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sketch the process on P-V di
-V d : :
of 100 KN/m. iagram. Both springs have spring constant

Solution:

Given, Spring constant, k, = k, = 100 kN/m
Initial state: V, = 0.002 m’, P, = 150kPa
Final state: Vi -2V, = 0.004 m*

| . V. 0.002 ,
~. Area of piston, A, =;’l“ == 0.00m"

Referring to the free body diagram of the
piston we can write equation for the pressure

inside the cylinder as
Pabs 2 Ap - Pntm & Ap +W + F,pﬁns l l

W Fen .
B L wi e
y £ AP Ap J [Pabsx AP
W

Initially spring touches the piston the piston
= () on the pressure

but exerts no force on it. Substituting initial state (BLioe

equation, we get

' - ;

| W

s Pysilim T A 150 kPa

s g
When the first spring gets compressed by 10 cm, the pressure inside the cylinder
is given as
Py = Py . st - 50 + K 50 L0021 = 150 + 1000 = 1150 kPa

TS A Ay p :

. Volume of air at state 2, (Vo) =Ap X (it x;)=0.01x(0.2+0.1)= 0.003 m’
| , V.-V, 0.004-0.003 .,
Final compression of the spring, X3 = -"'"‘“AP = 001 =0.1 m
then pressure of air inside the

When both the springs get compressed by 0.1 m,

cylinder is given as

. kix;  KoXs
- W Fyin kg, kaxs | KoXa oL B
P; ﬁm"‘ A, + A, 150 A, Ay A, A, Ay

100 X 0.1 _ {150 + 1000 + 1000 = 3150 kP2
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Solution of Fundamantals of Thermadynamics and Heat Transfer | 79

olution:
- ven, MAss of piston (m,) = 20 kg

rea of piston (A,) = 78.48 cm® = 78.48 » 10™ m*

=0.2

inal state: Tona = 400°C

(mospheric pressure (Pam) = 100 kPa

itial volume of the system (V,) = A, x 0.05 = 78.48 x 10” x 0.05 = 0.0003924

pitial state: X

inal volume of the system (Vi ) = A, * 0.08 = 78.48 x 10* x 0.08 =

00062784 m’ '
eferring to the free body diagram of the piston
e can write equation for the pressure inside the _ P.at . AP

cylinder as : l
\V mng | —--_. - Fu 'y ) s T

Pas = Pun +5= Fam T8 i o PN o I e B Dl
20 x 9.81 x 107 l Isz A
_ & P

Now. referring to Table A 2.1, Ty (125 kPa) = 105.99°C, v; (125kPa) = 0.001048
(125kPa) = 1.3752, v, (125 kPa) = 1.3742 m'/kg, -

3
m /Kg,Ve
= 0.001088 + 0.2 x 1.3742 =

-, Specific volume at state 1 (vi) = vi + X1V
0.27589 m'/kg .
Vv, 0.0003924
— —L e e |
Then. mass of H,O (m) Vi 027589
Vi 0.00062784
. Specific volume at final state (Vipa) = m ~70.001422 S

=0.001422 kg

Initial specific volume of system is 027589:!13/155
0.44142 m’/kg. Therefore, the system is heated until t
0.44142 m’/kg and the process occurs at cor stant press
2). Hence, we can define state 2 as, - wndih i

State 2: P, = 125 kPa, v, = 0.44142 mi/kg

Here, v, < v, <v,, hence, it is 2 tWO phase mixtu

given as vy e L n"!;{j' :
' 4 ‘. *‘. “ ot =

x=Y2mVi_ 044142 - 0.001048 _ 350

Vfg 1 3742

and, temperature at state 2 is given as
Scanned by CamScanner
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80 | Properties of Common Substances

T, = Ty (125 kPa) = 105.99° C 3
But the required final temperature is 400° C, hence it should be further he

increase the temperature from 105.99° C to 400" C and the pr OCES0, S
constant volume (Process 2-3). Hence, we can define state 3 as,‘

State 3: vy = 0.44142 m’/kg, T, = 400° C

Referring to Table A2.2, T,, = 373.98° C. Here, T; > T, hence it is a superhig
vapor. Then, referring to Table A2.4, specific volumes of su;-:erhegtedl V2
which includes the specific volume 0.3715m’/kg and corresponding pressure;
400°C are listed as |

' -

P,kPa | v, m’/kg
600 05137 | (a)
800 0.3843 (b) _ .

Then applying linear interpolation for pressure,

o
‘P‘J = Pa = (Vg)b i (Vg). [V3 3 (Vg)a]

Py -P,
v Py=Payt k-0, [V - (V)]

800 - 600 '
0.3843 - 05137 (044142 - 05137) =7LL72 kPa

=600 +

¥“‘;\5\> \;,m:i fkg

I VoSNg

Now, total work transfer is given ag
W=Ww,, +w, =P (V- V) +0= 125 (0.00062 -
25. A piston cylinder ar o8
; rangement shown :..

contalf:s 0.2 kg of water initially at“:l -

kPa? ?mh 4 quality of 40 %, Tp, sys |

Position where the piston jg e,

Scanned by CamScanner



Scanned by CamScanner




Scanned by CamScanner



Scanned by CamScanner



DA | FIePSI T e

3/1- !
— J.m XL\ =

b) Total work transfer is given as
W = v\/i’ T V‘-"«-._ =P, (VZ il V!) % O = 1000 (002463" 009852)
=.73,89Kk]

28. A piston cylinder arrangement shown in figure below contains 2

water initially at a pressure of 200 kPa and a
temperature of 50°C. Heat is added until the piston
reaches the upper stops where the total volume is 1.5

m’. It takes a pressure of 600 kPa to lift the piston, o -
Sketch the process on P-v and T-v diagrams and mi
determine the final temperature and the work :
fransfer. O

Solution:

Given, Mass of water (m) =2 kg

Initial state: P, = 200 kPa, T, = 50°C

Final state: Vg, =1.5m’

Pressure required to lift the piston, Pz = 600 kPa

Referring to Table A2.1, T, (200 kPa) = 120,2:
compressed liquid. Then, referring to Table

2 €% 1) < Ty, hencerftd

o
!

. And, specific volume at final state (v,
 Initial pressure of the system is
600 kPa. Hence, during initial sta

ipplied to the system s
constant volume F
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86 | Properties of Common Substances

evice with a linear spring initially
pressure of 4 MPa and 500°C with the 1-nn’::| vo;:-;
being 0.1 m’, as shown in figure below. If t ;Mom |
at the bottom, the system pressure is 300 kFPa. M

system now cools until the pressure reaches 1000 u
Sketch the process on P-v diagram and determine. } 4

29. A piston cylinder d

(a) the mass of H,0
(b) the final temperature and volume, and
(I0E 2070 Bhadra) (10E 21070 Alhm

(¢c) total work transfer.

