
Chapter 3 Solutions

P3.1

Conditions at I

A =0.5bar; fr =81.3"C; vrr=3.239m3lkl

h11 = 340k.Kkg:' hg = 2645kJ/kg; sn = 1.091kJ/kgK; s"1 = 7.593kJ/kgK

Conditions at 2

pz=20bgr; tz =212.4"C; vr2 =0.09957m3/kg htz =9flgkl/rgt sf2 =2.447WlkdK; s"2 = 6.340kJ/kgK

Conditions at 3

Pt =20bar; sr = 6.340kJ/kgK; 4 =2799kJke
Enerry added: ezt = 14 - lk =2799 -909 = 1890kJ/kg

Conditions at 4

pc = 0.5bac 14 = s3 = 6.340kJ/ksK, thus.r4 = #*#i = 0.8073

h4 = xh, +(l- x)hy = 0.8073x2645 + (1- 0.3073) x 3,+0 = 2200.8kJ/kg

Conditions at 1

pr lt.5ba6 sr=s2=2.447ilrkgK, thus.r, = ffi=0.20g6
h - xhs +(l- x')h1 =02086x264.5 +(l -0.20s6)x340 = 82O.skJftg

Qar=ht-4 --l380kJ/kg
woa =5l0kJlkg
q& = 510 llg90 = 0.2698 = 26.980/o

Carnot efiiciency, e* =r-!=t- ?11'1 =o .2700 =27.0o/ou r, 495.4
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Chapter 3 Solutions

P3.2
Conditions at I
pr =0.5bar; lr =81.3"C; vrr=3.239m3|k'e

h1=340kK/kE; hg =2645klkgi s4 = l.09lkJ/kgK; s"1 = 7.593kJ/kBK

Conditions at 3

h =20bar; 4 =212.4oC; vp =0.09957m3/kg hp =9091lJkg; sr3 =2.441kJkgK; s"3 = 6.340kJ/kgK

Many conditions remain the same as in P3.1: note change in state point numbering.

Feedpumpworls wo =wt2=-vdp. v={o.torn*ffffr*x0.000:}xr0-2 =0.1030x10-2m3/kg.

Hence, 
wp = *o. 1030 x to-2 x (20.0 - 0-5) = -2kJ / kg.

lh=342kJ lke

Enoqgy added, Qn = ht - lh = 27gg -342 = 2457kJ / kg.

Enerry rejected, Q^,t = 4 - 4 = 340 - 2200.8 = - I 86 lkJ / kg.

Thus efficie ncy, 4tr = 1 - 4*t - 1 * W = 24,25o7o .
ein 2457

Alternative calculation,, * = ? = # = 0.2425 - 24.25%o

Back work ratio

Rankine ,*=!t= ,!=o.oo34= 0.34%wr 598

Carnot ,* =-b=-!l =0.147 =14-7Yowr 598

The high value of r*6 for the Carnot cycle shows that it is very susceptible to inefficiencies in the

pump, and turbine.
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Chapter 3 Solutions

P3.3
Recalculating P3.1 with ?p =0.8 and r,t =9.9

88.2
!r,r- = -- g -l 10.25kJ / kgi rt = 0.9 x 598 = 538.2kJ / kgp 
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538.2-tt0.2s
O* = =22.640/o

"* =ffi =2o.4tYo

Thus

Specific Enffopy, s

P3.4

Recalculating P3.2 using ?p = 0.8 and 41 = Q.!

)
wo = -Urt' = -2'5kJ / kg; ltr * 0'9x598 = 538'2kJ /kg
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Chapter 3 Solutions

538.2*2.5

Th* 
?* =ffi=2r.tro/o
,*=#.=0.4645vo

P3.5 rrnoir engine cycle

Conditions atl pt=lbarilr =l5oQ;4 =288K

Conditions at2 pz=lQbari 4 =2E80f

Volume et l, vt= (o.ztz * t o3 x z*t) f (*l 05 
) = s.g265 am3 / t<g

Expansion ratio, 4 = Vz I \ =Vn I Yr = 5 ; pt = 1.0506bar.

