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LOW TEMPERATURE REFRIGERATION
Subject code : 7264

TPC
2.3 3
AIMS :
To provide the students with an opportunity to develop knowledge, skill and attitude in the area of low
temperature refrigeration with special emphasis on:
o Low temperature refrigeration equipment with their application.

© Liquefication of gasses.
© Methods of freczing.

SHORT DESCRIPTION ‘
Low ter ~rature refrigeration; Production of low temperature; Manufacturing of dry ice: Liquefaction
of gases; . i ;- 4 of low temperature; Low temperature insulation; Freezing. '

DETAIL DESCRIPTION
Theory :
1. Understand the concept of fundamentals of low temperature refrigeration.

_ 1.1 State the term low temperature refrigeration.
1.2 Describe the purpose of low temperature.
1.3 Define the term cryogenics. :
1.4 Describe the development of cryogenic technology apphcahon
1.5 Describe the low temperature production methods. ' -
1.6  Explain the limitations of vapour compression system for low temperature production.

2. Understand the production of low temperature.

2.1 List the methods of production of low temperature.

2.2 Describe the multistage refrigeration system for the production of low temperature.

2.3 State the advantages of multistage system over single stage vapour compression system for
production low temperature. -

2.4 Describe the compound compression sysiern with intercooling and sub- coohng with liquid
refrigeration itself for producing low temperature.

2.5 State the limiwation of multistage system.,
26 Describe the cascade system for production low temperature.
27 Describe two stage cascade system for production low temperature.
2.8 Represent two stage cascade system with PH diagram.
2.9 Illustrate three stage cascade system with water intercooling and flash intercoolers. .
2.10 Present a three stage cascade system with PH diagram.

3. Understand the manufacture of dry ice.
3.1 State CO; liquefaction process.
3,2 List the methods for solidification of liquid CO,.
3.3 Describe the methods for manufacturing dry ice.
34  State the suggested modification of the cycle to reduce the production cost of solid COs.
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4. Understand Liquefication of gases.
4.1 Describe the air liquefication of linde system.
4.2 Describe the air liquefication of Claude system.
4.3 Describe the nitrogen liquefication process. :
4.4 Describe the hydrogen liquefication process with sketch.
4.5 Describe the helium liquefication process with sketch,
4.6 Mention the uses of liquid nitrogen, hydrogen and helium.
5. Understand the application of low temperature.
5.1 List the low temperature application.
5.2 Describe expansion and shrink fittings.
5.3  Mention the advantages of shrink fittings. _
5.4 Describe the low temperature application process in cryobiotogy semen preservation and cryo
' Surgery.
55 Describe the low temperature application process in space research and computer,
56 Explain cryogenic for underground power plant.
57 Describe miscellaneous uses of low temperature.
6. Understand the low temperature insulation.
6.1 List the insulations used in low temperature application.
6.2 Mention insulation difficulties encountered in low temperature application.
6.3 Describe high vacuum reflective insulation.
6.4 Describe evacuated powders low temperature insulation.
6.5 Describe rigid foams low temperature.
6.6 Describe the super insulation in Jow temperature application.
7. Understand the freezings.
7.1 State the term freezing.
7.2 State quick freezing.
7.3  Describe sharp freezing method.
7.4 List quick freezing methods.
7.5 Compare slow and quick freezing,
76 Mention advantages of quick freezing over sharp freezing.
7.7 Describe the immersion freezing method.
7.8 . Explain the freezing by indirect contact.
7.0 Describe direct contact freezing method.
Practical : .
1. Visit a liquid nitrogen manufacturing plant and draw a layout of the plant.
2. Visit a liquid oxygen manufacturing plant and draw a layout of the process.
3. Visit a fish freezing (blast freezing) plant and draw the piping diagram of the plant.
4. Visit a dry ice plant and draw the piping diagram and cooling system of any.
5. Visit a plate freezing & make a layout plan showing necessary machineries & equipment.
6. Build up a refrigeration unit which can produce a temperature of -25 10 -300 C, '
7. Visit a dairy plant, draw a piping diagram and record all variables.
8. Visit an ice cream plant, draw a schematic diagram, record all products & related storing temperature.
9. Visit an industrial plant where using low temperature refrigeration. _
10. Buildup a cascade system in chest type freezer.
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CTRRES (B4 TR 5 FT 7 O W P-h HIEF 2.3 @ (TS AR | & AT QB2 Do HLPION
frm st wre @ PR TR PRt TE PATAR ARE | ST JARRES AT o R
wE BT (Liquid refrigerant) < sfads 77 | @w&mwﬁmmwawwmﬁmwe it
519l W, A AR P-h BH5T 5-6 & (INTS A3 | MABLOG § GHT IR AFICT CABR THRTTR @ BFAS
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W 1l GRS Pt

* 3¢ TfBroeE Pt w-a AMRAES! (The limitation of multistage system) 3
T%roR Pebur fmwer ™
() TR SIS ST S G T 476 (3 |
(ii) &7 fewgs afve
(iii) a3 i B |
(iv) ﬁmﬁ%mﬂmﬁmmwmmmmmmmﬁmwn
v TiFsmR A sEwi-on & S SEE e TS W |
(vi) THTHES @ (TITS TS |
(vii) 42 “rafers Tk @ TAER TS W |

], oy wrermta ‘Qﬂ't‘! FHRGE bW (Cascade system for production low temperature) 3

cu oGFors T8 3 ST (S weeA FHRATe TF T T T goce o oy qirees awe
T TR =T AR FACHRTS AT TR FIE A FRTAC TSTAACT FIZR 1 T, BT WETFE
e 907 | Sraq e PR (Picktet) 4w WEe Frow v 3w | oft sfanm s w2m e
AR TR THRG (SO,) 9k T 9;ET (CO,) RErems Iz o0 | '

(40)°msmﬁmﬁwﬁmmwwWWWWIQmmﬁmmwmﬁm
' Wme'wﬁﬁﬁwwﬁw&ﬂmﬂEan—'mmﬁmﬁmw (—=77.8)° (1. | FEAR ATAGAH
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%
¥
i

