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There are EIGHT questions d

in ENGLISH.
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of
choosing at least ONE question from each Section.

The number of marks carried by a question/part is in
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Wherever any assumptions are ma
Diagrams/Figures, wherever require
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n the Admission Certificate which

Answer (QCA) Booklet in the
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s struck off, attempt of 2
blank

CRNA-S-M
CHE/19 (P.T.0.



WUs—A |/ SECTION—A

\;@ 9 1(a) § zoid ™ frem w ik SR 26 T8 o 3 28 e % @ A ¥ §
i . @y (Cp =1-005kJ/kg-K @ C,=0.717kJ/kg-K) W LEEARE]
(Cp =14-32 kJ/kg-K @1 C, =10-17 kJ/kg-K) ¥ 3 %41 0% wiod freq, < o
T T B, & g A R T §) A A s 140 kPa 91 40 °C W #) Ay
3R A 39 bR FoA1 @ St @ 76 AT e w1 @ 280 kPa T qgE R | E @ Ay H FH
R I ¢ 39 TR ) SeR 9 H wft e Far A Afva R mn ) Ay wfm aoE
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| f= 1(a) - A{ N/
.>O ?iqer the system shown in Fig. 1(a). The two ¢ a{p}?grg ifhitially have
Q equal ) volumes of 28 litres and contain air (C =1.008 kJ/kg-K —and
N C.=0.717kJ/kgK) and  hydrogen  (Cp =14-3%kJ/kgK  and

C, =10-17 kJ/kg-K), r ecttily. The chambers are separated by a friction-
less piston which is non-hedt-conducting. Both the gases are initially at
9\8 \\\((lx lz}ﬂ\klfa and 40 °C. Heatis added to the air side until the pressure of both the
' g&ses 29‘ aches 280 kPa. All outside walls of the chambers are insulated except
for the surface where heat is added to air. Calculate the WL{ of

v thej; “ C/% (\‘)\ v} Insulation = )
W{V W &‘i\ oy :;///////////{ (NYYI111110111 ; (T ol (ﬁ
- /
‘ . /
vy« =0T 0~ Hy v’pf,\r, e
i o / S\ & =
o ) ;‘4 v \7)//‘///‘////'/" 7 /”/ﬁg,:_/rl,é/a/t-conducﬁngl%o )
JOJ V'(F LY %M '> F«\V\O\P jston JL‘T \
| Fig. 1(a) -’T(\VV S A"
(b) ‘

- AfrET- e Ao § ‘R e 7 A 47 o s -avEr A 3§ e e
Frim 3 T 2 oo % e A oiE B TR @ g

/ What is ‘choked flow’ in a
convergent-divergent nozzle? Explain, with diagram
the effect of pPressure ratio on exit vel y e : iy

divergent nozzle. ocity of compressible gas in a convergent- 0

: Cietit, 5 MCHES19
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() @ammm,ﬁn%whamﬁvhaﬁmm:MOWO w{/?n‘ Q_Frz,
N %%ﬁmﬁamwanmwmwﬁl%mwﬁo%m (
Safr s wfas A 41 °C 2| wOF (XIS) = e TS 28 0.
S 3 s e 000 b
ooft & ¥ R Fd FE T 0-88 7, @ HAF e F AH 210
: m/s W g ifn
mmaﬁﬁmargaaﬁf&cp=1-005kJ/kg-Kaany=1.4wl i H
An axial flow compressor with inlet and outlet angles of 40°
respectively has been designed for 50% reaction. The compress and 15,
pressure ratio of 6 : 1 and overall isentropic efficiency of 0-80, when i::;' has g /}
temperature is 41 °C. The blade speed and axial velocity are ciilsttatic V \/{
stant

throughout. Assuming 2 value of 210 m/s for blade speed, find the nump
of stages required if the work done factor is 0-88 for all the stages. T alirﬂ
. (]

