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7261 ADVANCED REFRIGERATION AND AIRCONDITIONING T
. . 3 .

AIMS

To provide the students with an opportunity to acquire knowledge, skill and attitude in the

arex of advanced refrigeration and air-conditioning with special compasses on:
+« P.H&T.S diagram

Compound vapor compression system

VYapor compression systems with multiple evaporators and compressors

Solar heating and cooling

Refrigerants & refrigerant oils

Refrigerant Recovery, Recycling And Reclaim

Heat pump

Heat exchanger

Evaporating cooling systems.

' SHORT DESCRIPTION

Compound vapor compression system; Vapor compression system with multiple evaporator
and'compressors; Solar heating systems; Solar cooling systems; Refrigerant; CFCs and
environmental friendly refrigerants; Refrigerant oil; Refrigerant récovery, recycling &
reclaim; Heat pump; Heat exchanger and Evaporative cooling system, P,H diagram.

DETAIL DESCRIPTION
Theory:

1. Understand the P.H & T.S diagram of different Refrigerant of simple Vapor

- Compression Refrigeration system.
1.1  State what is meant by P,.H & T.S diagram.
1.2 Draw a typical P.H diagram & T-S diagram.
1.3 Describe the different line and zone of P.H & T.S diagram.
1.4 ORepresent Vapor compression cycle on P.H diagram at different condition.
15  Explain PH chart to determine different value of refrigerant of vapor compression cycle.
16  Solved prohlems with P.H chart of different refrigerant at various condition,

Understand the compound vapor compression system.

2.1  State the meaning of compound vapor compression system.

22  Mention the advantages of compound vapor compression with inter cooler.

2.3 Name the different types of compound vapor compression with inter cooler,

2.4 Describe the two stage compression with liquid inter cooler.

25  Describe the two stage compression with water intercooler and liquid sub-cooler,

2.6  Describe the two stage compression with water inter cooler, liquid sub—
cooler and liquid flash chamber. - '

2.7  Describe the three stage compression with water inter cooler.

28  Solve problems relating the compound vapor compression system.
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Understand the vapor compression system with multiple evaporators and compressors,

31

32
33

34
is
16
A7
s
39

310
i1

Qutline the importance of vapor compression systems with multiple
evaporators and compressors. '

Mention the different types of multiple evaporators and COmMPTessors system.
Describe the multiple evaporators at same temperature with single

compressor and expansion valve.

Describe the multiple evaporators at different temperature with single

" compressor individual, expansion valve and back pressure valve,

Describe the multiple evaporator at different temperature with single
compressor, multiple expansion and back pressure valve,

Describe the multiple evaporators at different temperature with individual
compressor and individual expansion valve,

Describe the multiple evaporators at different temperature with individunal
compressors and muitiple expansion valves.

Describe the multiple evaporators at different temperatures with compound
compressor, individual expansion valve and flash inter cooling,

Describe the cascade system of low temperature refrigeration.

Describe three stage cascade system with schematic and P.H diagram,
Solve problems.

Understand the features of solar heating system.

State what is meant by solar heating system,

Mention the types of solar heating. :

Describe the operation of different types of solar heat collection.
Describe the operation of solar air type heating system.
Describe the operation of liquid type solar heating systen.

Understand the features of solar cooling system.

5.1
5.2
5.3
5.4
5.5
5.6

State what is meant by solar cooling system.

Mention the methods of cooling by using solar encrgy.

Describe the operation of the different types of solar cooling system.
Descrihe the solar heat operated year round air-conditioning system.
Describe the operation of a solar heat operated dehumidifier.
Describe the operation of solar operated heat pump system.

Understand the features of refrigerant.

6.1
6.2
6.3
6.4
6.5
6.6

Mention the physical properties of an ideal refrigerant,

Mention the chemlcal properties of an ideal refrigerant.

Mention the thermodynamic properties of an ideal refrigerant.

Mention the classification of the refrigerant,

Describe Hydrocarbon Refrigerant. .

Describe the properties of refrigerant as Halo Carbon- R-134a, zeotropic
R-400a to R-416a, Azeotropic refrigerant R-500 to R-507, Hydrocarbon
refrigerant R-290, R-600, R-600a and H C blend, inorganic refrigerant
R-717, R-718, R-728, R-729, R-740 and R-6%s.

Describe the designatlon system for refrigerants.

Mention the applications of commonly vsed refrigerants,

Explain the effects of condensing pressure, evaporating temperature,

hoiling point, critical temperature and specific volume on refrigeration cycle.
Mention the color code of different refrigerant cylinder.

Describe the handling and storage procedure of refrigerant and refrigerant cylinder,
Mention the safety requirement when handling and working with refrigerant,
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7. Understand the features of the CFCs and environmental friendly refrigerants. |
- 7.1  Siate what is meant by the CFC, -

7.2 State what is meant by environmental Friendly refrigerant.

7.3 List the environmental friendly refrigerant.
7.4  State what is meant by ODS, ODP, and GWP.
7.5 Explain ozone layered depleting, green house effect and global warming.

kol

7.6  Mention the chemical reaction of CFCs with ozone.
7.7 Compare commonly used CFC refrigerants with non CFC refrigerants
regarding on ODP, GWP and atmospheric life.

7.8  Mention the Montreal protocols and tbe clean air acts on substance that
deplete the ozone layer.

7.9  Mention the environmental protection agency (EPA) rules governing fully
halogenated refrigerants {CFCs).
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Understand the features of the refrigerant oil.

8.1  Outline the importance of refrigerant oil,

e g pten T b

8.2 Mention the classification of refrigerant oil.
8.3  Mention the properties of a good ref| rigerant oil.
8.3  Explain the properiies of refrigerant oil.

1

85  Mention the specification of refrigeration oil.

8.6  Explain the causes of more use of nepthene base oils for refrigeration purpose.
8.7  Explain the contains additives of oil.

8.8  Name the different oils used with the HFC refrigerants.

8%  Mention the features of synthetic oil used in HFC refrigerant.

810 Mention the precuation and safety measure In handling and storing of synthetic oil

—

Understand refrigerant recovery, recycling and reclaim.

9.1  State the meaning of the terms refrigerant recovery, recycling and reclaim.

9.2  Identify the various types of refrigerant recovery and recycling equipment.

9.3 Describe the procedure of liquid refrigerant recovery.

9.4  Describe the procedure of vapor refrigerant recovery.

9.5  Mention the standard safety recommendation to be followed for removing
refrigerant from system.

9.6  Stale what is meant by reirofit.

9.7  Describe the retrofit procedure of R-1343 in R-12 system.

9.8  State what is meant by drop-in refrigerant.

9.9  Describe the use of drop-in refrigerant (HC blend in- R-12 unit)

9.10 Compare retrofitting of R-12 system with 134a and HC blend.
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10.1
10.2
10.3
10.4

105
10.6

10.7
10.8
10.9
10.10

Understand the features of heat pump.

State what is meant by heat pumg.

Mention the types of heat pump.

Describe the operation of the different types of heat pump.

Distinguish beiween geothermal heat pumps, air source heat pumps and
solar heat pump. :

Describe the operation of the heat pump reversing valve in heating and cooling mode.

Describe the simultaneous cooling and heating applications of heat pump
(heat pump cascade system).

Mention the industrial applications of heat pump.

Analyze the heat pump cyclex

Mention the design criteria effecting the performance of heat pump,
Solve problems on heat pumps. '

11.  Understand the features of heat exchanger,

11.1
11.2
11.3
11.4
11.5
11.6
11.7

State the meaning of heat exchanger,

Outline the importance of heat exchangers.

Mention the types of heat exchangers.

Define mean temperature difference, .

Describe the operation of different types of beat exchanger.
Describe the factors to be considered to design a heat exchanger.
Solve problems relating heat exchangers.

12.  Understand the evaporative cooling system.

12.1
12.2
12.3
12.4
12.5
12.6.
12.7
12.8

Practical:
1.

2
3
4
5

»

Study the Cascade Refrigeration system.

State what is meant by evaporative cooling systems.
Descrihe the different ice ceoling systems,
Describe the thermodynamics of evaporative cooling,

. Mention the types of evaporative cooler.

Describe the operation of different types of evaporative coolers,

Describe the factors to be considered in selection and design of evaporative coolers,
Mention the limitation of simple evaporative cooling systen.

Mention the applications of evaporative cooling,

Study the PH chart. _

Solve prohiems of simple vapor compression cycle using PH chart.

Salve problems of compound vapor compression cycle using PH chart.
Build up a compound compression system. '

Study the solar heat collection,

Study the solar cooling system.

Visit a solar energy project. M

Refrigerant recovery at a unit,

Recover refrigerant from a refrigeration system having burnt compressor motor,
Recover ml'rigemntl'romarel’ﬁgeratoruslngpi:rdng valve and A recovery unit.
Charge CFC refrigerant in to refrigerator without releasing any refrigerant.
Oil Charge in a refrigeration system.
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#{ (Understand the P-H & T-S diagram of different refrigerant
of si mple vapor compression refrlgeratlon system)

3.0 qﬁ'ﬂ (Introductlon) H

*CdR P-H N @AR-G7LTH (Pressure-enthalpy) €3¢ T-S (F™TAGR-GB/M (Temperature entropy) TIE
TS TR |

W{Work)SWMﬂWWWWWW&WW T X G = F x d. T3
Ay A SHFIE STHTE B (Pressure) G SRS A FCH A ZAXOH WHE GAEAR (Enthalpy) T BN
(Heat) ¥ P-H ST @, T-S GRIW-B WHTP SIAWAT (Temperature) QR TG STHRL 7 9B
(EnuopY)stsmﬂmmmmlmwmmwwﬁmmﬂwﬁmpﬂammmm
FIRA, (T4, ﬁﬁmW(leferem value}mmﬁwml

e TR (@15 wew A AuameR Tt SetSn SR Min e Rams Ry wistrd v
BOTRGTH <Gl 7gd T 71 | F¥E P-H ¢x¢ T-S Timmieea My ffeg wagm s sistedi sdarfa st
e 0 T AW @F W A AT (Simple vapour compression refrigeration system) R wfwfes
SERor fITeTt IR T P-H Q3 T-S SIMISTTS T AL SoTgeie 31 5 |

3.5 GBI ™ R GATaEiR I BT (State what is meant by P-H & T-S diagram) 8

A FARLHEA A (SAT ITTLPA A6 e wer (et wrmg ¢ Rearest w21 o afe® fammes o
PFSLA TS AN TLara SRIFIOA, TS, TR 9 AR fiFwm 5191 ¢ o1y (7 793 Adrereniy
“fada Wb o 9T 51 ey aril T At 24t zn | B 55 A1 @eibans T aneiE B e T |

CEPTIR QR STHITN (P-H) W3R GIEER GG S I=0s e @i - '

CEII T STHRT (Pressure-enthalpy diagram 3t P-H) § 21l A1 B A1 SiE 3= %@ 519 (Pressure)
G, TSR 3 WGas T WEHm THF qWEFH A ot @ ({fey Ik waw e @ Erfttr Tigm
ey s @1 Rfey cere RamEw SIS edRfeTEl TESR et T 4 O wER I A
{Performance) $7W! ¥ IM ©ILF P-H CEW 91 (@R GALEA SIWRS (Pressure enthalpy-diagram) 30 |
‘o (Entropy) *rfod Wi wd Henew (Transformation) | A2 BT (Claussious) TR RFeww wRefs
Borgrom I, TEAA WS S A P TN . -

Wit FifW, e "Mﬁ!:t(ﬁ {Constant Temperature Process) 31 f¥3. Siemial Sagm 4= ¥8 (Working
Substance) wm@ﬂ "Tﬁ'ﬁﬁ{ﬂmlmwi’ﬁﬁ'@(Expmsmn}‘ﬂTﬂqﬁUWﬁWFH |
WS (Pressure & Volume) *ifAf¥s w | Smed iifeanaf5s (adiabatic) It waer efmm srffadics
IGE AGNS A LS I GEAT I T B @ wistra (Heat & Temperature) SoU% #f2aT TW |
S R QW T (2nd Law) R @ avate auret Fwce fon wime wes wom o wae afiu
ﬁwimﬁmmm%@mﬁw%m;%ﬁaimﬁummmmmna@w B
e wee it et R Ay TV QP A @R O WS I T AR AN | AR FE R
TR (Working Substance) ¥ TS WA a79 9F o5t arpfes afeE A, M IF3 FES (adiabatic)
AfdFaa T T4 37 AT Q3w TWOS I ST TA0T IS AT, B19 TAHIAE 907 I | T oA R,
TH™ (Entropy) ﬂﬁi AW JE AR s st (Absolute temperature) RA 97 T FRifede <8 ?15'®L¢
TR A A Sreoy A <ozt T

WITERTE AP Wi 9aReRHH—o
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W WfeSHE EEETIN WS auaeiE
uﬁrxﬁammmm@ﬁaaﬁaﬁgmmmdqﬁmmﬁMWlﬂﬁdsﬁwaiﬁ

%’fﬁﬂ‘ﬁﬁcﬁ’lmm dS_—Q A dQ = T.dS

ﬂ QTR dQ = I 44 78 FE {1 A AT 1 Keal
,% T = TR 7 S, °K

ds = qEPREE T fE
. wffadice W wefRe B R oo, mm@w«ﬂmmbsolmczﬂo)wmm
WWWW@IMGWWWWW@WQW‘H(Concept)
(F T[ICH T |

R 3% (Unit of Entropy) T KcalPK | (IKE SR @) 706 1 dS _49

T
T TS RS [ AT v
e qGfm Afada = T Sl
Kcal
. dS = °K
~ dS = Kcal/’K

F T @R GBPE ST w9 SEE WO ST I W | WA PR 43 T
Kcal/kgK | ST 94 SAR GEPR AR gz 71 BTt AR (T8 BYNIT 9T G% A Unit of entropy ¥l
oM T W |

P-H ST TS T LRI B (term) 31 *Te SRR SRS TS T4 |

3| V=G SN (Saturation temperature)

| % B (Saturation pressure) . !

©| T T (Saturation liquid) '

8| T I (Saturation vapor)

¢ w-Sreer o (Sub-cooled liquid)

b1 9fS Y I (Superheated vapor)

91 TS TIH G AT A (3 1 (Saturation liquid and saturation steam curve)

v PO % (Critical point) .

®1 @D T (Critical temperature)

S0 | FERB 517 (Critical pressure)

33 | D WS (Critical volume)

3 | =S SNIET (Saturation temperature) & o= ﬁm W’TT!FI SEEACR AT TR AR ATSae
SETES L HoRE SIAA (Saturation temperature) T |

QIWW(Saturahonpressure)!ﬁmmm (U BIC™ TR AT WWWWWW

W, SF 77 % I | -

© | F% T (Saturation liquid) 3 mwmmﬁmm QW OF TR WA @
mﬂmwﬁf%wmwawﬁwmmﬁWWWW|waWWw.
(Saturation liquid) TC | & WAL SAR TIAMATE FH[S St T |

81T ™ (Satm-atlon vapor) $ & AT T THEW @ Cﬂ'l T AMZ T ‘-‘I"‘Q‘@ ™ (Saturation
vapor) T |

@ | e T (Sub-cooled liquid) ¢ T F1F TACR SO (Temperature) T T SAN 05
4T T TIA WA & TS - A (Sub-cooled liquid) T T |

© | S TS ™ (Wet saturated vapor) 3 TF I TACH G AH SE WY T[E A (Wet
saturated vapor) T | '



o it -

e e e R T ST T

1M TS ARG TR “rwfers Ry e et a=emf o .
“a1 W% 898 A (Superheated vapor) § (1T AT TV (Temperature) B TS BT BT

W
arECe BITF AT RIBE A+t A S Iwd AT (Superheated vapor) I | : ’%3

'vlﬂwbﬁq(cmlcalpoim)scmﬁmwmﬁwmeammmmmﬁmﬁﬁw

TR SBT (Phase change) A WRE Fr¥ @R A=A ¢8R R0 P-H (511-a=mf3t) st p-v (51°-
) A T-5 (SR G) corefoon o8 o = AfSow A e Repernt @t Fer A T A
TR AT (ATE ROTT G 01 SToof Q™1 G = Tl | |

» | TS SHTAEN (Critical temperature) § RF5 frare 2R A FAR o Hee SI%HMA (Critical
temperature) I | N FT T Te = 647.3°K |

3o | AT B (Critical pressure) $ M3 TS &Y (Fluid) FIITE TFE 5194 (Critical pressure) IM |

Tq, S M@ R (Critical point) 0 | wefe, T8 (FIH CEOTR (AT TSI AT @mwmﬁmmgﬁ

. onfiva KRB B P, = 221.2 bar A 225 kg/em? | TSI J (RTS ATA— (P IR FeFs ST (3 511 A0

TR T AT AT T 7Y B @ MR AFD B IO | _

s3 | WD SIESA (Critical volume) § TF TINTM QR SFT SR GIF ST AT WHEF
SRR (Critical volume) 3T | (THA— < CFB WS V, = 0.00317 m'/kg PR SR-SFARTTT MG S V.
=2.17 cm'/gm. : '

33 | ¥® T ¥ (Saturation vapor curve) $ P-H (1-gwemfer) A W S PN i e
T A R S TS A (UTT 4T IR, OIF FE A I WA |

m|wwm(Saturmduquidnne)amwmfiwmﬁﬁamwmwﬁrﬂmwm
fay R TINTR OO 760 PV S P-H (T4BGn o 3 e o et cart w0 frow 3 3
@t T FTS ST T, BIF T=F I @t (Saturated liquid line) I | :

38 | T T A1 T ¥ (Staturation steam curve) 3 A TF3 Frowwn G 3T ¢TGN “Mewl T
B TS A R W IS I

3. IR e Gt e are ettt B 50 S (Draw a typical P-H. & T-S diagram) 8

] r__Criicalpoi[ntI .
LT R T
Critical pressuge * 1 | |\ dorort
l I i l: \ e S‘I{pérhg‘atéd
sdpencdoted || \ (_.__- vapour region |

l Iiiﬂﬁ'::;;)it'])n t \ Wet vapour f\;\\ r’ ’I’ r;
@ |__region. !
S b l £§ / 4 7 i\: ‘\’;au{:rat d
=] Aoy
2 ‘ | & A ﬁvadou;'l'i‘ne
Ny
& ! p ,\,\ /
— - d f‘. ;.r‘
| . )&
/_I’ 7S
| AR
- - —_— = L}
L IA=T 140 i

Constant velume e —
Constant temperature
Constant enuopy
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20 ' WESTE R W Rt
p-Hmmcmmmmmmmswamﬁwwcwa@m%mﬁmm
(Refrigerant) 51" (Pressure) FAPIA SN T | B @ Noa i < Resi (o=t (@ o (3f (1 kg)

iﬁa"ﬁmﬂ GRYATY T (enthalpy) YRIFIf? “hew-am | )

P-H S gt oft W faey sty zm | qai-

> ufs Bee A1 3o 5T Wt (Superheated region)

1 wYfreR wesw (Sub-cooled region)

W O ”fﬁ’ﬂfﬁﬁW‘T(Region of phase change) .
%mﬁmwmmm,WWW-amwwwwmm|me
mwwiﬁwmwwwmwmwmwmm%ﬂm|
Wﬂaﬁwmwmmaﬂmﬁmﬂﬁmwmwwmwwmwm
W@mwwm|w@wmemmmwmﬁwmmﬁﬁmmw
R A CPTEE ARIET @ WA T Bergye W A TP (P ARIET W (Region of phase change)
atvnmﬁﬁ%mmmﬁaW(cp)mmWWWcmwﬁmmwﬁmmﬁ‘ﬂm
Mmmwﬂmmemheatﬁaf-rmamwm@mcmﬁﬁmwwmmﬁmm
VISR gt fipt 303 |

T-smmﬁﬂmaﬁﬁmww_—

Sq ds- Sp

— T —

7 6@ 3 5.4 .5 wmam
R A L P P — R SO S I A BAA b e T |
3.9 G R G et Pt vk iy migs @ CEHPTIRR A (Describe the
different line and zons of P-H & T-S diagram) 3§

Bt .0 @ 93f6 Wt cermg et By TYE S (A1 (Saturated fiquid line) W3R TS I et
(Saturated vapor line) I fafban “urh fife owm | woyE waE St @ TE B afba
S | AT B AR IR AT e - (Sub-cocled) (¥R (@I fFiPET ¢ I ™A TR
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fomn oriat owee | ' :

GF O T T Q@ Yo% I YfE g i IR ) YT arem FRG wR0 cR cnt
0% I AR 3o% TI MU IW 1 P-H WO RoUw epnie WHghRs @ereriE STst (Constant
pressure) AR BT AHGTIATS - g AT A | W TR SRR MO (RANTET RN R, ST Sy
R TG AT | : '

T S (AN TS A (A G A 3 |
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for ¢ 5.¢ T-5 W

Bertaa T-5 B A T TS WA B, R wrdfSiee swre (Working Substance) ST g[S @7 A Bt
A STER TS B WAFA (g | A¥T AB IFRLW T (T (I R ¢ omm 7 1 o A e e wperman
TK aR @R SREA WBTs M=y A dQ oot fmmem == Sam oo (S)dS"'IﬁTlﬁ@ttECEI QUHTY
QG TR W o3

HATACIFS o = S0 STt x GG 3%

wifie 4Q = T. dS

QAT dS B TSI DI RIS 21 G (Strip) 97 AR (2T 2T |

TSAIL AB IR 57 CFATA = CRATA AB ba,

=[T.ds _ -
=/dQ [+ T.dS=dQ)
= G STTFS Bt |
Aeamﬁﬁ%mmiﬁ‘mﬁwmﬂ
st— J—Q
8 Ty

T
$:-8 = Izd—lg GB1R T Bi7 ¢ aBifvre W weE e )
Ty

Subcooled region
(Refrigerant is in_

the form of 2 Region of phase change

(Refrigerant is a liquid-

E subcooled liquid} vapor mixiure)

e

g Liquid to vapor Superheated region
& {Refrigerant is in
z Vapor 1o Liguid the form of a

3

s Superheated vapar)
a

o

' Saturated Liquid curve

Saturated vapor curve —

Specific enthalpy (kJ/kg)
B £ 3. oo ™ whmsy fg g
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ST It SeTeTs R ~efers Ry Ramea i gt o T e
3.8 I Wit BITh SRm e TR 5 (Represent vapor compression cycle on P-