*--: Pzvz- Ptvt -(t0x0.82656-1.0506x 
4.1328

Work done in expansion 2-3 
*" = --;:i:=,:

) tost-
J to'

=9g092H|kg
Conditions at 4 p+=l.0bar;Vt=5Yr

Work done in compression back to l, w = 1.0 x (O.AzOSe - +. 1328) x 102 = 130.62k1 lkg

Total work, vna =980,{2-330.62 = 650.30 kJftB

Energy addition, Q n = co(Tz - Tr) = O -l t75 x (2380 - 2S8) = I 359.76 ktkg

Thermal efficiency, q,o =*n^ - 6!9.'39, 
=0.3497 (34.g7yo)'tt' e,n ltsg.16

P3.6
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Chapter 3 Solutions

Conditions at I pt=lbar;tr =27"C;T.=300K

Enerry added, en=erz =1000 kJ/kg

L =f,,a9)L=300+ 
lM 

=16g4.7 K
cv 0-717

Conditions *.2 pz = 5.65 bar

Expansion ratio, 6 = Yt lVt =Y+ lYr = 3; pt= F = L2l4ba^.

v, _ pzvz_ p* _f s.os*r.o_r.zr+,.9.0)#,.#

work done in expansion 2-3 
nzt - ---f,1- - t' a+

= 5.92 * ?!7' 3oro 

" # = $2.22 ,rll*g

Conditions at 4 pn =l.0ba\Y+ =3Yt

Work done in compression back to 1, w = 1.0 x (t.o - :.0) * ff 
,rc' = -172.2kJ/rig

Total worlq wnet = 432.22 -172.2 = 260.02 kJ kg

Thermal efftciency, o* =ff = ffi = 0.26M2 Q6se/o)

P3.7
W* = lo7i*r4\1

*rr=ry=ry?
Net work dors' p:r = |ouu = * r[f) = 

^n 
r[f,) = -n r[e]

**=*?.nrt,.-rtn[f)

!)L.
a
rt)
0)

n{

Enerry addition, Qn = c,(Tz -47 = &:Q
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Chapter 3 Solutions

Hence, ,"=t-ffinft

P3.8

Enerry added: qp = c"(72-Tr')

Enerry rejected: qu = c o(Tr -fr)
Net work w,o = c,(7, -ft)+ c o(ft -fr)

Thermal efficiency: r^ =n*' ="'(r' -Tr): "+V: Tt)

4n c,\Tr-Tr)

o)

rtla(l)
k
F{

-1 *F -4')E4
u,-- : P2v2- P3v! : R(rz-\)
"zt ----lll- --r_l
wrr =A(vr *nr)= R7lft*filf)

Calculate around cycle:

4 =lbarit1 =27"C=300K,r 
Enerryadded, en-2AAOk-I lk1

T2 - \ + qj^ lc, = 300 + 200010.718 = 3085K

rz = m(r, 14) = I x (30s5/300) = 1e.2s6*

r, = rr( +\'-"'* = ro*, * (yto:t)o 2s 
= 1584K" 'lpz )

l.4xfl584-3oo)
Hence, ?6 =l--(Joi;-35qr =3s.45o/o

woa =?.mQa = 0.3545x2000 = 709kJ/kg

The following solutions will just give the values at the salient pointsr no calculations will be shown.

The Rankine cycles applicable to the early solutions are shown below.
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P3.s. &na^i,".,e ab l.

p, = o.lBb*.; U = 53.9Eb; Usr * \c,'cl2*?b )V"€,a @.tot.fr(lf
'vk 

= Dze W/t3) hr,: lseaeln;cg=o.lsst$€K lt€
crvrdnLo,ns -t g. €t- Ect w/[gK'

P3 = ?cl,ori bs = 2r2.4oci Eaa o.oE9sl*YB i hf"= scat{/g
sfs= A4rq\j/\K; fts= 6'34t K7lgL

fiadgu*p tnl.cfu b)p : g*!ra = -tr+
\I. = O-tet,* -r- o.l5 - O.tA33 =

-Tlrrs tr\ 9

Wen flur* l- W,
%t^

\rla-(arncf %qV .fi-oienqy
(

would ; 2*n* -

o.lo1a13xr6=nfg.

