
~
r.,.. 

. 
cr)ag

es -
4 1 

1 o
tal N

o
. o

f Q
u

estio
n

s -
9] 

[T
otal N

o. o
f P

rm
te 

D
ec-25-0280 

M
E

-7
0

2
 (R

efrig
eratio

n
 &

 A
ir C

o
n

d
itio

n
in

g
) 

B
.T

ech
. 7th (C

B
C

S
) 

T
im

e : 3 H
o

u
rs 

M
ax. M

arks : 60 

T
h

e
 ca

n
d

id
a

te
s sh

a
ll lim

it their answ
ers precisely w

ithin the answ
er­

b
o

o
k
 ( 4

0
 p

a
g

e
s) issued to them

 a
n

d
 no supplem

entary/continuation 

s
h

e
e

t w
ill b

e
 issued. 

N
o

te : 
A

ttem
pt five questions in all, selecting one question each 

from
 section A

 
B

 
C

 and D
. S

ection E
 is com

pulsory. 
' 

' 
A

ssum
e any suitable m

issing data if any. U
se o

f non-

program
m

able calculator, refrigerant properties table and 

psychrom
etric chart is allow

ed. 

S
E

C
TIO

N
 -A

 

1. 
In a B

ell-C
olem

ann refrigeration plant, the air is draw
n from

 cold 

cham
ber at 1 bar and 12°c, and com

pressed to 5 bar. T
he 

sam
e is cooled to 25°C

 in the cooler before expanding in 

the expansion cylinder to cold cham
ber pressure o

f 1 bar. 

D
e

te
rm

in
e

 th
e

 th
e

o
re

tica
l C

O
P

 o
f th

e
 p

la
n

t and 
th

e
 

theoretical net refrigeration effect/kg o
f air. The com

pression and 

.expansion be assum
ed isentropic. A

ssum
e y =

 1.41 and 

cP =
 1.009 kJ/kg-K

. 
(10) 

2. 
A

 C
arnot refrigeration cycle absorbs heat at -20°C

 and rejects 

it at 40°C
. (a) C

alculate the C
O

P
 o

f this cycle, (b) If the cycle 

is absorbing 850 kJ/m
in at -20°C

, how
 m

uch w
ork in kJ/m

in is 

required, (c) If the s.am
e cycle operates on sim

ple vapour­

co
m

p
re

ssio
n

 cycle w
ith R

134a refrigerant, w
hat a

re
 the 

deviations in C
O

P
 and the w

ork input per kg o
f m

ass circulated? 

(10) 

S
E

C
TIO

N
 -

B
 

3. 
W

rite
 sh

~
rt n

o
te

s on the fo
llo

w
in

g
: (a

) A
ctu

a
l va

p
o

u
r 

co
m

p
re

ssio
n

 cycle; 
(b) ~

ffe
ct o

f increase in co
n

d
e

n
se

r 

p
re

ssu
re

 and_ d
e

cre
a

se
 m

 e
va

p
o

ra
to

r p
re

ssu
re

 on th
e

 

6 

,( ,I 

.: .·, -
,_

 
. -

·-·----.:__ _____ ... I 

~
 

2 
M

E
-702 

perform
ance o

f va
p

o
u

r co
m

p
re

ssio
n

 cycle
, (c) E

ffe
ct o

f 

subcooling on the perform
ance of vapour com

pression cycle. 
(10) 

4. 
(a) 

A
 vapor com

pression refrigerating system
 o

p
e

ra
te

s a
t 

-6
°C

 
e

va
p

o
ra

tin
g

 
te

m
p

e
ra

tu
re

 
a

n
d

 
c
o

n
d

e
n

s
in

g
 

tem
perature o

f 36°C
. 

If the volum
e flow

 rate o
f R

22 

th
ro

u
g

h
 

th
e

 
syste

m
 

is 
0

.0
5

m
3/s, 

d
e

te
rm

in
e

 
th

e
 

refrigerating capacity o
f the system

. 
(7) 

(b) 
E

num
erate the lim

itations and draw
backs o

f a single-stage 

vapour com
pression plant required to operate betw

een 

h
ig

h
 co

n
d

e
n

se
r te

m
p

e
ra

tu
re

 a
n

d
 lo

w
 e

v
a

p
o

ra
to

r 

tem
perature. 

(3) 
I i L 

S
E

C
TIO

N
 -

C
 

' 
5. 

(a) 
W

rite
 d

o
w

n
 th

e
 ch

e
m

ica
l fo

rm
u

la
e

 o
f th

e
 fo

llo
w

in
g

 

I 

refrigerants: R
-14, R

-111, R
-151, R

-728.9. 
(5) 

I 
(b) 

W
h

a
t a

re
 th

e
 re

frig
e

ra
n

t n
u

m
b

e
rs o

f th
e

 re
frig

e
ra

n
ts 

w
hose chem

ical form
ulae are: M

onochloro-diflurom
ethane, 

T
etrachloroethane, T

richloro-m
onoflurom

ethane, S
u

lp
h

u
r 

dioxide. 
(5) 

l 
6. 

