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§ 1.1. U= (Introduction) :

i A, ifs sifirs (Mechanical Engineering) %! T ¥q@ W@ 5@ 3t=ria fagt
T AGS TG T AUHA SR S R a9l 3N WREH (surroundings) F ATIRE FH AGHH W TR
@l ST § 1 enyfes I ¥ Hee st ¥ s AWM 90 g@ gl Seakd) 99 (summer) ¥ viae

Wﬁmméﬁmmmﬁﬁéﬁmmﬁﬁdﬁ (airconditioned) o ¥ @ TR § W
FAIE ST 5 H9a B @1 9E efafiw fafte SE (Industries), SEEa® WaRY (commercial

buildings), fafehedl (Medical) % &3 ¥ wfieA a1 A Her &1 < He@qol drEH 8

ERIGERC] aIgEa (Refrigeration and airconditioning) 1 - T T8 &l Th ©H {Hi‘
M W IEH (transfer) A ‘{"-'I (I
1.1.(i) W¥fta" (Refrigeration)

" yryita wferan & stia ferdlt ueel o sfiat ot T =t Prafese afifeafat o e free ST
T 30 TR & stata ueed AT SHe wRET-aTawT | W fnar ST § a9r St @ qrEe

T I T GHY e ST T AT #1139 TR weitae ¥ aread ¥ fon faw wardd @ arome veer 4 @
IHh T AUHE | &H g/ 30 Hiat § TR H8T 9T Feered @

“Refrigeration is the/science’ of producing and maintaining temperatures below that of the
surrounding atmosphere.”

In other words,” “the refrigeration means a continued extractior of heat from a body, whose
temperature is already below the temperature of its surroundings.”

1.1.(ii) aTdde (Air-conditioning)
AR o aTid el T UT a1 T ATGHT, ST (humidity), WesaT (cleanliness) &
T i (air motion) TavAFatl & AR Fraf=m fed s &

“Air-conditioning is the simultaneous control of temperature, humidity, motion and purity of the
aimosphere in confined space.”

W AREEEA o Sevdl %1 9 W fa R s 2 —
' (a) g@T 9MEHAT (comfort air-conditioning)
(b) 3feNfik araFEEe (industrial air-conditioning)
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§ 1.2, Wyfta= &t TaIIR T (Necessity of Refrigeration) :

Wﬁﬁ*ﬁaﬂﬁﬁﬂﬁmﬂmmmqﬁa@m%lﬁﬁm%mmﬁaﬁaﬁﬁim |

(Industry) &1 T R R A1 HE A6 GH awm@mm,qﬁmmﬂﬂ?ﬁﬁﬁﬁ‘m
%laﬁﬁw—ﬂﬁ'ﬂmm,wmﬁﬁaﬁmwaﬁmﬁﬁw,aﬁ@@aﬁﬁm
e s anfg ¥ weied # e St &1 T ) e, deel s e el w S
TF TR T a9 I T ¥ fou e TER & Feifad T (Refrigeratéd fixture) A S 2 S
¥ wga @ dhwaed (operations)ﬁwm%mﬁaﬁaawwwﬁ vl et § S Feftw

(Ice Plants) & st ST &t foan it weftas gr € wva 21 Fafwe & Sy 7 fafim anail a1 SorRM of
N wm%ﬁqﬁmaﬁaﬁwﬁ?ﬁ%l

§ 1.3.(a) W9 AWTE (Refrigerating Effect) :

‘g weiifaa @er (Refrigerated space) W U9hiaeh (Refrigerant) BT STFINTIT HE TS T &Y
e R TR TR R, “ﬁ&v&mﬁmﬁﬁaaﬁaﬁwﬁﬁwﬁ@maﬁmmcm
abstracted) WTaT WHTE THEaTt &1

“The amount of heat abstractéd by, refrigerant from refrigerated space is called Refrigerating
Effect.”

70 S ¥ fF o 9% (ide) Tusert € @ errE-ur" it aegell | q@ 79 faere i 79 S (latent-
heat) % STET ST ST Sl 81 1 kg 7 @ 0°C W fererdt € @ 98 o197 wRed™ | 335k 30
Wﬁﬁﬁmél Hd: |

1 29 SEiaT 99 (T.R.) = 1000 x 335 kJ (24 =0 #)
_ 1000 x335
T 24x60
i Weied &1 faera st & gan W&l 1 2 ¥ 2000 Ufe 3Eiq 900 kg W 2 I

= 232.6 kJ/min

1 29 Y9 qHE = 9(2’2" izs = 210 kJ/min (FT¥T)
X

, = 3.5 k)/sec = 3.5 kW = 50 kcal/min
3ra: Tt AR ¥ ST IFRT 1 e B 2
(h) Weftat WoTelt @t WA (Capacity of Refrigeration System)
" ferelt wefterT woTrelt <At eraT, wviia ey | gerlt T8 e @t e e §1

“Capavcity of a refrigeration system is the rate of heat abstracted from refrigerated space.”

T WA: keal/hr A1 % fooem & qodis | %6 & 9l @1 TRaE #,

1 2 W= = 50 kcal/min = 3000 kcal/hr = 3.5 kW or 3.5 kJ/sec ‘
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(c) W9AaT @t $®E (Units of Refrigeration)

TR ®9 A WyiaT Bl g ®l “Ueh 7 W9aT (tonne of refrigeration)” % &9 ¥ =0 f&an
ST 21

Tl 1 27 (1000 kg) Stk Y 0°C W 24 UL & AT Uah T 20 & felt farfdme v o fraers fean
T A W T W AN HOT Rl WA i WIAAT TG F HIHT WY T ST WA (tonne of
refrigeration) &gd §1'’

§ 1.4. feares '{IUTIET (Coefficient of Performance) :

Fm"&ﬁwﬂaﬁﬁ(kefngeramr)maﬂﬁa#ﬁmmmmmwﬁa&n&m
% T W FeITER Ut (C.0.P.) e §)

“The coefficient of performance (briefly written as C.0.P.) is the ratio of heat extracted in the
refrigerator to the work done on the refrigerator.” It is also known.as theoretical C.O.P.

3d: dgifaw feaes TNk (Theoretical. C.O.P.) = %
W& Q= WeieT T ¥ STEwifva S ‘
Jod A4«
= YYiad g9E (Net refrigeration effect) aren &1 o

= a9 & & (kJ/sec 91 kJ/min ®)
W= Fd T4 (kJ/sec 31 kJ/min ¥) T H = e
Ff C.O.P. 1 A, T § F| J&MLH I (Reciprocal) T 170 () -

Hofq ~ O & 3: C.O.P. TN HH A28 T (unity) & o
g §)
) am aw: w4

(The value of C.O.P.is’always greater than unity.)
Ife fdt 9= &1 AN & SMUR W Ifas® FSET (Actual
C.O.P.) ¥ a1 <13 a1 39 WMAT UM % 3MEY = (ideal o 11—ttt
cycle) q dgife 9 ¥ freed Ui (Theoretical C.O. P.) I foha S @ st ag1 et fsaes
Ui % SIPU! AAfeeh FET TOTF (Relative C.0.P.) FEd T
: . T Ao FTIIE IO (Actual C.O.P.)
- S T (Relative COP) = S frome TUTi® (Theoretical C.O.P.)

§ 1.5. T (Efficiency) 9T FIEIEH T[UTia (C.0.P.) ¥ (=T a0 W :
T 359 & S ol B AFE w1 § TRERia FT O 2 F T G F AEierr SHH L&
q @ 9+ R
FHa @A
LAl e w—




4 Wil WA SgRe

zd FHR WA (Refrigerator) 1 feare forddt $iafivs (cold body) W TS HT NGO FEA
oo # Ao & o freTes Ui @ s e g
YN ST
feates QUi (C.O.P.) = —

T TYAT T PISITET TUtie 2t € Rt @ @ THTEviierar @ guia § of: e 3 A |
| €1 :

T ST T I T U (unity) & 7 T § 79T Freqa otieh o1 717 Ui & i g
2T = A s R —
T 1. TF oS BRS & —5°C W Td1 A1 § Faldh TREAN HT 498 35°C 71 wﬁ'mn
| Fe8 @R | g3 F AHA (heat leakage) 29 kW STawferd fwat sar-®1 woftaT w2 &1

s C.0.P., 9 AW Hwelt & ua eyl wvitad 69 &t &=gias C.0.P. #t T& faed
(one third) }1 I & T6 R NMEVAE vIiwh FA@ &HQ

T 8—T, = -5°C = 268 K, T, = 35°C = 308 K, F61 #idhsi g1 Y& Weie ¥19 = 29 kW

: , T. 268
S i foeT oI (Theo. C.OPY= 2 = =617
w S, (e} ) T,-T, 308-268

SR PSR Ui (Aot €.0.P.) = % x 6.7 = 2.233

T BH W R areafa Feee om(Act. C.O.P) = o 9 Ciy)
Fa FE (W)
2N 22
W
= —29—— = 13 klJ/sec

2.233

;WA HI T Y IEF W = 13 kW I
3T 2. 20°C * TR 0°C T T aHE TR {1 FTET DS (Brine solution) & ATHF —8°C

#1 9fa kWh T &9 At a6 St 9w (quantity of ice formed) FTd a'ﬁﬁl'QI akh &t M FHT
1335 kJ/kg WG

¥A—fEA €T, =20 + 273 =293 K, T, =8 + 273 = 265 K, % #} = wu (L) = 335 kl/kg

) T. 265
fsareT Ul (C.OP)= —2 = =9.46
( ) T,-T, 293-265

Lkg 9t ¥ 0°C (273 K) W &% sAH & Sr@wifad S (Ry) = ms.Ar + mL
=1xC,, x(293-273) + 9% & T Foq1

=1x4.18 x 20 + 335 = 418.6 kl/kg
FE 1 kWh = 1 x 3600 = 3600 kJ

TR W9 (Ry) (kl/kg )
Fq I (W) (kI #)

9 COP. =




W ¥ W feEw 5

P 418.6 kl/kg x =% % wp (m)
- 3600

s 3600 x9.46

“alsg = 8135 ke
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§ 1.6. W9lta= Tatest (Methods of Refrigeration) :

ST R v e frey 3

1 5 .
(1) wHfes wyitam (Natural Refrigeration) a1 &% wyiiae (Ice Refrigeration)

T Y T W Y ol o e @ i |
Wi T shaem (cooling) ST H7 F foaw ™ ¥ =t w3 mm;ﬂﬁlﬁ%ﬁ%ﬁ;

212 4w qh-yyftas (Ice refrigerator) fom@man mr 7)

T T SO (Insulated) & B &
oo SR % 3T W ¥F @ R s W ¥
THE A WE TR ¥ @ e F faf
TG F A F e 39 A9 Iew = 2R
& g IF T9m ¥ R R ol varfea o )
39 ¥R AH | TE T53 IS & et $1
A A T A SR R SR R S qmwas
w0 H T TR D T IR D R
H2 Fi IR yarfed B 1 FAE WeF F TN
F 9 AfaF AET W @ N § e wm
qS1d 9 aqd gEdt T8 398 5°C ¥ 10°C 7%

A99E W fea shEwan?| Si9 0°C a1 &M

AYHMA TTE ST Bl €l 9% % WG b0

e 9 81 3O 9% fueen # ) w5 S

2| FoREEy St N Eviftd Bt ® 39

fafg. s “drel ek geiaT (Direct Contact E
Refrigeration) Eh?ﬁ %i T‘ﬁT R der @S fax 1.2—adi-wyitfas (Ice-refrigerator)

afyes g %, g2 3mael (Indirect contact)

fafyy STqATER ST 31 39N 9% TR (storage) T W IO Tt ¥ A9 Yo TF WM (T F Oie)
¥F oft=Ror 1 B 2l
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(2) wifaw weltad (Mechanical Refrigeration)

TS T IH Yider 99E (cooling effect) ﬁ%ﬁmqmmﬁ%ﬁa?mw@mil
Jif® SRS (mechanical refrigerator) ® S T 19 F& U fopan =T ®, 9@ | FO S AN
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Fifer FATE (Evaporator coil) ¥ Sufteq yvitas (refrigerant) Z fFaT ST € a1 39 Wifd@ S0 &1

WA (condenser) ¥ TSR (rejection) B &1 Sfv iy Seif # T T F o
1.3 ¥ feard & 2

- S /‘"E" &

YLLLLS I 7117707777777y
Z

+ NN NN
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fax 1.3—3ifx® et =@ (Mechanical Refrigeration Cycle)

(3) vfime & arqur ¥ FhE (Rise in Temperature of Coolant)
fartht og F WMaer (cooling) F1 T Al e 2 fF g 1 30 SaFHa fHT UL I F T
¥ @ s, f wa® (coolant) FET SN 21 ST & foIq wod § STeAERR (occupants) T TR &
Yider ¥ foe ey arae @1 a1g Ooit ST gl €, S8 § g9 i 3vR urt & Ao H gfe F 3ve fem
I GehaT 21 39 st WaF (coolant) 1 FF T THA T
WA Q= Yia% & &4 g2l T S keal/hr. or kl/hr
0=mC, (1))
m = ME YA€ I g (Mass flow rate, kg/hr)
C,= fraa T W fafsie S (Specific heat at constant pressure)

(ty=t,) = W% &% A99H ¥ Jf& (Rise in temperature of Coolant)

(4) Ir@EAn ufEdq (Change of Phase)

39 ga, g9 Y 9y 1 39 W a5y § Yaey Ifadq & AU T WA (coolant) H TSI i AT HAl
FI TRt ST H A S }1 9 ¥ 59 F st WEdT B Te (melting) e S € 9 Wiaeh W
TN S R Te S ST (Heat of fusion) 81 ST @ 39 Wsha1 o1 Wauiad ST % H
firerer 21

%4 ¥ A% A (liquid to vapour) 37T & e #Y 1S9 (vapourisation) F&1 T Wehal € adl ¥ae
AL Wﬁﬁﬁ FEHT T AR H T FT (Latent heat of varpourisation) gl Sl 1 Ig 4l
weiiee ¥ atfereher s § Rl I @1 7w Ay wedteT 9% (Vapour compression cycle) ﬁﬂﬁ@ﬁé*



i ¥ @ feera 7

el gREda o, raynfad Fe Q = mL
& Q= TR ST H A, k/he ®

m = Weitas 1 76, kg/hr §

L = Toerdt % 9Rad (Change in Enthalpy), ki/kg ®
m%mﬂmﬁmqﬁaﬂqﬂﬁm(subﬁmation)aaﬂ?ﬁﬁﬁmﬂEﬁi‘Tﬁ?ﬁm

(heatsublimation)WW%IEWH@‘JW%%W@'HWE Wﬁﬁimmﬂﬁﬁ@m
21 I 9% (Dry ice) 9 TR 2

(5) AW g vitae™ (Cooling or Refrigeration by Gases)

i g for wReds fRY siaer Sa e w1 9% 21 A6 g1 WaeH (refrigeration by gases) A
frafafaa sfrmell g fFan s g @1

(i) wia™ WER T ¥iae (Cooling by Reversible Expansion or Isentropic Expansion of
Gases)— w8t o< /@™ (closed system) % foq, Seamfaet & Sem fram q,
Q=W+du
W&l Q= Wd 91 frswifaa s
W=9F"
du = =R o o 9Rada
Wfirecd TS 4fRAT (Reversible adiabatic process) ®

0=0 (Sif Fon %1 WS A frwm T g
5 KT, W= —du [ foe w1 o % & 5 Ao wew )
fadt g =1 q9IE T2 FER (Adiabatic expansion) S ®ZHT S H&hdl 2l o frt T ¥
STSITEd! SR i STUEN WeHrasi AT (Reversible process) R 3 darqHH 41 (low) fehan s wehan
21 TR YR &9 (expansion’mechanism) ¥ ¥eT & HieTgdl Bt ? % fou eTerEdl WER
(irreversible expansion) STHTT TAN ¥ AR §1 WY 0 WlieH &) &mal w9 & W 21 9% fafy @y
welied (Air refrigeration) ¥ S @ S @1
(i) ¥ & FENGF AT vitae= (Cooling by Irreversible Expansion or Throttling of Gases)—
S T S N T 5 v st wh R weredt sfwen R, sveiq sl iR %
T (enthalpy) R Tt 2] TS 9H F HEH (function) ?1 R aed % faw srEeA
(throttling) ¥ TEa & =g ¥ g A9AM foR Te@ 31 WY aafas A6 F AU @A (throttling)
¥ IR AAA T2 A1 g A R T8 T 21 feurt wreredt w, fawt 3 avene witeds @ e e
(pressure drop) % ERRIGT @l Fj?f-%ﬂ'q'ﬂ‘f '{[0113? Fga &

6T)
3d: = | —
- - g (ap 4

& or = a9 A ad
JP = TE YA
H = Tt



g it T AR
fo 1.4 | I8 TO1 9or1 2, 6 99 9% ¥ a9 ol 5o
| ﬁq &1 T Hedl § 9 fag (1) @ (2) &Y (throttling) T
B & W H AT w5 2 fag (2) W i e s !
R A E-AE O I ) 7 fag g @ sgeniE | ’
(inversion point) FgEa | E
T fag (2) A 3) 7 @ g (1) | (3) 7% 1A B E |

2, @ A & T w1 e o 1 o i 14 @ 9w AL
& W R 5 N9 % ot ¥ e e @ aEe e arve </ |
& QU S@-amwd i () w1 oIE ae @ A -
mﬁwmwéww(u),mmaﬁaaﬁ{a <.
T W R e @1 it sew & fore sRomd areae .
ﬁw@m,mwﬁwmaﬁwﬁmwalﬁ@ﬁ[ A e ¢ ML AT JI HECS
SO (S T4, AR, SSA) § - A e A ST o S 2

(6) AEAHIUT FRT VAT
‘' (Cooling or Refrigeration by Evaporation)

v fFdt 53 F1 arsiee S # A S sEvifte g 21 3w fafe ¥ ga # arsfeto S a S
(latent heat of evaporation) &1 SYAN Frar 21 5 waref &1 WideM (cooling) FAT 2, 3/ gaf & fiepe
T YHR | @ I 2 5 arsfietor 61 @ 39 Teid 9§ S STavifyd € T Sy ¥ fau afe ey et
IgTeie 59 A el TER R AT a1 A R A1 el 9 Tl FI 998 W g9 1 SISAE 29 ¥ e
TS BT 81 GUE R UMl 1 SUSLEMl HSHH UH ISR B

§ 1.7. weitaw fag (Refrigeration System) :

qftad (Introduction) :

a7 wefta i qUH 99 @ dided F31 # T fafa § 91g §gd e A Suehed, 9wl 8 e
F gfE § off 3fe@ a9 F FROT THH I Wit WA A T T W e wy fetafe ge
A9 T TE—

(1) 39l foure Turis (C.0.P.) 91gd & =il 41l (0.75)

(2). 398 M ¥ 1 A ST AfUF T BRA a1t (Bulky) 14 9

(3) YR S (operating cost) 5ga 3ifas i

FO YU YA FTH ST a7 A T W T e 9 e ditew w1 fawg @1 Q9
i 1 Hee [A: 9G TN SRS 391 SYAN qAH WeaT % for e W w1 21 argEE i see-
T R G I B A & a9 T YR A TF A at (Bulky) TE 2R WA (refrigerant)
1 TF &7 0 TE T fF R Wi =% A Vi oreeen ¥ @ war a—

T A1 F WAGH F &9 F @0 R s 1 7% e a9 ©F @ e e 9 e
a1 WM I {8 (discharge) et 81 a1y 0 sTowe fF = A T Seod o: 98 Fae 3 F

IR (sensible heat change) B & 319iq ¥8 TF THR I S T (sensible heat pump) 8| 9 Y
o6 3 TR F B THA o— '




Wi % 1 e 9
(1) gen 9% (open cycle) \
(2) 9 =k (closed cycle)
@l 9k (open cycle) F Hlﬁ—mﬁ'd?ﬁ (air-refrigeration) ¥ 91, ¥ido-Se (cold chamber) |
Frves | R e o @ 9§ 98 W M-S (cold body) ¥ W T F oA 1
< eh (closedcycle)ﬁm,%mﬁﬁmmﬁ@ﬁﬁmﬁmﬁ%l ToH 9g T
Feet (coil) | B YRR B 21 Wiaet T4 § 39 Fiew A A B I AIAVSH F @ H AfHF G
a1 SRR (air refrigerator) : Wivatad SHIE o (reversed carnot cycle) 3l wfeafaa et
e (Reversed Joule cycle) f5& Bell Coleman cycle I Brayton cycle i FEIE, T IR B #

1.7.1. Waafda wmfc wyita? @& (Reversed Carnot’s Refrigeration Cycle)

(i) ST $9 ¥ o Fle 9% & SN TSH-a9HH ¥ F AIE H WG ST FON H G F
¥ ¥Y ¥ I 21 2| WA ¥ Reversed Carnot Cycle ST ¥ T <l B!

