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9-2C How does the thermal efficiency of an ideal cycle, in general,
compare to that of a Carnot cycle operating between the same
temperature limits?

Solution It is less than the thermal efficiency of a Carnot cycle.

9-3C What does the area enclosed by the cycle represent on a P-v
diagram? How about on a 7-s diagram?

Solution It represents the net work on both diagrams.

9-4C What is the difference between air-standard assumptions and the
cold-air-standard assumptions?

Solution The cold air standard assumptions involve the additional
assumption that air can be treated as an ideal gas with constant specific
heats at room temperature

9-5C How are the combustion and exhaust processes modeled under the
air-standard assumptions?

Solution Under the air standard assumptions, the combustion process is
modeled as a heat addition process, and the exhaust process as a heat
rejection process.



9-6C What are the air-standard assumptions?

Solution The air standard assumptions are: (1) the working fluid is air which
behaves as an ideal gas, (2) all the processes are internally reversible, (3)
the combustion process is replaced by the heat addition process, and (4)
the exhaust process is replaced by the heat rejection process which
returns the working fluid to its original state.

9-7C What is the difference between the clearance volume and the
displacement volume of reciprocating engines?

Solution The clearance volume is the minimum volume formed in the
cylinder whereas the displacement volume is the volume displaced by the
piston as the piston moves between the top dead center and the bottom
dead center.

9-8C Define the compression ratio for reciprocating engines.
Solution It is the ratio of the maximum to minimum volumes in the cylinder.

9-9C How is the mean effective pressure for reciprocating engines
defined?

Solution The MEP is the fictitious pressure which, if acted on the piston
during the entire power stroke, would produce the same amount of net
work as that produced during the actual cycle.

9-12C What is the difference between spark-ignition and compression-
ignition engines?

Solution The SI and CI engines differ from each other in the way
combustion is initiated; by a spark in SI engines, and by compressing the
air above the self-ignition temperature of the fuel in CI engines.

9-13C Define the following terms related to reciprocating engines:
stroke, bore, top dead center, and clearance volume.

Solution Stroke is the distance between the TDC and the BDC, bore is the
diameter of the cylinder, TDC is the position of the piston when it forms
the smallest volume in the cylinder, and clearance volume is the
minimum volume formed in the cylinder.



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

3-4 Isentropic expansion to 100 kPa

4-1 P = constant heat rejection to initial state

(a) Show the cycle on P-v and T-s diagrams.

(b) Calculate the net work output per unit mass.

(c) Determine the thermal efficiency.

solutionThe four processes of an air-standard cycle are described. The cycle
is to be shown on P-v and 7-s diagrams, and the net work output 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
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Iy =300.19 kl/kg
T; =300K —

P, =1386
Py 800 kP. u, =389.22kJk
P, ="21p =~ —(1386)=11.088 — > y
* B ' 100KkPa T, =5398K
u; =1487.2 ki/ke
T; =1800 K —— P, =1310
Bus _BY:  ,p-Dp 139K 500 kpa)=2668kPa
T, T, I, -~ 5398K
- Pﬂ- 5 lnukp: T Er: e T i e oa 1w M
P =—P =—\1310)=45.10 —— n, =828.1 ki'kg
* P 7 2668kPa
From energy balances,

@y =3 —u, =1487.2-389.2 =1098.0 kl/kg
Gow =4 —hy =828.1-300.19 =527.9 kV/kg

Wt out = Tin —Gou =1098.0—527.9 =570.1 kJ/kg
(¢) Then the thermal efficiency becomes

Woat out _ ETﬂlkakg

T = " 1098 0l0ke

=51.9%




O-16 An air-standard cvcle is executed in a closed system
and 1s composed of the following four processes:
1-2 Isentropic compression from 100 kPa and 27°C to
| MPa
2-3 P = constant heat addition in amount of 2800
kl/kg
34 v = constant heat rejection to 100 kPa
4-1 P = constant heat rejection to imtial state
(a) Show the cycle on P-v and T-5 diagrams.
(£) 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

Solution The four processes of an air-standard cycle are described. The cycle
is to be shown on P-v and 7-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,
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n k=1)/ k 1000 kpa \-¥1
Ty =H| =% —(300K) —= ~5792K
R 100 kPa

G =hs —hy =c, (T3 - T, )
2800 kJ/kg =(1.005 kIkg -KT; —579.2)— T, =T; =3360 K
o BYv_hv 1, =B J100KPA (e k)=336 K
T, T, P, ~ 1000 kPa
Tout = T34.0ut T 941 ot = (a3 —uy )+ (hy —y)
=¢, (T3 —Ty)+c, (Ty—-1;)
=(0.718 kI’kg - K 3360 —336 K +(1.005 kI/kg - K 336 - 300K

— 2212 kI/kg
2212 kI/k
Py =1—Jout _q_ S _21.0%
a-_ 2800 kI'ke

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

9-200 An air-standard cycle with variable specific heats 1s
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  lsentropic expansion to Y3 kPa

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



Solution The three processes of an air-standard cycle are described. The cycle 1s to be shown on P-v and T-

5 dhagrams, 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 Asr 15 an 1deal gas with vanable specific heats.

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

Analysis (b) The properties of air at various states are P
uy =206.91kJ/kg

L=2200K —
' hy =290.16 kI /kg 2

Pos _BAn g B 380KPa 00 k)=1100K f

I, T *Tp 95 kPa 1 5

—— u, =89791klkg, B, =207.2 > v

P 95 kP
B, =—1p =——(2072)=518 — h; =84038 kl/kg
P, " 380kPa T

Q, =mluy —u;)=(0.003 kg)897.91-206.91)kJkg = 2.073 kJ z
Qe =mlh; —hy)=(0.003 kg }(840.38—290.16)kI/kg =1 651 kJ
Wt out = O — Qo =2.073-1.651=0.422kJ 1

L rp— _0422kd
O 2073 k7

v
[ 2

=10.4%

(©) Ng =

9-21 Repeat Problem 9-20 using constant specific heats at
room temperature.



Solution 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 net work per cycle and the thermal efficiency are to be determined.