Cp=1-005kJ/kg—K and y=1-4 for air. e

(d) szwmscaﬁwﬁamaﬁwﬂa’@@aﬁwmﬁnﬁm1-5m/sa;3ma,l
ﬁwﬁaﬁmalvﬁw%mammmm:3cmam3-5cm%| 15 °C \
aﬁmﬁlsmaﬁ%@ﬁmm%um%mﬁgﬂﬁﬁmmm 0°C gf“c’/]
ﬁﬂm67°CGW%IW3§IWWWWai'aTW‘gUI"ﬁF4OOW/m2—°c% |
ﬁmmmmémwﬁmmmgmahﬁmﬂﬁﬁﬂl ;}L\:}_ﬁ’}j/
Hot water is flowing t made of cast iro M
°C, with an average velocity of 1:5m /s. The inner and ’

conductivity of 52 W/m-
3 cm and 3:5 cm, respectively. The pipe passes

(\C\, outer diameters of the pipe are
a basement whose temperature is 15 °C. The C\/\\ < W7

through a 15 m long section of
drops from 70 °C to 67 °C as it passes through the
—ke é—\szj

emperature of the water

pbasement. The heat transfer coefficient on the inner surface of the_pipe is )

400 W/ m?2-°C. Determine the combined convection and adiation heat transfer
~——= B 10

coefficient at the outer surface of the pipe:
—— —— )

@mmmﬁwﬂwﬁaﬁ|ﬁ@-@%amm

hrough a pipe

() () T wn W
grafod

27
(ii) amﬁvﬁmﬁm{aﬁr&&,ﬁaﬁ@ 1000 K @91 g8 1500 K W | &g a0
mﬁm—mmmmmﬁhm%?zom%mmaﬂa—mﬁ@m

faf Scafvra @l 87
il Define the total and spectral black body emissive powers. How are they
5

related to each other?
=
onsider two identical bodies, one at 1000 K and the other at 1500 K

: (ii)
Which body emits more radiation in the sho
, rt . .
F‘ /:ody emits more radiation at a wavelength ‘:t.‘ ggvele;lgth region? Which

um 5

2. (a) wma—ngm?ﬁﬂmamzmca: 10 g 9 F —10 °C € a6 F
ﬁﬁﬂm4-2J/g-Kﬂﬁ‘@tqﬁa§qma*ﬁWWa afﬁmm%laajmﬁ
msasJ/gaﬁgﬁamﬁmeﬁm l0 C | 9% & e W

CRNA-S-MCHE/19 3
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(b)

N
\

at
Pressure, 2.0

20
S Cm W 7 yr

T 0-03 N-s/m?2 6

ﬁﬁﬂa%wrgm%l‘hﬁnwh@zamm%
Rlﬁmm%mmimﬂm40'C‘1‘(Wﬂn‘§%1mﬁmwﬁ3§m
Wﬂwm@-mmmmg,mw (i) T N Fon =™ =
(i) TR WA 1 ATH A (i) D et A W 5@ F wvon i 7 = wn
A shaft having diameter of 5 cm rotates in a bearing made of cast iron. The

‘{\\\Q shaft rotates at 4500 r.p.m. The bearing is 15 cm long, 8 cm outer diameter

and has thermal-conductivity of 70 W/m-K. There is a uniform clearance
between the shaft and the bearing of 0-6 mm. The clearance is filled with a
lubricating off having thermal conductivity of 0-14 W/m-K and dynamic
viscosity of 0:03 N-s/m?. The bearing is cooled externally by & Tiquid, and it
outer surface is maintained at 40 °C. Digregarding the

wcm
through the shaft and assuming only one-dimensional heat transfer,

€Tmine
(i) the rate of heat transfer to the coolant;

) the surface temperature of the
shaft and (iii) the mechanical power wasted by

. . . " )VC - E\‘-\:
lubricating oil. — MN P\ =
3 9N 3@ 91 T=600 K W 9 (C, =1-05 kJ/kg-K, y=1-38), T 20 cm 5% &
Tt & 180 m/s ¥ I | YaTRd & @ R o AfRR—

(i) T TR ; \\

() " q9HH;

the viscous dissipation in the

~

00 0
(i) ¥ T \ 3

¢ N 4

. , sible
iv) stagnation pressure assuming flow to be (1) ComPres

(iv) mm,mﬁ(l)mm@)mmm \ ¢

with a velocity of 180 m/s inside a 20 cm diameter duct. Calculate the—
() mass flow rate;

(i) stagnation temperature;

() Mach number;

(2) incompressible.