H diagram at different condition) 3 '

46.750C

9861bar 4 «— Congdensation

e o e i e, - A -
g 450C ‘
g
;
=R
-
g P 2.67 bar xf ¢ ig Vaporization .,
M Rt

-1-—---.— Latert heat of vaporization
4L 0ss | 4= Ralrigerating effert

1 1 Compressian

1 ¥ Tatal heat rejedted =

! -:s-." at condenser : N

:3: w2y Latent heat 5

L) 20 4= rgjected at L cansi

=TI condenser ! T ensible heat
he B he fo g

Specific arhalpy (WI7KgH
B 2 3.9 7 Rewfes Saa= 2P =M stRm
T AT <wfen R 52w e e e T IR IR e s w2 et e o
Q T AN SIS AN B A | A BOI 2T i S e 3 7o A
afdFmm (Evaporation) WWWW(SMW&& vapor curve) ™ 3 | SIY A °F TW TRTBOA AAfar |
SRR S AfdE (Condensation prmss)WWWWCW%WIWMWﬂ
T RN TP TS A ARRTE T8E T (Superheated vapor) B I SR P-H 5F AT
amﬁmmwwmm@mw-mwm,wwwﬁﬂsmww
(ﬁﬁmmﬁﬂammmm)wﬁwmmmwmmﬁqmwﬁwww

WY (W, WCF ARPE PrRERE M-FA (Subcooled liquid cycle) 90 |

T FREFTH TR T T AT 5 TS 241 SR e Sraf e affaewry ety zn—
1 FTHA &M (Compression process) | © ) FEER Afdw (Expansion process) |
X wAreRw afim (Condensation process) | 8| Q™ifv= f¥em (Evaporation process) |

R

— |1

L. =/

@) . ™
fhss.b(x)mwﬁﬂmm () ™ ¥y Rt S p-H SR
i ¢ DA TOTATRBLA AIER; AB FNUTR FRHB; BC ST S35 CD @faig FTETs ezt |

i
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20l Iy} kaleBic Joalk
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Critical point

50

gu@m&mmmmm%

& :
| 7 &
g Region of e‘}m &
p | sub-cooled %) Ragion of éy £§'

3 liguid mixiure of SIE
. &

E-, Liquid and

_ vapour Region of

'S 3

A

|
|
I
I
|
!
h

e
Enthalpy

_ o ¢ 3.5 Ay wamrTR > Foops R v

(%) ™R &ifiFst (Evaporation process)smmwmﬂmﬁﬁw@icmw
mammmﬁqmaﬁﬁmﬁrﬁammmmwﬁmwmwmmw
(UT 2RA 19 aIet TR, T RN 3 oA 1 o AN GG TS A IR @ 0 |

(%) STeTrRet el (Expansion process) $ 1™ NECHEA RO ST TS AN TR WO TIPS
S O A I TS (M ROWR °F 8 %] TS Toeeae OF TW | 9 AR RSN 519 (AT A
ﬁmﬁwﬁwmﬁqmmmiwmmﬁmawmmmmmmw
R @ gt SifEsT W = R @ efimes wiftmate FogR (Adiabatic expansion) qTH |
TSR AR A TSI 51 (AT G 2 G WP I3 AT B et e & |

(*) TOFT afif¥t (Condensation process) § FTHIE g BT A= FEmi TGS T IR (AT
frfe B sresta Tus A AR Frevr © RS o 7 | vareas = 5t s 2w Rt « oAb
P-H BIT6 < SIToRI (At TR 0~8 o+ 31 T | .

(7) AT A (Compression process) § R TS QAT S T Al @R e
CIHITEH 3~ (1 A1t AT 2 Z00 | 9 IR BT T4 AT Sl @ wistm 3% IR | R
Fl“lm"aW(Evaporation) i WWWWWWI q 5 ey wiEGhe (Isentropic)

- orafE T

8 RS @ i (Entropy) 4@ » Reres wa% B AigE | (& AEFIGA AN P-H SiEETw g1
H (Constant entropy) SR T | :

@ 516 A eferm @3 Tfirs R v s 2a croten 21—

8—3 = ¥ GFURHTS =1 *f&FM (Expansion at adiabatic process) |

S—X = §FT BITA I Al (Evaporation at isothermal & isobaric) |

39 = 7 HHTS AR5 A (Compression at constant entropy) |

W—8 = ¥ 51t Hreaw iR (Condensation at iéobaric) |
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(Explain P-H chart to determine different value of refrigerant of vapor compression cycle) 8
@Mﬁaﬁfwwmwmmmwwzﬂm 93 G YT TAT T ¢ aanm»‘
TR 9FeF RO REFFEETE p-H B ifey W @7 w9w of i o - b

o, .12 Jegs 03l we wwE Ao S AR T 1.5 @RREE @R TS Tl s.sﬁ%
/A28 1 & AT BTEF P-H diagram W% $3CT 703 |

R § RAN-12 9 AR GG 516 w2t qvRreas Bie 1.5 w%/mmgmmmﬂm@wag
DA Gl GRS B3 ¥ (AT A% 1 Wi o1 Bifd | %3
JG‘

%

B.5 kg/cm?

1.5 kgicm? -

Hp Ho Hp
f5i 8 3.50 P-h S
TR 8.5 (82T TN T SR M WA 4 5191 @R B CB GNR1 TS A1 IS (T O

.WW@WWWW:WNWWWAWW@?WWWW

%mﬁmﬁwmma%ﬁmwﬁmlﬁwmmmwmmcﬁimﬁ
awﬁmqmﬁmmwwmﬂm@wnﬁwwﬁm:mwnmﬁ

ABCD = A 7% e va |

DA = TSTUANADSA T TR 1A A Refrigerating effect (RE) |

AB = 33 <% FT0M 1 FU02R FEE T@ (WD) |

BC = (%W $¢3 3T w19 ¢

CD = F&13e AfEFut A1 G SIS (2R I |

-C

ko]

m Ty
C 2.61 bar N ol B
. T N
' ( 2.61 bar >
0°C c =8°C )
281 bar

\¥. Saturated vapor

5°C Superheated vapor

40°C

.
15°C /. 66.7°C _
981bar__ 40°C £ )
40°C
9.6% bar )
A 40°C
9.69 bar
3 3.5 TIRIESS blar & ﬁﬁi
TMESHG ([T WS amwf%-rﬁv -8
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Ec’ll( i Superheat ]
{ | I
| |
31 el
S| ~ }
. 2]
o )
Enthaipy (kJ/kg)
fo@ 2 5,52 TV - 33 07 M © S TRBTERA (@R e SRR get
st AT R “1%fea P11 Shtery Rifey e 2 5 |
: : Critical paint
Evaporator [ j '
i v /—\
& a Condensation
E 3 " . 2
2 .
= &
[4h] == 4
2 2 2 e
= ] by 1 cs.@"" i
£ & > & ;
e Evaporatio
A / : P ! |
t , !
; ' :
\. J ¢ i { '
Compressor / e RE | oW :
Condenser : ! I
5 8 5.0 =t eTIva R onefs ——— Wed ——-v:
' t

o . . fom ¢ 3.58 p-H ol
o B 7Y zre it A1R- Aiw ficew Ba A e RaEw qwfen «x W fired KA Py
TIERIT TPy |

P-H ST X0 SR (TS 1R (¥, (1-2) TSR F9F 7RI @fdFut (Work done by compressor) a1 W,
BT 2P 0 TOUCE, |

(2-3) I FTEIRA T FET B (Heat rejected by condenser) -

(3—4) TR GHAE I I GHAT SR TP FEI (Work done by expansation device)

(4-5) ¥TIZ=E TN FRITEGA Z0S PEIW (Work done by evaporation) TF FRIFTA R.E T @RERT 2red
T FER GEAAR SNa7 Tk o T |
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wwatmﬁ&mmmﬁﬁﬁﬁmummmﬁmﬁ )
b Rty sEE a3 Rawe P-H BB NI ST (Solved Problem with PH

‘Chart of different refrigeration at various condition) 8

EAIEE-3.3 | 134a s Fawe 93l Horwm ANz wmmn (-10)° G G FiST v 40° o %i
FRF MR 10° T TS T (o) Rpeafe LAY (Refrigerating effect - RE) (b) FTEPH TS 30
{(Work done by the compressor ~ WD) 4t (c) (PI-XfFONG &7 RSN (Co-efMicient of performance —

cop) =)

| ﬁ%
%%
%

40°

P 10°
00

1 7.

------------------------

- i e e e

I.
E-%

Hq Hz
5@ ¢ p-H T

40° TNSIN BT, (-10)° Gig IATACIA VAT R 10° (FARH AR JARRET (@R R
TSI T #1340 TR 515 @ ST T < hew Tw-

H, = 310 kl/kg
H, = 350 kl/kg
Hs = H, = 160 kl/kg
RE =H, -H,
=310 - 160 klkg
= 150 kl/kg (BF9)
WD=H,-H,
=350 - 310 kl/kg
. WD =40 ki/kg (83)
COP =%Eﬁ
_1s0
=40

.. COP =3.75 (&)
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515 (AT A AR,
H, =245
H, = 300 ki/kg
H; =H, =86 kJ/kg
RE=H, -
=245 86
. RE = 159 ki/kg (3)
WD=H,-H :
= 300 - 245
-~ WD = 55 kI/kg {T59)
RE 159
COP=wp=55

- COP =2.89 (¥%9)

tqm 5.0 | Ramwz- sozwmﬁwmmﬁwwm 35° CT1 G AT Srat (- 25°
G | PR SRR TT=rpe R AR 70 1 B0 (1aRD) ™™t aved I arae oo e 150

TSME @ wie auRafEfi

Eﬁmvtnlﬁmw-awﬁmamﬁﬂmm(uzsy Gt R TSI S 35° N |
TR TR 7° e T S P 10 W 3 G RE, WD @R COP g a1 |

35°C

-1g° --

-25%C /

1
1
1
1
i
]
1
1
1
1
1
J
]
L]
1
1
1
1
i

86 kl/kg . 245 300 ki/kg
f&a 3 fimw-u «¥ P-H ol

iy wfren = T ﬁm(w) RE (-:) WD = (%) COP R == 1

o)

™)
&
o
9]
]

k :
(=]
i
R
(=]
2
\l\‘
~
\‘\u.
.
o

62 ki/kg T T T
5 3 F1-9%5 wommm

klikg
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H, = 184 kl/kg o
H, =219 K/kg 2%3
H; = H, = 62 ki/kg : 3

(¥) RE=H, - H, ﬂ
=184-62 Z
~RE =122 kl/kg (¥%) P
(‘1) WD =H,-H; g h
=219-184 %
- WD =35 kl/kg (83) g’
- COP =3.486 (Bg) g“

Ruarst ¢% ReY (Calculation of mass flow of refrigerant) $

A @ﬁ',

(®) = TLE3 #S! (Refrigeration duty) ki/sec W4 KW |

(%) Tt e of&wt (Mass flow. of refrigerant) kg/Sec R

(o) fmns ey A afpencaite Reel (RE) kg |

S G TER e (/S Wk Kw) = fRaes -mrm st (kg/Sec) x fRanm R (kakg)
', kJ/Sec W9 Kw=m xRE

tm'tulm 39 mﬂﬂmmmwﬁ qutﬂwqﬁmﬁﬂﬁm

TR TR i WAL

ey

AR 3.0-a7 B &©A F Refrigerating cffect, RE = 122 k/kg .

f&ﬂ'l’ﬂ‘l TS Kw=m" xRE

KW 22
M =R =133 = 0-018033 kg/Sec (=)

tﬂntﬂ :csmsqwawﬁwwmmmu IR 1.5 IS 51Tt T
WGW“IWM(—ISPMWWW @R 30° CT3 FTS 5 B0 | FEmres
mmmsmtmﬁﬁw—

(3) COP R, (W) Rurwres aen Rt )

75barlenanoas 3 2
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: '

'

. '

- 1

1.5 bar 7 AR

1 . ! .

1 ! +

3 * »

' ! !

v ' 1

' N 1
¥ L]

65kJkg 187 216 klkg
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T Y

o 0

P

T T TRCPIEA TR, =TS R R e At 51

. RE
=~ (¥) oLz COP =WD

“Hy~H,

_ 1464325
T 1635 — 1464

- COP =6.6608 (%)

fetara e
AT 21T (Mass flow) = T o

KW 175
Sm =pw =E=0.1536kngec.

(}) FMATRAFTS = mx WD
=0.1536 x (H, - Hy)
=0.1536 (1635 — 1464}
=0.1536 x 171
. PORIR FHE! = 26.366 KW (B8)
('1) ﬂw %! (Condensing capacu;y) =m x (H; ~ Hy)
= 0.154 (1635 — 325}
- AT WA = 201.3656 KW (Bs)

mg

414 lejlalialety Blick) Bl
NG als belillels] bed(bole

Srme-s.q | Rur-03 e ol fRunm v R daew R 0.854 @Ryon | Ay wiew ¢

(¥) 5T COP |
(¥) FTRTER (Ao e SivtmEn G SRfba «ikm |
() TP T | -
(9) TSR TS| |
53°C
2
9 bar
2.5 bar
214 kJ/kg

 fa 3 p-H SR

Wﬂ‘lm90NZSW@&r}IMWWWﬁBWWWWW |
AP 0° C13 o TRy vt 30w | v -



14 lsJualpeln Blic) BRORIY
epliea bQlbDie laald:

71173

TS TS 1S auRdeE

B (oTE Wi g —
H, =193 k/kg
H2=2l4 Ufkg
H3=H4=63 k.lfkg

RE
(%) B COP = 55

H-H

“H;-H
193 - 63
=214 -193

~ COP = 6.19 (¥&%)
(%) T fefe sem & ammt
P-H 51 ¢T3 *I% 53° e (T&9)
e AemfEBa e 53 - 36 = 17°C ($99)
{Careg CTRRR S 36°]
() TUHATTA WS = m x WD
= 0.854 kg/sec % (H, ~ H)) kKJ/kg
= 0.854 x (214 - 193) KW
FreeIE wet = 17,934 fment (B3)

(R) FCEWIIR $TB = (m) X (s FE S I sz
= 0.854 x (H; - Hy)
=0. 854 x (214 -63)

- BTSWIEE WSl = 128.954 (ferenent) (397) .

BARRe-).b 1 3-Prfrsr A «fd ot 4 10 em x 10 em R-12 wumR g7 fSRRE (RPM) 7501
wiiteas @ TS SRR WATTECY 35° (18 IR 40° OB |

(%) frarbum wiet |

(1)mmm'ammmtormmmmr),uﬁmmmww“1

(*1) R COP

/

]
]
I
1
]
i
]
1
]
i
L]
1
]
I
1
]
1

1
¥
1
I
1
1
1
1

109.4 138 141.8 kJ/kg
fia 1 P-4 ST



M A AR T refers Ay ffmmrea e aReie 515
P-H 55 (9@ 7iha3 T,
H, = 138 ki/kg
H,= 1418 Wikg
Hy=H, = 109.4 ki/kg
Vs2 = 0.055 m/kg
2 fafans Jenfers syem sAffme-

Swept volume by the
2

mid
Compressor/Min = =z X % % N xnxRPM

n 10V 10
=4x(100) xlmx0.8x2x750

= 0.9425 m’/Min.

1, .
e T e Swept Volume  m’/min

= Specific Volume =  V,,
_ 09425
= 0.055
- m=17.136 kg/min.
(%) caipeiTafby el = 17.136 x (H; - Hy)
= 17.136 x (138 — 109.4) = 7.85 HP (5%R)
.. COP =8.1638 HP

(¥) TWLIR BIHATS BT = 17.136 T;;f —138) _ ;85 up (%)

RE : i
(o) PR COP =g : '
_H -H
“H;-H,
138 - 109.8
141.4 - 138

~ COP = =7.526 (5G7)

A-h |

e

Sle

SAG[ B, beli|le%|

214 Lojlslbe lic) bbRE)

Trgd-3.» 3 Rame- 3 Ta5T WMWmiohmwmmm (-8)° (T T FTSOR

(¥) Y@M COP |
(%) TR BIITS TR |

1775
7.626

Lo

2.2
20

SR 30° ¢e | fibie RO seww AR Ruvate 50 Bt Son (Sub cooled) T T R TR
e ok 6o RO Sos zu | St 0.1 Rt o | T e 3 @ SR e i w a P TR



¢

TS GRFEEH SIS quRoufi

P-H STsTRR
Hfeil wirom afan ¢
1 - 2 = ILHAR P SNTS FTCHI6A | _
2 - 3 = FNLHAE A Siers sresw e |
{Pressure drop in the discharge valve)
3 - 4 = FTEWIA NASaH |
4 - 5 = 3 e wEAedtes |
5 - 6 =B o™ wm fiates ya amamdcs FeeomrRa
6 - 7 - 8 = TSMTACTE 44 TILA ™M |
8 — 1 = FHLEPLEA ST TIES BTN NS |
(Pressure drop in the compressor suction valve)
PR wRRiteTS 515 (AT iRl 13-
H; = H, = 137.5 ki/kg
H; = Hy = 143 K/kg
Hs = Hy = 105.5 ki/kg
fafaeT &%= (RE) = H, - H

=137.5-1055

~ RE=32 ki/kg.

FINAAEFS F& (WD) H, - H,
=143-137.5 =55 K/ke.
RE 32.0
U COP =35 =25
~COP = 5.818 (¥s)

R statcg R (my = 2030 _ 1000

guwmmnmmg
D20 Bjs beBllea) aldDie janld bl

RE - 32
-.m=31.25 afafiz
‘ _m(H;-H) 31.25(143 - 137.5)
IR SIS SI§R Srrwst Hp = =00 = 1054

HP = 16.31 HP (82) _
BERt-3.30 3 4@ R-12 RONA TR wwe 25 B, W SWIIEDE SR (- 10)° O @@ SR
PN 35° (18 | RARS FOPT AR e 5° O SMTRIT T8 T | A SR TR 230 k/ke,
AT IR TR 330 kJ/kg, TIRRIE AR AN 360 kJ/ ke T 0 31 3

(%) Ranrs aatoes v =W, Rumees #fme )
(%) IR wwe,
(™M cor | . [Arifirat-a008, 2004, 1030, 2033, 2030 (f),2033, 2038, 03¢ ()]

“1 ol s

PZ'_' P3

Py=P,




-

[

L

—— -

TR A RIS s wfere [y R e g 5 1)

we know,

= 89.25 kw
@Fm=¢g

89.25

~330-230
89.25

=100

som =0.8925 kgfsec. Ans.

(¥) TR FT!

RE
WD

_H-H
“H-H
330-230
=360 330

100
=730

(") cop =

YN,
158 =357kw H, = 330K/ kg ﬁ;
. 2589 =357x25kw H,=360K/kg -

H,

=H, 230 kJ/ kg
(®) Rt =t = 2
() TR WIS = ¢
(1) cop =

lglﬂ@&lh&mﬂkmmmﬁg
Ry baikliey| kil lall:

=mx WD

=mx (H, ~ H))

= 0.8925 x (360 — 330)
=0.8925 x 30

=26.77 kw (Ans)

~COP =333 (Aans).

(*1) FTSWITR FT! =

m X FTER FYF Afefs ooz Affmm

= 0.8925 x (H;- H,)
= 0.8925 x {360 —230)
=116.025 kw (Ans)

TRRA-3.5) | R-12 TAGD 1 & wwermy mmwowwvrrnmwmmmsoacwﬁt

O e T | s

o RS T Tt IS R Rocn R TR COP R FTH TS|

a1 o Rt Talbee -5°C ToRATGRDE St R 60°C IS ST B Ao R TR 2]
X, B FArsw Sl @ COP «iRe Froes NS e 39 | [arefical-a00b]

TRTGTAT &

Gl
o= T owa
NI,

H, = 186 ki/kg
H, =215 ki/kg
H; = H, = 85 ki/kg

R T cw | 25 T owea

hy = 186 Ki/kg hy = 185 kJ/kg
hy = 215 Ki/kg h, = 225 KJ/kg
hy = 85 kJ/kg hy = 100kJ/kg



TS T WS e
(F) FLT T = 7

(}) cCop =7

mmﬁ(wcknow),

(%) FTOLAEI FHE = m x WD

3% [~ 159 =3.57 kw]

357
“H, -H,
357 357
T 186 -85 T 101
. M= 0035kg/sec

Waamw =0.035x(H;-H

= 0.035 x (215 - 186) =0.035 x 29
. ITOLHER TS = 1.015 kw (Ans).
(ﬂ) CcOP =:R_E..... — EL.“_IL

WD~ H,-H,
_186-85 101
=215-186 ~ 29

- COP =348 (Ans)
2B stir=ta cwoa,
WYITH,

H, = 185 kl/ke

H, =225 W/kg

Hy = H, = 100 k/kg
(F) FLICHE TS = ¢

Rycor="7 .
AT A, (we know )
kw .57 3.57 3,57
M =RE “H,-H; _185~100 = 85
= 0.042 ke/see '

(%) FHTER UG = m® x WD
' = 0.042 x (H; - H)
= 0.042 x (225 - 185)
= 0.042 X 40
. JTOLPFE BTG = 1.68 kw (Ans).

RE
%) COP_WD
~H-H
=H,-H,
185-100 85
=255-185 ~ 40

- COP =2.125 (Ans)



TR I AL KA rafers iy Ramesm w@va w5
BATER-3.5% | G R-12 FTGT® R-134a BroBTn 2% wibim 100 MJ i R 3t wep RE A e

TS TR | AR 20°C TS 50°C SHARAR A0 TRY | TS A~ e 357 uxnmmﬁ%ﬂ
R 225 KJ/kg RIRIBE AL AL 377 k)/kg TN R R 4

(%) s <R |
(W) T we |

(1) F0= FeTomeTl (S weel L 9e%) |

(%) COP 1

Ll

ot i,
{we know )
1 B9 =357 kw
(@) m=rn
__357 357
“H,-H; T357-225

~m = (.027 kgfsec. (Ans).
(¥) F=YATER TS = m x WD

:Pa

p]“ P4

23 '
[IFfiAl-2000,300¢ 200 gg
| 3%

R
glﬂ

H, = 357 ki/kg
H, = 377 K/ kg
5= H, = 225 ki/kg
- (%) fEmms Afm = » ‘
(R) eI Wl = ¢
(%) F38% et s =

(%) COP=?