Asswmprions 1 The awr-standard assumptions are applhicable. 2 Kmenc and potennal energy changes are
neghgible. 3 Air 1s an ideal gas with constant specific heats.

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

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

P P 380 kP
Wy _Av Bl ? (290 K)=1160K A
T, T, B 95 kPa
(k-1)k 0414 2
P
=T =(1160 K i =780 6 K o
P, 380 kPa
1 3
O =mluy —uy)=me, (1, -T}) s > v
=(0.003 kg)0.718 kJ/kg-K1160—290)K =187 kJ T

Qo =mlh3 —hy)=me (T3 -1;)
=(0.003 kg)(1.005 kJ/kg - K )(780.6-290)K =1.48 kJ

W ostout = Oin — Ooue =1.87-1.48 =039 kJ

Wae  0.39K7
',':.l& =—= =
0, 187k

(c) 20.9%

9-22 Consider a Camot cycle executed in a closed system
with 0.003 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.



Solution A Camot cycle with the specified temperature limits 1s considered. The net work output per cycle
15 to be determmed.
Assumption Air 15 an ideal gas with constant specific heats,
Properties The properties of air at room temperature are ¢ = 1.005 klkg K. ¢, = 0.718 kl’kg'K. R = 0.287
kI/kg K, and k=14 (Table A-2).
Amnalysis The mimmum pressure in the cycle is P; and the maximom pressure is Py, Then,

T » (k=107 k
2
=3 4,
3 3 900 + 14 2
or, ’
T kk-1) 900 K 1.40.4 f
P;zPs[—l] =(20kPa{ ] =9353kPa ] g
T3 0K m._... 4f. ‘3
The heat mput 15 deternmuned from o= —
&0
T Py 9353 kPa
sy-5;=c,ln— —Rln—=—0.287kJkg K =0.2181kJ/kg-K
2 1 P T; ﬁ _{ E ].l'-l 2000 kPa £
Q. =mTg (s, —s;)=(0.003 kg 900 K )0.2181 kV/kg - K )=0.5889 kJ
Then,
T MK
Mg =1-—==1- = 66.7%
Ty 900 K

Wt o =M Oy =(0.667)0.5889 kJ)=0.393 kJ

09-123 An air-standard Camot 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 kJ, determine (a) the maximum pressure in the cycle,
(b) the heat transfer to air, and (c) the mass of air. Assume
variable specific heats for air. Answers: (a) 30,013 kPa,
(b) 0.706 kJ, (¢) 0.00296 kg



Solution A Carnot cycle with specified temperature limits is considered. The maximum pressure in the
cycle, the heat transfer to the working flud, and the mass of the working fluid are to be determined.
Assumprion Air 1s an 1deal gas with vanable specific heats.

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

5 =1200K ——> B =238

(Table A-17) T,
Iy =350K — K, =2379 1200
P 238 :
r £
PB=— P =— (300kPa)=30.013 kPa="P
1 P;q 4 2_3?9{ ! max

350 ¢

{5} The heat mput 1s determined from
T JS0K

Ty 1200 K

O =T s o M = (0.5 H]I{D.?DSE}-] =0.706 kJ

() The mass of air is

=70.83%

S0 .
| —Rmﬂz—[o_za? k].fkg-K:ﬂuM
P, " 150kPa
=—0.199klkg - K=5 -5,
Wit ot = (52 —5) ATy —T; )= (0.199kT/kg - K f1200- 350 K =169.15kT kg
Weetow  05KkT
Woeow 169.15 kJkg

9-24 Repeat Problem 9-23 using helium as the working fluid.

_(o o
Fq4—353 =154 — 34

m= =0.00296 kg




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

Assumprion Helium 1s an 1deal gas with constant specific heats.

Properties The properties of helium at room temperature are R = 2.0769 kl’kg K and k= 1.667 (Table A-
2).

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

(k=1 &
L_(A T
T, |\P

or. 1200+

ki(k-1) 16670667
R =P, = | = (300 kPa i
T, 350K

= 6524 kPa

350+

(b) The heat mput is determined from
T, 350K

Na =1-—£=1-
re =, T Tk

O =Wt out /M = (0.5 kJ)/(0.7083) = 0.706 kJ
(¢) The mass of helium 1s determined from

S0
T P 300 kPa

ss—S3=c, ]n?4 —Rm?“:—{z.u?ﬁakﬂkg-th
3 3 kPa

=-14396 klkg-K =5, — 5

Woetout = (52 =5 \T =T )=(1.4396 kJkg-K )(1200- 350K =1223 .7 ki/kg
w

0.5kJ
m=— =0.000409 kg
W 12237 klkg

=T0.83%

9-25 Consider a Carnot cycle executed in a closed system
with air as the working fluid. The maximum pressure in the
cycle is 800 kPa while the maximum temperature 1s 750 K. If
the entropy increase during the isothermal heat rejection
process is 0.25 kJ/kg + K and the net work output i1s 100
kl/’kg, determme (a) the mumimum pressure in the cycle,

{h,'l the heat rejection from the L'}’C]E and {l:} the thermal effi-

-— ey (R S |\ W [ -——— Sy p— juap——— [ ——— g
LIEIILJ" UI l.lll.- L]’LIE "-.LIJ' Ll < i.I.Lll.li.II H.Elll. ‘UIIE.I.II-E LJ‘LIL Ul..l:'[d.l.'i:

between the same temperature limits and produces 3200 kW
of power for an air flow rate of 90 kg/s. determine the second
law efficiency of this cycle.



Solution A Camot cycle executed in a closed system with air as the working flud is considered. The
minimum pressure in the cycle. the heat rejection from the cycle. the thermal efficiency of the cycle, and the
second-law efficiency of an actual cycle operating between the same temperature limits are to be

determuned.

Assumption Air 1s an 1deal gas with constant specific heats.

Properties The properties of air at room temperatures are R = 0.287 kJ’kg K and k= 1.4 (Table A-2).

