9.13 The pressure and temperature at the beginning of compression of an air-standard Diesel
cycle are 95 kPa and 300 K, respectively. At the end of the heat addition, the pressure is 7.2 MPa
and the temperature is 2150 K. Determine
(a) the compression ratio.
(b) the cutoff ratio.
(c) the thermal efficiency of the cycle.
(d) the mean effective pressure, in kPa.
KMOWN:  An arr-standard Diesel eycle has a specified stafe af fle

btachmh? of compression aud o known Pressure and
femperature at the end of heat addition.

LD Defermine (a) Hha compression ratio (b} Hhe cuf off ratio,c) the
Hermal efficiency, and (d) Iﬁe, mean efFective pressuve.
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ASSUMPTIONS: See Exampled.2.
ANAYSIS: Begin by #ixingeacl.- principal state i +he %cle (Table A- 22).
efel: T,2300k, p295kPa D u, = 24,07 KT/kg , V, 2022, P, 213860
Sfafez: For +he isemhropic compression
Pra= Fr, (_"’;;'.] = (1:38,0) (-’;—“59—) = [05.0Y
Taus | Ty = 46K | v =26193 , hy= (022,82L3 (kg
fafe 3: 7,=21S0 K, p;=1100 kPa > hy 224403 (g ) Upy 2 2075
state Y: For the jsentropic expansion

SR/ c S’ /W0 r R X TR T
v, v T ¥, T Up, Ty 20723 218
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v, = .t%.;r,’ =22.98 =T =0k, u, = 785,75 kT kq
(@) The C.OMPf:GSSiO\'\ vatio is
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(b) The eutoff ratio is
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(€) The Hermal c HiCreney is
_ Wagdetm *_ (ha-hy) —tae- 8D
rk a.—,l‘“ h;'h‘_
(24403 - to2t.e2) - (1S, -214,01)
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(d) The mean efleckive pressuve is given as
Wu.jc.lg Waadz f\'\-'\
Voo Vy s (1= Vel

mep =

Ev&lu.ﬁ:h'uj T,

_RT Lﬁ%’ﬁ)(’ﬁoan) | kfa [to N m'
LN (95 kPa) 1Nl 1 kT
= 02063 m*/lkg
Thus
- (845,20 k3 /ks) Lo o | | kea
(006 =) (1= Yania ) P ks Hhio'w/me
= 915 Inl’::..___.‘.I mep

9.20 At the beginning of compression in an air-standard Diesel cycle, p; =96 kPa, V; =0.016 m?,
and T,=290 K. The compression ratio is 15 and the maximum cycle temperature is 1290 K.
Determine (@) the mass of air, in kg (b) the heat addition and heat rejection per cycle,
each in kJ. (c) the net work, in kJ, and the thermal efficiency.

IR OUM) : OP-mh‘vh date. are provided for an Ar-shandecd Diessl cycle.
Fi‘_ﬁ-'_b. i Dah’MM () Tha maasy of q.'o Ce) tha hiat addid ol and
heat rejochon per fets ) (o) Fhw wid wiork and Fha Fhereaed q_;,-u,,,‘?_
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9.30 Consider an ideal air-standard Brayton cycle with minimum and maximum temperatures of
300 K and 1500 K, respectively. The pressure ratio is that which maximizes the net work
developed by the cycle per unit mass of air flow. On a cold air-standard basis, calculate

(a) the compressor and turbine work per unit mass of air flow, each in klJ/kg.

(b) the thermal efficiency of the cycle.

EAS D B An idag) Cold air —F4mndard B\"‘.rfuq eycle Has Ko iwn
Padaimuns Gnd  Weg om Fetraperatures a potiure that Cofﬂlr-nni-a

15 dine apal Havie NEF Work Per Ut mar of  adcr flow.
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ASSUMPTLOLS: See Exawple 4.5

ANALYSIS . First, dedermine Haa unlewown temiparatures ot priacipal
states z aud Yy, From tha 3oluiieon fo Exawgle 9.5

b LM
fz _ [Tz |\ 2tks) _ 1520 \ adiy-1) 19
rfTr T - 300 = b7

where k=14 from Tn-fnt!_jA-zu. For +Hie senbropic Compression.
T~ (F) "7 =08
ond for Ha isewtropic expamsin
Ty = [-ﬁ;‘;}hﬂl Ty =610.8°R
(a) The compressor werl fov wak Wass of aw flowis
u-u—"\;.r"‘? = ha-hy = gty