CRNA-S-MCHE/19
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Al
Air (C, =105 kJ/kg-K, y=1-38) at 3 bar pressure and T =600 K is flowné

and




3. (a () @ﬁamﬁﬁf&mwﬁamwam,mm%mmm

(i) g HRA I o v T H 2w, @ 9 I F /e ﬁiaaﬁ?
7= yR | g=fa B m%m’
—1-L
el ¢ wrfeham MR =LTaH AR F1 AU B

ratio in

V
\/ﬂ)/ How do the specific work optput and efficiency vary with pressyre
a gas turbine?

(i)~ Prove that the efficiency of a gas turbine corresponding to the maximum
work done in a Brayton cycle is given by the relation \C/_‘"

- 1

=1-—
nwmax ‘/?

where t is the ratio of the maximum and minimum temperatures.
20

(b)) = 3 3(b) ¥ RERA M = ok dures, Feh il I m MR an S mea=h &, i %
T TYT WATES TEHl & N 3 cm T FHF a0 & | €& F, 30 °C WO-15 m3 /s §
RAAY 1 m 93 FFR | afdE At R a0 5 m TR R § v SR A TR TF YaIfRd a6
{1 3R TR F e aon e qfd % ofwd A1 e 20 °C 791 60 °C €, @ Ruifa
AN (i) dues &, Y F, T TSN T R AR (i) FOES § Yo TN W g N aww=
3f&|

30°C, 0-15m3/s
Wy

i3 3(b)

1 atm au1 SARA 3@ aEE 35 °C W ATy ¥ o fw weEw ol s wed §
p=1.145 kg /m3, k =0.02625 W/m-°C, v =1.655x1075 m?/s,
Cp =1007 J/kg-°C, Pr= 0-7268

A solar collector, as shown in Fig. 3(b) below, having dimensions as 1 m wide

and 5 m long, has constant spacing of 3 cm between the glass cover and the
collector plate. Air enters the collector at 30 °C and at a rate of 0-15 m3/s

through the 1 m wide edge and flows along the 5 m long passageway. If the
average temperatures of the glass cover and the collector plate are 20 °C and

CRNA-S-MCHE/19 5 . [P.T.O.



60 °C, respectively, determine (i) the net rate of heat tr
collector and (i) the temperature rise of air as it flows thf:us

Z/’ exposed surface tem
&V

S

el T
4 (@ A e T mﬁmgoOm/s%ﬁ:Tgam

= ~_*

fer to the air in

Rk R gh the CO]lectOr.

...... Air at 30°C,
0:15 m3/s

-------

-
-
-
-
-

-
-------
-
-
.
-
-

-
-
———————

" Collector plate at 60°C

Glass cover at 20°C
Insulation

Fig. 3(b)
The properties of air at 1 atm and an estimated average temperature of 35 °C
may be taken as :
0=1.145 kg /m>, k =0-02625 W/m-°C, v =1.655x10"° m?/s,
Cp= 1007 J/kg-°C, Pr=0-7268

@m%@mm,mmﬁ 0-6 m S a1 1-8 m @A &, F g WA
fF Q1§ 9 TR 1 atm, wcamsom/hraﬁqmsmaﬁm%n%@mﬁ
msow%@né,aa%saﬁ%ﬁmﬁmmmmwchweﬁm%‘aﬁ
T S I aﬂzﬁmwﬁﬁmmgwdhmmmﬁmﬁéag,
mmmmmmmmmmmﬂﬂmw. 1 atm @0 0 °C WG %
gvmﬁﬁnm%?@maﬁt
p=1.292 kg /m?, C, =1-006 kJ/kg-K, Pr=0-7362