Analysis (a) The nummum temperature 1s determined from

Woee = (52 —5; Ty — Tz )——100kIkg =(0.25 kI/kg - K )(750 - T; JK —— T; =350K

The pressure at state 4 1s determuned from

k-1)/'k
5 (A" |
‘Td P4 J 1 ia )
S |
o (1, Wae=100 KI/kg
B =Py .
\ T 4
(750K ) *%* Gou s
800 kPa = P, | | P, =110.1kPa
| 350K )

The minimum pressure 1 the cycle 1s determned from

&0
T P,
3 3
110.1kPa

—~0.25kikg-K =—{0.287 kikg-K)In
3

() The heat rejection from the cycle is
o =T Asy5 =(350 K)(0.25 kI’kg K) =87.5kJ/kg
(c) The thermal efficiency 1s determined from
I; 350K

—1——L o122 533
Te =, T 750k

(d) The power output for the Carnot cycle 15
Weone =MW ., =(90kg/s)(100 kI/kg) = 9000 kW
Then. the second-law efficiency of the actual cycle becomes

_ Wi _ 5200kW

_ ol _ =0.578
=g 9000 kW

arnot

9-26C What four processes make up the ideal Otto cycle?

—>P3 =46.1kPa

SolutionThe four processes that make up the Otto cycle are (1) isentropic
compression, (2) v = constant heat addition, (3) isentropic expansion, and

(4) v = constant heat rejection.



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 varation of specific heats with temperature, determine
(@) 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} 392.4 klkg, (c) 52.3 per-
cent, (d) 495 kPa



Solution 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 Kmetic and potential energy changes are
negligible. 3 Air is an ideal gas with vanable specific heats.

Properties The gas constant of air 1s R = 0287 kl/kg K The properties of air are given i Table A-17.
Analysis (a) Process 1-2: 1sentropic compression.
uy =214.07kl'kg

P
T, =300K —— v, =6212 A
v, 1 1 T, =673.1K

v, =—wv, =—v, ==—|621.2)=77.65 —

oy TN s[ ) u, =491.2 klkg
P T 673.1K
2 _Av a4 Ba (95 kPa)=1705 kPa i
I, I va MK -

Process 2—3: v= constant heat addition.

T; =1530 K
Qr3qm =3 —Uy—U3 =Uy +qp5 =491.2+750=1241 2 kTkg ——
Shm - v,, =6.588
P, P T. ;
e W i SN 1 [ ][1?!151:?3.]:33931:1?:
T T, T |\
(b) Process 3-4: 1sentropic expansion
I,=T77145K
v, =—Lu, =rv, =(8)6.588)=52.70 — *
f oy 7 g uy =571.69 klkg
Process 4-1: v= constant heat rejection.
Goug = Mg —ty =571.69—214.07 = 357.62 kJ /kg
Wik =G — Qo = 750—357.62 = 392.4 k) /kg
W,
© Py = e 3924 K0ke _, 4.
Gin 750 kTkg
RT, (I].ZB?kPa-msJ']cg-KlEl]l]K} 3
v = = =0.906m " kg=v
{‘ﬂ 1 ﬁ gskpa 4 max
Viin = V2 = =
-
w w 3924 kIk kPa-m°
MEP= it mtod e (kpam ]=495.[I'kl’a
vi—v, v-1/7) (0906 m*keli-18) K



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

Solution 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.

decvmnitane 1 Tha ar_ctandard acenmatiane ara annlicahla 3 Winatis and fanteal arov rhanoa
SAIFNMPNENS 1 1000 all-5aliGalt as5UlNpiadils alc appuladus. o i =

negligible. 3 A 1s an 1deal gas with constant specific :
Properiies The properiies of air ai room temperaiure are ¢, = 1.005 kikg'K. ¢, = 0.718 kikg'

0287 kJkg'K. and k=14 (Table A-2).

Amnalysis (a) Process 1-2: 1sentropic compression.

(oY1 P
T, =T1[ — J =(300K )8)"" =689K T‘
s
P T 689 K
e I =1 %n =(s{ )(95 kPa)=1745 kPa
T n va T 300K
Process 2—3: v= constant heat addition. 5 v

Gy =u3 —Uy =¢, (T3~ Ty)
750 kI/kg = (0.718 kJ/kg- K )T, — 689 )K
T; =1734K

Pw; Py, n oD [1THK
. 271 689K

7! e

](1 745 kPa) = 4392 kPa

(b) Process 3—4: isentropic expansion.
k-1 04
vy 1
T, =r3[—] =(1734 K{—] =755K
Vs 8

Process 4-1: v= constant heat rejection.
Gom =4y =¢, (T, —T1)=(0.718 kikg- K )755-300)K = 327 kl/kg
Woetout = Gin — Qo = 150—327 =423 kI/kg

_ Woeow _ 423kIkg

¢ - = =56.4%
©@ e = T50k0ke
RT; (0287 kPa-m®/kg-K J300 K
(d) v = 1=[ e X }=0_906m3fkg=um
P, 95 kPa
uma:
ym =u: =
.
3
MEp= Moot _ Woetow _ 423 klkg KPa-m” | <34kpa
vi-vy v(1-1/r) {0_906 maf'kg:(l—lfS] kJ



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 kJ; (c¢) the thermal efficiency; and (d) the mean effective
pressure. Answers: (a) 1969 K, 6072 kPa, (b) 0.59 kJ, (c) 59.4 percent,
(d) 652 kPa

Solution 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
neghgible. 3 Arr 1s an 1deal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kl’kg'K. ¢, = 0.718 kIlkg'K. R =
0.287kJkgK. and k=14 (Table A-2).

Analysis (a) Process 1-2: isentropic compression.
[
T,=T|—| =(308K)9.5)™ =757.9K
= |

[7579K),
P=—=R =95 100 kPa)=2338 kPa
. A= j- 308 K H )

Process 3—4: isentropic expansion. > v

k-1
J — (800 K)9.5)"* =1969 K

N

Vs

Process 2-3: v= constant heat addition.