Heo'e, hz - eWu-+0- : 22EW/Y
Gn"l'$ons ak 4

p+= Q.w; b+= Dr9.4'c ) s+* 6.34o q/qKi h+= D.lFr.lTl3
&.ndrliotrs ab, C

Pa = o.lsbqr i aea= 6 .o l4/l3Kisk-= 0:1551W/bK
E6= 83."6b; hf,.: LV-W/*; \*= 2s36k.-J/4

J-tr,qs

4 +. G.349 - o.lss! > o.l6eE
6.or - o.JEsl

a,^rir5 h6 : hf. + x+Qh%-ha) : L1L+ oftSa(ZEBB - DDA

- 2osa UJ/V
N["b Worlc-aa as--Vn b,"L"L danb

t^sn* : Ch"+-hA + (rr,- hr-)

-- Q-l"t - !osl) - 2 - 14+ 4/\
$€q"1 oddzd , q,l^ > (trn-tnr) =. A1W -2Q{ - 2B-lt 4/3
H",rt- \Lt -- q,t- : 1+r : Aa.g+%

C^*,rd areo #*r^i=i= lue I - !p.+
*rt^

=! t- W a Li.E'A
25lt

b4b^t€rr Wu tt^r6 b^get-h^tcs
ztr*.+ - B3.g
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P3.to. $ bns .**eu." ve"staan ts er^Tedranua b .Aeo"c .n
qa effinf b ncrease- Vra- {$uss -b pnt ca.

G"dt^$!ans ab- sta}re- podrts l, L, c.na 3 oft-s,a.nt,z- as tn P3."

C"arratttans olt 5 or<- gu,pertc€,tsC

ps= Qo|*-r; bs = 46L; hs : 3248:qJ,/3, ss:l.t%kl/Ej

2e* @ = o.a]sz Ggn.o:s t''es ee^
Q.or - o.-15s wigravcd)

h6 * h{6 + Xs (vrS.- h+") - L2to 1 o.?5fS2;(2E€6 -QQG)
=_ Z3oe W/y

Helce-- nzL WorL- o".h*l; , S,.au - Chs -h6) + Ch,- h.)
* (Ba4a-2soe) * 2.r: eel tz1/\.

hgg add€,ct b Wor{aq3 tu".,id

ai^ : hs - hz : 3'lnE - DaE =' 36Lo1F.J/4
h^L Ztu: 311 - 

o.3toz = 3r.of), 
I

Gne e€Cie,=3 Q, t6ese-* tcn'rpea*,nqs

2e^r*a =- I -T: = t- 3W
G 613

1'{earr kuperoU.ce- -T tn@t-Gn€€J ) -aa*an
T. = bg_3 _ sd+s - azs = q+ k.

ss, -€r 1.lQG * olJsst
wlearr lt-lpenrb,rc- of lrestr (1en*S ) Ad"An

T.: 43 * 53.3 =--noa.g* -T,,.{Jr eocrl* effidcn13 *eA, a{) \ an-t f, is

l- : t: & =- r- lg9 c ar.1e.2.
T. 4l+

Vleg*l Cafn-b &e;strc|. bag.eA c ^ rv\csn kgngeatf-es is

=io./vr<-cs 
achea-t qy&-=S*cn3

* O.Sl4rl= St.elOl
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6tcd,\^ b^rhni hi{fr ecab

6

P3. tt

-Fz- 'C""Jr d oF be c5or<- b €}iFn ?V 4 a^.t 5 is 
=c.r"tz- 

qs
tn P3.to.
%b?o*t= G Fa't

BbG

<r4d hE

lrrfoil<-dopr-
Ttt,'ts bbl

ar€_ a@-re*.
is G* 2obar b tobas.

Henea-<'lz)e- ?.^b 6 is ?a= tobari s2 :1" 1126 6/ r3'Y.

fuicc-, ha : 3o52 q 13
a^J udsg =. 324-A - %bQ: lq-l$:/V

R*zaY % i<.^!as Gm 6 h5 I ok lo-l@.r.
C?fzP"dL J-, Pr =- tobarl tr = {coe

\7 * 346+q/\i i1 *1.t164tJlC"t<.
Hencn-Fa a- 1.tle4-- o.-lsS : o.32Fl

E'ot e o.15s
: [9E {-o."a+Jx (2sea -[2a) : \*reglb

= dso + U\e* ui;a
=' [96+ 445 -2* (h>- hr-) + Ctrr-ho)

=- (3&{-E- 2?8) + (ser-* -3c82)

li,^.r harvvraf &le;en5 ,

Ke*eaV hag rrviprurrcd hr- {grtrss oC &e.

&acty

, U?B * hr- hu *
kJor+e- cr'*tpr-^tr, t^5.t.e,L-

3L3,2l4/tz

2U - &Jn4t 
=L

47ru

_ lc,l"uJ/z

r€ e 3Dr47
323e
€Igarvr ar,-l tfte bAr"LoJ
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