A windshield of a car, having dimensions as 0-6 m high and 1-8 m long, i

electrically heated and is subjected to parallel winds at 1atm, 0°C and

80 km/hr. The electrical power consumption is observed to be 50 W, w.herl the
perature of the =-:-—-<.: d is 4 °C. Disreg 3 ¢
d using the omentum

radiation and-hee ansfer from the inge S\ : >
~heat trangfer analogy, determine thdrag fo the wind exert n
windshield: perties of air at 0 'Xea £tm may be taken as:
T p=1.202 kg /m?, C, =1-006 kJ/kgK, Pr=0-7362
- I T

10000 r.p.m.ﬁﬂﬁlﬂwm:{maﬁw 00° ¥ A )

ﬁmﬁﬁlmmmﬁm%mwmwo-ss el
- %ﬂﬁ:mﬂmmﬂwwﬁﬁﬁ '
Wiﬁmﬁa% v TR, (i) @ &, (i) mﬂﬂuﬂﬁ“ff((wf’m

qare 750 kg/hr % K f
% ing diamesl ’

o ¥ S TR \ gu
i i has a m
ingle-stage impulse rbine rotor

Aoglrr;gm andgro\a@t 4 speed of 10000 r-p-rf: ’I;_hegoo
> am leaves the nozzles with a velocity o

ste

-ﬂ"ﬂ‘l‘O

20

l



\ =0 v‘?ﬁ?'\'ﬂ

equiangular and the blade friction factor/§§,,0-85. Construct velocity diagrams
for the blades and determine the i +angle of the blades for shockless entry of
ower for a steam flow of 750 kg/hr,

steam. Also, determine (i) the diagram P , :
axial thrust and (iv) the loss of kinetic energy

-

(ii) the diagram efficiency, (i) the
due to friction. 20
(b) () T PE w3 P R & (ﬁ;)ﬂﬁ F T H, T
ﬁﬂmwmm-wmaaﬁsﬁm T |
5.9 T PN

(ii) A TeE § e & T e )
shape on the performance of a

(i _Explain the effect of im eller blade . erforn
centrifugal-compressor Wi ¢lp of an exit velocity diagram and ;
e curve. =

, ressure ratio-mass flow rat o ==
/h'ﬂ/lp)iscuss the phenomena of surging and choking m/centnfugal compressors. 20
(c) @mmmmﬁﬁuﬁaaﬁmﬁwaﬂmw%mumﬁlmﬁm
1 7 e R &, 140 °C T e g & @ 80 oC W 4500 kg/hr ) TaR X
3 A e 3| Al # waed 5, 35°cmgﬁzz‘lm%ﬁw 85 °C W TR ekl
w1 2| 7q waen ¥ fod wm S I 850W/m2-°c%|a|ﬁ§ﬁaa-m/aﬁaen
mﬁﬁﬂﬁa%%ﬁwﬁmaﬁmm&eﬂwmﬁ Foq1 2742 J/g-°C @
s < fafie &0 4175 J /g-°C ¥ 5 T &1 THe Ho 7o ] F ford e G IwM

et 5@ (me) =

HENAR
4, 8, 12, 3T fereh 94

100
\: I =T
—
80 \0%’/;_.—_—

H | //

£ /

Y 1 2 3/ 4 s
SFer T R EE, NTU, = AU/ C

min

. CRNA-S-MCHE/19 7
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. 1
A shell and tube heat exchanger operates wi

B passes. The shell side fluid is ctgylene 81;:1fw£h§:§1leii::es and four typ,
(/ 1eave§ at 80 °C with a flow rate of 4500 kg/hr. Water ﬂovtsa-t 140 °C anq
en.termg at 35 °C and leaving at 85 °C. The overall heat transferln the‘tubes,
this arrangement is 8350 W/m?2-°C. Calculate the flow rate of coefficient fo,
and the area of the heat exchanger. The specific heat of ethylen;” :lt;:o;'equired
may be

taken as 2742 J/g-°C and the specific heat of water may be t
4175 J/g-°C. For NTU relations, the following figure may be used mak