TTa—
i R-12 R-22 R-113 R-502 NH3 502 CO,
SN (1) | —157.8 | ~160 -35 - -71.8 -75.6 —56.7

fafom fore fATAId '@ o FTR TR 0T, SIS SIATRIN 357FS FHrss wfiw Sora |
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R.q fAg wteran "‘]f'EU B-wbw IR BT (Two stage cascade system for production

»

low temperature) 8

TS FG 7R A wrei fame sa fifirs wow o3 o wenman R ar | avew 93l Fensmaty
WaﬁWMW1mwmﬁmmmmmm(Cascadc
condenscr)mammicﬁ»‘mmmwlmaﬁwﬁwwﬁﬁwwﬁm&?ﬁammlamam

TP T TRE TW | BB G Industrial 9T Medical CFTE TAER I T | A0 Evaporalor 9% Load T,

2 (hizs_—'];]ﬁ mass balance ¥C® *3—

tons &N G Low Temperature evaporator refrigerat flow m;, kg/sec %8 W@ m, =

v

m; (hy = hy) =m, (hy - hg)

hy - h
m1=mz(ﬂif'h‘1
LTATAY 7 AW = m, (hy - hy) + my (hs - h)

=kw
A ) 15T,
v COF= m; (hy - ha} + m(hy - hy)

(2.5 99 (b) fom p—h diagram for two stage cascade system)

High temperature cycle

¢\ e

B e
‘.’ 5 » <, [6 —7a=— Low temperaturc cycle
H u

——» P (Pressure)
o0
)
e |

—— H {Ethoalpy)

Hot gas i

At Low stage
condenser
(refrig. cooled)

Evaporator

Suctton

Low stage
{boaster)
comp.
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1l (G™CAIR (RFRITT

b § cohw FrmEe Bt o e ¢ .43 S (Two stage cascade system

‘with PH diagram) 3

Expansion - Expansion
1 ¥ valve m, ¥ valee
— m, 3t ¢8
L 3 7
Cascade _
Evaporator condenser
Condenser
Low temperature "High temperature
cascade systemn 4 Y cascadesystem %
m m,
1 2
Low temp. High temp.
cascade cascade
compressor compressor

B 5 3,0 §-0%e wmTEs St @i Ak

- High temperature E
=9
T (‘ cycle “
{ 7 N 6 q
: 5’. Condension : g
= 2 Hightemp ® 7 High tem
2 T : g comp.
7 COH]E. a. 2
i Cascade condenswn X : =
a. Rt b Al 22 Lowtemperawre & <
; Casaadei evap - e 3 ..... < X \s
o :% 3 " Low femp! <8 :
e Evaporauon A comg | N . \1 Low temp.
4‘1' ': """""" ' Voo O COImp.
g GG ‘
h13=h4 h] h5 h2 hs Entropy — (S)
— Enthalpy — {h}

@ & 2.9 §-c5m FPREs FEHTTE PH @9 TS AL

Tl 3 e Imm e Rume 799 Ay St Fo wE o3 @ s T Fend 5w
ftTE STy ew 4l T | VT oW R SRSl W 3 4 | S e feme s Rameen
HEEE Wires T4 T | oA @q O < W '{ﬁi ST | T Rt aiFentaioe B0 (Refrigerating
effect)wfwmwﬁﬂ%@umawwﬁﬁﬁmﬂwﬁwn |
TIPS FT-ad 12, T ST e s fife g @ fp tiwam 8 *w@ 1 avew 4T
FETATETT W GITG IAEHR (@ 9 TR | N SENIER AN U TS FAEHR-T FPLPT FAEHA
€72 TR GBTER SATHEA 0 | |



foryy wrerman 72 A Bestmy R
2.5 § B0 FIPTFS POt eFitR B R ¢ P 3B T gD fu o&H (Mllustrate

three stage cascade system with water inter-cooling and flash inter-coolers) 8

ﬁLiquid level ALiquid level
conterol EIhYIQUE vapour conterol [ (
L Trom feed 2@
" . g
i [ e A vt OIS
2o ‘e condenser VMM M 0 g A f * condenser RCRAA
..... ~e * : removal
. &1 AR AN NTT X
:,/ Ethlene Aai
" lquid Methane vapor 4
a
[ Carrier
Recever centrifugal
4 COmpresso ' -
¥ P Methane P =
Eihylene Flashed . L liguid A
figuid e:*'e]lyk‘f Ethlene - Carier
P liuid T > centrifugal
Prepane ol COmpressor
liquide = Flash “fz=:: Flashed
methane vapour
Flash l
coolers )
L Propane vapour Prapane vapour
)
Water Methane vapor
Flash “é; Methane vapor
Propane coolers
condenser Methane <
liquid
Plrl(;zzzze Carier Liquid
Flashed centrifugal level
propané COMpRessqr control ,
vapour temperature
3 cooler

Flash coolers

5 s 3.v § G0 IPTET BEd STOR Lol ¢ 1 THRIR Feqw RESTR=R 8w |
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Lo & chw wrIT Febtw gt SR (2 Ba) @ Fra¥ SR (Three stage

cascade system with schematic and PH diagram) §

§ obw wEs i Bieby 3 § Gow IrTes e FOEN MRS I wee # 2w T
IS T | TS SHTHIfa (NH,), 2fom (C,H,) w3e fiew (cH,) s R aves o |

S ML S U S I

hig on
E = =
CH4 X\F,)?}ILS; on U\r Z"

Cascade
“Zondenser % % Condesnser

©

Imermedtate | ¢ Highlemp.
lanip. cascade system cascade system

PWAARANA

Evaporator %

®

Lowtemp. l ¥
cascade- system

9 10
Methane Ethylead Ammonia
compressor ompressor compressor

f6m 2 3.5 § ohw wETEs Fioby M 7t T gr S
Frs eew e wel ofF w1 fives, @rids, TPm Q3 SFEEW (Methyle chloride, ethylene
oxygen.) araifa, Trefem, fivew e a3Gew (Amonia, ethylene, methane & nitrogen.)