Solution:
Given, Initial state: P, = 4 MPa = 4000 kPa, V, = 0.1 m’, T, = 500°C

Final state P,y = 1000kPa
Referring to Table A 2.1, T, (4000 kPa) = 250. 39°C. Here, Ty > T, hence
superheated steam. Then referring to Table A2.4,v,=0.08642 m kg L%
. Specific volume at state | (v;) = 0.08642 m /kg

L PP

a) Mass of H;O = v, 008642 = 1.1571 kg

When the piston is at the bottom, we can define state 3 as,
State 3:V; =0m’, v; = 0 m’/kg, P, = 300 kPa
Using linear relationship,

V9=V
vz-v;=—,.s‘]—_;3;(Pz-.P3J

. v, - 0.08642 - 0
5 V=V (Pz Py) = 0+m (1000 - 300)

=0.01635 m /kg
b)  Volume at state 2 is given as F,la‘l.’-a
V, = v,xm =0.01635%1.1571=0 01892454'
And, temperature at state 2 is given as

T2 = T, (1000 kPa) = 179.92° C
¢)  The total work transfer is givenby - ‘.'

-

g

"51""‘1 )

- )|
W=w, =3 (P +Py) (V= Vi)

%4 "

rh‘

1
2 * (4000+1000) (0.01892 g, 1)
=~202.695K)J |
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Then, spring force is given by

B E Foi ™ Pupnn * Ay = k |
N (‘nmprcsnlun ot spring (x) = &“““:-iéﬂ - lOOx:36%I767 ‘
=0.01767 m g
Thus, volume at state 3 is given as -.-
Vy=V, + A,,x “0.015 4+ 0.01767x0.01767 = 0.015312 m’ g
And, specific volume at state 3 is given as :

th %\1 {()l ::(Il;i‘lr:, 2076 m'/kg.
Rchrrlnp. to Table A2.1, v, (200 kPa) = 0.08859 m’ /]\g Here, v, > Vi hencen
4 superheated vapor. Ith referring to Table A24,

specific volume

superheated vapor which includes the specific volume 2,075 m fkg

corresponding temperatures are listed as

Uy { i
IL,°C | v, m'/kg

1
]
||

600 2.0130 (a)

650 | 2.1287 (b)

Then upplynu:, linear interpolation for lemperature

1 o Tosl
BT = e vpn V2 = (VR

TyaT |
T =T b 0 L
| i I 0 | ( V,\:)'Il - (\,”)a [V3 (V-g)l]

630 - 600

=600 + 51587 2.0130 (2.076 - 2.0.13 |

a)  The final temperature, T, = 627.2:
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a1 Mumrical Problems

1. A control mass containing 0.5 kg of a gas undergoes a process in which
"' there is a heat transfer of 120 kJ from the system to the surroundings.
; M‘W ﬁi‘t{lie system is 60 kJ. If the initial specific internal energy
d‘ﬁeiﬁl’eﬁ‘h mn kJ/Kkg, determine its final specific internal energy.

Given, Mass of gas (m) = 0.5 kg

Total heat transfer (Q) = -120 kJ

Work done on the system (W) =-60kJ

Initial specific internal energy of the system (u,) = 400 kl/kg

Final specific internal energy (u;) = ?

Total heatmfer is given as

Q=AU+W=(U,-U)+W=m(u-u)+W

or,-120 =0.5 (u, - 400) - 60

or,u, - 400 = - 120

. uy =280 k/kg

2. A gas contained in a piston cylinder device undergoes a polytropic
process for which pressure volume relationship is given by PV** =
constant. The initial pressure is 400 kPa, the initial volume is 0.2 m’ and

the final volume is 0.4 m’. The internal energy of the gas decreases by
20 kJ during the process. Determine the work transfer and heat

transfer for the process.
Given, Initjal staté: P, =400 kPa, V,=02m’
Final state: V,=04m’ A
Pwi‘l’elation: PV*® = constant
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Solutan

of Fundomenses
w

mwumu
g - W) = 0.5 (3072.91 - 2433 0935, -

sfer during the process s given ag
-‘ (P +Py) (vs - vy)

0 H*m)'m 85-08)=75W
54

)= 370 king

ot fer for the process is given by P/
w;gf J 7"377%

iﬂ is contained in a

- device shown in
utmuuum..a.
aﬂv'c.mimﬁﬂtu
- reaches the upper stops, at

i
3

' m&d‘ e !lhf vyt
mwmmmm-
. o 8 NG o vl L e ik B
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400 kPa, x; = 50% = ¢
=500"C

e/

0.001084 m'/kg, Vie (400 kPa) =

0 kJ/kg, T, (400 kPa) = 143 64°
* 1 is given by

+0.5% 17490 = 1578.97 ki/kg
OFthe system is 400 kPa and pressure
| mhmmmmw.wef- :
Aty although heat is supplied 10 the sysem, 5o process & sops
(Process 1-2). During constant volume heating, pressure of the
PINASO kI M&.Mme-manzu.

V2= 0231784 m'kg '

& Lk I v i 4 & '
o AZ.\, (800 kPa) = 0.2404 mU/kg.v,, (800 kPa) = 02393
01115m’kg. Here,v, < v < v, hence it is a two phase

i '._1

ratuse is $00°C '“‘gmmh
m 170.44° C 10 500° C and the process occurs at

AR J-:"- =

s L I RS gt WU i
e Table A4, v, = 04433 mkg , v, = 3126.1

WF
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Soluton of F

%w
Ll ond Mo T 133

s = 0.08 '
¢: saturated vapor

1;::: AZLP:; i?lﬁ:l kPa) = 0.001286 m'kg, v, (5000 kPa) =
5000 7.8k.l&3.u,l§000kh}-23965

)= 263.98°C sk
saturatec liwidmle,hmu.wenndeﬁnemls

286 m'/kg, u, = 1147.8 ki/kg
volur 2 at state 2 is given by

H‘l.w|w

== = 0.02 m'/kg
is heated until the piston hits the and th o
e of 5000 kPa (Process 1-2), 5o g et
define state 2 as
v = 0.02 m’/kg. P = 5000 kPa
‘hence it is a two phase mixture.

al state is saturated vapor hence it should be further heated
at constant volume (Process 2-3) as piston hits the stops.

e state 3 as,

kg
: Table A2.1, specific volume of saturated vapor which includes
lume 0.02 m’/kg and corresponding specific internal energy is
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_ Md'm“" n‘""‘ﬂqn._,

o Moot Tranler | 141

(V.Y
_.:r 2( [ v, };u«‘“.ﬂ}

e h[ lh-:,ﬂ'. T’j“w
potential energy.
Tt)’ (vl - Vy ) +0)
Ve

T+ (VT -V

'-.Ia.- 10’
__-+-%uo’- 100°)

)
=6.02 w.
at the inlet and outlet are given by
105 = 0287 m'Akg
- 00 - L1 m'Ag
i
o =017
2 06911 ¢

nlmumm-mamm
2 and 27°C and with 3 Jow velocity. Heat transfer
rbine surface is 1200 kl/min and the power output of
mmm—-nmumﬁ

Scanned by CamScanner



R o (1)~ 1518
1 Ihht: P| =4Mh'4000kh-\'(_1' ‘2{}’1}!
e 8L exit: P; = 60 kPa, x, = g59; - 0.85, "V, =100 mys
)=12Mw-—-12u10’kw

er afﬂmaggﬁgmin;w Table A2.1,
9 Kd/kg, hy (60kPa) = 2293 1 ky/kg, '
halp _dmauitofhbineisgimh
9 +0.85 x 2293.1 = 2309.035 kurkg
)43 (Vi - VT ) gz -2))

by - 2309.035) + 305 (20° - 100%) + 0]