P Pyv, T. ‘
03 0% p-3p =[% |42333 kPa)= 6072 kPa
T; T, T, * | 7579K
v 100 kPa |0.0006 m*
® omBM__ | a) w’) =6.788x10 " kg

RT;  [0.287 kPa-m’/kg-K 308 K)
Qu =mluy —uy)=me, (T3 -T,)= (:s.?ssxm“kg]o.nskJ«kg-K)[wﬁa-?s?.s}K =0.590 kJ
(c) Process 4—1: v= constant heat rejection.
Oy =mluy —u))=mc (T, T, )= —[6_?ssx10“kgko_71s kJ/kg - K 800 — 308K = 0.240 kJ
W = O — Qp =0.590-0.240=0.350 kJ

Wostou _ 0.350 kJ

I = = =59.4°f'o
Tea 0, 0.590KJ
() Vi, =15 = Yo
.
W, W, : -m°
vEp = oo Masow 0.35:11..1 _[kpa m 1:652 KPa
V-v, -1 (oooo6m® J1-195) K



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



Solution An 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 kJ/kg'K. R =
0287 klkg'K, and k=14 (Table A-2).

Analysis (a) Process 1-2: isentropic compression.
¢ k=1 P

: A
T, =T1l "—1] =308 K)9.5)"™* =7579K 3
\ ¥, J*~Polytropic
¢ ). 4
T {7579K . Q — J800K
ELEN p="12p :{9_51—][100 kPa)=2338 kPa " !
5 T T vy . 308K | e, ot |
_ - . ’ I, 308 K
Process 3—4: polytropic expansion. 1
> v
BV, 100 kPa )|0.0006 m*
el “‘)[3 m’) =6.788x10 *kg
RT, (0287 kPa-m’/kg-K)308K)
e -« =1
T, =T, ﬁ] =(800K)9.5)°* =1750 K
M
R(T,-T;) [6.788x107* [0.287 kJ/kg - K J800-1759)K
Wyy =2 (7 3-}={ x10~ g-KJ K 05338k

1-n 1-135
Then energy balance for process 3—4 gives
Ey —Egu =AE System
Qsyin ~ W3y o =mluy —us3)
Osyin = miuy —us )+ Wap g = mMC, (g -13)+ Wag ont
' e (6.78810 kg f0.718 kIkg K )(800—1759)K +0.5338 kT = 0.0664 kJ
That 15, 0.066 kJ of heat is added to the air during the expansion process (This is not realistic. and probably

15 due to assuming constant specific heats at room temperature)).
(») Process 2—3: v= constant heat addition.

Pw; _ Pyu, = ( 1759 K

= P3 =—P., =
I T, r, - 579K

}{2333 kPa)=5426 kPa
Qg =mlus —uy)=me, (T3 1)
Onm= [ﬁ.?ssxm—‘kgko_?la kg -K)1759-757 9)K = 04879 kJ

Therefore,
O = O340 + Q345 =0.4879+0.0664 = 0.5543 kJ

(c) Process 4-1: v= constant heat rejection.
Oout =mlug —1y)=me, (T4 - )= (ﬁ_?BB x10~* kgko_?la kJ/kg-K)(800—308)K = 02398 kJ
Wt ot = O — Ot =0.5543-0.2398 =0.3145kJ
Woetonr 0.3145kJ

g, 25 = =56.7%
Te = T 043
Vma.x
@  Vum=Vi=
-
- I ooy
MEp = =t mtet 03143 il ]:536kPa
V-t ¥Qa-1/r) (00006 m’J1-1/95) K




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

Solution A diesel engine differs from the gasoline engine in the way
combustion is initiated. In diesel engines combustion is initiated by
compressing the air above the self-ignition temperature of the fuel
whereas it is initiated by a spark plug in a gasoline engine.

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

Solution The Diesel cycle differs from the Otto cycle in the heat addition
process only; it takes place at constant volume in the Otto cycle, but at
constant pressure in the Diesel cycle.

9-47 An air-standard Diesel cycle has a compression ratio of 16 and a
cutoff ratio of 2. At the beginning of the compression 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, (¢) 675.9 kPa



Solution An air-standard Diesel cycle with a compression ratio of 16 and a cutoff ratio of 2 15 considered.
The temperature after the heat addition process, the thermal efficiency, and the mean effective pressure are
to be determined.

Asswmptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air 15 an ideal gas with vanable specific heats.

Properties The gas constant of air 15 R = 0.287 kl/ke K. P

} B . N A
The properties of air are given 1n Table A-17. ' ,3 = 3
Analysis (a) Process 1-2: 1sentropic compression.
4
up = 214.07kI/kg
= Sy * Cout
Ty =300K v, =6212 #1
T, =8624K = v
v, =22y, =Ly = L(6212)=38825 — 2
Ty " P16 hy =890.9 kikg

Process 2-=3: P = constant heat addition.

Pw; Py, e hs =1910.6 kl/kg
=—— » Ty = =27, =12)8624K)=1T248 K ——
T, T, T, ? > =(2) ) v,, =4.546

() gy =hy—hy =1910.6-890.9 =1019 7kJ’kg
Process 3—4: 1sentropic expansion.

vy vy r
Ur_. =—Ur3 = =—i =;'|J'

16
ry =—(4.546)=36.37 — u, =659.7kIkg
Vs 2v, 2

Process 4-1: v= constant heat rejection.
Gout =lg —ty =659.7—214.07 = 445.63 ki/kg
Qo _,  445.63 kl/kg

Ng =1-—2% =1 =56.3%
N 10197 ki/kg
() Woatout = Gin — Tou =1019.7—445.63 = 574.07 kT kg
RT, (0287kPa-m®/kg K)300K) s
v = = =0.906 m =W,
‘TR 95 kPa ke = Vs
11
Vg = V3 =—
-
w w -
M . et 5?4';” ke KPa-m |_ 6759 kPa
vi-vy  vll-1/r) (0906 m*kgl1-1/16)( K

9-48 Repeat Problem 9-47 using constant specific heats at room
temperature.



Solution An air-standard Diesel cycle with a compression ratio of 16 and a cutoff ratio of 2 is considered.
The temperature after the heat addition process. the thermal efficiency, and the mean effective pressure are
to be determuned.

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

Praperties The properties of air at room temperature are ¢, = 1.005 kI'kg'K. ¢,=0.718 kl’kg'K. R = 0287
kI'kg'K, and k=14 (Table A-2).