7fz Fret IOIR ¥ SS9 A9HE F1 SR S 6 YATE R, A we ¥ T 9w s s 9w
I Ygif<as ®9 ¥ yRafda i =% (Reversed Carnot Cycle) =/ foran =1 Tl 21 98 T ARY I
(ideal cycle) & 3¥d: YAMTF &Y ¥ (Practically) TV T& 31 HH{e =k T FARRI e (working
medium) 3 s TON T N FE TSAN TH 5k H G0.FE U o ¢ 6 et swefie weiie o srferpan
%@ Ui% (C.0.P.) &l a& B

feafia w5k 9 1.5(a) 791 (b) ® AF9: P-V 9 T 3@ W fa@mn @ 2

1 m“ﬁ?‘i‘? il N
EE 2 FoT Wi E T2—23

fog (1) ¥ T @ @, 7 fag 1 R fafevet & -wm (clearance space) ¥ 9 W 21 a1g
%1 1-2 TATRG WK (Isentropic expansion) fE@m@ T §1 31 AWM 7, ¥ T T, ® W R 3T
-2 ¥ 1 I W fivs (cold-body) I T weweh A il W @ S i fort 1.6 W feamn 70
21 o Wi v @ o 9 wem F 9§ s ag F1 A R T @ o T ST 3 a6
& 1 T o fiR W1 21 39 YR WEW 2-3 91g 1 WHAGE JER (isothermal expansion) 2 foad e
AT R F IR (extract) S §1 forg 3 T 9 fIvE (cold body) i &2l fean < @1 6% 3-
4 9 = W@ﬁmm@[ (isentropic compression) %, Y qrg 1 [ Fg Sl 2 9 A " A
R 78 YW A B T WEE A e e € 3 39 SR A T, T T S S 4-1
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Wi T SEEe

AfiE (isentropic compression) 21 31g fafevet & o171 & ™ fivs (hot body) =T STl € fSrant arqwm

T, ?

'Wa‘ﬁﬁ'mnﬁm(hotbwy)aﬁﬁmﬁa(reject)aﬁmaﬂ%ﬁmﬁﬁa 1.7 ¥ fem@man

31 T YR T TS (isothermal compression) % &% a1g 79t & feafd F o 21 T v
Wh e R A f

i fqug -7-------- T % ~ =
Tz*‘AT i bttt 5. % %
it L %
: 7 7
fax 1.6
T e =
i BB L % %
fax 1.7

Py AT, 95 1 W v @ e @ ww g 2

Py v, T, 9 3 W wmw: T, s 3w A 2
r= NUR 9N (ratio of expansion) 2-3"& &
r= WHIST 3TN (ratio of compression) 4—1 ¥ fed
A QI I TR A W, I T T2 (close) TE 2
T frdmm ag ¥ o,
i fIv= (cold body). & Fawrelt T Fum (heat abstracted), N = p,v, log L
™ IS (hot body) F fThfd ST (heat rejected) = pv, log, r
fea T w1 (work done)
W = frshifaa em (Heat rejected) — 3Taeifyq ey (Heat abstracted)
W=pw, log, r—pyy,log, r '
FISIE TUi% C.O.P. = %
PV, log, r
P log,r—p,v, log, r
Py _ __RT,
Pi—p;v;  RT -RT,

3d: wyitas &1 Freares 'ﬂ'ﬂﬁ? (C.O.P. of refrigerator) = )

L-1
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Surrounding at Surrounding at
high temperature low temperature
Work input Heat Work input
Jpump
Q ; Q
Closed chamber Closed chamber
at low temperature at high temperature
(a) Wolte o= (b) ST T

o 1.8—Wyites TF ST O @ @1 AR

wfqafda sHle 9% (Reversed carnot cycle) T8 T (heat pump) ¥, o off s o S S el
21 399 via fyve @ o fepem $ a9 79 T I (hot-body) =1 o1 TR (rejection) ¥ wfa
@ 21 3 WA fvE (cold body) ¥ it ¥ afers o1 Frapminal afuss @ st o T fIve (hot
body) ¥ reject BNl 31: FN T (heat pump) I FTed Ui (C.0.P.) Frafefad 4= & fepren s

Hehar 21 (IW fa= 1.8)
o1 fsRIfad (heat rejected or delivered)
Hd Eop (work done)
& pyvlog,r _ RT,
pvilog,r—pyvylog,r  RT, —RT,

o 9 &7 s ol (C.O.P. of heat pump) =

3 o T H1 e oniss (C.O.P. ofheatpump)—T =
2
3 (C.O.P. of heat pump) — (C.O.P. of Refrigerator) = I T = IL-T,
L-T, -, T-T
C.0. Pl-leat Pump ~ - C.0. PRef =1

BIH%WWEICOP yyitferst & C.0.P. A 3ohTd 31ftres gren & (ﬂﬁﬁmﬁm R A wE
TR

&d %A (Work done) _p
& M S (Heat supplied) T;

T T, > T, 39: T 2ar 1 A &0 Qe {1 |

(i) wirafoa @iz oo wyiaT (Reversed Carnot Cycle Refrigeration)—(II method)
1~T"3'110(‘)) A WREW (T—¢) i@ ¥, Wa fave ¥ Feped T S N = T,(0, - ¢,)
™ five @ @ T I = 7,00, - )
Fq w1 =& T TSN - EfEG S
= Ty(04 - 6) ~ T4~ $)

L 7 /

S 919 & C.OP. =




12 wWilaR Td SAged

= = 1.10(b) | 0y =0,
ao b, =0,
3: FAFE, W=T,9, - 0) - To(0, - 0,
=(T, - T, (¢, - ¢))
Py ,/A 4
1 - %

B

01 =02 03 =04

R T () —
(a) (b)
fax 1,10
Sx freae Tt C.OP. = %

C. = T (04 — ) -5

(T -T,) (-9 T§-T,
B i
C.O.P..of Heat pump = S A g = L4s—¢)
‘ Fd & (Work done) (T, -T.,) (¢4 — b))

cop.=_n

L-T,

FFfz 9% a9 9 29 T SEEns % §9 UgW & o §g@ & (saturated region) ¥ F FIa1 g3

sﬁ@mmm%naﬁﬁallo(a)(b)ﬁﬁ@mwﬁu A
Qﬂﬁm‘ﬁ'ﬂm(1sothermallmes)ﬁf@'{mi@ﬁ@?ﬁﬁlsﬂﬁ‘ﬁmﬁﬁﬁaﬁm

memﬁmmm%ﬂﬁmqﬁaﬁﬂm éﬂﬁmﬁﬂmmﬁmﬁmﬂl
FTR @

1.7.2. A9 YRHWRA (Temperature Limitations)
Frle w% weifos & fomd,
T, sikk)

freares T C.O.P. =
T,-T,

T, = ¥id five (cold body) 1 TH AIHA
T, =" f4Ug (hot body) &1 WA AYHM
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e ;rﬁa?;;bodym T, ¥ o SR @ (T, - T,) 1 W %7 @ 3: C.0.P. T A e
|

(2) qﬁcoldbodyﬁ?lWszG@?ﬁWm(l)ﬁR(denominator)%ﬁ?ﬁﬁc.o-f"
& {1 «g S
G IMRT, =7, 2
_ C.OP. = S fif amvg 2
T H T i R ¥ ffw e @Y ) vy @ W e S e ad @ fE
(Tl—Tz)WqﬁWW@Tﬂl
SR % T Rt it ol @ e w8 H —5°C F1 arEE A TEe @ qun argEes

W 20°C R FS HT FREFT (rejection) FE £ A ¥ qaH 51 TR Feerh ¥ s o= & o5
w1 FE T WY (G f 1.11)

1 i 41
At
20°C 7 A AT
l * (A) A
-5°C ! & AYHA
S At
2 3f

d)—b—
fax 1.11—=rfe 9% #t o gfcdtad

o AYATSS B FOI 1 R0 8 Te1 @ N Wi (Refrigerant) F AR 20°C ¥ 3t 21 =1
T WHR WidT F qfRa & Weias B AEA -5°C ¥ FH S Afed) afE weias viael vy Y S
NG F Th ik HEN H1 FaI8 WA (irreversible) ¥ 37 98 Frlz & Fer =1 gl
freare T[Tl 1AM SeR % fd 7, 1 A F9 TE wifed) Weg 9% 20°C ¥ FH T R <1 we,
T T AGAUSH-H AH 21 T, F1 AF e T el T 98 —0°C A Sgr 1 Thal € Fiifew
T A9EE 6 SE W@ ?1 376 a9HE FrE F fA3 AT # w0 ¥ FH @ F T 26 aEd)
T WA T,
Q = AUAT
R, Q= S FrER a1 srawifg S,
A = T WA= &% (Heat transfer area)
U= 3% TFRYT Tl (Coefficient of heat transfer)
AT = A9 ¥ fiads
¥ AT & 7 ¥ %t 0 F fe@d A 9 U F1 9 s 93
mmmﬁﬁmm%ﬁmﬁ@ﬁ(soume)mﬁ(sink)%w'ﬁmm
ST} (3G o 1.12) i |
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ﬁw%ﬁwmﬁaﬁﬁnﬁmﬁﬁmﬁmm%ﬁwm (Practicabe)
7€t 8 Fifh =k W WA WHA (Isothermal process) % @ F1=1 I (low speed) & AT Sy
(Isentropic process) % ford 3=g 7fy (high speed) =t sTavasa Bt €1 7fd A 98 GHESH (adjustments)

a2

=] (375°C) G (AgHTEE)
(35°C W) Hid 4 (20°C )
1 — -2 -
T T l Y 4 l Y A
—— > -
fa& (amgmvesa) (35°c W) & F4 (200c W) fo% (agrvesia) (s°c )
o — = =
(a) ST §51 (b) Wftasr (c) SET g
fox 112

JMEUW 3. UF Weftaw worrelt, ufafda wwfe @& (Reversed Carnot Cycle) W & &t )
fem § e d@iwd 30°C 7 -10°C #) TWEt &Wet 10 Ton 1 frafafgs g #i@—
(i) & &1 feEs qUiE (C.0.P.) |
(i) @ & Fewiia (Reject) @t W% el T 31 wEn AT e
(iii) W = wE & 7R va wiks (H.P.)

awt g (losses) & T, W)
To—far @ ff—
T, =273 + 30 = 303°K
T, =273 - 10 = 263°K
T, _ 263 _ 263
T,-T, 303-263 40

C.OP.=6.575 3T

C.OP=

fean@—sar = 10 Ton
TS € 6 1 o7 W9 = 210 kJ/min

;. 7 R W9E (Net refrigerating effect)
=10 x 210 = 2100 kJ/min

COP. = ik
w
6.575 = 208
W

w= 2190 _ 319368 ki/min
6.575

] 1 H.P. = 44.268 kJ/min



wher ¥ @ fag 15

WA S ¥ fau smavas HP. = <10
6.575 x 44.268

wYft wem & fog otve wiivw = 722 I
e ¥ Frfea (reject) 1 T Fo= WeitaT W@ + fFa T @
_ = 2100 + 319.368 = 2419.368 kJ/min I
FTEIT 4. TF HHIE W (Carnot cycle) T 30° T -15°C F AawH dmen & @l &<t €
frafafea & fd frees Ui (C.0.p) 7@ F0—
(i) 9™ Ig weftaw WefA (Refrigerating machine), % & ¥ & &Y Tt R
(ii) ST 9 (Heat Pump),
(iii) ST $9 (Heat Engine)!
T— T, =273 + 30 = 303°K
T, =273 - 15 = 258°K
(i) weEitfax 1 fsaes ot

cop. =B g 287 _s93 awm
T, Tors \Q03 258
(i) T T COP.= —f V=38 _¢13 ==
-7y % 303-258
(iii) T A cops L-h _303-258 _ 149 wwm

T, 303
3QTRLUT 5. Th ‘{quﬁ'dﬁ?l (perfect reversed) T Fﬂ@ﬂ'ﬂ'&' &Y ¥ &H Iyq N (least H.P.)
@ HU St R 15°C Aot gt &H-5°C aeft 500 kg/hr Ht & § o6 39 & ford smayas
AT TW YER & $99.15°C_F -5°C &t auA dhwrelt § &l &t ¥ a6 fafre sen
2.1 kJ/kg T @ FEM336k)/kg R
TAa—fean 2—
T, =273 +15=288K
T,=273 -5=268K
% FH H S = 500 kg/hr
15°C"% WMt # 0°C % Wt § aged & fad srawifad S = mST
=1x42x (15-0) =63 kJ/mg
0°C ¥ Ut &1 0°C it o § wged & ford sraenfod oA = mL
_ =1 x 336 = 336 kl’kg
0°C &k H - 5°C #t sraeen § @ % ol rEfo S = mST
4 ' =1 x 2.1[0 - (-5)] = 10.5 kJ/kg
- I A (Refrigerating effect) = 63 + 336 + 10.5 = 409.5 kl/kg
¥ weiiem 99@E N = 500 x 409.5 = 204750 kl/hr.




16 wefied TE SgReH

Jgif< 9918 U (Theoretical C.O.P. of Reversed Heat Engine)
By-s a C268" %
ToeTo v - 288-2268.. .

—
—

134

T 96—
cop.=N
W
134 204750
204750

W () = kJ/hr
13.4
1 H.P. = 632 k cal/hr = 2654.4 ki/hr

HIE 9d[ & =" H.P. = 204750 _ 905 4Y. W
: Tl 13.4 x 2654.4

ITRAT 6. TH IWfET Gyia" WYAT (Ammonia refrigeration machine) 24 02 ¥ 16°C a9 a
I @ -3°C WX 144 Quintal &% a=rt &1 I Ao Fiwrd 27°C aar -13°C & at awis®: Ht 379
vifts 7@ H| TURSH (compressor) &1 ARANES. [16IEH (actual performance), HGY SHHIE
@@ (Ideal Carnot cycle) &t 50% WHt S &t &1 ah &t @ Fun g faf¥re Fwar Hawr: 336
kJ/kg & 2.1 kJ/kg )
T— T, =273 +27 = 300°K

Ty = 273 - 13 = 260°K

ath & A = 144 faged 24 w2 |

144 x100

TH-Af "UeT = = 600 kg/hr

16°C T FY 0°C & 9t ¥ gfafdd #7 & ford fraret 18 o1 = mST
=1x42 (16 - 0) = 67.2 kl/kg

0°C gt #1 0°C F s ¥ Rafdd w1 F o fmelt T S = mL
=1 x 336 = 336 kl/kg

SE0°C F 9% FT - 3°C FI 9 q% N & fad el T S = mST
=1x2.1[0-(-3)]=6.3klkg
yeitad 999 (R.E.) = 67.2 + 336 + 6.3 = 409.5 kl/kg
2 it ¥9E = 600 x 409.5 = 245700 kJ/hr

Jaifer e Ul (Theoretical C.O.P.) = NP T 6.5
L,-T, 300260

HRATJHR—

grEfas C.O.P. = — x theoretical C.O.P. = 0.5 x 6.5 = 3.25

COP. =

SENE
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245700
325 =
W
wead) = 2279 _ 75600 ki
325
| HLP. = 2654.4 KI/hr
o _ 75,600
26544

QUuites: &t ayaes H.P. = 28.48 HP. 3IW

JETEIVT 7. UF I FT T (heat pump) 45°C T FEN 7 (heating system) @t 210000 kJ/hr
W (deliver) ®T @ § Taf®d €T & a99H 4.5°C B!
SET O & C.0.P. FE@ HA AT E¥EE H.P. 7A@ &

BC— T1=273+45=318°K
T,=273 +45= 277.5%K
cop=_n - 38 7 _ 49 wm

T,-T, 318 -2717.5
e C.O.P. ST T = Heat rejected e 210000 KI/hr

Work done w

792 210000
W

w @ =s —20%0  _jompp. W
7.9% 2654 4

AW 8, UF UREfiq HFlZ W@ (Reversed Carnot cycle) &1 UM TH TGO HH &I
100800 kJ/min HST i & & fod fean wan &1 S argRoser | 10°C Wt S @
AT AR HF H 25°C W § it To@! 90 & fod ava Wil &0
T— ‘ T, =273 +25 = 298°K
T,=273 + 10 = 283°K
$%1 79 % C.OP. (C.O.P. of heat pump) = —1
L-T,
_ 298 _
298 — 283
8] i frsniaa o1 (Heat rejected or delivered to conditioned space)
hd 1 (Work done)