-3‘-"4@-‘.‘—‘-‘!:"4:“ % . g
ow referring to the Table A 2.4, specific enthalpy of the
= Gl ~a o™ of o 0 Fises N s B
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denon J h‘ff.v‘?"wmm-

vl h\.
- f"""“ ¥ Ot Moy traneler 149

5 [(30227. 1330.4) ¢ o)

——

-. 2005 VT . 50%))
. 760191 mvs
: uﬁmofﬂwmm‘ummt’y

760.191 = 0.00082459 gt

k ters into & nozzle ¢ py
ty of 75 m/s. Steam leayes

o F2 = 80 kPa, 12 = 2000C
,;..;,""II_ |U :::lh“:l Determine the beat loss per unit mass of

erties of steam at inlet:p, - 1000kPa, T, = 300°C, V, « 75 m/s

&t outlet: P, = 80 kPa, T,= 200°C, V; = 350 m/s

ofllhleLufloﬂnleleAz.l.T..(la)
lere _T>T_.hmuhh|mpeﬂmdnpor.ﬂow.refuﬁngmthe

1 = 3050.6 ki/kg
of steam at exit, referring to the table A2.1,

n!-pHm.T>T-. hence ﬂnlwperhuteﬂ Vw.NOW,
.4, specific enthalpy of a steam at 200° C for pressure 50

| mﬂi iy o noitil

o

@
c
c
)
O
n
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Solubon of £

.?.'. ’. l, + P. e fP: - P.I
r m 2860 :
: ‘p'* i500-4{)0_l = 18549 ki1 kg

wwﬁ“ at outlet 3, ref;
: :mﬂ i €ITing to the Table A2.1, b (S00kPa) = 64038

Uh‘-‘*z-\-. Maly of .P_‘““
' 0

ot and Heot Transler | 151

eric air containing water vapor enters the dehumidifier

-nlmuunmrmm Heat is removed from
sses over a bank of tubes through which cold water flows.
ric moisture condenses on the tube drains from the
jer with an enthalpy of 34 kJ/kg at a rate of 4 kg/h. Air
has an enthalpy of 23.8 klkg Velocities through the
jer are quite low. Determine the rate of heat removal from
m meﬂgn

atinlet 1: h, =90 KVkg, i, =210 kgh

s g ) i .- -
ﬂate with lhﬁ y 4 my - (i) superheated water heater E Ixpad
. vapor
qftds:: oL PEOA:~ 0D 4 |
a erug. i
mine the Fatio, r N w (1) intoEquation (ii), we get
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- =5, 0 -= .‘="
kPa, T)=50°C =50 +273 =323 K

2000 kPa, Tgma = 500°C = 500 + 273 =773 1% me, (T ~ DI
2000 kPa, Tena K | X
he piston (Py) = 2 MPa = 2000 kPa N .. Total heat transfer f

1 Q=AU+W =668.7 +
£ . e ' g 9. Steam enters a nozzle
’ _ 400° C and veloci

adiabatic nozzle.

_ tem is 1000 kPa and pressure required 1o lifi the_*. m/s. The mass flow ra
e, during initial stage of heating piston remain stations in m’. v

L]

ﬁupp?leﬁ to rthe system, so process is constant volume ‘

i onstant volume heating, pressure of the system incres '
R i § ) - m_ i flow 31
ﬁ‘a Hence, we can define state 2 as §xen; Magh rae o

Solution:

== 64599 k = 372.99°C
c" X L=z P -
ure is S00°C, hence it should be further heated®  For other properties of steamat
_ € 10 500°C and the process occus® T, (1000 kPa) = 179
T0Cess 2 - 3).Hence, we an define state 3 28, referring to the Table A
" L hM=32638Kikg
 Now applying energy equais

BV e

| ._‘. s A

#! i
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e

iyl
L

LAY oxiots

g,gtnhmqt
A: Vi 360 = 10

Lo g

he (150 kPa) = 2693.4 kikg. Here, b, = g

V2= Ve (150 kPa) = 1.1593 m'/kg
Now, exit area of the nozzle is given by

M-%-%omzm m’
: :

%
=

RT; 287« 3197 = 1239
P~ vy © 074042 S
10. An adiabatic diffuser has a 11. Consider the piston/ eyl

of 200 m/s. The inlet cross sectional area of the diffuser jg 100 mpy' piston rests.on § TR
the exit, velocity is 20 m/s. Determine the exit temperature and pre - g the pletee

Of the air. [Take C,= 1005 J/kgK, R= 287 VKeK] (I0E 2067 Mangg volume is 600 L. The's
Solution:

at 100 kPa, 20% quality.
Given, Properties of air at inlet: P, = 100 kPa, T;

*

ir entering at 100 kPa, 300 K, with 2 vel

eventually exists ‘ay a8
pressure of 300 kPa to i
T diagrams and deters
heat transfer for o :_-.'
Bhadra)
Solution: -.:_" . ‘.'_'
Given. Initial state: Py =108

v| .." !

=300K, V, =200mg
Properties of air at outlet: "V, =20 nys
Inlet area (A,) = 100 mm® = 100 « 10 m’
Exit area (A;) = 860 mm® = 860 x 10 n°
Applying energy equation for an adiabatic diffuser,
l r T D | e—
hy-hy =35 (Vi3-V77)

For an ideal gas using h, - h, = (T2-T))

O B
S (TarT=5 (Vods Va2 )
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1y qnl ’(%H"?}
lu-

amuﬁﬁjﬂm. oia :

Iy Work transfer ﬂmngw;ﬁmpic expansion is given as
\ P V -P 0.0342 - 1000 0.
dus "ul"'?& S - e SEE Y
Changa in lm;mry during the process, AU = m (Au)
=ozn-1so=-32u :

A piston cylinder device shown in figure

“below contains 3.06 kg of air initially at a

“temperature of 34" C. Heat is supplied to

- the system until it reaches to a final

~ temperature of 950" C and a final pressure

~ of 5§ MPa. Sketch the process on P-V and T-

. 'V diagrams and determine the total work

~ transfer and total heat transfer. [Take R =
- 287 J/kgK and ¢, = 718 J/keK|

: Prn = 5 MPa = 5000 kPa, T,y =950 +273 = 1223 K

mRT, _3.06 x 287 x 307 _

f'the at the initial state, P, = i 0.1347

B
Al

(1'!-"':-

Total work transfer for the pre

W=Wp+ Wy =P (Vi-

Vi)

Total heat transfer for the proc

3. Water (2 kg) is cont

below. The mass
exists at a pressure
8000°C. There is a

the piston just rests on

inside the cylindi
process on P-v and

@
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10 Az.i. v/ (10000 m>-= 0.001452 m’/kg. He
“'wi‘w 'I'ﬁureﬁrﬂngta‘rablem
Compressed liquid which includes the
Wﬂw&:gspe_mﬁcmulmgmhmdas

m
0 Jomian

Now applying linear interpolation for specific internal energy,

- (uy), = {:,ﬁif((%f): [v:=(v),)

o ou=(u), +{ﬂ‘§%‘(ﬁ"; [va= (v

1073.3 - 975.55
=975.55 +m(0 001225 - 0.001199) = 1036 Il.llk.
P -vand T - v diagrams for the process is shown in figure below.

