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P3.1

Temperature, T’

:ﬂ

Specific Entropy, s

Conditions at 1

py =0.5bar; 4, =81.3°C; v,; =3.239m’/kg
hyy = 340kK/kg; hyy =2645k/kg; 51 =1.091KI/kgK; s, = 7.593kI/kgK

Conditions at 2

P, =20bar; ¢, =212.4°C; Voo = 0.09957m’> /kg hf2 =909kI/kg; s, =2.447kI/kgK; 54, = 6.340kJ/kgK
Conditions at 3

Py = 20bar; s, = 6.340k)/kgK; Ay =2799kJ/kg

Energy added: g,, =#; —h, =2799-909 =1890kJ/kg
Conditions at 4

_ 6.340-1.091

©7.593-1.091
hy = xhy +(1-x)h, =0.8073x 2645 +(1-0.8073)x 340 = 2200.8kJ/kg

Conditions at 1

Py =0.5bar; s, = s, = 6.340kI/kgK, thus x, =0.8073

_2.447-1.091
_ 7.593-1.091
hy = xhy +(1-x)h; = 0.2086x 2645 +(1-0.2086)x 340 = 820.8kJ/kg

p, =0.5bar; 5, = 5, =2.447kJ/kgK, thus x, =0.2086

Wyt =510kJ/kg
T = 510/1890 = 0.2698 = 26.98%
Carnot efficiency, 7, =1- 5 o NS 0.2700 =27.0%
VY 4854
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P3.2

Conditions at 1

py =0.5bar; £, =81.3°C; v, =3.239m’/kg

Conditions at 3

3 =20bar; t; =2124°C; v,3 =0.09957Tm’/kg 3 =909KI/kg; 55 = 2.44TkI/kgK; 5,5 = 6.340kI/kgK

Temperature, T

o3

S,
/Qout

Specific Entropy, s

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

0.5-0.4736
0.578-0.4736

w, =-0.1030x107 x(20.0-0.5) = -2kJ / kg.

hy =342Kk] / kg
Energy added, g, =h, —h, =2799-342 =2457k]J / kg.
Energy rejected, g, = —h; =340-2200.8 =-1861kJ / kg.

Thus efficiency, 74 =1- Gow _ ;1361
Gin 2457

Alternative calculation, 77, = Yoot _ % =0.2425=2425%

m

Feed pump work, w, =wj, =-vdp. v= {0.1029 + x 0.0003}x 102 =0.1030x102m> /kg .

Hence

=24.25%.

Back work ratio

=0.0034 =0.34%

W,
Camot ry, =—2=——=0.147=14.7%
wr 59

The high value of ry, for the Carnot cycle shows that it is very susceptible to inefficiencies in the
pump, and turbine.
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P33

Recalculating P3.1 with 7, =0.8 and 77y = 0.9

= ~§(§:§_ =-110.25kJ / kg; wp =0.9x598 = 538.2kJ / kg

W

Temperature, T

o3

Specific Entropy, s

= 538.2-110.25 =22.64%
Thus 1890
110.25

o =202 20 48%
wb = 5382 ?

P3.4

Temperature, T
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Specific Entropy, s
Recalculating P3.2 using 7, = 0.8 and 7y =0.9
2
W, = o8 =-2.5kJ/kg; wy =0.9x598 = 538.2kJ / kg
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tions
- 5382-25 ~21.81%
Thus 2;959—342.5

=23 0.4645%
"W = 5382 *

P3.5 Lenoir engine cycle

Pressure

Volume

Conditions at 1 p, =1bar;4 =15°C;T; = 288K

Conditions at 2 p, =10bar; T, = 2830K

Volume at 1, ¥ =(0.287x10° x288) /(1 x10%) = 0.82656m> / kg
Expansion ratio, r, =V, [V, =V, /[V; =5; p; =1.0506bar.