19.86

T S 99 H C.O.P. =

19.86 = 100,800
W
W = 100,800

19.86
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1 H.P. = 44,268 kJ/min

100,800
w6 ToH F U savas wis P)= ’ =114.65 I«
St 19.86 x 44.268

IAEAW 9. TF HHle Witfa (Carnot refrigerator) —15°C & 30°C @& arqu™ €i\wan ¥ &rd “ﬂm

(i) IS C.0.P. (Ideal C.0.P)
(i) Wyt = TEmy ?Y EvES Wit (H.P.) 9f@ 23 (H.P./Ton to drive thé machine)
®A— T, =273+ 30 = 303K
T,=273 - 15 = 258°K

, i T. 258
i C.OP. (ideal) = — 22 = =573 &uT
ey \ e = = 303258
(ii) E WWIIGT W9 1 29 = 210 kJ/min.
cop.=X
w
& 573 = 210
w
0 . Py 36.6 kJ/min.
5.73
1 H.P'= 44.268 kJ/min
H.P.Jton= 266
44.268

H.P¥/ton = 0.826 3w
IRV 10. & ¥iqadt wmrle a% @1 frames U (C.O.P.) 4 §—
(i) ;2- T Ry

1
(ii)ﬂﬁﬂﬁﬂ%ﬁtmmﬁa}mmmaﬁmaﬁﬁm
TA—fea @—fAwea s C.Op = 4

79 94 £ fF Cop.=_D
=
. 77 1 I
£ = =— =(0.25
& L COP - 4
I 120025
T,
5 <125
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Lol s o
T, 125
(ii) Fd & = 10 kW
: ERIGER GG
T T I € R C.OP.= ik
Fa F1d
WYitad U9 = 10 x 4 = 40 kW (T 1 Ton F¥iiad H9E-= 3.51 kW)
40

FA WA T9E = 5] =11.4 ton I

IR 11. T& wrile THAHA (Carnot refrigeration) W¥AA @ fhad HP. & nagasar §
g a8~ 175°C & AUUH Al T % T8 20 ton H GHAT TE@A R
faastt awmm 35°C 1 (wefie w9@ 1 29 = 20 kJ/min)
TA—T, = 273 + 35 = 308°K
T, =273 - 175 = 98°K
&Yl = 10 ton
92 nefaT W9E (Net refrigerating effect) =10 %210 kJ/min
N =2100 kJ/min

dgif< e Ul (Theoretical C.0.Pr) = B & L298n 0.465
T,-T,  309-98

Ao cop e
W

YT S =i =4516.12 kJ/min
C.OP. 0.465

. AYF o 99 & [OT 3ews ufs HP. = 4:;22; =102 S

IIEACT 12, TH Hice ©RA § 20 Ton HSelt R 1 AT &1 W@et &1 qmue 30°C 31 fsferr
fag & s wpel @t fafoe Fom 2,93 kJkgrK § aon fiefom fag & A9 fafoe som
126 k)/kgPK-#1 BT -8°C W #ies ©RW ¥ @R 1 et {1 wowh w1 felim fig <°C
::ﬂa‘rwmzssk.l/kgﬁlwﬁmﬁwﬁ%mmwﬁﬁﬁkwﬁa’t,m
(i) @ & 0T, 997 (i) FHlewm & wom o
©iz &t awafa® C.O.P. ®wHlE C.OP. & 30% Wik
TE—f @— m = 20 ton = 20,000 kg, T,=30°C=303K  C,p=293kl/ke/K,

CBF =[.26 kJ/kg/oK, TF, = 8°C = 265°K, T3 = —4°C = 269°K,
- Liign =235 kl/kg, P =75 kW = 75 kl/sec
() W &t gum—ed W £ fp
e @ e cop. = D2 B

=2 -697
T,-T, 303-265



20 wiiad T STATIher
ardfa®: C.O.P. = 0.3 x 6.97 = 2.091
37d: T ERI A 1 = ardfa® C.O.P. x Fd &/
=2.091 x 75 = 156.8 kJ/sec

Waﬁaﬂm:%

=44.8 TR (- 1TR=35kW) 3w
(i) Fferr ¥ T W@—(a) woeh ¥ A, B fag ¥ TR Pk T SO (Heat abstracted)
H =mCyp (T, - T))
= 20000 x 2.93 x (303 — 269) = 1.992.% 10° kJ
(b) BrfSm fog & N, Frptelt T o (Heat abstracted)
Hy=im X Cge (T4 27T,
H, = 20,000 x 1.26 (269 — 265).= 0:101 x 10° kJ
(© s B TW S, Hy=mox L,
= 20,000 x 235 ='4.7 x"10° kJ
e | Frhfd §9 = H, + H, + H,
= (1.992 +'0.101,+ 4.7) x 10% = 6.793 x 105 kJ
FR & e T e § R T S (Heat abstracted) ,

T e o wiie 9 fasmifag s
6.793 x 10°
= — =722min = 12 h I
156.8 % 60 M = % b

§ 1.8. A9itaT & I (Application of Refrigeration) :

Weita & ITAN T e (classification) fr=fafaq §— ‘
0] Eﬁ‘ﬁ Wyia (Domestic Refrigeration)—%9 YR & woiiee =1 33vg @ § TSl (food
and drinks) & foQ fe qromm e (low temperature place) Y&M H1 1 ST Ty LG RIIE i;
(house hold refrigerators) d 7 feq&™t (home freezers) T Wfta 1 a2 i s =5 HE@qut 3
21 e 3FAT B2 TR i Bt Bl S & - Ton & %Ton%@?m%lﬁﬁww
YHR %F_(hermetically sealed type) THies T ¥ oy I 2
(2) AEETaS W9iaT (Commercial Refrigeration)—Rea R, ¥ &i= dee 3 gwpai § o
A & foau g yev (displaying) I9aVieRtor (processing) T fahrt sty (perishable articles) &'
a1 ¥ @ F fau fafim yor & gy (refrigerated fixture) YR ® & <y IR
Wmm%rﬁmmamﬁmmﬁwﬁ#wwm%n
(3) 3MeNfiras wvitaw (Industrial Refrigeration)—3: sieifre: Wil F A yeiad & 9
& S 8 A F A oy ¥ R T ) g wme FrmmER, siefe wie,
S T | AHR H 7 B 31 Shehfres vt & e v = wofter w9 ) sraeaspay e
21 31: 39H uftares (attendant) Wt SI¥EFHA Tt 2| T Sl 35T 56 GI (Ice plant), ¥




wier & o fagm 21

& T Ga=i (large food packing plants), GUHH W3 (breweries) & Ffdeht SET (ceramics) R
ST Wie S do e, TaEfe @i, R Fmi 35 & awwia o &1 sl weftan w1 SwEn
fmfor SfFA (manufacturing process) & S STER (heat treatment) ¥ it fFan STl 21

4) W T uftaw weftew (Marine and Transportation Refrigeration)—3d% ST 9
S e o F siehfis weiiad % stria o §1 Wy & i faesid B % FRo 39 W fade
M <Al IENEF ¢

|t WA (Marine refrigeration) TSt SETt ¥ e, e & W Al Qs Awel 9 fawI
T3 (perishable materials) 1 o T ael Arewall % e § Trafed 21

R it 39 Tt re-wee § Era € W T g O S % e sR) § o S 2

(5) AAIHER (Air-conditioning)—7e FFEl WM W a7 =1 T . @fua 31 78 e wm
W A & = & @g-we 39 e ) enda, o f, ag % o9 (filtering) @ 9HE (cleaning)
1 @t FrRE0 X €1 9% < S9AR (applications) £

(i) e g der (Comfort Airconditioning)—3&H a1 SHEW 1 39 YR ¥ Fraf=a &t
o O A ARW TET T 79 R, e, Rew ©R, St ae, HREn, 96, Hel, g S,
Fﬂﬁ e, sfe 'ﬂ'@ﬂ'ﬁﬁ g €I (comfort air conditioning plant) T H A R

(ii) 3eNfT® FragHe (Industrial Airconditioning)—afe IAHFA H1 WM fa¥m &9 I
THE & gE & fau 7w awge: e sienfies 3T % sewd @ e mn @ @ 9 sleifi Swarge
FEd 81 9% frefatan s & —

(1) msamE! 95Edl (Hygroscopi~ materials) &1 T8 &1 fa=mr =

(a0) fafim tamafe sfrmel &1 sfufa=mo s

(§) 9% g Bt g3 g WAAT ol fa foRe Jqfe & YoM T a1 IRYS g T e o weEd

EHERC TS ]

(6) WY T A Aisharen # 3T (Use of Refrigeration in Chemical Processes)—
TERE SR A weiiqT 1 agd Hed ¢ Sgd-9 T Wik U Bt © S wefte &6t suiefy
@ B TEdl & 97 el B St 21 S A6 1 g9, 16 S g2, 9 WA § 9w ¥ 9 (wax) B RA
& fou fafim Sl gL @ =1 fafem (chilling) 1 S 21 36 YR &g SENT ¥ 3961 ST Bl 81 380
99 &1 faferiscoraen FRIST (dehumidification) BT 21 38! f71 T@ W 99 + H STERT 2
? T i viaed o wRfEa F S 1 gen, IR Yidem @ FEem w9 8 f swEm g #)

(7) ¥wer ¥ IqETT—ansil F IR 9 TE-T@E A Wi B ST D § Weie F FR0 A
Th T @ I G T o bl 81 WK ¥ Fefted H STE g 2

(8) e oA F IR

©) Tt w1 ¥ R

(10) Rt wf & forn gan & dedz

(11) % Mithes waref & S 29

(12) @& v & %F yaw &t Titw fifeT *q)




92 weftod TE SAIIHRTT

(13) o AOUE W g @1 wigon

14) 3T I ¥ fes sanET g

15) aiel & fore &tz @1 viiaem)

(16) &k q@T WG ¥ WhiEM W (Skating rings) FM Hl

wyTaet

1. el (Refrigeration) 11 27 391 Heed GHIEA
2. wefiad # aRam <ifSd i SuF $o swEm g
3, fretafee wite =1 wweea—

10.
11.
12,
13.

14.

15.

(31) dfeeed SER g/ 3Waed (Cooling by reversible expansion of.gases)
(9) 9 gRT WeRad (Refrigeration by evaporation)

(") ok (Inversion point)
Wellqd W9 (refrigerating effect) &1 YR fafadl

. WY &A= # S 2
. T T ® 1 29 Weitad = ... keal/hr. = ... kd/hr

= ... kcal/min.=".. kJ/min

. fsarET T (C.O.P.) N 87 WHEsl

ifae weitaw fA™@ (Mechanical refrigeration systems) ¥ 3 = 9Ed 22

frafafa & FagmEa—

(1) fAearea uiish (C.0.P.)

(9) 29-WRitaq (Ton of refrigeration)

(|) weftad 999 (Refrigeration effect)

fdi % a1aiied g0 Wiaad (Cooling by throttling) H GueEd|

yefitad. 51 zare aar fsareq uiis (C.O0.P.) @) % qAEA|

o= WiaE & i #i fafadl

weitaq F Sfeafia Hfe 9% B guEEy a9 @ P-V W T-9 mﬁ@mwﬁsﬂnmﬁmﬁw
(C.O.P.) & ol warg =caa Fifod|

fag W i TF Teie 9% 91 A e Ui S 0 &% C.O.P. | TR (unity) W B ¢

A A GUE 99 IR § w1 ©
(i) maﬁﬁlﬁfeﬁﬁﬁ@m%aﬁ%mwaﬁCmotmﬁmmco.Rmaqﬁ:wm

. {
(ii) STz ORI (Carnot refrigerator) ® C.0.P. =S fAafcrd it ware for 3ol 3R wEle S ™

(Carnot heat pump) ¥ =9F ¥ T 3R 22
(iii) WEAfaa (Refrigerator) =t gRumr <ifSa ik Bﬁ LS IgAm S



16.

17.

18.

19.

20.

21.

22,

Wi % qa fegw 23

(iv) @& Reversed Carnot Cycle T A HA ATl Refrigerating Machine # C.O.P. frafadl 39
YER F WA F F ufcd #2
(v) W& Y weiied f1%/@ (1deal refrigerating system) #1 C.0.P. & ZiA% famfera
ATETA o T T A Ao Az 35 aen fe e fa e aE e e & wE agn R
WA W)
(vi) T dm 3= FI F fAy wElz T FoF9 TEM fEW W aFa 21 8v8 WR(H F@ar C.O.P.
framfer
(vii) AS-FTHA 9% 9 vHR F Fa1 £ 35F C.0.P. F@
(viii) U IHSHET F1 C.O.P. F ford =ies wra Fifsd 98 w[fe 3o 9859 (Carnot heat pump) g feg
YR f9=1 e 2
(i) T Wifad & C.0.P. a4 S0 9 F C.O.P. & TE Fifvd)
(i) TF WU —5°C A 30°C % A9 URET § FTd FTa € d 36F C.0.P. 1 WA 4 ¢ A 3& A
&1 ST A9 9RE § TN T F B9 F 5 6 99 A 39 C.0.P. i Fifed) 39 9fte ¥ Fm

FA A FEE T EAT H e o Fa Fifed) [FH—S5, 20%]
farel Wt =% (Refrigeration cycle) ® C.O.P. faamferdr Sfafe @ =6 0°C & 100°C a9 Hwishi § wd
F T B [FaT—2.73]
20°C 9 | 0°C areft o srft St 81 9183 Wit (Brine solution) &1 YA —10°C € Weftad 956 Ideal
Carnot cycle W 3M¥IRE # @ ® @ a3 @ref-ah wfd H.P./hour F1d H| [39T—55.36]

TF I WS W 10°C F U § CNH % 20 tonnes Wfa 24 T2 F ¥R § wfia wTan #1 af
goifies i HE 30°C 9 -10°C § @ Goiies® &1 wavit J@ Hifed, A2 I (i) =6 perfect €
(i) arfae fET (Actudl performance) 3TEY (ideal) ® 70% Bl % &l Ta e 80 kcal/kg #1

[FUT—18.1, 25.8]
TF FHlC 56 Weiad o= 310 K 991 210 K 9T9sRH & Sisl § &4 a9 9fd o @ #fa (kWh)
uF ¥ -10°C-® faadt a6 25°C ¥ Ot | IAH F W GHA 21 9 q@ U i (EE FEW
2.09 k)/kg (A9, 4.192 kl/kg-K ot 1 wehal &1 o 9 @ S0 335 klkg €

[F—a® &t IGA 9= 40.633 kg/kWh]
=1 A9 40°C =1 w & w1 aE TE ¥ ol s st weifas 1 sfeed s & A LS kw R
S gt 31 Frefafaan = 39 FR () FHle seifas F1 Feaes o (/1) ¥ % Isaa auEE I«
T I 1 W T % w9 H WG A 81 99 T9E faaiid S0 a9 C.O.P. Wi Tur it

[¥¥¥—2.33, 60°C, 300 kJ/min, 3.33]
T WHife reversed carnot cycle W ™ U UF ¥iae & ¥ 100 keal/minute 1 e @ € @
PHH AR ~15°C ® 3l 3@ wOn W Ay A 30°C W fAufE (discharge) T @ }1 Frafafed @

() ¥8 unit H Tom ¥ fory syavas a1vd VR

(i) C.OP. [FW—1.67, 5.73]
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23, UH e e, St f% Carnot cycle W Frd ?h'{'cﬂ%, | —40°C 1 A T @l & fed 2H.P.lm,l
yeitaA S STavEEA vedt 21 Freffan 19 s 0—

(1) =k 1 M€ 01 (C.O.P. of cycle) [SR—2.373
(i) T8 =1 TIHE [Temperature of sink (hot body)] [3“‘58"0]
(iii) W= weiias & fAu frswifqa S [Heat rejected/ton of refrigeration] [3T—71.08) |

A cycle T T (heat pump) F TE M H¢ A gEHt C.O.P. T & Z (hedt supplied)
e [F—33,3 |

24. T WRG HYA F & 500 ton § S fF -5°C T 20°C 3 g w1 Wl 8, 24/ F0E 0°C H TH Ry
% 1 9T FH FA A TR 10°C W OAEH b S 21 T fer g v Uit T F T |
HHE Wk W HE T 2 [SAT—400 tonnes, 221.4]

25. W& perfect reversed heat engine 20°C & gt @ —5°C @t 6.50 kg/hr. % AT 21 9% B T Fw
336 kl/hr. & @ fafie = 0.5 & @ perfect reversed heat.engine #t =Aa (least) H.P. I Fifqd

[S—9.85]

26. T reversed perfect heat engine 3 g 20°C a1 HIAl T 0°C et 9% AR s €1 fenfagm (Freezing
mixture) 1 ATAR —12°C #1 o6 F1 fafew e 05 F T I 336 KI/kg 2 @ 0°C W a1 a1eh @
#1 €T kg/hr./LH.P. 91 i1 [SW—51.56 kg] |
~7 Sfadl FHfe 9 W HTERE TF Side (tefrigerator) F &HA 280 < 2 w@fe 98 —10°C 91 25°C @
ﬁmaﬁ%nwmm%ramaﬁﬁa—ﬁ)muuéfraﬂﬁmatﬁaﬁnﬁruﬁﬁzmcwﬁmm

2 (i) g avEs i (kW F)I [3V—(i) 224.75 27 (ii) 145 kW]




2 a9y duted et

Mm (VAPOUR COMPRESSION SYSTEM)

§ 2.1. =g (Introduction) :

SRR eyfes SRl Ta= i frepm = w1 a2 7 From o, e 9 st st
mﬁs%w‘fa; ﬁfl‘QE‘W\T’ﬁ %I T FEST qoIedt § 9o (vapour) ERNIGET (refrigerant) o ®Y H TG
foran St 2, srafq wriE W (working medium) STST BT R ST ) STERd UREET SRS 2, A
dgaaiga ¥ Iy N uftadd foran s wehar ©1 a9 a9 mtﬁqaa (evaporate) & H=-d (condense)
B ST B Se arsfiETo (evaporation) 2@ © T ¥ I |, 3 < AT (latent heat) Taenfid
A FOEEY 98 59 9 9 § ufafda @ S @1 W A el § 9w A T fIve (hot body)
1 ST T FRIHTT (reject) STl @ S o 3/ S0 A & T3 H o <1 T €1 o79: 9 TR o F9ifas
(refrigerator) Teh ‘Tl 8T U’ (latent heat pump) & Sfeh ST - 3iq five § sre T five
! Y a1 21 ey Fedted Wonel % o an] Seied WoTel i enianed afvs §1 3 frefefag §—

