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ENTROPY

Example 4.1:

| kg of steam at 7 bar, entropy 6.5kl/kg K, is heated reversibly at
constant pressure until the temperature is 250 C. Calculate the heat supplied,
and show on a T-s diagram the area which represents the heat flow.

Given Data:
m=1kg T1=650°C s1 = 6.5kJ/kg.K P1=P2 T2=250°C

Q=7 T-s diagram?



ENTROPY

Solution:

At 7 bar, 5, = 6.709 kJ /kg K, hence the steam is wet, since the actual entropy,

s, 15 less than 5.
. ' .
From equation (4.12)
51 — & 6.5 — 1.992
X, = = 0,955
Seen 4717

Then from equation {2.2)
hy = hgy + x By = 697 + (0,955 = 2067)
1.e. hy = 697 + 1975 = 2672 k] kg

65 6709
Specitic entropy (Kl kg K)

At state 2 the steam 15 at 250°C at 7 bar, and is therefore superheated. From
superheat tables, h; = 2955 kJ kg
At constant pressure from equation (3.3)

0 =h, — h, = 2955 — 2672 = 283 kJ /kg
Le. Heat supplied = 283 kl 'kg

The T-5 diagram showing the process is given in Fig. 4.9, the shaded area
representing the heat flow.



ENTROPY

Example 4.2:

A rigid cvlinder of volume 0.025 m* contains steam at 80 bar and 350°C.
The cylinder 15 cooled until the pressure is 50 bar. Calculate the state of the
steamn after cooling and the amount of heat rejected by the steam. Sketch

the process on a T—s diagram indicating the area which represents the heat
flow.

Given Data:
V1=V2=0.025m3 P1=80 bar T1=350°C
P2=50 bar X2=?

Q=7? T-s diagram?
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Solution:

Steam at 80 bar and 350°C is superheated, and the specific volume from tables
is 0.02994 m? /kg. Hence the mass of steam in the cylinder is given by

T
EO bar
/\ 50 bar
0.025

= = (JB3IS k
"= a0s - DB ke / 2

For superheated steam above 80 bar the internal energy 1s found from
equation (3.7),
B0 x 10° x 0.02994

H|=h1—ji|u1=2m— ]ﬂ]' =m_239.5

e u, =27505k]/ kg
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At state 2, p, = 50 bar and v, = 0.02994 m?/kg, therefore the steam is wet,
and the dryness fraction is given by equation (2.1)

v; 002994

Xq o —

v, 003944
From equation (2.3)
uy = (1 = x)uy, + Xy, = (0.242 x 1149) + (0.758 x 2597)
ie. Uy = 278 + 1969 = 2247 k] kg
At constant volume from equation (3.2),
Q=U,—-U, =mlu;, —u, )= 08352247 — 2750.5)
LE. Q= —0835x5035=—420kJ
ie. Heat rejected = 420 kJ

= (.758
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Example 4.3:

Air at 15°C and 1.05 bar occupies 0.02 m”. The air is heated at constant
volume until the pressure 1s 4.2 bar, and then cooled at constant pressure
back to the original temperature. Calculate the net heat flow to or from the
air and the net entropy change. Sketch the process on a T-s diagram.,

Given Data:

T1=15°C P1=1.02 bar V1=0.02m3
V2=V1 P2=4.2 bar P3=P2
T3=T1 Q=? As=?

T-s diagram?
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Solution:

The processes are shown on a T-5 diagram in Fig. 4.13. From eguation (2.6),
for a perfect gas,

002m* 42 har

L _ PV _ 105 x 10° % 0.02
RT 0287 x 10* x 288

2 1.05 bar

= 0.0254 kg

(15 + 273) 3
m JNK 1

Temperature /(K )

where Ty = 15 + 273 = 288 K.