Shell fluid (mc)s = Cs ~a|
. T_ J‘l
== 2 @-‘,_M-::rr?:.::-‘::.‘zf::rfr:‘::;—%: -
Shells | — w_,_A)
|
Tube fluid (mc)y= Ct ‘
\ . Two shell passes
\ _ 4, 8, 12, etc., tube passes
i et 100 ‘ °P i;—a
DA j/ -
% 3. s ' —
& ’
¢ Q:‘s// i
S 60 / /\ S
- Y
S ‘
W
b v
S
-§ 40 —
=)
= ) I RN N S B e,
20 GO NS KRR S ey s g BRE

Number of transfer units, NTUmax = AU/ Cmin

w@ue—B / SECTION—B
5. () mmﬁmomoﬁﬂﬁm%mﬁmam%

be used as fuel in IC engine? EXP

?mwmﬁﬁ*mmﬁa'

d
Can alcohols lain with advantages an 0
digadvantages: \

oc 3, A 5(b)
{03 A I @ R & e, S 6 20 MPa T 360 cm%mmm%l

i R oo
Qﬁﬁaﬂﬂlwﬁwwilwaﬁﬁmaﬁm%w A
%%mﬂmwm%mﬁm (ﬂ%ﬁz)fwﬁiﬁmm%lw

Waﬁaﬁrﬁﬁﬁaﬁﬁ M 7™ 200 kPa & e A A
[gaﬁ%mﬁa@m(m)mﬁﬁmmwiﬁm]

CRNA-S-MCHE/ 19
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A water-filled reactor with a volume of 1 m3 is at 20 MPa M%O “C, and ig
ple{ced inside a containment room as shown in Fig. 5(b). The room is ell.
" insulated and initially evacuated. Due to a failure, the reactor ruptures and the
wateér fills the containment room. ind the\minimum room volume so that the

al ure does not exceed 200 kPa. b o
press ] /ﬂ f\b/ow\/\ M

[Use_steamn table data given at the end of the Paper] \ W
. |
>4

Containment

()
[

2]
Ef;i?&lﬁ SRR TR T AL G
7

& o
Reactor ((L\)M"C\, BQDQC / W\M %‘{Zg N

Fig. 5(b) ‘/10
(¢ T AT T T-s kG 1 ST FA g A 6 4R e o AT T AR W
oifts v (i) =% 6 ardia ger, FH) e F /W @ T ¢
Using a schematic and T-s diagram, explain how with perfect regeneration for

a simple steam power plant (Rankine) cycle, thermal efficiency can approach
Carnot efficiency. 10

(d) Ty Tited Wefiad o & fsared B weet @ 18 9 9 ) REe p-h mE #

el § FIRH

() e

(i) F<H <

(i) Fa 1 I9TfcH

(iv) a9 1 AfaT

Discuss the effect of the following parameters on the performance of a vapor
compression refrigeration system with the help of p-h diagram :

(i) Suction pressure

(i) Delivery pressure
(iii) Subcooling of liquid
(iv) Superheating of vapors 10

CRNA-S-MCHE/19 9 [ P.T.O.




() T TR Y40 m® W e B 7 T R A I R T 39 °C DBT 3 18 °C
wmwmmﬂwwﬁmmﬁmmmwmw
W“““‘“4'5°C%‘Wﬁmmmwm%ﬁwarﬂ%mﬁﬁ§?m
S B 12 KW 51 TR TR Fol| gueeh @ A T A T DBT @ WBT
W%meﬁmﬁﬁﬁl

o ¥ o & weiE wié R ¥

The|room air is recirculated at the rate of 40 m?3 per minute and
air conditioner at 32 °C DBT and 18

air enters a cooling coil of an

effective surface temperature 0 -5°C. Th<‘3 surface al” ea of
/éﬁch as would give 12 kW of refrigeration with the given tfntermg conc
" air. Determine the DBT and WBT of the air Jeaving the coil and the coil bypass

the outdoor
°C WBT. The
the coil is
ditions of

factor.
10

[Psychrometn'c ch

art is given at the end of this Paper]

6. (@) T ar-Riferet S 1,
31 2500 r.p.m.