= 0.027 x (H, - H))
=0.027 x (377 - 357)

= 0.54 kg/sec (Ans).

¥
aasﬁ#aﬁwmm%m:% Kmnn 3 PD = 2580y iy/ce

1000

(*1) & SeIRfer ST (7T 1R, BOIR @ Gt 2 |
357 —225

(%) cop =k -

WD "H;-H;, ~

=377 357 =
TEETE R WS TRy

132
g =6.6(Ans),



8% Wma&wmmamm

E ﬁmﬁwmmmnmmm 2.9 T (bar) | @ fRRIES (-8)°C ST FLo2TH &P I | TS
iwmamﬁ 1464 kl/kg, =¥ EX" mrﬁszsumgmﬁmvmwwmnﬁ 1635 kl/kg
UMW

(%) e erren

(V) coP;

() FTEP 7 WS § TSI W | | ' [afai-200s]

4

219 lo}ieliielp Blicka) ESMEI)
226 s RIS aleLe

Pf 3 com - 2.
Py !
Py o
'
)
hy -'H

hy= 1635 Ki/kg
hy = hy= 325 kl/kg
h; = 1464 Klikg -
(@) e @ T =2 (¥) Cop = ?
() FToLW 47 FH § TS WA
KW 357
(H) m— = H, - H:l
357
1464 - 325
- 3 134 x 107 kg/sec Ans.
RE H,-H,
() Cor=wp =h,-H,
1464 — 325 '
= 1635 - 1464 ~ 066 Aus.

Q) Wﬁa ¥R WES} = m{H, - H,)
=3.134 x 107 (1635 ~ 1464)
=0.535 kw Ans.
WS FAS! = m(H; — Hy) |
=3.134 x 107 (1635 - 325)
= 4,10 kw Ans. )



bR it -

ot e =

W oL SRS (e reeTe fifen Rarerew e aeRt 51 8¢

TarEd-3.38 ¢ Il R-12 e vage Fody dfe Wi 100 MJ ST %W ¥ Wy 2D At e
s T | A 15°C T 50°C SR Y TR | TS AT e 3smmg,w-1vm
wmnﬁzzumg,wﬁmmwnﬁmumg,mmn: '

(%) e i %’

(¥) FACTA W,

(o) FrBw R, Tt wefie qwel 85% W, . g

() cor (RB =) E [aRefETal-2 009, R00t]

T T TR

[*3

|
PRI IR, o ' }
h, = 357 KI/kg
hy = 377 Kl/kg
hy=22 kJ’kg
o w3 B = 3.57 kw.
KW 357
RE *H, - H¢
1.57
C Tas7-22
(9) IR FAE = mxX WD
=0.0106 x (H; - H)
=0.0106-x (377 - 357)
=0213kw.

2 .
Q)] ﬁﬁnﬁmm%mrﬂi—m’m PD=%£—JLWWC.
N.B. SR FEW (T K,

- H —H, 157 -22
() Cop (RE M) = =35 + 1 =337 357
16.57 + 1= 11.57
FUSMR a7 S 7o

FCET 03 oo =

(F)ym=

= 0.0106 kg/sec. Ans.

1l

_H;-H
“H;-H,
-2

=736 = 11775 Ans,



Brer-3.0¢ | mn-uﬂmmﬂtﬁmhamf#wmawmﬁﬂmww
TR W 15°C TRV = 92.7 M feallt e it 223,54 kifkg | T~ R SeemeR o7

I i‘aﬂmﬁmmm@mmmmlasm klkg T O3 TR ¥ @, (%) wéeh Ramem (v)

g V =927 livke

2 g hy=223.54 kifkg

g hy=344.24 1I/kg

“% he=hy = 135,34 kI/kg .

£ (%) IR A = by - hy=223.54 — 135.34 88.20 kl/kg Ans.

(%) FTLRL I = -y, = 344.94 - 223.54 = 121.4 K)/kg Ans.
) R ez o = ¥ =357 004 ke/sc Ans.

' RE 1214
(¥) Cop =WD =8g2p = 138 Ans.

Wﬁﬁﬁﬁb

31 PHE i Riefa-2050 (1))
mﬂrﬁaﬂmi‘@ﬁmmwaw 9 W Fefy 0 TR e g T

TR TGN A W S P-Y 5B a0 | 3 P /! Pressure (511) @3 H 941 Enthalpy (T19) ereet= gq
U p-h TR P 79 '

mﬁmmmmmwﬁﬂﬁm«a«mﬁmwmmﬁ a2 By
SR AT I QY O P-H B 97y |

¢l cormmsRyFr : _ Rl 2050 ()]
COP @% 4 9 T Co-efficient of performance. COP e WhM! IT~e7ay =% 93
Afreai: 8e3 «a afre (Tgmere) 3R | ' '

81 COP Rt @ fint | R0 (o)
COPWWEsCOP=wmf __

¢! it Ty e ' (RRIARL-2008]

fﬁtmmi‘eﬂm 9 TE B ST affpercaite T an
BETI R S—— : :

=l owmcs fraze (T3 w7) 725 4 QDS T (g o) e cn gz s
W G feqrs fasfarmm oS am o



a1

b
3

wl

i
R
LN

o8 |

e A TR R o R R (@ g 55
P-H 510 Tt e = fore o | [areféTat-3009, 4 aﬂl
YT, P-H ST @i SeemeTe < o | [RfHTal-2 032 (7), oms]
Wl P-H S0 wem wuf o & Hy ' [IRTA1-203 3(71), 2058]
(Ewafl) o1 vrsa Foms wanem = e ot 291~
Y | ARTE T |
3 | FRIDT W |
® | (% (58 W |

RE 9 72w >@fs e

RE:hl—hﬂTh,—m

TR I A fador Py

(Z=af) we=h:-h. _
arem™ $iz ' _  [EfETEess, 2038]
wet, e Tmee i QR ' | _ farefeTat-20 e (<))
mmmem@m(x)mwﬁvw@wwﬁ%ﬂ%«mw )
QR ATA |

A ETEA h=c + Py 4L, h= U + Py

GIYEH 9F K/ kg l _ :

> B W AR T T kw? ' ' [ARefiEat-200)
(s=af)) s v v e = 3.57 k wat,

25 = FATSeT e & Riwe [[rEFfTR-q008, oé]
ﬁmmmwﬁmﬁmemﬁﬁwm%aaawﬁ{ﬂmmm|

R vuE SR RAmR Zoeisite © Freiv crie ek [areifial-2000, ot, ov]
fiﬂmmfiﬂmmm&amwsﬁEﬁmmﬂﬁmm, SR (LA ST T |

21 Jp)lalpalsby Blieig) B2tlie) Ealb)
IRl blilkes] baldlie lualb

3 i TR 5T (v i af R, v ) _ [ai@Ca1-2008]

(Bwaf) at e fen S T IR S PTE 24 S sweot SR i et
F -

3 1 TeEiss &AfeFt (Compression process) |

3| vAre dfdem (Condensation process) |

o | S™gact fepnt (Expansion process) | . .I

8 | AR &fIF (Evaporation procesé) i



|
3
1
3

[FrfEat-yod o)
[artfirar-2008]

8% HTESIS (ARFSIET STS aRRS T
émnﬁgml
isn L, W TR A ST e Y |
y  (===f]
g . r__Critical point
! ~ 71 7 I
: J l; ’ l l ‘*l Pt
g ritical pressuge '] ) I\ I
T Y T \ -‘l - oy [
l \ / . S,qpprhgatq_ed
- - - - I dJeqion
% Slpericcoged ! \ [ + ‘VTUII e?‘ f-'
’ liquid regieI)n l €t vapour f\; VA J.' ;
] e /f-fjg?f“‘- KAL)
g - $/1,. g r ‘\Sa}urau]
i | 't:? ‘—"'"'/—/' - ‘*Fvapou;'h
o 1 |§5‘? rd 1/ !/l/"';‘r\\‘.},f
£ - - - - FA W4
4-5* / Fd !
| A /'/'/ /I', f’fl.'
| T T z///\\.
gz A= T~ T 117 il
: Enthalpy —————
Constant volume —_————
Constant temperaiure —_——
Constantentropy  _ _ _ _ _ _ _ _ _
f50 3 Pressure-enthalpy (P-H) chart.
]! p-hotere® Fmr - :
(Berr f) =1t srecwrsm 2t wrteitn Froee AT var RS W @ Rt T e fe s
T TSN AWS (IR Shr ALFEA, TSR, AegAR @ AW af i B e widhn T
rfreR= «fFedR ab o @3 ot RAfen e T wfREafrs =0 T, B 5 3 criftacs e
e BT T T |
©|  COP R Wi FSTa G Ay
WY}, COP-F &g 1 3 |
COPaamwmmGﬂrmﬁmcmm—
> 1| EpetTaie Ied % =@
X | IR IS Ihwm
9 | HHEPE T |
8 | Hfta e ow e
81 RE, WD @ COP fftmm smetmt fird |

RE:h:—ha.wCD=h1"h“C°p=W§’E;VD
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1

L

TR A LFIEA R~ o e Rameea @ qHemE 5T 89

B To{e I ANV BT P-H VIS e 77 | [Arefzat-0s ¢ (1))

(Ewf) e oy oo R S B-H R R R G 4§

5 ——p

OGS ———Pp

6w 1 p.H T
RE = 90 k)/kg @3 WD = 30 k)/kg ™ Heat of condensation ¥¥? [AFA1-308 5 (*fA), 2004, oYo]

weknowrn=%

_3.57
=g =0.039

Heat of condensation = m x WD
=0.039 x 30
=1.19 kw (Ans)

ﬁa!:s O oL R Zone.aw TS | - Refr-go0s)
(Benf) 1.9 ofF wowots BT zone-an o by ot T s

L )

P Aﬁmm

—— Y
four ¢ -y o1
DBT 4% WBT U@ WS | [atetfoga- qOonl

@zl wtt T ST Dry bulb temperature) 1 TR STERBIE MEER ot ST et T,
SF DBT 7 )

wnnmwmmmmwﬁm%wmmmmawmmww‘

ST STHG A Sierwia aw |

L]

Al9 Jojlolhlebs Bliels) Bdtilied] Eayb]
QIGHBL. LisIeEl bhaldTils L b Lkl



WEEHE e W quirae

Critical temparatur, Critical pressure Ges Critical point <% F¢& Wi |

L, Rrrrem i ity T o ‘ - {W—Qo))(ﬂﬁ)]

| |

. Wﬁ"l(Cntlcalpoint}SWWWWWMQQWWMNW
fufers zm, o3 el g 30 |

o R{H® CMTA (Critical temparature) 8 JCFG ﬁ‘iﬂ! AT I PRGN SHTANT LI Sl
T | AR SREHT SIe Te = 647.3k.

®  AYHG B (Critical pressure) § FiIHB s 4R 5174 TR0 1ot 200 |

=R AR B, Pe = 221.2 bar T 221 kgfem?

B svargerer gt < ||

1

U

9|
.81
¢\
Y
al

L3

P-H 5107 RfSq 71% s conprpg o1 =94

B v somabn
P-H I 7w >y R 5% dfez 27 97

(ool oo .0
MMP-HMT-SmmWﬁM

P-H mT-smmmmmwmwmmmw

(o) e .0 b
PHstmmﬁﬁa mmemmﬁmwmwﬂwu

wicm 3.8 "R {EE |
ﬁﬁamwwmwﬁwpﬂwwmwmm&mw:
ATl TR 5.8 TR |

A1 A= R ol R s (R R e B e T afat e |

(ow o ) e 3.¢ gk

R - 12 T3 1 57 Farotriy «f Rt 1 0°C Loy Seriam aar 50°C F0sin s s
R | FIU5A S0 RS w3t S R TR R 00 COP o IRewicas wars! ffy
= | 4 R TR s°C Tereimle i @ar 60°C Fesfr S RS s R v v
@,mﬁmwwmmcopmwmmﬁﬁw|

w8
& weEs cwea fRB A= cwom
h, = 186 ki/kg. hy = 185 kJ/kg. _ -~
" hy =215 kKifke. - | -z ki/kg.
hy = 215 ki/kg. _ by = 100 k/kg.

e —



WWWW

(Compound vapor compression system)

Q.0 Qﬁ?‘l (Introduction) § %

FITT IR =21 TS P (e ATt AL AGE TR <F A GRS W (Compressor) @
wmmmmwmlmmmmmmmmwlmﬁ
TS S TR RIS M T o7 RO Iroarms Ao i o ey Fegdt Sromr wvs §
amatszm;amﬁwmﬁmmw“mmmcomww«ﬁmﬁfg
W‘Wﬁﬂ(Lowtempcraturc)WW@C@WW&W“WWWWWIWWW

CTf R “fafos sreest, sifurrz TmgmTTR, Rfty @ ToAETER G R &S, §-o5% ¢ - 2
CH FEIIGH 768 Jeytfer i R wie qra | '

Q) FHIBEG (TR T G (State the meeming of compound vapor compression system) 8

T2 A ST Frea ez wR RSy wie FCIEA (FT7LN) TR A FADS SNz PO
%S (Compound vapor compression system) I | ’
FHEE (SR IToL IGETE MVEBY (Sl IT=e*im &S 2o o |

3 TV AT FHTS (TN TR AT 34t (Mention the advantages of

compound vapor compression with intercooler) 3

ﬁmﬁmﬁcﬁmmwiﬂwﬁaﬂmmwﬁrﬂwwqﬁmﬁaﬁww~
Si o ol RFUIERS TP Fre wmenT e e Biree (BT Qe TN WOt |

R WS TS 3% o :

O PEIEESIE e mm x|

81 maﬁwﬁwm,mmﬁmmﬁ-ﬁﬁmwr

¢l W@WW’@WE@WWWl '

Y| IO W I | "

Al COP & =m |

.0 TBHE TAgS R WBe0w T FIBS oot Froen *G (Name the different

types of compound vapor compression with intercooler) 8

mﬁcﬁwc@mwmwﬁma‘ﬁwﬁmnmm'mamwwmwwmm
mmmwﬁ@wwmmmm-wﬁwmﬁr@r%wﬁﬁmwlﬁw
TORFE g Ry wrSw conim wtee wfs ot 2o~ '

M mmw@ 4IT FRTHIBT (Two stage compression) |

) SAGBR TR 4R 4ot eww |

9| mm,%ﬁmwamﬁmmmwa’wmmﬁm

81 mﬁm,ﬁﬁsmammﬁmﬁqu'mﬁmmu

¢ T TDRFAR TS (o7 qot Aeras oy '

©1 U IDRFAR S o et s s |

A1 P GV BT T2TS R 4o s G |

VST @Faram wrs amf%*ﬁg-q



e¢o SrESTE @iFern WS aurefefie
‘ 3.8 PrEde TR IRTT P 4t ORI oEvw At (Describe the two stage
I ‘compression with liquid Intercooler) 3 _ - '
B 2.5 @ R i’ PR TERRET I § (20m F0mei hufoa e i 4T T e S
ey _ :
D ' .

Saturated Iina- Sat, va;;our
fine
4

High pressure Low pressure .
ksentropic

Do belalPedd Bllof)) 2G|l
o

[_ .
COMPrassor COMpressor eP,= ,IJ!’5 1
N a compression
Condenser Evaparator @ |'
5 s o Pl f == )
E, E, Qs E : '
==l Expansion G ! !
. 1
Exe:.r::m liquid intarcoolker L :
- {Float valve) hyg=hg hy hs hy hy

{8) Two slage compresaion with iquid intercoaler

_ Enlhalpg'———r
: 6 ¢ 2.5 FrEs T FReTE A TR S .
msmw-cmmmmmmﬁmmmmmmuwﬁwm
MWWW@HWWEI)WWWWMWWI AT BFTS
@.)mwmmmmﬁwaﬁﬁﬁmmmmﬁﬁEMW
WWmmmmmwmmmamﬁmmﬁWWawqﬁm
mwmmmmﬂaMWﬁmmmlmwmﬁwm
(T e AR AR et R T viet ¢ vt 3 IR TR MW o7 |
TIFBTER 2 FIES Froaet AHOTS Frges TORAR TR PO IR T T W | I COP
TS =

2.¢ SuH RBHRET G PR TR-FAM UGS F4IC ACHET G (Describe the two
stage compression with water intercooler and liquid sub-cooler)

mha.aammemmﬁwmmaﬁmﬁmMmm-m

LIS T YA TIPS 1G1S (AR 2 3
1
3 Water -
intercooler
High pressure _ Low pressure
COmpressor COMPressor -
_ K \ [] Condenser Evaporator []
5. 6 | ;
., ®-
Liquid - Expansion
q valve

sub-cooler



e e R

FTHBE (SN I AGHS @y

Sat, liquid Sat. vapoue

lin&}/ r/ line
Py 55 4

' A Isentropic
4 ‘compression

/

B L N

hig=h; by hy by hy
~#——— Enthalpy ————-

|
;
3
:
3
§
]

:
:
3
3
%

TARRIBS (S IS P03 SO 3T | wmaﬂmﬁtﬂwmmﬂmﬁmwm(uquid
refrigerant) « vfﬁ.:crmqm&wwmm-mmmﬁmﬁmmﬁﬁmmmmm
ms-eamﬁlmimwmﬁmmﬁﬁmeﬁﬁsm-wmw
ﬁcﬂmﬁmmm)q&m:mwﬁcﬁwmomqﬁmu - :

b SR TR, AR TR- e IPRE P (GVR TGS FYIT e oA
(Describe the two stage compression with water inter cooler, liquid sub-cooler and liquid
flash chamber) § ' :

RSB LL RO § 0 RPN I —— 43 oudm TR, FrgR -3 % frpRe prt
BV TGS T UMA FRCFI6 2GS i w1 201 3 :

- -

4 2
[ mz 3 Water
intercooler

High pressure m3 Low pressure

compressotr COmpressor

Evaporator

Expansion | =m;~m;

_avalve

% Foss
® Liqud E; Flash Ey
sub-cooler

Sat. liquid Sat. vapour
line " line

o= hit By=hg hgnma]py . hg Mh}hz “hy

ﬁmq.warmmi%mm,ﬁmm-w mﬁﬁrsmmw‘rmﬁmmﬂm
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aﬁssﬁmmmwrnﬂﬁq.qaawaﬂ,ww @A o Sefe g VR ¢ a3 SieRe
GHATTR TS (IZS TH | 97 A 29T QTR SETS (Ey) o= s eFrs g . I g T

meﬁ@@mmﬁmtwm%ﬁmmmmwwﬂa@ﬁ
aﬁmwﬁe@ﬁﬁ%m,mm?ﬁtwmm AT e & Se (A TS AR, 93 T

ﬁzﬁm(RE)Q%WW&(COP}GQ&lemmmWWmmWW
%Ww@wmmwﬁcﬂwmﬂw@m am & I forme it Raneed

2 e R SerAiee R ot wioR St (orn sl Fh SE |
¥ 4 ebE TR TGS & Qe ACFHA A% (Describe the three stage compression

with water intercooler) §
% i BT TR TGS 6 Lot STIIA “FEE eramefb@ @3¢ P-h BILSA

Water intercooler
AN

(£}

s 2 =0 T 3

4

High pressure Low pressure Low pressure
COMPIressor coIpressot compressor
Condenser 'Expa_nginn Evaporator
7 valve 3
&>
Sat. va
Sat. liguid |m§0 ur
line Ny : J/
7 P S 2

P . .

- 4

hy7=hy b b he ha
«a—— Enthalpy ——»

msa.amﬁmwﬁﬂmammﬁm

ﬁsm-mwmmm.mﬁmwmaw'mewqﬁ

= mwmﬁmmwwiﬁmﬁﬁmhﬁﬂmwmmmﬁmwmemﬁw
% 7 QPR IR P m;vﬁwmmmﬁs@uwmﬁwmwm

mmwﬁﬁGWWﬁmmﬁsmﬂﬁwmmmwmwmm
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TITE (SN TG AGTE &>
2. FHIBE (SR IO AGET FaPT YR (Solve problems velating the compound

vapor compression system) g

FUSiR St Teples TS B AR TR AT TERPIR I RAMRR T 4 Bar, §7 TSR T
TI G RSB TS A (I T | WA TTRIR T 9 7 g, Srwen B ARt Avewta Aty
)
A S8, m; =20 kg/min,
=14 bar; Pc= 10 bar; P, =P; =4 bar -

CAREE-2.) 8 ¥ § COR IR 20kg/min SHFHIE 1.4 IX (Bar) F A1 L 10 IN (Bar.) ﬁ"l

10f........5 ] 4 2

¥ 3

Qe bl Blle) Balkat

$a

Constant
entrody
lines

I
.

-+—— Pressure ———»

h15=h3 h| h3 h‘l h4 hg

~+—— Enthalpy ———
f5@ ¢ p-H S

awi@wwwﬁﬁnﬁmmmml
SR P—h 516 XTE eftg fafeg W faem oot -
h; = 1400 kl/kg $) = 5.75 kl/kg k .
hy = 1527 k¥kg hy= 11428 klkg, s3=5.39 Klkg k
hy=1550kMVkg  hs=hg=248klkkg -
A S, e fron efXe fomes e

| my(hhy) | 20 (1527-284) _
M= hhe - 1428284 = 2473 kg/min

(P GETA FToLTT WA O,
Wy = my (hy — hy) = 20(1527 — 1400) = 2540 kl/min
TR T W PO,
Wi = mj (hs — hs) = 2173 (1550 — 1428) = 2651 kJ/min
Ty IR T (WG FSIE, W = W + Wy
= 2540 + 2651
=5191 kI/min

- st s - 121

= 86.5 kW Ans.



THRTR YA T I ATHEAR NG $ -
T FTREENR TRER T A @, mﬁmmz 2 #ftd W I | GTOFCE b, = 1676 kl/kg (P-
h 51 %TS)
. TRTEH T QA PO = my ('3 — by)
_20(1676—1527) 2980 kJ/min -
-, (B B W = W + Wy = 2540 + 2980 = 5520 kJ/min

- eTaTEdE otew = 5230_92 KW. Ans.