Plild@ > i IFIRLG

Pressure (p) —

Temperature (T}—
A

Enlhalpy (8} ——

Enlhalpy (h) —p

f5a ¢ 3.50 PH o TS TS (i Sobeas ST

& o= 1 ) Bw wrae I FeBm ot wet aE T A B ade ¢ e s = rmm
"CEdR High temp eascade system & Ammonia Compressor TIEY TN TR MW A Cascade condenser 99
39T AW [ntermediate temp cascade system 9% Condenser 2761 TH | T QYA AAGS BNTS (RRf=) @z
IR 't;ﬁi ST A3t @ RS GWATTR SIS T FONHIABTR A Cascade condenser @ ST W2 | 97 oy
"A" W1 Low temp Cascade system-93 Condenser "B” @3 Zfers (Ethylene) ¥3 &84 I TR R FTETE
e T R e PONCASE A WA rwE e TR RS (Methane) 9GS T W
TSGR 250 e T0 T temp & — 100°C TS - 473°C 1Y 20 17 |
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FIPICFS DT TR FRYPER
(i) 9% 9% 9 STt R vard TR @ TR |
(i) ¥ fQarE= e sETe 7 O Ay S ot @ (F TEeR g6edE BIY (61 B uie
AR 9 TN |
(i) TP &S vaF TNy viffrs 7w Ry Fifteeread (@ em 71
(iv) Swes feaes s B witel w3 s fonre i oy wiosl e s @
(v) = R vy TR e IJRTT ok vt oew amw
(vi) [ JoE Wiks g ¢ T SR IR 9 cop AT |
(vii) it s R = T
(viii) TG oM@ 71 |
(ix) w1 @M |
(x) TR @enfa EE |
(xi) ARG QW |
(xii) THICPTIR FEBwETe] | _
TG MRSt (on PRt ¢ wrmer I At HRTEMR (on e A | FELHER W e
I FOLTR AP T | O AT (o AT @I erged Iw @R G 9w @ T eered swged
Gl -
31 RCTHES 491 (Chemical stability)
I, ATES! (Viscosity)
9 | SR[EEF (Pour point)
81 PES TS (Cloud point)
@1 QIS ATD (Flock point)
Y1 RS g ey v (Dicléclric strengh)
q | fRumma At RS (Action with refrigerant)
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38 1 GRATsR RiEEm

SRR T ferrafafba w1 2afeEy @ emata oo fadprre saged favegrer oo
() I IR § Mo

(R) fenes &=

(*) FSRATIDER TIsrral

(9) Freeead fo=sre wemma Tonfa

Q.3 FATYHAZ AT 3

Barge-y ¢ 0@ § GO IO 20kg/min STRAATE 1.4 T (Bar) F[F TA™ TS 10 TW (Bar)
Frsfie 507 AFte e B Affam hewm vz | TR TIw FEINST 51 4 Bar. 47 TENR TF
W qq TSTMABTH =% I TR T | T TORFR 2 =0 71 W, Traeen F st efrewm ot |

(W W, m, = 20 kg/min,

Pe = 1.4 bar,
P = 10bar:
P3 = P_‘ =8 har
fora WafB § Cow Froera AESN THRPAITE (WU ' |
5/ A vz
lp----- >
g1 LA _ . I Consrant
Z enwropy
= f lines
| 1417 __"'": P
:
Q 115 _ |lh
—_ Enthapy
WIAMAER P-h 510 zre e fafeg wia farg orm zo1-
hy = 1400 KI/kg
ha = 1327 KJ/kg

hy = 1550 k)/kg
o = 5.75 Klikg k
hy = 11428 ki/kg
he = hy, = 248 Kl/kg
s:= 5.9 Kl/kg k

_ h,-h
T SR, B o garfes e w7 =—1—-—fﬂ"}é L

1=lys
20 (1527-284)

(1428.384) = 2173 kg/min

mp; =

(FTI-(HR IT=LA T FTBEF, W = m, (hy - hy)
= 20(1527 ~ 1400) = 2540 kj/min
TRLEAR FTOLFA T FIBW, Wy = m; (hy — hy)
=21.73 (1550 - 1428) = 2651 kl/min
TOW IR T (W6 FHHE, W = W + Wy
= 2540+ 2651 = 5191 KJ/min

-, YTTTETAG T = % = 86.5 KW {Ans.)



8 —tala DY) B1QBINeerd) Lie)

frgy wtotman =@ 21 Teetm= &

YBRIAT IR T I TETSENT 6T 3
Tfw Bhrgwa Fage R A T, SR TREHR SO 2-27 T W B |
CTUBTA b’y = 1676 kj/kg [P-h 510 L]
. WELTR oL T FEIE = m, (W' - hy)
=20 (1676 - 1527)
= 2980 kI/min
;. CHB W W = W+ W, = 2540 + 2980 = 5520 kl/min

-, STITEST NG = % =92 KW. (Ans.)

Barad- & Fffte whrmr enbr tormrr ao § O s seents i Prebom-
JTSM (AW = 14 bar

TWITIEDT (@A = 2 bar

TOAFITR T = 15 bar

TSTAEDT IS = 10TR

T R-mfRT A ¢ AR v N SNt 30°C TW, I (W W

> | by wRTERR @ et onew )

Plallsd [ B LIRLIG By

3 PR CoP
(rerrerr ) o s, P = 1 bar
' Pe =2 bar
P;=P3:5bar
Q=10TR
ty = = 30°C
GUGR TRFFTETR QI § 700 Froes Pbing p-h Tty ffew o -
Ke :
'bg 1
5:5/ ) /4 4
14 - r
t
— 1
& :
£ 5 l
L |
5 :
w ]
& i
& |
2 |
}
hy

WITAIfAWR P-h 5% TS 2ie sy ouwba TmgTe T-
hy = 1420 kl/kg

$1=5.62.44 kKJ/kg k

hy= 1510 kJ/ kg

53 = 5.24 kl/kg k

he = 1672 kl/kg

heg = hy = 323 ki/kg

hy = 1550 k/kg



Y T BT ST

;>1ﬁmﬁmmwmmw:
s wfa, b s ey =7, m=—:11—08
—Ife
210x 10 .
=10-323" 1.91 kg/min

ToT ILOANA (1B FEIW, W = m {(hs - hy) + (he = Bs)]
= 1.91 [(1550 - 1420) + {1672 - 1510)] = 557.7 kJ/min

7.
+, AT *GTA, P =§56—0?- =9.3 kw (Ans.)

