 27°C to
1 MPa
2-3 P = constant heat addition in amount of 2800
kli’kg
3-4 v = constant heat rejection to 100 kPa
4-1 P = constant heat rejection to initial state
(@) Show the cycle on P-v and T-s diagrams.
(f) Calculate the maximum temperature in the cycle.
(¢) Determine the thermal efficiency.

Assume constant specific heats at room temperature.
Answers: (b) 3360 K, (c) 21.0 percent

9-16 The four processes of an air-standard cycle are described. The cycle is to be shown on P-vand T-s
diagrams, and the maximum temperature m 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
neghigible. 3 Air1s an 1deal gas with constant specific heats.

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

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

p \EVE 1000kpa
T,=F| =2 (300K —=2 =5792K G
B 100 kPa 2 3
G =h3—hy =c, (I3 -T) A 2
2800 kJ/kg = (1.005 kI/kg - K T3 —579.2)—> Ty, = T3 = 3360 K ; 4
Qa1
Bv; P P, 100 kP; —v
© SB_A% g S T8 (5360K)=336K
I, I, P,° 1000 kPa T
Gout = 434 out +q111,ﬂut = {MZ _:“4}+(h4 _hl) 3
:CU(T3_T4)+CP(T4 -1;) i
=(0.718 kI/kg K }3360-336)K +(1.005 kl/kg K)(336-300 K 2 ©s
— 2212 Kl/ke A4
Wk 1 941
2212 kJ/ —_——
e =1-dot 1“2 K8 o) g0y §
Gin 2800 kI/kg

Discussion The assumption of constant specific heats at room temperature 1s not realistic in this case the
temperature changes involved are too large.



9-19  An air-standard cycle is executed in a closed system
with 0.004 kg of air and consists of the following three
PrOCesses:
1-2  Isentropic compression from 100 kPa and 27°C to
1 MPa
2-3 P = constant heat addition in the amount of 2.76 kJ
3-1 P = ¢,V + ¢, heat rejection to initial state (¢, and
¢, are constants)
(@) Show the cycle on P-v and 7-5 diagrams.
(b) Calculate the heat rejected.
() Determine the thermal efficiency.

Assume constant specific heats at room temperature.
Answers: (b) 1.679 kJ, (c) 39.2 percent

9-19 The three processes of an air-standard cycle are described. The cycle 15 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 1deal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kI/kg K. ¢, =0.718 kl’kg'K. and k
=14 (Table A-2).

s ELE , 40414 P
Analysis (b) T, = r1| B | - (300 Kj M] =5792K M
Y | 100 kPa W
2
Qin=m(h3 —h2)=ch{T3—T2} N
2.76 kT = (0.004 kg)(1.005 kl/kg -K)(T; —579.2) —— T; = 1266 K ot
Process 3-1 1s a straight line on the P-v diagram, thus the wy; is ’ 1
simply the area under the process curve, -y
p .
P+ R P,+PB (RT, RT;
Ws) =area= (Ul—'-”s}=—l—l—— T
2 2 | B
(1000+100kPa ) 300K 1266 K e }
= - ](0_28? kl/kg-K)=273.7 kl/kg 2
\ 2 N 100kPa 1000 kPa )
Energy balance for process 3-1 gives |
Ein —Egu = AE ey —— 031 0wt — W10 =My —13) Gous

Oa) gt =—MW31 oy —mc, (1, —T3) = —’”[“’31:m +e, (0 -1 }]
—=—(0.004 kg [273.7 +(0.718 kT/kg - K )300-1266 K | = 1.679 kJ
Qo _,_1679K

©  ma=1-=

T _30.2%
0. 276 k7



9-200  An air-standard cycle with variable specific heats is
executed in a closed system with 0.003 kg of air and consists
of the following three processes:

1-2 v = constant heat addition from 95 kPa and 17°C

to 380 kPa

2-3  Isentropic expansion to 95 kPa

3-1 P = constant heat rejection to initial state
{a) Show the cycle on P-v and T-s diagrams.
(b)) Calculate the net work per cycle, in kl.
(¢) Determine the thermal efficiency.

9-20 The three processes of an air-standard cycle are deseribed. The cyele is to be shown on P-vand T-5
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 (5) The properties of air at various states are

u; = 20691 kl/kg

By =290.16 kl/kg
Py, Ry T, =ﬂT =380kPa(
L, I TR 95kpa

T, =290K — >

— u, =897.91kl/kg. B, =2072

Py 95 kPa
P ="p """
" p, ™ 380kPa

Q.. = mlu; —uy )=(0.003 kg )(897.91- 20691 jkI/kg = 2.073 kJ

O, =mlh; —hy )=(0.003 kg )(840.38 —290.16 kJ/kg =1.651 kI

W ostout = Qi — Qo =2.073-1.651=0.422 kJ

i 0422 kJ
(©) g = —20.4%

On  2073KT

290K )=1160 K

(2072)=518 — hy =84038 kl/kg




9-22 Consider a Carnot cycle executed in a closed system
with (L0032 kg of air. The temperature limits of the cycle are
300 and 900 K, and the minimum and maximum pressures that
occur during the cycle are 20 and 2000 kPa. Assuming con-
stant specific heats, determine the net work output per cycle.

0-22 A Camot cycle with the specified temperature limits 1s considered. The net work output per cycle 1s

to be determined.

Assumptions Air 15 an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kI’kgK. c, = 0718 klkg'K. R =
0287 klkg K, and k=14 (Table A-2).

Analysis The minimum pressure in the cycle 1s P; and the maximum pressure 1s P;. Then,

(k-11/k
T, (P .
. \n b, %
B 000 + 1y—y—
or. / ;
T E/(k-1) 900 K 1404 ] :
P, =P, —1] =(20kPa —] =935.3 kPa ] ;
T ) 300K 300 47 N
The heat mnput is determined from Qo 5
#0 -
T P 935.3 kPa
sy-5 =c,ln== —RlIn—=-—(0.287 ki’kg KJln————=02181kIkg K
T B 2000 kPa
O =mTg (s, —5,)=(0.003 kg)(900 K)0.2181 kI/kg - K )= 0.5889 kJ
Then,
T 300K
Ny =1-—==1- — 66.7%
Ty 900 K

Wt out =N Oin = (0.667)(0.5889 kJ) = 0.303 kJ



9-23 An air-standard Carnot cycle is executed in a closed
system between the temperature limits of 350 and 1200 K. The
pressures before and after the isothermal compression are
150 and 300 kPa, respectively. If the net work output per cycle
is 0.5 kI, determine (a) the maximum pressure in the cycle,
(k) the heat transfer to air, and (c) the mass of air. Assume
variable specific heats for air. Answers: (a) 30,01 kPa
() 0.706 KJ, (c) 0.00296 kg

0-23 A Carnot cycle with specified temperature limits is considered. The maximum pressure in the cyele,
the heat transfer to the working flusd. and the mass of the working fluid are to be determined.

Assumprions Air 1s an 1deal gas with vanable specific heats.

Analysis (@) In a Carnot cycle, the maximum pressure occurs at the beginning of the expansion process,
which 15 state 1.

L, =1200K —— B =23§

(Table A-17) LY Qu
= =72 > 2
T,=350K —— B, =2379 1200 15 3 y
£ 238 I 2
P =—tP,=— (300 kPa)=30,013kPa="P,__ 4 Waa=05K
B, 2.379 : ;
o _ 350+ 4 —
(5) The heat mput 15 determined from qum
T; 350K > 5
Mg =1-——=1- =70.83%
Ty 1200 K

Oin = Woetont / M = (0.5 k3)/(0.7083) = 0.706 kJ

() The mass of air 1s

0
sy—55 =53 —s3) —Rln%=—(0.28? kI/’kg K ln
3
=—0.199kIkg-K =15, -5,
Woetout = 52 =51 Ty — T ) =(0.199kI/kg - K 1200 - 350K =169.15k/’kg

7, 0.5kJ
o= - 0.00296 kg
Woetow 16915 kVkg

300 kPa
150 kPa




OTTO CYCLE

9-34  An ideal Otto cycle has a compression ratio of 8. At
the beginning of the compression process, air is at 95 kPa
and 27°C, and 750 kl/kg of heat is transferred to air during
the constant-volume heat-addition process. Taking into account
the variation of specific heats with temperature, determine
{a) the pressure and temperature at the end of the heat-
addition process, (b) the net work output, (c) the thermal effi-
ciency, and (d) the mean effective pressure for the cycle.
Answers: (a) 3898 kPa, 1539 K, (b) 39Z2.4 klkg, (c) 52.3 per-
cent, (d) 495 kPa

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

Assumpefons 1 The air-standard assumptons are applicable. ? Kinetic and potentizl energy changes are
negligible. 3 Airis an ides] gas with variable specific heats.

Properties The zas constant of air is R = 0.287 kI’kg K. The properties of air are given in Table 4-17.
Amnalysis (@) Process 1-1: isenmopic compression.

iy = 214.07kTkg P
I = 300K — v, =6111 %
v, =2y, Ly _Llignz)-mes — TORIE TSOkIkE g4
Pyt or B : iy =491 2 kIkg :%
- AT |
Pw, P T, o 731K A
e B P el 2 g 551K Vo5 kpa)m1705 kP2
L. T vy T, 1 300K | !
Process 2-3: w= constant heat addition.
T =153 K
Grygm =l —ly —Fliy =l +Fp3j =491 2+ 750 = 12412 k.T.-'tg—}U .58
P P, T, (1530 ),
=M 2% . poiip -| EEELE S ||_l?us EPa |- 3898 kPa
L, T, T, | 673.1E |

(¥) Process 3-4: isenfropic expansion.

w T T,=THS5K
U, m— @, =P =B 5EE =270 —
e, " : : iy = 57169 EIkg

Process 4-1: v= constant heat rejection.
Gy =y —0) = 5TLEO 21407 = 35762 kT /kg
Wt om = Jin — T = 150 —357.62 = 302 4 LT kg
Wiepan 392.4kTkg

(G - - - 51304
@ o= 750 klkg
RT, [0.287kPs-m ke K |300K :
i) V-t m ke KBOOK) _; oo0m® ks vy,
2 95kPa
v - -——
mm 2 r
Wosan  Waeou 3024kIkz (kPa-m’ )

MEFP = 1= 4050 EPa

vy =, - v (1-1/7) - H}Dﬂﬁ m:‘.-lgxl—l:’ﬂ:llk kT |}




9-36 Repeat Problem 9-34 using constant specific heats at
room temperature.

9-36 An ideal Omto cycle with air as the working fluid has a compression ratio of 8. The pressure and
temperanure 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.

Assumpifons 1 The air-standard assumptions are applicable. ¥ Kinetic and potentisl energy changes are
negligible. 3 Airis an idesl zas with constant specific heats.

Properdies The properties of air at room temperaare are ¢, = 1.005 kTkgE, ¢, = 0718 kIkgE R =
0287Tklkg K, and k=14 (Tzble A-2).

Analysis (@) Process 1-2: isenfropic compression.

w k=1
r,-r| 4| -(uE)E) -ea9E
LY 3__.
F F, T - EEOE ) .,
vy A P-ip _|_31 [05kPa)-1745kD:
T, T, v, T, | 300K | !

Process 2-3: v= constant heat additdon.