WﬂismWWWMEMMMmm
FITSMOR (2PTR = 14 bar; XSITNROR 629 = 2 bar

ZHRIAR @R = 15 bar; TSTNGET (1S = 2 Tk

R R-ARRDE A ¢ FEFTS ST RIRCER S 30°C TW, TR (W I

3 | Pt AR T ammery e |

} | Fosam c.o.P _
cﬁmwmz,Pc=14bar-PE=2bar-Pz=P3'=5bar

Q 20TR ; t; = t = 30°C
emmwﬁrmwwﬁﬁmmmﬁmﬁmm—

‘ @8 STESISTE AR SIS AT

=

L

L)

~4——— Pressure ———

=T T N T
-—— Enthalpy =i

o ¢ p-H =i
sicaifaar P-H b15 2w eie AR “mrsa T w-
h, = 1420 kI/kg ; 5, = 5.62.44 kI/kg k; hy = 1510 kI/ kg
$3=5.24 kl/kg k ; hy = 1672 kI/kg ; heg= hy = 323 ki/kg
h, = 1550 ki/kg
3 | e +ifmtve oy eaiea tenm §
Al it Pt gaifts fomes =

210 210x 10
= hl-tg(,: 1420 323 = 191 kg/min

TSN IR (WG FOIIE,
W =m[(ha— hy) + (hy — h3)]
o = 1.91 [(1550 - 1420) + (1672 — 1510)] = 557.7 k¥/min

. ST AN, 1='_5577 9.3 kW Ans.

mw_mﬁ,ﬁrﬁ;‘m@ﬁmmﬁai‘m

Re= 210Q =210 x 10 = 2100 kJ/min

) 2100
- C.OP = W —5—5ﬁ= 3.76 Ans.



iRy s i

TG (S TP GRS &¢

TARE-2.0 £ @3 Q-G0w Irvepi SRR GRS BTN 2 bar § 12 bar ST WY TR K |
e S 1T et TREAR e G QST AT 51 FRUTLT 4 bar T3k 8 bar AW HEBER ¥ 10 TR
T, TR o e v W e stenm T 1w P BIet g3l o i Biety T

FA, TR TR WX C.O.P 97 T 37 | -
(o) st o, Py = 2 bar ; e = 12 bar
' : P:=P;=4bar;P;=Ps=8bar; Q=10 TR %

ﬁmwmmﬁmam@-mwmﬁcﬁmp_hmmwm-

i

Qlils laleBedd> Bllod)

[¥]

-+ Presnune ——

PR THS T8 THE %y v ¥ By
~—— Enthalpy ——p
5 ¢ P-h SRy

TR P-h 55 & 26 RSy smrse wm-
h = 1420 KJ/kg ; hy = 1515 ki/kg ; by = 1442 kJ/ kg
8;=35.564 kJ/ kg k ; 5= 5.367 kJ/kg ; h, = 1525 klkg
hs = 1461 kl/kg ; 5= 5.1186 ki/kg k ; hg = 1500 kl/kg
hf7=hs= 328 Ufkg
R =, TR P @wifEs eamert R =,

210Q 210x10 ‘
™ =h; —hy; ~ 1420 - 328 = |92 ke/min
w=m [(hy —h} + (hy — hy) + (hg — he)]
T, W = 1.92 (1515 - 1420) + (1525 - 1442) + (1500 — 1461)] k)/min

, = 416.64 k/min. .
' 416.64 .

=60 = 6.94 kW Ans,

it =i, e 2099 R, = 210 Q = 210 x 10 = 2100 kJ/min

Rg 2100 ' N
. . - =
~ COP= W = 7116.64 =50

¥ 430 Hroam eI HIZLFH 1M 2 bar 9 12 bar T3 et FLA,

IR h'; = 1670 kI/ kg [p — h 515 70
.'.w Wy =m(h'2*—h|)
: = 1.92 (1670 - 1420}
=480 kJ/min
A T R TR C.OP == 2 g 375

1
: 04 —4.37
T P et TR St gor) T St C.op g o = 2L g
- = 15.2% Ans.
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TELT AR (Compound vapor compression system) ITH | FES (SR IR AGSLE NOE0R

- ORI WS T T |
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S, R SoF TR e [ZRIfTAl- 2008, 053]
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ol weeepa (R o RIght Frew I o= IRES T |

T VIR T Fhy [IfTal-2008, Y004, Y00k, 3005, Y030, 20do (), 2038]
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e 2P B-oba Iroema et ofa we [FfRi-200e, o¢, ok, 01, 53, 2083(f), 38]
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Beaf) fim o= frots TorTR TRES § GOT T RN @R Ba G @R @
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o S CTHY & |
g Saturated line Sat. vapour
_ | I/ line
%’ Pef===-7 : s .
] .
CP, =P ==y~ ' Isentropic
% L compression
1
Epfrd—fi
1 I LA
LFIE . G | e 4! 1
 Ea ‘Expansion ' L
valvg UK inercooisr ' L
{Floal valve) hs=hg hyhg by hy
{a) Two slage compression with iquid mtercooker Enthalpy —
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(Vapor Compression system with
multiple evaporator and compressor)

PR R TR TR

ERALLP
%

ARANAN

53
R
[/
%
S
¥

Q)
)

N

9.0 W (Introduction) 8

o, TSRATITY (T Y BROR A B (70 O3 I I ISIE 3 I | R
TIRARDR p (AT JTSHR MR AR T wFq2 Fgaiies o, Siegs o Bioym o8e areew (Single stage ﬂj
compression) JCA, FALFOH I T ST F-008 IT&*H (Two stage compression) ITH AR AIHHA fewag 3
T uite 9-Ghw (Three stage compression) LT TCH | _ : g

&35 faanm va T Fre T et teR Wi AwEA 9 2w, SR OE NASEhy A T %
A (Maltistage or compound compression) &S AL | I 2

QETC’FT@%?I R Bvt TS A fEanw (Refrigeration) BTEA BS] (Capacity) @ Wl TO.ZA AT | 7 %
P-H Bit6 et figel 1 IorANISE o9t TS = W I afihe (Compression ratio) &% '{ﬁi | WA g
FLOAAAT FUSIZT AW | TSLATEGR BIst TS FA oW Ioew i foowiel siermiat {Discharge temperature) ¥%
% o | SCEre] W M FSTARAER 2R IR 6, iy AT Mo FeroADa 3R e 3
A, TG IR P S D, ST o oS S A FAHT FTear T .
T s R = A

q
. " N %
©.) GFRF LSWDT ¢ FPH INGT (TR It *4fdT oY (Outling the 3
importance of vapor compression system with multiple evaporators and compressors) %

SR e wgton G TSRS RS %S Ao S 3w ) i wwf Tt v 9w’
mmwﬁmwumﬁmumm@mmnmammwmw%maﬁw
WA GFAE TFTF S SIATTI 6 AHS! FRarwet S e T | WA D IO AT WS g
ITEHE 8 GFRT TORATAT? IRTS T | TRIRraast 31 (I GBS 97 91 61 WIF, (AT ot Coizaet
ICH ATL AT S Wy RSy Wy et &f S wre Ry st © SEow ImEg AR e @

& TS FH Q4T TINANDA @ IToevR I, 3 Y Avawt 73 |

0.3 qFIRT et ¢ MWWWWW (Mention the
different types of multlple evaporators and compressors systems) 3

T FBATATE 9 FToET TGS S FLOCLR AR SRS ey P T g

1 QTR SIHATAN GFG I @ GF GHATIH SIS G AT VAT GIGS A% |

31 ey Sietam a2l e, e S qR®e TR S, TR TS G G TMTEBe
FATS AHS

o RfSy srwan aFfl Iaw, IR GFeATR SIS, AR TS «ae IFEE BeieTER
IS Bt -

8 | fafSg wiermiam g fog Ftvavm, GHANT SIS ¢ BerTHiitana Tags &he |

¢ fifeq Setmam aFifes awetiw siers, fog g Freamm ¢ TonaAAb IS A5l |

v 1 fifey wiemmam aefis Framm, Ry fog qRITMIR Srs @ TOTATRDT TAET S |
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R WSS @AEFSIEN SIS anE etk

0.0 (I SO (B TR GFHD T OIS R CHRT TSAEDT TGS

§ %S (Describe the multiple evaporator.at same temperature with single compressor and

expansion valve) &

AL BN AFG I AT AT BlES @3y T TSAIATA TGS AR GF1 G 8
P-h S a1 o 2 2

A
A

2l 11
Al 41 i
COIMpressor Evaporator:
IEAR condenser -
EP; EPy
R £ 4 44
(8} 7 >
. Expansion )
valve

(a) Multiple evaporators at the same temperature with single compresor and expansion valve.

Sat, liquid Sat. vapour

fine line
3 . y

o
3

Isentropic
compression

g
. M
L —]
I-IL

~4—— Pressure ———p

h3=hy hy
-#——— Enthalpy —»-

- fom g o, i Yemeiiea T Rw el

A ¢ 9 orafeTe oA fog = 3t oA At awe Roaft are i afefrs wafh =@ Teretmta R
AP | A FTF I TR LI | WAV G R FACT 4T (GNIEA WAER T S (ORI XA A |
B oaITR eGSO w112 ARpAITEI ZTWB A b SR -, WA GG TEATE |

a fos oviR Rave g T TR T T A LW B (W O GRR T
T T T, GRI (TF TG T QAR SIS NI (2T T T TSRARER Y i
BT Q1T |

.



aﬁwwmﬁaewmwwmwmw% ‘ L
eaﬁﬁawwmmmﬁawwwwemmmm@
TSITANEBA TIGS 7GS (Describe the multiple evaporators at different temperature with

single compressor individual expansion valve and back pressure valve) 8

ﬁﬁmmawﬁw&mﬂﬂ&aaﬁwm emma«wﬁ\wmﬁnw
oA QP S 932 P-h SRR 391 ey or @ 8

- - -y
: 2 l 6 9 - Hig

Back

Pressure
valve

i

COMpressor s 8
condenser £EP; EP, EP(
3 4 7 10
E; : Ez E;

(a) Multiple evaporators at different temperatures with single compressor, individual expansion
valves and back pressure valves.

.........

3

Isentropic
Compression

T
>
1

— Pressure ——pe
. m M
T 7
I
:
T
]
"
1
]
- |

© Pz =hg=hy=highy; hyp, hy
r——- Enthalp\-—-h- -

o ¢ 0.2 7 ivtatat « afirn Toteeticaa Ffers 3ot stectom ey _
A 1 @ AHRETS T R o o7 FvHT o T oD AR BT @ TORARDT AT |
SHAT S E), By, B; TEammsa w0 i (2ot 571 F09) LO-Iabes <ot | TSHATEsa EP,, EP, € EP,
T ) A BT WSl WAR S ESIATE0A EP, 9 EP, ¥ ST TR OIS TG @S,
ol o & P-h SN o1 SR | } |
4 wfore ofefs wrw fog fow womm Pt w1 M) AR ITF T GV Rfey awR ES T
g WA Tt T |

2% klxFald Bled) aRbb bldsadd 6 BABLUSE bl w%%!



“8 . WSS G FEER WS aquaiag

oeﬁﬁﬂmmm wﬁvmwwewmwmmﬁas
M’fmﬂ IS “&fE (Describe the multiple evaporator at different temperature with

single compressor, multiple expansion and back pressure valve) §

Rfey wtermam a3l Freamm mwwawwmﬁmmmmaﬁwwm
157 AEBR @ P-h SR g 2t 9 2 8 -

compressor

]_condenser EP;
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T B @ A (o R W 2 s ik e sl o Rfe s (Solar heating system) 9077 |

8.3 G fRfoe G AFTSA (Type of solar heating) 8

eN’J"W"_C-“'l'f!"ﬂ%(Diren::t:s:olm-energy) S@WW%WWI ofs fitmm @ oo «(fFme
1605.5 <TG, 1 aifefnn w1ty afe MG A care wn e =iy w1 Sy @ | fod @ gt eliom s
b1 @301 A SIICE | @ BT Sl O TR TRRCIR Wit A1 AR Breity GRS Tem, AAw @ Frogd
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AT G (Passive solar energy) § W% SRIIITHR 3 GTFSIT =41 TW TS G2 ST FISTANS
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e ST @3 (5TH 10T 20 ol @ e o SRS T | '

COLLECTER,

PARABOLOD
(STATIONARY)

e o Fiotw

fba ¢ 8.0 AmetafHE FeEe
FACTIROL TS (Concentrating collector) 2
FACTGBR FEIEA B e =ik Forein w9, UiTe Yo Wafge Ko gt s i
AR | ST fSTeem T g 93t SNAIr ApR B eafvs wn ) feer A Wi o et
Borg T2 9T T QETR T W4T A wiet ooz

Characteristics of different solar collectors

Type of collector Concentration ratic | Working temperature range Mean daily energy yield
(©) °C) (KW/m’*-day)

Flat plate collector 1 Upto 70 . 4 at 50°C
High efficiency 1 60 to 120 4 at 100°C
falt plate colletor S
Fixed concentrator 3105 100 to 150 3 at 150°C
Parabolic trough collector 10 to 30 ) 150 to 350 - 5.5at250°C
Parabolic dish collector 200 to 500 250 to 700 6.5 at 450°C

_ 54 3 8,3 ey oM weiara MafEHE

R | IR PR %S aa e (Different solar cooling systems and their COP)
Type of solar energy conversion Intermediate conversion | Cooling cycle Combined COP
Black flat plate None ' Absorption COP = 0.6 0.2
30°C ambient temp. 90°C outlet | Mechanical power by | Vapour compression COP | 0.05 10 0.1
temp. Efficiency of callection rankine-cycle =25
(30 o 40%) (h=2to 4%) :

“ | Selected flat plate 30°C ambient | None Absorption COP = 0.6 | 0.07

temp. 90°C outlet temp. Efficiency | Mechanical power by | Vapour compression COP
of collection rankine-cycle =25 :
(40 to 50%) (h=3to0 10%)
Parabolic trough type | None Absorption COP = 06|03
concentration Mechanical power by | Vapour compression COP | 0.125
30°C ambient temp. rankine-cycle =2.5
100°C outlet temp. Efficiency of | (h=3to i0%)
collection (50%) '
Solar cells .| Electrical to mechanical | Vapour compression | 0.125
Efficiency of conversion (h=95%) (COP =235)
(5 to 15%) :
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s VR JMR (Liquid solar collector) $ T3 G ST A FIELE (TR FITAIS WAF! A
TR TR W | ALEATER AR T eraifEs T 1 Pt foores v #1iReem foww firn v gafes
T | T AR 2R RO T SR S Gzl I | G ST R A G PP T FFEAR
T GoiEm BYTR T | AR (4TS T A SR AN PR T (A ;Y < T IR T (TS
T | WA AT AR (X IR OIS DI BT TACS W |

COLLECTOR ARRAY '

TQLOAD

SCLAR HEATED HEAT
EXCHANGE CQIL

- AETURN AIR
FROM HOUSE

HOT WATER SUPPLY
TOLOAD

STRAINER
5 2 8.3) (e IR wIfFTy B WRED TYITT ITHA TSP T 418 VY]

AEraTo-vE %[ AT (Refrigerant charged collector) 8 @it sET AR AETE A ATPE
TR T TR 1 T (7 oS Tzl BOHOR WD WK TS | P e A1 GlFES o anet w
a4 T 93 BB AHBEITET (Passive water heating package) NIUITH (TR SFF Ae T3¢ ax | Tog wom
TRAHNG T AT T | S T (I Y T/ AR A WO TINER T A A TN IR 9
AGRETE (TS (b EE A | TG WILSAG T T @R A T I | A 7 IR B ATG WO SR +fd
3 T 1 AT R SR TS | AT PR T AT IR ACHA TS T a1 TR I (Water
heating package) 191 e IR TAA sifaers T | goIT aﬁmﬂ4m|
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&7 1 8,32, lrETES wivfs Frede ciret #ies WY F1feR 70




8 IESE (AR WIS - i

COLLECTOR

4

l REFRIGERANT LINES
]

WATER LINES

w=—

TO EXISTING
WATER MEATER

AR COML,

WATER
HEATING

=it INSULATED

PACKAGE ” STORAGE
TANK
1]
- t
COLD
WATER

ACTIVE SYSTEM-DIRECT AIR
COIL AND WATER HEATING SYSREM

_ m:ls.semmaﬁmmmﬁmwmmmmn

Y Sovad gl s _
. ] 7777777777777]
COLLECTOR ;
—— SUPPLY AR /
FURNACE BLOWER ;
RODM /]
il
: /]
/
_ /]
RETURN AR /
| /]
DAMPER C =y, IFITTITTIFIS,

- DAMPERB - o)

52 2 8.58 e CIMIR 4 A TR I TR A A TR T e A BT R T | A 4 T T



AP

I S,

R

TR e B ve

8.8 Gita fifSe ~wfa afat (Describe the operation of solar heating system) 8

o for S Aurers 5w ST 3N TRR= 5 | CTOTA 712 B2t o1l | 3 | oAtf/Fores BrRet sref |
3| TR 9%y SR *rf (Solar air type system) 8 @ *HECT @FW wAw Bt TG T (e Tt
Wwﬁmwwﬁwﬁm%mwﬁmammﬂmmml

Hat air from
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Air to water
heat exchanger

Air hanger
with blawer o ]
and dampar — X ng{d insulation

fo direct Cold air wire s;rain
ovarflow over bloc
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8.¢ PR/ BiXst v faffe, refes 2t (Describe the operation of liquid type solar

heating system) 8

3’ ’fﬁﬁﬁﬂ PiIE fiﬁ( 'N'TFU @ . TEMPERATURE
ii’??&“i $ENSOR
Bﬁqu&ﬁzmwmmlamﬁh COLLECTORS —'/ ......
TR R ~ref fiem foapmg afar ar o i ELUECJUM

Q@ TS TEense entdn Ghrre Siw

VENT  ROOM
PIPE  « THERMOSTAT
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WA GO DINE AN o, ena GhEm THERMOSTAT |1 = Ry

m ‘“Hﬁ T AT | ' t Tl S T o FORCED
TICET CT T G o Jf wym oy | | SmprERitiissy AR
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FR T G YT I @B e T : * ExchanGeR

TS A 7] 4 =% | W A o R PUMPS INSULATED AIR
I I ewdn fBrm, wy s oA STORAGE TANK INTAKE
QITSITT 5D QAT | " 5 2 6.50 onf3 fiftx #&f (Water type heating system)
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heating system} T4 |

TR BB TS @R - a1 e W | ,
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CTER B Ay [ 2008]
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(1} Insulation
(ii) Black surface,
(iit) Glass cover.
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.5 CTMT FR 4GS (Solar cooling system) 3
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Solar energy »
v 12
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_ arrays
: D.C.Power
1 3 ¥
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dynamic electric
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A.C.Power
T 4 7 3
Csc():g e;on Absorption Compression Thermo-electric
l cooler cooier heat pump
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using solar energy) 3
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51 A ALBIEA RS (Vapor Compressor System)
(F) S TR WY FTILF B
(%) o semt (AR AReE)
31 O 2% (Absorption System)
(F) TS (R *HE (Continuous absorption sysiem)
(d) I CMTFT I (Solid absorption system) |

¢ ﬁi@.{ &FT G 3P 19 2t (Describe the operation of the different types of

solar cooling system) 8

@.9.5 ™ ATI6T AGE (Vapor compression system) 8
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Raraa
(Refrigerants)

.0 G234 (Introduction) 8

Wﬂ@@wﬁawa$mm@mmmmﬁWWW@lWﬁ§Wﬂ
S (NF ITH ﬁwnmmmaﬁ%wnmmam%mmwwamﬁamﬁw
BT oA T WA IR BT ST NIRRT W I9E 7 |

e Qi e @ “RIR” (Ether), T AR (Perkins) €3 TISIS T4 ATHIGw &N TTF TIHS
T 1 €2 @ BRfem @RS (CH,CL) R e AEE 44 fate sy e foe aRes o) o993
T RS RO Sra8 e e wR-TiEs (50,), St I FIYRA @IS (CHLCl) @32 dbbd AITH |
FIET TIR-IHTE TS W 1 3530 (AT 300 AT T g TG RFTE (- N,C,, CH,, CoHg, CoH,. CoH; FF
SN RN e @ W 7 o GG s eIt BRfEm (CH,CL) €&
IR (CH, Br) T9% oF | . 4

m@rmmea.mitﬁﬁ“@w"@Gm&qmme@aﬂmﬁaﬁwm|g
mmmmmammﬁwmﬁm,wwﬂm;

aﬁaﬁwﬂmﬂﬁmﬁﬁm@mmmwaﬁmwﬁmﬁmmmwﬁmmm
g o wm-

featmtes A (Name of Refrigerant) . TS ATFS s e
> 1 S NH; (R-717)

) IR TR | | co, (R-744)

o1 R TR-SHET 50, (R-764)

81 fies @rite 71 Rdds @il . | CHC (R—40)

¢ | JEEE vonge fem . CChF ®R-11)

b SRR e CCL,F; - (R-12)

1 VCIHIRTSIRGEE farew CHCIF, | ®-22)

v RS 227115 CHCIEyCCIF,, CF, _ (R-502)

.5 93 Wi Rara (6e (Physical) vty (Mention the physical properties of an ideal

refrigerant) g :

(T %It A CafB) Q1o o1 e s Rens foica 1oy st am, Gveeet o oot o
S| BUTRE T (Non-corrosive) |

R Gl ¥ e TS (Low viscosity) |

o W% sAfgarzst @l gen B (High thermal conductivity) |

81 e Grefd wx zam Bw (Low leakage tendency) |

¢) T was eRGen cfersmm J 8w {Dielectric strength) |

W | WWWW(Mchst)I
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so0 ' TS RFTI WS quRE
v.3 3w s IR ¢4’ (Mention the chemical properties of an ideal
refrigerants) 8
C oy (EERIS Wi W eeW/SWie (Non-flammablé) |
a1 {49 zem BT 7 (Non toxic) |
o | if{7 7t SEITE (Non soluble with water) |
81 (ST AR fonys g fire ghawm f5® (Miscibility) |
¢ corera e F3feFst 9B =1 (Does not reaction with oil) |

b0 3B v R AR 99 (Mention the thermodynamics properties

of an ideal refrigerant) 8
s fap T5F S (Low boiling poit) |
2! ﬁﬁ ArSaw 519 (Low condensing pressure) |
o | Ay SIS WIS (Low specific volume) |
8 | W YS! (High latent heat) |
@ | % JL&G BI7 6 B9 (High critical pressure and temperature) |
b1 R s, IR TR S (T SR I A |
Q1 YW 519 (AT TSITHRBA FTSH Bt ¥ 26w BfE's |

u.8 e ciffeist (Mention the classification of the refrigerant) 3
RamreTs AfSTena Biv I &3 | IR FAAS & 8

