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December-2008

Refrigeration Engineering (EP-I)
(New Course)

Time : 3 Hours] [Max. Marks : 100
(10:30 AM.to1:30 P.M.)

Instructions : (1) Attempt all questions from both Sections.
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(2)

(b

(c)
(d)

(a)

(2)  Use separate answer book for each section.
(3)  Figures to the right indicate full marks.
(4)  Assume suitable additional data if necessary.

(5)  Use of refrigerant property tables, charts and calculator is permissible.

SECTION —1
Write the numbers of refrigerants with the following chemical formula - 16
(i) CH,
(i) CH,F
(i) C.H,

(iv) 02H2C12F2 and name them.

What are the new refrigerants ? Which refrigerants are required to be replaced and
why ?

What is the Global Warming Potential (GWP) ?

What is insulation ? Mention the different types of insulations used in
refrigeration system ?

OR

What do you mean by volumetric efficiency of a reciprocating compressor ?
Derive an expression for clearance volumetric efficiency of a reciprocating
compressor.

1 P.T.O.



(b) A deep freezer requires 7.0 kW (seven) cooling capacity at — 48 °C ,3°32 o
System)

Condensing temperature = 40 °C

Subcooling of refrigerant = 5 °C

Degree of superheat in evaporator = 5 °C

Temperature of refrigerant of the beginning of compressor = — 30 °C
Pressure drop at suction valve = 0.2 bar

Pressure drop of discharge valve = 0.3 bar

% clearance = 4.0%, 1 = 1.121

Calculate :

(1)  Clearance and total volumetric efficiency

(2) Mass flow rate

(3)  Volume displacement by the compressor m>/min.

(4)  COP of deep freezer. (Attach p-h diagram given in the question paper)

2. (a) Classify different types of condensers used in refrigeration plant and equipments. 16

(b) With the help of neat sketch explain the construction and working of an
evaporative condenser used in Ice plant.

(c) What is purging ? What is the importance of purging in refrigeration industry ?
OR

(a) Why artificial cooling is required in aeroplane ? Why air is used as a refrigerant in
an aircraft cooling ?

(b) For an aircraft refrigeration system explain the following (i) Ram air and ram
efficiency (ii) Evaporative cooling and its use.

(c) In an air refrigeration system working on reversed Brayton cycle, air enters into
the compressor at a condition 1 bar and — 15 °C. The air is compressed in
compressor upto 5.5 bar. Air enters the expander at 15 °C. Calculate (1) COP (2)
The mass flow rate of the air into the compressor/min/ton of refrigeration (TOR).
Assume that both compression and expansion process are adiabatic.
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3. Write short notes (any three) : 18
(a) Hot gas defrosting method.
(b) Flooded type evaporator.
(¢) Automatic expansion valve,
(d) Thermoelectric Refrigeration.

(e) Leak detection methods in Refrigeration Systems.

SECTION - 11
4. (a} Describe construction and working of a vortex tube. 16
(b) Explain the methed of cbtaining clean and clear ice from an Ice plant.
() Explain merits and demerits of cascade refrigeration system.
OR

(a) The optimum intermediate pressure is not equal to the geometric mean of the
cvaporator pressure and the condenser pressure for compound vapour
compression refrigeration system, Why ? 16

(b) What is flash intercooler ? Explain with the neat sketch its working,

(c) Explain with schematic diagram and p-h diagram, the working of a multi
evaporator system with multi expansion valves.

5. (a) Under what circumstances the steam jet refrigeration system is preferred over
other systems. 16

(b) With a neat sketch describe the working of a steam jet refrigeration system.
(c) State the applications, and limitations if any of steam jet refrigeration.
OR

(a) With a neat sketch describe the construction and working of Scroll Compressor. 16

7164 3



7164

(b) Which pairs of substances have been found practical for vapour absorption

(c)

system. Out of them which are used in the vapour absorption refrigeration
machines for air conditioning 7 Why ?

Explain the functions of the following :

(1) Drier-filter

(2) Sight glass

(3) Relay

{(4) Overload protector

(5) Accumulator

Write short notes (any three) :

(a)
(b)
(©)
(d)
(e)

Walk in cooler.

Manufacturing of Dry Ice.