2 | S R, From e T, Rg = 210Q =210 x 10 = 2100 kl/min

Rp 2100
. COP= h@,f- =537 =376 (Ans)

B0 ¢ ol &- obw FWee St QFFeTeE Bo8T 2 bar € 12 bar BT WLN] W TR |
oy g 1 ewior LB TS (&% TG AR 5% TR 4 bar 2 § bar T Vo™ 1S 10 TR
n,mﬁmﬁmmwmm’ﬂumwwﬁaﬂm aqafh frwm e Brobs W
T, RN SR T C.0.P % T 3 )

CWNW, Pg=2bar;

:
:
|

Pc=12 bar
. P, =P;=4bar;
P, =Ps=8bar;
Q=10TR
firy GUBR IDETAPE a3 §-Gow Frear BT P-h ST (AT 2
Sat. liquid ~  Sal vapour
|i1‘ll‘!‘-* « line
pC|-neen-d « s =7 ¢
TPPPS -------- . . A
4 ¥ ' - !
2p2= P3|-e-fennen dn
: ez 'e
| TV 8 : ¥ :
5 L3 ihgl iing 5
by =hg i hsbg  hy hy

— Enthalpy ——
{b) p-h diagram
AR p-h 56 TS 2ng fafen smurba wa-
hy = 1420 k)/kg
h, = 1515 kl/kg
hy = 1442 KJ/ kg
51 =5.564 kKl kg k
s1= 5.367 kl/kg
hy = 1525 kl/kg
g 54 =5.1186 kl/kg k
hy = 1500 k)kg
h;=hg = 328 k)/kg



o otersan % <t Bestrm B!

" T S, TSt e et ermrerde R o, M=

210x10 .
=1470-378 = 1.92 kg/min

., &l soesm o= TSR, w=m [(hy—hy} + (hy — hy) + (hg ~ hs)]
;L w =192 [(1515 - 1420) + (1525 — 14423 + (1500 ~ 1461)] KJ/min

=416.64 kJ/min. ) :a)
6. .
. FoafS Froem SR oy e «men, P = 4‘6064 = 6.94 kw (Ans.)
= onf, Rt 208 Ry = 210 Q = 210 x 10 = 2100 kJ/min
R 2100
C.O.P: w 41664_5'04 ?
a4 ol B affFwTe 8T 7% 2 bar 6 12 bar HRA T IR, &
SR b’y = 1670 K/ kg {p - b 515 &) %

S TSHFE W, = m (W, — by) = 1.92 (1676 - 1420) = 480 kJ/min
@32 Hieae @i APEE C.OP = —5 S200 a0s

480
wtﬁzw@@mm#ﬁwmmmmﬁm‘m C.O.P 3% = -
: 5.04 - 4,375
=43 1w
= 15.2% (Ans.)

SHREH-8 § 35 KW WWSHiz <} §-C0% TS (e 5o e Biemt -60°C )

FTSIR ST 25°C T 60°C SR FiNR FCHOT N A R - 22 R - 20°C SHNI A3 AT
FIEAT oS T | WIS TG R - 12 TS <o BBRB M et 1 7Y, W - 30°C LSS
ST T 25°C PACEHIR SR IO I | R - 12 ISR TS Fefe e 200°C ot iy e
=Ty, R R- zzﬁmmmmﬁtlmwwwwﬁﬁwdvmﬁm 3008, 38]

() ofS WD ot ez e =
(%) «fS ¥8fagsa cop

TUIX 3

R-22 @3 ¢t H, =233.7 Kl/kg.
H; =275 KJ/kg.
=H,=22.2KJ/Kg

R- 12 @7 09 H; = 174.2 KJ/kg.

He = 207 Kl/ke. .
H- = Hy = 54 9 Ki/kg.

WWQ 35 KW = ..1oﬁw [~ 3.5 KW =15%]

R--22 47 CHGA 8 R—12 9 CCa ¢
H, =233.7 Ki/kg. Hs = 174.2 Kl/kg.
H, = 275 KJ/kg. Hy = 207 Kl/kg.

Hy=H,=222KI/Kg - . Hy=H;=54.9 KJ/kg.



W o GIRER e
0
ST e, R — 22 @ CWTE Mass of Refrigerating, m; = H
__210x10
T2237-222
= 10.4 kJ/min

my (hy -
hs — hg

_lo415-222)
=T 1742-549

= 22.04 kg/min
@ =R, R - 22 97 RFentafte 3w, Ry, = m, (h, - hy)
=210Q=210x 10
= 2100 KJ/min
R - 12 9% (AEFeTaioe 318 Re, = m; (hy ~ hg)
=22.04 (1742 - 54.9)
= 2629.4 kJ/ min
R — 22 unit 9 I, W, = m, (h, - h,)
' 10.4 (275 - 223.7)
= 533.5 kJ/min
R — 12 Unit 9% 3@ W, = m (hs— hs)
=22.05 (207 - 174.2)
=723 KI/min

R - 12 9% (™0 mass of Refrigerating, m; =

It

Rp, 2100
Cop,(R—22)=i,E'lL 3335 393 (Ans)

Rg; 26194
Cop R - 12) =/ =33~ =3.64 (Ans.)