(%) aitmft ST (Primary refrigerant) s
T o R TR Bt 31 TR NG S (R g A AEE S I S i FiXA

. R A0 | T FRERE- 33, ETE-a) (AR SN AR T S (T T (4 Ol o o o

(4) TSI RARE (Secondary refrigerant) 8

ot T S B R e Men g e W @R S S eI e ot w,
TR SR OISR FROAS 20 | ora- A, i, I Tonfin |

AP (Air) $ GBI GB1 e A | A (0°c) el ey By forg ST AR CFA
AT GRS R R Az T T | Meros! Fuws T Rr IS T4 TR | |

A (Water) 3 RES 0° CRBRITR S R FEHeAn Twer 3y wremiaR oFe s Mo fames
TR TR 1 T | SRR @7 AR ATHT TS SIe MR T B <5 Chilled water T 2T
291 T | T AR TRt et TRy st wror! iy TRTH SRS T TW, O & {4 Chilled water
(frem «fe) a0 | ‘

T HF™ (Brine solution) $ fH? SHite BrEw (A1R) @ G (71a) 13 FIF JZH ARSH 707 | 7T
(©°c) @ Ty Twor FNSA 9 AAWTR CF JBA IR T T JRA Agent RETI M T (Sodium

chloride) (NaCl) @Rt Calcium chloride (CaCly) TR ¥4 70+ JRE S.e, 3.3 TS 5.9 A1 TH | TeFB JRCW

FHG ¢ WEG U (PH Value) »,0) | Wi PH Value SRIEN 0= |
321 oS 1 312 Cofim ST Boivwd S <t o W@ T A8 Y YR YR AN T 1 AR
TIFECBBE (Agitator) Tat AT stfefier a1 T 1 T8 TR SAATS FAYS T T T (AT W |



. T y0)

TR @RS F8 (CaCly) § & 7 8 ¥ G- CaCl, Brine 307 | 68 Rpwa #ffem M2 30%
CaCl, A%gT FWA €3 Eutectic tempeature (A TOT0TE TWS) —55°C T | FMEATE & IEA ot =S 1
st <fife HY 2.5 “1[88 CaCl, e T

NP GPRIES A 8 <A77 A MG GPHTRTER HITE NaCl Birne I07 | G0 fTad ofifa e 23%
NaCl| BT I S Eutectic Temperature-21°C T |

CaCly-43 FAA A wTEPTg ¢ - 20°C-a7 A fA TMER (¥ Calcium cloride brine mm W
(TTE (% CaCl, fafEm oot W, T ffere @ NaCl Brine 543 a1 T |

aigwfy s cififet o

() R 71 =i RErSTed (Halo carbon or organic refrigerant) §

@fE= (Chlorine), @FfEA (Fluorine) 9% @ffR (Bromine) 4 foaba @ @ 93 A 93 @Em T
AT AT ARSI QTS QPR (ORGH, SRDGH, SR, {rem, T Ten @
AT G el T |

CxEIES T REARIER e A TR Affee Iraaib W, P AT ge FoAw 2

Rucr v | wenERE PR IS | REAE (Gi)
R-11 SRRt itk CClF 26
- (Trichloromonofluour methne '
R-12 BRI PITAT s | CClLF, -29.8
(Dichlorodifluoro methane)} '
| R-13 ARG IR G CCIF; -814
| (Monochlorotrifluoromethane)
R-22 | i A CHCIF, -40.8
(Monochlorodifluoro methane) . .
R-113 neicaairped ko I | ceLscr, 47.68
' ({Trichiorotrifiuoro ethane)
R-123 . CIRGITAG R Ao - | corHCcF, 23.80
(I_)ichl_orotriﬂ uoro ethane) _
R-134a annie i e CF,; CFH, 262
(Tetrafluoro ethane) CH,FCF,

(w) wifraliPre Rl (Azeotropic refrigerant) 8 A T tor Civer e e s tefd
T, T MRS (IR 0 St 6 SO 99% T ww o) g s s @ e e e
ARG TW | SHRaGHE TRt AW, AFMR FRIFS @ Lo AR (T 2A-

AT A A AR FCFS yB=% (°T)
R-500 : faw-12/152a CChF/CH;CHF, -133
73.8/26.2 SR %
R-501 fotys 22/12 o CHCIF,/CCL,F, —41.1
| 75125 wETTR %
R-502 - 22/115 CHCIF,/CCIF;CF, —456
48.8/51,2 SO %

éﬂl



sox WEETE PSR S agREHR

(®) RIS RS (Hydrocarbon Refrigerant) 3 ' _

@ 9 o g siffe 1 ST e s v W EimeR s R rememe (et
IR IS T o9 3 @) TimRdE RS  F I I9nS TEe IS A Ry
forgy 9 afifers mme IEe =0 | 9 w2 g REmew = m, e wees o gham e S 79 -

GiEreTrs =R FAERE TAARE ACTS 2o (°GT)
R-50 ft=E-(Methane) CH, -161.7
R-170 | %99 (Etbane) CH; CH, - 886

R-290 &4 (Propane) CH, CH, CH, - ‘{2.3

(%) o @ AEFET® (Inorganic Compounds refrigerant) § (XERER @S SeraTT ot ite™
ant fome A i eirens e T9ge @ | 9 @R o e T, e e e

far 2y o S Rt ZA-
RIS Ragmsr s | e | EhAs (o o) TR O
TN AT )
R-717 e NH; 2333 T o, fEam, 9 A Tenfw
(Ammonia) 81 cor iFFw=
R-718 A1 Water H,0 100 557 (@b i
R-727 | qSM (Air) - | -1944 SrEETE Aered Faad
R-744 T TRz | CO, ~78.3 e e e, §iR wiEw
(Carbon di-oxide) | TeoTs 3R Hrresii et |
R-764 | TR ©IZ-wH3S | SO, - 10 q
(Sulpher di-oxide)

(®) W= QEFET (Unsaturated Hydrocarbon) § (7 5958 (7s FWATF W3 w1 fagw at fiaw=
AT 3 IR SR TFRET DRI T o4 T RGNS W= YRGS 407 | U GBI
3 ¢ Afifem (e Rerg S T Q3R ST AR QTR SES AT | _
firenre® sivim AT A AAAE LTS
R-1120 hEicdIcIEATIG D . CHCl4
. _ 7 (Trichloro ethylene .
R-1150 TR (Ethylene) CH,
W TIRS R '

(F) syt (s 717)
(¥) - 11

() = 12

(m) fomrs-22

(v) Ramz-123

(&) femrs-502

(®) feahme- 134a




b.¢ YRGS &% (Hydrocarbon refrigerant) 8

e

09

@) FEEE 4 crc R 3§ @fw, afim 9 36 Fon ffs Giarem =147 cre & '
QST T FAHoA A1 6 ALPTH® FAeres foy ot - ‘

e AR TS
fargs- 11 CCLF
=12 CCLF;
fEmre—-113 CCLF;CCIF,/CCL,CF,
fEr—-114 CCIF,CCIF,
fm=E-115 CCIF,CF;

(%) SRR FET HCFC R ¢ Zewgier, @fRe, @i o 3 fio s zn vtm
A FEE HORC B | fag o fRammsa =iy ¢ aFms e v -

R AW RS FFS
22 CHCLF
fame—193 CHCLCF;

_ (ﬂ)m@tmﬁmcﬁﬂwgﬂi‘w,mﬁae%ﬁwmmmﬁﬁamc
" e | Ty 9t ITIBF TN 8 AT TES (AW T 8

e =iy TS AT
Tre—124 CHCICF;
fRTRRe-125 CHFCF,
Tms— 1342 CH; F CF;

wb fafdy e Rakrea [@AFEBj/ediaf (Describe the properties of different type of
refrigerant) 2 '

@12 ¢ o e e epfere | aff afls, W, T, e g g o w3 A
el I BILA AT I A AE GR & B @A 12 97 T8 —21.7° FIRATRG (-29°C) |

0
]

T LGS 9 IAAIT TIAHAHE @ A TRy w4 Afiems | iR @ q e et

@ GRS IR, A He IR e, e farten SR Sl IR IJIGE, WRIEA ACEH, T
@R SN IR GHGSRIE @ FAS IRZR T T | G T SHN QI AN FASHT WSS
FIIIHTE 3 (RI6 AR G FCHE AT 34 T |

QER—22 8 BTE HOAE 4].4° FIETLET (—41°c) | MRS SIAIHEF ST A ¢ Frgrem Kmme
T @ Wretod R I T 32 T 1 AT I SHATANT (-90° GIfHTs) Auued &7 @ Zams 32k @ |

@7 @3 RetE Ryt @ (@, 93 ST (R FS AN A WG | W @I A A Y @, CHF

TG ST |

T — 1297 PO QPR — 22-93 ITHRG T SR

S | EPIF—12-99 TRCFIBTHA T, THNIT 0 | S12 QP —22-9 (1R IR = #1101 |

31 -30° GBS (HF 40° GRS *fS TSI QPRT -22-97 IR B9 AR SR (5T A fay
@A — 12-97 ATFIETEA 5191 QA GRAA (5T T |

g @PTA -22-99 RN 4% (@ KRR Frfa Sy o it oIt st A fow ot waw
TG AE | : '



S08 ' SIS R TS QIR

(¥) T - 134a ¢ REO@-12 @ TR @ Bas 13401 (2 TIOMHT IR AN H4T IR
Bogatt | AT FLF® CH, FCF; T o8 (-26.2)° (3 @51 7 bfEa aae sy | o= e fagst fies
R @3 T YRR T | @Bt AP ¢ @ aEmISHe AR TR J[IRA IR T ICT I FEIR GR
W SEiifde X | RNWE—134a @3 RGO IS FAw T @, 95 T —12 IEge R e o
Afadw T3 FER T T ) B 1342 Tromwg W7 et IR e | @t o630 B, e @,
ool e qE CTRR TR AIES S ES TR | ZTWIA @ WY STSTITHS T TEid 5w
- fiarhres 1342 TS WER |

T - 502 8 48.8% OUCT @IR- 22 O 512% @WA-115 R @I 502 MR @ | oA 50.1°
FIEFRRD | GTS @A 12~ @7 T 0 S @ - 22- @3 9O Ao IWR WO ohewl I, o I
I AL QR AT ST TR FIS TS W |-

e 123 3 e 11 aazm@ﬁ@ﬁﬂmﬁﬁnmlzamﬂmwcmmn@@mmﬁamm
CHCl, CF; 932 @Bt SUVA 7itn Wik sififoe | el o «onz e weer 1 | fRame 123 gh9rs
RS A 27.1° (I3 @R WA 9=m 153 | B 11 @3 5T® IW R_F ODP = 0.02 9R GWP =)
aorafE o 11 a7 792 | (TR IR WF CTRRFEHE FoLTR F7IRR I T
_ (%) R - 695 & RAw® — 22 e RO 502 97 TSRS Ratrw T R—69S, T weited B am R -
502 93 TS Y 96 oMy, WHES awe Fwe OfiyS, “FHAe (43)° (3| RSt 2T &m R-502 W3 1S Ay
JLRLIA BIEAITS ¥F6 I (Less power consumption) | 711 e fras=in o5t isfrs at=emz corara 7 fiee

ISCEON-69S = sifafee « armea srawsn #g 13 o @, fRamme 502 49%s e sor 5w e
=1 Y | @i R ARRES 3 RRdw It e ) Rt 698 Rt -22 @3R 502 @ e fAey v o -

Parameter .R-698 R-22 R-502
Suction Pressure (bar) A= 5191 30 2.8 : 31
Discharge Pressure (bar) f&5Te 514 11.25 10.5 10.6
Pressure ratio - 374 3.75 34
Discharge Temperature (°C) 73.0 176 61.6
Motor winding Temp (°C) ' 67.6 81.6 74.4
Power consumption (watls) 652 630 676
Refrigerating effect {watts) 1578 1270 1580
COP ' 24 202 2.34
ICE Production (kg/24-hrs) ' 420 400 419

I (NH3) ¢ 629 7107 fares T=Reeas IRITe 1% Sitg IR SR Sy oAt 1 | IRmets
A @3 FoE-28° WD 3 RA%-107.66° VANES SA pA R K | AW AKX Frg wome
| TR WA OE | ACNSAER A S e @) 180 WEARED Swem 555 RBRYARs | o)
WLFIFS (B (v caft ey S g

iz st e, w2 g e T 3, mﬁwmﬁfwwm ﬁr-mmwfﬁrmmm
CUTD 200 18/ 2f&" |

SEFACE (Condenser) TS TR TGy REwa ot ofi s 331 T | 0w, CWEW@F'T
it Areeret 7% TaTe 7T ERI &g A 95 W

fr=™ (Freezol) 3 TR w1 WRGIIH (Isobulane), IEREE JTFS (CHa); CH 1 @ff Frsiem AT=ed
o TP @3 FIHLFR i@ coter Ay G | fif e, mwmﬁwhmmﬁwm
A0F I farm e A T AAEe T ‘



Lo . so¢

Friw GAIRIRG (CH:CI) 8 @M SITA-10.6° ¥RARAES Twe T (Boil) | 97T FRI® SAE Af3rs I
T | A Srera A @, 178 . 3E. afis st |
~10° TIIRIZC Tl *f 519, gy sieew A = | weA fomwes Taee @i B A, widg
AT (ST At I N, RN AR R I | @R A =1 g v o oot vt i | fiRer GERTSR
1% ez =, It T e 9wt T3 T A SR 5 3 e 1% At (Acrolein) GTARA! T0H AT |
e fen (@ IR WY HETFRETE G Wl IITR TN AR IRLR TN W | AR I
o, A e @RIRTeR e aTe SiE J0ed T O T, @ fede rRidte Sum Aw e Ty
St sAfeaict fRe @RS AT firee ot 22 TUe o FTERA| QTS | TF SIEW R @RITS age
o frw e 9 ey w wRgR faw, wnefifi ¢ vt T TR TR e el e
EFTRere Rame st A% FA @ fodfs sy Gz w1 B | RRE @Rt AN ndge 7, o)
TG SPIEB A 7P AT 21 T | | |
R e AR GRITE XIS ReT T9RIEE $HS G 8 4RE AR T6 T e | g R e
g3t ¢ feafirmm v g fog 1ara w3 aReR fafds |
WW(CZHSCI)SGﬁWWWWWIW%Wﬁ @A TOARE 55.6°
TIAARIRT Q3¢ T8 360.5° TILAFZIZL 784 *1Ts/3f" Biret | FE w2, WWWM\W%IWW
aemfye famn e@ =, wwwwwmmwmcﬂﬂmm T} FAPTR ICES AT
= s
ﬂwmmmﬂmmﬁ'ﬂﬂm@ﬂww mwi‘mi‘a@mﬁmmmmmmwm
‘mmmnamwﬁmaimwmﬂwmﬁvmmwmmammmwmﬁw
AT B |
wwﬁrmwmmwwmwﬁmwmlww@mw«memm
e/ @t 97 T JromifS AT AT T T e @ o AT AN T §95 ar 2
feita @t Yo (TR TAE o oot biv AT AR TRY IITE I T | PR FRie e 9
mﬂmlwmwﬂrﬁamﬁmmmﬂwummﬁwmmww
FRREE e R Iy IR TR )

.9 fRAT® I (The designation system for refrigerants) &

WEISFSII FAWMFCE R* wHR G &I I T, @WA- R-11, R-12, R-114 Lot | Muteers fies
s e 1R oD T, aw B wdhy e fom fefaba sra st et w9t T | WRwg-EEA 9
M- et 1 s 7m 9w 2w rt W @, o @3 fere ad e w1 o wdeeE e g
T fon FowaT GRRA (F) SR, O TR ¢ B i coees e e, seicar <esm e RTHITER (H)
WCAF 5 AP RLT | O T (AT O TR eF TR M 7 TR, O ot A 7wt o | e A qwe
T124 W @3 7 (T, Wﬁmqummmwwc H,Cl F, & An+prq=2m+2
e, :
m = I ATz Fedn

n = TRIRITSH 7T eyt
p = G SR Feuy @A
q = GFIfes A e
B 3R WTS 93 AR T8 R (m-1) (N+ D ()

UNTSHE (ATET TS QT Sfoir—38
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w0

R WA

WWWLQW
A P, aﬁwmm-mmmwammmmmkmmﬁ, 9%

@I *EgR AR P =2

IR AR R, q = 4

O, YRTGTSH AT AW n=0
TR B, n+p+q=2m+2
TO+2+4=2m+2

A,om=2

wofte, FEH AT AT =
Hear CEEREEIEE- A R weee e @@ COLF, e TR @ R -1

O+ SRR -

1141

b fESIE AR CFFTIR (Mention the application of commonly used refrigerants) 8

ez gaww owd ¢
R | T RALLES S I _
A - 1] ¢ARGFe 300 (T Y000 B FUAGH™G T QRSB 4G |
R-12 aEfrarel:, @Bk, | wafE Aes, Grem TC EOIE, W (FRES, Sub
fms-12 g lEnacial rm, FRREAGTma, @% @oR, WPERT Wl o
: PR crat, enE-IN-gemn, ey eReE, SR
QTR QTR 2 o |
A R-22 @frgicafi, @by | B3rsl refeemE, e B «nwsfeamt, P TR
fR-22 GTRFEITR, @S CHze T |
R-123 RGPS Foawd | (TR QRESEfR W |
fEmnE-123
R-502 @B i, (o5 Brem, T4 e, o'R e Toni |
farme-502
R-717 e wiEs G, s, o awife 95 Swnfa
717
R-134a afrerate, @b | Wi, frew, o6 Gy, widsehm (@Rt
fem-134a

. SRR 5, I o, R, o, b et R S.P. WS (R GRRIGEMR o
Toiw S T I (Explain the effects of condensing pressure, evaporating temparature,

boiling point, critical temparature and specific volume on refrigeration cycle) §

® TAGEA B (Condensing pressure) 3 FTITHY 47 B 7T IN T2 G 436 TS FAX | 9N [OLE
discharge. 4 5171 T o0 T2 IR 7 TGS o @ A
m T (Evaporating temparature) § fAff3 ¥dgs e A T A s
TGN TW, S GRFETET Tw? I M aR TS TG S T T SR AT o I
Y | SRR T R Sl I o S et s 30w I A |




s Soq
* TR D (Boiling point) 3 RN T TG FEamm v o @3 o Rw, quiR oS
e a3fs owgeyd @HE bR T B off @ wTR TR wE I9ER W A Wk By
IR S (U AR ST 0 9 T (R U e Wi fogy quf sreoeba fanw v )
o FGE BIAWA (Critical Temparature) 3 JYRFTT 785 T I AR A Ranmwew wwefre
cafEraafe wrad =S 300 T ) O s 3T (R ariegs St A IErga $eE | ,
o TAfT8 WA (Specific Volume) 3 Ramex fAWE wiwew swva B9 eo@ (209 | STHE 47 g wHR
P oS ICR TSR B @ ST ATH | AR UAG TS TN QI FSHAEDA G g o Ao | wfB RWE
FELFR @7 T AP (suction) TG AW FT 1 SIE0H ARG (Merss flowrate) 4R IR FNHBe om0 79

b, 50 fifeq o cfiFeies (Raws) Pt "ﬂ'ﬂﬂ ¢F1S (Mention the color code of

different refrigerant cylinder) 8

ciRremt PR FeR Qe (The color code of refrigerant cylinder) ¢ ASHRAE &g Wﬁ?ﬂﬂ
iRt wa ok et WS gureiee Hfafmet ar agnfre et ffor s @ s
ol of o Bfbe | OT® FieBTa grrerth Sy < 51Y 319 TEIEA ITH A (ST S Sk I S o
A (AR a3 STRTES S «Afms aa vt Sreiwta siba A il Anew = (7)) s v gen
71 | fy ASHRAE 9% ¥R (1S (7T 29—

“ASHRAE” STANDARD COLOR CODE (USA)
. — 1.4 kg (for coal)
== L, 0.98 kg (for oif
» 0.58 kg (for gas) .