(1) ot aefiea eman & fod Sier R @

(2) froares 1Tk iy &M FATE < 1 IRETeH URad e =k % oIS 9 S|

(3) A o T & oIl H A= Jiiok ol STEvdehdl Bt () TE weieR v % o)

(4) 3HeRT fHekeTT (design). S/IREH (operation) 3THM Eral 2|

arsy grdted weitad SoTeh o Y 36eR e W AR o X foRd I weha ¥ e sifuen wen
T & qM ST (leakage) TS [ ST Gehdl B UH aTSI-Wefash M ¥ W S0 ¥ S Awhel A @ A
SASTATIN B 39 TOTER & g aTey, Seftsh % w9 H % § AR 9N €, F—NH,, SO,, CO, 3R Freon
BRI

§ 2.2, AT Wit T FT fAZT 99T W@ 31 (Principle and Main Parts of

Vapour Compression System) :

Tt o7 gedte freRd o1 faar TE @ el €1 YR Ued T H S (NH,) ored etk
1 A Tl TER W TRY § A T 21 vk WehR i Ao 3 ferdt faf wroft (table) @ = wEm
¥ o T $ AT Teived e Fre H qEd R SR ki H T S ¥ S fe Frefefed §—

(1) @S (Evaporator), (2) ¥figss (Compressor),
(3) ¥ (Condenser), (4) TER A1 areieA ared (Expansion or throttle valve)
ST % St forge oed, g9 @, A0 oed o Frerr # o B

25
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§2.3. WIS aTST WRIET Weh (Standard Vapour Compression Cycle) :

T 9™ HRie e o vt Yafes 2.1 frarn €1 Se & ol s weitae & v
H SR T R
T WU 1 HEER T (working fluid) 17§ § € T €, 98 AR-S HERA foR
2 CUE PRI EC (wet vapours) &g (1) W 94 <@ (low pressure) fehTel =R WIS H Yoy
W T fasra w9 # wudfew A FaT=rd gEied (Isentropic compression) BT 81 HERawY T §
T SR A 359 & 9 B 3W WK 9T Y% § 9 (dry and saturated) I59 AL IS R AT
ﬁqﬁﬂﬁmaﬂ%%lﬂﬁmmmmm(condensation)@m%ﬂmwmﬁﬁmw
ST T e e U E R (reject) T 3T 81 FereEEy ard ga/H fiafia & S g1 o
YW 9 g (3) W TR 4% SR 9 § YAV S §1 A6l U g B1e fom Y $9d o6 W EqW
TH 1 3WIAEH (irreversible) TOR BT 21 39 YHR 370 (throttling) ¥ <@ 9 AYHH T i 3100
9 (low) &1 90 T 39 YR $HE Tel Aifveh AofiEo] WO B SV e ] erd FER a1 STy aed 9
Fgd T 91 (wet vapours) 9 d99H (low temperature) 9% feerd 2| (g€ 9= 0°C g agd hH
B, (S — 10°C)), fag (4) W 3 sfuss 0 a1, aiftqd ol § Yo% &0 @ o foF 9 o =i
(brine) ¥ 33 T ¥, ‘e W a9 = AUHE AU F =G (brine) F ATHA 4 FH I & o W
SHIROT TSSO o SR €1 Sl €1 19 9T H Sufed se, 39 gegel arey & gRafdd & s 81 e
T FE I T F ¥4 fIUE (cold body) ¥ SESY Tl €, Fera®q Wad IAE BT 21 7 ST
Y 9T Y § Ug@ Ao § e €1 36 HR 9% 9adl & 2
s-eamaw"ma:—\ Tofiew

2 A 1 =1 2= A geie
(—= i

)

—
%
9

'’

el LR L L L LT
L ad
) 9
L AT Z '//A\/Ill L
w
-
=
?

<

£
E

VAR A

2
|
;

~
w

bt
£

-

l

r ot
b W (a1 + 39) i

a7 2.1—UHe I i 9%

§ 2.4. AT Wuiie Wyitaw & A19- UG (7-¢) T TIHESTE-TATedt (P-H) =l &t 3uai

(Use of T-¢ and P-H Charts in Vapour Compression Refrigeration System) :

I TS Tk 1 I YHR G IH T F F ol T8 awas ¢ o fafim sfwaedi 9.,
fora free oo a2, % wg-ma fafim SEael & OO e o 9 BN e et wfw A
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ofad A ST gE SRS W R W v, 39en faveryu fafm =Rl @ Yenfee | feran ST HehdT
3 i W =% = @ 99 8N graphically SE¥@ fF <1 wehar &1 (P-H) IR 9 (T-¢) diagram ST
grfteT 9% & favemm & ffd sm f @) W 9 R

(A) A TR A (T-¢) Chart

TSy TEiE WOTeh # SR AT (working fluid) T ST TREdA Bl @ Safq AT Awd ¥ 5
s B v TREd § HRET WO AT S s gRed a $1 7 wehr fafv e gRed
@mglmﬁ‘l’a@WWW%WWW“WH@&(ordinate)‘ﬂq'{'qﬁﬂ'qﬁﬂ‘qﬁlﬂ
foFd TR ¥, T WA-AIHFE-TRIN (T¢) =1 el S €1 39 91 W I A W1 (saturated vapour
line), g S @1 (saturated liquid line), feer T, feo o, oo g@ | T kel 319 (dryness
factor) TEE B ¥l 39 W fafvm A9, e g@ W A A1 59 St TRl (entropy) Wi Bl 2l
o Foe 5.2 famEmn T §1 To = Shee TR FRA % SuAr H S, S FAS 6 Sehed
T &

1
%
g

g 2.2—aqUA-TZd A (79 chart)

®) T @it @ (P-H Chart)

7% fiqy 2.3 § fe@r T 21 THE MUK W TERd (enthalpy) @ ‘Fifz’ (ordinate) W TH T
(absolute pressure) Wafid i3 s &) st &1 fohelt ot et aTereen § = W U fag 5 SeR
mmm%lwmwﬁmm%mm%ﬂwmﬁmlwﬁﬁaﬁP-H%rra‘qt
Wﬁﬂ?ﬁ%mmﬁm%%ﬁmﬁ%mm@ﬁ(directly)aﬁmm%ﬁwm%lm
WA (refrigerant) 3 13 P-H = 3fer-siem B, SA— e (NH,) Wias & faa 9 F_,
m%ﬁap—ﬂméw—m@ﬁlﬁmwﬁﬁammwﬁmam|
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P-H = & & o AWM =

(1) @@ & (Superheated region)

(2) a1 9 54 =1 fafya & (Vapour-liquid mixture region)
(3) Fadifad & (Subcooled region)

ettt [ﬁmm%@ﬁ

W AR W R T, for que, feR TR, for Toredt, e siy (dryness fraction) a fafyig
HEdT (specific volume) @R Bt 2
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§ 2.5. QgI<ieh AT WHET ©eh (Theoretical Vapour Compression Cycle) :
Tedl fost 2.1 o WER ATy wrdte Wefe w1 ST e weflie R T 21 Tal 9 @t e
(low) F1 & T fred 9 fafve] & =R W wWR a1 3@y a1 @ fea s 2

fot 2.4 ¥ daif~e a7 wofted =k ¥ foran o 31 9 T =% (Rankine cycle) 1 8T
w1 1 R HAN: P-V, T 3R (P-H) T° W Yaffia forar 71 #1 ws Sgifeaes = ¥ =R wfmard 2t 1

(a) (b) (c)

f&r 2.4—Theoretical V.C. cycle on P-V, T-¢ and P-H diagram

(1-2) 'ﬂ'q'@fﬁ THied (Reversible adiabatic or Isentropic compression)

(2-3) 999 (condensation) (Reversible process-Rejection of heat at constant pressure)

(3-4) AT (Throttling) a1 (Irreversible expansion)

(4-1) arsdieRToT (Evaporation)-(Reversible process—Addition of heat at constant pressure)

fas 2.4 (a, b, c) ¥ AW (1-2) F(1">2") Grited S WM =t T ]

“(1-2) TwfteT Wiehar Yeh, AHET, (dry compression) THea T 39% Tafiigsh ¥ W9 A § W&
<1l WRfEe &9 H Yoo 9 I (dry/and saturated) B11 € Td HHHTEA & ST 98 Afdaw (superheated)
&% g

“1’_2’ |wited Wfehdn, 79 RS (wet compression) FEA €1 TN TEied ¥ ¥a9 ¥ Y@ AT +
g9 fagor &3 §-28m 9 gEfed & IWN I8 daif<ek ®Y | Y 9 g9 el

A0 & GG W R g 9 a9EE W e S e 4-1 9 2-3 wied ¥ femd ™ R

™ I Y qeite & o 9w & T fR (end) i Rufa g0 T 7@ 7@ &l 39 R WOwiae
%ﬁawwwaﬂﬁ%@@ﬁ(solve)WWWlW@WWW’&ﬂ(wet
compression) T < sTawy & 9Ty TH HgW 9 34 <@ W A 81 9T qefted & ga fag 27 WgW
@ W Em g l’Mixtureregionﬁ@’ﬂaﬂlﬂgmﬁﬂ?@tﬁﬂmélmmmﬁ
T W o 2

Hﬁﬂmﬁmmmaﬁaﬁwmﬂzﬁﬁﬁmm%ﬁmwmw%
fort bt T T sifere & S fo SR S o S = o eied S ¥ R a1a: eif<e
AT =5k o -1 FHEle 3 HE-TUNE | hH e Afedl Yok FEST (dry compression) % M
TS (wet compression) 1 el 3ifue @19 &1 T TE ¢ fob wAfiee 5 AR S HFE
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& T W ¢ e 3O T g welt W g T q}gﬁm@ﬁﬁlwaﬂﬁﬁ(wetcompression)ﬁ
TeA Ui ek € g4 9t 3@kl YA (recommend) T2l feran Sl

§ 2.6, ATST WHSH oIch ohT fageiquT (Analysis of Vapour Compression Cycle) :

I gedted ¥ wge fafim o, (i) @9f (Condenser) (i) JIfeqd (evaporator), (iii) SHRE 3
3TaEe a1ed (expansion or throttle valve), (iv) guftedh (compressor) ’_ﬁ T b o 3 3
A FH & fA3 ‘ufiad e yae gt (steady flow energy equation) ! ST | 395
IR,

W(Hz T H[) = Qin 2 ‘Win

& w= Sv¥ider Y& (kg/Minute)

Q,, = T a9 (Heat input) (kJ/Minute)

W, = W F@ e (kI/Minute)

H, = Yo 3 # Tearedt (ki/kg)

H, = fadfa g ® waredt (ki/kg)
oz 2.5 T a9 gedted = o Y@iEd (line diagram) fe@m@n T 2l
o forg 1,2,3 @ 4 TR HE: H), Hy, Hy 9 H, @

3=d T4 gites
g vitaeh ///U/

= = .

{ | A T FEteh :

:

S —ﬁ;’m |
3=d |« @ (): )
%d + A9
ECR e qgEg T Eih

for 2.5—WMe a7 AWitET yyitas @
1. Haf (Condenser)

&9 M % 8N =% w1 T feran ) TH ¥iae (coolant) & BRI Weiiaeh (refrigerant) o I
PRI (reject) = st §1 59 =Ry Uit S THEH U (condensation) % YU HE Sl d
e e St e (Steady flow energy equation) S&FT &H W,

205 H3) = Qrejccted +0 i H2 > H‘i)
wej T WU, — H;) kJ/min. (1)

-
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2. Fifsdx (Evaporator)
T 3T % g B S T S 39 9w H wehek (refrigerant) % 3R SN SFawiyd sht Sl
2 for Ro1 WA 1 W9E B }1 39 YR Yeiae S Teed a8 S 2
Steady flow energy equation apply &1 W,
STEfEE W T S, O, = w(H, - H,) = w(H, - Hy) kl/min. +(2)
(- Hy=H, for Throttling Process)

3. gufigs (Compressor)

TR AT H 'quﬂ,'-?:’fﬁ?{ e (Isentropic compression) o 2 3191‘?{3'9 wferan H fordl SRR At e
S 3TN F FRIERTT (rejection) T 21l 398 Seftaes T & fopan Sl 36 Wefiqes @i wraredt
ag W 2l
Steady flow energy equation apply & T
wH,-H)=0+W,_
W, = w(H, - H) kJ/min. +(3)

4. 3@UEA (Throttling)
=i R HE T R R A H I SEA-NEE @t e B 71 3N weiae w1 e R

Tl 2

Steady flow energy equation apply HE W
w(Hy—H,)=0+0
H,=H,

5. wftes wyitad gwar o fod wfa fie wyitds vaE

Tia 9% % STER, gl Juiad NuE A STaenfoa He
= w(H,| — H;) kI/min.
T I & 6 T 29 weiias w9E & o srawifa e

= 210 kJ/min.
w(H, - Hy) =210
e SO i
(H, - H3)

6. Wl ¥ FHewwe waw @t aen wfa fie wiaed
T ¥ URET 3 T TS @ Fe W = w(H, — Hy) kI/min.
AT FoIve @ R A T gRI rERit F = mC, (1, — 1))
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& m= S G ke/min, ¥,
fy ty = T 1 Fa9 9o e W A
C,= va =i faftre o
& T e = ot T S
w(H, - H,) = mC(t, - 1)
I?l;- —_W(Hz‘__ H 3)
C,(ty—1)

kg/min.

7. WidET gwa & fow swavaw wife
weiteT | fohan e 9 fe = wH, - H) kI

for T T W deve = 4 2 =)
6

w.(H, — Hy)

kJ/sec or kW

HATaygeh vifad = kW

;¥ VPR A FEAST I & vl & o Soieh 3 a1 IS (equipment) % S T
ﬁmquw%mm@ﬁmlmﬁﬁﬁfmm%aﬁamamﬁmaﬁﬁ@m
losses)ﬁmmgﬁaﬁm%maﬁmwwﬁ%mm@ﬁmﬁsﬁﬁﬁwﬁaﬁaﬂ

H, = §ritss & a9 a1 a3 fee w v &)

H, = 99ites & e 1 g9fend &y w wared 2

H, = Hef & 7o A1 sfediad ared (throttle valve) & Ja¥ W Tt
H, = 39U a1ed/ & e | T

ﬁmwmwﬁm@amﬁmm%ﬁm%mmmmmﬁa
e H ¥R T € Al 90T T (Suction pressure) S fof et a1 2, FIY A F e aen gofes

#WWWW%W: T YIRS S W 3w o &3 (High Pressure side) o i T & |
(Low pressure side) H 9121 ST Tahdl 2| |

§ 2.7. a1 FwdteT it fafers qonel & ford foreew ot
(C.O.P. for Various Conditions of Vapour Compression) :

TgY TIMN—T HHET (Wet compression) & foA—g fay 2.6(a) 9 (b) ® wef¥fa faran mn 21
mmémwwam%mﬁmmﬁﬂéﬁﬁﬁ@(2)aﬁﬁmﬁrmﬁﬁmm
?lﬁ@(l)ﬁﬂ%ﬁﬁz(z)@fwm‘%@ﬁ%aﬁaﬁt@ﬁw%%@ﬁazﬁ(amﬁwﬁﬂw
@1 W Fedt €, Twl g (1) I B S R

(P-H) = 94—

fefan man &, W=H, - H, kKi/kg
SR 96, N = H, - H, ki/kg
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(a) (b)

fa=x 2.6

cop.=~
W

CO.P.= H -H, = H,¢ H;
H,-H, H,—Hj

HEfT g’ ® S T8 S (Heat rejected through condepser) = (H, — H,) kl/kg

fedta zon—yr= wefis (Dry Compression) & foll—sg W onuif@ =k, WURYT 9@ 9%
(Simple saturated cycle) &1 WdT 81 FReY & forg (1), ¥9w oy @ W 7 I@ W 21 o Tl &
I AT Al & (super heated) 2, aqaﬁq (1-2). g0 & A &7 (super heated region) ¥ 2l ek
TdeT (Dry-compression) el a1 81 Fe.fom 2.7 & fa@rn mn 21 2-2 Desuper-heating 2!

C.O.P. = ﬂ = Hl —H‘l' =

W H,-H,

H,-H,

e TaY 2-2’ fOR 9@ 9 Eg 5@ qIOHE deh 3vel feRan S ® fR 2/-3 e feRen sman 2

I bt &)

¢ — H—
(a) (b)
fax 2.7

TG TIN—" 9y roew H 99 o geied o SU fddw (super heated) Hil
TE T o 2.8 F femrdh §1 3@ <

COP.=

By -Hy _
HZ_'HI

H] _'H3

—

H, - H,




0—» H—

(a) (b)
fat 2.8
wqd qIN—<w 9T FEftes % YT (suction) W AW (superhéated) 2
I aw fa= 2.9 ¥ weffm %t ™ 21 3@ < ¥,
H -H, [ H -H;
H,-H, “Hsj—H,

C:O.P. =

Yey qYN—a a9 geied & o a @1g § 79 @ 2
7% T 97 2.10 ¥ weffq =t % 1 T
cop.= Hi-Hy _ H -H,
H,-H, H,-H

(b)

fax 2.10
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§ 2.8. ‘grayita’ &1 9NE (Effect of Undercooling or Subcooling) :

afy WO 3 SN A i 3AT BUST T ST i SeRT ATqWTT THe WY ATOuTT § W B
T A T Wi STaviae™ (subcooling IT undercooling) g 2

“Subcooling is the process of cooling the liquid refrigerant below the condensing temperature for a
givenpressure.”