PXPa

“"‘.-l (vy-vy)
m ~0.04863) = - 948.1 ki/kg
_ ~h~mhﬂ.-

Wi =Qp-AU;; =04

AUq; = Qu - Way =500 -
Now for the complete cyel

IQ=1LW

or, 0 — 100 +400 + £

o Wu- 100 kJ

Applying control mass

E
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- .'l;' - I.T‘;%“ﬂj o i
. '1 .‘_"I.J, r' -at transi
-

(€)  Calculate net heat for the cycle,

(d) Calculate heat transfer for the process 2.3,

(e) Calculate the heat transfer for the process 3-1.

(N Is this power cycle or a refrigerator cyele?
Solution: A .

. L /

a)  During constant volume process 1-2 , there is an increase in interng] epee ;

hence it is a heating process during which pressure and tempermm3 '

£as increases. During expansion (PV = constant) process 2 -3, te

of the gas remains constant. e

volume increases and pressure da

During constant pressure process 3 -1. work transfer is negative, he - AUy, =- 140k

a cooling process. Therefore, its volume and tem N Then, heat transfer for

T - V diagrams for the cycle are as shown below. 3 Q5 =AUy, + Wy ==
P.kPa T°C Since net work is posif
Air flows at a rate of

kPa, 25" C, with a ve

with a velocity of
surrounding is estim
to drive the comp!

V.m? : S 2069 Chaitra)

Solution: :
Given, Mass flow rate of

2
Work transfer during process I- 3 is given as
Wi =P (V,-V,)
or, -56 = 100 (0.08 - V)
5% V'_; = 0.64 mj

Similarly, work transfer during process 2 -3 is given as

Properties of air at mlﬁt:ai

Bk IV ¥ 1 (Q62)_ 2
Wz =P;VzIn (Tf;)= P;V; In (-\—/3;)-—- 100 x 0.64 x In | 0.08) 13 .-

or. 140+0+ AUy =0

R = 287 J/kgK and
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B H-is--im-.-h.-e.a;-r.).m-umr.aﬁu..g. ;
5 W= Q- e, (T, -T) +3 (VF -V )]

== 24- 1.2 [1005 (423 - 298 ) + 3 (120° - 60°) = 10°)

=-181.23 kW

Specific volumes of air at inlet and outlet are given by ' .
f steam at inlet:

=B = A g = 045526 m'ke s n

properties of steam at outlet: Py =
RT, 287 =423

= = - ) > "\' -
V2= =500 % 10 - 0-242802 m'Akg power output of the turbine { Wy ) =
Inlet arca and exit area are given by ~ For other properties of steam at inlet, r
my, 12085526 . v, = 004174 m'/kg, hy =

— &0 =0.0171052 m
. For other properties of steam ‘
!h 1.2 = 0.242802 0.001084 m'/kg, vy (400 w- 4614
T -~ == 0.00242802 m' (400 kPa) = 2133.6 KV kg : “
Therefore specific volume and
h““mm&r‘nmh Vl'vt'*:"j"‘o.WImO“"‘ 6]

=Y

P | TR xh, - 60491 + 03521588
. %) Now, applying steady stale en

f!‘ i "| . Py 4 . o ;‘ »
—' -»ﬁ-\F AV A o QoW mim -k +3 OV

J

. 4 = ! - - W s - BL
.JE - , 00024210._%% Qov = W, + ity .

'mtnm"”

A=

ey Gevelags 40 MW of power output. Mass flow
_...‘Mdmumﬂ = T-2604 Mw
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perature of the steam.
tio °ﬁﬂ°‘ diameter to the exit diameter.

of steam at inlet: Py =400 kPa, T, =200°C, V, =50y,

Pmpeuuafsteamatouﬂer P, = 100 kPa, V, =75 m/s
.,Wﬂs of steam al mlet refemng to Table A2.1, T, [400

=0.5342 m’/kg. h, = 2860.1 ki/kg
" Now, applying energy equation for an adiabatic nozzle

—— 1
hi+3 Vi =h+5 Vo

e, sfh’hg’l' (VT -Vs3)=2860.1 +> (so* 75 x 10° = 2858.54 kilke

L

ng to Table A2.1, h, (100 kPa) = 2675.1kJ/kg. Here, h, > hy, it iS4
I steam. Then referring to Table A24, specific entha!py'

d vapor which includes the specific enthalpy of 2858.54 k.b‘ka
specific volume and temperature are listed as

=T
R

Then, ratio of inlet and exit

W Vv 75 053
e

flowing with a mass
vapor at 120" C. The
100° C. Determine the
supplied to the heater.

Solution:
Schematic diagram for the h

cold (D
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__":,,

' ﬁemlt T, =270 K and snpplles Q" to a room at T =

lllqe,q < Ny, hence it operates irreversibly
n=50%

l!enm < T hence it uperates irreversibly

each of the following cases, determine whether the cy

~ reversibly, irreversibly or impossible.

@ Qu=1000kJ, W =200 kJ

(b) Qu=2000kJ, Q.= 1800 kJ

W =200 kJ, Q. =2000 kJ

temperature (Ty) =300 K

(COP)wr =4

Here, (COP) > CO
COP = 8.6

Here (COP) 4 < (CC
Find the power
operating on a (
327° C and rejects

Solution:

Given, Higher temperature

Lower temperature (Ty)
Rate of heat input (Q,, ) =

Efficiency of the Carnot ¢

= —L_ \

Also, eﬂ'iciency of t!l_
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o the smk(o_L )=72 MJ/h =
hﬁmsme is given by

x 10°

60*60

kW =20 kW

- Now, efficiency of the |
- limits is given by

Neew= 1=
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l-lm suppllad to the engine is given as

Q, =mpx CV =0.5 x 42000 = 21000 kJ

Therefore work output from the engine is given by

W =1, * Q,=0.6667 x 21000 = 14007 kJ

12. A car engine having a thermal efficiency of 40 % produces 40 i

power output. Determine the fuel consumption rate in kyh.
calorific value of the fuel is 42000 kJ/kg.