Power

| novee ’ Refrigeration
% Elecl.ric g . csoncc,lztionlng "_”C;{O;E;Q
(Thermal) 3% Power ystem
(Efticlant) {1 kWhg)
5 3 .3 Frew =T acnﬁ
e Pt s e :
e E:
TP TR-SHRE (SO,) I 8 et
fReien GFIRIRE (CHACl) o
@- 12 (CelFy) T
@FEA-- 22 (CHelFy) -
@TR- 11 (CckF) —
TR 502 (R-22 + R-115) fet | =1m
@R 113 (CchCFy) T
@TA- 114 (CclF,CelFy) et
SRR (NH;) 2ol B
W (0;) Tt



o SIS (REPTTe TS AR
v.5) Rwe '« R Pist AR (Handling), TR (Storage) 9 Famtar ﬁmrrqﬁf

(Describe the handling and stora ge_procedure of refrigerant and refrigerant cylinder) 8

T ic ) m(kefrigerant’s-cylindér)ls L] WWWWWG Afmee e T _
TR S 02 GO I SIRHET FE FIWRR O (¥ A IR I W, S K HifFr 7w |+ et
e oo wdi me T Wy o e | o g HiEsE @ 7 b 3 e
Whﬁ@ﬁﬁamwﬁmqmﬁmwmmwemmmmnwewm%mﬁm'
F QLT 92 ST S5 A TW | Y-

@)Cﬂmm(swmgecyhndeysimww ﬁmﬁﬁﬁﬁtmﬁw#ﬁ?'ﬁﬁﬂl
AR wfiss o sjerste @ wrdin Siftrem Borndt |

(%) MfEFR PSR (Service cylinder) 8 SIS BT @ AGI, w3t 77, mﬁwwtmm
T e GRS 1 wiw 1 (it 2 cefipenca S ord ware arame v '

e fifter o%, fraiem, v R 15 1w s 73 ) o e BfesmerE 3w (V97 STEE
T S | (IR SRS 3 A A YRON ST ST 7 |

e § w2 oty i



-

. - fome Y=Y
b5y AFuET FiFer T s fRrres RRAYE (Mention the safety requirement

when handling and working with refrigerant) 3

fory ffy wop ffersta zR T3S @y

() Fye FiFSR G (T TR Al | @rafS y3iBT Fitd TR Serees wRfES |

(%) famfe wpe, wfE, (&= foen Biffrem Srorm a1 T2 7 | @ 9 ATV AT I A A |

(1) OTTETE AW TAR W AT ATES HEA SIS I AL A DR |

(W) frfesma st o o aa frmy | Fefrew Rdfas A sl sem o s )

(8) = wRgees fufys m Fiferere of¥ == arw | a3fias e Hiftree firieen e wemy )

(F) cai<R T Ao R e wgr ww wiEtes |

(®) o= Fiqe o SRgne Ffen Bud a0 o A

(&) Tersia e fia B YT o | s e @ s ficn SR s ct oy |

(%) FieTSIEs 1 SRet (G T AR AU 90T A (TR, SO S fifty wecaimeen 1o o 8w

(@) fog &7 Mt &= foF @ewta ¢ o3 IR = w=fpe | 93 s s o P e
RN WEARE | TR QTS 7 AR 0w 7w

(%) Temmwe fFifersta cratars @ =02 # 1 it ¢ wrremr AfREsEmT 7 |

(2) =T, mﬁamﬁsww@mﬁﬁﬁﬁmmmm :

(e) FemR wzbm Siws i T fom smem a a1 | 9T R, ﬂTﬁC‘"@lWW| d"l

(®) TTGﬁﬁﬁ%ﬁﬁmmmmmﬂwmwm@@Nameplatemmml

'

3

]

o &y

(Bl clrams 2o w1 o7 T ofs = Rt | “ROT TS O el T @2 TR
e @ 25 v wR1 T A T, oS fowe 9 1 RO 3 @R T a3 e o1,
(A TG T GA (ATTF T SRS B 9ES T |

T TGS TOFH AR T @ APTURE ACTS g |

mwmﬁﬂmmea‘mﬁ'«ﬁwﬁﬁmmtﬂs

Rt i TR TeFs
> | STafemt NH, (R-717)
3 | T BiE-wmte CO, .| (R-744)
O | AP TTE-ARE S0, (R-764)
8 | fer3w @rarse CH.Cl (R-40)
¢ | BRI TR Feew o CCLF ®R-11)
b | SIEGRACEYET i | CCLE, (R-12)
| AFIRTEEFR fiew | CHCIF, (R-22)
b | REFETED-23/33¢ CHCIF/CCIF,CF; | (R-502)
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AN

- WEsEe i Wi gneaieae
R errEAae! fird |

@ﬁwwmmqmﬁaﬁﬁmamswm;mwmmww
T A R A cremE® v 9T @ 4 o 1N TR A W ((A0E SN SR S ARES

T SR St [ TreEeR w S it Wi QUi Feth e IR, (R e

@i

I 0 PR | SR 2o A, R et e s aneffag el wom g3k fREmER
AraTerTe! SR |

Ry dy it cofafem o

B=x]) e i 2 2o | -

() et &R | caom- R-11,R-121

(i) OIS fRawe | cm=- =N, 3% |
+4R¥T aw R 3 & = @FRm TIEs e [Arifitral-2 008}
#fad e Rwra AW “2A" (ETHAR) | @Bt SiTafdm Rl sied siwfew (JACOB
PERKINS) 97 251 3=t Seatbe) fE 1y IS a8 | -

T e 2fifes e § # Ravs gvge T +iwe

(==l frm o T e e kiR Ramresen geEe s Ae-
@ R-50 (fres) - 3er Aifis

(i) R-170 (204 - 3R Mfirs |

(iif) R-290 (ToR)— IAqR e |

(iv) R-502

(v) R-123

(vi) R-717 (Sicaifem)

(vii) R-11

© (viii) R-69S (NON CFC) T |

LR

b

®l

caﬁmmhmmwmmmmﬁmmmﬁﬂ

@Pa: FEER A TS TS A 4T oS RAME T - R-12, R-22, R-S02,
R-134a, R-695
hrjLicaicy Mﬁl‘lﬂ (Trlchloromonofluoro methane) <2 N ™, mﬂﬁ?‘i’m 9 Wﬂ’q |

==l

faae T R-11

AAEE ATFT CChLF
oA (. 26°C

a2 R $ir |

[Beap) = com e e A st 21 SR MO S G TG T S St e, TR
oitE ¥ e o | anm- s R-22; R R-22 Syenfm 2
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i

|

o8 |

it

| . faaEm . 3
TR FB% & o kel zen S | ,-
woRt, femmras e e vent Bwr Ao (=R 7
(Benl) fomer FoAm Wmedn R S zem She I IEEAR st oo TR
ZoarffEE e aa Afamfers Freb @ff st Ahem TR g ARoE T8 I W |

ETea AE a7 QR THOR FAS! @ 2eW WA | FAT GF G (M A T FAS &S (3

R e #a1 am | 2 oR e wTe! @ Tn, O B S RER T W | AT RAEE W W
<75 W A | : ‘

wﬂmﬁwﬁﬂﬁ?ﬁmmmﬁﬂ

T Suke fesfS e = w-
(i) SUVA, HCFC-123
(ii) Forane-134a

iii) R-698
fﬂt)wmm um o TR AT ‘!NﬁN | [A=fErtai-2030 (4R))
3 SR i @ awE S R i o -
R-11 R-123 | d“l
R-12 and R-22 R-134a . R :
it coro Tw e |
ST covera = fwst—

(i) Mineral Oil — fiFiTz™T wTzm
(ii) Polyolester =B
(iii) Alkyl-Benzene — SH &@1-(a=eH )

(iv) POE — 716 Zwiifir |
b R W @R o TR e ) T Surfi o Rnes T e PR e e |
3 o A R oA AR-
FArew e wiyfae e (ST A
R-12 R-134a Polyolester, Alkyl-Benzene
R-22 _ R-134a, SUVA Polyolester Polyclester
g Tuifds 3ft Rataren am 9 7P Es R (1 e AfEed o A
Buike fame I TS o Rty 2 e iact
R-134a CF,CH,F R-12 and R-22
R-123 CHCL,CF, : R-11 .
R-11 8 R-R2-@A FEFF AT 4 ' [Rifeal-200s)

R- 11 —» §i3wgimn s fines (Cel,F)
R- 12 - CISCHAEISE ﬁmﬂ (Cel,Fy)



MR HESETE REEE WS quRSE=

o | RATF—134a 3 T TIHS (SR AW | [arfiTal-00,0¢ 0]
' oW, SR R T TR erRAm e  [aefa-2008)
(ST AW, Polyolester, Alkyl, — Benzene.
a1 7Rl T R Tom Aw e ' [Areferal-200s)
<8R eux R 2T “AR” (Ether), T A (Perking) €3 TIHIETS ™ STRIHE A
WY IHRES W .
S| R-22 TR qeert (@ 2en Wrge WA GG T @ N &  [afial-2008]

amﬁms#vammiﬁHPc)lmw@ﬂamwmﬁﬁ @ figrrm o
Y @ Arers+ g JIgm TR TN T 97 IN ST (—90° GIFRTIS) ATHem T 9@ R
TR T | 97 936 AT ARy 9 v, 93 e 7 e i W T P criie TEs SR 3R
(&%, TR R TorTarr |

1 aRR e Gt R o Feft onde oy Ewﬁrw-aoso (=)

'.ﬂg 'mi‘nﬁemmﬁﬁﬂmmmﬁﬂﬁﬁﬁwﬁmﬁ—

I o Rahme el An ot A eere | i oo Rane wW ool e ede fem @

MY T (39 3§ A AT Fet IR, S | rm T @ A S SReR Te st

T 2 e IR, BT S CIISI FEATS 307 |

B faames fra AeRee R-12, R-22 $o1 | orewifa faame e Arde «if9, 3@y Ton@

IS W | TRES T | '

| AMETS ORETE AR DB @ R | Meate RN Q@A BOm @ e

TR 9N T | - B3t afn, Folb BiEst ufr | e @@ anm- e oft Biosa, o, e

Fenifm | Bk _

Q- <he e AW, S e g A TR R e |
ﬂwﬁ&ﬂmm,mﬁwmmamaﬁmwmmﬁaﬁﬁ-

= | ROwEww - | e e | AT (R

> | | Forane-11 (@W-11) | CChF 200 (AT oo B9 FASHF orRE afF 2rs

3! | Forane-12 (@¥¥-12) | CCLF, @fFaGe, onbR TR, wiEHEw e,

(. T, TR R T |
9| | Forane-22 (@WR-22) | CCIF; Bitw «fn, 26 Bit «ff, witewm SEs off, =
| g afES e

81 | Forane-123 or SUVA | CHCI,CF; AR TSy (TR s 415 |
HCFC-123 p _ _

¢ | | Forane-134a or | CF;,CH,F - | calpenaba b B, wiE ora, B3t 9 Teni@ |
SUVA HFC-134a .
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i

L3

e ' )
wifie ¢ Trevfife Rammen Wy ey oy

(B ] wrtfie @ Trerfifoms R T e fme-
wffas Ko gwfifae Rans

@ifw, @iEn ax QfR o foaf @ @R 93 1 | @fF, G| o Qe 98 @ T e

qailie aler Tvm e o1 DR [ | olto fEaReER geites REm i SR I

wfifie T | iz faame |

wifes R fghm of 1fs grFerT aeee | oifie e s e 9 AR

T2 TGS T |

*EA-11, $@A-12, WEA- HCFC-123, ¥AA- HFC- | Siwafom, oify arem, ands ©iR-uaniZe (CO,)

1342 Boyf% wrfifer fEmmras Tmemd | Aes WR-wWBE (SO, Renfe  RwesfieE
e BAmRd |

Tftw o1 ¢ whea ST Xog A1 it T & A e T

(EEu]]) afrsw st © wheww vt w0 A4 @t T e S R T ) o
(i) TSI B '@ TG BT T AT (A T TSRO A A et <Mew e EI“I

| (i7) FCOLTER TR B T A ATA |

(iii) FTSHCA TR TArea= A3 =t LI =

(iv) TSTATRBR T IR Foeer R Ay A Ay I = |
(v) FCLFTA TR B171 AP T2 B 7B TOH (TS AR |

T 502 U a0 PNRRS R 695 om Ty sl ok

- (Bmu ) forms 502 @ @3 o RS 695 a7 W SR o -

L e 502 Rar® 695
y1 | @ R CRC T% <@res Ty | « fehirs CFC 1% i e )
x| @ feEEs haTE (45.6)°C | \ « TEEHCF oA (—43.3)°C |
o | @ RIME [IGS PSR TR viee | @ fEme aRes Frtor sroasR sEms g
faare 475 ™ T | o475 T W |
81 | « s AT = fgngs q R #ifarara 3y s
Rt 695« ol = tafiisy wreviost 39 | [ARAfHRI-2069, 2050, X633 (4iff), 2030]

(Bew ) Ram 605 97 o wter 2afeiey s oot w1 -

G @ e TR T ey TR o5 et e st s, T afieem @ ws 3w A

Gi) @ AW WER a4 WY R @bt R0z AR R v TR IRE w4 T |
R e g e T sfads wam arwem A | _

(Gii) « TR T3 B AXEE PR HICS I e 476 W 1 T JRZH A

(iv) @ R i, SRS @3r 7= B | o Rume zews sRect &8 a7 woeg R

(v) @ A TFBAw (- 43.3)°C LTI 195 ki/kg at 15°C, ODP = 0.042 TR GWR = 1.26 1

WESHAE @ WS GRS
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1

b

el

WWW@W

fwiEn Sie eefalPrE i |
e, B e R (e et f iy . [ARA-203 8]
e, W ATt (e ettt Ay [APIfHEt-2008, 09, 33

TR et A1 TR0BT AR (TR R v R R 91 @1 W, GreE s o 2-
| BTEEE (Non-corrosive) 1 '

21 ARSI 2@n B85S (Low viscosity) |

i S ARRIES @ 2em BFS (High thermal conductivity) |

81 fww Gret T3 2N BT (Low leakage tendency) |

¢\ I T IEShEne Ao O Bf6® (Dielectric strength) |

b1 U W 7AW EBS (Low cost) |

e TR e | N " [arPrat-2004]
wt, s W R Il efE o e [arfat-2000, ot, oy
&) | x

S| GEFEES Wy A TN/ ST (Non-flammable) |

y1 e mem B W (Non toxic) |

ol e Y SmaaY (Non soluble with water} 1

81 (TR AN fne Trek e ahem 85w (Miscibility) |

¢ corE e fAfdFm w61 w1 (Does not reaction with oil) |
e Qe vt # A&

G=D

1 f9p TBS St (Low boiling poit) |

3| fAp wAe4A 519 (Low condensing pressure) |

90 P wiefF e (Low specific volume) 1

81 5 7EE™ (High latent heat) |

¢ T MIB I GBI (High critical pressure and temperature) |
w | TR semaE, 3 TR Seiat (4T W T TR |
Q| TRGTER DI (AT BTG ISR b1 3 g B |
@ I ovi wRE T «ah R S R T T

ey, T v R AT 3T R | [rifizat-2o0n)
wot, el s R tafeyeT |
o, s fEarE & A e <R anies o o) ' [arfRal-205 8]

(Eap) s et sl T aaf fratwers st Rt <o T | -
51 Wsﬁmwmﬁumwmwmwmmmm| '
3| s ¢ s fm wivmwtam e el e |

@ | HeaTE B & T Bievt ¢ Aiyiad Txeon e vAge T

81 %0 Bwet 3 U7 GG T FTW 7EW ©A |

@) ST ¢ TP CIRTTR TS WA @ 7 I |

Y| ST WS & a3 WA e (1 2e WER

Q- Ww.wmﬁmﬂmmﬁﬁwmﬁwavmﬂnmmwﬁw@ﬂ
@f-iml
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LAY

fom e

v O AR s w3 1o SRR oot @ o wEia

31 WS $ 97 TS UK |

So | Rpe AR ¢ faane e AR A =

3y | el § 3 fETE wivee A A

33 | firel Bestmae ot 8 Bt vt o TR A

veo | RfiF ¢ wd e fefermds =)

38 | WY 8 «B1 Fwa 3R @ (4w W =1

s | 1% ¢ e s R g e A

3o | o e el 3wz o ot #3410 |

99 | (STVR et 7o 3 B corerR wme A TR 1 o ffEe wE |
St | COP § W3 BFSUITAY COP & 1FA |

38 | WATAIEST ¢ ubt Non-corrosiveness 07 |

30 | T @ FATERH ¢ @ fams s eaglErs T Rrefie T

iy e sfb tafBy one ) [R1fal-200b,2005,3030, 2033 (), ap)q (=), 2038]

e, W R B F e aR drmers o o) _ [RrefEEa-2033]

e, Sy ciEremmets TR HfA ) ' amﬁrm-zoos!

), o wryfre Ram oo o) - [ar=eifizat-200s)]

e, Sy R JAdaT o , [Rrifi-20 8¢ ()] d“l
(s=uf]

31 i W ERE

Q| AL The T

9| fre zew g =t

81 %[ % T I A TN

T IR GRrRIRTEa T 49T A o | . [RrfeTal-z008,300Y)

_m meﬁxm wf%tmwm | [reifial-zo08]

}) @wrads A wefifvs QP (Halo carbon or organic refrigerant) 3 G (Chlorine),
GlTﬁﬁ' (Fluorine) 9N @A (Bromine) @ 63 @ @7 93 | GBIy Gt T 69w EEaA
Mnmﬂ@@w@m (o, SRR, Wew, e, weem T Ge W ArenaErs
EIRUN

(TR 3t TR wefifer R s ofifte e A, AT ACTE 4R OIS T

R wm AT AN ARAD AT FOAE (CT3)

R-11 SRRl firem CCLF ' 26
{Trichloromonofluore methane

R-12 CIRATGIRA e CCLF; ~298
(Dichlorodifluoro methane) | .

R-13 ARG R frem | cars 814
(Monochlorotrifluoro methane

R-22 - | TR TRrERgT e CHCIF, - 40.8

’ -{Monochlorodifluoro methane) :




3% WESTT EFEE WS qEREeHR

R R . rEREET T LTS Jo1% (C13)
R-113 GREP TG 2 CCL;CFs 47.68
(Trichlorotrifluoro ethane)
R-123 TRPERRTR 2024 CCLHCF, 23.80
(Dichlorotrifluoro ethane)
R-134a (RRTETAT B CF; CFH, -262
{Tetrafluoro ethane) CH,FCF; '
sot Tl cavn Ratw v T ey [Arfatat-z004]
&= | |
e WA _4TW AR CFW
R22- ey, @B | TIOS MIAFGANT, ATIS O1RA GTRSoeE, b T
QIR GHAR, (FTS GO Tonfit |
R-123 GRS IPPR | (TR GRS 2475 |
R-502 ety T, ot Grere, +G8 e, o3 e Tor |
R-717 | e wEA A7+, B, W AR oS Fenfh

38 1 fETwTER et (iR vew STtge R GRFEEE 9GS & 7 Py
(Bl R qwem cf 2ew Mgs WRBR @ERAEEe fotra TEE @ TE A FRd o @
(e e | :

3| RERR->S a3 [ W TR e 1 [AmfiIR-2008]
(Ezaf]) fotra 11 @9 wfSfie: R 2o fRww 123 1| @51 HCFC F=1%% T3 APMIA 740 CHC,
CF; % 93! SUVA Ia Wit A | sl smoey @b ¥t waom o2 1 e 123 3518
AGEETH B 27.1° Gz @R AT 9w 153 1 fiEe 11 93 6T W BRHS ODP = 0.02 9 GWP
T SR e 11 93 To% | GTEm qUREfefa au GRS FreTE TR T T -

» R LT]

S| R R e
WY, R-12 ¥R R-717 R AR T whesrd e | [AFfea-30os)
(3o wezs ) oo .4 Esay ) '

1 e e R IR s f
(B wazs J) e v.30 gk |

9| T ¢ e P e, waerd o Rarer famaai fad )

(Fow wears J) s v.30, ©.3) A EB

N —



4.0 Gt (Introduction) 8

CFC @3 TfiFe §% TN (PIRTR I4F A @RS (Cly), QAR (F) 932 4 (C) 9B feafbe stoaen aifss
fams | CFC 1o e mo TRew #ewm Ml A @@ (C) TP e SR s,

WW&WWW

(CFCs and environmental friendly refrigerants)

it e e, @RueE gore e 7o 1% TaR et Wi GfifSarem 3 9eEs TR TS K

@R TS | AT GRS AT AR (S T S i T T gE W1 <0 AT e

ﬁw%m,memm'(ogmﬁﬁw|mmemmwﬁsmwm1mmjﬁiﬁmE

AYIGTT ST T (G TR | RE S oW I A AW &7 w5 AfEen 1 e Sy

IR | TCE YIS HFC 07 KR A 00T, HFC T REGIapicat aida, e s g 1e w4t ¢
TR | WTATS) WA CFC, ARTa= IFa wig@a Zamss, 0DS, ODP, GWP,-8teH %7, diwaies 3cws, afga o
wﬁw,ﬁﬂmmwwmﬁm@@mml

9,5 GFRIGHTE! 3147 (State what is meant by the CFC) 8
@, @memm-mmmwwmmq CFC e I | atR T

FTAFHA AW 9 AR Agwe Foy o |-
fEmwrzsa wm AIFTE TS
R-11 CCLE
R-12 CCLF,
R-113 CClLF; CCl F,
R-114 CCIF, CCIF, -
R-115 CCl F, CFy

4.3 R % YT AT (State what is meant by environmental friendly refrigerant) 3

R ST JET T TS IR A S R O W 426 7. By e Ry 1 @ v
fomte fog oM &%) At TIge SR SET FS IE AN GRS AT waE S A | wew Sufee
wﬁmmﬂﬁavﬁwﬁﬂmwhﬁﬁmmmwﬁmw@ﬁmmwwmmﬁ
&= A Environmental friendly gas JCT | _

HYfF BEwe TS ARIS AR o FETES 97 97 74 Sede Ramas /I T | CFC 9
HCFC 7% Rmiarate Wi o e =00 30, o it {5y 4@ e i@ wgn s
YRR WA | 9GTEANE CFC's replacement refrigerant 31 T | Wi ¥ w29 wg=t R wifdem ¢ T9%e |,
L ol G g fEmm e e (New refrigerant) I0A | 7 BTRS Replacement refrigerant 93

| YA @O S R 39 W | (@¥=- R - 123 (CHC; CF3), R —290, R - 134a (CF; CH, F), R -

600a TWTIH |

:

c
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81 mwﬁnmﬁmwfwwwm1ﬁﬂm69sﬁmwsozaawmaﬁwnwm
COP @

¢1 ODP 93 GWP 3% |
Y| AT W AACHR WEY (Less atmospheric life time)

9,0 AT Trea/enyf RRNIMCFA SISt (List the environmental friendly refrigerant) §

- m‘-&ﬁ‘ +fRea 27 Rares s om o
31 R-123(CHCLCE)
2| R-134a(CF;CH, F)
©1 R-600a(C,Hy
Bt R-290(C,H)
¢! R-404A (R - 125/R - 143a/R — 134s) (CHF, CF/CH; CFJ/CF, CH; F)

9.8 ODS, ODP & GWP F (State what is meant by ODS, ODP and GWP) 8

ODS — ODS &3 *4 = Ozone depletion substance. TTINT TI RN I QR TF (T 7T ATAWS TG
il SIS STES FEa S (Ozone depletion substance) 3 |

ODP — ODP &7 = 5 Ozone depletion potential, T KA ST ER Hreaas gea fafn o ov |

GWP — GWP 93 f O¢ Global warming pofential. CFC 3t W] ¥ ¥ 51 $ojTha S1efwrat Ffere =y
Wil B &R 9 CrERTES Mt FAe GWP A |

q.¢ Grm w7 w9, feelw AP ¢ cliqm ik (Explain ozone layered depleting,
Green house effect and global warming)

et o TR (Ozone layered depleting) & 7 it sfRdirs weit wfsrel AfE " s o
G TR CIRY IR GR A T 5 Ao RS T GTEE TR A AR @ IR TSR S0 B
ARATS BT WS | G B (T P I T AJA (N T AR o Ry T WA | g 3
R o TR (N, ST T GUR AFAZRT SR | W Q. I R O (R AT TR
Wil SIAArE SCEA W BAMW (Ozone depleting substance) 3 ACH ODS A | (X 7T ODS T4 GTEH B2
Y T (T T CFC, HCFC, HFC 917 | CFC @3 HFC 97 e oTeiw S0 I (e B 0 |
S HAS. (7 A T, B BR-IART SR Wz (7 AN W F@ CFC OR 93 TR 9 @ 0 |
CFC 99 @IRA 9bd BEPRS dyi o | .