7€ Wieha AT gefted weiied Womeh 1 S UI% WeM & fad Swam A @t iR st
(undercooling) f=fafad YR ¥ M@ o Fha T—

(1) Saf 9 SER aled 1 T T R w@ifset (coil) BT ek, A1

(2) EUFF § U S Sga e umn varfsd R W, @

(3) I=1 vaifed ot | 3ifye Iver Ut swEm A @ H

I 9% a1 Gq@ g9 Y@ (saturated liquid line) W gt 21 St f&. fat 2.11 Y femmn @ R
’~3 31g¥iiaer (undercooling) f&@m@n T4 R

2

3 2 3 3'/;\2' 2

¢ — H—
(a) (b)
fax 2.11

foa & 9 21 ® fhfed ) gufies & & fod wefted w9@ (R.E.) 7§ 9l €, boeasy fsare
TUTTe (C.O.P.) &1 9 31f¥eh W Bl 21 39 YR STasfiaer (subcooling) ® Hgw =5k ot 3Tden H=fd
(circulated) ¥¥MeR s AN Sfie &0 Bt 21 o1d; TH TR WIS ol S¥fideh ohl SH 3¥qA 9fd e
Hiifeq A ged 2l

§ 2.9, ATTATIT HT WA (Effect of Superheating) :

M & a1 a7 SR (Superheated) s # Freher 1 399 Frefafaa R0 §—

(1) Witdsh & JaEe W FER FTed ol @Efad Aa=m (automatic control)!

TH FRO AT A Fipay aren wofiae I (superheated) BXT 81 T YR Wefla HE
(refrigerating effect) g man & Sfe fars 2.12 ¥ fe@mn w0 )

(2) 3ve1 fohd 1 T (cooled space) T IufTd WEY A ¥, aiftra & frm & g 94 T
& e (superheat) FgUT TN THE WA WWE s 0l 2l ,



ﬁ:@ﬁmﬁmﬁsﬂwm|mmﬂ—mﬂﬁqﬁawmaoa® f 9T HerEEy Yaer 5w
(cooling water) & Heor & = q s T2 RICE T Bt o Sfaflerd STt Hewor &t =1 QM
e 78§ A AR &7 ey TR & (heat transfer area) 1fYrer =&} g faasiT e (discharge
pressure) SQMT IS, hoasy qHiied st s

e —ars & st (superheating) & SR1 SR S aFn fam =& &) @ Tited &

g ST § H=iifsn sfaaw & (superheated region) H HET o] FESYOT TSy =} I FE (sensible heat)
% BN e

$ 2.10. 919U J I KT RS Ut Ot W
(Effect of Temperature and Pressure on C.O.P.):

(i) wmaﬁm&rmmﬁmﬁrmnnma
- (Effect of Suction and Delivery Pressure on C.0.P.)

W&ﬁﬁm%mﬁam%?ﬁﬁzwﬁ%@mﬁﬁ@maﬁmﬁm B T SR ] e 3w
e o1 yfarem =g (operating cost) 913 Wl 21 T8 a3 2.13(a) ® P-H =& g/ |9 o1 g 2
Tk 1-2-2"-3-4 ¥,

c.op.= fi-H,
| H,~H,
T APy W TR Py A T G TF 12234 e & o
coPp.= i-Ha (3 foreeit < et S )

Hy—H!




fo7 2.13

uwwﬁwa%ﬁamﬁwaﬁwﬂ%%ﬁm%ﬁnﬁmnwmﬁ@%a
Tritet FE 9§ @ B Tora®y e uie ue S )

3 a1 Fedted wefla frebr & foreef a@ wet fem W@ A of w€) v vew 3 S o qew
Ted ¥ A @ Al W WE W, gefieT a4 feT e (C.OP) 9 8 W ¥
fa 2.13(b) ¥ P-H =@ & 511 % foren w2

o9 T ¥ C.OP = mHy

H, - H,

fada T Clo.p. = AL Hy

H) - H,

H, - H,<H, -H,

3R H)-H,>H,-H,

C.O.P. (IInd case) < C.O.P. (Ist case)

§ 2.11. Snfeqs AqAE ST WafAa qrquE &1 e ulie a7 3aE

(Effect.of Evaporating Temperature and Condensing Temperature) :

S, S Fefte frepr A aiftes 1 qoEE et faan 9 A s -
Frm ) s 3 e & guR B ) 7w fa 2.14 B T-9 W 81
REEUR BC 2

92,14 % arfeqt arear 7, @ wgem T R mn  wefE
1 1 e ad R T b ed¥e e gty 3%

oW T = 1-2-2'-3-4 #, fadia T ¥ 9 1-27-2"-3'- A
4 R 57 i w91 g T & e eite T B T #1 o
mmmmmmﬁnmmmmﬁ,w

A (operating cost) H BN

-

fax 2.14—aTfeax AU AP FH AWE
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A% W (condensing) AYHA ST fean WA A S W@
g ? ok welten S wew 1 S v i 2,15 3 e T
R o C.O.P. =1 W Aferes €M 3o Wit & o1 Wt 21
FOa®Y FA ' (over all cost) SH B

 Trerd el wiim womeht = stfrre (design) FH &
R o s ¥ 5 @ wvEm sew aftw e A
FrTam e e W T e e o 3 YR 9 @ o1
ST H e A Afusw @ I w1 g 2 ——

e 2.45—waf= T 92 1 aae

§ 2.12. ATeT WRAtET W naRE U] WYRfaA (Household Réfrigerator Working on

Vapour Compression Cycle) :

o e

TE I R TR B SR—wd, g9, Tl Q
A B RAVC {T LU L] P Heat out)
AR S §) TR ARGSH SO T (Running | N
0 37 o ey ot b ey | (I e
ﬁqﬁi(Aircooledcondenser)H'GH&HTha'ﬁ’mﬁ i @:””””””Hﬂ
(Hermatically sealed motor and compréssor) B
T ygE Wefae sffEaie. 78 eA =i e Soerd
oW TN S T G e R | o W
WE: AR FERES (CH,Cl), F-12, F-11 Weides (Work in)
A § T W #) (39.f49.2.16) | 2%3 +R_12m

TAEE—3TH T ‘Ffae B 31 9H aeft |
Ae-viiesh I9@ T WEE D 2 T ©™H W)
AR 991 et (condenser and receiver) Fafeyq fHa ot ’ i T
ERARCR inea (liquid refrigerant) I & W dref fam 2.16—wte] AWitet @ warg smtw

Y 3 Al aTed § A @1 FOR aed (expansion
valve) & &IfSq Fa7se1 (evaporator coil) Hfee & Y T Ffire 3 SURYd 9 aftys s&ise W g

S €, $9 SR fafi aeg aveh dnt &1 At Fow F SR Ak 2 v o g 2 R 9
¥ 9t Tt S 2

399 FHftes §Yfsd YR (Hermatically sealed type) % AN F R W ¥ 9 W e g
AT &RV (leakage) § Z2-%¢ ¥ Bl € & WHE &RV (shaft leakage) f T& Bt Tl aifeqs SreR
9 compact Tl 81 FH TR ITF F TE¥Al YU & fa3 g9 o semq-weor (forced
circulation) f&an Simam 21 39 faftem arA (superheating) =t UehT =1 Hehal 2| WHdiEs B ooh A
'cﬁaTﬁl'HW%WW%WWQWHeaderﬁ@ﬁﬁl%lqﬁﬁﬁm@qﬁ'ﬂﬂaﬂﬂ
B B YufrE 7 aiftey & o SEvaE o A FH TeY a1 (Throttling Valve) 1 faet war T

SR—Capillary tube ¥ FRT # S 2|
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ml.mmmmﬁtﬁawﬂmaﬁaﬁnlz (freon-12) T 3mafia &, = frered
Ui (C.O.P.) ¥ HA ¥ afafiaa wf fire Wt o7 wyitess wag @t won qan wieeT T
&W) T e fem & @@y @ aWm = - 200C, "afE @ ameE =+ 30°C, Afwd
R-12 & 9T C, = 0.65 kJ/kg-"K A

R-12 & 7T 2faw & AR Frm §—

s H’ Taredt kj/kg ‘¢’ Tt kJ/kg-"K
™ e ™ s
30 229.11 364.96 1.0999 1.5481
-20 101.61 343.39 0.9305 1.5696
¥A—T, =20 + 273 = 253°K, T; = T, = 30 + 273 = 303°K
fax 2.17 9, ¢, = ¢, (for isentropic compression)
q 9, ¢2 + C log [T J
TZ
ROt | ¢; = 1.5481, ¢, = 1.5696 k/kg-"K
1.5696 = 1.5481 + 0.65 1g, | -2
¢ | 303

T,
lo 0.0331
o [303] »
T, = 313°K= 40°C
ﬁ-g.; 2 W Enthalpy h, =h, +C, (T, - T)
: h; 364,96 + 0.65 (313 — 303) = 371.46 kl/kg

‘H'Rﬂiﬁ EFRf (Compressor work)
w,_ = (hy — hy) = 371.46 — 34339 = 28.07 ki/kg
ﬁaﬁiﬁaﬁaﬁﬁamﬂsﬁﬁmﬁmmﬁmmwaﬁﬁm
- ) ST + 97 F g T § aeen H SEwia T9 S
az = (hs — ) + iy — hy) = (T, - T;) + (hy— hy)
d- 3)—065(313 303)+(36494 229.11) = 142.35 kJ/kg
ymam%ﬁmﬁfgmmm fag (4) T TR
hy = hy =229.11 Kl/kg
aammmm-nﬂamhﬁam (hy — hy)
= 34339 — 229.11 — 114.28 KI/kg
210

qi4-1)

d@-1)
s W qm i fre sfiae WEE St A, m =

= 210 _ 1838 k)/min/ton IW
114.28




40 e T AW
T WIS w1 A T S B, w, = 1.838 x 28.07
- w,=51.6 kJ/min/ton

e TR (kW) SR =7 i 3 R = % - 0.86 kW/ton

ey e S femm weftes
Fa w@ wfd fFm wefas & fag

_ -k 11428 . &t
oW, 2807

JTETT 2. TR IWIET Wi & 25°C 791 -10°C & A9 e & dta 1 & 2 e iy

Fﬂﬁgﬂ.‘ai lt%]ﬁj[ﬂi%?ﬁi‘ﬁmﬁmmmﬂrﬁmﬁiEﬁ‘gm(Undercooling)
TR W@ ¥ omifr & o e i © R T # .

ST Ui C.O.P. =

AT (°C) T H 0 (kIkg) | @SS (kdkg) TS TSNt (kJ/kg)
25 298.9 1166.94 11242
-10 135.37 1297.68 0.5443
‘EA—dA & (7-¢) 9 (P-H) 3@ fa 2,18 velg 21 '
! !
fax 218
fear 2 T, =T, =-10°C = 263°K
T, =T, = 25°C = 298°K
T g (1) R g = x, @
s fag (1) ® T
3 73
O1 = riuid ar (1) + xr%'- =0.5443 + ﬂx;__g_ﬁ_s

0) = 0.5443 + 4.934x,

a1
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w R Y () W = %2 = Pquid a2 * 51:'2"
2
0, = 11242 4 116694 _

TG (T) 3G J ¢, = ¢, 3@ TR (1) T (2) J
0.5443 + 4.93x, =504 A x, =091
I g (1) W Tt

5.04

hy = Riquia a1y + %1y
hl = 135.37 + 091 x 1297.68
= 1316.26 ki/kg
g (2) W T hy = hjiguia e ) + L2
= 2989 + 1166.94 =.1465.84 kl/kg

COPp = m—hy _ h—hy(iquid)
hy = hy hy —hy
cop. - 13162652989 b

T 146584-131626

wi{2)

ITEATT 3. T& FOOD STORAGE LOCKER @t Wyitas &@ar 12 Ton # 30T &g -8°C awr 30°C
@t a7 dwren ¥ @ war ) wyfaew R-12 W WO aea ¥ Wi @ gd 5°C rayitae fawan
AT ® A9 HOYR ¥ W | g 2°C a& ANfaew fawar wmer 1 @ s (1) C.O.P.
2) ¥af<w waw wfd =9 gwai &fEw) R-12 & T aifeem & AR §—

3 et kJ/kg Tt kJ/kg-°K
/A a9 L]
= - fC) ™
-8 2.354 28.72 184.07 0.1149 0.7007
30 7.451 64.59 199.62 0.2400 0.6853

C, ¥ R-12 & fow 1.235 kJ/kg-°K @ am™d R-12 & fAQ 0.733 k)/kg-K wif

fax 2.19

02 Nz 2
,/r " /1/‘/
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W9 2.19 ¥ 973 F (T—¢) a9 (P-H) 3@ Wefiig §—
| T, =-2°C = 271°K
T| =-8°C = 265°K
T} = 30°C = 303°K
(T3-T;) = 5°C

- (DCOP. Tawem e o 1 farg 2 W WA 0 w4 817 TR ¥, g (1) woreg

" T
0y =0 + 2.3Cp.loglo[ﬁ]

¢, =0.7007 + 2.3 x 0.733 log,, [%J = 07171

and Entropy at point 2, 0, = ¢, + 2.3Cp.logm [%]
2

T
= 0.6853 + 2.3 x 0.733'1lo —2_
¢, 810 [3_03].

T, ]
¢, = 0.6853 + 1.68653 log,, [ﬁ}
(T-¢) M@ A ¢, = ¢,

0.7171,='0.6853 + 1.686 log,, {3—%}

- log/ L2 I 00188
303

T, =316.4"K = 43.4°C
fog (1) W wuredt, b, = + C(T, - T))
: = 184.07 + 0.733(271 - 265) = 188.47 kJ/kg
g (2) W TR, by = b + C(T, - T;)
=199.62 + 0.733(316.4 - 303) = 209.44 kJ/kg
fag (3) W 59 Weilas + el
h3-]iquid = Iy liquid 7] Cp liquid (T3 - Ty
hy iquia = 6459 — 1.235 x 5 = 58.42 kl/kg
T =k 209.44-18847

cop.= 300 _¢r s

20.97

(1)

ss(2)

(2) ¥fa% urER/zT TYAAT (Theoretical Power/Ton Refrigeration)—84 Fd &, i

™ Hgiq WYl wuE 9 T weias ¥ fe
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Rp=hy - hy g = 188.47 - 58.42 = 130.05 kl/kg
i &\, Q = 12 TR = 12 x 210 = 2520 kJ/min

YT 3 F9 & = m(hy — h)) = 19.4 [2090.44 — 188.47]
= 406.82 kJ/min
Yo o= Wi = weiew & fea = zgﬁ'?i
X

= 0.565 kW/TR 3W

IRV 4. Uk IWifar wofiaw wyfw, fed ue wor aea @ @, —10°C a9r 30°C amushd
Hireit ¥ ®rf SR 1 wHTEh wufiew & Ugw, AT 959 YR gl ¢ au Heut # e
A& @ W AEE 30°C ¥ aveafyen Fremee Ui, onevl &1 60% WHA gC 10°C & uet /
0°C 9T WA kWH & fou o @1 3aes 9@ ®ifwe) & &t 7@ ST 336 kJ/kg wa |

= T I Tt A FET (L) 7a F Tt [ TE W@
°C (h) kJ/kg kJ/kg (@) kI/kg-"K o T T
kJ/kg-"K
30 323.08 1145.80 1.2037 4.9842
-10 135.37 1297.68 0.5443 5.477

FE—(T¢) T (P—H) 3@ Fw: T 2.20(a) 741 (b) ¥ el fifen man @1 feirgam
T, =T, =- 10°C = 263K
T, =T, =30°C = 303°K
h, = hy = 323.80 Kl/kg
h, =h, = 13537 Kl/kg
x, =095, L, = 1297.68 kl/kg

[,%]

| P —

fa= 2.20



44 Wi & FAEReA
L, = 11458 ki/kg, ¢, = 1.2037 ki/kg-K
¢, =0.5443 kl/kg-°K
T x, = g (1) W yepaiw

: X
frg (1) W T, 0= gy, + 2L 3
2. ]
0, = 0.5443 + 1297.68 %
= 0.5443 + 4.934x,
g @) W T 0= 4y, + 22
2
= 12037 + 222X U4ANF> 1 296
303
A & (1) 7 () W w=rdt gom @
0.5443 + 4.934x; = 4.796
AHd: - xl = 086
Ia: g (1) W Fa s H)=h +X L =13537 + 0.86 x 1297.68 ki/kg
H|=1251.4 kl/kg
g 2) = T Fom, Hy=hy + x,L, ;
= 323.08 + 0.95 x 1145.8 ki/kg = 1411.6 kl/kg
. dzifed Cop - Hi—Hy _ 12514-323,08 _E8

H,-H, 1411.6-12514
& F@fa® C.OP. = 0.6 x 5.8 = 3.48
fear @ Fa ®4 <1 KWH = 3600 kJ
s cop=2 3
W
Frefass FfiaT I9E = W x arafas C.O.P.
. ' = 3600 x 3.48 = 12528 kJ
T%: 10°C & 9Ht ¥ 0°C W 9fd kg o o1 & folw srawifyg o
=mST + mL
=1x4.18x 10 + 1 x 336 = 377.8 kJ

31: nﬁkWH#WﬂWW:%:H.ng/kWH I

(1)

2)

SETEIW 5. T% A wultes Wl 4, 9t R-12 q¥iven % wq A wa wv €, & Ay F 1@
- 15°C W =fery gt & woiteE & fawels & wwa wyites @1 aroam 1500 ¢ safes am 10°C
W Wt @eft 41 C.OP. W W A () AV (undercooling) T & Fur (i) T A

WEfRT (Throttling) & g 5°C @ 3Rt TR e #
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wwwmmtfmﬁmmmmmgwxmmtmoy4u/ks-°li
wfrd wyiew & 3= Ut fra weR ¥ —

2 ' et k)/kg ﬁ' fafire vt ki/kg-K ®
© AqER°C ; : T i
™ . ™ _ o
-15 22.3 180.88 0.0904 07051
+10 45.4 191.76 0.1750 : 0.6921
W@ — T, =T,=-15C = 258°K |
T,=15°C =288°K, T} = 10°C = 283°K
C,, = 0.64 ki/kg’K, Cp, = 094 KII’K
h, =223 kl/kg, K, = 45.4 kl/kg
H; = 180.88 kl/kg, “o i Hy=191.6 Kl/kg
¢y, =0.0904 ki/kg-K, ¢r, = 0.1750 ki/kg-°K
¢, =0.7051 ki/kg-’K, ¢, = 0.6921 kI/kg-°K

(1) 1& E9ftaq (Undercooling) T8 —SBra @1 (7o) 9 (p—H) 3@ Fa9: fax 2.21(a) 70
(b)ﬁwﬁ‘raﬁrmﬁlmxﬁﬁa(l)mwmﬁg(l)m@m
®)= ¢ +x1(¢v, 0z,)