TarE-e 3 25 0% wHe Aoy g3l R-chw IR Qe e Lo e —s0°C. R-22
faaeE —s0°C SrimmR v T W e —10°C SR WS Tew BT @1 eI
FHERED R ~ 12 TS« TR e et 7 7@ A1 - 25°C LownmBe wrmmn @3 40°C FEIR
T I PR | AW TG R T AT ] [FrmfeTa-2008, o, 35, b9

() oft TG forow erafs femmmren «fmm;

(4) «fs TWiwdz cop

ST 3

R-22 <% owGn | H, = 223.7 Kl/kg.
H, = 275 KJ/kg.
Hy = H, = 222 KI/Kg

R - (2 97 ¢wt@ | Hs = 174.2 Kl/kg.
He = 207 Kl/kg.
H, = Hg = 54.9 Kl/kg.

memm,Qﬂsﬁa

R 22 9% ¥ § R - 12 97 O §
H, = 233.7 Kl/kg. Hs = 174.2 K)/kg.
H, = 275 Kl/kg. H, = 207 KJ/kg.

Hy=H,=22.2 Klfkg H; =Hy = 54.9 KI/kg.



_ g Srerman A% A oo B
et @R, , R— 2o w= : ‘
210Q

Mass of Refrigerating, m; = hy —he
210 x 25 .
=3237-993 = 26.05 Kg/min
R- 12 4% (%04 3
2 —hy)
Mass of Refri gcratmg m;= m(h(jh_ hs)“
26.05 (275 -22.2) .

| =S iTazosa0) =o>2Kemin

w1, R - 2297 CAEreTafie T0F8, Rey = mu (B — o)
=210Q

=210 % 20 = 5250 K¥/min

R — 12-@3, Rg, = my (hs = he = 5.2 (174.2 - 54.9) = 6585.36 K¥/min
R-2123BFG @3 3™, W, =my (hy-h)

=26.05 (275 -223.7)

= 1336.36 Ki/imin

- 123@&6 A7 BIH, W, =m; (hg—he)
= 55.2 (207 -174.2)
= 1810.56 KJ/min

5250
1336.36

_le 6545.36
= 181056 ~

R
COP (R —22) =Tvm = = 3.39) (Ans.)

COP (R~ 12)= =3.64 (Ans.)

P =rms 4

Y WWWWW‘&@? - [Qrf¥Tal-2008, ov]
e, TR FroeR IS F AW? : [arifar-2odo]
@NWFWWWWWWWﬂﬂ\W(WW)WWWTW
wmmwnmwmwmmwﬁmwwww%wm

J| YRR (N TGS TA? [armfRTal-308]
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o) T R 3 e [artfTat-205 8 ()]
mﬂuﬁmwmﬁmmmmﬁmmmﬁwmmm]

8| GiEpemaie 2y e
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[ttt a0, OF, S0, 33, 33, >o]_
Wm@@w%maﬁwwmﬁmm%WJ
Wﬁmwmmﬁﬂ | (FfER-208 ¢ (1))
(B=a ) ot 2w, finem, i, <t wmi‘-wﬁm
3m e 3 e s 2y
e, WW@WWWW? [ArferR-2004)

m@@mw%ﬁzmmwmawfwmuﬁmmmmmmwwﬁﬁg
I 3 = T, o g wtermia sk e | '

»| cmcl‘»wnmmwﬁmmmﬁm [Frfrat-20 08, So(etfR)]
?li“cmm e |
o | rcﬂuwﬁm% ' [AfRTal-2008, S3(#fR)]

mﬁﬁwﬁmwmﬂwfimwﬁf%mwﬁﬁ}mwmﬁmmmwﬁ
hwmmwawmwmmrﬁawmmmwmwm
FHCEHA (Cascade condenser) W IR TE (GHR TSRATIT A0 | e %1 GG ot Rfmred
AT @ | @ T 7 2 ST e TS 7w

bR

R

ﬂmww@wmwﬁmqﬁwﬁm
ﬁmwwmwr@smmmﬂﬁﬁawmaﬁmmw-

(i) WW@@W@WMWWMWWWWWWWl
(i) Smrefaz vl 3 A

(ili) TSR e o I Ty |

(iv) maﬁwﬁwmmc@ﬁwm—ﬁﬁmwg

{v) wwmmqﬁmq@wﬁwa

(vi) PR A T |

(vii) COP & =iz, ‘
FITPLHE FATHTR Ayt forg ' [ArefiTat-2008, oy, o4, od, Y0, 53]
L, FEFE G Ayt frg | o [Tr=ifeR1-0 0]
w,mﬁﬁnmaﬁmml _ [armifirat-2004]
SR, IS Pty AR Wit Ayt Srey w1 | [AretfETal-20s0]
o, ﬁtwﬂcﬂuwwwmﬂ? mwﬁmmﬁ&r [Areifrat-2o0e, o, 33
(B2 f) wrnes frbew v o
() 9% TR I STl RN vt mw ' e )

(i) ffoeerae e s oy |

(iii) 631 fewmTsa Ay Tomine AR W4T Tt stven T |
(iv) ﬁaﬁmwﬂam\e%‘pmﬂawmcopml :
(v) W

(vi) "Tm‘ﬂﬁ‘imi

(vii) WTRfBe g |
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fog wreratan 378 =1 Breqww )
T BT SR 1
(1) =5 &
(if) BT & Ty Q& At |
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[Mzh.s =mh; + (M; - m) kg



8y T G ITIETa AEpECaes

oW T (RIS (State Jules Thomson co-eﬂ'icen;t) H
. OIS UMY (Constant enthalpy) TICATE B191 AfRASTR ST STRE SR ARRER 2T G AT
- RS 2
fiffed See, p = (j—})n v
QA «
) L =S e s
= SR RIS
dp = BILoR =
= IWGIG Sy
fBawre g 41T faRT (Explain the principle of Joule Thomson effect with sketch)
Joule Thomson effect 8 TZ (2TR (High pressure) a4 TR G™IAGR (High emperature) 9% A3 &
v e fn BT0 MO0 Low pressure TG fTW ¢oiter seemifie w0 wom 5191 @31z et T AT G 4w
‘E 2o =T