Solution:
‘Given, Efficiency of an engine (n) = 40% = 0.4
" Power output of the engine ( W ) = 40 kW
Calorific value of the fuel (CV) = 42000 kJ/kg
Rate at which heat is supplied to the engine is given by
40

g LW
Q=" “0.4 = 100kW

Therefore, fuel consumption rate is given as

) '-.- Ql{ \ }
¥V 42000 420 120 k&/s =30 X 3600 = 8.57 kg/h

A car etlgule consumes fuel at a rate of 30 L/h and delwers "
output. If the calorific value of the fuel is 42000 KJ/KE®
£0.8 g/cm’, determine the efficiency of the engine. v

2 0 o8
L =380.14 " 28 £
M y

14. A heat engine has a sola
high lenperﬂln 0T
ambient at 30 C. " . qe
minimum size of the solar ¢

Solution: _

Given, Higher temperature (Ty

Lower lempcrawrc(-r‘_}sm o

Power output ( W ) = 2 kW S

Rate at which heat received by the eny

GZQk“’" > . b .I'
Efﬁcnenc:) of the engine is give .,';_- -
L5 _ . M e

Then, rate at which heat i is supp
V. 2
Q n 02425

Thérefore, the size of ﬂi_l

A—B&*___ 8.25 R T
qu 0.25
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s |  subsiting Tuintoc
i . o T, =0.75 x 400 =300
fheat rejected is given as : i 17. The difference

= Qu= W=36-27=9 kW =9 k/S =9 x 60 k/min = 540 Kifmin :ﬂ:di” d:.: -
inimum theoretical number of cycles per minute . temperature.

‘Solution:

Given, let the source te

respectively.

When the difference b

450°C (=450 K) then i

ideal engine has an efficiency of 25%. If the sink tem
ced by100° C, its efficiency gets doubled ,determine its
k temperatures.

le source temperature and the sink temperature of the engine be’
ely. Then its efficiency is given by
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S A _m inpnt of 2.5 kW and m
om ut:s' C which loses heat at a rate ,

_Pilding is maintained at 23° C by a heat pump when |
L nding temperature drops to -7° C. What is the minimum p

temperature (Ty) =23°C =23 + 273 =296 K
ture (Ty) =- 7°C=-7+273 =266 K

eat is lost from the building (Q,, ) = 30 kW

=20kl/s=20kW
=73600 o -g“r}‘

power required to drive the hy

: Ou _20 _
w= COP 5 4kW A1

oP ofthehw %

given by

T
lCOP)ﬂ.\FHP e T -Tg =5
Therefore, theoretical power
%
% (COP)iyie 1AM
a) The actual cost per day is
Conat = Wx 12x 10 =4 x
The minimum theoretical
Ca= W, x 12 x 10 = 1.6
b) The cost of direct elec
Coireer = Q,,x 12 x 10—- 0
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it pump having a coefficient of 50 % of the theoretical majy
ns a house at a temperature of 20° C. The heat leakage

‘occurs at 2 rate of 0.8 kW per degree temperature differe Lower temperature (T,) = 5°C:

‘2 maximum power input of 1.5 kW, determine the m ' Heating rate ( Q“ )=06 % g‘--.'
- surroundings temperature for which the heat pump will be suf]

Theoretical maximum COP uf heat
limits is given by }

T
o oS
(COP}mHP b Tige TI. 20!

: Again, COP of heat pump is g
ut (W)= 1L5kW N Qn
(COP), = W

maximum COP of the heat pump operating between the §
e Therefore, theoretical powe
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e P——

h-mun'c‘t. Heat must be 1ok
of 2.5 kW to maintain its ttmpeum ‘.

n power required to drive the re!i-lgentm

o ‘Temperature (Ty) = 22°C =22 + 273 =295 K.

re (T,) = - 20°C =-20 + 273 =253 K
wﬂ'omtlwdesrredspace(Q,_) 25 kW

Im is given by
253

‘,'f. . 'I‘; 305 - 253 6024

minimum power required to drive the refrigerator is given by

2.5
6924=0415kw d

r takes heat from a desired space maintained at -5° Cats
lemln and rejects heat to the surroundings at 20° C. M the

L1657 _ 53109 kW

W=TCOP) 536
7. An air conditioning unit ha
~ aday when the outside t
of heat energy entering f

from the occupants,
Determine the power r

minimum theoretical power re
Solution: e
Given, COP of an air conditioning
 Higher temperature (Ty,) = 35°C =35

imrmperamre (T =20°C
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S0 s

mwmhhm
mho'c.
- - the same power as ¢
:'ﬂ‘im&!mhaun

pr which the house can be mllmn' d

the heat pump is given by
Xy ' 295

'---ﬁv“-r,,.r._ sz 1

-mmmm(\'\f)ﬂi-'
‘When an air conditioning unit

summer:
COP of an air conditioning uni

Lower temperature (T, ) =22°C

Rate at which heat is removed

COP of an air conditioning
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. "hydrogen initially at m
system from a reservoir at 600

0 mtﬂmhat transfer | the o
i tofcntropy prndnced, -

Aass of H,O (m) =3
4 p =2 MPa, TI
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771 - 6:7651) - 288 - 7211 bk
? -\.
“cylinder device shown in figure below
1 kg of water at saturated vapor state $00
'a. It is cooled 5o that volume reduces to half of the
_uh because of heat transfer to the

ding at 20" C. Determine the total entropy
ed during the process.

AV, ’“mm.um of H;O (m) =~ 1 kg

MI state: P, = 500 kPa, Saturated vapor
3 * Final state: V, = 0.5 V,
'- ,‘«Wmn of the surrounding (T,,,) = 20°C =

- Rehinstou:e Table A2.1, v, = 0.3749
’ihg. u, = 2561.2 k)/kg

= 6.8214 k.lfkgh

m hlf of the initial volume and the process
- occurs at constant pressure of 500 kPa.
~ Hence we can define state 2 as,

10 the Table A2.1, v; (500 kPa) = 0.001093 m'/kg, v (500 KFalE
v, (500 KPa) = 0.3749 m'/kg, u; (500 kPa) = 639.84 Ki/Kg, Ul
4 k)/kg, s; (500 kPa) = 1.8610 kJ/kgK, s, (500 kPa) = 49
Here, v/ < v < v,, hence it is two phase mixture. Quality at st

iy
emin® " T,

Q. - (43338-68

.uﬁu"‘

KA piston cylinder device
shown in figure below

and 25" C. Huthtu

water reaches to a final “
Determine the total entropy

Solution: N ﬂ"!'

Given, Mass of H-O (m) = 0. Sks
nitial state: P, = 100 kPa, T, =

Final state: T, = 600°C, Prog =
Temperature of the source (Ti}-‘i‘

 Refering to the Table A2.1, Ty (1

T<Tu hence it is a compressed lig

”"’ not available in TableA2. 1

Kiikg

_!ﬁ. nfemng to the Tabla A
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wabvesh Saligity
2 )
1
'

»n

W' a figie Below
00 kPa with 10 %

is such that a
piston. Heat
at 500° C until

nine the fotal

i i +vontl
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3  Therefore, the net change ine
_ 1@5}.. =(AS), + (AS); =~ 1.2@9 i
39, Block A (m, = 0.5 kg, |
~ 0.5kJ/kgK) which are
brought in contact inside :
entropy when they reach te
-, Solution: 4
. Given,Mass of Block A (m,) =0.5
| Specific heat capacity of Block A
& "“_ - Mass of Block B (mg) = 1 kg
Vo . Specific hedt capacity of Block B |
5232 (1.8472 - 7.4648) - 1_153;—1592 ~16.1838 KIIK ' hﬂ'ﬂl temperature of Block A |
: Initial temperature of Block B (Tay).