= 0.0904 % x;(0.7051 — 0.0904)
0, = 0:0904 + 0.6147 x,

sl
, e
fog (2) W T 0, =05 +2.3C, log [é—]
= 0.6921 + 2.3 x 0.64 log (288)
283
0, = 0.6921 + 2.3 x 0.64 x 0.0077 = 0.7034 ..(ii)

a9 T—=




46 W7 TS IR

Hiifs fag (1) 9 (2) | w=rd 9w 2 31
0.904 + 0.6147x, = 0.7034

a x, = 0.997

T o (1) W 3a o H =h +xL,
=h, +x,(H - hy) (v Ly=H ~hy
= 2.2 + 0.997(180.88 — 22.3) kl/kg

- H, =180 kJ/kg

fag (2) W Fa s Hy=Hj + C,(T, - T)

H, = 191.76 + 0.64(288 - 283) kl/kg
H, = 194.96 kl/kg

Hy-H, 194.96-180.4

(ii) 1@ 5°C eyt femar sar }—ufkan &1 (7-9) 7o (P:H) @ 99 Fo 2.22(a) A9 (b)

Y weffa 2
/N
/

C.O.P. =

A T—>
TE P—»

o= (9)— TUH (H)—
(a) (b)

fem 2.22
fag (3) W59 weias +I T

hy= I —CPL x(t; —t3)
hy=454-0.94 x 5 =40.7 kl/kg

cop - Hi-h _ 1804-407
H,-H, 194.96-180.4

STTETIM 6. TH Wofta A9fA gRT 20°C & urht &t 0°C &t ah ¥ ;@enw S 1 R @ ware
U 298 K T4 afeqs A9 268 K §1 Wi &t W@ T@@r 50% & a9 W9ia® Freon-12
% WaTg @ T 6 kg/minute &1 Wofiaw wtgw ¥ 0.6 YA (dry fraction) T FAW FTA &1
it fafTE S 4.187 ki/kgK) aen ok ® @ ST 335 ki/kg §1 24 WU A IR qG A
WAl {A AN Freou-12 & Tur wrofiag §—

=959 IW
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AEAK TR Ik | TAEMIkg | TR k)
298 59.7 138 0.2232
268 31.4 154 0.1251
To—fem a— m = 6 kg/min T(K)
T\re!at;ive = 50%
Xy = 0.6 298
C,,, = 4.187 ki/kg-K T
L. . =335 kl/kg _ s
e =1 (T—¢) 3@ fod 2.23 | i@ — E
feogE R h, =314 ki/kg, hy, =154 kl/kg, 268
hy, =59.7Kl/kg, hy =138 ki/ke, by, = 59.7 ki/kg
T (9)—
e faargar h,=hg +x,°h
27 TR 2 Uy fox 2.23
=31.4 + 0.6 x 154 = 123.8 kl/kg
guu=Td gefed WA (2-3) F fae—
6;=0s
h h
, f,
bp, + X3 O, + X
f3 TB‘ f2 _2 T2
0.2232.+ x4 % 138 _ 1251+ 0.6x 2% =0.4698
298 268
] x5 = 0.5325 |
3E hy= hy+x3hy =597+ 0.5325 x 138 =133.2 kl/kg
qe hy = hy, = 59.7 kl/kg
5 Py Ry _ hp—h _ 1238-597 _ (o)

W hy—h, 133.2-1238

ST C.OP. = Ngpaive X (COPncoretical = 0-5 % 682 = 3.41

20°C W 1kgm:ﬁ@r0°caﬂ1kga¢?a=rﬁﬁaﬁﬁrﬁﬂaﬁﬂﬁm
— 1 x 4.187 x (20 — 0) + 335 = 418.4 KI/kg

A | m. .= % & " (kg/min ®)
' | Ry, (FTEfE) _ my, x 418.74
grfas C.O.P. =341 = r = ————-——-——’m(hg ")
U mj,x418.74

~ 6(133.2-123.8)
m, , = 0.459 or 0.46 kg/min. = 0.661 Ton/day 3IW




48 w7 T Sagen

TEW 7. Th TS AW WEAET wehtee w0, ai-10°ctmamm40"cini~qﬁn
A & W uftenfera g ?, ¥ wita® Freon-12 wuited & g et (Enthalpy,
220 kJ/kg 1 =% & (T-¢) I W Wi S qor 7 afre—

(i) ¥ &t C.0.P. |

(if) wefre JHAT (Refrigeration capacity) @91 @wiig® ¥ith (Compressor power)|

WY E A T 1 kg/min WA Freon-12 & MU e wER §—

oLy p (MPa) h; (kY/kg) o i (kdikg)
-10°C 0.2191 26.85 183.1
40°C 09607 | 7453 203.1
T—fa 2.24 ¥ 30 9% 71 (19) @ Wl 2 5
feam 3— A9F WA = ~10°C el
| YOS A9 = 40°C % B S Y
qEtsT ¥ Ta TR, by = 220 kl/kg i e
7, qRel |/ hy = 183.1 kl/kg E _ T\,
hy= h; =2685Kifkg LT \
Ry - (h, 48
(i) ¥% & C.OP— C.OP.= “’,V = h:_h;
_“183.1--74.53 TR (9)—
220-183.1 I,
=294 W
(i) wofta groma— SR &9l = m(h, - h,)

ST&l m = 1 kg/min (S0, 5@ F <)
. WM &A= 1 x (183.1 — 74.53) = 108.57 kJ/min F
EISH WE = m(hy - hy) = 1 x (220 — 183.1)
=369 kJ/min or 0.615 kW IR
ms,mmmﬁﬂmﬁwszﬂwﬂmmm%l wuitew ¥ ydyr, qwies
| frere Ton dufm (condenser) & fr&m W wyftne &t wured ®HU: 183.19, 209.41 a4l
7459 kl/kg ¥ Fm #ifm—
() woftew wam =% (i) fremew i (c.o.p)
(iii)maﬁwﬁ%ﬁ-rqammwﬁsm (iv) ¥afA | o0 frewms & o
TA—fm — T I WA F9E = S TR (e = )
. - =35 x 14000 = 70000 kJ/h or 19.44 kJ/sec
(F& 5 2.25) Ferram h, = 183.19 kl/ke,

"3=209.41 Kiikg, h, (= h,) = 74.50 kI/kg (el )
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991 R
M \\\N\\\
R (9)—
fax 225
(i) Wofiae wamg X (m)—3fd kg F& Weliad ¥9@ = (h, - h))
= 183.19°- 74.59 = 108.6 kJ/kg

WA W6’ €, m = 14 =0.179 kg/sec
108:6

(ii) e TUiE (C.OP)— Cop.= fv _fp—hy 18319-7499 _ 440 gm
W, “h,  209.41-183.19 |

(ili) Tofizs F T & g Imavas wiw (P)—
P\="mli, - h,)
P'=0.179(209.41 — 183.19) = 4.69 kW 3w
(iv) S & Soa Frewmad &t gt—
wufe § S/ fhe = m(hy - hy)
= 0.179(209.41 — 74.59) = 24.13 kW W

FEZIC]

ars] gEfEs Ssiia f4eT@ (vapour compression refrigeration system) F gHeEd 991 3§ T-S a9 P-H
ARG W CIRA| WWW*WWWW,@W%WﬁW I B
oy Vg Seitad @ (vapour absorption refrigeration system) = TE =F TG S gEEa q
HHAE!

?uwwﬂsqﬁam%argmﬁﬂﬁﬁamaﬁwﬁw-wwu%l

a9y gufied fAer § Expansion cylinder ¥ TA W Throttling valve 0 SwEm § S 82
sy guited s H (P-V), (T-0), (P-H) T T Weffa =ifsal

M GoTed (wet compression) 9 Y% godted (Dry compression) ! TSl

ot Teite = & Frefefad F1 @ e TS 6—

(1) @9l (undercooling) (2) SAfdaTdA (superheating)

1@ T A T wie fE W ¥9E TS 87

TSy WdreA (Vapour compression) YGid § 9 T (wet compression) I TEA T feman Stran?




S0

10.

115 2

12.

13;

14.

Wit T ST geH

AT FUEA (Vapour compression) Tgf & afe <IqU1 2T A L e S @ g9 St uve (Refrigerating
effect), Work done 3R C.0.P, W & w9 v 2

39 HH (Factors) &1 sy St 9y died =ik WiIAH-UTeR (Vapour compression cycle refrigeratiop
system) Shl ST WUTEH =l wwifed & B

T& Vapour compression cycle ¥ g9 & 3aviad (subcooling) TN AN o faaw (superheating)
LRI n e

() W HURY Vapour compression Neia H¥iH st C.0.P. M & o fafvm alier wwzme

(d) Subcooling 3R superheating vapour compression cycle @1 p-h diagram W LSC IEE R O (IR
T9id T Simple Saturation Cycle ¥ C.O.P. W & 9@ Srerdt 2

(W) a1g Weita" Usfa ot gomn ¥ arg yeiad gsfa o oy sarsd|

T A1y Hre Sfideh 60 bar T 20 bar St 31 HH1ei § & e €1 Hetga o G TS Y56 T Hyw

2 A S sTaeion T8 @1 6 & (1) C.0.P., (2) Weiiah &wa, Afg Sitaeh Sare ot <X 5 kg/min §1 e
& 7T fe E—

| W@ a9 °K wTedt, kJ/kg T2, kJ/kg-"K
(Bar ®) | arg ECH g

60 295 61.9 208.] 0.197 0.703

25 261 ~18:4 234.5 -0.075 0.896

[S—C.0O.P. = 5.04, W¥iidek &Hdl = 2.9 TR]

I5. T STHIFEN oTq SEfta —67°C el 26.7°C A Wit o =it o e €1 wwted % vaq amg e
qg1 IE SR TEl gt C.O.P. Fa. S e & o fre $—

i

W °C | e, kj/kg =, ki/kg-"K
-6.7 292 1293.8 1264.5 ~0.113 4752
26.7 1256 1172.4 1296.9 0.427 4.334

[ST—C.0.P.=7.1]

16. Tk R-12 RiAGH § 2.5 IR 991 9 R i <19 GrAwshi ¥ e ohtal 31 wited varw fafy & o & qan 9%

AR el el gited o Y& ¥ 919 Y&k U9 §gW 21 C.O.P. %1 W W F| A Srafas C.O.P.
Hgif C.0.P. %1 0.65 § A o1 wefie 97l St =121 T8 KA1 AT A T 5 ke/min, FER
C, &1 9 9k W sfaaa srwar ¥ 7 0.657 kizkg-K 2l

. . = i)
a9 ™
T (A B) Fﬁlr( e, ki ;WW
: am a KIkg'K
9.0 36 456.4 585.3 4.74
2.5 -7 412.4 570.3 4.76

[F—C.0.P. = 5.37, Wffa" 5w = 1.76 TR]
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|7, T s AT St o, R T Expansion Valve T & ~ 10°C T 30°C R @M drielt #
e 31 T WA F TET A 95% Tt (dry) ¥ 7 5@ SHFE 30°C W HLH Y A @ 2
4fe arEfaes C.0.P. g & 60% B & 10°C F T ¥ 0°C =t 7fd kWh fepat o AT = Tt 2
a6 S T T 335 ki/kg B T % 01 e ¥—

a1 e, T e,
W °C kJ/kg kJ/kg v, ke 'K
o an
30 323.08 1145.79 1.2037 4.9842
~10 135.37 1297.68 0.5443 5.477

[39T—33.24 kg/kWh]
18. UF FOOD STORAGE CHAMBER % Wgfiae @3 = &Wal 12 Ton @ YL -F830°C d&1 -8°C i AT
el B wriE $1 SefieE R-12 9 5°C siEvifad % die aied (Throttle Valve) # S5 STl € ae
Frftes § 9 @ Uew 6°C sifaaw fopen stan @) Afe g4 wd Ay S faftre S whE: 1.235 a9

0.733 kJ/kg-K @1 1@ =1 (1) ¥ fopan weftqw warar (2) wfa e, sftes same & 3 (3) C.O.P.1 A¥ftash
R-12 % 71 f §—

. T, ki/kg T, ki/kg-K
|g@ ™ °C
ECl L EC arey
-8 28.72 184.07 0.1149 0.7007
30 64.59 199.62 0.24 0.6853

| [F9T—130.05 kJ/kg, 19.4 kg, 6.2]
19. TH R-12 ugiaer I 99 GEfEA w@eh W i A € aiees § weaes s d9EE —20°C 21 99,

Tuitess ¥ THY W YR 3479 ¢ 9ol Fioh W aafaaa staen § €1 Wt 1 A9HE 30°C €1 R-12
it T T st e ATy S 1.884 kl/kg-°K WA €Y I hi—

(i) Huf= § gee W ared i <9,
(ii) =fous & w9 W AT ki <9, Al
(iii) WA = Ggif<ek C.O.P. |

R-12+3 w1 fet §—
T, kJ/kg | TR, kJ/kg-K
M, °C
EC) e & o
-20 17.82 178.73 0.0731 0.7087
30 64.59 199.62 0.24 0.6843

[3W{—38.8°C, 29% dry, 4.07]




3

Wit
Chaster (REFRIGERANTS

—_—  CERANTy

§ 3.1. =g (Introduction) :

“A refrigerant is defined as any substance that a

loses it through condensation in q refrigeration system.”

%H&hﬁ@tm(latemheat)mWmm%mﬁamm%mm
F a0 afwaa%ﬁ%%sﬁam(sensibleheat)éaﬂmﬁmaﬂ%%’rmﬁa%@ﬁfm
wiifrar, i

bsorbs heat through expansion or vaporisation angd

(i) Mgt gefas (Primary _refrigerants)
(i) fedftae weitaes (Secondary ‘refrigerants)

(i) Tafts wyitaes (Primdry Refrigerants)

&Qﬁwﬁwﬂm%vﬁﬁmﬁwmwﬁmﬁ SR—

3Tt (NH,), e
SRIARIEE (CO,), TeH TEsTTRe (8O,), Freon-12 zenfy)

f&g (remote point) YTl & e @ e
TR &Y &, S—avgy T, ST (brine), T T

52




e 53

The American Society of Heating, Refrigeration and Air-conditioning Engineers (ASHRAE)
ﬁmﬁvmz%ﬁwmﬁw,m%mﬁﬁﬁﬁmﬁﬁwﬁmﬁaﬁ
SR ¥ A D wwd 3.0 F W A ST e e % A R T

|t 3.1
WY 1 Ty TR T TRt g
(Refrigerant number) i (Chemical name) (Chemical formula)

R-11 Trichloro, monofluro, methane CCly.F
R-12 Dichloro, difluoro, methane Cg\,.F,
R-13 Monochloro trifluoro methane CCLF,
R-14 . Carbon tetrafluoride CF,
R-21 Dichloro monofluoro, methane CHCI,.F
R-22 Monochloro difluoro methane CHCLF,
R-30 . Methylene chloride CH,Cl,
R-40 Methyl chloride CH,CL
R-100 Ethyl chloride C,H,CL
R-113 Trichloro trifluoro ethane CCl,.FCCLF,
R-114 Dichloro tetra fluoro ethane CCLF,.CCLF,

TS Fre AR W FHH T AT S 21 SR freon WRER g1 faewfad foman mn R

(2) VSIS (Azeotropes)- 39 F0N T Y weiiaw o & W foh fafet weiteet & fasmor € o € @
3} YT TeH W TN TEL-ER TH FHNTAE o foR WA ¥, S F 500 s

(3) ¥geEEA (Hydrocarbons)—39 98 & 3T<iq o Wftqeh 31 2 W 5 wEf A @
2 ¥ sfus SSeEda e €

(4) Aferdte Afite (Oxygen Compound)—3 TH wefiaeh T S fp Sffediem 9@ @ § Sh—
{ga 34X (C,H,0ON,Hy) sofel

(5) g AfTH (Nitrogen Compound)—3 T SRfiaeh T S foF TEINH 99 TEd § S_—
fagréa wih (CH,NH,) |

(6) ‘rEmTtE: AfiE (Inorganic Compounds)—3 T8 eiide ? W f& e T W seE
B3 A 7 v F A SR 3 arreher 3 fafie S o ford o H R S @1 SR—amifn
(NH,), a1, e SRSAFRS (CO,), Fh eSS (SO,) 9 FeEl

(7) Eg@ e AT (Unsaturated Organic Compounds)—39% <rid 3 Widsh R
¥ 3 fir orseld @ e ¥ STER W AN B1 ¥ SR—gEeisaerd (C,H,Cly) T

§ 3.3. Wyfidan & aifea T[UT (Desirable Properties of Refrigerant) :

it o e, quan 9 SEmfaE qa i gy ¥ sfefE o7 ¥ wfed—
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|

(1) Tafor® F& (Specific Heat)—atfmr &9 @ 9 ot & fod o =t fafae o st 3
feer B e W 33 R fafee e W 2 wIfed, A UM (throttling) & W] |
ol 99 S A R ¥ W R |

(2) Mfgsw A (Specific Volume)—&risd & Wa¥ R yeiaes o fafee s = (low)
e e T8 SR TUF Sied e % ot gedies o GRS ¥ S g

(3) T AEEHAT (Thermal Conductivity)—3iash ot Fi =erehal AuH-H 31
e T YRR T F GAEE w1 SA 9% STt € e SH WIeS o TR A 5 W

(4) TEWAT (Viscosity) —Weish Weiiaer o fordl TRl WM &% T A & =lledl 38 SR Fo &
TR0 753! Feh Bl €, 9 T YA &9 2 ¢

(5) Fag=i® (Boiling Point)—I3fider o FEYieh aAvSed e U0 #hH & =ied)

(6) T&Wiah (Freezing Point)—siaes =1 fenier fet 21 =fedl & SweRl AF a1ftqs < A19dM & &9 |
B =fed 1

i

|

|

i

(7) =nfedx & Waf= @ (Evaporator and Condenser Pressure)—aiftas g H=i3 | 2 4TS
T wIfed, W AgAveH e § 3ifeeh T B wifed Weian feha § 3=4 I o R0 Ha
AN 5 S 2

(8) @< AU (Critical Temperature)—-3¥deh &1 hi=eh aT9E 3= a1 =ifed, fomd
FREHR A W AT e ¥ @ O ‘

(9) TS (Latent Heat)—aTsdiehu] 2l @I S= B =1fed| 36 Yehr Weiiaer & e+ arel 3
&0 B ¥ Wiiad T e faie, e @ vedn 39 YR geies ¥ fawre %w @ S g1

(10) Saeyiterar & faw@hpieT (Flammability and Explosion)—siaes =1 Sesial 3 faoses
T B =fed) weiass o A 9 9 & 919 fufsm € 91 9 faewes T e e S—
s (NH,) & fherreer siee g fiiem wmsa s 2

(11) Ta¥ema= (Toxicity)—=iae &1 fa¥en (toxic) F& e =fed| Weides = Woa We T F0
T e =fed [ afe weiiaer faten &1 @ 8 WY TR wiee ©RE & ol T g =

(12) WIEUT (Corrosion)—¥iiaeh ¥ aw o1 F&i €11 =fedll 38 fepet eg W Wit =8 =heet =i,
=R 99 91 TH S Sufafa

(13). TamrEaa ¥gfa (Chemiceal Stability)—9ida v # =M & Wiiass =1 (@@ qOad
I TEEafe 3P ¥ fRR (stable) BF1 =&

(14) = gXuT fREr (Odour Leak Tendency)—F% Witaer 310 fa9 T & R0 Gg=H W
Tohd B SH—3TIE, 9 WeiiTeh T8 T € e T el ) ate o )
(15) VA ae1 & Wi fagmaan (Miscibility with Lubricating Oil)—sias %1 Trites da % @

fifsra € aifed, g WuiE O wow @ TR STem 8 S S| 39 YR SEd SieaE 9
S ? 9 T AR A GER W 3 S )

(16) faer wi® (Electrical Insulation)—¥fSd #iex 9 wvfiess, ¥ weftaewr fag@ Hied @
arf~en & Y wes § @ o =fed) weiae ¥ farm wRk)w W qor g =ted
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(18)
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mﬁumguﬁai(Highc.o.P)—wwmﬁaﬁwuﬁﬂﬁaﬁa;mmmaﬁ
3= Frsqe Ui W TE =lfedl
anm((:ost)—mﬁawﬁmammm@,@lﬁmﬁtﬁmﬁ@:lwﬁaﬁmwﬁaﬁ
mm%mawﬁmﬁﬁtm—cﬁ%n

§ 3.4, T W¥lta® (Main Refrigerants) :
(i) ¥g (Air) I R-729

1.
2.