(a) 
W

h
a

t is cryogenics? E
xplain the principle o

f operation o
f 

I 
an ideal gas liquefaction system

. 
(7) 

(b) 
W

hat is d
ry ice and how

 is it m
anufactured? 

(3) 

S
E

C
T

IO
N

 -
D

 

7. 
A

 reversible absorption refrigerator consists o
f a reversible h

e
a

t 

, 
engine and a reversible refrigerator. T

h
e

 system
 re

m
o

ve
s h

e
a

t 

. 
from

 a cooled space at -10°C
 a

t a rate o
f 22 kW

. T
h

e
 refrigerator 

operates in an environm
ent a

t 25°C
. If the h

e
a

t is supplied to
 

J 
the cycle by condensing saturated steam

 a
t 2000-c, d

e
te

rm
in

e
 

(a) the rate a
t w

hich the steam
 condenses and (b

) th
e

 p
o

w
e

r 

input to the reversible refrigerator, (c) If th
e

 C
O

P
 o

f an a
ctu

a
l 

absorption chiller a
t the sa

m
e

 te
m

p
e

ra
tu

re
 lim

its h
a

s a C
O

P
 

o
f O. 7, determ

ine the second la
w

 efficiency o
f this chiller. (1

0
) 

[P
.T.O

.] 

···-- -
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•
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~
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A

ir flow
ing a

t the rate o
f 100 m

3/m
in a

t 40°C
 D

B
T

 and 50%
 R

H
 

B. 
is m

ixe
d

 w
ith another stream

 flow
ing a

t th
e

 rate o
f 20 m

3 /m
in 

and 2
6

°C
 D

S
T

 and 50%
 R

H
. T

h
e

 m
ixture flow

s over the cooling 
coil w

h
o

se
 A

pparatus D
e

w
 P

oint (A
D

P
) is 10°C

 and B
P

F
 is 0.2. 

F
in

d
 th

e
 D

S
T

 and· R
H

 o
f th

e
 a

ir leaving th
e

 coil. 

If th
is a

ir is su
p

p
lie

d
 to a

n
 a

ir conditioned room
 w

here D
B

T
 o

f 
2

6
°C

 a
n

d
 5

0
%

 R
H

 a
re

 m
a

in
ta

in
e

d
, e

stim
a

te
 (i) R

oom
 sensible 

h
e

a
t fa

cto
r (ii) C

oofing lo
a

d
 ca

p
a

city o
f th

e
 coil in tonnes o

f 
re

frig
e

ra
tio

n
. 

( 1 0) 

S
E

C
T

IO
N

 -
E

 
(C

o
m

p
u

lso
ry Q

u
estio

n
s) 

A
ttem

pt all o
f the follow

ing. 

(i) 
W

h
a

t are the lim
itations o

f C
arnot cycle. w

ith gas as 
refrigerant? 

(ii) 
In 

a 
re

frig
e

ra
tio

n
 syste

m
, w

ould you 
recom

m
end 

co
n

d
e

n
sin

g
 the re

frig
e

ra
n

t R
 134a a

t a pressure o
f 

0
.8

 M
P

a o
r 1 M

P
a if heat is rejected to a cooling m

edium
 

a
t 30°C

? 

(iii) 

(iv) 

(v) 

In a
n

 aircraft, cooling system
s are required to keep the 

ca
b

in
 tem

peratures a
t a com

fortable level. E
ven though 

th
e

 outside tem
peratures are very low

 at high altitudes, 
still cooling o

f cabin is required. W
hy? 

W
h

a
t is fog? W

h
y does fog occur during nights in w

inter 

a
n

d
 n

o
t during nights in sum

m
er? 

"In th
e

 va
p

o
u

r com
pression refrigeration cycle, expansion 

is ca
rrie

d
 o

u
t u

sin
g

 a th
ro

ttlin
g

 d
e

vice
 and not an 

e
xp

a
n

sio
n

 engine." C
om

m
ent. 

~
111 ) 

D
efine 1 T

R
 and d

e
rive

 its conversion units in kW
. 

• 

M
E

-702 

(vii) 
N

am
e any tw

O
 com

binations of refrig
eran

t-ab
so

rb
en

t an
d

 
their applications. W

hich com
bination is u

sed
 in

 th
e

 air-

conditioning application? 

4 

(viii) 
W

h
a

t is J
o

u
le

-T
h

o
m

s
o

n
 effect? G

ive an
 exam

p
le o

f a
n

 

application o
f J

o
u

le
-T

hom
son effect. 

(ix) 
W

h
a

t is B
y P

ass F
acto

r (B
P

F
) o

f th
e co

o
lin

g
 coil? 

(x) 
H

o
w

 does an absorption refrigeration syste
m

 d
iffe

r fro
m

 
a m

echanical refrigeration system
? 

(1
0

x2
=

2
0

) 

• 
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