1w 2T (Green house effect) § fAFT & et WGWWWWNWW

N T | qwy A ARV T | X B DRI e 1 e o i oreR i e T e
| | SR T TR e fefT iemtar ¢ e e o I 9t wwer | Wi @ S &1 B

Gﬁwh(coz)mﬂmaaamﬁmmmm[wﬁwmﬁmmmﬂmmﬁwmﬁmm
I | IR AN GFBT SRR IO S1BR I |
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ey ST Frrererat, anfm etewa o8, MR i Co, @R Srettw ToTE Y SRR AT
ﬂmﬁwﬁmmw&mﬁ@ﬁmmumwcmmozwmwmmr%‘wﬁ@cozaa
et afis caft Ry e w0 AR TR BYg CO, BHIRITR GTE BF O, O IR TR | go
T AR Sfern I (Ultraviolet ray) efdws 33 | oTam 37 o5 id-wiRrea Tefifon et oo wa
wfmw:quq—mwﬁacﬁmamﬁummﬁﬂam&mqﬁﬁhmﬁwﬁwﬁmqﬁml
oiat 3% we s Q3w wRe e 201 T gren Seaw W WiE Weew FE | TS wiw T
I GIR-SrHRT WY QR ST SMEHTA B 2 AR o (0 e ey o By afefw
Green house effect 0 | ,

R Tttt T (Globul warming) £ FrERizaIT & TR (2tw 7 AR T AW CO, (R TH T
mﬂmﬂmwwmwﬁ—mwﬁwmwmmqmwmmﬁwmwmuﬁa
wﬁmcozﬁwmuauﬁﬁvcozmmﬁﬁm%wﬁwqﬁmmm,mwm :
oo e e 2t i ) e e et 3 offn | SRR GTEE B CO, @7 Beifefen TR «ff Ao
© 2 T | R e 7 R R Rt ol i R srreet s e et & TR gD 9 i E

o2

CFC with ozone) 8
CEFC €T3 BtR e Jrens ffirn @ o fg oo -

Y CFCs &% ANY STaE (O;) @ 73 REAT (Mention the chemical reaction of E

(Normal reaction) ~ (Chlorine reaction)
O3+ UV rediation =05+ O 0, +Cl=0;+ClO . '
02+0=03 C]O+O=Cl+02

: uet resulting .

0, + 0 =20,

.2 CFC Ram® ¢ 5 CFC RAMFR ODP, GWP @ +Rmi R Itgmecet R
Wﬁ'ﬂﬁ AER P (Compare commonly used CFC refrigerants with non CFC
refrigerants regarding on ODP, GWP and atmospheric life) 2 _

ODP (Ozone depleting substance) 9T+ e FfeTR gur Ffim g Gwp (Global warming potential)
FN SR-wERe A Sidw 3l Frfme | crC e 8 9 CFC XUt Inmew ¥ swer aom sfey

IR|M AT GR ODP '€ GWP 97 Wit e w18 ot -
Ozone Depleting (ODP) and Global Warming (GWP) Potentials.

e

Chemical Chemical formula ODP GDP Estimated atmospheric life
_ _ of refrigerants (years)
Chlorofluoro-carbons - _ :
R-11 CCIsF 1.G0 1300 | 59
R-12 ’ CCL:F, 0.95 3700 122
R-113 CCLFCCLF, 0.83 1900 98
R-114 CCLE,CCIF, 071 400 244
R-115 CCIF,CF, - 036 13800 539
Hydrocholorofluoro carbons .
F-22 CHCIF, ' 0.05 510° 18
F-123 ___| CHCICF, - 0.02 28 2
Hydrofluore-carbons .
F-134a CF,CH,F CF;CHF, 0 400 18
FE-152a 0 46 2
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r Chemical Chemical formula oDP GDP Estimated atmospheric life
: ) of refrigerants (years)
Refrigerants Mixtures 738%F.;,
CFC-500 +26.2% F 5208 074 2700
CFC-502 512%F. s +48.8% F.n 0.22 7300
Other Refrigerants
Water-LiBr 7% Hao X LiBr 0 0 -
Ammonia ’ NH, 0 -0 R
Combustion Products ) '
Carbon-dixide CO, 0 1.0 230

E by TG it qR W i 01§ (Mention the thontreal protocols and the clean air

acts on substance) 3

1937wﬁ1%amﬁmﬁaﬂwﬁﬁ%ﬁﬁﬁﬁmCchWﬁzﬁrmm|mc1:c
B ¢ R wafE s a7 e TurRTR e Frars @ 7N | W FRE ) TR
s @B ¢ 1900 FUFR 1 QR =P (Clean air act) Y000 HITER T [ewa @ wierms fmmst

S TesHARM ¢ (TR 31 TR 0T FrO BeATAR TR XS] 21 BT AT T TR WY (A T

‘% Chlorofluorocarbon (CEC) phase out and tax Schedules

- Year Percentage of 1986 Production ' U.8.Tax on CFCs

' 1991 100% 83% 3.015

e : 1992 100% 80% 3.674
1993 85% 75% 5.830
1994 85% | 65% ' 5.830
1995 . 50% ' 50% 6.820
1996 50% 40% 7.810
1997 15% 15% ' 8.800

. 1998 _ 15% ' 15% 9.790

1999 15% 15% 10.780
20007 0% 0%

Y000 AT m@ﬁtwﬁm@cm@wwmmnﬁqwﬁﬁﬁmwmmw
R ﬁsmmﬁ‘ﬁvcRcusc)wma%ﬁﬁmwﬁmﬂmeawqwml
ﬁﬁmﬁmmmmmmammmwﬁwwﬁwhﬁwm;

CFC 7R \STes W0as TR 03 1 TR KA T8 bres c e s w70 O TR FCS CO;
hﬁmiwﬁmmmmqwmﬁﬁsw:ﬁqﬁm Uty @t T A Ty TRIS 1kwhr
ﬁm%@ﬁmwﬂﬁﬁmcozﬁﬁﬂﬁﬁﬂIvﬁﬁﬂmmmmi'wmﬁﬂma

) — 1.4 kg (for cool)
s

;2’—-= €0, |, 0.98 kg {for off}

|, 0.58 kg (for gas)

Power
house

Redtigeration

—In—pm—'*| : Aircondioning [ 000
3,37 kWh - Electric 9

eflect
(Thermal) 3% Powar sysiem
(Efficlent) . {1 KWhg)
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31 cCrc¥h : [armfal-o8, o9, 58]
o, CFC 0% 3} e s arm o | [Rif¥ral-2033, 1038]
weEl, CFC 0S8 am fre [areféal-aoon, So ()]
wert, Pty G famre S [arifTal-200t, So]

R

9|

8

¢

vl

1

(F=a]) o, mﬁ?emﬁﬁwmﬁﬂwmmww#mmwcmmwn
R-134 3 TETEE e i |

FET @ fAra THa FEms

woEt, RIS R-1340- 4 APHIRS NPT (O [ArfRrt-3 0 b (+ifR)]
R-134 4% AFTWEE FCFS CF,CH,F | -
ciiRm wuifie *B=fwm e 3 @R [ArfaTar-2004, R033]
WY1, oo™ suifife AR (G wp) e # ame [AEAl-2000, ot ob, Yo, R053(Af)]
e, (TP SHIfr A Fy | [Rrfal-203 3 (4R), 2038
w4al, GWP e & . R0 @(4f)]

GWP — GWP @3 % & Global warming potential. CFC 31 St ¢ ot ===t gojeda
wrervrl e s Wil BR eer 3t crsas i e GwP I |

(PITACEIC

O 134 R AT AT © PHS | [RfRI-1009, 300, R00Y, Y004, 053] d“l
T, RS 134a GF IPTRES NCBE O | [ArEPRL-R 03, Rodo]
S, AT 1340 G2 THTRAT AN @ AT o | [atfaiTat-2o0)
Z=ng) S |

Ratwer R AP AR AT 5% o1

134a C| Rl Tw CF,CHsF -262
e 2ot #y ' [armfitcat-g0 b))

muﬁmmwﬁ TTR-TAIAT YT 2R WRIER M FHew Fm e e o

ooy TRl wnde e a0 |

Azt AW calirwiors T $ gamy [T 2008, 2005]
Eea ) Re¥s o e o ToeT I 1 RS R OO T 427 2 Fg HSA R |

q 13 fiaies fog o R4l ¢ ge SrE B B IR T GURTE 1R N e ||
P4 Bufrs o e afw efire fimmren o afitErern w2 Jfi@el: o e N @, s

TGS “ifararta Y f® T Environmental friendly gas 301 |

CO, € 0, R SIS Ire  Riwe ' [ArefaTaT-2004]
CO, 8 0, 7 SRAMIS] I BeATS CO, € 0,-97 ARMNT [ | 8 TR Fgem,

T rewiE (5E, MR (AR CO, 97 BeAWH TR ) WOTEs [ATSIT Merien Fyea T SR

Beslivet TR | AT B CO, 'S O, 43 SR AR 1 |

m fEFeE S arrEfER-sy
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TS ARSI SIS GIRFSHR
Hie afeirm v ARaew F Afids Twmr [arfHAl-2a08]
RerarSn i T AR e IR R ‘
o GTATA THATIE THIT (CO,) 97 TAERSR JATT TS QR FLBI 2 |
o 5T YT G 3@ 01 T Qs 3 s 70 v <RI o 9fs 1y
o Il PR e TGS AT TS T | T G 9 T HEAT A
ons-*h " [aefEtat-2008]
ODS — ODS 93 % = Ozone depletion substance. ST&M W JA A FWI T (T Y
ﬂF‘ITIIﬁ?F TR I ST STU WA $AMI (Ozone depletion substance} | '
G (0) Torer amrs § Qrme [arfiza-205 (Af), 2o3e(4fR)]

W@Haﬁmﬁmewmmmwﬁsmmmwmﬁnmml

mmmd
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2|
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=it %7 Rt s & @

Wmmqﬁmwmmwmmmmmmwﬁmﬁqwmu
amﬁmﬂmﬁiwhﬁ%}wmmmwﬁmw ATHACS AT = I IO
' wpa Tue @ e o anfre fammen s afEBeTE a2 FRTEATR o TNE T XW, SIEA
ST R meEnwmnmental friendly gas 3T |

wigfe e e AeTe Sfteer o weRe T g Ty T3ie TRt T 7, CFC
4% HCFC P72 RITTere WAl ororm Swa w1e 30, ok e g g s sk
wgA fRue TR @ | @STLE CFC's replacement refrigerant I T | =F 3w W“j‘f wgd fRame
RER 9 TGS T, S FIUTATE TP KA a1 % @fFeES (New refrigerant) 30 | 7gA SEIT®
Replacemert refrigerant @3 FgA Q@53 wiyfe feare <em O | (TW=- R - 123 (CHCL, CF), R
~290, R - 134a (CF; CH, F), R - 600a ¥01f% | -

- e fRmmE e ) : [@rifMTal-2008)

(Z=af) e ot

5 mwaﬁmc’: NETH] GTENS WEE S IR 7 | AfREeR e IR 7 W e AR
Ty TR e

y 1 RrsRe =

O WA |

8 | wmeRmr e m wieE FE A ww | FOwE 695 RAwE 502 aawmma@ﬁwnww
COP @&

¢ | ODP 93¢ GWP 39 |

b | SR TN TACER WY (Less atmospheric life time) |

BRI AR I R IR TTR AW ey

=l

51 R-123(CHCl, CFs)

%! R-134a(CECH; P

©1 R-600a(C;sHy)

81 R-290(C;Hy

@1 R-404A (R - 125/ — 1432/R — 134a) (CHF, CFy/CH; CF+/CF; CH, F)
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FIAGETE 14 ¢ AT IR o ' L)
ODS @ ODP 8 GWP 7w 3 i B | RIEA-2008, 2038]
ODS - ODS @3 #f & Ozone depletion substance. TSI T ZIN A FWA WA (T 7T
AT TR Wil ST TR S0 SN (Ozone deplection substance} I75 |
ODP ~» ODP 4% *9  Ozone depletion potential, TR TN ST TE FREAF 21 fiefy 771 27 |

GWP — GWP a7 *f S Global warming potential. CFC 31 SIS} T [ TAMR T et gwe
) W T @SR A RS 1 FaE GWP T |

B 9 AT AHY TS

CFC &3 AN 9T o Rfarf ford )

(@=w]) cre gum wm st Frer Rz ww @ iy v 7

et fafewn @ fafem

(Normal reaction) {Chlorine reaction)

Os + UV rediation=0, + O O+ Cl=0,+CIO .

O+ 0=0; ClO+0=Cl+0,

uet resulting

03 +0= 202 - ’
Aiei2e TP IR B T 1 | [arfREl-2 009,208, 2038]
Hrmre Toed I ot fmgad

Y1 e i AT MITH YL I TIR-AHXS W Sraren AR 3% 630 )

A EATS ATE AR AR BACH LS IREIER L6 I |

o1 SRS ATy T o A II02 T I AE TARE S Fem w2 |

8 Rrefatm afs T8aTm cotn e T wrEf coT eTRreE T QNN GuitTam 3 SgRe w1l |
¢ Wwwm@mw@mwﬁwqmmmwwwﬁwwﬁmﬁwwl
St ofSfarm s T | - [FEt-208 (AfR)]
e, Hazrte toaw Fy |

mm (Green house effect) ’jﬁ'ﬁh T ARAET, Sl 8 A QE]TF'T T Cﬁ‘-‘!’ﬁ-
WmmwfawWﬁ@WW|mwmm'mmﬁimwwﬁﬁ%
SRPTRS! T3 F1 & | SRSTNRS! T T U SR S 6 SR A § 7 e e |
¥ 6 TG AT FIET BIR-SHRE (CO,) SN A R MG 8] et T ) WHHTE et O et
FTA A S TG AT ST 7S B0 | GBI AR QI SR TS L Bl |

Rt 7y Rutees $ $ e Qe e o | [RIE T2 009, 03]
\ |

® OBTI G IR HE I A

o frmme |

o uHE )

o A e A it s w3

® ODP G GWP 3% |

® WD I TR TG |
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 SFEEIS (IRETEA SIS TR
CFCWWWW& T [aRsfETal-2009, 200&,2000, 3009, 030 (=f)
o, it R Frowa AR e ww, o [arifiTat-20 3¢ ()]

cmmmﬁawnam#ﬁsnﬁm1mﬁﬁ¥mﬂwmmﬁmﬁmw@@m
WCOZWWIﬂWWWTWWﬁWIWWCWWWW
EER I 1kwhiﬁqr<%<°nmw$’mﬁwcosznf%wlwﬁﬁmmmwa’w
AT s 3| .

ODP <& GWP &7 T &b =t et 1 [IIIRT-2008

&

ODP ' GWP

51 ODP @7 %4 W& OZone depletion potential. | 51 GWP «d 7t =i Global Warming Potential.

31 eud GIER WewEE oo A F X1 TR GoEd S 3R S M e
- e It (e Ry T GWP I |

e
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vl

1

Rrerow Toed e B @ ¥

(3ow mawo J]) SR 2.0 REET
T ceitEm R

T GRE WESEE «n SR TG @B (Montreal Protocols) 4R &= (U =018 (Clean are ac

' ﬂ. o iy o [AEfREi-q00

chm;ﬁr 9.8 TR EBT |
pr-em—— P L Lo ns (R R R R

AR e Y e e R R Rfee Sur #=

@ rero ) e .3 a3

o ARTIH TR HF AT T AT SUgre 41
WECEEW Q.0 5 387 |

ODS, ODP, GWP, CFC @& HFC, HCFC e & AW

(e rarall o <. b
mﬁww,mmmcmmwﬁ:mﬂwr

() o ey

TR WA STiTE QR TEe Rfarm St S 0w (e )
"EFj:CEEﬁ 9.0 e A8 |



.o F¥3 (Introduction) 8

AT ST A FLEER T YT @ 0 | ST (i) MaRere (it Serges e o
e S I R | ST S AR @ e rers Rra e IR «ite | @l et
T -1 R SO TGS T, (- T S a3 Frefbe o e som e S 2
sffereir: :f:ﬁﬁﬁﬁﬂﬁﬂ'ﬂﬁﬁﬂ?ﬁﬂ’ﬂﬂ@ﬂﬁﬂf%l

T 33 gACAbE IR (DA St #pA s Wi Wfe (HCH) Teo T w0 (IR ol
3 =% .zmmmmﬁmmmmmmﬁwwmmqwmﬁw
ez SHRG ARAER AR TS | SIS ST s (SN O, RIS, oef, o,
T AT R BB ST TSR Q¥ TRAWE R O Rt s e (e e T |

v, GEFEITES S oY (Outline the importance of refrigerant oil) 8

Wmmﬁmwﬁﬁlmwmmwmmmwlmwm%
TR ST TR T (4TS A I | TR S TGS AR YA T A | Ei

WwwmmmmmﬁﬁewmmiﬁmmmeﬁwmwmmwE
W, TS (@R VB WBCS A AN | OiR Gi SR (TSRS IR WS THoA1 WG G WA (LA
FHTE, S (FTTE FOWISD, wwwﬁmﬁwﬁﬁaa°wmmﬁwﬁﬁm|ﬁqmﬁ@%
RIS A3 (TR e T 53w cor s 1 31 o, Sieen dree# fafds s <R Il & T |
ﬁwmwmmﬁﬁmmﬁrﬁﬁmmemqmmmmmmn d“l

forn cafipec SO oY (TN T~

31 WY AR o],

3 iR someg Rt S ue,

© ) T BATER O], '

B CxS SR freae g 3R =,

@ TfSR T I (AN I[N T,

b1 TRE QR

q | e WTIR ARER A |

v.2 GRS WOTR &% RS (Classification of refrigerant oil) §

RS IR TAES S SRS HSI v W3 QN —

| fmEm w@ (Mioeral oils) | :

31 a5 sam (Synthetic oils) !