Analysis (a) Process 1-2: isentropic compression. P A
\ k-1
v
T, =T (—1 = (300K )16)"* =909 4K
¥z

Process 2—3: P = constant heat addition.

P Py v
e > Ty =— T, = 2T, =(2)(909.4K ) = 1818.8K > v
.T3 .Tj vy i

(®) gin =hs —hy = ¢, (T3 =5 )=(1.005 kI/kg - K 1818.8-909 4 )K = 913.9 kl/kg

Process 3—4: isentropic expansion.
(o) .

v
3 o .T3|

Ty =T3I—
et \ Vs )

k-1

0.

20, ) i,
— =[1318.8K_I_EI =791.7K

Process 4—1: v= constant heat rejection.

Gog =ty —t; =, (T, =T, )=(0.718kI/kg - K )(791.7— 300K =353kl/kg

353 kI/k
g =1—Tout —q_ § —61.4%
Gin 9139 kI/kg
(c) Wt out =i — Tout =913.9—353 =560.9kTkg
RT; |0.287kPa-m’/kg-K 300K
v, = 1={ e l J=D.E)‘Clti1113'.-‘1{g==.-'nm
P, 95 kPa
v
Umjn = Uz = n;:n
W W, 560.9 kI/k (kPa-m®
i I T E | =20 |_660.4 kPa

2 B vi(1-1/7) {0.906n13.-'kg_k1—1."16)1\ kJ

9-51 An ideal diesel engine has a compression ratio of 20 and uses air as
the working fluid. The state of air at the beginning of the compression
process is 95 kPa and 20°C. If the maximum temperature in the cycle is
not to exceed 2200 K, determine (a) the thermal efficiency and (b) the
mean effective pressure. Assume constant specific heats for air at room
temperature. Answers: (a) 63.5 percent, (b) 933 kPa



Solution An ideal diesel engine with air as the working fluid has a compression ratio of 20. The thermal
efficiency and the mean effective pressure are to be determined.

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

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

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

=]
v k-1
L,=n| | =(203K)20)"=9711K
2 v,
Process 2—3: P = constant heat addition.
PV, P, V; T _2200K
T; T, v, T, 97L.1K 4
Process 3—4: isentropic expansion.
k-1 k-1 k-1 04
v 2265V 2265 2265
T, =T, —3] =T3[ 3] =T3[ ] =(2200K{ ) =9206K
V4 V4 r 20

G =h3 —hy =c (T3~ T, )=(1.005 kI/kg - K {2200-971.1K =1235 kl/kg
Qo =ty —ty =c,(Ty —T)=(0.718 ki/kg - K)(920.6 - 293)K = 450.6 ki/kg
Woetout = Tin — Jout =1235—450.6=784.4 kl'kg

Waetow 7844 klkg — 63.5%

I = =
T = T 035 ke

RT; lo287kPa-m’kg-K)293K)

b v, = -0885m’ke=v
@ ) 95 kPa &= Voo
Vpin =V5 = Y
.
w w 7844 kl/k kPa-m’
MEP= "o _ wiet adol [ A | 933 kPa
vi-vy v (-1/r) losssm’kefi-120) K

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



Solution A diesel engine with air as the working fluid has a compression ratio of 20. The thermal efficiency
and the mean effective pressure are to be determuned.

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

Properties The properties of air at room temperature are ¢, = 1.005 kJkg'K_ ¢, =0.718 klVkg'K_ and k=
1.4 (Table A-2).
Analysis (a) Process 1-2: isentropic compression. p

k-1
T, =r1[ui] =(293K)20)"* =971.1K

2

Process 2—3: P = constant heat addition.

P P, v, T, 200K
=2 -2 e =2.265
T3 Tz Vz TZ 971.1K = vV
Process 3—4: polytropic expansion.
n-1 n-1 n-1 035
1% 2.265V 2.265 2.265
T,=T| =| =Ty 2 =r3[ J =(2200 K{ J =1026 K
vy Vy r 20

G =h3 —hy =c, (T3 -T,)=(1.005 kI/kg-K)(2200-971.1) K =1235 ki/kg
Qo =lg—ty =, (T, —T;)=(0.718 k/kg-K 1026 —293) K = 526 3 kl/kg
Note that g m this case does not represent the entire heat rejected since some heat is also rejected during
the polytropic process, which 1s determuned from an energy balance m process 3—4:
R(Ty-1:) (0287 kikg-K)1026-2200) K
" 1-n 1-135
Ep—Epy = M:gmun

=963 kI/kg

W3y out

T3ain ~ Wigou = Uy —H3 — Gaq =Wig o 16, (T3 —T3)
=963 kl/kg+(0.718 kl/kg -KKIOE& —-2200) K
=120.1 kJ/kg
which means that 120.1 kJ/kg of heat 1s transferred to the combustion gases during the expansion process.
This 15 unrealistic since the gas 1s at a much hagher temperature than the surroundings, and a hot gas loses

heat during polytropic expansion. The cause of this unrealistic result i1s the constant specific heat
assumption. If we were to use v data from the air table, we would obtain

31 = Wiy o (g —113)=963+(7813-1872.4) =~128.1 kike

which 15 a heat loss as expected. Then qg,: becomes
omt = T340n T931 0 =128.1+526.3=654.4 kTkg

and
Woetout = Tin — Tout =1235-6544=5806 kl/kg
M = Wit ot _ 580.6 klkg —a7.0%
7. 1235 kikg
RT, (0287 kPa-m®/keg K )293 K) ;
b =—n-= =0.885 m kg =v
© TR 95 kPa 8=V
Vipin =V = Vi
W w 5l
MEP = — =t et out 580.6 kJ/’kg 1kPa-m ]=691 APa

vi-vy  v(l-1/7) " {0885 m kef1-120) K



9-56 The compression ratio of an ideal dual cycle is 14. Air is at 100 kPa
and 300 K at the beginning of the compression process and at 2200 K at
the end of the heat-addition process. Heat transfer to air takes place partly
at constant volume and partly at constant pressure, and it amounts to
1520.4 kJ/kg. Assuming variable specific heats for air, determine (a) the
fraction of heat transferred at constant volume and (b) the thermal
efficiency of the cycle.