) .
G =ty —liy =, (T3 —T1
750 kTkg = (0.718 kTkg- KT, - 680K

T -1TMK
Pyu, T (174K 3
2o B Lk Dp |2 iraskm)- 3921
T:s T! T! ; \.ﬁEQK: "

(&) Process 3-4: isenfropic expansion.
Fs » =l 04
P 1
L-1| 2| —am4E]-) -155K
Ly 8J

Process 4-1: w= constant heat rejection.
G =ity —tiy =, [T, —T; ) ={0.718 kTkg - K755 - 300 [ = 327 kTkg

W = Gy =Ty = 750327 = 423 kI/kg

el cul
W 2 Iy
i©) ny —tctow | AIETRE oo van
T T50kTkg
RT, (0.287kPa-m ke EJ300KE
(d) v - —t - e I ]—U_ﬂ'ﬂlﬁmj-'kg—u__,
B 03 kPa
‘.I U "I-.'II.
mmn ] ¥
aEp. Mo Wactou 413 KTkg (kPa-m™}

- SR - o { =534 kPa
vi—¥; wl-1/7) (0906 m’Egfl-18)] K}



9-37 The compression ratio of an air-standard Otto cycle is
9.5. Prior to the isentropic compression process, the air is at
100 kPa, 35°C, and 600 cm”. The temperature at the end of
the isentropic expansion process is 800 K. Using specific
heat values at room temperature, determine (a) the highest
temperature and pressure in the cycle; (b) the amount of heat
transferred in, in kI; (c) the thermal efficiency; and (d) the
mean effective pressure. Answers: (8 1969 K, 6072 kPa,
(b) 0.59 kJ, (c) 59.4 percent, (d) 652 kPa

9-37 An ideal Otto cycle with air as the working fluid has a compression ratio of 9.5, The highest pressure
and temperamre in the cycle, the amount of beat transfermed, the thermal efficiency, and the mean efective
pressure are to be determined.
Assumprfons 1 The air-standard assumptons are applicable. 2 Kinetic and potentizl energy changes are
negligible. 3 Airis an idesl gas with constant specific heats.
Properdes The properties of air at room temperature are ¢, = 1.005 kIkgK, ¢, = 0718 kIkgE, &=
0287kIkg K, and k=14 (Table A-2).
Amnalysis (@) Process 1-1: isentropic compression.

Lk P

r,-r| 4| _(zesk)es) -7579K
¥ '
Pw, PR T, o A TSTREY, .
e % ,p.hip "‘9'51— 100 kPa) = 2338 kPa
. T, v, T, T '

Process 3-4: isentropic expansion.
. Y
=) —2| -(eooE)os) 1969 K
)

Process 2-3: v= constant heat addition.

Y

i
Bvs A —>P3-£P}-| 190 K FEBEE}:P&]—B{J?ZHF‘:’
L 5 T, t 7579 K )
RV ( \ 3]
® m_BY (100 kPa 0.0006 m | _ 6788x10"k

RT, [0287kPa m’ kg E|306K)
Oy = milus —uy )= me,, (T3 -T2 )= [5.788 1{)"'1:;]{).713 kTkg-K)1960 - 757.9)K - 0.590 kJ
(c) Process 4-1: v= constant heat rejection.
0 =miuy —u, ) =me, (T, -1, )= —l::cs.'.'saxm"‘ kg]ﬂ.t‘lﬂ Elkg-K 200 - 3085 - 0240 1]
W, =0, -0, =0.500—0.240 = 0350 k7

Fapee  0.350K]
0, 03500k

1"
(@) Viing = by = ——
-

FF et cout | - 0.350KkT
v-¥, #0-1n loooesm® 1-195)

# e

kPa-m’
kT

MEP = =852 kFa

.



9-38 Repeat Problem 9-37, but replace the isentropic expan-
sion process by a polytropic expansion process with the poly-
tropic exponent n = 1.35.

9-38 An Oto cycle with air as the working floid has a compression ratio of 9.5, The highest pressure and
temperaiure in the cycle, the amount of heat Tansferred, the thermal efficiency, and the mean affective
pressure are to be determined.
Assumpsions 1 The air-standard assumptions are applicable. ! Kinetc and potentisl eneTgy changes are
negligtble. 3 Airis an ideal zas with constant specific heats.
FProperdes The properties of air at room temperamure are ¢, = 1005 kIkgK, ¢, = 0718 kIkgK R =
0287kIkg K, and k=14 (Tzhle A-2).
Amalysis (@) Process 1-10 iseniropic compression.

k-1 P

T, -T| Y| —(osK)os)t -7579K 3
B, F T. - A TSTOE . g fanE
B B-l2p oos| ——— fl00kPa)- 2338 kP . b
I, T, v, T, | 308K | iy P
Process 3-4: polytropic expansion. ) I
(100 kPa 00006 m* -
matth | a-l-_ ) __6738x10 kg
BT, [0287kPa-mkg E|308K)
P - =l
L-T 2t -(eoE)es) 1m0k
i V3
-T] T *Y0.287 KTz —175
o mR|T, r;;_l[ﬁ..aaxm [0.287 KTz K B00-1759 K 053387
1-n 1-1.35
Then enargy balance for process 3-4 gives
‘E:: _Em.l: - I‘:."E'Sg,i.ln'sr

Outin ~Fay o =Ml —u 3::'
Oy =mlu, —u 3::""“?3\4_.-_." -me, (T, -T; )+ PP
Oy, = (6788210 k2 [0.718 kI ke - K N800 -1759 K + 0.5338 kT = 0.0664 kT
That is, 0.0466 kT of beat is added to the air during the expansion process (This is not realistic, and probably
is due to assuming constant specific heats at room temperature).
(#) Process 2-3: v= constant heat addition
Bv; Bwn L p 5 _|r 12 K x||333a kPa) - 5426 kPa
L 0 5 | T5TOK
O3 =miliiy =1ty )=me, (T -1, )
O = (67882107 kg [0.718 1Kz KJ1750 - 7570 - 0.4879 &
Therefore,
Oy = O sy + Osay = 04870+ 0 0664 = 05543 L
(¢} Process 4-1: v= constant heat rejaction.
O = Mty —1t; |=me, (T, ~T; )= [6.788 %107 kz0.718 KIkg K800 -308)K = 0.2308 k7
oo = Oy — 0\ =0.5543-02308 = 03145 kJ
Worom  03145KT
0. 053K

-
() P, = by =
=

To = - 56.7%

Y

MEP - 586KkPa

Fotow  Faom 03145 kT |’tpa -m?
V-t -1 fpoosm’ 1-195) &I




941 A fourcylinder, four-stroke, 2.2-L gasoline engine
operates on the Otto cycle with a compression ratio of 10, The
air is at 100 kPa and 60°C at the beginning of the compres-
sion process, and the maximum pressure in the cycle is
8§ MPa. The compression and expansion processes may be

modeled as polytropic with a polytropic constant of 1.3, Using
constant specific heats at 850 K, determine (a) the tempera-
ture at the end of the expansion process, (b) the net work out-
put and the thermal efficiency, (¢) the mean effective pressure,
() the engine speed for a net power output of 70 kW, and (&)
the specific fuel consumption, in g/kWh, defined as the ratio
of the mass of the fuel consumed to the net work produced.
The air—fuel ratio, defined as the amount of air divided by the
amount of fuel intake, is 16.

9-41 A gasoline engine operates on an Ot cycle. The compression and expansion processes are modelad
as polytropic. The temperafure at the end of expansion process, the net work output, the thermal efficiency,
the mean effective pressure, the engine speed for a given net power, and the specific fuel consumption are

10 be determined.

Assumpifons 1 The air-standard assumptions are applicable. ¥ Kinetic and potentisl energy changes are

negligible. 3 Air is an idesl zas with constant specific heats.

Properies The properties of airat 850 K are ¢, =1.110kTkzE, ¢, = 0823 k]kegE, R =0287 kTke'E,

and k=134 (Table A-2b).
Analysis (@) Process 1-2: polytropic compression

- o=l
i
I,=T| 2| -(EE3E)10)* -6644K A
I W .
P, -P,I:l Y| - (100kPa)10)® —1005kPa
(50N J

Process 2-3: constant volume heat addition

(P . i b
I,-T, 3}-|ﬁﬁ4.4K1M|-2664K
IR 1005 kPa |

o =l —liy = CL-'I:T:i -I.)
= (0,823 KTkz - E)2664— 6644 K = 1646kTkz

Process 3-4: polytropic expansion.
41 R

'

& T, 1
A -(ws4R] | -1335K

l_u4 A ! F,

13

M1
) —s009kpa

.|
2 _;Jg'.["r—3| - (3000 %Pz |
v ) 10 )

Process 4-1: constant vourmne heat rejection.

g =ty —t; =, [T, -1, )= (0.823 kTkg - K J1335 333K - 824 8 kTkz

(%) The net work output and the thermal efficiency are
Wogs g = Ty — Jong = 1646 — 8248 = B20.9 kikg

Wou S209ETEZ

() The mean effactive pressure is determined as follows
RN, (0287 kPa-m ke K 333E)
B 100 EPa

v - = 08557 m7 kg = v

V-

min 2 r
Weer s w, 2200 kT (kPa-m® |

Mpp e | Peom E|ZEH | _a543kPa
vi-va wl-Ur [essTmikefl-110)| T f

(af) The clearance volume and the total volume of the engine at the beginning of compression process (state

1) are



B
r_V,_+F"d 1I:l_iF{._+IZI.i.}'I:I__1::|
F, F,

e -

F, = 00002444 m*

F| =F, +F,; = 00002444 + 0.0022 - 0.002444 m*
The total mass contained in the cylinder is

I 3
AR Q00EPa0ARIHMmMT) o po2ssske
RT,  [0.287 kP -m kg K|333E)

L
The engine speed for a net power owtput of 70 kW is

=l

) TOET's { 60s )
= (2 rewicycle) | -
Y Wiy (002558 k2 8209k kg - cycle) | Imin |

Mote that thers are two revolutions in one cycle in four-stroke engines.
(&) The mass of fuel bumed during one cycle is
My =My (0002558 k) —m ¢

arls _ 16
™, m mg

m . = 00001505 kg

Fially, the specific fuel consumption is

my 00001505k (10002} 3800kT )
mow,, (0.002538kz)E209kTks)| 1kz | 1kWh )

5

- 258.0 g/kWh

DIESEL CYCLE

9—42C How does a diesel engine differ from a gasoline
engine?

9—43C How does the ideal Diesel cycle differ from the
ideal Otto cycle?

9—4C  For a specified compression ratio, is a diesel or
gasoline engine more efficient?

9—45C Do diesel or gasoline engines operate at higher com-
pression ratios? Why?

9—46C  What is the cutoff ratio? How does it affect the ther-
mal efficiency of a Diesel cycle?

= 4001 revimin

9-42C A diszel engine differs from the gasolime engine m the way combustion is initiated. In diesel
engines combustion is initiated by compressing the air above the self-ipnition temperamure of the fuel

whereas i is mitiated by a spark plug i a gasoline engine.

9-43C The Diesel cycle differs fom the Oto cycle in the heat addinon process only; it takes place at

constant volume i the Otte cycle, but at constant pressure in the Dhesel cycle

9-44C The gasoline enzine.

9-45C Diessl engines operate at high compression raties because the diesel engines do not have the engine

knock problem.

9-46C Cutoff ratio is the ratio of the cylmder volumes after and before the combustion process. As the

cute ratio decreases, the efficiency of the diese] cycle increases.



9—47 An air-standard Diesel cycle has a compression ratio
of 16 and a cutoff ratio of 2. At the beginning of the com-
pression process, air is at 95 kPa and 27°C. Accounting for
the variation of specific heats with temperature, determine
(a) the temperature after the heat-addition process, (b) the
thermal efficiency, and (c) the mean effective pressure.
Answers: (a) 1724.8 K, (b) 56.3 percent, (c) 675.9 kPa

9-47 An air-standard Diesel cycle with & compression ratio of 16 and a cutoff ratio of 2 is considered The
temperature afier the heat addinon process, the thermal efficiency, and the mesn effective pressure are to
be determined.

Assumprions 1 The air-standard assumptions are applicable. I Kinedc and potential energy changes are
negligible. 3 Airis an ideal zas with vanable specific heats.

Properties The zas constant of air is B = 0287 kTkg K. P
The properties of air are given in Table A-17.

Analysis (@) Process 1-2: isanfropic compression.

uy =214 07TkT kg
T - 300K —

, =6212
B T, -8624 K
v, =22y oLy JLl(6212)-38805
] “ I T hl =200 0kl ke
Process 2-3: P = constant heat addition.
Pu, . y . hy =1910.6 Klkg
Bus _Bvn g %r oor, (208624 K)=17248K —
T, T, v, ) ) v, —4546

()] Gig = B3 —F; =1910.6-890.9 = 1010.TkT kg
Process 3-4: isenropic expansion.

v v r 16 .
v, -u—“v,_ - ﬁuﬁ -3V -?14.516]-:6.31' — s uy = 659.TK] kg
Process 4-1: w= constant heat rajection
e =By —ly = G507 - 21407 = 445,63 kTkz

44563 kTks

Feant

. T - 56,304

T 10197 kTkz
() Wt = Diy — g = 10107 — 485 63 = 574.07 klkg

BT, [0287kPa-m ke K300 K)
V) -t i I ':I-U.Pﬂﬁm“:kg-;-'m
95 kPa
¥
Wiy = Wy = —
F
MED - Vretow | Wesow 574.07 KIkg I“kpa m?)