* C is mixed with 4 kg of water at 20° C in an BLET. 5e the final equili
he net nhange in entropy due to the rmxingp --'ﬁﬂﬂrbed by the Block A, i.6

""*:-%9;-{'2?3 =293 Kol
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=2.091 = 1005 =

For reversible adi
SLAS=0

| 7 - (%)- - 0.1982 VK

S00 K expands reversibly to
' when it snder goes

@
c
c
)
O
n
S
©
@)
>
B
S
&
c
c
]
O
n




.;d \xitha velotity of mw'
Mm._tzoomandm"

at exit: P, =200 kPa, V. =150 m/s

i MA 2.1, 5, (200 kPa) = 1.5304 kJ/kgK, s, (200kRED

mm) = 7.1272 k)kgK. Here, s, > s, hence
. Now, . referring to the Table A2.4. specific entlﬂ

M includes specific entropy 7.3235 -'

ic enthalpy are listed as:
[y [ x|
.,. [3nss [7.05 @
| -m

Table A2 4,

-iﬂ L X ‘
B e = 67 S‘Tk.lfkg '»3‘

Given, wev = 650 kl/kg
Since(Wev)max = Wev, b rce:
Given, wey = 680 kl/kg

Since, (Wev)mas < Wey, hence th

Steam at 5 MPa and 400° C ¢
exits at a pressure of 400 kPa.
and adiabatic, determine t}

Solution:
Given, Properties of steam at state 1
Mass flow rate of steam (1 ) =2 k

Properties of steam at exit: P, = 400 kP;

Process: reversible and '{

- For other properties of steam at in
= 263.98°C. Here, T > T hene

“ ]=3195.5 ky/kg and's, =

&" entropy remains const

g 2 10 the T“. - ,. "l
..H'-)-s 1191 kJ/kgK
K -m

”'{'t', I o

E
c
c
)
O
n
S
©
@)
>
B
S
&
c
c
]
O
n




S
&
c
c
@©
O
n
=
@®©
@)
>
8
g
@
c
c
]
O
n



lauueoswe) Ag pauueds




U 06 2001, I :
. 8 ual ;l.".

n

ted turbine at 500 kPa and 527° C ,
etermine the work developed per kg o

an adiabatic turbine,
V2= Vs ) te(z-2)]

i - by = ¢, (T, - T,) and neglecting k.E. and PE.,

+0+0= 1.005 (800 - 540) = 261.3 ki/kg

AL
)

-~ Solution:

== ()

=(5:-5)-0=0.059725-0=
Since, S, > 0, hence the pro

. Air is compressed isothermally f

supplying 175 kJ/kgK of y
irreversible or an im

: ﬁh‘!n, Initial state: P, = 100 kI
Final state: P, = 1000 kpa

Isothermal (T, Lt v

steady state
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-—‘—'—'—————
;ﬂﬂ* 3247.5 - 3136,

(s
similarly, 52 = () * (), -
7.1269 - 6.9556
=69556 +3247.5 - 3136.6 109

 For adiabatic turbine, Qcy =0 \
 Mass flow rate of steam is givenby B

2 M!': and with a velocity of 300 m/s. If g Y
Sﬂ‘l  determine

ture of steam from the nozzle, and
‘opy generation for the process

— E- AVi gx10% x50 st
of steam at inlet: P, =4 MPa, T, =400°C, V, =50m/s =" =" 00734 =0.545

outlet: P, = 2 MPa = 2000 kPa, 'V, =300 m/s’ e : Therefore, rate of entropy genel
| I 1 ghz'(sm'sin}*z(%)

T > T, hence the condition of steam at nozzle in I "h(sz-sl)‘g-%_!=0-545 (7.0
Jow referring to the Table A2.4, y '

| <l 5. - .
688 kJ/kgK, v, =0.0734 m'/kg . (K eaters 4 conresg

f steam at inlet, referring to the Table A2.1, Ty m

volumetric flow rate of
Power required to drivi

. (a) the heat transfe

y equation for an adiabatic nozzle,

__. 2 2
2134+ 3000 (30° - 300%) = 3169 65

kPa) = 2798.7 ki/kg. Here, hy>
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24.7 - 3550.2] = 7.2097 kJ/kgK : to the Table A 2.1, 5 |

e . 5 (20 kPa) = 7.0747 kI
_ matmass is given by r 4 kl/kg. Here, s, < sy < S,
=0.3075 ki/kgK B > mixture. Then, quality .
°.C is throttled to the pressure of 100 kPa | |, y_6.7651 - 0.8321 .
4 ] 7.0747

:, specific enthalpy
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turbine inlet, refernng to the Table A2} 7 '

, T,,,, hence the condition of steam at

W“‘"B" .

. *_, 67.404 [(3433.9-2426. aat} _

wfm isentropic efficiency ef he

‘W, 50000

=W = 72163474 ~ 074387

5. Air enters a gas turbine at 1.
isentropic efficiency is 80 5&

| Solution:

Given, Properties of are at inlet..

_-Pmp&ﬂesofmratexlt P;=10

lmtraplc eﬁic:ency (Misen) = 8

Process: Isentropic (reversible and ¢
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ﬁ"”“’ Vu"'ﬁ =

'-'- Jﬂ.luﬁ,
“uum
..(.,--.l‘ﬂﬁpff:'ﬂi
o] % 743 * (313 -773) = - 34}
work transfer during the process is
:.w."'w:i =P, (V-V} +0

device shown in figure below contains l ;'3’.@459“52 - 0.918324)
gt & pressure of 250 kPa and a bt SERTRLIRS
: wc Heat is lost from the [ ~ §  Toul heat transfer during the
mmem 40° C. Sketch 11 | sy i
re on P-V and T-V diagrams and 3 8 Q=AU + w = - 34178 - 1142 % aaaal
J_‘_‘w H energy generation. Assume that ] sesnw «
irroundin, bﬂwﬂ [Take P= 297 J/kgK, C = “J "] Then change in entropy fonha

“'mln(-*) +mR | V;

=1%743 x In(773 +1 %207 % ? :

58,48, =.0.52323 WK
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4665 - 7.2338) -

2000 (100 - 150%)]

-69.95\ _ A

=10 MPa = 10000 kPa, T,

6.7561 - 1. 1454
6.3856

A _hsl’,"’hnh‘x =259.90 + 0.8

Now applying energy cquntmn

= W, - ) +3 (V2

Neglecting K E. and P.E., weget

Wy =10 % (hy - hy) + 0 +0 =10
& W= 11262.82 kW _
Again, specific enthalpy of ste:
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‘h&.ﬁ“k temperature of the heat enehi I | =3
ST atengineper |, =3690.2KI/KE S
jidaputand work output of the heat engine o Do p th!-E'EBG:::'OI))' remains
%s s = 7.7024 k)/kgK
. peferring to Table A2.1, 5, (9]
s‘(nga) =8.1852 kakgK, h}( )
Here, 51 < 52 < Sg hence the co
mixture. Therefore, quality of the
s;-5;_ 7.7024-0.6223
B s, 75629
Therefore, specific enthalpy of ste:
: o Ty = 3.2 Y % 9%
. temperature is reduced by 80°C (= 80 K), its efficiency UM x._llf."g A
g Now, applying energy equation for

W.“= ]h(h! - h!) =% (36%'2'L %
52526.092 kW

the heat engine is given by

Isentropic efficiency of the turbir 4

Wea=nirx W, = 0.8 x 25260
: ‘P""’ﬂ Output from the real t

. : r= ) ﬁ'ﬂi‘= m LT 7% AN i
Jine at a rate of 2 kg/s with P, =2 ME& 5 - Theref, o
) kPa. Find: oW
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f the water 1 is given by

315

x4.18x m(m

= =3zx4.18=tln %

=- 11857 kJ/K

1.34336 kJ/K

3500.9 - 3374.0
=550 - 500

+LL>.,_(§,;.