Deep freezers and Bottle coolers.

Starving and overfeeding of a Capiliary Tube as expansiom d=viee.

Compound gauge manifold.

18
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g R [34(a)
¥ 1omp, |Absolute | Density, | Volums, Enthalpy, Entropy, Spedific heat, ¢, ,
“ Pressure,
° o bar kg/m® | mikg kdfkg k! (kg K) kitkg K)
& Liquid { Vapour | Uiquid | Vapour | Uquid | Vapour | Liquid | Vanour
3 h, hy 5 s,
_——n———-""——_ [
Y 2000 | 57158 1226 | 003603 | 22740 | 40984 | 1-0960 | 1-7183 1-404 0982
2200 | 60777 | 1218 | 003388 | 23021 | 41089 11085 | 17176 | 1412 | 0994
J o400 | 64566 | 1210 | 003189 | 23305 | 41183 | 11149 17169 | 1420 | 10086
y 2600 g8531 | 1203 | 003003 | 23590 | 41295 | 11244 | 17162 | 1428 1.018
2800 | 72678 | 1195 |002829 | 23877 | 41385 | 1-1338 17155 | 1438 | 1031
]
3 3000 77008 | 1187 | 002667 | 24166 | 41494 | 11432 | 17148 } 1447 1-044
3200 | 81530 | 1179 | 002516 | 24455 | 41580 | 1-1627 - 4.7142 | 1457 | 1058
3 3400 | 86250 | 1171 | 002374 | 24747 | 41636 | 1.162 17135 | 1487 | 1073
3600 | 91172 | 1163 | 002241 | 25041 | 417:78 | 111715 17129 | 1478 | 1.088
" 3300 98301 1185 002116 | 25337 41889 1.1809 17122 1-489 1-104
il
4 4000 | 10185 | 1147 ‘ co1a99 | 25635 | 41988 | 11803 | 1.7115 | 1:500 | 1120
& 4200 | 10721 | 1138 11 oocies0 | 25935 | 42044 | 11997 | 17108 | 1513 1.138
3 100 11300 | 1120 |oo178s | 28238 { 42328 | 12091 | 17101 | 1526 1.166
4600 | 11901 | 1120 {001689 | 26542 | 42209 | 1.2185 17004 | 1539 | 1175
P 4800 | 12527 | 1111 | 001508 26840 | aziea | 12279 | 17088 | 1653 1198
W 000 | 13177 | 1102 -| 001511 | 27189 | 42363 | 12373 | 17078 -1.568 | 1218
§ 5200 | 13852 | 1093 | 001430 | 27471 42436 | 12488 | 17070 | 1685 | 1241
5400 | 14653 | 1083 | 001353 | 277.86 | 42503 | 12562 | 1.7061 | 1602 1:266
®:c00 | 15280 | 1073 | 001280 | 28104 | 42688 | 12657 | 17051 | 1621 1293
g 5800 16033 | 1063 |001212 | 28425 | 42629 | 1-2762 | 1.7041 | 1641 1322
-’ 60-00 16815 1052 0071146 | 28749 42686 1.2347’ 1-7031 1.663 1-354
,ez-oo 17625 | 1042 | 001085 | 20077 | 427.37 | 1-2943 | 17019 1686 | 1-388
6400 | 18464 | 1031 | co01026 | 20408 | 42784 | 1.3089 | 17007 | 1712 1426
P6600 | 19334 | 1019 | 000970 | 29744 | 42825 1.3138 | 16903 | 1740 | 1468
‘e&oo 20234 | 1008 | 000917 | 30084 | 42861 | 1-3234 16079 | 1772 | 1515
7000 | 21185 | 996 | 000867 | 30429 | 42889 | 1.3332 16963 | 1806 | 1867
7200 | 22130 | 983 | 000818 | 307-79 | 42910 1.3430 | 1-6945 | -1.846 | 1626
7400 | 23127 | s70 |ooco772 | 31124 | 42923 | 13530 | 16926 | 1890 | 1.693
’76—00 24159 o587 000728 | 31496 42927 1:3631 1.6905 1941 1770
2600 | 25227 | 942 |oooess | 31865 | 42920 | 13733 | 1.6887 | 2000 | 1881
b
’80-00 26-331 o27 | 000eas | 32241 | 42902 | 1-3837 | 1.6856 | 2089 | 1967
as00 | 29259 | sss | ooo0sso | 33227 | 42791 | 14105 | 16775 | 2313 | 2348
$9000° | 32445 | 837 | 000481 | 34301 | 42548 | 1-4392 16663 | 2766 | 3.064
9500 | 35916 | 772 | 000374 | 35543 | 42060 | 1-4720 | 16490 | 3961 | 4942
’300-00 38721 64T 0002656 | 37402 40708 1.5207 1-6093 - -
Jpro3| 40660 | 513 | 000195 | 38979 | 38979 | 15593 15593 | e o