Solution An ideal dual cycle with air as the working fluid has a compression ratio of 14. The fraction of
heat transferred at constant volume and the thermal efficiency of the cycle are to be determined.

Assumprions 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. P /

Analysis (a) Process 1-2: isentropic compression

u; =214.07 kJ/kg
T, =300K ——>

v, =6212
. . T, =8231K
v, =22y, =Ly =L(212)=4437 v
e b or 14 1, =611.2 kl’kg

Process 2—x. x—3: heat addition,
T; =2200K —

9in =9x 2in + 93—1411 = (‘": —ly ]+ ('Irj- - h] }
15204 =(u, —611.2)+(2503.2-h,)

By tnal and error, we get I, = 1300 K and A, = 1395.97, u,=1022.82 kI /kg.

Thus,
@y pum =M, —U> =102282-6112=411.62kl/kg
and
) 2 kI
satio = 92 xin _ 4} 1.62 kJ"kg —27.1%
gn 15204 klkg
P P, T, 2200K
(b) EREREE b Bt oy 692=r,
T; r v, T, 130K
v =22, __Y1 , ' o =12 (012)=16.648 — s u, —886.3 kI/ke

T, 1692w, M 1692 7 1.692
Process 4-1: v= constant heat rejection.
Gout =lg—H) =8863-214.07=672.23 klkg
672.23 ki/ke
1520.4 kl/kg

Tout _ =55.8%

Mg =1-

m



9-58 Repeat Problem 9-56 using constant specific heats at room
temperature. Is the constant specific heat assumption reasonable in this
case?

Solution An ideal dual cycle with air as the working fluad has a compression ratio of 14. The fraction of
heat transferred at constant volume and the thermal efficiency of the cycle are to be determuned

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

Properries The properties of air at room temperature are ¢, = 1.005 kI’kg'K. ¢, =0.718 kJkg'K. and k=

1.4 (Table A-2)

Analysis (a) Process 1-2: 1sentropic compression. P h
k-1

f ul 1
T, =g -
\v3 )

=(300K)(14)** =862 K

Process 2—x. x—3: heat addition.

T =92xm Y93z =(H,—H:j+”}3—hrl > v
=ch1‘, -T }+':p(T3 -T, )
1520.4 kJ/kg =(0.718 ki/kg - K T, —862)+(1.005 ki/kg - K )2200-T, )
Solving for T, we get Ty = 250 K which is mmpossible. Therefore, constant specific heats at room

temperature turned out to be an unreasonable assumption in this case because of the very high temperatures
changes involved.

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?

solution The efficiencies of the Carnot and the Stirling cycles would be the
same, the efficiency of the Otto cycle would be less.

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?

Solution The efficiencies of the Carnot and the Ericsson cycles would be
the same, the efficiency of the Diesel cycle would be less.

9-65 Consider an ideal Ericsson cycle with air as the working 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 kJ/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:



(a) 685 kPa, (b) 450 kd/kg, (c) 75 percent

Solution An ideal steady-flow Ericsson engine with air as the working fluid 15 considered. The maximum
pressure in the cycle. the net work output, and the thermal efficiency of the cycle are to be determined.

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

150 kI/k T
54 _532_‘?}4_“ =— g=—['.7l.5]-:.T.-’l-.:g-E‘l -’ Gin, .
I I K 1200 KT ly—i—p?

0 / |

T P /
5453 =¢, IuT—4 _RII]P—4
and 3 3 300K+ 4 -L;/ 3

3 P, Qour
=—(0287klkg-Kln—2 —=—05klkg-K >
( g Kjln_——— g s
It vields P,=685.2 kPa
) T T 1200 K
(b) For reversible cycles. Tout _ 7L s gy = —2 g, =——— (150 k)/kg )= 600 kl/kg

Thus.,  Wpu o = Tin — Gom = 000—150 =450 kJ/'kg

{(¢) The thermal efficiency of this totally reversible cycle is determined from
T _,_ 300K _

= 75.0%
Ty 1200K

9-66 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 used in the cycle is
0.12 kg, determine (a) the thermal efficiency of the cycle, (b) the amount
of heat transfer in the regenerator, and (c) the work output per cycle.



Solution An ideal Stirling engine with helmm as the working flmd 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.

Assumption Helium 1s an 1deal gas with constant specific heats.

Properties The gas constant and the specific heat of helium at room temperature are & = 2.0769 klkg K. ¢,
=31156klkg K and ¢, =5.1926 kJkg K (Table A-2).

Analysis (a) The thermal efficiency of this totally reversible cycle 15 determined from

T 300 K
Mg =1-—==1- =85.0%
Ty 2000 K T
. . A 4=
Bb) The amount of heat transferred 1n the regenerator 1s 4 J y,
(&) g 1 2000 K- 1 —v—1?
Oregen = Quris =mluy —1y)=me, (I, -T4) / /
=(0.12 kg )3.1156 kI/kg - K )(2000 — 300K / /
=635.0 kJ 300K+ 4 “—~ 3
. . Qar
() The net work output 15 determined from =
P}Us _ Plul ) vy _ T3PI _ Hﬂﬂ Kljﬂﬂﬂ kPa} e vy
T4 0 s
s:—slzc,_,ln?‘ +Rln—=(2.0769 kJ/kg-K In(3) = 2.282 k/’kg ‘K
1 “

Q, =mTg(s, —5,)=(0.12 kg)(2000 K )(2.282 kJ/kg - K)=547.6 kJ
Weostout =7t Qi = (0.85)547.6kT)=465.5 kJ

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 compressor 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



Solution A sumple Brayton cycle with air as the working flnd has a pressure ratio of 8. The air temperature
at the turbine exit, the net work output, and the thermal efficiency are to be determined.