T T | g8 weiiaeh o H ar S Al
%mamwﬁmmﬁﬁwwwmﬁmﬁmm%t

3. ﬂ%ﬂéﬁm%lﬁ%ﬂﬂﬂﬁ%ﬁmm%—

(i) =T (NHy) 3 R-717

10.
11.

12

.margqugaa‘amaam_wc% aa:ﬁﬂmmé:mﬂ%mﬁﬁwm%u
. Tgl Y9 I &9 T €,

1
2
3. wﬁ@wamﬁammﬁﬁ%ma@m%n
4. a7 T i STeT w9 @ 2

5,
6
7
8
9

ﬂ%qﬁmwﬁ%ﬁﬁwmﬁ%s
.%ﬂﬁw&ﬁa%aﬁ:mm@wﬁw%wﬁmm%

7z ¥ & T iy 7@ g
.aﬁmﬁmﬁ@zﬁm%l
g =Teften g €

maﬁ@,waﬁ%mm(leaks)mﬁmm%
ﬁ%a@ammﬁwnmqﬁWI
mwa@a%%m@mﬁm%

aﬁﬂ—-az soiiqe afeat A (ice meaking), o TR TS, dR TR, STEHhH
o= § o f e W 2l
Lie & CEIRC] Tl T g@g A (comfort sir-conditioning) % Tord TaeR WA ¥ T @

el

(iii) TEET TPHATEFAFE (SO,) A R-764—

1

2
3
4
5

.argqusaﬂumammaam—lmc%l
| a FEEd @ e o e
.mmamﬁaﬁmﬁﬁﬁm%l
| 7 S 8, e faepiesd @l

. T srtye faten e 21
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6. T o0 e 9§ &R0 (leaks) Ve W 9T
7 ‘lﬁﬁﬁﬂﬁmaﬂstO WHe s ? Sifs H&RSE (corrosive) i
m—wmmﬁmmmﬁwm% ¥ W § o S e

(iv) e ergsitaE (CO,) AT R-744

THH FESR g Afies B 2

s qaE e g 3

I faden =& 21

Te TR 9 THEN o1 § 374 &R0 1 YEEHEAl Shicd el ¢
I STl &l gl

& C.O.P. %7 Bl &l

TS ITE-VfR WA 7 sk et R

frepTelt T S S W ufd IR STa stk A 2
THHI 9 9 A9 W iy q99 T 2

10. 3H dIel, 9 SIG W LR W99 Bl 2l

IYAPT—STHT ITANT TF Teitash & ®9 ¥ HA LI S @l 21 396 T 9% (Dry ice) ¥ &9 ¥ i
WWW%I%W annsalcccreamﬁmﬂmmél

(v) Taomger Fgs (CH,C) a1 R40
1. TH&! FEg —23.7°C 2
2. 3T HEFH T HH e 8l
3. 39S Shif<ieh ATOHM & T 3= B B
4. I8 Al 8 W ST | e el

5. %Wm%mﬁmaﬁﬂwﬁ(chlomfom)ﬁﬁﬁaﬁwm%m-mgltm(ieaks)
TEa W Gehd 2

6. =4 ot IufEyfa ¥ e, ﬂﬁﬂﬁmaﬁﬂﬁﬁ'ﬂ'ﬂq{'ﬂwmonoswe)ﬁmﬁl

7. @R YHR F 9 9 faedq ¥ g 9 2l

ITART—7E B T W THEA - TG § T R S T § W NS e &
g 217§ 39 SYENT &9 & T R

WAl gt (Flourinated Hydrocarbons)—3¥ 339 3 wéM Teoify #1€i&e halogen
derivatives 1 ¥ TREISH TTATY] & T T T 9 T T4 3 & W 21 €1 59 or=ptq fafem
TR % Witaw 34 ¢ TTH ¥ PP TWEW THESH 9 T AYhSd THiEH F qY T ¥ o 9
1 TART T ¥ fafe 3T AW § W SRRivE i % oTER W P wwraE WA

AT W R

o o o I B WL

B

[
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(vi) F-11 (Monoflouro Trichloro Methane) a1 R-11

1. 39 <& e g 1

2. IE IS T (centrifugal compressor) % TR S fehan s 21

3. AYATSEY T W T FEAiF (23.77°C) Rl

4, FEFR TE T A F T T NG IS AU Tl e § @ SR

5. 9% U T B 2

ITETT—a7 T, s, Seeht st woia ¥ F H e S gkl €1 36k faeve 1 I
T B 2
(vii) F-12 (Difluoro Dichloro Methane) a1 R-12

. U8 U¥=M (reciprocating) d U WS %ﬁa?ﬂ'ﬂaﬁ%l
guiied & IWN U d9HH §gd (= &
IHIfaT oAt aﬁ@m swept volume meml
I8 T a9 f5 & g wfafewan = 2
At & TF alloys F T UG ©Y H ITAR H-oAG S HHA 2
=g a9 YR o I IWEM H @ HIfeT SR copper plating 7 €
T7 T, THEH, HeroriH, e wiaE Bl
AT g T T FagE =20°C ®
9. mwﬂamaﬁwm@m%aﬁ@%mﬁ%mwm%
g e, AEHIE, Free/ RS IS (cold storage plant) A STEHHM TAH o ITAN § w1
S T & 39 faevst & LT Ehg T

B TERT M s TR e

(viii) F-13 (Trifluoro Monochloro Methane) a1 R-13 -
{, Fae FEATEH —81,1°C @
2. T wifaar arAe e B 2l

3, Rl shiiaeh <19 39.5 atmospheric 2l
4. 3 foqes ToTe (C.O.P.)Wﬂﬁqiw‘nﬁﬁizmﬂﬁﬁ@mam%l

STENT— i & seteoT, e Wfafhaisll @ cascade HAA ¥ f= 3R (low side) W H&A foran
N w2

(ix) F-21 (Monofluoro Dichloro Methane) R-21
1. 9% 9y grdftes (centrifugal compressor) & g ygea fepan S 2

2. 39 @ = A 2
TART— 3Tl 98 SUAm & fod §Xga el fohan Sl



58 Wit W Smrger
(x) F-22 (Difluoro Monochloro Methane) 9T R-22

1. SHH swept volume 3T &t aman aifirss e B

2. THH AT TSR qWEE %W S 1 9@ R § fF F-22 W ST F-12 F W W
stfereniaes foran =1 w1 2

3. 9% 1= 9 3=9 aiftes agem W st e o g g
4. THH FHAAH ST T R - 41°C B
5. ¥ el & gl
6. T8 STl q eRoRiE 2
ITHT—-*R], SAEQII, hiee RS GI=01 (cold storage plants), FAETehE et e | '&'W
ST fopaT ST 31 W8 —29°C | R — 40°C T S AT & o FAIT Bt 21 $Heh AT A
T F B
(xi) F-113 (Trifluoro Chloro Ethane) 4T R-113
g 399 &1 derivative @l

IUANT—E FEIETH § F9 I WaE & TY N eUH=1d geiies & WY e foRdl S @

(xii) F-114 (Tetra Fluoro Dichloroethane) AT R-114
1. I8 9 <= wefider & &9 A 3990 fhar S 2
2. U AYhIT TESH & I YA Y T 9 2
3. F-22 S W& 9k § M, T SHi3TE S99 &l 2
SUGRT—3HeHT Te A sehEdl A Ul wefted & Wiy R W £

(xiii) 9 (Water) T .R-118

1. 9e fg@ish 0°C R
2. 3% FHI-TGeR! 0T =S B

3. ¥ JeE OIS < WY Y4 § A S 21 3H! God a2 et 9w 2 o e fewien s )
(xiv) U9des fasoy (Refrigerant Mixtures) R-502

wwiteh 7 fafvt weitaes fasil 1 s & e & Rl <o g T SR—AShErT fasmn et
% T 2 F=302 % 181 stk fasn & Frai—F-2 = 48.8%, F-115 = 51.29% T TS
I R FAE —46°C |1 T4 T G CHCIF,/CCIF,CF, 31 78 sraereie, dame e & aen
azﬁmﬁqﬁ%nagmammmmﬁ%mmélw—ls°c | R —51°C T F Qg
% foru 3uger #1 R-502 & R

lzamR-zzé;arémgmaﬁ%lmmmmo hid B 2!
T T AR F 0 wROR 3.2 F wafi| e
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§ 3.5. factae wvitae (Secondary Refrigerants) :

F9 il & son-sm § s s w0 ¥ ford e e ST o T
T focires e 1 s fen S @, SR—a, e, T A ) SR S A
mmm%ﬁt@aﬁi(evaporator)ﬁ'@ﬁ%ﬁﬂﬁmmmmmaﬁm
R\ fdtren st 3o fopmn @ SR-aR QEm R

Fecderer -] 1 ST TR 9 it qen syt e A § R SR ) W
fixeerer-wiieh Srel, EfEa-aeES i HIet (brine) 3R HiEWAR-FATEE = 2l

§ 3.6. Tawiw Iy & ford wyftaen @t =@
(Selection Criteria of Refrigerants for Specific Use) :

et ey S2vg & o Weiideh & 919 i A SHh T FSRTTaen] d GRET W O %
qo-Tg ifis TN W AR S onavas §1 foRel weiiach o g $H/TER W Sl wifed fF W
fod T fafere T 9 STEvEEAE ¥ STTEY FH HA § HeW DT DI i STesy T €, W f
oift wefteT SREdl & ford Sudm o 1 wah fafvem SyEn & ol fe-fim o 9 stavEsad B
¥ et wefaes @ wrdies 1 9T S ¥ TRe Frefefigd O W eAE A1 SEvEE

|. SRR T S G 9 @ 31U (Limitsof working pressure and pressure ratio)

2. SaoHvfieal 9 H&RUT (Space limitations)

3. WM 99d (Space limitations)

4. 39Tl TH Hed (Availability and cost)

5. a1 fgsEar (Oil miscibility)

6. A9 T q41 AT9shA (Bvaporator pressure and temperature)

7. R ag1 iRl ARTA (Initial and operating cost)

§ 3.7. &TUT GYEA (Leak Detection) :

ferelt ot sreftqer sromeft 7 AfE sreftaeh o1 &R B R AR W A I D wEW T A 4R, 7@ 3W 96
R PR @ @ g g WS TgRve TW A Afus A o ) s i womeh ¥ e firg
ut(pointofleakage)mmmﬁww%ammmmﬁwﬁa?ﬂmmm
AGHUSEA & FH ¢ 79 FYIaeh 1 &R AT ) WE e B0 g A R T o ¥ s 9
SR S S 1 A9 T8 B fR drgt 3 W wumell i R a o 3 e s et % an
S U S THALAS €1 AR &R0T 1 Al TR HOHG T A Tl 2 sl yoned weitas 2
T S R SR 1 ST 3 &R R 9 A qoneh o1 Rore <1 9 A1w g s § qo sehe fras
ﬁmﬁmm%wmwwﬁammﬁ%nmmaﬁw@rﬁam@(dchydrate)
X o S 21 or: et WO % Gur w9 @ T F R &R0 1 Ga S 3 e S 2

aﬁmﬁaaﬁ‘ammﬁtﬁﬁ(Leakdetection)ﬁﬁ%ﬁﬁ@ﬁfﬂ%%ﬁwquﬁﬂm
W@Ffﬂ{ﬁawéﬁmmm%mww ek T ST SR #1 A WA % qerEe a1
W@Wmﬁswﬁwﬁaﬁmm%
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§ 3.8. fafvrer wyfteni & groT Sy =t fafet

Al R T I S

© o N o

10

(Leak Detection Methods forVarious Refrigerants) :

(1) wﬁm_mmwaﬁﬁgmwhwmm%l s @ Af &0
B 2 N T TewT A R HH W I I F R

(2) Wﬁ-ﬁﬁw—mﬁ@mﬁwmﬁmm%mm%ﬁﬁaﬁﬁmﬁmﬁaﬁw
SIGR R G

(3) % & Wier ¥ MFEAT (Ammonia in Brine)—3oH A1 THF F =T WY FED grel
ﬁmwﬁlqmﬁmﬁmaﬁ@sﬁ%%m%qﬁmm%maﬁqﬁﬁm
% fo ST £ o 9 3 v TR % A O T e SR (qEe i’ & SR feer
ST 21 I S T % Ui % Wy g § T S el (g, sy o, ek brine
mixtureﬁwm%?ﬁmwmiﬁmél

(4) Wmm&m—mmﬁaﬁwmmﬁmm%@mﬁm
FHIST &R0 H | I W T6g g et 2

(5) HTET SEATEFUEES F FIOT—Freon 1 A A ol H ¥} W halide torch T TERT Fd
& ¥ W€ TF Q@ T FH W 1Y &R0 TYHER T @il CO, % &roT 9K F % fort Fg
et faf ot s # @Rt S g

(6) Freon U fiarser aFeiiges & GRU—§Th &R 3@ & fd Halide torch ™ H <

S R
wyTaett

Fitaer 1 wRa it
mﬂﬁaﬁqﬁfﬁ?ﬁwmﬁwmﬁamﬁ%ﬁama
@mﬁmﬁaﬁ%aﬁaww%?
faﬁﬁugaaz‘l%alﬁwﬁaaﬁa;mﬁfam
ﬁlﬂmﬂﬁaﬁésgw,wwmﬁﬁxﬁﬁ@—

(i) R-12 (ii) R-22 (ii) R-717
mmwmmmﬂﬁﬂmﬁmﬁmmwé?
fafsrsrwreitaent o &1 Hg= (leak detection) F fafee w dfira feoeit st
softass R—12, R—22 @1 R-113 ¥ fou e SR o wedtes T A €

T wias aﬂﬁmammnﬁmmﬁﬁwwﬁw
i ﬁ%"fqﬁqsﬁﬁaﬂmn,wmﬁa?qamwﬁiﬁaﬁn




4 a1y wvitas g

Chagter (AIR REFRIGERATION SYSTEM)

- i ——

————

§ 4.1. Uf=g (Introduction) :

T oY SR bt ¥ a1 1w it w9 § S b S 81 R § e i
W*WWWWWQMW o7 Fiifeh arg fo 1 oTa ‘B(free of cost) TN STHE
SUEe Et B FAeh A1 SR TG (phase) H FE URadT TE HE 9 wegul sk B 7w iy
e W € S Tt 2, sulon e el el S Ay weiteq frar A arst srEmiieor B @ gem
o, ufa fF (per kg) o1 F AT S YaI@ F &l (heat cdrrying capacity) sIgd FH il 2|

Fe ht AYF @G (high power requirements) a1 = 59 TUTF (low coefficient of
performance) & HRUI A~k WYitaH b o197 qeey # wAifiss gff | stw=fea (obsolete) &1 T
21 Ty SHTON % 11 9R qm ST H g R aR P oS TR YR (Aircraft

Refrigeration) H Sga@d ¥ W o1 ¢ W& A1g-<sk Wefa @ & To 31999 UF SHiies
(compressor), T ¥fiaeh g1 FoAT faffaaes «(cooler or heat exchanger), T& YHR (expander) T TH
NG (refrigerator) g1 &l

§ 4.2. ITST AT & S -1 ¥ aTg W9iaH (e & @19 qe e
(Advantages and Disadvantages of Air-refrigeration System QOver Vapour
Compression System)-: :

¢ (Advantages)

(1) 91 Fef.%9 a1 3@ 9 Iqefsy 2
(2) GR&n @.2fe & arg uw qifea w2l
(3) mmmmmﬁm@ﬁwﬁm (Economical) %\m%azhﬁaqmm
@Ak (without any cost) SUcTeY 2|
3T (Disadvantages)
(1) 391 fo1e TUTi (C.O.P.) 5igd &4 2l
(2) T9! URETE AN (operating cost) Sgd SfH 2
(3) 390 9gh B 91 Ul A TH AR a1 (bulky) B E
(4) S ¥ETE F &HA (Heat Carry:ng Capacity) Sgd ¥ &1l ol

62

|
J
|
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§ 4.3. AT WYfAA Wk (Air Refrigeration Cycle) :

TN A T Welitas & w9 § WA R o 21 9% F e 9 e @ S e 399 g
a1l T Y SR (discharge) 7t &1 9 = steren fF ek # 7R agedt 31 T@l had 39 I

Radq (sensible heat change) N 31211?-[113 Teh ThR I T Iy (sensible heat pump) 2 arg LMK
I A THR & o gHq T—

(1) EeT =5k (open cycle)
(2) 9= 9% (closed cycle)

H AH (open cycle) o IY-WRMAeh (air-refrigeration) ¥ a1g, Taci-hal (cold chamber) L
A T R el o @ W § Wi | Wa-favs (cold body) ¥ W ey H et 21