~ similarly, 2 = To-

7561 - 6.5971
16.7561 - 6.5971) (51

=65971 +7550 - 500
- -M entropy remains constanf <

is5; = 6.6289 kJ/kgK

Referring to the Table A2.1, s; (60

54(60 kPa) = 6.3856 kJ/kgK,

(60 kPa) = 359.90 kJ/kg, hy, (60

Here, 5, < s, < Sie, hence the

_. llﬁxture Then quality of steam
w=Slo8_ 6.6289 - 1.1454

% 63856
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‘e

. 333.33

m a quality of 0.96, is throttled down to 350

“of entropy per unit mass of steam. (10

at inlet, referring to the Table A2.1,hy (7(
6.0 kikg, 5 (700 kPa) = 1.9925 ki/kgK.S

1 Wi

py of mixture at inlet are givenas

L

5 +09759 x 5212963
=68151 - 651 :
-llm
- wmlud’h $
|'wulﬂm

o m
. 'y “ :
jven, mass of water (m,,) = l!l'

-wofﬂu(’f,,)- ”,.I

s of ice (m,) = § kg :

| lemperature of ice (T;;) = -21.

wifed for melting all i m !
0-Ty) + mL = 8x Oms

B “il.ble from water Mfm e I

(T..—O)— 12 % 42x(3¢.=, =

%€ all ice does not melt. v
aty ofm:xture watlb. ‘K
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v LT 2L v k
| claims. Determine whether 1}

.wﬂy or why not.

: hehuen temperatures 2000'(: ; §

1.2 I:W of power output consuming (),
etlnriﬁc value of 42500 kJ/kg.

pplies heat to a room maintained at 22°
1e inventor claims a work input of M

n the snmnndmgs is at -2° C.

tains -5° C in the refrigerator which is keptin

‘Femyerature is 30° C and has a COP ot&

" ':(com.ﬁ

.'f M Higher temperature (Im

- Lower temperature (T, ) =- 5°C

- COP according to the' !Iwmlbﬁt :

- Maximum possible COP" is

Tu-Ty
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L0 s ST

LT 'I’.!g‘.u ?"r‘i";_*_r:_ I

-

as a coefficient of performance that is §0% «
ltemmuins a hall at 20°C, which leaks tner

 difference to the ambient. qu

, ql;teﬂuine the minimum outside temyg
is sufficientSolution:

e (Ty) =20°C =20 + 273 = 293 K

489256 - 16.72 T, = 336 + 4.18
L2097, = 5787.7
T, =276.9234 K _
." in entropy of the water |

Then change in entropy of th
Jice
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d“ 8t exit is given by

ly y equation for an isentropic lu;bu‘
" _-,o'_,_-'-i,)-z-uoss.s - 2557.323) = 2214 266 kw
of the turbine is given by

, power output from the real turbine 15 piven by
D= = W= 0.8 = 2214.266 = 1771 413 kW |
'. Por er oulput from the real turbine 1« given o
L N b
: .’*-1 prefie, outlet specific enthalpy from the 1ca! 1urbi

-i. L 40335
1*‘“‘1 ” |, 3 .

1771.413

(¢) the cycle eﬂldnq
Solution:
Given, Properties at state I: P, = 100
Pressure at compressor exit (P,) = |

PAPa
.

hm“mwmmm
e 2 P, ~ 1000 kPa
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r enters the compressor

h a volumetric flow r
10 and the maximum
'. etermine: &
hel s (a) The thermal effici
sure (Py)= 100 kPa
T\ =20°C =293k

rkg of air (gy) = 800 kJ/kg
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er kg of air is the given by
<290)=271252kykg
per kg of air is then given by
2=455442 kl/kg

of work output that is consumed b

'z-n*—%%x 100% = 37.33%

Y the compressor

. 455.442 x 4. »
._ W*zlss.m kW

ton cycle has a pressure ratio of 12. The pressure and
€ compressor inlet are 100 kPa and 27°C respectively.

ure during the cycle is 12000C. If the mass flov

me the power output and efficiency | I

o

en(a) - T (%) -

'I _ﬁ,mbythemrbim"

wr=6 (Ta= Ta) = 1.005 x (1473 -
'w,,k consumed by the'mlﬂpl&in;

W =6 (T2 - T;) = 1.005 x (610,

- Net work produced by'lhe Yy

W =Wr —Wc = 752.533 - 311

Power output is then given by

W =wo x = 440.801 x 8 = 352

Efficiency of the cycle is givenby
14-1

Ii = -
= -l— : --]_.)l‘-— ! ‘:
1 "(:,, ~1-(12 =50.83%

5 A power plant operating ﬂ!&l
output of 80 MW. The m
tyele are 300 K and 1500
‘ompressor inlet and exit a

() Determine the ther
(b) Determine the power

O What fraction of

Compressor? (70,
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ser kg of air is then given by

500 - 705.709) = 798.262 kJ/kg
ssor per kg of air is then given by
7.656 - 300) = 339.344 kJ/kg

kg of air is given by

Heat added per kg of air per ¢
Q=c,(T5-T,)

X
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m ls tllen given by
(—L—) =624.537K

J pmoycle is then given by
(1200 - 579.21) = 623.894 kJ/kg
e per kg of air is then given by
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‘.ru w;_*
.H AP

" phade i
t9 u»!kra! @ L
R rl . I 1“‘ L

1012 (2000 - 32:3«)
S 9Nt Yo .n
of steam is given by _ K
9177 = 962.5823 kl/kg S| Applying
kgofslum:sgwenby ol ;,-w:(Pz -P)
342 -209.33 = 2.012 ki/kg ' h-h,*w (P2 - Py) =251.46
> the sm‘mundmgs is given by htigal r-253 4737 kJ/kg '_
823 - 2.012 = 960.5703 kJ/kg | suie3: P, =2000 kPa, T, =400°C__
| peferring to the Table A2.1, T,
| sasuperheated vapor. Then, re
7.1269 kJ/kgK :
Sate 4: P, = 20 kPa
For isentropic expansion process 3-4,s,
Referring to Table A2.1, s, (20 kPa

| WkeK, s; (20 kPa) = 7.9068 kJ/kgK.
mixture. Therefore, quality of mlxlm at s

oSy 7.1269-0.8321
o b 70747 LEee

Specific enthalpy of steam at state’d
h=hy+ Xohy, = 251.46 + 0.8898 x 2
Work produced by the turbine per |

: "r'*w;. =h; - hy = 3247.5 - 2349.07

(!i" J "

m eum; on a simple Rankine cycle bety
of . 2 and 20 kPa. The temperature of th
-ﬁmm and the mass flow rate of steam &