- : - - - {=675.0kFa
w—v; vll-1r) lososmirzfi-116)| ET§



9-48 An air-standard Diesel cycle with a compression ratio of 16 and a cutoff ratio of 2 is considered The
temperaiure afier the heat addition process, the thermal efficiency, and the mean effective pressure are to
be determined
Assumpsions 1 The air-standard assumptions are applicable. ! Kinetc and potentisl eneTgy changes are
negligtble. 3 Airis an ideal zas with constant specific heats.
Properdies The properties of air at room tempersture are ¢, = 1005 kTkg K, ¢,=0.718 kIkgE B = 0187
ElkgE, and k=14 (Table A-I).
Amalysis (@) Process 1-2: sentropic compression.
" \ k=1
-5 —| -(300k)s)"* -009.4x
s |
L -

Process 2-3: P = constant heat addition.

Py, _.F‘!vz ok
T T, o,

3

T, =27, =(2)(008 4K - 1918 8K

(B) Qi =y —hy =, [Ty T3 |= (1005 ETkg EJ1818 8- 0094 - 0130 kT ke

Process 3-4: isentropic expansion.
o k=l . \ k=1
I 2wy
r-n[ 2| -nf32]
L &

: . 3 B4
3 -(12182E] = | -TOLTE
vy 116

v )
Process 4-1: w= constant heat rejection.
G = iy =iy = £, 1T =T, )= (0. 71867 ke K (7017 - 300/ — 353kT kg
Qo _,_ 353KIkz
i O13.0kTks
i Wories = Fig = fomy = 913.9-353 = 560.9kTkg
&%, _[0.287kPa wke KJ300 )

- Gl 4%

B =1

vy = -080mi kg -,
F 95 kPa
er
Faig = ¥y =———
;
MED _ Mozan _ Weeiom 5600kTkz [ kPa-m’ |

: - - - - 660.4 1Pa
vi-vy wl-1/r) fosssm’aefi-118)] ET



9—18 Repeat Problem 9—47 using constant specific heats at
room temperature.

9-51 An ideal diesel engine with air as the working flumid has a compressien ratio of 20. The thermal
efficiency and the mean effective pressure are to be determined
Assumpefons 1 The air-standard assumptons are applicable. 2 Kinetc and potential energy changes are
negligible. 3 Airis an idesl zas with constant specific heats.
Properdies The properties of air at room temperamre are ¢, = 1.005 kTkgE, ¢, = 0718 kTkzE R =
028TkIkgE, and &=14 (Table A-2).
Amnalysis (@) Process 1-2: Isentropic compression.
o\
T; - T U_‘ | -(293E)20) -0m11K
LSl

Process 2-3: P= constant beat addition.
Y, _AK ¥, I, 110K

— e ——— = 1165
I T ¥ I 9TLIK
Process 3-4: iseniropic expansion.
£ op i 5 k=l P - l=1 P - 04
[ | 22654/, 2 2
r,-n| %) g | -r,| = lﬁ5| —(2200K] 2 lﬁ5| -9206K
\I"'q.' 1. I"’d A LY r L 0 A

Gy =hy =k, =c, [T, =T, )= (1.005kTkg K )2200-971 1 = 1235 kJkg
Gou =g =1ty =€, [Ty =Ty | = (0718 kTkz K 0206 - 203K = 450.6 kTkz

Wopot = Gig — Ty =1235-450.6 = 784.4 kIkg
w 7 !
By —— w - 63.5%0
q 1235 kTkg
BT, [0287kPa-m®kz-E|
® v 20 _ 0287kPa-m’ ke K23 E) _ .o mkg v,
F 85 kPa
v p, —Yom
min T o2
.
Waetoul Wosiou T84 4 kIkg (kPa-m“]l
MEP - o | e - I {-933LPa
w—vy wll-1/r) losssm'xzfi-120)| kT O}



9-52 Repeat Problem 9-51, but replace the isentropic expan-
sion process by polytropic expansion process with the poly-
tropic exponent n = 1.35.

9-52 A diesel snzine with air as the working fhoid has a compression ratio of 20. The thermal efficiency
and the mean effective pressure are o be detenmined.
Assumprions 1 The air-standard assumptions are applicable. } Kinetic and potential energy changes are
negligibla. 3 Airis an idesl gas with constant specific heats.
FProperdes The properties of air at room tempesatre are ¢, = 1.005 kIkgK, ¢, =071 kIkgE, and &
=1.4 (Tabl= 4-2).
Amnalysis {3) Process 1-1: isentropic compression.
e -
T, -1y F: | -(e3x)20)* -0m1K
L8 s

Process 2-3: P= constant heat addition.
PV, B W T 200K
— == 3

e il T 1
I, T, Vv, I, 9L1K
Process 3-4: polytropic expansion.
Y Fa n-1 - a=l == 035
%A 22650 (2265 2657,
L-Li| - | m | -1"3,|2 '5:'| - {2200 K| 2 '5:'| -1026 E
. s ) LT L0

@y, = by —hy = (T, =T, )= (1.005 kVke-K)2200—-971.1) K = 1235 kIkg
g, =ty —ty =, [T, -1, )= (0.718 kIkg-K 1026 -293) K = 526.3 klkg
Hote that g in this case does not represent the enfite heat rejected since some heat is also rejected during
the polytmopic process, which is determined from an energy balance on process 3-4:
BT, -T.) (0287 k0= E)1026—2200) K
1-n 1-133
Ei.n _'Euu - Mx:rll:n

L. - 063 klkg

Tayin — Wag g =l —Uy — > Gogp = Wiy oy +6,, T, -1
=263 kTkg+(0.718 Klkg K:ll 026-2200)
=120.1 ETEz
which means that 120.1 kT'kg of beat is transferred to the combustion zases during the expansion process.
This is morealistic since the zas is at 8 much higher temperature than the suroundings, and a hot zas loses
heat during polytropic expansion. The cause of this unrealistic result is the constani specific heat
assumption. If we were to use u data from the air table, we would obtain
Oagy = Wy o+l —ua:l-9ﬁ3+(?81_-1—13?2.4} =128 1kTkE
which iz 2 heat loss as expected. Thea g, becomes
Dong = T8 00 + g oug = 128145263 = 6544 kTkg

amd
Wi = i — o = 12356544 = 530.6 kTkz
Womaa SB0.6ETK
T e DR _—g_u_ﬂ.u
q 1235 Kkg
BT, (0287 kPa-m kg -K[203 K)
O = ! o e [293E) ;e mlkz-v,,
] 95 kPa
Fﬂ.l.l
Vi =y =
W W S80.6 KTk i m® )
MED - it eeiow = 2 |1Eem | so1kpa

w-v, (=17 [_1:..335 m’-kg_fll-l-zu}\ T}



9-54 A four-cylinder two-stroke 2.4-L diesel engine that
operates on an ideal Diesel cycle has a compression ratio of
17 and a cutoff ratio of 2.2, Air is at 55°C and 97 kPa at the
beginning of the compression process. Using the cold-air-
standard assumptions, determine how much power the engine
will deliver at 1500 rpm.

9-54 A four-cylinder ideal diessl enpine with air as the working finid has a compression ratio of 17 and a
cutoff ratio of 2.2. The power the engine will deliver at 1500 rpm is to be determinad
Assumpifons 1 The cold ar-standard assumptions are applicable. 2 Kinefic and potentizl energy changes
are neglizible. 3 Air is an ideal zas with constant specific heats.
Properdies The properties of air at room temperaare are ¢, = 1.005 kIkgE, ¢, = 0718 kIkgE R =
28T klkg K, and k=14 (Table A-2).

Amnalysis Process 1-1: isentropic compression.

v L k-1

T; =T v_l | =(2E)7)/ -1019E
\ W2

Process 2-3: P = constant heat addition

. . ) . .
S¥s _Bvr L p _¥r a1, (220019 K)-2M1K
T: T vy B )

Process 3-4: isentropic expansion.

- =1 -1 o k=1 - 04
i (220 237 2.2
L -n|% -1 1) _ =] -fpamE]Z] -em2k
'."-'-"4,K \ U ! e 17
7 kPa)(0.0024 m* -
mo BV (9TEPa) ) 473107 ke

ET, (0287kPz-m’ks-E)(328E)
0, =mlh, —k; |=me, (T, -T,)
= (24732107 kg)(1.005 kT kg - K)(2241-1019)K - 3.038 k7
Qs = mlus —ay )= me, (T, 1)
- [2473x107 ke JoT18 WIke - K foBO.2 — 328K ~1.174 kT
Woctoe = O = Oy = 30381174 =1 864 klirey
W e = MW = (1500060 rav/s)1.864 kTirev |- 46.6 EW

Dvscussion Mote that for 2-sooke engines, 1 thermedynamic cycle is equivalent to 1 mechanical cycle (and
thns revolutions).



9-59 A six-cylinder, four-stroke, 4.5-L compression-ignition
engine operates on the ideal diesel cycle with a compression
ratio of 17. The air is at 95 kPa and 55°C at the beginning of
the compression process and the engine speed is 2000 rpm.
The engine uses light diesel fuel with a heating value of
42,500 klkg, an air—fuel ratio of 24, and a combustion effi-
ciency of 98 percent. Using constant specific heats at 850 K,
determine (a) the maximum temperature in the cycle and the
cutoff ratio (b) the net work output per cycle and the thermal
efficiency, (c) the mean effective pressure, (d) the net power
output, and (e) the specific fuel consumption, in g/kWh,
defined as the ratio of the mass of the fuel consumed to the
net work produced. Answers: (a) 2383 K, 2.7 (b) 4.36 kJ, 0.543,
(c) 989 kPa, (d) 72.7 kW, (2) 159 g/kWh

9-50 A siz-cylinder compression igmition enpine operates on the ideal Diesel cycle. The maximmm
temperature in the cycle, the cutoff ratio, the net work output per cycle, the thermal efficiency, the mean
effactive pressure, the net power output, and the specific fuel consumption are to be determined.
Assumprions 1 The air-standard assumptions are applicable. ! Kinetic and potential eneTgy changes are
negligible. 3 Air is an idesl gas with constant specific heats.

FProperdies The properties of air at 850 K are ¢, = 1.110kTkzE, ¢, = 0.823kTkegE R=0287 kTkeK,
and E=1349 (Table A-2%).

Amalysis (@) Process 1-2: Isentropic compression

11. -
I

[ W "
T, - Tli Al —(3mERT smTE A o
L
PEY. 2 3
P, -P,i Yl - (e5kPa)17) ™ - 4341KPs
L J

The clearance volome and the total volume of the engine at the
beginning of compression process (state 1) are

3 4
r_l'.{ +14y 1T_lﬂ’,+ﬂ.ﬂﬂ4§m
v, v, Glow
. —=0.0002813m’ 1
: -

V=1 1 = 00002813 + 0.0045 = 0004781 m*
The total mass contained in the cylinder is
a¥ {95 kP3){0.004781m")
TRI, (0.287kPs - m* kg K328 K)
The mass of fuel bomed during one cycle is
m, m-m, 24_{U.ﬂﬂ4325kg}—mf

™

= 004825 ke

AF =

m ;- =0.000193 kz
™ ™ M ’

Process 2-3: constant pressure heat addition
o, - M Gy, - (0000193 k=42 S00 KT Eg)(0.98) = 8 030 kT

By =i (T3 =T ) ——B.039k] = (D004E25 kg0 823 kI kg KT B8] TE ——T; = 2383 K
The cutoff ratio is

T, SE1TE

¥, 0.004781m? 3
B -t 2R 002815 m?
r 17
0 = S = (27000002813 m ™) - 0.00076 m®
v, -1
B -F



Process 3-4: isentropic expansion.

~ k=1 I:I ml]-'ﬁ 3 = 13451
T, = —(183 K] — —1254E
1 0.004781 m
i ~ 134':!
P, =P 2| (31 tpa] M ~3632kPa
v, 0.004781m*

Process 4-1: constant voume heat rejection.