(S ¢

oIS P37 37, - o7
I‘IE A DA GE on QA
" SEAN

HIGH PRESSURE—+— LOW PRESSURE

STRONG FORCE,
BETWEEN MOLEC()S;,ES_T_* WEAK FORCES BETWEEN MOLECULES

it

P - .
HIGH K EAND 1
INTERNAL ENERGY —}l LOW K E. AND INTERNAL ENERGY

HIGHER TEMPERATURE ——— LOWER TEMPERATURE
|
|

. ﬁ'a aaqﬂmﬂi‘mmm
AT SR NS M 4T &SR (Reason of universal use of Joul’s Thomson effect in gas
liquidification) 3 - -
WW@WWCasca@systemTﬂmeﬁﬁlﬁﬁﬁﬁﬁWWWW
4 T YT T ¥ ST T A | T TCH TRT (A TR HHE @R AT P Q-
memnwmwwﬁuﬁWwwmmeWW
TG TIRTT WK |
A 4T w8 IRTR W%W@ﬁWW@I@iWWComm&ssmaﬁw
T s eRifEe zw | w3 T pressuredrop-tﬂﬁﬂmﬂmﬁﬁmmm’fﬁﬂqmmlmw
| TS (P 3T ICAGIA AGRETS SR WA A IFE FA ACSA G Q0 AFARA G G B AR
T% 39 TR | '




, T AR effewt 89
Ars Fsbu Tre 8T Frebu-an Az Te- '
(x) PITE B e 40 I@ B BT T a% M By ASHT 100-200 Y BI2A
RIS 2301 T | : ‘
(b) PIBe BB 80% AT expanded w1 ZW reversibley “%o7 MW WA AF 20% WASETE
irreversibly %<1l TW |
(c) PO PV Liguefacation 9% ¥ wfya BEs
(dy TS wfers Specific work 3% |

8.9 TRGIER SHNead “%® (The Nitrogen liquefaction process) ¢

Wﬂmﬁwemmwmmwwmawwmm
wzmaiﬁmmwﬁaﬁﬁmﬁmwmmmawﬁmmmmm:
TR T S Stal onam T |

ARG B YT st e 3@ | - E
(®) TS (A TR FREB (Cold plate cooling system) _ g
(M) o e FEBT (Spray cooling system) E
IS (b 3 b ¢ ARG 93 T darEEane QA 3PS @ RTE ovw TeeE 2% A |

(HDRTE <o TF S (25 | (TG (B S IEIGIOH LA T W |

VAFOUR
Ny ]
EXHAUST
- LIQUID N;
CYLINDEER
2
Cr
Y ™)
O]?O,;Af

ﬁrss.ewﬂﬁﬁmﬁﬂﬁhcﬁmﬁﬁwm

s.emﬁmmmaﬁwmmﬁﬁmmﬁmmmmmmmmwmu
wﬁmﬁa%mrmﬁmmﬂﬁcﬁmm'ﬁ@mmmmwmmﬁwmm
%wmmumﬁmmﬁmwwmmmmmlmm'm T oA
W?ﬁ@mwwmmlmﬁrﬁsmmwmam@ﬁhMWﬂﬂmw
maﬁqummawmmﬁmm-wm:maﬁ@mmmw;am
wﬁsﬂwaﬂﬁawmm@ﬁmﬁwmm 30°C T3 20°C Sl FaEt IR T LT T a0
e ATEay e T8 I-ste geR 21 el



8t 1l BOTRBIR e A

g Ffo 3 g Al o WR YR T @R @G Sl I I TR FW WS 8.9 WL foraw A
IYTY A TW | OTS ABTICEH TemieeR ] WA | 7@, weeid, W, denf sfaa s e o
WA WA FCA JTLE QBT T (AT A | (TG (AHA TS GTHIAS TGS I IR TIR-wA(RS &3z fmme

TAM ATY] GLF | SIHTRA IS HAE AT W SN SHACT AR FLH |

o £ 8.9 o ARLOWCHR FTHICR SITE (v e Brdw

@S (A5 MAETS e fFerR AR RGeS M e zw (k@ va efere @iy e
TANA AR FA @2 AIETEE WO T @ RS Jag @ wfayt qioid Ahem mm i It fenm
ARGICEA A IR TR TARS YA (WS OTH T | @ M QR TEw dsfice afwe g, =ieeie 1 e
WRem 0 T ARYE RS TR (@, WA IR I 9 [INAR Y (Y IW IS [ | PR WA
mm.wmmmmmmwﬁwqﬁﬁmmmmrawmm

TR YR A 2 ¢

> 1 ARG W |

31 Affrares g wiewae ay



31 SR e ' 8

8,8 TRYTE SR ’fﬁ(ﬁydmgen liquefication process with sketch) 8
' . ToVacuum
100ata, 300 K o > pump
> > yreseess: Liquid
4 L 5 ' Nitrogen
A Y A A 2 E:
V' 2 & L "// o £l ’// 5 ;
<) Heds 38 HAf 3d 4l Vapour-N; Heat
13 dHe2 g 3 ¥ QP Exchanger
Compressar b 0 UL
i Y 111
M
S| B Ll
85 K [/ ;
H, Vapour Heat Rrssrorrssrsisrrsrsi . . -
Exchanger 4 HE3 :
Liquid :
) Nitrogen _
' Liquid E
| 30 rrzrzezz/ R rydrogen
3y’ elivery”
HE4 % $Y 2‘ - y
AV d ';
/ T43K ‘
1». : 3
Hz Vapour Heat | X /
Exchanger i /
7 )