Assumptions 1 Steady operating conditions exast. 2 The

air-standard assumptions are applicable. 3 Kinetic and Ta
potential energy changes are neghgible. 4 Air 15 an 1deal
gas with vanable specific heats. 1160 K+

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

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

I =31024 kI /kg 310 K7
A=30R = p 15546
P, :%P,1 =(8)1.5546)=1244 —— h,. =562.58 kl/kg and T, =557.25K
1
h'.! '.EI h-. -h
e =———t —— Iy =hy +——
hy =iy fle
2 -
=31024+ 282283102 _ 646 7 ke
0.75
h; =1230.92 kl’kg
T; =1160 K —— B, =2072
P, =i—* s =[§]{zn?.z}=zs.9n — hy, =692.19 kJ/kg and T,, =6803K
3 \
hy=h
Nr =ﬁ4«* hy =hy 17 (hs —hy,)
o =1230.92-(0.82)(1230.92 - 692.19)
=789.16 ki’kg

Thus. T: = 770.1K

(b) gy =hs —hy =1230.92-646.7 = 584.2 kl/kg
Goue =My —hy =789.16—310.24 = 478.92 kl/kg
Wastout = Gin —Gout = 584.2—478.92=105.3 kJ/kg

© e < eston 1053 KIke
& ge 5842 kIkg

=18.0%

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



Solution A simple Brayton cycle with air as the working fluid has a pressure ratio of 8. The air temperature

at the turbine exit, the net work output, and the thermal efficiency are to be determined

Assumptions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic

and potential energy changes are negligible. 4 Aur 1s an 1deal gas with constant specific heats.

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

Analysis (@) Using the compressor and turbme efficiency relations,

Ik=1)/k
P :
- i =T1[E-J = (310 K)8)"*"* =561.5K T &
. 1160 K
P o -1}/ k 1 0414
r4;=r3[_4‘ =I1160K1—l =6404K
LA ) 8

= T5. - T, -
HC‘ = h_: hl = CPE e 1} Y T‘: :T-l - T_: TEI 310 K“

hy—h ¢yl -T) e

561.5-310
=310+ ——— —=6453K
0.75

hy—h c {T3—T4]
HI:.HS—FI“ =cF[T 7 ) ~T;=T3—?II{T3—T4:}

S e s e =1160—(0.82)1160—640.4)

=7339K
() @i =hy —hy = ¢, (T3 -T3)=(1.005 kJkg-K)1160-645 3)K =517.3 kikg
Gout =g =y =c,(Ty =T, )=(1.005 kIkg K )733.9-310)K = 426.0 ki/kg
Wt out = i — Goms = 517.3-426.0=91.3 kl/kg
W
O e OISR o e

T 5173 kJ/kg

9-76 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
percent and (b) 85 percent. Assume constant specific heats at room
temperature. Answers: (a) 352 kg/s, (b) 1037 kg/s



Solution A gas turbine power plant that operates on the simple Brayton cycle with air as the working fluid
has a specified pressure ratio. The requuired mass flow rate of air 1s to be determined for two cases.

Assumprtions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic
and potential energy changes are negligible. 4 Air 1s an 1deal gas with constant specific heats.

Properties The properties of air at room temperature are

¢, =1005kV/kgK and k=14 (Table A-2). Ta
Analysis (a) Using the isentropic relations, 1000 K
(p + [E=-1)'k
. =r1‘ 2 | = (300 K)12)™4 = 6102 K
\ A J
o (B-1)k s o + 0404 300K
P, 1
Ty, =T;| 2| =(o00K) —| =4917K
\ P ) 12

W, cim =M. =l = ¢, (T3, —T7)=(1.005 k)/kg - K )(610.2—300)K =311.75 ki/kg
W, T om =3 —hy, =¢, (T3~ T, ) =(1.005 kI/kg -K {1000 -491.7)K = 510.84 kl/kg

W, otowt = WsTow —Wac i =51084—-31175=199 1 kJ/ks

_ Moo __ 70.000 kJ/s

. -
W, pew  199.1kI/kg

=352 kg/s

(5) The net work output 1s determined to be

Wanetont = WaTout ~ WaCim =71 WaTowt ~Wslim ! Ne
=(0.85)510.84)—311.75/0.85=67.5 ki/kg

Woetow  70.000 kJ/s

m, = =
Wooom 075 klkg

a

=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 turbine 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 (@) assuming constant specific heats at room temperature
and (b) accounting for the variation of specific heats with temperature.



Solution A stationary gas-turbine power plant operates on a simple ideal Brayton cycle with air as the
working fluid. The power delivered by this plant is to be determined assuming constant and vanable
specific heats.

Assumptions 1 Steadv operating conditions exist. 2 The air-standard assumptions are applicable 3 Kinetic
and potennal energy changes are negligible. 4 Air 1s an 1deal gas.

4nalysis {a) Assuming constant specific heats, T h
. \e-1)/k 1100 K+
P,
T, =Ty| = =(290 K)(8)**** =5253K
\, }’l 4
/ (&-1)7k 4\ 0414
P, 1
Ty, =T;| = =(1100K) - =607.2K 200 K+
Y Pj 7 , 8 s = 5
Qe . TN T,-T, | 6072-290 _ _
ijg =1- =i— =]— =]— = U 9440
9 ¢, (I3-T,)  T;-T, 1100-525.3
W st ot = M@ = (0.448)(35,000 kW) = 15,680 kKW
FRY A cevensse vrarinhla soanifia hante Mahla A_17%
ey ﬂ-‘-"i’l-ll-l-l-l.lls Valliavis DF‘—LIJI\— MHLal Jiaviv AT g,

D
P, =Z?3P,1 =(8)1.2311)=9.8488 —— h, =526.12 kl/kg
’ 1

hy =1161.07 kl/kg
T; =1100K —

P, =167.1
P 1)
P =Pp —[1l167.1)=2089 — h, =651.37 kikg
TR\
-_ 5 =7
me =1-Jow g hsTh | 65137-29016 ..,
i hs—hy  1161.07-526.11

‘_’mm z{-’]"ém = ':D-'i' I

9-78 Air enters the compressor of a gas-turbine engine at 300 K and 100
kPa, where it is compressed to 700 kPa and 580 K. Heat is transferred to
air in the amount of 950 klJ/kg before it enters the turbine. For a turbine
efficiency of 86 percent, 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.



Solution An actual gas-turbmne power plant operates at specified conditions. The fraction of the turbimne
work output used to dnive the compressor and the thermal efficiency are to be determined.