O = me,, [Ty =T | = (0004825 kg)(0.823 kIkz K 1254 - 328K = 3677 kT
The net work output and the thermal efficiency are
=0, -0, =8038 3677 =4.361kJ

Wnu._uu
W ocon  4.361KT
0,  B030KT
() The mean effective pressure is determined to be
L 4361KkT i kPa -m’

MEP - - =
V-V, (0.004781-0.0002813)m" |,

| - 989.2 kPa

() The power for engine speed of 2000 pm is
2000 (rev/min} 1

|—| TZTHW
(2 revicycle) |

. ]
W = o == (4361 KTicycle)

Mote that thers are two revolutions in one cycle in four-stroke engines.
(@) Finally, the specific fuel consumption is

S0 —-—

my 0000193 kg | m:»uglsusmm
W_  4361kTks | lkg f 1kWh |

nzl

-159.3 g/kWh

STIRLING AND ERICSSON CYCLES

9-60C Consider the ideal Otto, Stirling, and Carnot cycles
operating between the same temperature limits. How would
you compare the thermal efficiencies of these three cycles?

9-61C Consider the ideal Diesel, Ericsson, and Carnot
cycles operating between the same temperature limits. How
would you compare the thermal efficiencies of these three
cycles?

9-62C What cycle is composed of two isothermal and two
constant-volume processes?

9-63C How does the ideal Ericsson cycle differ from the
Carnot cycle?

9-60C The efficiencies of the Carnot and the Stirling cycles would be the same, the efficiency of the Otto
cycle would be less.

9-61C The efficiencies of the Carnot and the Ericsson cycles would be the same, the efficiency of the
Diesel cycle would be less.

9-62C The Stirling cycle.

9-63C The two 1sentropic processes of the Carnot cycle are replaced by fwo constant pressure
regeneration processes in the Ericsson cycle.



9—65 Consider an ideal Ericsson cycle with air as the work-
ing fluid executed in a steady-flow system. Air is at 27°C and
120 kPa at the beginning of the isothermal compression
process, during which 150 kl/kg of heat is rejected. Heat
transfer to air occurs at 1200 K. Determine (a) the maximum
pressure in the cycle, (b) the net work output per unit mass of
air, and (c) the thermal efficiency of the cycle. Answers:
(@) B85 kPa, (b) 450 klkg, (c) 75 percent

9-65 An 1ideal steady-flow Ericsson engine with air as the working flmid 1s considered. The maximum
pressure in the cycle, the net work output, and the thermal efficiency of the cycle are to be determined.

Assumptions Air is an ideal gas.
Properties The gas constant of air is R=0.287 kI’kg K (Table A-1).
Analysis (a) The entropy change during process 3-4 1s

150 kI/'k T
54—53=— Potom _ _ £_ 0s kllkg-K . e )
T 300 K 1200 K I—h
F0
T P

Sy—S3=¢, In=2 —Rln—2

and T B 300 K+ 4 3
Py Qour
=—(0287 kl/kg - Klln—————=-05kl’kg-K
( g-Klin———- g s

It yields FP;=685.2 kPa
(b) For reversible cycles, Jow _T1 — gy, = s out = 1200 K (150 kI/kg )= 600 kl/kg

Thus, Wy =Gin —Gou = 600—150 =450 kJ/kg

(¢) The thermal efficiency of this totally reversible cycle 1s determuined from

T; 300K
Ny =1-—=—=1- =75.0%
Ty 1200K




9—i6  An ideal Stirling engine using helium as the working
fluid operates between temperature limits of 300 and 2000 K
and pressure limits of 150 kPa and 3 MPa. Assuming the mass
of the helium vsed in the cycle is 0.12 kg, determine (a) the
thermal efficiency of the cycle, (&) the amount of heat transfer
in the regenerator, and (c) the work output per cycle.

9-66 An ideal Stirling engine with helium as the working fluid operates between the specified temperature
and pressure limits. The thermal efficiency of the cycle, the amount of heat transfer in the regenerator, and
the work output per cycle are to be determined.

Assumptions Helium 15 an 1deal gas with constant specific heats.

Properties The gas constant and the specific heat of helium at room temperature are R = 2.0769 kI'kg K,
¢, =3.1156 kl/kgK and ¢, =5.1926 kI’kg. K (Table A-2).

Analysis (a) The thermal efficiency of this totally reversible cycle is determined from

T 300K
Mg =1-—2==1- =85.0%
Ty 2000 K .
: : Qin
(b) The amount of heat transferred in the regenerator 1s 2000 K 1 T_h 2
|
Oregen = Qurin =mluy —uy)=me, (T, -T,)
=(0.12 kg)(3.1156 kI/kg - K 2000 —300 K
=635.6 kJ 300K 4 3
) : q
(¢) The net work output is determined from - 5
Pw; PRuy vi T:F  (300K)(3000 kPa) _ 0
T, T v, T,P; (2000K)150 kPa) v
T 0 v
54 —5; =€, m?2 +RIn—=(2.0769 kl/kg -K )In(3) = 2.282 kJ/kg-K
1 “1

O =mTg (s, —51)=(0.12 kg {2000 K }2.282 ki/kg -K )= 547.6 kJ
Woetout = MO = (0.85)(547.6kT)=465.5 kJ



9—67C  Why are the back work ratios relatively high in gas-
turbine engines?

9—68C  What four processes make up the simple ideal Bray-
ton cycle?

9—69C  For fixed maximum and minimum temperatures, what
is the effect of the pressure ratio on (a) the thermal efficiency
and (b) the net work output of a simple ideal Brayton cycle?
9-T0C  What is the back work ratio? What are typical back
work ratio values for gas-turbine engines?

9-71C How do the inefficiencies of the turbine and the
compressor affect (a) the back work ratio and (&) the thermal
efficiency of a gas-turbine engine?

9-67C In gas turbine engines a gas 15 compressed, and thus the compression work requirements are very
large since the steady-flow work 1s proportional to the specific volume.

9-68C They are (1) isentropic compression (in a compressor), (2) P = constant heat addition, (3) isentropic

expansion (in a turbine), and (4) F = constant heat rejection.

9-69C For fixed maximum and mimmimum temperatures, (a) the thermal efficiency mereases with pressure
ratio, (b) the net work first increases with pressure ratio, reaches a maximum, and then decreases.

9-70C Back work ratio is the ratio of the compressor (or pump) work input to the turbine work output. It 1s

usually between 0.40 and 0.6 for gas turbine engines.

9-71C As a result of turbine and compressor mefficiencies. (a) the back work ratio increases, and (b) the

thermal efficiency decreases.



9-73 A simple Brayton cycle using air as the working

fluid has a pressure ratio of 8. The minimum
and maximum temperatures in the cycle are 310 and 1160 K.
Assuming an isentropic efficiency of 75 percent for the com-
pressor and 82 percent for the turbine, determine (a) the air
temperature at the turbine exit, (b) the net work output, and
{c) the thermal efficiency.

9-73 [dlso zolved by EES on enclosed CD] A simple Brayton cvele with air as the working fluid has a
pressure ratio of 8. The awr temperature at the turbine exat, the net work output, and the thermal efficiency

are to be deterouned.

Assumprions 1 Steady operating condions exist. 2 The
ar-standard assumptions are applicable. 3 Emefic and Ty
potenhal energy changes are neghgible. 4 Air1s an 1deal

gas with variable specific heats. 1160 K
Preperties The properties of air are given n Table A-17.

Amnalysis (a) Noting that process 1-2s is 1sentropic,

- hy = 31024 kI 'kg 30K
e B, =15546
P, L .
B, =E'P,1 =(8)1.5546)=1244 — 3 h, =562.58kTkg and T,, =357.25K
hy, —h hy, —h
e =—a L N Y A
hy— iy e
v —_
=31&.24+w=64&.? klkg
0.75
hy =1230.92 kIkg

T, =1160 K —
¥ B, =2072

P 17y,
E, =E'1P,1 =| 3 |Lzu?.z]= 2590 — hy, = 659219 kTke and Ta, =6803E
et
hy —h ]
ny =ﬁ — hy =hy—np (b3 —hy, )
P =1230.92-(0.82)1230.92 - 692.19)
=789.16 kIkg

Thus, T, = 7T70.1K
()] Jig =3 —hy =123092 - 6467 =584 2 kT'kg
Towe = Mg —hy =TER16-31024 =47892 kIlkg
Wogscur = @in ~ Tome = 5842-47892=1053 kJ'kg
W i
0 el

=18.0%%



9-75 Repeat Problem 9-73 using constant specific heats at
room temperature.

9-7% A =simple Bravton cycle with air as the working fimd has a pressure ratio of 8. The air temperature at
the tarbine exit, the net work output, and the thermal efficiency are to be determined.

Assumprions 1 Steady operating conditions exist. 1 The air-standard assumpfions are applicable. 3 Einetic
and potential energy changes are neglizible. 4 Air 1s an ideal gas with constant specific heats.

Praperries The properties of air at room temperature are ¢; = 1.005kJkg K and k=14 (Table A-2).
Analysis (a) Usmg the compressor and turbine efficiency relations,

P—
p oY
I =T o~ =(310Kk)8) " =s615K Th
L
‘P - =11k R 1160 K
T, =T =~ =|:116CIK1EF — 640 4K
— c I:.Tn -7 _
?}c=.fr1: h _cpila L >I3=1']+M ok
ha— My ﬁFi_Tg -1 e
=310+ 361.5-310 Z6453K
075
hy—hy e\ -Tu) .
=i o= 3 Ty =Ty -n, (13 -Ty,)

hs—hy, ¢ IT,-T. N .
s~k ey Ta) =1160—-(0.82)1160-640.4)
=TBIK
(B) e =hy—hy =c,(T; - T, )= (1.005 kJkz K [1160- 645 3K = 5173 klikg
Qo = hs =y =c, (T, —T; )=(1.005 kIkg -K)733.9- 310K = 426.0 kIkg
Wagtout = din — Gon =317-3-426.0 =913 kl/ke
Wastow _ 913 kTke
gm  S517.3klks

@ Na = =17.6%



9-T76  Air is used as the working fluid in a simple ideal
Brayton cycle that has a pressure ratio of 12, a compressor
inlet temperature of 300 K, and a turbine inlet temperature of
1000 K. Determine the required mass flow rate of air for a
net power output of 70 MW, assuming both the compressor
and the turbine have an isentropic efficiency of (a) 100 per-
cent and (b) B5 percent. Assume constant specific heats at
room temperature. Answers: (a8} 352 kg/s, (B) 1037 kg/s

9-T6 A gas tarbine power plant that operates on the simple Brayton evele with air as the working flnd has
a specified pressure ratio. The required mass flow rate of air 15 to be determined for two cases.

Assumprions 1 Steady operating conditions exist. 1 The air-standard assumpfions are applicable. 3 Einene
and potential energy changes are neglizible. 4 Awr 15 an 1deal gas with constant specific heats.

Prapernes The properties of air at room temperature are

cp =1.005kIkgK and k=14 (Table A-2). TA
Analysis (@) Usmg the isentropic relations, 1000 E-
fp k-1)rk
T, = 1"]| = | =(300K)12)"*" =6102K
A
‘p - =1k ] L0414 300 B
T, =T = =(1000 K| — =4917E > I
=y : 12 )

Wacia = hy, —hy =, (T, ~T1 ) =(1.005 kIke - K (610.2-300)K = 311.75 kTke
Wyt o = hy —hy, =, (T =Ty, )= (1.005 kIkg-K)1000 - 491.T[K = 510.84 kI/ke
Wonstout = WaTout —Wocm = 510.84-311.75=199.1 kIkg
Waseow _ 70,000 kJ/z

m, = = =352 kes
T Wommow  199.1kkg

(5) The net work output 15 determined to be

Wongiont = WaTowr ~ Wacim =M WoTom ~Wocm Mo

(0.85)(510.84)-311.75/0.85 = 67.5 kTkg

_ Wastow _ 70,000kJ/s
. Wonstom B1-3klkg

=1037 kg's



9-77 A stationary gas-turbine power plant operates on a
simple ideal Brayton cycle with air as the working fluid. The
air enters the compressor at 95 kPa and 290 K and the tur-
bine at 760 kPa and 1100 K. Heat is transferred to air at a
rate of 35,000 kJ/s. Determine the power delivered by this
plant (a) assuming constant specific heats at room tempera-
ture and (k) accounting for the variation of specific heats
with temperature.

9-T7 A stationary gas-turbine power plant operates on a simple 1deal Bravton cyele with aw as the working
fluid The power delivered by this plant 1s to be determmed assuming constant and varable specific heats.
Assumprions 1 Steady operating conditions exist. I The air-standard assumptions are applicable. 3 Einetic
and potential energy changes are neglizible 4 Airis an ideal zas.