P ciitical point
9

3
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Table 13 Tetrafluoroethane— CHz FCF3 (Refrigerant 134 a): Properties of Saturated
Liquid and Saturated Vapour

Temp, | Absolute | Density, | Volume, Enthalpy, Entropy, Specific heat, ¢,
Pressure,
°C bar kg/m® m¥/kg kdikg kJ/(kg K) kJi(ka K)
Liquid | Vapour | Liquid | Vapour | Liquid | Vapour { Liquid | Vapour
hy hg A 5,
-103-30%| 0.0039 1591 3526 71.89 33507 | 04143 | 1.9638 1-147 0.585
- 10000 | 0:0056 1582 2504 7571 337-00 | 0-4366 1.9456 1-168 0.592
- 9000 | 0-0153 1584 9.719 B87-59 34294 | 05032 | 1-8975 1-201 0614
- 8000 | 0-0369 1526 4.250 99-65 34903 | 05874 1-8585 1211 0637
-7000 | 00801 1499 2:083 11178 § 35523 | 06286 | 1-8269 1215 0-660
- 6000 | 0-1584 1471 1-077 12396 36161 0-6871 1.8016 1.220 0.685
- 5000 | 0-2948 1443 06056 | 13621 36783 | 07432 | 1-7812 1.229 0712
- 4000 | 05122 1415 0—3609#_ 14857 | 37418 | 07973 | 1.7649 1-243 0-740
- 3000 | 08436 1386 02260 | 16110 | 38045 | 0-8498 | 1.7518 1260 0771
= 2800 | 0-9268 1380 02068 | 163.62 | 381.70 | 0.8601 17497 12684 0778
-26.07™| 1.0132 1374 01802 | 16607 | 38280 | 0-8701 1.7476 1-268 0-784
-2600 | 1.0164 1374 01896 | 166:16 | 38294 | 0-8704 1.7476 1-268 0.785
-24.00 | 11127 1368 0-1741 168-70 | 38418 | 0.8808 1-7456 1-273 D791
-22.00 | 1.2160 1362 0-1601 171.26 | 38543 | 08908 1-7436 1.277 0.798
~20:00 | 1.3268 1356 0-1474 173.82 | 38666 | 0.9009 1-7417 1-282 0-805
- 1800 | 1-4454 1350 01360 | 176-39 | 38789 | 02110 1-7399 1-286 0-812
- 16:00 { 1.5721 1344 01256 | 17897 | 38911 0-9211 1-7383 |- 1291 0.820
-14.00'| 1.7074 1338 01161 181-56 | 39033 | 09311 1-7367 1-296 0-827
-1200 | 1.8516 1332 0.1078 184-16 | 391.56 09410 1-7351 1.301 0-835
-~10.00 | 2.0052 1326 0-09963 | 188.768 { -39275 | 0.9509 1-7337 1.306 0-842
-800 | 21684 1319 | 009246 | 18940 | 39395 | 09608 | 1.7323 1312 0-850
-600 | 2.3418 1313 | 008591 | 19203 | 39516 | 09707 | 1-7310 1-317 0-858
- 4.00 2:5257 1307 007981 | 194.68 | 39633 | 09805 1.7297 1.323 0-868
~-200 | 27206 1300 | 007440 | 197.33 | 397-51 | 0:9903 | 1.7285 1.328 .| 0875
.00 2:9269 1294 0-06935 | 200-00 | 39868 1:0000 | 1-7274 1-335 0-883
200 3-1450 1287 0-06470 | 20268 | 39984 1-0087 | 1.7263 1-341. 0:892
4-00 3-3755 1281 0.06042 | 205.37 401.00 1-0194 1.7252 1.347 0901
600 36186 1274 | 005648 | 208.08 | 40214 | 1.0291 1.7242 1-353 0910
8.00 3.8749 1267 005284 | 210-80 40327 1.0387 1.7233 1-360 0920
10-00 4.1449 1260 004548 | 213-583 | 40440 10483 | 17224 1387 0-930
12.00 44289 | 1253 0-04636 | 21627 | 40551 10579 | 17215 | 1374 0-939
1400 | 472768 | 1248 | 004348 | 219.03 | 40861 | 10674 | 1.7207 | 381 | 0.950
16-00 50143 1239 004081 | 221.80 | 40770 | 10770 | 1-7199 1388 0-960
1800 5-3706 1232 0-03833 | 22459 40878 1.0865 1-7191 1-356 0971
triple point
™ nommal boiling point
7164 6