Assumprions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic
and potential energy changes are negligible. 4 Aur 15 an 1deal gas with vanable specific heats.

Properties The properties of air are given m Table A-17
Analysis (a) Using the 1sentropic relations,

L =300K —— Jj=30019kI/kg
L =380K —— /Mp=58004k)/ke

P, 700 S80K -
" R 100
! 300 K-
@y = hy —hy — hy =950+ 586.04 =1536.04k]/kg s
P, =47411
P, 1
P, =—tP, =[— (474.11)= 67.73 — h,_ =905.83 ki/kg
P, 7

W =l —hy =586.04—300.19 = 285 85 kJ/kg

Wr gu =M1 hs —hy, )=(0.86)1536.04—905.83) = 542.0 k)/kg

Wem  285.85 klkg

Thus. = = =52.T%
Y w420 ke ’
(b) Wostont = WTouwt — Wein = 542.0-28585=256.15 kl/kg
w 256.15 Kk
Ny =—= g =27.0%

950 kJ/kg

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



Solution A gas-turbine power plant operates at specified conditions. The fraction of the turbme work

antent nead tn Arive the camnrscenr and tha tharmal afficiancy ars to he dstermmes
UH‘P“I LD W WAL E YWY LA \.vulyl\.-:avl ARAELE LdA% RN L BRRAV A \luhlkll‘_‘ AN T L “lklluulk“

Assumptions 1 Steady operating conditions exist. 2 The air-standard
assumntions are annlmahli- 1 Kmetic and notential enerov chanoes

2000 210 etiaiie, O IO QL0 PRenClllial Kl E Y LAals

are neghgible. 4 Al.r 15 an 1deal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005

kIkg'K and k=14 (Table A-2).

Analysis (@) Using constant specific heats, 580K

-

AR 100 300 K1

G =h3—hy =c, (G -T) }—— T3 =T, +aplc,
=580 K + (950 kJ/kg )/(1.005 kI/kg -K)

-1k (1 04714
r3|—j =(15253K) = —8748K
5\

Wea =hy =l =c, (T, T} )=(1.005k)/kg - K 580 —300)K = 2814 kl/kg
Wi o =17 (13 —hy, )=11rc (T — Ty, )=(0.86)1.005 k¥/kg - K)1525 3874 8K = 562.2 kl/kg

o Weim  2814klkg  _
LIlus, Now = = =aU.170
Wrom 022 klkg
(b) Woet owt = WTout —We i = 562.2—2814=2808 ki/kg

. Woetonr  280.8 kl/kg 20,69
- = = 2¥.0%0
T ga 950 klkg

9-82 A gas-turbine power plant operates on the simple Brayton 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.



Solution A 32-MW gas-turbine power plant operates on a simple Brayton cycle with air as the working
fluid. The mass flow rate of air through the cycle 1s to be determuned.

Assumptions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic
and potential energy changes are negligible. 4 Air 15 an ideal gas with vanable specific heats.

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

Analysis Using variable specific heats,

hy =310.24 kl/kg T

N=OR == p _15546

P,

. =?—p,l =(8)1.5546)=12.44 — hy, =562.26 kI/kg
1

P,

hy =932.93 kT/kg

Tj. =900 K —— Pr3 =75.79 310 K+

L
P, =—P, =
P

Wost oot = Wl ot —Wein =71 (hy =hrg, )= (hy. =Ry )/ e
=(0.86)932.93-519.32)—(562.26 —310.24)/(0.80) = 40.68 kl/’kg

W peom 32,000 kI/s

Woetow 4068 klkg

1 (75.29)=9.411 — hy, =519.32 ki/kg
8

and H =

~786.6 kgls

9-83 Repeat Problem 9-82 using constant specific heats at room
temperature.

Solution & 32-MW gas-turbine power plant operates on a simple Brayton cycle with air as the working
flmd. The mass flow rate of air through the cycle 15 to be determuned.

Assumprions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic
and potential energy changes are neghigible. 4 Air 15 an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJVkg'K and k=14 (Table A-2).
Analysis Using constant specific heats,

P, el 0414 T H
rh:rl[ﬂ-] =(310K)8)"""" =5615K 900K 1
_P_,_ lk=1)/ k 1 0414
| 75 =T3[F3J =(200 K{E] =4968K
Woetont = Whouw —Wem =Nr¢p (T3 =Ty, )—cp(To, =11 )/ 71 30K
= (1.005 kJ/kg - K | (0.86)(900— 496 8)— (561.5-310)/(0.80) K :
=325 kl/kg

Woetout 32,000 kJ/s

m= =
Woatowt 323 Klkg

~984.6 kgls



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

Solution Regeneration increases the thermal efficiency of a Brayton
cycle by capturing some of the waste heat from the exhaust gases and
preheating the air before it enters the combustion chamber.

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

Solution  The extent to which a regenerator approaches an ideal regenerator 1s called the effectiveness &£
and 15 defined as £ = Grypen act Tragen, max

9-93 An ideal Brayton cycle with regeneration has a pressure 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.



Solution  Ap jdeal Brayton cycle with regeneration 1s 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 is an ideal gas with vanable specific
heats. 3 Kmetic and potential energy changes are negligible.

Properties The properties of air are given i Table A-17.
Analysis Noting that this is an ideal cycle and thus the compression and expansion processes are isentropic.

we have

hy =300.19 KJkg
h=30R—p _1386 .

P
P, =—P, =(10)1.386)=13.86 — h, =579.87 ki/kg

rs

hy =1277.79 ki’kg
T; =1200K — _

P, =238

Py
Pr‘ =?

3
Wi =hy —h; =579.87-300.19 = 279 68 kJ/kg
Wr o =03 —hy =1277.79-675.85=601.94 kl'kg

B, =[%](233]=23_3 — hy =675.85 kl/kg

Thus.
Wit = WT o —Wein = 001.94-279.68 = 322.26 kJ/kg

Ao, £=100% ——  hs=h;=67585k)/kg
Gy =Ny —hs =1277.79-675.85 =601.94 kl/kg

_ Wae 32226klkg
e = T 60194 kike

53.5%