Analysis (a) Assuming constant specific beats, Ta
N , 1100 K+
T, =T i| =290 E)8)"*"* =5253K
¥,
P R
T, =T,| = = (110&1(1 Et =6072K -
g VR 5
c ITy—-Ty ) T, -T. 17
my =1-3m o1 P L-h)_ T, 1, 6072-290 _ .0

92 ¢,-T,)  T,-T, = 1100-5253
W =0 O = (0.448)(35.000 kW | = 15,680 kW
(5) Assuming vanable specific heats (Table A-17),
hy =290.16 kIikg
I =2%0K ’p,l =1.2311

P .
P =2p =(8)1.2311)=9.8488 — 3 h, =326.12 klkg
Pl y 2

Fa

hy =1161.07 kTkg

T, =1100 K —s
} P, =1671

_E

B, P,

B = |:%:||:16?.1]I= 2089 — 3 hs =651.37 kIkg

he—h 51.37=12
:Tm=1_q‘:rn1 e =1_631.3 '90'16=D.431
Gin iy — by 1161.07-526.11

W ogsom =My O =(0.431)(35,000 kW) = 15,085 kW



975 Air enters the compressor of a gas-turbine engine at
300 K and 100 kPa, where it is compressed to 700 kPa and
380 K. Heat is transferred to air in the amount of 930 kl/kg
before it enters the turbine. For a turbine efficiency of 86 per-
cent, determine (a) the fraction of the turbine work output
used to drive the compressor and (b) the thermal efficiency.
Assume variable specific heats for air.

978 Ap actual gas-turbine power plant operates at specified conditions. The frachon of the tuwrbine work
output used to drive the compreszor and the thermal efficiency are to be determined.

Assumprions 1 Steady operating conditions exist. 2 The aw-standard assumphons are appheabls. 3 Emmetic
and potential energy changes are neglhmble. 4 Airis an deal zas with variable specific heats.

Praperries The properties of air are grven in Table A-17.
Analysis (a) Usng the 1sentropic relations,
L=30E —s h=30019kIk
IL,=580E —s h=586.04kT ks

B, 700 SEDE o
¥y =—=——=
P
P 100 i
G =hy —hy — hy = 950+ 586.04 =1536.04k] kg =5
— P, =47411
P, (1
B, =EP,1 = | = (474.11)=67.73 —— h,, =905.83 KTk
L

Wegm =hy —hy = 586.04-300.19 = 28585 kIke
Wrou =My h —hy, )=(0.86){1536.04—905.83)= 542.0 kJkg

W  285.85kTke

= 52.7%
Wrom 3420 klkg

Thus. #., =

(b Wostout = Wrom = Wein = 542.0-285.85=25615kI ke

_ Wogrew _ 2536.153 klke
T 950 klkg

fa =27.0%



9-79 Repeat Problem 9-78 using constant specific heats at
room temperature.

9-79 A pas-tarbine power plant operates at specifisd condifions. The fraction of the twrbine work ocutput
used to drve the compressor and the thermal efficiency are to be determined.
Assumprions 1 Steady operating conditions exist. I The awr-standard
assumptions are appheable. 3 Kmmetic and potential energy changes
are neghgble. 4 Air 1= an 1deal gas with constant specific heats.
Preperries The properties of air at room temperature are ¢, = 1.005
klkg K and k=14 (Table A-2).
Analysis (a) Usng constant specific beats,
P 700
F_P = =——=7
A 100
Fn = Jlj _hz = E'P |:T3 _Tz}—} T3 = T: +gin.'llfp
=580 K +(950 kIkg J(1.005 Klkg - E)
=15253K
o o L 0414
P Y ; Y
_‘*| =L1525.3K11
\ P3 g

Weam = hy =l =€, (T; —T; )= (1.005kT kg - K 580 - 300K = 281 4 kT kg

T, =T =§T48K

Wr o =M lhs —hy, )= nre, (T3~ Ty, )= (0.86)1.005 kIke -K)1525 3 -874 8K = 562.2 kIke
Wem 2814 kIkg
Wrgw 362.2kIkg

) Wogtou =W om —Weig =362.2-281.4=280.8 klks

Thus, #., =

 Waom 2808 kTkg

= = =29.6%
T . 950 klkg




9—82 A gas-turbine power plant operates on the simple Bray-
ton cycle with air as the working fluid and delivers 32 MW of
power. The minimum and maximum temperatures in the cycle
are 310 and 900 K, and the pressure of air at the compressor
exit is 8 times the value at the compressor inlet. Assuming an
isentropic efficiency of 80 percent for the compressor and
86 percent for the turbine, determine the mass flow rate of air
through the cycle. Account for the variation of specific heats
with temperature.

9-81 A 32-MW gas-turbmme power plant operates on a simple Brayton cvele with awr as the working flud.
The mass flow rate of aw through the cyele 15 to be determined

Assumprions 1 Steady operating conditions exist. 1 The awr-standard assumptions are applicable. 3 Einetic
and potential energy changes are neglizible. 4 Aur s an 1deal gas with vanable specific heats.
Prgperries The properties of air are grven in Table A-17.
Analysis Using vanable specific heats,
hy =31024 kTl ke T

=30k —p _1556 900 K -
P, e
F.=3 R =(8)1.5546)=1244 — 5 b, =56226kTkg
1
hy =932.93 klke

F =7519

F

310 E-

T, =900K —

F

F, = E‘
Wastout = Weow ~Wea =M by —ha, )= (hy, —hy )/ 7

=(0.86)(532.93-519.32)—(562.26 —310.24) /(0.80 ) = 40.68 kT kg

PR
F, = | % |i_?5.29j|=9.411 — 3 ks, =51932klkg
A

i o Wgow 32000 KT
m= =

Wostom  H0.68 Klkg

=T786.5 kgis



9-84 A pas-turbine power plant operates on the simple
Brayton cycle between the pressure limits of 100 and 1200
kPa. The working fluid is air, which enters the compressor at
30°C at a rate of 150 m*/min and leaves the turbine at 500°C.
Using variable specific heats for air and assuming a compres-
sor isentropic efficiency of 82 percent and a turbine isen-
tropic efficiency of 88 percent, determine (a) the net power
output, (b) the back work ratio, and (¢) the thermal efficiency.
Answers: (a) 659 kW, (b) 0.625, (c) 0.319

Combustion
chamber

FIGURE P9-84

584 A ms-frbine plar oparaies oo the timpls Brayton cyck. The net power ouipt, e badk wrork mio,
and the thermal ofSiciency are to be determined .
negligible. 3 Afr is am ideal gas with vemiable specific haars.
Propersies The ms constant of air i F= 0287 kIkg E (Tahle A1)
Amalyer (&) For this protlem, we use e
propartion fom EES softemm. Famembar dat
for an el ges, exdalpy & 2 Soction of
temparators ooly whereas antropny is fmctions of
both semparatnm and prewims.
Process 1-2: Compression

T, w3 ——h, = 3360 kTke

T =30°C

=171 ¥kl E
B =100kPa| :
F, =1200kPa 1 .
e, =817 3TEN
sy miy = 5Tk B b=
By, = A, 173730350
_— - - 536 M kN
Ly b, — 303,60 " ks
Procsss 3-4: Expansion.
Ty = 3000 —»h; = THLE2kTRg
By —, b, —TR2 S
0.EE
by —k,, by —k,,

Wo cannot fnd the sothalpy af sate 3 drecily. Howeuw, wang the following lines in EES togedhar with
the iwntropic «fficiency mltion, we find & = 14M.7 kg 7, = 10M°C, 5, = 65590 kTkg . The
sohtiom by hand would reqeis & tal-aror approach.
h_Smanthslmy A, T=T_3]
& Amenimpy A, TaT_3, Fu 2
h_dg=enthaipypitlr, PeP_1, s=z_3)
Tl s oo rate is determeined fom
L (00PN 5060 /5
&1 0T EPe - w' kg -E 30+ 2T E)
The nat powr mepat i
W, By — A )= (2 BT 5k (686 24— 303 S0k Miog = 1 100 KT
Wy g =iy, = b, )= (27 kg u)(1404.7 — TR DRI kg = 1T KW
=y =B =175 1100 = B59 KWV
(&) Thi baack work rfio &
Wew 1L00KW
Wro 17THREW
(&) The e of heat input and the thermal efSicemcy e
o, iy —h = (BT kg {1404 T — S35 25k kg = 2065 KTV
W, SWEW

Ty =——— =

O, WEEW

B

=175 ket

Fru = 0628

=0.313




Brayton Cycle with Regeneration

9—-85C How does regeneration affect the efficiency of a
Brayton cycle, and how does it accomplish it?

9-86C Somebody claims that at very high pressure ratios,
the use of regeneration actually decreases the thermal effi-
ciency of a gas-turbine engine. [s there any truth in this claim?
Explain.

9—87C Define the effectiveness of a regenerator used in
gas-turbine cycles.

9—88C In an ideal regenerator, is the air leaving the com-
pressor heated to the temperature at (a) turbine inlet, (b) tur-
bine exit. (c) slightly above turbine exit?

9-89C In 1903, Aegidius Elling of Norway designed and
built an 11-hp gas turbine that used steam injection between
the combustion chamber and the turbine to cool the combus-
tion gases to a safe temperature for the materials available at
the time. Currently there are several gas-turbine power plants
that use steam injection to augment power and improve ther-
mal efficiency. For example, the thermal efficiency of the
General Electric LM5000 gas turbine is reported to increase
from 35.8 percent in simple-cycle operation to 43 percent
when steam injection is used. Explain why steam injection
increases the power output and the efficiency of gas turbines.
Also, explain how you would obtain the steam.

9-85C Eepgeneration inecreaszes the thermal efficiency of a Brayvton eycle by capturing some of the waste
heat from the exhaust gases and preheating the anr before 1t enters the combustion chamber.

9-86C Yes. Atvery igh compression ratios, the gas temperature at the turbine exit may be lower than the
temperature at the compressor exit. Therefore, if these two streams are brought mto thermal contact in a
regenerator, beat will flow to the exhaust gases mnstead of from the exhaust zases. As a result, the thermal
efficiency will decrease.

9-87C The extent to which a regenerator approaches an 1deal regenerator 15 called the effectiveness £ and
is defined a5 £ = Grugen, st Tregen, mas-

9.88C (b) turbine exit.

9-89C The steam injected increases the mass flow rate through the twrbine and thus the power output.
This, m twm, increases the thermal efficiency since #=F /0y and ¥ increases while {0, remains
constant. Steam can be obtained by uthzing the hot exhaust gases.



9-91 The 7FA gas turbine manufactured by General

Electric is reported to have an efficiency of 35.9
percent in the simple-cycle mode and to produce 159 MW of
net power. The pressure ratio is 14.7 and the turbine inlet
temperature is 1288°C. The mass flow rate through the tur-
bine is 1,536,000 kg/h. Taking the ambient conditions to be
20°C and 100 kPa, determine the isentropic efficiency of the
turbine and the compressor. Also, determine the thermal effi-
ciency of this gas turbine if a regenerator with an effective-
ness of 80 percent is added.

9-91 [dise zolved By EES on enclozed CD] The thermal efficiency and power ounfput of an acmal gas
mrbine are given. The isentropic efficiency of the narbine and of the compressor, and the themmal efficiency
of the gas turbine modified with 2 regenerator are to be determined

Assumprions 1 Air ic an ideal gas with vanable specific beats. 2 Kinetic and potential ensrgy changes are
negligible. 3 The mass flow rates of air and of the combustion gases are the same, and the properties of
combustion gases are the same as those of air.

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

Amnalysts The properties st various stafes are

-
. By - 2032 kTkg

L-0C=25E—— 5 )0 1561 K&
B Y . .