A &y ¥ ¥

For a perfect gas at constant volume, p, /T, = p,/T,, hence
3228 ok

z

From equation (2.13), at constant volume
Q=mc(T; — T,)=00254 x 0.7I8( 1152 — 28E)
Le. Q= 1575k]
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Solution:

From equation {(2.12), at constant pressure
@ =mec(Ty — T3} = 00254 = 1.005(288 — 1132)

therefore
Net heat flow = Q.2+ Qs 3 = 1575 - 2205= =63 k]

€. Heat rejected = 6.3 kJ

Referring to Fig. 4.13
Net decrease in entropy = 5, — &, = (5; — 5;) — (5, — 5,)

Al constant pressure, dQ = mc, dT, hence, using cquation (4.8),

L5232 yme dT 1152
mi s -—5}=I —-—--—-———[J'ﬂ‘*ﬁdxl'l:ﬂixl( )
P T e T 288

= 00354 kI/K
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Solution:
At constant volume, dQ = mc, d T, hence, using equation (4.8)

152 e AT 1152
mis, — § J=J‘ Y =0.0254 x 0.718 x In(——)
PV e T 288

= (0.0253 kJ /kg
Therefore,
m(s, — 5,) = 0.0354 — 00253 = 0.0101 kJ/K
Le. Decrease in entropy of air = 00101 kJ/K
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Example 4.4:

Dry saturated steam at 100 bar ¢xpands isothermally and reversibly to a
pressure of 10 bar, Calculate the heat supplied and the work done per
kilogram of steam during the process.

Given Data:
X1=1 P1=100 bar T1=T2 P2=10 bar
Q=7 W=?
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Solution:

The process is shown in Fig. 4.15, the shaded area representing the heat
supplied.

=

g

=

231+ 273)
£ = 554
&

=
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Solution:
§0LU Tion,

TN Since we Yo Tk A1om Embrop eacodim aus® |
V- s emenyy  esyvaskion Fe

Q’: T(Sa ‘81)'—-‘7@ G+ W= ch—-LL, = (M= ((l(;z-—-ul)-'ﬁ—’@
WowW  Lyom  Steam  Tables we  hane

At ,Dz:: [60 boay &:.&ﬁ:tfﬁé/gkj/kak y 7;::3//06

At State fort @ Ta Skam # sm Super hasded Stoke . Herree
53 f’ﬂwI&YPOWI"VLg' bjw .350°c omdl 3T ot @:/o}wf;’?}"é’”%

Sa-F-124 _ 3i- 3
F.3ei—=F 124 380 — 3

=> 83 = 7124 +p-0389Yy =F- 163 LT
el kg ic
= Q= T(2-8) = (Bu+233)(#163-S.61S) = SBUAI-SYF=Qodkk]
; - 5 |
Nann = i n . d |
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Solution:
Now q%ou‘m ii/mm Qteovmn Tobler e hawui; e '
At B = o baw ;W= Uy = 2.§u§uj/,<ﬁ '
Avo AL Pa=tobay = Ta= 3P "'Pyd l'w-\e/frooom'm

Mg = 9‘—"10“/‘ _ 30-30v

28F5-34W 360 -2q,
=Y W= Ua-U)-Q = (281:8-26uS)-qol = 3663 -9ol=- €3},

L\rll
: d
= Werlke dome By The Steam = W = + 63?‘21‘3'/1((7, |

= Ug =379k +(3:92 = AQ(\~ 8 &\T[ka.
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Example 4.5:

0.03m® of nitrogen (molar mass 28 kg/kmol) contained in a cylinder
behind a piston is imitially at 1.05bar and 15°C. The gas is compressed
isothermally and reversibly until the pressure is 4.2 bar. Calculate the change
of entropy, the heat flow, and the work done, and sketch the process on a

p-v and T-s diagram. Assume nitrogen to act as a perfect gas.

Given Data:
Vi = 0:03m> S G2
no 2 .7 e
M= 28 k&}kmoj w _ 0
fl = 10S by 0
- ?
_]—| - '5&33881(

——

2 =T =1SC=288k



Solution:

\\§\\\~:\{\\\\¥\\m- -

ENTROPY

/ f;?mr.