= (1.005 /g )( (10,8 - 300)Kk = 372.6 ’_Lia' el

Iimilarly , Lor Ha luvbine
W__.:q‘b = Cp (T,-Tq.‘j 3 ‘
= (Loos) (1500 - p10.8) = 833.3 k‘i!;._.'4 4 | on

9.34 The compressor and turbine of a simple gas turbine each have isentropic efficiencies of 90%.
The compressor pressure ratio is 12. The minimum and maximum temperatures are 290 K and
1400 K, respectively. On the basis of an air-standard analysis, compare the values of (a) the net
work per unit mass of air flowing, in kJ/kg, (b) the heat rejected per unit mass of air flowing, in
kJ/kg, and (c) the thermal efficiency to the same quantities evaluated for an ideal cycle.



knowp : An aw-staudavd ges durbine wycle has a kwown amgressor
r‘csiurt. ratio aud specified watuimiuwa Gud waclag we uwa
rewperabes, Tue Crmpressor avd lurbine each have
1sewiropic ef(cicuncies of 82%.

Defevmine (@) +tha wet worlk per wwit wmass abar flow k)
ol () Hea

=il YivI
the heat vejected pev uit psss of air flow,
tharmal eficiency ol towpove Haewa to Mo sawe
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ASSUMPTIONS. See Exawple d.b
ANMNSLS . First, Fix eack of twe primcipal stutes £or cack wjcle using
Aata froma Table A- 27.

Slate. | T,=290k > h,=290.lc kI lkg , Pr = 1L.231|

Hate 2 First , dedermine b, . For lsenhropic cowpression

Prag (B/R) Pre = 147132 > h,g= 520,47 kT (ke
Using Ha compressor eiciendy; Me= (has—hi)/ch W),

ha = h+ Khiv%}ﬂzlw T/ kem
SHated Ty = 1400k => h,=15/5.92 kTlky , p., = 450,%

Statey First, detevmine hys. For iseutropic expansion
Prys= (F1P3) Ry = 37542 > hy; = 768.38 kT/kg

Using Hie Jurbine tﬁ-fc.icuoj 3 Ny = (h a-ha)/thy-hs) s
hl.‘. = h-b - ht (L‘ll— 1'!..53 = 34308 K:Ifkj

@) Tha net worle per un it mass of air Hnw’mg is
2t < (hy-hy)-Che-t)
= (15154 - 843.08) - (L23.v% ~ 290.16) .
= 335 6F T/ ey Weyde/ny
For the ideal r.n.ﬁn.lc
(Wegue) oy = (Ramhgs) (s b)) '
| = Q401 k3/kq Cgga)
Thus, irveversibil thies reduce fhe net work Significantly. '




(b) The heat rgjc.c'rul per Uit mass ofair -ﬁ{oww? is

Aot o W b, = B430F - 2906 =552 TiTlky,  Godh
For +he ideal chlc.

Q = - :

( tout) Gt = Mashy = 4182 LTl (e
Thaus | less heat s rejected for the ideal cycle.
(€) The thevmal efficieny ic

”‘q'—'ﬂt S5g2.7L
=~ ——— a2 |- — - -
=t Wo-ha (1515, - 623.7y)
= 0.3t (38%,) W
Tor tha 1deal udde.
W= - RusWe Lo ues (ugs ) (E3)
Wia- Ny - v

Thus, irveversibilities cause o substantial decrease i tharmal
efflcienay.,

9.39 A regenerative gas turbine power plant is shown in Fig. P9.39. Air enters the compressor at 1
bar, 27 °C with a mass flow rate of 0.562 kg/s and is compressed to 4 bar. The isentropic
efficiency of the compressor is 80%, and the regenerator effectiveness is 90%. All the power
developed by the high-pressure turbine is used to run the compressor. The low-pressure turbine
provides the net power output. Each turbine has an isentropic efficiency of 87% and the
temperature at the inlet to the highpressure turbine is 1200 K. Determine

(a) the net power output, in kW.

(b) the thermal efficiency.

(c) the temperature of the air at states 2, 3, 5, 6, and 7, in K.