P, _E-P,I —(14.7)1.2765) - 18.765 — hy, - 643.3 kTkg

 isEC 1561 E by —1710.0kTkg 203 K

L P, =T113
P, "1 Ky <) -

P -tp | —_N72s)-4847 — 5k, -82523KTK

T |\14.'.'J‘ : ** RTE

The net work owtput and the heat input per unit mass are

o 15 (36005
w, oo | LSBODOEW (36005) o0 goprs
m  1,536000kgh| 1b |

oo M OO 0380k
T B 0.350 £

Qi =Ry -k, — By =hy—g, =1710-1038 - 672 0kTkgz
G = Jig —Wag = 1038037266 = 66534 kT kg
Qg =My —h) — by =g +h —66534+2037 058 54kTkg — T, —650°C
Then the compressor and turbine eficiencies become
hy—hy 1710-958.354
T hy—hy,  1710-825323
_ by, — By _ 543312832
h, —h 67220312
When a regenerator is added, the new heat input and the thermal eficiency become
Fpogen =500 — ;) = (0LB0)(958. 54 - 672.0) = 286,54 klkg
Dipew ™ Tigg ~ Ty, = 103828654 =T51. 26 kTkg

0540

r

- 0824

e

W, 3T266kTkg 0486

e = = 5 4o kTke



9-93  An ideal Brayton cycle with regeneration has a pres-
sure ratio of 10. Air enters the compressor at 300 K and the
turbine at 1200 K. If the effectiveness of the regenerator is
100 percent, determine the net work output and the thermal
efficiency of the cycle. Account for the variation of specific
heats with temperature.

9-03 An ideal Brayton cycle with regeneration is considered. The effectiveness of the regenerator is 100%:.
The net work output and the thermal efficiency of the cycle are to be determined

Assumprions 1 The air standard assumptions are applicable. 2 Air i an ideal gas with vanable spacific
heats. 3 Einetic and potential energy changes are negligible.
Properdies The properties of air are given in Table A-17.
Amnaglysis Noting that this is an ideal cycle and thus the compression and expansion processes are isentropic,
we have

hy =300.19 kTkgz

h,-30E 5 P, -1386

P r \
P -"LP -(10)1386)-13.86 — h, = 570.87 kIkg
F n . £ z

L]
1

hy =127779 kTke

p—
T =l20E — P

F, - i " —Ii ||:33-B.:|- 1538 — hy = G75.85kTkE
Rt 10 ’
Wey = Fy —hy = 57087 300.19 - 279,68 kTkg

Wr oy = K3 — Hg =1277.78 — 675,85 = 601 94 kTkg

Wi = Wp oy — Wi = 601,84 270,68 = 32236 LTke

Also, £-100% —— =k, —675.85k ke
gy, = By —hy =1277.79 675,85 = 601 94 KIkg

g,  60194kTkg



9-95 Repeat Problem 9-93 using constant specific heats at
room temperature.

9-95 Ap ideal Brayton cycle with regeneration is considered. The effectiveness of the regenerator is 100%.
The net work ouwtput and the thermal efficisncy of the cycle are to be determined.

Assumprions 1 The air standard assumptions are applicable. I Air is an ideal gas with constant specific
heats at room temperature. 3 Kinetic and potential energy changes are naglizible.

Properiies The properties of air &t room temperature are ¢, = 1.005 kl'kg K and k= 1.4 (Table A-1a).
Amglysis Noting that this is an ideal cycle and thus

the compression and expansion processes are

isentropic, we have T
(o e R 1200 K
S AR - (300 KJ10/*"* 5782 K
ey o
! w I:Ju—l'-.'t . LA
(B . i1
Te = Isll EJ = (1200 K_fl— -6215E 00K

§=100% —— T, =T, =621 5K ad T, =T, = 5792 K

rplrl".s—ﬂ_:'_l T,-T, _,_5792-300
¢, [,-T,)  T-T,  1200-613

I . -0517

\

(0] e { 300 (LA-W14 _p =
ar -l—|—|7 e _y_f 309 V14 _ 0517
(e o 11200}“0]

Then,
Wag = Wieh ot — Weamp in = (hy —hg)—Chy —My)
=Ty —T4)— (T -]
- (005 kT kg E)[(1200-621.5) - (579.2 - 3007 ]E
- 38 kT kg

W = T3 in
=t (s —Fis )
- 'J'u.r..,{ra =TI
= (05171005 kT k= KN1200-621.5)
= 300.6 klkg



9-% A Brayton cycle with regeneration using air as the
working fluid has a pressure ratio of 7. The minimum and max-
imum temperatures in the cycle are 310 and 1150 K. Assuming
an isentropic efficiency of 75 percent for the compressor and

&2 percent for the turbine and an effectiveness of 65 percent for
the regenerator, determine (@) the air temperature at the turbine
exit, (b) the net work output, and (c) the thermal efficiency.
Answers: () 783 K, (b) 108.1 klkg, (c) 22.5 percent

9-26 A Brayton cycle with repeneration using air as the working fluid is considered The sir ternperature at
the mrbine exit, the net work ouniput, and the thermal efficiency are to be determined

Assumprions 1 The air standard assumptions are
applicable. ? Air is an ideal gas with variable specific heats.
3 Einetic and potentizl energy changes are negligible.
Properries The properties of air are given in Table 4-17.
Amalysis (2) The properties of air at various states are

Fy =310.24 kIkg

T, -310K "F, -15546

P . .
E, _FLP'- = (7)1.5546)=10.88 — h,, =541.26 kIkg

By, —h 1 - ;
- nl:—a: —— By =k + By, —iy ) - 31024454126 31024 (0.75) - 61826 kXkg

Ac

by =121825kNkg

T, =1150 K —
3 F, = 20013

F #
P -3E, _|%’_1::w.15]|_23.59—;% - 711.80 kl’kg
! 3 W

by —h
nr -ﬁ —— hy =y — 0y By — b |=1219.25—(0.82)1210.25 - 711.80) - 303.14 kT kg
3 T gy
T, T, = T8L8K
(B)  Wex = Wraw —Wea = (s —hg )= (b =, |
- (1219 25-803.14)- (618 26 -310.24)

-108.00 LYkg
by —
i) s_; ; S
e - 61826+ (0.65)803.14 - 612.25)
- 73843KTks
Then,

gy = By —hy =1218.25 - T38.43 = 480.82 kT kg

Wou 10509 KTkg
g = ——————

- - 22.5%
g 480.82 Klkg



9-97 A stationary gas-turbine power plant operates on an
ideal regenerative Brayton cycle (e = 100 percent) with air
as the working fluid. Air enters the compressor at 95 kPa
and 290 K and the turbine at 760 kPa and 1100 K. Heat
is transferred to air from an external source at a rate of
75,000 kl/s. Determine the power delivered by this plant
{a) assuming constant specific heats for air at room temper-

ature and (b) accounting for the variation of specific heats
with temperature.

9-807 A stationary gas-turbine power plant operating on an ideal regenerative Brayton cycle with air as the
working flunid is considered. The power deliverad by this plant is to be determined for twvo cases.
Assumperons 1 The air standard assumptions are applicable. 2 Air is an ideal gas. 3 Kinetic and potential
eneTgy changes are negligible.

Properdies When assuming constant specific heats, the properties of air at room temperature are ¢, = 1.003
klkz K and k= 1.4 (Table A-2a). When assuming variable specific beats, the properties of air are obtained
from Table A-17.

Anaglysis (@) Asswming constant specific heats,

'r
PR 17 )
=T = ~ (20 E)E+ ms53 K NO0EL 7500080, e
I L= 1k g A4 : =
T,,-T3i—*| -00E]-|  -6072E L ]
1P B | o=
4 WRL N
5=100% —— T, =T, =6072 K and T, =T, =5253K > 5
e,lT.-5) 1.1, 525.3-200
My =1-Jo g £ f T 51 — 05235

' ¢IT,-T,]  L-L 11006072
Wy = 117G =(0.5225)(75,000 KW ) = 30,188 LW
(&) Assuming variable specific heats,
hy =200.16kTkg

- —_—
T - 200K P, =112311

3

r .
P 2P - [B)12311)=0.8488 — sk, =526.12 kTkg
[}

[+

By =1161.07 kTkg

L-LO0E— o ey

P (1
F -P—"Pn _| %||_1.5?_1_;_ 20.89 —— b, = 65137 kTkg
LS

Fa
3

£ = 100% —— iy =iy = 65137 ETkz and g = /iy = 526.12 klkg
G, Fs-h | 52612-20016
e hy —hy 1161.07—651.37
W =17 O = (0.5371)(75,000 kW) - 40,282 kW

Mg =1 - 0.5371



9-98 Air enters the compressor of a regenerative gas-turbine
engine at 300 K and 100 kPa, where it is compressed to 5300
kPa and 580 K. The regenerator has an effectiveness of 72
percent, and the air enters the turbine at 1200 K. For a tur-
bine efficiency of 86 percent, determine (a) the amount of
heat transfer in the regenerator and (/) the thermal efficiency.
Assume variable specific heats for air. Answers: (a) 152.5
kJkg, (D) 36.0 percent

9-08 A regenerative gas-turbine engine nsing air as the working fluid is considered. The amount of heat
ransfer in the regenerator and the thermal efficiency are to be determined.

Assumpeons 1 The air standard assumptions are applicable. 2 Air is an ideal gas with vanable specific
heats. 3 Einetic and potential energy changes are negligibla.

Properdes The properties of air are given in Table A-17.
Analysis (@) The propertdes at various states are

r,=F /K =800/100=8

I =300 E — by =300.19 kIkg

T, =SB0E — s h, =536.04 kTke
T3 = 1200 K ——s hy =1277.79 kl'kg

P -1380
- 1 :
B, -P_;,P" _|j][13s.u.:|- 2975 — hy, = 71975 klkz
Tr '% — by =y _'J':r[-"’a —hy, :l
P =1277.79—[0.86)1277.79 - 710.75)
- 797 BB kI k=

e = 50, =y |= (0.72)797 88— 586.04) = 152.5 kl/kz

&) Waer = YWran ~W¥om '“’_3 —hg )=k, — 1y
-(1277.79 797 82)-(586.04 - 300.19) = 194 .06 kT kz
T =1y — Iy )= Gpen =(1277.79 —586.04)-152.52 = 53023 kI 'ke
w,, 19406kTkg

L

_— E _36.0%
g,  53023kTkg



9-99 Repeat Problem 9-98 using constant specific heats at
room temperature.

9-99 A repenerative gas-turbine engine msing air as the working fluid is considered. The amount of heat

ransfer in the repenerator and the thermal efficiency are to be determined.

Assumpsions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with constant specific

heats. 3 Kinetic and potentfial enetgy changes are negligible.

Properties The properties of air at room temperature are ¢, = 1.005 kl'kz K and k= 1.4 (Tzble A-2a).

Amalysts (2) Using the isenropic relations and mrbine efficiency,
ry =P /R —B800/100 -8

- = 0414
(B 17
T, — |—*| RN —6625E
i VY k Ilai

k:,_kq GF[E—T.‘]

Ay - - T,=Ty-n; (T -T,,)
hy—h,, o, T,—T,,) o .
T st -1200-(0.26)1200- 662.5)
-T378K
8y = 5, — by )= 52, (T, -1, )= (0.72)(1.005 Tz - E 737 8580 [ - 114.2 kikg
&) Wea = Wran ~ W -'?F':Ta—?',,]—cl,lﬁfz—ﬂ]

= (1.005 kTkg K 1200 -737.8) - (580 - 300 JK - 183.1kTkg
Qi =l — b ::I_'qncru - 'F,:':Ta =T )~ g

- (1.005 kTkg K f1200 - 580/K —114.2 = 508.0 kT kg
183.1kTkz

9-110  Repeat Problem 9-98 for a regenerator effectiveness
of 70 percent.

9-100 A regenerative gas-turbine engine using air as the working fiuid is considered. The amount of heat
ransfer in the regenerator and the thermal efficiency are to be determined.
Assumpiions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with vanable specific
heats. 3 Einetic and potential energy changes are negligible.
Properdies The propertes of air are given in Table A-17.
Amnalysts {a) The propertes of air at varions states are

r,=- Py () GO0/ 100 =

T; = 300K — hy = 300.19k ke
T, = SB0E — = h, = S86.04k ks

Ty = 1200K — by =1277.78kTkg
P =230

F AV
P =P -|-|1380)-2075 — hy, = T1075kTke
TR g/
3 LES

by —h,

hy—hy _
Guegen = &lh3 —hy )= (0.70)(797 88 586,04 = 1483 LV kg

(B) W =Wy —Weg =i —hy )= (hy =y )= (1277.79 - 797 88— [586.04 - 300.19) = 104.06 kTkg
g, =lhy—hy ]—qm =(1277.79 - 586.04)- 1483 = 543.5 K] kg

- ——s by = by by —hy, 1=1277.79—(0.26)1277.79 - 719.75) - 797.88 kT kg



9-101C  Under what modifications will the ideal simple
gas-turbine cycle approach the Ericsson cycle?