My of the cycle, and _
at of the plant. (I0F 2068 BAM <
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0 8 A5 b
X 30 1 #ﬁ'r" | u;.
'wj"‘ Bt 2 67 ;
.-‘, o ﬂ‘mmuﬂm“*

"ﬁ t:&hnpeutnn. i '

Miciency of the cycle, and iy
" hnhdm-

e (P;) = 4 MPa = 400 kPa
_ ' ,)-lom
n at turbine exit (x,) = 96% = 0.96
_nt'ihurbme(W} 80 MW = 80 = 10° kW

of steam at each state is evaluated as follows

= 10 kPa, saturated liquid

o Table A2.1, h, = hy (10 kPa) = 191.83 kJ/kg, v, = v, (wm,

) kPa, X, = 0.96

e Table A2.1, by (10 kPa) = 191.83 kJ/kg, hy ( 10 H""", :
0.6493 kJ/kgK, s (10 kPa) = 7.4989 kJ/kgK, Ty, = To i

n at state 4 is then given by
.96 x 2392.0 = 2488.15 kJ/kg

E — -
i .,ﬂ"‘ 7_’503 -7.7371

k‘I‘ (’)"’o) ,'J' &

f‘.f‘ i"\!il =
800-750 ;g0 ot

'r

4141.7 - 4023.0 SN
=MB.0+5 5505 - 77371 * (1-B4S2SS

=4118.526 k)/ke
9 The minimum boiler exit temperat
b Work produced by the turbine g
=Wy = h; - h, = 4118.526 - 2488.15
Wark consumed by the pump perl:g'_
W= W= h, - h, = 195.86 - 191,83+
Net work delivered to the surroundin
Vo =W~ wp = 1630.376 - 4.03 =
Heat supplied to the steam in the
W0y =h, - h, = 4118.06 - 195.

& Eﬂiﬂcncy of the cycle is ﬁvﬁ

-__q..\_!.. 1626346

392267 =41 46% . ‘-‘;'
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g = 173,85 + 08032
"-dm-sgivn

.5.09(31935 210:&.3.} .

"“ ‘ %

nminm P;—Bl\'lPa—SOOOLPﬂ.T:" | B work produced by ¢

ar outlet: P, = 8 kPa, saturated hqmd i T Wy -h, he = ll6$~60| -
o ifficiency of the pump is given by
.:i X

s -y

* heeh,
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s

iy 1 - v S

) s

*mmwwﬁ

Q'\ 1]

‘-.’-G.IT: T'-)"Q-’ _
:. wmeﬁcm } ycle

h_a-!‘(l)ﬂ ke (s)

;,,;soomnd moxum

T 300 ___SE
. RS e . o s
Bisma=1- 7, = 1 -T500 = SUNEE.

m for an uochonc heat addition
ate 3,

689.22 x ("i's'i’ﬁi) =2250K

e in the cycle (T.s) = T; =2250K

relations for an isentropic expansion 3 - 4, temperature st

‘.'I

process a,_

1% The compression ratio of an i
the compression stroke, air i
doubled during the comﬂ

(a) the heat added per, Iq

(b) the net work output p

- () the thermal eﬂicielcy."' A
| @ the mean effective pressure

o

“ven, Compression ratio (r) "%‘L“

ssion ratio of 8. The minimun
the cycle are 300 K and
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A= P,= 4850.293 kPa
Applying P - V and T - V relations |
| pressure and temperature at
ng of the compression stroke of an air atgm“ . (X}.)' s (V i
mwmon ratio of 16 the temperature is Eg Vs Va Ve

14
- : =4850.293 (—1‘3‘5) =263
-nd lﬂnperature at the end of each protm lf ‘ \

! efficiency, and

y ¥ Y
1. _(l) [u

Heat added per ke
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"':' et l:l._.'ll‘n [

“ ‘!10 M LT

 is a1 6500 kPaand 2000 K. Dﬂemhg_ i’
. 'y
ri:fﬂ
r'r.I‘},-r_,_-. |
".‘:.?\!J o

Lt

te 'P|“lePﬂ.T|—3OOI\
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the air enters the compressor
2 the compressor is 2.3 MPa,
cle is 2350° C. Determine: :

e at each point cycle
mrk, and cycle n -

E amwieds

”’ﬂh‘m
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e .. e o
= 2640 2264 kg

o B “mdnﬁf *

Pa, T, =290 K, V= 400 cm’. The maximem to
K and the compression ratio is & ve:

|
v q 3 - ‘
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.

or, 80

~ Temperature dllﬁm '(A'ﬂ-.
‘Heat transfer per unit area is given by

Q kAT _08x150

L e RGN ""_"ﬁ‘l;.'.
_M""” & Eayea Teita
Ltr, dilrmisiatl & SUNT A0R

s L=15 m=15ca * SRaniaaiy
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surface a
plate to he

inunon-
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) %(120 - 100) = 45.239 W ;
o the wire to maintain the wire surface

rface of an electrical heater is 3500 W/
¢ is 120° C when it is cooled
ective heat transfer coefficient?
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s
'Tk\.'he.l

."-_ the interface between fire bﬁék‘"
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a of the wall () =2
through the wall is given by

__1200-100 _ ;

05 " 08.

gh the wall is given as
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quired (x) = ?
s Xx=0.035 + x
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(L) =4mm =0.004 m

led steel (k;) = 45 W/mK

C
coefficient for inner

icient for out surface
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_ s) =" |
e upper surface of blade (ha) 2500@ ~
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by a 8 em thick layer of ice (| |
temperature is -12.5° C. A

conduction in ice and no
‘the ice layer, find the heat fra
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eat transfer coefficient Vi ,.
all heat transfer coefficient U,
rate using U;, and :
er rate using U,

. pe (r;) =40 mm = 0.04 m
eel pipe (r2) = 60 mm = 0.06 m
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: "&ig, )
"‘I' -lh“ 1 o
N/mi '* 2‘
hation _M-lwlnx
insu (hy) = 10 W/m?K
) 'T..lﬂltempemum of the g

of extra layer of insulation (hy) = 10 Wlnp
gh pipe is given by
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70,07 +x°
In| =507

740 % (0.07 + %)
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~states conditions an outer s
reasured. Free convection heat transfer
‘characterized by a convention coefficje

Thermal co t

.lnside wall te ._

e (Tg) =25°C =25 +273 =298 K NG Outside wall te
(L)=0.15m ; |

of brick wall (k) = 1.2 W/mK 4

ick wall (T3) = 100°C = 100 + 273 =373 K ;, i
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1 93189 W/m .
2k, (T, - T3) #ur
In (ra/ry) N

Q
- *In( ) e
Again, applying heat transfer eq b,

e 8 Q9 ong(Tp-Ty)
first insulator (k) = 0.2 W/mK o - m( )
'- 2

- second insulator (k;) = 0.1 W/mK

g T:=T| -

% * In(rs/ ry)

5 Ty=Ti=g

= 199 769 - 172:3189 X In (85/60)

21tn0.2._

3.
300°C. Heat is lost f
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