ENOWN:  Tn o resenevatwe turbime power plaut, a hial pressuse
furinne Tums e c.oan:pussar u.r..j. M"hz.{- ’Emej oﬁ,d

1S provided by o low presium fuwbiue. ave kusus
at Various locations.
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and (€) dba Wpirathare o=t thaieg 1,56, 1.
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) T.= 300K

s
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shade.(z2) The tompressor | furbunes Jannd
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ANALISLS 3 Fll-"!r‘l'a -Fw: eacls of +He Pl'l-hf.‘upl.r shates (Table A - 22).
Aake 1 72300k > h,=300.19 kTlkg, py,= 13860
Stede 2.0 For aa itewtropic compression , p. .+ (PulP,) Pr, = 5,54y <r hul'ﬂtﬁ'ﬁ.g
Using Ha Comeressor effde ooy ,
lﬂ-l_g - 1ﬂ| -
hy, > harhe g-“ﬁ"—t_‘“—‘} 483,00 kTlky ; Ty= 451K <—
Shded: Te= ook => hy =1277.79 €T /ky
Slede 3: The work of ¥ compressor amd 1o high pressuve urbine
are '&:ﬂ-ﬂ- Twis; hphy = hy-hs < hs = (094,92 kTlke
From hurbine efficiency; hy-hs = g (hy-hgs) 3> hge = l0bT.59
‘Ttw.s, frsc = 122,86 aund pg =@r:.-.fr.-q) Py = 2,065 bars
From hg = 1014 a1 > Prg = 134, 7i¢ 5, T5 = isa3 K. -
Stale @: For isewtropic ex pausion Hhrough the (ow pressure +urbiine
Pres = (Pe/Ps)Pres = (Vapes) (134.704) = 65.237 > hes = 0164
Using Hea durbine eficiency , by = by =y (he-hes) = 922.2) kIlly
Stde3: Now, uning e regenerator eff ectiveness T = 310K a—

Viy= ke o hy *Neglhe-ha) +ha = 8783 lTlky |
fa T3= w51 K

ne =

Stale7: Appiyging Waic and €nersy rake balawcer 4o o Contwl volvuas
- tmchesing tins (Eqenerator, © = 'Llh"""!J - ELL-H-!) ar
hy= (b )4 g = 48300 -8 753 92220 = s1¢,97 lesles
= LI <40

Tha rat power oundput MMW Laf-}-u.._.'
low M srure Fur bimas
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9.45 A two-stage air compressor operates at steady state, compressing 10 m3/min of air from 100
kPa, 300 K, to 1200 kPa. An intercooler between the two stages cools the air to 300 K at a
constant pressure of 350 kPa. The compression processes are isentropic. Calculate the power
required to run the compressor, in kW, and compare the result to the power required for
isentropic compression from the same inlet state to the same final pressure.

KNOWN: Alr compressed wa o two-stage Com pressor with jutercooliing
between fhe stages. Operat h;a?r-ex:urrs and fewperatures are
ngn.

EiND: Dekermrine the powerto run the compressor and conpare s
fo the power required for isentropic compression from the same

ilet state fo +ird sameFinal pressure .
Compressor  Compresser  #2 = 1200 le P,

SCHEMATIC i GLVEN DATA stage s'.;p,e "
1 .
?| 2 3 - et
r Pz = [200 lkPa 3 G
Y
d \e 2 I«
e 2 B = 350 kfa Al ] Te - 300K
B 210 Wiy, | c
e — . . - kP - L ——— ]
=1 100 kPa ?
v v Qo

AsSUMPTIONS: Same as in Example 9.9,

ANALYSIS ¢ First, £ix each of the Pn‘nc:pa.f Stafes (Table A-22).
Sade [: T, = 300k = h,=300.19 kTikg, P. = 1.3860
Stafee:  po (R AP) pry = 46851 D he= 429,77 kT /kg
Stated: T4 =7, =300k = "'d = 300.19 kTllq , By = 1.3860
Stafe2: Pry = (P/Py) Brg= 4752 D h, 2H202( kT/kg

The mass flow rade ts

" JAV) R (10 mPmin ) 100kPa) ||m.‘,‘! 10* Nlm®
i |

UkT
o o )(ka\l bos|| 1kfa ulﬂ‘w«,: 0.1936 kyls
2847 kg K

The compresSor power is
Wc = v;.rc‘ + -.fuh = v (heh) hh(h,_—l-»d\

01930 <2 (42977 - 300,19 gl%;l + (0.1936)(¥27.21 - 300, 14)
25.087 kW + 24.891 Lkw = 49.68 kW We
To find the power o single stage of compression, determine hyas

Uouwss®

Pry= (P2/P) Py =10632 b |1 261065 kI/kg
Thus wc — WA (L«a-l/\.\ = k0. U e

The decrease jn power wita fwo-shage inbercooted Compression i
60.11 - 4968
eo.u

1|

oo reduchion

o, decvense = X100 =17.35% o i power