108 x 10° r __I ;
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Solution:

SoLuTion; gthe Process v gl o P- dicgram omd T-S
oho\%/ya/m o5 Shovow  abone fre(;ye)gema—,ua Te work (v J?L(:a‘ and
Heod Qu!apﬁx‘enl f)’eA}ocuh'u*dﬂ. e we Ynow Trod-
R = _,LE_ = ﬁ%i%ﬁ; 24?—Nm[1¢81< 5 m= AV (- eSx(eS)owe3)
w KT 24+x238
Naw S — 8§, =m Ca-8=eom R In( i \. 44
) _ <?é >- (6:0368)(29%) fm[’__ﬁ] ’

r Sa =St T~ 00UIRI6 KT, =D G-

a

o»~0369!? ;

. Sa= 0.015)4 9Tl
Naw Q= T(S-5) = (238 )(-0.0i516) = — 4-3% L
e ok "TQ.J()QL««‘-@(I[ = W = 4N T T :
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Solution:

Siwee tof gm  coThermal  process Qv o f?ewf]ed—amo e _[ano;\
A+ W =0 = -43F1T0=0 = W= 4.37 LJ
Ypaze,  worte Input = W= 43T 1y
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Example 4.6:

Steam at 100 bar, 375 "C expands isentropically in a cylinder behind a piston
to a pressure of 10 bar. Calculate the work done per kilogram of steam.

Given Data:

A = loobor
T, =33Sc

Pa = lodar

W= 7 =

wy
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Solution: .
Sinee we  wnow  Thak from  Seom Tobles:

At A= lobar 3 T=3RST 3 Si=Se= CAITgK

: e 3 fia
=30 kT 3 B = 000453 mP{lg

\
™ LR

SN ai
U\ = l”l" P\q}l = 301?‘ = (lbmuo )(O oglu§3:)= 24:""'}‘6/1?.
162 .

LA LR %g:é»éqwmka < = 6586 Lt - Hema \j
The  Ateam 1. into Wak  YLHem . New. from Stevm  Table) |3
T s { | e
= 182z S, + XSy, D 6ol = 2138+ a (U uug) H xg=0-889
Uy = Xaug, - Nl = Cl—o'88<})(?652)+('°'=88®(51§8a)5g>38|'6%
N ,’imf am  0diab akie PmceM %Wm Mon fblmﬁ @“&%a €9y:'
= work dme By Tha Sem= W= +%ﬂo.1kzm¢a,
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Wﬁ‘ In " vecdprocatiny ampreserr g a ﬁéy,ﬂ@ycd‘ym , :
/,’JW% /Z:Q, 9’651/26/)’&/)77‘ A (;{Jﬁ \g’w{’—(,'am-{@( ot Z.0f 224/)” a;:/ ¢
L ‘lﬂﬂ ”m(ff i) C"/mlb e a”‘f“ s Comm /7re/9m/ vever e |
acconcling to paly trepre faw PV = emo;fm?f\ o (x‘ fi‘@i -a
p " sl Ooleulocte Mi Qlu;w\ae, ) Sﬁemém anidio i L,,,,,Ldi
W process vwng T Tle @) frofer die ) meprigerant |
below, inten fﬁQm;!ﬂ«_a w here. MECQMME] , ,:

e ,
SATURA TIUN VflruJFS ' SUPER HEATED qu;s f\c P:tobﬂ, |
& e ) - S |
L by | mPleg | ealigle] wPhg | Wl |
2.0l 0-09#8 | L H8T | 010289 _lsHEeh
lo | 0:0302 | 17633 | ¢.833 [ F84F |
R e ey o N

\ o
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g«.vw DATA: A

Pl'—‘ 2.0l b //F\ S
g 2 P

Pa:.\o&ﬁ /

4
14} |
P = comstamt - /

gg— 8|:? /
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Solution:

M Faom \Tmywé’k& Tolle o}) ﬂn()d%t‘/)b&ﬂl‘" we e -

A Ratiotbar = G 8 8y 2 1189 g Ve s 0.0098 )y

—

)
v A i "‘ l" X '/l" . /f"
Snea P\ Q}, = P)lt = ’LC};-_ - fl_ .:> (_v:’_-, o ﬁ_ => 0_2'1__ {&Eﬁ) ::5']2:0'0938£
’U‘H f’;,l N Fa o118 \ (o l‘f]

Since After Com pression The frebﬁae//wmli/a in QUFE’/XMQI ede .
So By in'\e/{\?o%d’im in Qo P@YW‘“‘ vegion  we haws;

al —_— 0’0&&9 < :
A'k ?} = \c boy b r\}}':.o cQagm%( £ %;-\’43’6% - 10333 935>S;=\-77Cﬁ
| a [ FBUF—-TS6U 0 0ABD o gy

Now ' Qa~ Sy = I» FHod— 1:F184 = 0 6S1S 'k_\”kak ] '
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EX/?M/'L[#4 8! Culedate The Chamge o emtrefy 4 1’?3 ‘7‘””'
Wc?mPICW m (‘ﬁllfmde/f be/:/ﬁa/@, /90;‘:%4 77,,,,)
éazﬂw omd 550 € LoSbar- ke index % e/)ﬁ/‘fws/mmz

Guen DATA: L Clrk 08,4 =
mm = il% @/ A B

P = & 3bar Y A/

T = SS0C=823k /
R e d P

1-‘5'

Mm =

A TEEL L s e,
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'M Snee WJL \,,«nmg 'u&,d- .'[Kb Q-I:\OW\Q)G 1 w%ka " .

Sa- 8- o [R]+ [ 8] —0

New - 1 = (AW @32\ £.3 5
L [T 22 e e oaei

New %a ?wb\w“na ol Vveduen v @Vuo\h‘m@ um hae 3

Lot By = [t € Qm[ ’*”] o 0 BIRD Lv»[éfgfj = 0:098 kI |leg -

823

Hewer  tnhareane Em.bnodaa,: Sa~-8 = o«oa(%‘lﬂ,j}kla'k,
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Con ber i 'cf)(/'[/(:’ ( omolar gnass 44 ka }kwdf
% compreed  fm  Abar, 1S, untid T frvre S8 3bay
ovd T valuwme % Hher a-0047973. C’z.u’@u(’w/e xS c-/zowlye 4
Elry)'bfr)f'/,. Talke qﬂ ff/f Coxlen?  djoxade. o 0:88 24(7—/127 K, a/np/
Mﬁm (k-mfé;w olinide to be o //c' )Z’/«f ﬂ"”'

EXAMPLE# 49 0108k of

Guwen Data
mscwgua

M = 44 ua],o,m; |
fi= 1bar

o= 1_52’,=5l%8"
Pa = '%-‘6 ban

éf) = 0'88 k—J)lLﬁh
Sa- S22 7
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DSOUTION! Sines e mpw okt The Qb\cwtat m @leof()w 3!\,074\‘?

S2- %= Cpm [—%]+'@M Y%] @y

: VO L
Sinca & %72? ptdll LA

%fmc.e . M\LY\C/N | TRod fm( o ’Peﬁl %M
,,GPQ?VA Z’W\QTa' = Ta = ?9\\/7- —_ (8‘39<|0g)(0‘0°q) = 236\ Kk
" mR 0-05 X189

Med 'y fkivg Qb valuss in eq® we hews

w

Sa- 8= 083 mefééig +0489 In| L1 = oe 1FU)—02lio =— 0227
A3 33

Hev

e Decveare M Q/V\f\'ﬂ)‘\?‘d = ga"gl: o+ 2289 lﬂ(T/f(ak



ENTROPY
Exercise Problems: 4.1, 4.2, 4.3, 4.4, 45, 4.6, 4.7, 4.8, 4.9, 4.10, 4.11,

4.12,4.13,4.14,4.15,4.16,4.17,4.18