9-102C  The single-stage compression process of an ideal
Brayton cycle without regeneration is replaced by a multi-
stage compression process with intercooling between the
same pressure limits. As a result of this modification,

(@) Does the compressor work increase, decrease, or remain
the same?

() Does the back work ratio increase, decrease. or remain
the same?

(c) Does the thermal efficiency increase, decrease, or
remain the same?

9-103C  The single-stage expansion process of an ideal
Brayton cycle without regeneration is replaced by a multi-
stage expansion process with reheating between the same
pressure limits. As a result of this modification,

(a) Does the turbine work increase, decrease, or remain the
same?

() Does the back work ratio increase, decrease, or remain
the same?

(c) Does the thermal efficiency increase, decrease, or remain
the same?

9-104C A simple ideal Brayton cycle without regeneration
is modified to incorporate multistage compression with inter-

cooling and multstage expansion with reheating, without
changing the pressure or temperature limits of the cycle. As a
result of these two modifications,

{a) Does the net work output increase, decrease, or remain
the same?

() Does the back work ratio increase, decrcase, or remain
the same?

(¢} Does the thermal efficiency increase, decrease, or
remain the same?

{d) Does the heat rejected increase, decrease, or remain the
same?

O_105C A simple ideal Brayton cycle is modified to incor-
porate multistage compression with intercooling, multistage
expansion with reheating, and regeneration without chang-
ing the pressure limits of the cycle. As a result of these
modifications,

{a)  Does the net work output increase, decrease, or remain
the zame?

(k) Does the back work ratio increase, decrease, or remain
the same?

(¢} Does the thermal efficiency increase, decrease, or
remain the same?

{d) Does the heat rejected increase, decrease, or remain the
same?

9-106C  For a specified pressure ratio, why does multistage
compression with intercooling decrease the compressor work,
and multistage expansion with reheating increase the turbine
work?

0-107C In an ideal gas-turbine cycle with intercocling,
reheating, and regeneration, as the number of compression
and expansion stages is increased, the cvcle thermal effi-
ciency approaches (a) 100 percent, (B} the Otto cycle effi-
ciency, or () the Carnot cyvcle efficiency.

9-101C As the number of compression and expanszion stages are mcreased and regeneration is employed,

thee ideal Brayton cycle will approach the Ericsson cycle.

9-102C (z2) decresse, (b) decrease, and () decreasze.

9-103C (z) increase, (b) decrease, and (c) decrease.

2-104C (=) i.ncreask, (b) decrease, (c) decrease, and (d) increase.

9-105C (z) increase, (b) decrease, (c) imcrease, and (d) decrease.

9-106C Because the steady-flow work is propordonal to the specific volume of the gas. Intercooling
decreases the average specific volume of the gas dunng compression, and thus the compressor work.
Febeating increases the average specific volume of the gas, and thus the urbine work outpuat

9-107C () The Carnot (or Ericsson) cycle efficiency.



9—108 Consider an ideal gas-turbine cycle with two stages o
compression and two stages of expansion. The pressure rati
across cach stage of the compressor and turbine 1s 3. The
enters each stage of the compressor at 300 K and each stage o
the turbine at 1200 K. Determine the back work ratio and th
thermal efficiency of the cycle, assuming (a) no regenerator i
used and (b) a regenerator with 75 percent effectiveness 1
used. Use vanable specific heats.

9-108 An ideal gas-turbine cycle with two stages of compression and two stages of expansion is
considered. The back work ratio and the thermal efficiency of the cycle are to be determined for the cases
of with and without a rezenerator.

Assumprions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with vanable specific
heats. 3 Einetic and potential energy changes are negligible.

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

Amalysis (a) The work inpats to each stage of compressor are identical so are the work outpuis of each
stage of the nurbine since this is an ideal cycle. Then,

By = 30019 kT kg
T, =30 K —s

P, =1386 Ta

.3 |

By == (3)1.386) = 4.158 — s b, —h, = 41126 kT kg Lok
By =y =1277.79 kIkg

T =1200K — 2, =238

Py 1 00 K
B, -EP,’ =| =|i238)= 7933 —— b = by = 24636 KTz

L=

W = 2y —hy | = 2(411.26 -300.19) = 222,14 kTkg
W oo = 2t — g | = 2{1277.70 046 36) - 662.86 kT'kg

We o 22214kTke
Wroe 066286 kIkg
Qi = |Bs —hiy |+ 1By — hg | = (1277.70 - 411.26)+ (1277.79 - 946.36) = 1107.96 kI kg
Weer = Wr o — Wit = 662.86— 222 14 = 440.72 kTkg
. —_
ny = _ HOTIKTkE _ oo
g, 1197.96klkz
(#) When a regenerator is used, ry,, remains the same. The thermal efficiency in this case becomes
Grgen = 5l — g )= (0.75)(046.36 - 411.26) = 40133 KT kg
B = Qi it — Tregen =1197.96—401.33 = 796.63 KTk

W, 0TI KTk
gy =——

I ssang
g, 19663 klkg



9-10% Repeat Problem 9108, assuming an efficiency of 80

percent for each compressor stage and an efficiency of 85
percent for each turbine stage.

8-10% A gas-tarbine cycle with two stages of compression and two stages of expansion &5 considered. The
back work rato and the thermal efficiency of the cycle are to be determiined for the cases of with and
without a regeneratar.
Assumprions 1 The air standard assumptons are applicable. 2 Afr is an ideal zas with variable specific
beats. 3 Kmetic and potential enerey changes are negligible.
Propertes The properties of air are given m Table A-17.
Amalysis (a) The work mputs to each stage of compressor are idsnfical. so are the work oufputs of each
stage of the nobine. Then,

T =3 — & =300 19K0ks

F, -1386

F
B, =3B, = ()1 386)= 4158 — by, = by, = 41126 Tk

2 =M

o - I —h — iy by =iy iRy, =Ry )
£ - 300.12 +(411.26 - 300.19)/(0.80)
- 439,03 klkg

T, 1200 K — s b, = h; =1277.70 kT kg

P, =13
G
E -7F, | $)238)-79.33 — = by -y — 04636 Kkg
L] w3
Ty '—I&} & — B =By iy {'&: _'*u:'
iy = g,

=1277.79 - (0.851277.79 —046.36)
- 506,07 kTkg

W, =2, — i, )= 2(439.03-300.19)= 277.68 kIke
Wi = g — ity )= H1277.70-006.07) = 56344 kT kg

W 6324 ETkE
a, =k =k b+ (b, =i, )= (127778230 031+ (127770 - 006 07 )= 1120 48 kT kg
Wi =W g — W =30344-277 68 = IB5 76 kT kE
Weu 2BRTOKIEE
e T, I0AkRg
(5] When a repenerator &5 nsed, ri, remains the same. The thermal efficiency in this case becomes
g = =l — g | = (07300607 - 430.03) = 417.7E kT kg
Fio = Fonoid — Frgem = 11209821778 = 70270 kI kg



9-110 Consider a regenerative gas-turbine power plant with
two stages of compression and two stages of expansion. The
overall pressure rano of the cycle 15 9. The air enters each
stape of the compressor at 300 K and each stage of the tur-
bine at 1200 K. Accounting for the vanation of specific heats
with temperature, determine the minimum mass flow rate of
air needed to develop a net power output of 110 MW,

Answer: 250 kg's

%110 A regenerative gas-turbine cycle with two stages of compression and two stages of expansion is
considered. The mminmm mass flow rate of air needad to develop a specified net power oufput is to be
determined
Assumpriors 1 The air standard assumptions are applicable. 2 Amr is an ideal zas with vamable specific
beats. 3 Kmetic and patennial energy changes are neglizible.
Propertes The properties of air are given m Table A4-17.
Amalysis The mass flow rate will be a miniomm when the cycle is ideal. That i, the torbine and the
COMIPI=ss00s Are isentropic, the ragensrator has an effectivensss of 100%, and the compression ratios across
each compression of expansion stage are identical. In our case 'L'risrj,=1.|'3= 3. Then the waork inpuafs to
each stge of compressor are idsntical, so are the work outputs of each stage of the turbins.

I =300E —s & =300.19kTkz F, -138§

F. -%Pn_ = (3)1.386) = 4.158 — hy =h, = 41126 Klkg

I w200 E — by m by m 127770 kIKE, F, =138

F, -ﬁ—*f,. | L ha38) 27035 4 by =y = 04636 KTke
§ v

Weg = Wiy —hy )= 2(#11.26-300.10)= 222 14 kTkg
Wy = Ay —hy )= 2127770045 36) = 562 86 kT kz
Wog = Wi e —We i = 0628621214 - 42072 kTkg
W, 110,000kN:

Jet Propulsion Cycles

9-112C What 15 propulsive power? How s 1t related to
thrust?

9-113C 'What 15 propulsive efficiency? How 1z it deter-
mined?

9-114C  Is the effect of turbine and compressor irreversibil-
ites of a turbojet engine to reduce (@) the net work, (k) the
thrust, or (¢} the fuel consumption rate?

9-112C The pewer developed fom the thrust of the engine is called the propulsive power. If is equal to
thrast times the aircraft velocity.

9-113C The ratio of the propulsive power developed and the rate of heat input is called the propulsive
efficiency. It is determined by calouladng thess two quantities separately, and taking their rado.

9-114C It reduces the exit velocity, and thus the thnast.



9-117 A turbojet aircraft 15 flying with a velocity of

20 m's at an albtude of 9150 m, where the ambient condi-
tions are 32 kPa and —32°C. The pressure matio across the
compressor 15 12, and the temperature at the turbine inlet is
1400 K. Air enters the compressor at a rate of 60 ka/s, and
the jet fuel has a heating value of 42700 klfkg. Assuming
ideal operation for all components and constant specific heats
for air at room temperature, determine (a) the velocity of the
exhaust gases, (B} the propulsive power developed, and
{c) the rate of fuel consumption.

9-117 A mrbojet aircraft flying at an altimede of 9150 m is opersting on the ides] jet propulsion cycle. The
velocity of exhaust gases, the propulsive power developed, and the rate of fiuel consumption are to b
determined.

Assumprions 1 Steady operating conditions exist. 2 The air standsard assumptions are applicable. 3 Adris a
ideal gas with constant specific heats at room temperatre. 4 Kinetic and potential energies are neglizible
except at the diffuser inlet and the noz=zle exit 5 The tarbine work output is aqusl to the compressor work

Pil.:;aﬂn The properties of air at room temperafire are ¢, = 1.003 kXkg K and k= 1.4 (Table A-2a).
Amalysis (@) We assume the aircraft is stationary and the air is moving towards the aircraft at a velocity o
Fi=320m' Tdeally, the air will leave the diffusar with a neglizible velocity (F; e 0).

Diiffuser:

B LY e LS
e

Vi ¢
By +FE 2 mby +F (2O by — hy +—

_]D"I
2
Dme, (T, -1, -7 12

¥l 320mis)t | 1kTK
I,=T +q—'-2411{+ ( _m?j I ;g. ,]-291.91(
2, (201005 kTkg-E)| 1000 m* /s
kilk-1) - 1.4/m4
[ 010K
P =Rl =(32kPa - 62.6kP
=Rl ] ( 1 MK | :
Compressor:
P, =P, =lr [P, )= (12)626kPa)- 7512 kPa
(P L Je-tle
L,-T,| | =(w1e E)12)"*" w5037 K
LA
Turbine
Wosmpin = Wisto — M3 =0y =By —h; —— ‘y‘.ra_rz]—rpl:r+ -T)
or,
Ty =T, =Ty + Ty = 14005837+ 281 8 = 1088 2K
Hozzle:
-1k -, 41 4
i ! - i !
T, =T Eil - (400 ] 2k -56821E
=, | 751.2KkPa |
E.|il'l _E-Ilﬂ -JA'E;'.W'I:I'J&0 Iﬂv? _:.E-in - E-Ilﬂ
By +F0 (2= b +F] 02
3 1-§D
0=h, —h, +% —— Omc, T, -1, )7} 12
f . {1000 m® s *
ar, ¥, - (201005 kTkz K )10982 - 568.2 [ -1032 m/s
| | 1kTkg
) - [ kTR )
(5 W, = (Ve —Fisies Woiean = (60 ks 1032 - 320m/s(320 m-'51 ——F __1mkw
" (1000 m*/ss?
(©) Oy =ity =iz | = s, (T =T )= (60 /s )1.005 kTke - K 1400 - 593.7]K = 48,620 kT's
o, Qn  ABENETS



9-118 Repeat Problem 9-117 using a compressor effi-
ciency of B0 percent and a turbane efficiency of 85 percent.