Q| UsL L Uuay My ] \h’.;u‘ tkvw.uv_ M :mu_ql.l .).Lc._-..“...\lfrrln\:up Uy ust uie Wi vuL
°1-e W T A E T T s AT T i
&4 ollum_u o_l..\afl-llnn&w_l‘%v..n ~& | I AN——F \\ \ | R\\n\ - 1 \ | L\ \\k l—c
H 7 O I i | LT Ik L [T/ 2 1L-9r7 2/ 57T {4 O] oL
o0l Lo iy Al o Vil 2.8 /Lo sl S5 fLes Lo IS 2
Vi / 4 LA T Y /1L .L_c 2 ﬁ. J 14 /]
1 = =4 — = —n nu.ﬂv = A 4 3
[ Foo- / = LTSS 18 S =if a7 7y s 4
L7 e me I i e /1Y T / AL AN VIS T
B N ST = - HS AL 4 o
B8 18] © Vel o [l {1l | ¥ IH-H A LHT [ 1T LA e
W T 117 d I._n..- ] /i \ ..\P\l\ /] \_ u‘ \ \‘ B. %1704 _—
y \..ln T]\ t \..\‘ a — \\ -\ﬂ -‘m‘ ‘\‘ ‘k\!F\ , A
e 7 7 = ir A e N U ATAA R
e .— __ 4 == 7 A\\ e a c_- ~n\ LA e n...f‘ u-—‘\ _-m n\“\-& \l-“ F P 7 \.. \ !l_- | L
-y s Al I Ao | Qo I | & ST oy Y L i ..“x - o olje
R LS S IE IS IR 0 [ edTe Tl S e TR T 7 TR
I W A== / ; 7 1
Foere LT e LT T A T -
A T A e U e P e A 7 o e o
N s T TV 7 T AAG 7 i 2
3 7 P4 I mura— _.\ y, v Ve I/ = 17,4 ¥4 ] a
-Q—ﬂ 0 “..\@..rl 1 \\ y 4 ||,\.|\- ﬂh..-‘ _.\“\.ﬁ / Fi L~ Fi) / e 7Y 1l I .\rm
" 1 A A A H7 Z=walVAWIY.Sq iR S iz 97 078" | O s
Y [T Alinse=s e I A P 2 e i HH I
F - a4 N i T . (%4204 %; =TT
b} (58 i 7 i (AT » ] Z971) ST S
) AR = 7] U7 L oI A 7 s O L 2
= 7T | 7T V2 7 W P, A 7 & 8 O O T
/1L P27 i X ._ i o_m
Ty 7 ﬁ&& Z4innmnenne
sorey B udiBy Bary UG T
e N 7 o2
ARSI S gdo  neE
’ SR RN e i BYe L H
000 AV i )= S 11N 1] AN, n
AP I R I i i e
MY - . - A1/ - /1
/ /nmvﬂy.- \ ,.&M = ay 14 7 \\ “ “ TR IAN] D) d
Vn- J- Lo e AN VAN N AN WA i Hir A
09-90) TN B ) e g R i B A B ey B Sliaimis
= = ) &y
KL et el 118 ¢l TR 6
. o , WAL T TR T T T,
Q. ool 659 79 9.5 WSk EH[ON ~H  eog 5T oz 5] o0}

7164