PPy 10x0.82656-—1.0506x4.1328]_1_(f_
x-1 04 10°
=980.92 kl/kg

Conditions at 4 p, =1.0bar;V, =5/}

Work done in expansion 2-3 "2

Work done in compression back to 1, w=1.0x(0.82656—4.1328)x10% =-330.62kJ/kg
Total work, w,,, =980.92-330.62 = 650.30 kl/kg

Energy addition, g, =c, (T, -T;)=0.7175x (2880 —288) =1859.76 ki/kg

. w 650.30
Thermal efficiency, 7, =% = ——"-——=0.3497 (34.97%
Yo =0 " 1859.76 (3497%)
P3.6
% 2
&
3
1 4
Volume
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Conditions at 1 p, =Ibar;# =27°C;7; =300K
T, =T + %2 ~300+ 1%
19 0.717

v .

Conditions at 2 p, =5.65 bar

=1694.7 K

Expansion ratio, r, =V; [V, =V, [V; =3; p3 =-§;1§;-=1.214bm.

PaVs — D3V 2(5.65x1.0—1.214x3.0)195_)( RT,

W3 = sx—L
i : -1 0.
Work done in expansion 2-3 K ) 4 100 p
= 5-02><—2—813@;°—x19T =432.22 kl/kg
1.0x10 10 :

Conditions at 4 p, =1.0bar;V, =3V,
Work done in compression back to 1, w=1.0x(1.0-3.0)x R 102 = ~172.2kJ/kg
¥4

Total work, w,

et

=432.22-1722=260.02 ki/kg

P3.7

W,

met = Wa3 + W3,y

o e DRSPS R(5,-T)
3 k-1 x—1

. (x-1)
Net work done, W = I pdv=pw h{l’;_] =RT, h{b_) =RT, m(!&}
3

V3 V3

_R([-T3)

T,

Pressure

—

Volume

Energy addition, g,, =c,(T -T,) = Bg’;:i@
K-
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L .G

Hence =]-
= s

P3.8

Pressure

Volume
Energy added: ¢, =c¢,(T,-T,)
Energy rejected: g5, =c, (5, -T)
Net work: w,,, = ¢, (T, ~1,)+¢, (T, - T3 )
Thermal efficiency: 7, =2 = o(B-T)+e,(R-T) | x(5-T)
in &(h-1) (%-1)
o PP R(B-T)
23

-1 K1
Ws1 =P1(V1 "V3)=R71(1“7§/Ti)

Calculate around cycle:
p, =1bar;; =27°C =300K

" Energy added, g, =2000kJ /kg
T, =T + gy /c, = 300 +2000/0.718 = 3085K
Py = pi(T3 /1) =1x(3085/300) =10.28bar

(e-1)/x
T =T2[-’33—] =3085x(1/10.28)** =1584K
P,

1.4x(1584-300)
(3085-300)

Waet = Tinin = 0.3545 %2000 = 709k / kg

Hence, 7, =1~ =35.45%

The following solutions will just give the values at the salient points: no calculations will be shown.
The Rankine cycles applicable to the early solutions are shown below.
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Specific entropy, s Specific entropy, s
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P3a. Cradihons ak ).
p = OIBkar, & = 5398 ; Uy = \0.02MVke ; Uy, = OJOU—(-?f(loz
W = 226 k/Isg; by, = 2598 K/ I3 §=OTsSIKY/kgk 7'
- =5,- 861 KJ /gK.
Corndidaons ak 3.
Pz = Polar; by = 212.4%; Gy3= 0.0285]M¥\g; W, = 909K/
S, = RLA4H] WJ/RgK, =gs = 6.34c K]/l
FE(G"PAM'P wWorle (}DP =2 Lﬁ.\‘z = ""U'an 2
U= o.laled 4 0.15 -0.1233 = O.10\43xI0 ma/‘ﬂ
O.1S5]4 — ©.(233
Tws We = W, = —Vdp =—0.001613 x (20-0.15)=L.011]/g
Hence, h; = 026+0 = 208 \J/\q
Conddkons ak 4
Py = Qobar; ty=20.4T; S, = 6.346\J/kq K ; b= 2Te2KT /g
Conduions ok & <
Po = O.15ar; Sg9¢= 8.0(\g/\<51<;s§6= o’.‘]SSl kJ/(gK
b, =E398% ; Wy = R2kI/kg; Woo= 2598%T/kg