4o @@ ® W 190 N H iuama:ehﬂm%ooo kJ /kg a0

ffire e 082 81 1, 2, 3,4%%%@-\3@%@%'{% mﬁﬂwwﬁaﬁ
WX 131 N, 135 N, 133 N®1 137N%$ﬂﬁ§aam@rhﬁvﬂmﬁ5mW|maﬁsa
mmwmmﬁﬁﬂ—aﬁwﬁﬁ,%ﬁmmm,hmam,aﬁﬁﬁmém

aqa,qmwﬁs,aiﬁmquﬁ?!mmam
| engine with swept volume of 0:98 litre is tested on a
ngine running at a speed of 2500 r.p.m. against a brake
90 N with fuel consumption of
0 kJ/kg and specific gravity of

66 litres/hr. The calorific value of fuel is 4500
arried out on the engine by cutting off the fuel

‘fiixe ic 0-82. A Morse test is C
supply of individual cylinder in the order 1, 2, 3, 4 with corresponding brake
133N and 137N, respectively. Calculate the b.p.

b.s.f.c., 1.p. mechanical efficiency and

A four-cylinder diese

performance bed. The €
with arm of 0-3 m produces brake load of 1

loads 131N, 135N,
b.m.e.p., brake thermal efficiency,
im.e.p. of the engine at test speed.

20

(b) @mﬁséﬁa,@smw-ﬁm%m@gﬁmaﬁmwm%l‘T‘”““
2@ ¥ T W 125 TR, 500 °C T W B & 7 10 =R < waTha Bl &, e & 9

wg FE o T} 9 IR - A 3 & <t ) o e A '
T T H ¥ A 10mwwﬁﬁﬁm§mﬁﬂmﬁq§mﬁlmﬂw-ﬁ 120 T
M 170 °C T9H % Y 9IR Frveran #) wuf g o-oean(m21z1'15=1?‘l111‘1”1$"fﬁ
et A g f e Faifa fiRE 125 ST, soot’c‘u\ﬂq@‘\"""’”‘ﬁ
h =3343.6 kJ/kg O T s = 64651 kJ/kg-K B

@ ¥ o & A gl anhet @ e AR

CRNA-S-MCHE/19 10

_‘..4



(c)

(b)

CRNA-S-MCHE/19 11

e
extracted and diverted to thexslands
te exiting the feedwater heater as saturated liosc?d
P into the condenser. The feedwater exitsqr};d
of 170 °C. The condenser pressure i:

plant operate
e stage at 125 bar, 500

Steam enters
where someé 0
ter. Condensa
through a trap
with a temperature

jsentropic turbine an
le. At 125 bar, 500 °C for steam, h =3343:6 kJ/kg and

heater. the first turbin .
to 10 bar, f the steam 1S
feedwater hea
at 10 bar passes
heater at 120 bar
0:06 bar. Assuming
efficiency of the cy¢
s=6-4651 kJ/kg-K.

am tables providcd

at the end of this Paper]

[Use ste
@aﬁﬁaﬁmﬁms-wuammﬁﬁéaﬁm@;m_m
g % aited I -3 87

-water vapor absorp
erties O

No,,sz—‘u%
Pl # T =S 7

tion refrigeration system with a neat diagram.
f refrigerant-absorber combination?

mﬁé&qﬁﬁ%ﬂaﬁﬁma
£ gera @ gEAEA|

lain NH3
What are the desired prop

(i)

aﬁﬁﬁlﬁmmﬁqﬁﬁmuﬁm

fyFan qqEE a1 < 1d
000 kJ/kg @1 FEFH 5

pV1'33=cﬁmwma=l$tcﬁ%,§aﬂaﬂaseﬁﬂw43

%1 C, =0'717 kJ/kg-K 21
(ﬂ riefly di ‘ C, CO and NO, emission formation in SI engine. Explain
the dependence of, these emissions equivalence ratio with a neat
diagram- ' 4