TS TR ARTHS @ FRAEE SO W T 93 IR O ATRIHES (Paratfinic) SRl
IR (Naphthenic) (351 24 B T | - '



MY TS (TP WS QTS
fsiitaet st e et s =1 e~
31 eraifEs @ (Paraffin base) |
X Ao ¢ (Naphthenic base) | . _ '
SFFOP METP (Natural gas) *RCs 37 Brcelbe wgr otamt T Bt wnmme s get o
0 TCH— -
> Dialkylated Benzine / 9fer51a (Polyolester) |
X AFEREE g, (Polyethylene glycol) |

b0 IFf O GRFEIES o e (Mentions the properties of a good refrigerant oil) 8

0 Refrigerant oil 93 @<= corgi TF-
3| AN TS (Chemical stability) !
X1 RS (Viscosity) | '

@1 &S (Pour point) |

8 | IS AT (Cloud point) |

¢! T AWD (Floc point)

& | ﬁ"ﬂm YA ATy T (Dielectric strengtit) |
91 TR AW TG,

bl FA-SETREE,

» 1 o S gy,

S0 | I AR Wit yRd Tenf |

b.8 GRFBITTS A= 0P 3T (Explain the properties of refrigerant oil) 2

31 IFMEE APl (Chemical stabitity) $ (o0 AR T TS @R oEr e STage
ﬁwﬁmmmemummﬁmﬁmmmmmﬁwﬁmwmw@m
mammqﬁam(wﬁmﬁm{@mamﬁ%ﬁm@awmmmm—‘ww
TEE” (Compressor housing) I 302° i3 71 1650 T2 o168 3 (AT M) e o ww @ T
wmmmmmrmwm%wmmmmiwﬁwmmmm
mwﬁwmmnmwwmﬁawmﬂzmﬁm@mamqwm?@rwﬁ
TGS aiba wE /A m'mwm|ﬁqmﬁmw1mmammm)qmm

QIW(Vismsity)smﬂﬂﬁﬁﬁmNﬁﬁaﬁwmmmmwmmC'-“IWE’T-W
A BIE 1 (SR A wvw A R v we @Bt o fesiffBIaa (Saybolt Viscosimeter)
wifFeR Tz 100° Wi A 3800 (T 1IN (9% QAR 31w ol 90 T 1 com w0 a1 Aemy o Tyt
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Temperature {°C)
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a1 2 o) coor B S wwwia s |

APES] Saybolt Second Universai (S. S. U) ¢ W51 T | Wivmmt +fRR<em Aty 7ael AR v.s B
RATCET 5 |

© | SFTHITS! (Pour Point) $ WA Ef, SISWIAN IAGTH CTF (Oil) A T 4R S I X T,
mmmwmwmmwﬁwmwﬁﬁﬂmmmmmmmmm
77 (ST SIS A (AR T =+ forgy Stomay Ims e Soesmmm o (oF R4 Seeamet
fREADA ATS 20 | TS (T @ FSADE (TF 16 2 S 917 T Al TN G AATAAS GFG O 2
T | TSGR (T <7 &L (AW (oo} <ReeeT o 13 Reoqreial R o oeq) | oi% 4auiet At (%A TS
TSRATATIR I (7T W2 e et Bffs

amﬂ'a‘ts'rcﬁ(moudpomt)smmwmﬁmrrﬁl@mmﬁwﬁm|mmwmwwﬁ
9T Y STIHTS AT X0 @ WA | Y (7 BTy (0 SREE [@iEenSy +Amid wHifre dfs e weE
T4, SI® PBE A0 I | $1917 I SA WM TATS AR LONAGEET FHEFTSZ A1 Gq 9T 5w
LTS STAEAT (ST SN (7t A1 | Ty (o Fordoem % st wafb wargole fory |

@ 1 FF *T0D (Floc Point) § f&1T 57aF o1 ¢ i waga R wrw | wires SEATS 90 e s ¢
10 retee coreTs fireet e crrenSt s g cr StenAT T WIS iR e W WS oF W
TE PE TS AT | (7 Testr fHTE @ TR A% TR ER T | A R 5T G 8
(o fige ATIAT T FONAEBLAT FEFTO T #11% | (551 FoBT T o MR g I58 90 | (ST
T et wm R owm FET SRS @ (MR ST 5T WEE ewelf T e SEd | e S
(ST BARYS T e S e TS T REAR R AT | TSR (S-S AR @AW (~18°) s
ﬁmmmmwwmﬁﬂma%mmmmmmﬁmmmmw
FTACHT (I &g (72|
' (%) RTon 43R ARG FIST (Dielectric strength) §

ST R AR SET Wite O Afme 7w Ry w4, afaly wwet | R ¢ elnarite s
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Sy WESHE FRFHEPE % RIS
v.¢ QEFRIET R IR (Specification of refrigeration oil) 8

o
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5 QIAHEIT T BRI TR R o s e 2 SE® (Assumptions) AR (A 597 -

S AT O19 YEe o U e 919 | '

21 HATERR TI% WHE[ (Heat capacities) WHRRAMEST 4173 |

o e dRidlz a1 A WA (Steady)

81 fadrd za 71 qrer P qamam AW (FW YA A A

TSR, T YRR AT, Q = US At,,

TR U = B9 YIS 0TS

A = BT FRARGGA THR CFIEe

At,, = 75 HAER SHAER MR HGTH |

Alﬁm‘iﬁﬂmmmmﬁﬁwww_m‘:ml

afSre wrfimfirs LR ) T | o+odE {Logarithmic mean temperature difference) IR | wfmfiE Teq™
fnfram 7 o o T 8

_ (At) max - (At) min

(Al)n = o (A1) max

(At) min
« ST (TR AL, HOR B afd feefe ¢ wome |

3.5 iRF UHWTHWR (State the meaning of heat exchanger) § v

&% aasem aT= 9wl Tk @ g 1% g wrnmm galz we v g ¥ ffm w ) wmm ¥
mﬂ{mmﬁwaﬂﬁwmﬁmﬁwmm»ﬁfammwaﬂtmwmmﬂ@

e A aul qfbn o a3 oE g oM (Solid wall) 4E | @ &FTl G W wEmR
Ferdg o1 fafmm @ e Em

3.3 X0 aHWTewITE oY (Outline the importance of heat exchangers) 8

fpFeTTTm 6 quAEfeEfie 97 cwTn 25 aarer 93t vy R ) e afrmee o quReRefen
fafbe '@ Ffe I Heat cxchange A1 T4 fafern qw Fifews w=iow oS o A A1, WA B8 Hear exchanger-a3
MU B3 A © Pt 3§ o =R R casam oy o |
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=

St : wIeSETE (AR WS g

3t T s TR A 3
‘® ATTH I QR wwet I o |

o 9517 we R0 Gremee (Rt s qht ) .
& RS T I 99 |

® N ST Ao XH |

® FRTHES]

o 135 Gt wwst @)

33.0 R qwwram iR (Mention the types of heat exchangers) 8

() fomzw s RS waver o i win vt am 5
51 GRS 513 B0 ewran (Direct contact heat exchanger) |
¥ fremmEsa KB vaar (Regenerator heat exchanger) |
- o1 RRITNwD B awsam {Recuperator heat exchanger) |
(¥) TTS @ Trew qAER @A wPTE RRITARE B8 GEHACE 15 ST O T qE 2
31 . URETE Gl P Q3G (Parallel flow heat exchanger) | '
A IEBR QR BB gmseE (Counter flow heat exchanger) |
o T @ RS awwan (Cross flow heat exchanger) |
81 Prea o %6 9w {Single pass heat exchanger) |
¢ W B5 amsEr (Multipass heat exchanger) |
(M) 1R TR 25 QAR X ST e e T g :
Y1 oo =TT 0% B12t €5 w5 ER (Shell and tube type heat exchanger) |
1 e RS w3semm (Cornpact heat exchanger) |
e am RS qweTe Av e em Ay

= . g
N b
S 5
£ :
=
Arca ' Area

_ I E Class I {condenser) Class 2 (Boiler)

: 2 Hot 84—t
. g 2 ]
: = o

f ' [ - = - -
. Class 3 (Parallel flow) Ciass 4 (Counter flow)}

f5 2 33,3 & Fafeg o &8 wawsan@ wrsmTa <9
a4 i RS THER (Class one heat exchanger) 38 @ % GAGWE Bas Ao} W SR Aoer
ARAFTS & (7 | 4TS e 2iBa S I o A | O AR 491 T i i et o ol
e won | 35w wroe @ o 5 e e g3 S | : :




LR (4] b

¥ i RS TWTER (Class two heat exchanger) § 9 &0 «QHFENZ W Comam Tue oAEw

ST (AT QICF | ST S 21 i ol @ (3 e e mrs Cing | Bon e @ yan 58
QHTHATTAY AT | _ _

‘gﬂh o f3P THTSWR (Class three heat exchanger) $ 4 3% agEw 7% plic? 133 fire e
oIS T a3 To ghves Sriwm Afids m | wor [T anm— enitr Rom, wom iR 9 T «@
iy Seeg® ( OTE AT gt RS QHTEER 30 |

o€ 1T B TWTOWR (Class four heat exchanger) 3 @ RS awwena 2af vt s R fice
wﬁm@am@sc;ramwmﬁﬁmtﬂu aﬁmwﬁunﬁwﬁmamwl aofbre FBHE &5
QHTEAR T |

*tersl cuf f¥B THTGWIR (Class five heat exchanger) 3 aﬁﬁ:‘ AT 2N B i a2t [EE @
a31fEs 70 | ar= W1 GR X5 aaTeena T

35.8 W7 G5 I (Define mean temperature difference) 3

&% aAsE Surface 92 T’ AT SIHTAR *FTE Mean temperature difference 0¥ | e Ot fRfemr=
T3 ST (Y AN SIPR Mean temperature difference 09 |

33.¢ Rty RS qwee FHT 397t (Describe the operation of different types of
heat exchanger) $ '
33.¢.5 ©I%WH FH18 &5 HEWR (Direct contact heat exchanger) §

76 e sl Ae=red av1 (1 &5 e s vt fRifsrm 3t wrea 2w, ore witeas RS gwrsen w )
Brremd 2 Gwibta i Brewm, (= It Tefi |

Exhaust steam

E ; Cooling water

Water spray \ | Air pump
Perforated
conical
Perforated | | | | | glr;r;::
rays ~=m A
T i
Air pump E Cooling water
Condensate .5 : - Condenser
. shell
To boiler Condensate" @
§ sxtraction
purnp inler _|_ _____

- Condensate

~ Condensate pump

Cooling water,

Paraliel flow jet condenser Counter flow jet condenser

) . & 3 330 SRS TR TSR
WSS AT WiE quReE-a2
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340 HCSHTE GRS WS quREmiT _
C3.e.% S Rremite R aEweE WA (The operation of regenerative

heat exchanger with exampie) 8

Q % aasaE B «XR 4w (I T TR Fi @MRT T 1 @ T EH (Matrix) ¥ &
Bod =1 MG 97 fowr Fm SAMES Taum o1 To6 T 93 S S 70 | @ SeEmes it Frfre e
o & Bee Mitr Fen i Aon o anfis e @t W) @ PR I Bfwe T gee

. faremite OB wamee o R o6 4w

IR $ et T 9 4P (e BT @3 38 FITioR G fEEReTR ) -

33.¢.9 RARFB1TE57 RS GHTGER WA (Recuperator heat exchanger) §

QP AR aeh Reswtd o 47 ey Tivestd 358 ¢ Hrom «xid) oafke zw ot fifmm

BereRd § 0T YDA ISR aR JREDE, @i RRHE I 9 TOAADE, (NDIRITR
aferata Fonfa |

$3.¢.8 RV Gt 85 STTHAR (Parallel flow heat exchanger) 8

47T Bod ¢ Aow Tew oA TREAEEIE 13} i gaifEe ot Rfew T .0 R fim w3l

st gt B G (FTTIR) T QO |
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— o
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i
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: ¥
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o 2 3. =mtene ot &5 wamem
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el Fiirer AfSfs T am s Tee T -
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[ UQUID OR GAS Ed
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LENGTH —>
5 ¢ 33.8 AT bt 135 @A
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%mmmﬁmﬂﬁm,q=mmm

(O, U = @1% Affags womg |

A = B9 FRNTR o |

33.¢.¢ FIEBR gnt 2B THHAR (Counter flow heat exchanger)

2 G awwmems Buy o fox e srweia Rorfio T mrwATeT e a v iy 7 |
>>.cmﬁmar®%m@rfi3ammmm|aﬁaxﬁ!@nmrf&mtmmﬁmqm
FAME A RGN SR WA AR B1et I GreRT eI ) TS 93 Fhirer wromm fig ae aw Bk g
(T U™ a7 IA oo (e A STER e 7 | o
= PVAPORATINGTIUID < -
-1 HEATING FLUID .

- e

&

Atj
4
Alg
n

TEMPERATUREF ___,

TEMP OF EVAPORATING FLUID -

LENGTH (EVAPORATOR) —»
B 2 33.¢ =ETm ot S wwmamy

%mmiwmmﬁsqmﬂmmwﬁmrﬁmmwmﬂm 33,0 7 foua woR
aww@%ﬁmﬁ%ammﬁmmnam@wmmw#ﬁHﬁW|

~—1—r__ GASORLIQUID | —

“~T—  GASORLIQUID —f—
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&
B
8
3
LENGTH ——b '
four s 3.5 FEHR o RS wwAman
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LT '_‘.-" WITES AR S e

3).¢. T qet P TET5E (Cross flow heat exchanger) § '

9 &5 ETAR Tog ¢ e 2R AR AT AVFRA (90°) S T w R 72 ) fom g 3.4
T @ @t T Grt 2B AHTHER (TG TR ! |

/ Non-uniform

LPY) outlet temperature
PAETEEAL
— nnnnnonl —
— i —_—
Tl Cold _ T,
: —_—
fluid
ﬁ é
1 = |U L iguuu] —
o EERRERE
niform ,
Inlet temperature Hot fluid

52 3 33.9 T GR K yImA @ SR 394

vs.0 5 e fow RAE; REFR (Factors 10 be considered to design a heat

exchanger) 8

s &5 ravarm fownen v o Frefs RawnE RTTs e 703
S| ST S BW®R (Heat transfer requirements) |

21 A (Cost} |

9| WIRE (Size) | -

81 ¥R 5 (Pressure drop) \

E | | | |
E 3.0, CeR-E &3 BrereR -3RPTThT sfeaet (Express the derivation of formula

g
& to calculate over-all transfer co-efficient) &

' KA
The general equation for and dimensional heat flow isQn="T" AT

S VN

Heat i ;Thermal potential difference
eat tlow = Thermal resistance

Where L/KA = resistance, AT = Thermal potential difference



KA
Baaes, Q=h A(Ta-T) =" (T, -TY s h A(T, - T)

Ta-Ti=%a
T, -Ta=QI1/KA
Tz—Tn=th2A
1 L 1
T“_T":Q(h_l+ﬁ+m)
AL Ty —Tg
”Q_lz'h A+'L+-'l—
! KA " hA

. Over all heat transfer co-cfficient :

1

U=Th A+ Uxas VA

I
=A T T
U= AT T

.. Heat transfer, Q = U.A. AT Overall
1

= The U+ A, AT Overall.

e RS —
25 aarswm 599
Ta —
A
A o —q
Ot WYY e, dand O ""_IT——O
h]A T.I T2 2 TB
T
Fluid A
—_—
Q hy
h, .
FluidB
‘«—L ——>»
Y
T ~
Y
5@ 3 33.b wTTTYA 35 G ety

l%%fﬁv‘ THGET



48 WITTEIHE (RSN SOTS QAR BTAL _
33.4.3 ANRARR s GIER =™ (Logarithmic mean temperature difference) 3
R TR, T A RS QHTeETTER CRR Siet ZRISTER T 8
Q = UAALy crreesersssssssessssssssmson (EL1)
ty- th
Y 4 dty
Al; t2
dta
11 1
0 — O Lol
] dA b A | dAle- A
Parallel flow | - Counter flow -
(@) . ' (b)
fo 2 so.0 D wsEE GTasts SRAA™
ST AT ST G R 3
R, dA = {0H9 CRTRFCAR STy W IR At BRI SICTs RS otet FIteTe sfI dQ |
TEAR, dQ = - mCy dt; TIS Y TEF S T AR = m, O, dy, eA 3G I i oo A
e 11.2) CURITA m, @R m, @R 757 B AT T AR C,y '8 Cpp TATIT Bt 4
_—dQ,
WEGT, dt, = G, O g '
a3 th% S ¢ 1 )
1 pz'
| L NSO R— L )
' 1 _ 1
TTAR d (At) = dt; —dty =— (rn.Cpl = sz,j dQ.... (11.6)

TSR FETR R RS aameea o
dQ =-m; C, dty (STITIIZ)
= = m; Cp, dty (STTHTE) .ovccreee (L7

' 1 i
TBGY, dAt =dt, - dt?' == (E‘—l-(—':; - EC";‘) dQ......_.(l 1.8)

sl 356 @R >>.vﬁfﬁtﬂi=rmf»‘emci‘m%¢%m SIS “EF TSI At, SR At, 4T3 260G
PR A AL,

1 1
_(]'l'l]I CP] im.ch Q=Al0_Ati..........(ll_9) |
+ Vehmﬁm @T 'ﬂq‘(-\'e%{‘ W mﬁtﬁm |



bY (g
—~ lC,,, t;;—:T:: UA = log, i—:ﬂ (11.12)
Q=UA IO:(A::A!,-) wrviricemneens (11.13)
= logf(d;?:.m (11.14)
mm@wﬁﬁﬁaﬁnd‘%ﬁaw,mwﬁq‘mmm‘wwﬂmmm -@9-;—9—‘2 R (AT P
33.9 TANFR FTBRW (Solved problems) 3

P waler 50 20% Witer L et Y

450°c—{m Exhaust gases T™00c 450°c[ ™ Exhaust gases ~f1 505,

—— water bt . Water e
400°¢
f f Saseg
l o
5 § o, y UM
g g water ' 100
g £
s r’c 5 (300
I o = |20%¢
Counter flow —p T Parailel flow—
(a) b
5 ¢ 7.5 SR

LINGE (o TR p— (Heat balance) (4% Wy ory3.-

Q = maﬁﬁmmﬁtﬂmm
=mﬁmﬁmmmm

Q=mng,,g(t,,=t,z):m.xC,.x(t.z—L.1) _

Q=-20x60xl.l3x(450-150)=25 x60x4.1868x(t.2‘~20)

Q = 406800 = 25 x 60 x 4.1868 (tey - 20) -

TER AT WBB1B wrormmay

406800 .
=—__—_-__'_‘-— . -
2= 35 x 60 x4 565 + 34-8°C



-

-

e

pL 1) WSS G T auResR

(i) TR EATER G Al = (450 ~ 20) = 430°C
Aty = (150 - 84.8) = 65.2°C
At—At, ~ 430-652

T Atn = fog, (At/ Ay~ 430
0865.2
3648 364.8
o = Tog, 6,595 ~ 1.8863 ~ 124C
WA, Q=UA Aty
Q406800 x 1000
WSAL, A =T, 60 60x 140 x 193.4
=4173 m’ (B%) |

(ii) FIEOTH IATH B A, = (450 - 84.8) = 365.2°C
Aty = (150 - 20) = 130°C
At_At,  3652-130 _ 2352 23532
TR Al (A6 / Ap) 3652 log, 28092 ~ 1.0329
- logeyan
130 _
=221.7°C
406800 X 1000
SO (PO, A =7 Ar =60 x 60 x 140 x 227.7

=3.545 m* (BEW) , , s
-2 | 3T FEOR art Y e 2f% T 1400 ke com et 3 T TR RS W 3kd/ked

T CSHTE 100°C (4T 510 T 30°C-+1fS TR | com 1o =AY TR T 0K W AES S
20°C | TR S Tt ST T 4000 KJ/hr — m’ k T SR A HEBTRS SR e S YRATR (T
ﬁﬁwqﬁ?m@aaﬁmﬂmmeqﬁamwwwu

(o) am o s -

Q:Cwmwm

= AfATS Ot TR |

EEE, Q = 1400 x 3 % (100 - 30)

= 1300 x 4.1868 X (ty2— 20)

AR Q =294,000 = 1,300x4.1868><(t*2-20).1

(. onfem SefiEs Skt = 4.1868)
' 1°C -t water ~t— 20°¢
100°¢ — —30%

- water e

30%
H ! At°
: ' 20

Temperature —»-

foa ¢ T-5 SR



1Ly tﬂ‘ﬂ'ﬂﬁ!ﬁ L

-, SISHTS #AfeR e,
294,000

Wz =300 x 4.18680
=54 +20=74°C |

TR At; = (100 — 74) = 26°C:

Atg = (30 - 20) = 10°C

A At — Aty 26 — 10 16

< Blm 1og. (At/Al)  log. (267 10)~ log. 2.6

=5 9555 = 16.745°C (¥&R) |

+20

WO, Y FATSER CFIT

0 294,000 .
A=A = 7000 % 16.745 = 4389 m* (B%%)

RS GHATRT (T (T R (AT R A,

Mgt Cpodnl (100 — L) = Muzper Cp waier (74 - Luawr)
WYF, 1400 x 3(100 — t,) = 1300 x 4.1868 X {74 — lLyue)

1300 % 4.868

UWRT, (100 -tz) = 1400 % 3

X (74 = Uyuer) = 1.296 X (74 = Lyar)

WA, (1 1.296 tupre) = 100 - 95.9

WO, (L — 1.296 Lyaer) = 4.1 (F)

y) TR awrswR Ty O _ _
o, Bty R THIEWR o3 @ S | [ArfiTa-2oob, 030 (AfR)]
wea, R auwer & e e © [Aefital-o0b, 2033
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w1 grt RS CHTe IieE I '

aﬁ%&mm@m 9 SR AR} AR AR TACHIE, (90°) RIS 2w oot Rformnr 77 |
ﬁmﬂmﬁ‘ﬁmm«wﬁmr

mfﬁammmw(&mam CHHTD AT eraifEs T ot R @, I
oo <ot 2% awTse™ A :
T RS aaewr e $ g

@ i AT 4B IR QIR «Fr-ofis eifEe 7w R w0, s
A &5 qoaR = | '
e =t 587 BiEw R awrse e & e

(Bzaf) cm wrs 5 B3+ RF aaans Heww for fa wal el exifis @ v S a9
mmmmmmﬁwmw@;mmmmqﬁmmm
o R & Wi o AT TR Baffles) AITF A TW | 9 e 1 FTEHR an 75
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TS RS e Iure $ @
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TS TR 39 | S Reery w5 awewe 2ot =w
2 aomowin ot g TR Ao T
-
Q=UAAt I
CRUTA, U = 7 ©1ot g omw
A= ﬁzﬁammmm

= T&0 aAGY 0 @R |
ﬁmmmwmmﬁﬁmﬁwmﬁﬁm
it fim 2 i fim Gostrasr Rz fdom SEf :
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(%) fouida wpim i3 TRHER fom i ot @t A, -
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31 TR T8 RS umwan

3 Rremety X% gwmar

® | RRTm=Ea RS aamem | _
@meﬂwmmmﬁﬁ@mﬁmmm%wmww;w—
1 TR G D wwsaR

d1 IEHR gt B wmeR

o1 T P RS qarsen
81 P o= 2% e

¢ A 38 warsem
mm%amm§Wwwm,w—
S o =i 5% Bi3% R wmrsam '
2 wmﬂmmﬂﬁtammy

ﬁmm‘naﬁ‘ﬁmmmﬁmr

aﬁﬁammﬁmaﬁammmmﬁwﬁmmm q TGWF TR
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wTrE & ffiws W@MW@M%@%%WWWW@I q
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HIESTS (AT SIS Rt
o iR R aarmsem e |
(Beaf) af i s s o 8 R qaTsata o R A e 7@, o st D
AHTHIR A | _
Tone 3 ouidre gl Bewrm, o Fvewm Tenfit
Exhaust steam :
- :Cooling water
-
Water spray \ Air pump
' Perforated
Perforated l 1 l c;;:::l
trays .
\—/ ,...‘.'.uglﬂ:‘!‘-. —
) # 1 Cooling water
Air pump t
Condensate Trays - Condenser
. shell
To boiler ndensate“ Exhaust
Jj extraction { |. steam
l pump inlet (| ...
= 1/ Condensate

: Condensate pump

xt :
g lOverﬂow pipe T

Paraliel flow jet condenser

.........

Counter flow jet condenser
@ & ST >3 v

% B qoer fowis wve 8 § ok Repn s o [efRwt-2009, ob, 1004, 2030, 2038

w1, Tl B Cwew frfivoa sy Rroeom & & [ArnfHeat- 103 8]
%} R awrsam Rewit @ v FwAe R R s -

S| @THTerY W17 EIAISN (Heat transfer requirements) ’

a1 WWW(Cost)t

© | W (Size) |

81 CEHR E™ (Pressure drop) |

Toapre WSO ot &5 arorre 2 e | [Rreft205% ()]

M'Cﬂ B «romseiw (Counter flow heat exchanger) 8

@ i3 qarsats Bed @ frow enl) serra Rodrond wo sewmereia e won v fiffay 7@
33.¢ T fovn wOR Qrt Y aTsER oTeT T | aft «wh ReweTRba | R S Wt gie
uiBe e o s et G Tw wie TR (AT TR | At @It pRiren e AR o am

- Tt TS AT gl atwet 2 T corrs T SR W T |
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