N N N

Y2l T2l 2270727272727

H,-Seperator
6 3 8.t WEGreH wxfiiamm 1afs

3 g% T foow WRNEA WPTE 100 atm Y 27°C SINIAN AEIN6A ICE HE, ' HE, Heat exchanger 4
STIITA| TW 932 Pre cooling €8 | HE,-C® ¥ H1L99 H, (3 R 517 W5 H, 79 @32 Heat Exchanger ‘HE;'C
TEE N, 91 Stet IR 29 | TSN Heat exchaﬁgcr (HE, 6 HE,) (4T3 WS U, (ATF o7 H.E (C)-43 74 MTw g3z
T ( Q4T TTA N, 97 TR ~207°C @ ot 31 201 @] H, (3 SWRE -230°C SepMam st I 20 9%
CITAGA CITE SIS 18 BT @ SR H, 912 H.E(D) C(IUF IAEWSAM 51 Throthing @3 MY H, (3 &

% 41 T9 CTAADTR | (IHITADA (ATF & H, (3 IR 321 ¥ | W48 #1751 D 9 A H.E ¥ Make up air-49 3™

b TS T AR WA §



¢o ' ¢t CBowiIamTa (Afiramirarist

8.¢ fRfermw e #&¥ (The Helium liquefaction process with sketch) 3
Vapour-N; Heat

Exchanger
300 K, 20ata
: > > , 10 Vacuum
Pump 300k, 55mmHg
14 ‘ Liquid Hy At
1 A 204 K& 1 ata
P A 77E 7] PXZZXT)
RN
HE |/ / . /
/ HE2 [ 4
C 1 4 4 ] 4 %
E Y 7P 727/ VAT727,
_ [ | !
E Compressor */ AT AT T T ,
' - 4 1
E Vapour-N3 A ,; Liquid Hy Heat
Heat Exchanger | / i / Exchanger
/ r,
V777777777777
> < HE3
\ CTIIITTIIITY Liquid
/ » Hydrogen
t HE4 f Deii
/ ] elivery
f
11111
Y] 9
i
1 14K 5 /]
A Y/
9 %
iy
" /1
/ /
777777777777 (77
A 9
/ ! / _
A - ; Liquid
/ Hydrogen
; At14 K
/ +
"

Hetlium Seperator
f5a 2 8.» RRFPrmy i wifs



P .

A SR faEn @
g ST gt s Rffmm aTEia o T 14K SiewaE R SE SR A | W T R IS
aff oo w71 & o 1 ofb M 40K e T I Afere 7
&3 Boiling Point 42K | Hilium 20 Bar SR TPHT TH SIAFIAT A Liquifier. 4 Elok ¥ 23R 4% e
faow ¥ 9T 7 HE, WREI HE, (9 &t o | fmm 3= w1 8% 5199 a%R Tw i fRfmes e
2% T | HE, Rfm i Rigurem wh 816 qEEFES BT (S5mm of 1 Hg) TS SR TRETEH WFl S
Stal HE, (3 | QRGO "BOATE TR 14K, HE; €4 A5 U1 HE, T0C WHTS @3k HE; T HBTS S% T T
w2 S @S TR HE, @ XTI 4 GRICT RF A~ 1 Sl W1 T G T 5 SR
TqgTe Siv fien B S R T iR w3 T | o R a3k Ry A CRRADa wl A A9
(T R faferr g wr e RFmw Awm T W

BT Aere & Fafe AT T awma%ﬁwqemoaﬁﬁmﬁﬁwhﬁmwamw

ANGUA AT T

8.% S WIRLRITe, W@F{ G, RPAIT @7 AT T I CFASTA (Mention the uses
of liquid nitrogen, hydrogen and helium) §

YRR TGN &

() fafire vy #Afieed 3w

Gi) fofie GBI T St At |
ity oy Storaman 7B ¥

PRI TN 8

() TP o R v HaEe T

(i) T o R Fars TeEe ™

(iti) CB SATETHTR gevifa BT AT T W |

(iv) WWG@EWWMWW@%WW@I

o G

(i) % Helium NMR G Stol =091 I7% T !

(i) ¥ srufer TI @ fm SIS STRETIR TGS T |

(i) sTREeeITE i stfiaeet Ao R <o Ty Rffm e

(v) TEIRe RS B wmem & SR S Fem A s Ry TS W |
(v) SR ofam werm Rl Rt ¢ e finir R - S% I ¢

TR TEAaq ofFm



R =N BATIETR c@wﬁm

| rwlﬁ‘ﬂﬁ’r—s ‘

Sk g AP (- AR e [ARAfATT-200¢, ob, 04, ob, 3, 38, se(1f)
- _w,wmm-iﬁﬁmwma [ArtfiTal-q000, 3>
R, T A - R iy [—refeTa-200b, So(7if)

OIS STRRPA (Constant enthalpy) FTATE Bt #RESER 7 AN GoTamR AR
AT A e (A-BFTET 70
3| RO wweR eEdr
(Beuf) =5 azmmar a7 wiw T O e W
ol SR Saleard b Aafse =W T 3| [AEefATaT-2004, 30, 38
 (Eaf) arort wadtiesen 92 ol 7 ¢ | |
() ez omfs
(A) DTS “H© | _
WWWWWWWMI . © [ArfEi-05e
| (i) P <ty offiret T w
(i) CUBAAITH AT a7 AR Ty
(iti) fgy St 773 s oy | _
TS 36 IT I[N? [RieifEal-00¢, oy, ofr, so(7f), o
YN (FF Substance THEI TTS FFGTA T throttling-97 MY 932 @@ FACH ST BT

T | O (W AS A7 MY (RITA] T SIS IFeria IS 70 |
----.\ .

Tmix

T Tmin




T A afdm ¢o

» SRS 2eyod 2 |
S| W o 3RS ot [Armfita-2004, otr, 38
W,'@ 4T (-2 e [ArfRI-2008, 04]
w4, T A iy ot [aReIfiizal-200¢, ov, obr, So(aff)]
W, T 9T RSt e cm o [FrfiTR1-2005)

OIS AR (Constant enthalpy) JATH b1l «REEER S A SR ARRES

wmqawmm-iﬁﬁm%mi

mﬁf@aw B = (df),,

ik
P = = s stfae
dt = Sem@ER 4fEen
dp = IR ARIEH

H = T0% Sy=aiss
1 AR Bl e 3

=D
R 2
Ty Ty 3 E o7
AP AP FE on Q4.