() An IC engine working on an (ideal Otto dycle has AFR of 15:1 and
mpression ratio of 9.:.1. The pressure and temperature at trc s t
of compression arec 2x and 27 °C, respectively. Find the i \

tem’re and pre§ of the cycle. Assume that compx
 the calorific i;al/m‘/ﬁf fuel is 43000 kJ/kg and

foll e law le'3
C, of working fluid is 0717 kJ/kg-K.
@mmﬁam@mma@m%wﬁﬂmmaﬁ@maﬁmﬂ%'
= FfEed a5l : 20 °C DBT, 60% RH |
aT@ e : 45 °C DBT, 30 °C WBT
F& dag 1 : 35 kW
& 10 S : 20 kW
oo s damd ag 90 cmm &
T (i) GaTeA ¥R, (i) & T i
aﬁm%ﬁﬁgmmﬁ%lyv;g?a;::;:gfswm?qoao oo P
(5 T % o Wi < e gen ¥

sona rcgenerative steam cycle with one élOSed fee d@

d pump work, determine the thermal

1

'
20
10
10

10

[ P.T.O.
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A food processing room has a very high latent heat load and ig reqy;
nditioned as per the following data : qQuired tq b

Room design conditions : 20 °C DBT, 60% RH
Outside conditions : 45 °C DBT, 30 °C WBT

air co

7
Room sensible heat : 35 kW (/(( 3 \,]
10.{;5 Room latent heat : 20 kW . = {,) L W P
'\ 0\(> ! The ventilation air requirement 18 90 cmm nsciie

\({ Determine the Mation load, %om and el"fcctive sensible heat factorg

D \©3b and (iii) ADP and amount o( reheat for economical design. Assume bypass
\gﬂ)% factor of the-eo#t as 0°05.

D [Psychrometric chart is given at the end

Table for Properties of Air

of this Paper]

o -
T 5 F M v k o T ‘
0 | ) | g | g/ms 109 /s 10%) | W/mK) _|m’ /) il

Foo 39010 | 10266 | 06924 | 1923 | 0009246 | 0:02501 0770 |
150 | 23675 | 10099 | 1:0283 4343 | 0013735 | 005745 | 0753
200 | 17687 | 10061 | 1-3289 7-49 001809 | 010165 | 0739
250 | 14128 | 10053 | 1:488 949 002227 | 013161 | 0722
300 | 1-1774 | 10057 | 1983 1568 002624 | 02216 | 0708
350 | 09980 | 1-0090 | 2:075 2076 003003 | 02983 | 0:697
400| 0-8826 | 10140 | 2286 2500 | 003365 | 03760 | 0689
450 | 07833 | 10207 | 2284 28-86 003707 | 04222 | 0683
500 | 07048 | 10295 | 2671 37:90 004038 | 0-5564 | 0-680
550 | 0-6423 | 1:0392 | 2:848 4434 004360 | 06532 | 0680
600 | 0-5879 | 1-0551 | 3018 5134 004649 | 07512 | 0:680 |
650 | 0-5430 | 10635 | 3177 58-51 004953 | 0-857 682 |
700 | 0-50 : . i baet

30 | 10752 | 3322 6625 005230 | 09672 | 0-684

750 | 0-4709 | 10856 | 3-481 7391 005509 | 10774 | 0-686 |
ggo 0-4405 | 1-0978 | 3625 82:29 005779 | 1-1951 | 0689
oloanas!| 12! seaos | 595 | ooeaea | 1aarr |oese)
‘ - . 0-06269 14271 | 0696 |

13(5)8 8.3716 11321 | 4023 108-2 0-06525 15610 | 0699 |
100 Ogggz i:lgn 4152 117-8 006752 16779 | 0702 |
1290| oraa0a 1-178 4-44 1366 0-0732 1-969 0704 |
meped (il e 492 159-1 0-0782 2251 0707 |
1300 2707 | 1197 493 1821 0-0837 2583 | 0705 |
| oo | 1214 g% 2055 0-0891 2:920 | 0705
1600 02211 | 1248 | 363 | 3005 | %00’ | seee | o705
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. matl'uematlcally that for maximum disch . - — ‘77(4'«\7
er) am’ be\lgént and cross-section, the absOh:tearge throy _ 7
a certain ratio_tosthe absolute temperature of g, tsmP.ErEture 0{\ 'Mney of 5 \@‘4
of natural draught of a boiler. < — (7 utSIdg,Z%FmoSb \ggi\einbea;s ﬂ,Tr’r
* 7 Case (o