9-1138 A morbojet aircraft is flying at an altimde of 9150 m. The velocty of exhmst gases, the propulsive
power developed, and the rate of fuel consumption are to be determinad

Assumprions 1 Steady operating conditions exist. 2 The air standard assumptions are applicable 3 Airis an
ideal zas with constant specific heats at room temperafure. 4 Einetic and potental energies are negligible,
except at the diffuser inlst and the nozzle exit

Properdes The properties of air af room temperature are ¢, = 1.005 kI'kg K and k= 1.4 (Table A-2a).
Analysis {a) For convenience, we assume the aircraft is stationary and the air is moving towards the
aircraft at a velocity of Fy = 320 m/s. Ideally, the air will leave the diffuser with a negligible velodity (F,
a 0.

Diffnser:

E- _Eul -'-‘L'E.mtncm C= T

En -'Ewl
B +F i 2mby +FE 02
240 3
-F
0= by — by +— 1

( 2
Dme, (- )-F

=010 K

(320 m's) | 1kIke
|2|:1 005 klke-E )| 1000 m®/s®

Eife-1) 1910 K-J ana

| MIE |

=626 kPa

Compressor:
P =Py =lr, JP,) = (12)(62.6 kPa)= 7512 kPa
N

"P T
={2919 KJ12)**"* = 5937 K

I,

b —Fh2 ':FI:!-M _r!::l
hy=hy €, \Ts-T,)
T, =Ty +(Ty, — T, )i e = 2910 +(505.7-291.0)(0.80) = 669.2 K

’h... -

Tuwrhine:
Woompin = Wsbow —— B3~y =Ry —hs — ¢, (1~ )=, (T, - %)

To =T, —Ts +T, =1400—-660.2+201 9 = 10227 K
lif_l__hs cyl:rd_ri]

- By = ks, B ‘F[Tq -T,)

T, =T, -(T, -1, )/ n; =1400—(1400-102 3.7].- 0.85=956.1E
. ki)

p-r|Bl (12 kPa1
Iy

Tr

P:GIEI

=197.7kPa



Mozzle:

(-1 - L A4
rs_n:—su ' [103271{{1:’;::;; 60T E
R I L
E -E_
e +F 1 2mb, +FS 12
&0
0 by —his +V"2 'r"z

Dme, (LT )0 12

oz,
[ {1000 m?s?
F, - (20005 kT -E) 102276072 ——— = | _ 0132 ms
s K ]
B Wy =l ~ Ve Piinmn
— (60 ke/s)913 2—320)m/s(320 s L‘f,
L1000 m- s

-11300 W

i) Oy = titlhg —hty | = titc Ty — T3 ) = (60 ks J1.005 klkg- K )1400-669 2 K - 44,067 kIs



9-11% Consider an mircraft powered by a turbojet engine
that has a pressure ratio of 12, The aircraft is stationary on
the ground, held in positon by its brakes. The ambient air 1s
at 27°C and 95 kPa and enters the engine at a rate of 10 kg/s.
The jet fuel has a heating value of 42,700 klikg, and it s
burned completely at a rate of 0.2 kg/s. Neglecting the effect
of the diffuser and disregarding the shight increase in mass at
the engine exit as well as the inefficiencies of engine compo-
nents, determine the foree that must be applied on the brakes
to hold the plane stationary. Answer: 9080 N

9-119 A turbajet aircraft that has a pressure rate of 12 is stationary on the ground The force that must t
applied om the brakes to hold the plane stationary is o be determined.
Assumperons 1 Steady operating conditions exist. 2 The air standard assumptions are applicable 3 Airis z
ideal gas with varisble specific heats. 4 Einetic and potential energies are negligible, except at the noz=
exit.
Properdies The properties of air are given in Table 417.
Amnalysis (@) Using variable specific heats for air,
Compressor: J) = 300K —— fy = 30019 kTkg

Pr, =1.386

P -

Fr

23 | .
=P = (12)01386)=16.65 — b, = 610.65 kTkg
]

Oy = g =V = (0.2 kg/s 42,700 kI kz | = 8540 kT/'s

0. BS540 KL
G = e 854 kllke
it 10 kg's
gy =By =, —— by =k, +q, = 61065854 2 146465 kTkg
—— P, =39627

Turbine
Woompin = Wb — 3 —ly =F; -,

m-:

Bg =iy —By + By =1464.65—610.65+ 300,19 = 741.17 kT kg
Nozzle:

P 1
P =P |—|= (19@.2?1—] = 3302 — hs = THLTO KT Kz
P 112
E- —E...g _ﬂqmw [itemh ]
Eiy = Ey
hy+FEi2=b +FE02
3 &0
:_pi
0=hs—hy+ %
oI,
1600 m* /s’ |
A Ty 4[211154.19-?41.1 T}J:lg{% | —008.0 mis
kg )
_ . { 18
Brake force = Thrust = (¥, —Fiax |= (10 ks (2089 - 0jms ——— |- p080 N

11kg-mis” |



9-121 Air at 7°C enters a wrbojet engine at a rate of
16 kgls and at a velocity of 300 mfs (relative to the engine).

Air is heated in the combustion chamber at a rate 15,000 klis
and 1t leaves the engine at 427°C. Determine the thrust
produced by this turbojet engine. (Hinr: Choose the entire
engine as your control volume. )

9-121 Air enters a turbojet engine. The thrust produced by this mrbaojet engine is to be determined.

Assumprions 1 Steady operating conditions exist. 2 The air standard assumptions are applicable 3 Air is an

ideal gas with variable specific heats. 4 Einetic and potential energies are negligible, except at the diffuser

inlet and the nozzle exit.

Properries The properties of air are given in Table 4-17.

Amglysts We assume the aircraft is stationary and the air is moving towards the aircraft at a velocity of |

=300 m's. Taking the entire engine as our control volome and writing the steady-flow enerzy balance yield
T, =280 E —— B =28013kl/kgz

L=TME —s h=T1327kI/ke

By — B = A, 7C ﬁ;%—‘j
: - 300 m's 427=C
Fia=Eom 16 kg

: 1 1 —— 2
O, +mlhy + ¥ 1 2) = sk, + 72 1 2) S —_—_—

15000 KT

¥ - (300 ms)? | 16Tk ]]

15,000 ks = (16 kg/s) 713.27-280.13+ _
1 2 1000 m?/5*

Itgives 7y = 104Bm's
Thus,
F, = mllFy — 7)) = (16 kz's 1048 - 200}m’s - 11,968 N



Second-Law Analysis of Gas Power Cycles

9-122 Determine the total exergy destruction associated
with the Otto cycle descnibed in Problem 9-34, assuming a
source temperature of 2000 K and a sink temperature of 300
K. Also, determine the exergy at the end of the power stroke.
Answers: 24512 klikg, 1452 kl'kg

9-111 The total exergy destuction associated with the Otto cycle described in Prob. 9-34 and the exergy at
the end of the power sooke are to be determined

Analysis From Prob. -34, g2 =730, §.a = 35782 kTke, I =30 E snd I, =TT4 5 E.
The total exergy destruction associated with this Otto cycle is determined from

[ s 1 [357.62kTks  TS0KTE
Ep——p I Jou T | _ (500 K?{ z E_ £ |- 24512 KIke
Ty Tyl 300 E 2000 K

Moting that state 4 is idenfical to the state of the sumoundings, the exergy at the end of the power siroke
(state 4) is determined fom

iy =g —ug)-To (s —50 )+ Polvg —vs)

where
Wy =g =ty =i =g, =357.62kTke
Wy — g =g —iy =0
P, T T,
By =Sy =Ey =8 =535 —Rn— oz} -] —Fln T“ul -3 —5; —Rln—%
1 1%y 1
- 26823 -1.70203 (0287 KIkz -E)In ??*'”If - 07081 kIkg-E
3
Thus,

gy =(357.62 kg |- (300 E)0.7081 klkz K |+ 0 = 1452 Llikg



9-123 Determine the total exergy destruction associated
with the Diesel cycle descnbed in Problem 947, assuming a
source temperature of 2000 K and a sink temperature of 300
K. Also, determine the exergy at the end of the isentropic
compression process. Answers: 292 7 kg, 3486 kg

9-113 The total exergy destmction associated with the Diesel cycle described im Prob. 2-47 and the exergy
at the end of the compression stroke are to be determined.

Analysis From Prob_ 8-47, g, = 1018.7, g, = 44563 kTkg, T, =300 E, v, = 0.006 m* kg, and v, = v / r
=(0.906 /12 = 0.0566 m" kg,

The total exergy destruction associated with this Ofto cycle is determined from

‘ . 445637k 10107 KTk
iy nl_ru|‘fi_q_w].'_1_3m1{ £ E 2027 Wik
" T, T | |~ 300K 2000 K

Moting that state 1 is identical to the state of the surmoundings, the exergy at the end of the compression
siroke (state 2) is determined from

gy =y ‘“uj_rul‘z "Tu]"'Pu‘."'z ""u]

=z —uy ~Tolsz a1 )+ Bolers —uy )

[ 1kT |

- (6433 -214.07)- 0+ (95 kP2 }0.0566 - 0006 jm kg —— |

' : | 1kPa.m? |
- 3486 LTk

0125 Calculate the exergy destruction associated with
each of the processes of the Brayton cycle descnbed in Prob-
lem 9-73, assuming a source temperature of 160 K and a
sink temperature of 200 K.

9-125 The exergy destuction associated with each of the processes of the Brayton cycle described in Prob.
9-73 is to be determined.

Analysis From Prob. 8-73, g, = 584 62 kTke, g, = 47892 kkz, and
T, -310E — - sf -1 7T3408kTks K
h, =646.3kTkg —» 5% = 247256kTkz K
T =1160E — s 5% =3.13016kTke K
by =780 16k kg —» 5 = 2 67607kT ks -

I
[ B
Taearoyet 12 = T05 peanz =Tals, —-TL:'-II:-! fr—a _miT;-
\ 1

- (200 K){2.47256 -1.73408 - (0.287 klkz K Infg ) - 40.83 kiks
#0 3

si-s3-RmD %

23 Ty

b = 4

Ts { Gr23 T
Fosnyed 13 = P0fgman =4p| S3 — 2+ 7. |~
\ 4

584.62 klkg .
———El 3735 I
1600 K ] ke

- "

53 —55—2]11% | -

- (280 E‘ 3.13016-2.47256—

Femped, 34 = T05 e 34 -Tn[-‘-; -53)=Ty

= (290 E)2.67602 - 3.13914 :(0_137 kTkg .Kjinj_l.-\s]lj_as_m kg

Gpe ) f B g ¥
K pesmrmed 41 = 105 gen 41 'Tu.| R TR =I5 =5 —FBn— +—
e g i T, | A A I,
[ 47RO kTkg )
=200 E‘ 1.?1498—2.6?602+Tﬂg |_ 106.0 klks



9-126 Determine the total exergy destruction associated
with the Brayton cycle described in Problem 993, assuming
a source temperature of 1800 K and a sink temperature of
300 K. Also, determine the exergy of the exhaust gases at the
exit of the regenerator.

9-126 The total exerzy destruction assoctated with the Brayton cycle described in Prob. 9-03 and the
exelgy at the exhaust gases at the nurbine exit are to be determined.

Analysis From Prob. 9-93, g, = §01.94, g.u = 279.68 kI'kg, and ks = 57987 kT kg,
The total exergy destruction associated with this Otto cycle is determined from
Pl . o - A
-T, it _E_.,}_Bm B 27968 k1kg 60194 k1kg
Iy Tg ! 300 K 1800E |

E Fi— - 1704 LT kg
Moting that fy = kg we ¢ = 30019 kT'kg, the stream exesgy at the exit of the regenerator (state §) is
determined from

a2

F
g = kg =y ]—Tu1_56-50]+75 gzt

P Al
where 55 —Zg =g — 5y =5t —5i — B mF“ = 236275 -1.70203 = 0.66072 kI /kg- K
1

Thus, 4, = S7T9.87 —300.19 — (300 E 066072 kTkz - K = 515 Likg