Taus
WK = ©.34c ~Q7]SS! = 038
8o — alss|
giing g = hy + g (Mg —hg) = 2%+ 07]638(2528 -22¢)
= 252KJ/\g

Nek Noﬂc/daa.e/\a:) wrbne pPlank
Wege = (hy—h) + 0’\" )
=(2]99 —052)—- 2 ="]H4 \J/kj
Bregy odded | qi, = (y—h,) = 2799 —228 = =] KJ/\g
Hence . Ny, = Uner = T4 = 28.94%

Yein nsh
Could @lse ke calewlaled as zth‘:- | — Gou
Fin
ea Ou- |- he—h _ |- 8% - 26.97%
G 5]

Te. Gamet cycle e:@(fdencﬁ bebseen trse bV kempechwes
wWould e Degenp = 2124 — 6395 = 30.65%
(212. 4 +273)
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P3)o. Th Wie quesbon bie skoam is Superheatsd B 4dece @
an et b hrease e Myress ok paib @.
Condibons o =skzkz podts |, D, 0nd 2 ore same as @ P32

Canoubons o 5 ore superhacad
Ps= Rolbar; bg = deo'e; g = 3248\%]'/‘%) 55“—'-‘26‘<3/1<j

Cmdibons ok & Pe = O.15bar; té =539
KN, = 1126 - 0755 - 0&B2 (dymss has been

d.0 — o ss wWiproved)
Mg = b + Xe (Mg~ hg ) = 226 + O.B[82x(2520 ~026)
= 2309 KJ/q

Heace  aek Wore owlpuls , Wage = (hs-he) « (h-h,)
= (3248—-239) -2 = 9 IJ/kq.
Enengy added b \orkeag flauid
Arin = hg - h, = 3408 - 228 = 300okK/kg
Heace. Yy = 93] - o.3le2 = %\.02_‘2
2020
Gosncke efficiencsy @ \ese \empenhures
Qosmet. = | — T = \= 3262 ~ oSiH= SL4R)
T 13
Mean bemperotie. . \aok-(eremy ) adddon
Ta = bg —h, = 3248-02928 - 44 k.
Sg —S2 1.126 — oSS!
Mean temperobure. of heak (eremy) rgjecton
Te= 73+ 539 = 369
Tus Camdk effciency bawd on Tyoat T is

D = 12T = I- 3%9 - 270k
T 4]+

Hencey, Come eFF\Tc.a\'cn;;:)LL based on mean empenbwes ic

same_cs ocual ey e Ciencey
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P3 j Sicarm brbine Wik rehe s
-4

N
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A\
yau AN

8

%5
The fonk end of e cyde tp shalz pr 4 and S is =same as
w P3lo.

Sz poils & B B qrediflereak:
Evponsion B b & ie fom Dokbar b lobas.
Heace stale. pont & s Fé-.—.\obar,- 5G=’].\%\§j'/(<5\<.
Tus s\oiz. pouk @ is WU superhaokeah and £ =300
Hence , We = 2052KJ /g
ond WL = U8 — 250 = leck]/
Rereal ol isoleas fom G b | ok [Okov,
S podk [, Py = okar; by =40
hy = et /g ; =q=T464 KT/ g k.
Hence g = T.4eH— 0SS = ©. 924
8.0l - o155

and Wy = 0% +0.9047= (2593 -2%) = Lo /\g

Teus Blad Work oukpuls ; Wael- = Wgg + Wqg+ U2

=190+845 —2 = c29K]/kyg
Tl enemyy adaded) ai = (W=, ) + (hr=he)

(3243 - 298) + (3264 —3¢52)

|

Wear = (03D = 32.14‘2
Fn 3030,
Reheat ‘\as wippwed te dyness of e skwam ond e lemol
e—«f‘c{eﬁ@
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