60 kW awmmmmm@
Frer i (e sfto fie) 60 21 wﬁmmgmgm M) T iy
FOH AHA W FA: 114-95 kJ/kg 991 28389 kJ/kg ¥ :z,f » 35°C
mmiﬁm275-76kdlkgﬁlmﬁﬁﬁﬁqmmmﬂ T Ty
C, =062 kJ/kg-K R TR 9 iy

VCR cycle refrigerator driven by a 60 kW compressor has a cop

e@ies of saturated liquid and saturated vapor refrigerant 4 Of 6:0. The

Cond enSCr

temperature of 35°C are 114:95kJ/kg and 283-89 kJ/kg respective| /
¢ vely,

The saturated refrigerant vapor leaving evaporator has an enthy;
27576 kJ/kg. Find the temperature of refrigerant at the exit of compr::i,ls:f

The C, of refrigerant is 0-62 kJ/kg-K. Le - /)95‘}7(/’ I

& T TEH- 9T ST G Wi G §, faga =% e e i Faw e, v § agy

S gl i el R, Rred fa & arfofer fom s s ) e @ # T s s
%, 9 W =PI AHA 15 °C 1 fiwan qEE 750 °C R AfoReh S F e A Ay
A9HA 750 °C % =g Sl & Y1 WY 9 / 79 100 °C R Fraverd! ¥ W19 2@ & v )
A 50 SR 91 600 °C W H e } 3R wufm T@ 0-1 TR 21 W4 1 Fel Wfeh IA
200 MW 2| 387 f T w7 &1 S 9F 43-3 MJ/kg | 387 i 41 6% R F 99
TR R YS9 Y96 F TG G g, WA HIRA (1) Fifd a1y a1 99 g R, (@) e
TETE qY1 N9 @A 1 NRE I, (i) G Atk qAA H Ay @ AR (i) g
sgml T MW % R Cc,=l1lkJ/kgK @ y=1.33; ¥ % FA
C, =1-005 kJ/kg-K @ y =14 iR o w@ g R gefE 01 TR | T
192 kJ/ kg wifA | [98 Fe=T 14 WW%}

In a combined gas (turbine-steam turbine power plant, the exhaust gas from
is-the supply gas to the steam generator of the
steam hich additional fuel is/burnt in the gas. The pressure ratio for
the gas turbine is 75, the-air-inléet temperature is 15 °C and the maximum

temperature is 750 °C. Combustion of additional fuel raises the gas

temperature to 750 °C and the gas leaves the steam generator at 100 °C. The

steam is supplied to the steam turbine at 50 bar and 600 °C and the condenser

pressure is 0-1 bar. The total power output of the plant is 200 MW. The

calorific value of the fuel burnt is 43-3 MJ/kg. Neglecting the effect of the mass

flow rate of fuel on the air flow, determine (i) the flow rate of air and steam

required, (ij) the power outputs of the gas turbine and steam turbine, (i) the

thermal efficiency of the combined plant and (iv) the air-fuel ratio. Take

Cp = 1-11kJ/kg-K and y =1-33 for combustion gases; and Cp, =1:005 kJ/kg-K

and y=1-4 for air. Neglect pump work. Condensate enthalpy at 0:1 bar =

192 kJ/kg.
[Mollier diagram is attached in Page No. 14]
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Two vapor POWer cycles are goupled in series where heat lost b
absorbed by the other completely. If n, is the thermal efficiency of th:tone- is
ermal efficiency of the bottom cycle detcrmioppgllg

) ne e

cycle and M2 is the th
efficiency of the combined cycle in terms of these efficiencies. Assume cycl
es to

be reversible.
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