C{ '\o-
‘;o\. '\o

HIGH PRESS URE—-iw-—P LOWPRESS URE

STRONG FORCES '

-
HIGH K. EAND
INTERNAL ENERCY —'—"I—PLOWXE AND INTERNAL ENERGY

HI CHER TEMPERATURE —L— 5 LOWER TEMFPLRATURE
: _ I
I

Sﬁsﬁnmiw%wm

o o

]



¢8 T BAEsR AW

o Ais PC0R G S e 3 ( [AfiTa-20bs, $8(4fE;
e, Ars AT Y TR SR i W ) [arRnfoTat-2038

Gl

I REFRIGERANT
CONDENSER
REFRIGERANT |
COMPRESSOR
: AIR
FPRECOOLER,
il —— g "L
“T. ) M @
EVAPORATOR
M| (@ ‘
E 1M
AIRTOAIR DUST REMOVER
; HEAT ] AIR
EXCHANGER] COMPRESSON
. L AIR FROM
ATMOSPHERE M
E G o (MAKE- UIP AIR)
i : ' ® M-m)

2| SEPERATOR

N

wt L
LIOUID AIR

_ fom & T SRt A T _

8| FTS BoEw Ay _ [arfTai-20 s ¢ (1))
0% ATHET AT TH HILHA TSPT 44T Heat exchanger 47 T3 g1 otsl T T 1 @R A
SR g et (80%) point 8 (AT STV XCH Expander point 3 & § -4 FPee a2 otgl 20 | waf?
ABH (20%) Heat exchanger (Point-@ and 4) 47 147 Frw AW 9% ISP (point 4&5) AT BT @
MHETS AR I T | GAATATA (AT SAF ASTH WAARAY FA T | Expander (RTF WIS AT™
EIEEA (AT WIS et e fffre zm | Trem A% e 9% Heat exchanger TH A3 Make up air
47 T e F02TR T | ORYA SRR BaE A9 T

¢! TEWEH I (IR CFGD TGS W, o et [ARRTE-200e, 0b, 08, ok, 39, S¢(4R)]
T, S RIS AR o [AFfeTal-200¢, oY, ov, so(#), So, 53, 48]
WY1, TR TRTHITH (I (FIT CFTA T[IH T WY [ArRfETa-2 05 2(4f)]

(Eoag) wawere e &

() Ffemm ooe R w9 [RET @

iy e Storian o8 FA0T [T W

(i) CBB AR S AT IREE w1 W

(iv) SRR FERTT afsrs TSNATED I <6 TR F9 W

~



. ST Srae afdFm : lrdr4
v TR an emmirrmer fod | RiEfR-300¢, ov, ov, se, ¥8]

w31, R R e | N [Htfal-sooe, o, ob, So (#1fR), dol
ﬁﬁrﬂm’ﬂmﬁcmm!ﬁs‘ x
(i) O3 Helium NMR GIf¥i= &1e1 3901 995 20 |
(i) I ST AT o St s e 2w |
(iii) - *rEettsea PR e et ffam wom s o aage = |
(iv) TR 25 oI wiwotm & sy Siopnat 38w A14Ts weer R 95 21 |
(v) T8 Mo o gdiere T @ wifvem e Iy W-en el a7 |
Q) mmmwﬁummml _ . [wﬁrm-:mq]
- (BEu]) wrmm rew wadend efoo 7 s |
(ﬁ‘)@éﬁ'@ﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁwwﬂ)mﬁmifm{m(ﬂ)ﬁBﬂWWﬂWWI
vl I e CFUll Joule’s Thompson Effect-<R W& JRAZ0HR T By
@fﬂmmwmﬁmwmﬁwqﬁﬁ t 9% “E[ETS A Compress Fa
avﬁwwmﬁmmﬁ@mmawmessmdm 97 Y AT SIS ST wAfre g
W;WWW@QHWWWW@%WWWW@%JQW

e o B e @ 7@ w0 wTw E

» IEARETE et ¢ _ .

31 fourR gor-<eE fmn 3t 3 | [RrifrR-2004, ob] E
(B s ) wemmw 6.3 % an g wv foen” g8

R ST ST AR G QI 2SI A $1E T 9 | [ARRT-300e, $3(AIR)]
Ws,qa&aa“mmﬁmmwmm”mu

©| Y SRR Pres Brettr 3 s (i) | [AIfERI~203¢ (AfR)]
w4, s Prodn ot = : [RrfE-0 3 (31fR)]
W), Y T o e o W T -2 00s, S3(41R)]
T4, S ~1af g SR o fBa e TS S S [ttfa-2c08, 33, 39|
(B s ) womn 5.5 EE | |

81 I A Few ebn A 5 | - [a=if@-300¢, o, Yo
w31, FES by Redes 33
w93, FIXS EECE e st el fta ofat = _ [FIFfa-200¢, ob, or, o(3fA), 38
T, FITT GRS ARF ST AR o o v | [RIIfEER1-300)]
T, A (Air) TR 155 FRE FREN G B« Bty o 71 | [ARefEEal-2050]
-Ws.qaamt '

¢! fourR TBETe Sadiead #5f% af 7| [fEai-200y, 05, Yo, $3(=1R), do, >8]
T, ZRGITE SR e T = . [aoifEirl-2008, o3, 04, ovl
e, meﬁmwﬁaﬁmmmwwﬁ%w: [AN3FIat-2004]
(v ) s .0 e

b mmmmaﬂw. [REtai-2000, 04, b3, do, se (o)
w9, ﬁﬁmmwﬂw«ﬁammmﬁmﬁﬁ%wu [RItfat-2004]
wmﬁs @ T HE |



CA-CBANABIAA ACNII0FA
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FH[S2 WA s0id conduction & TR | gas filled MTTIF THTTIT X T Nusselt 928 Bayer Ty five sgraw
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periite 50 26
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(OH)

B2 1 u.¢ General structure of flavonoid finked in position 4 and 6 with other

Mavonoids molecules and hydroxymethy| subslituted in position 8.
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