T TH (closed cycle) ¥ 19, Wk WA TN W ARgAvSE ¥ R UG S ¢ gEH 9 TH
T | B TafEd ot 31 Wiaw w9 N 39 FaRe ¥ 91 1 agASa-ch <F 9 Sifee el

EIRBNIGERET refrigerator) : Wfaafda e =% (Reversed Carnot Cycle) a1 yioafda S <6
(Reversed Joule Cycle) T Bell Coleman Cycle @1 Brayton Cycle $'&gd €, T snefia M €

wtafda i =5 (Reversed Carnot Cycle) &1 31577 g9 T4 STEAT & & g &1 T8 81 o1l shietid
< (Bell Coleman Cycle 3T Joule-Brayton Cycle) &1 faga a1ezaa &4

§ 4.4. ST- TICHA oeh AT Wfaadl A< (Bell-Coleman Cycle

or Reversed Joule Cycle) :

Reversed Carnot cycle E: HIR T ‘Bell.Coleman cycle bl AN WeNH (air refrigeration) T fwa
T TR Ml T h guardid ksl (Isothermal processes) &1 ‘Rem @ wfwAE (constant

pressure processes) SR F&ell 71 $HH 91 WRiiqeh RN § o S 2| SEd 999 YEd 39 YR <k
TR (refrigerator ) ¥ $9, ¥k 1 SHAM IR & el | e T

fa3 4.1 | open airsystém N3 =1 YE-f=7 gv feam T 21 S« wide e (cold chamber) ®
m,mmmﬁmﬁaﬁﬁﬁ%amﬂga@@ﬁ@mm%mahsﬂaaaaﬁr@“taﬁaﬁ
¥ geh § 2 d W g 9y e (open air system) &l S 2| THH HHdiSh. AT WV Tk
¥ A Yo F Q9 F 0 @ 21 T8 ag o fufd, yee-fa (flow-diagram) W g (1)
3 feard T 21 9 geftes A o TG ¥PET (Isentropic compression) 2l 2| HerEey a1y
1 T A SHE T SFA HH 8 W ¢ 7d: aites 3R O W % foha w1 @ R 31 3=
27/E 9 qIaAH arell gedifed arg argeiaeh (Air cooler) H a9 STt g1 S Teh SiehR =1 o1 fafwr (heat
exchanger) 21 91g & g ¥k’ (Air cooler) T F Tl Fo o e foman s @ fomd st
ﬁa@afwmﬁanwﬁ%l Aircoolingan'a'{'ﬁm@'{'{'ﬂ%l [T aneet gen o for W feran s
%lmwﬁmﬁr{w%u-‘mﬁsﬂﬁ’ (air cooler) ¥ a9 (2) 9 fehr (3) | feramn T R1 o
g ‘wer fafaost’ (expansion cylinder) ® Ty S 2, e yew (3) A @ e ™ HECEE
T 9t g hl FUR fafetust (expander) | qu——tﬂﬁ J4R (Isentropic expansion) B %I 3d: 9 <Rl
S gl B ammwmélm%mmmﬁmmmm% m: 39
¥ afres qMOuA S Yaq Bl %I g expander Teh expansion cylinder 31 f59 Air motor *ft &g d %,
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a;:gmm wl W@lﬁmﬂ 7SN (absorption) Fedt 21 waEEy wiad H?&Iffarqqmﬁq
s gﬁf;‘aﬁ;:f‘;’ %’IC) o e o & AR Bell Coleman cycle 7 (P-V) (T-0) T (P-H) 3y

1F -
] ; /ﬂﬂﬂ?ﬁ
=
5 Y 2 i s
: F' 3¢
: NiGED
:' ?ﬁmﬂ; /(i?cooler) —»| ol FEH [
R ST <
i 3
R3RED
y :l;:§ %
4
*~—Pp—

fa" 4.1—Open air system of refrigeration T ARG

fir1 4.2(a) ¥ Bell Colesian cyele % @it PV diagram <! fer@man Tan @1 gwfied & yER Sferard
H’H@fﬁ (Isentropic) AM 5| Bl 1-2-3—4 & 9A%d 39 YTt | e a9 (work input) =h! gt
2 T fag 1,2, 3, 94 WHE: T, T, T, T T, TH A9 &
C,= g %I fer T W fafte s

p T p
4 feor 7@ YwA
V—> o —» H—
(a) AT HIOHT F FT P-V IW (b) A FNATT T FT Ty AW (c)
fo 42
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iiad &1 ¥ a1 8W cold body ¥ STEifid o1 A1 Frameht T s Ve e waE % SER el
2 WA I (V) = C(T, - T,) ki/kg of air
g ¥ (Air cooler) i FERITHA (Reject) T S
= C‘p(li"2 - T,) kl/kg of air
g W T T W= fTRfaa S (heat rejected) — STERIG ST (heat abstracted)
= C(T, = Ty) = C,(T, - T,) kl/kg of air .

3 =1 faeaes ot (C.0LP.) = T RAT A9 (V) _ C,(Hz1y)
gaad W) CTAT)=Cph 1)
C.O.P. = (T, —1y) ()

(Ty = T3)— (T} — Tj)
ih qU1 U o forl THR S 7 gried ST ae e wifed i o ot Se o e g
A BH =ifed|

9fh 1-2 TG Gedte (Isentropic compression) &,

(y-Diy
= . .ﬂﬁ-} ...(i)
1, P
4 (x-by :
Bl LN ¢ ...(iil)
TAN, NG
n_5
B T
-qT T2 = %X 7‘1 ...(iV)

AT (iv) § 7, 1 AA GO (i) H T W
(T, -T})

COP. = = 3
fixg ~T)-T-1

L h—T 41
T 1 E
O -T) - -T) -
T4 4
Trerrar @ feaTe TquTies C.O.P. = TT4T
314

§ 4.5. ARAfa®H AT HIHT ek (Actual Bell Coleman Cycle) :
At S =, dafas 9% 4 sHfared fo¥ead Tad —
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(1) a1 A (Air cooler) ¥ 3 fer T8 e, aftsh <@ 1 F© WA T <
(2) e 4 (Cold chamber) ¥ S o1 Saei 3R] ERT ek <@ W T Bl €1 ¥ fehan A of
T & T B R

§ 4.6. iz-'é:q W9ta 1T (Bootstrap Refrigeration System) :

Wﬁﬁa@ﬁmﬁﬁ?mﬁmﬁmm%amwﬁmﬁmmm%'*{ﬁ'—@‘?
WW%W@WWW%lﬁmmeWﬁWW§W
(modiﬁcations)mmw%ﬁ@ﬁ%ﬁmmﬁﬁwﬁﬁmmﬁmm
N TFA 2

54 frem # w fgdias arg 9riies (secondary air compressor) 99T Th uyg-Yitde (back cooler)
=1 AT B S 2 e 3= guited Qe adn ifues Side 99Td (coolingeffect) &) T foRan ST wh|
- e, v fw o 4.3 ¥ weffig £, % TF W S o1 e fafiEe 2 € qe for <XEred
(Expansion turbine) T T (fan) & TIF W TH GHISH (compressor) 1 Ferdl 21 TEifee 98 A8US
fer (Ground cooling) ¥ e s el B 1 34 frar 1 SRt sk A 4.4 Y wefda B 92
énmmwmmmmwmwm%ma@mmm@ﬁ(pﬁmm
Exit jet Exit jet
Compressed T

air
> 1

S 54 After
Jet ! § cooler
Air

compressor A
cooler ) 6
Cooling turbine
I |
7

|
I I
«];2 Coaling air Secondary
compressor T GabiR

Ramdair 2 '}

fom 4.3—q2-Ru wvitaw e

-

Stagnation

temperature

b —>

faat 4.4—T-¢ 3@ W -V fwa
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source)mmmﬂﬁr@mﬁaﬁﬁmnmmmﬁlmwwﬁgﬂ(drag)m
ﬁ?ﬁmﬁﬁﬁmmﬁm%mﬁw (heat exchangers) 3 (ram) T R
n
WI-@wﬁmaaﬁaﬁaaaﬁﬁmaawmm%,wﬁaaiaﬁ-sf*cmm
1'03mm“ﬂﬁm%mﬁmﬁﬁﬁsasmmﬁﬁﬁﬁmmm L]
% USW a1 W 15°C 7o sver feman s § won yew faferet ® O wre fafa @ ywifa @t
ot & e fot Wi e A A @ SR B C = 1004 ki/kg"K T €, = 0.717 klkeK T
g FI9 Sife) .
(i) wia f&m qg W &d ’ﬂiﬂf,
(i) ¥4 wq ¥ Sax HoT WY UWE, 991
(i) FeIER Ui C.O.P.
TA—(3W 4.5 fo=) fesgem fean @ P = 1.03 SR (bar)
P2=5.25'ﬂ'|'( (bar)
T, =273 -5 =268°K
T,=273 + 15 = 288°K

1.4-1

T, = 268x| 22 | "t = 426.8°K
1.03

y-1 y-1

T3-[ﬂ7- Pl
T, B o
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T

T4= 37_-1

(2)"
5

T,= —2° __ - 180.84°K
(s;zg]ﬁ
| 1.03

(i) 5 fovm 9y W wa g5 =
R.
W= oG- ) - 0y~ 1)
_ 0289x141

LA1-D) [(426.8 — 268) — (288=.180:84)] = 51.32 kJ/kg FW

(ii) wfa forn =g g1 erawifia s
N=C/T, - T,) = 1.004 (268 — 180.84) = 87.5 kJ/kg I
N 875

(iii) s o C.OP. = —— = 222 — 14905 IR
W 5132

IRV 2. TS AT Hlerds W9fiad ok § I1g WWies A 1.0 9% 1@ a91 —9°C 19 T ¥a9T @t
A9 AY 1 WA 5.5 AR @ aAq F & (PVY = €) @ fowan e 1 wiitew & uge 9y
W 18°C o IUST foman smar @ e WER facivst & viaem & usm arg @1 SERer R s
2 a1 5T ag A viia e H O S @ @ wie @1 C.O.P. F ST afe weawur pyls -
C & AT A1 C, = 1.004 ki/kg-°K, 7 = 1.4 T R = 0.287 kJ/kg-°K Wi

T—(JE o 4.6) FoRER @ @—P, = 1.0 a1 (bar), P, = 5.5 9K (bar)

T, =273 - 9 = 264°K ,Ty="273 + 18 = 291°K
y-1 0.4

L _|B|Y =(EJ"4 = 1.6275
T; A 1.0

T, = 1.6275 x 264 = 430°K

&= 4.6
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n-1 1.25-1

L _|Bl" B Z(5502=1406
Ty =15 A
B, o Pl s

T =
471406  1.406
st o o | o g o W= G § Fa % — YER # W FH
¥—1 n—1
= L4 02871430 -264]- (1)?)?5 % 00872912 207] kI/kg

-

= 166.75 — 120.54 = 46.21 kJ/kg

gfd fFm 9y gr srawifom e, N = C(T, - T,
= 1.004(264 — 207) =57.2 kl/kg

N 872

fsqre Ui C.OP. = — =
W 4621

IETEAT 3. U AT WRGA @, W AA- I G U H™ HI 8, 10 27 WyitaT gwar & ferg
T fHaT S 31 e S| 4.2 S a9 AT g 1.4 % ¥ FHe # g6 i 50°C & IS
forear smaT @ den Wolew & WAW W.AR @7 amM -20°C ®1 C, = 1.004 kJ/kg-°K, R =
0.287 kJ/kg-°K WI=d|

A HRA—(a) FSTET U, (b) Ff4 fie a1y &1 WAE (¢) FHIR w1 di<en fowe
foreoTe (d) TR FAeiust @1 fetae foed s qun (o) ¥ 2T weite & fAe 92 HP.)

=1.237 3IW

TA—fea 2— yeiteer & = 10 29
a7auiifad e/fe = 10 x 210 = 2100 kI/min
(Q fo 4.7) AR

3 2
P2--P3 -----
PVI=C !

! =

o

: :
Py=Pgf------ x 1

A (V) —-

(a)
fax 4.7
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f’zﬂf'?z«ilhﬁl.l’ssl"sllbﬂ!
T, = SrC = 123K
T,=-200C = 253K ,
(@) C.O.P.—~5r 7, A 7, wap 2w #ig3 ¥ g7 7 = oo
o fafa A g oA =141 B
;. FEME WEE (3.4 3 fom

T Wy T A T hg

T v iz ()2) % e

A
e @C)C'O'P'z tTJ-lT:i—t;”:—Tu
& - 253 -236
" (346-323)-(253-236)
O COP. =283 I
(b) “ﬁlmﬁmwwmifsvﬁfmmmmmmﬁmw
?\ = C, (T, - T,) = 1.004 [253 - 236} = 17.07 kJ/min
!&ﬁnmmﬁm,m_:gﬂ: e
¥ m!ﬁamfﬁmmg

2100
"eT oy T 1P kgmin I
(e;mwﬁuﬁsﬁmw~mmmﬁamm v, @ pv=
R.
Vlz ’._“L_!_T!
A

123 0.287 x 253
= e - S8 mimin I
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(d) TR TARUST & Fanfen Fervonm—ae s et o foreara v, § A, WA S Sehe

(1-4) & faT

ilVe
L 1,
63.
V,= SopRRa g, 59.5 m¥/min I
253

(e) Wl &7 WA & foIU Net H.P.—xfi firfe sfiem a0 T fehel T & &
W=m, [ f=fa@ (heat rejected) — o srawfid (Heat Extracted)]
= man[(Tz = T3} = (T3 — Ty))
= 123 x 1.004[(346 — 323) — (253 - 236)]
=74095 = 741 kJ/min

TR T S Y8 H.P. = B 16T3HE
44.268

f~- 1 HP = 44.268 k)/min]

HLP.
- S = TR % T Net HLP. = — e _ 1673 _ s gpTon IR

IR L

IEET 4. Teh AT IR @ 25 27 WP @ A wite & forg wam fwmn S #) weiew
%mmrc%ww%ﬁmwmwc%maﬁﬁl&(i)irﬁmﬁwmﬁmiﬁ
(i) Wft =7 weeT & fon wwiies @t wiiE| we § waed ag &t T 3000 kg/hr R wwite
TG WER @ ® pYL3 = ¢ & Fram Sruter g g1 ag & T y= 1.4 39 C, = 1 kl/ke-°K

e e f

T f 3—weiaA 9 % & =25\&H, T, = 7°C = 280°K, T; =27°C = 300°K, m,, = 3000 kg/hr

= 50 kg/min

yeiiaq =& &1 P-V a1 T-¢ BRE W = 4.8 (a) T (b) B seffE feran w21
(1) Tk o1 Frearg unes (C.0.P)—HrT T, T T, = Gdted 0 YR % = § 91 H1 AW
s eliq 9 &1 & 25 Ton @

3m: &3 g7 SrEwifaa S = 25 x 210 = 5250 ki/min
T = g e S =m, - € (Ty = Ty
=50 x 1 x (280 — T,) = 50(280 — T ) ..(ii)

e () 9 (i) ¥

T I €,

50(280 — T,) = 5250

T,= 175°K

n-1 n-1

T, gTz[_&)IT_z
g 5| T,

o TiXT3
2=,




(280-175)

13 d4-1)
480 —300) — (280 <475
30" 14 X )= )

=1.13 3W
7| I AU
pv13=c }
E
T}
T de

o 4.8

(i) W =7 woe & RoTe Wfew—frm <@ S (4-1) B sravifed S = mp C(T, - T,
= 50 x 1[280 — 175] = 5250, K¥/niin

AauNfad ST
g ohr/fire = o 200 s Rmin
foeH o 1.13
. 4646
yfa-29 weivd o fau ufem = T =3.1 KW/T.R. I

I 5. T, AeA-ShieTid och W IAEE, WUiaT &9 $Rawa (cold-chamber) & -10°C W
a1 TEUT HTAT § 3N FHHT 1 bar & 6.5 bar T WHitSH Tuiies 1.2 T@ gu difea e &
wuiifed g & 25°C & ATg AVSEq AU ¥ 5°C IMfoeH AW de ST R ST &1 59
UG TER TUIE 1.35 T@d §U YRS (expander) N 3H&HT WHR farar wimam 2 arg & fee C,
=1 kJ/kg-°K W21 A6 sifed—

(i) FeEA Tune (C.0.P.)I

(i) 20°C & TR & 0°C & 2000 kg/day % T & forw Wiy firre wanfear &g @t o,

a
(iii) =7 Wyt A wiie &t Tgar



ga—(3d o7 4.9) e femn %—-HI =12, n, =135,

R=0287TIIAe’K, T) = 263°K, T, = (273 + 25+ 5)=303°K  p, =P,

=303°K 6.5 = bar
b P
(;;J =|=2|=65 ET;
1 P4 —
o R v
! 1351
X ] 135 P1=Py4
——= 1= bar 4
P
: AT (V) —»
303
= 186.5°K a3 4.9

~ (6.5)”'35’1'35_

3: Hd wHH W, . /kg = IR (compressor) A Fd & — TERE (expander) H WE

=[ L R T || 2 Ty -,
m=-0 " U -1 Wy i)

n -l 1, -1

m P '7|_ n & o

‘RT|| 2% -1 RPN -

(m =1 (P,J (=) \(* [PJ 1
1.35

1.2
= % x0.287x263| (6.5 N |-
0 <263 (632N |- 1

I

% 0.287 x 186.5[(6.5)0-35"°35 _ 1]

= L2 0287 x 2631366 ¥1] - 12
0.2 0.35

x2.87x186.5[1.625-1]

= 165.75 — 129.03\= 36.72 kl/kg
Mg F9 (N)/kg = C (T} — Ty)
=1 x (263 - 186.5) = 76.5 kJ/kg WX

N 765

fieare Tt C.OP. = = —— =208 3W
& W 36.72

% T, S, ST SEvEe WYAA W = Sfdfe 9 A 7% i A

%[, - ) —0°) + T SEH % feu T

~ 2000 x [4.1868(20 — 0) + 335] kJ/day
= 837,472 kJ/day
837,472 . 837,472
yalfed arg st qE/fHAe = C, (T - Ty) x60x 25 T 1(263 -186.5)x 60 x 24

7.6 kJ/min 31

837,472 kl/day _ 2769 Ton F
210 kJ/min x 60 x 24

yefiia &ar (29 H) =



-9 = @ | (swept volume) = 1248 _ 0,026 m®
2 %240

falisll 'dc=mfeévmmm,amt=@$m
T a2 x1 =0.026
4

112
d = [0'026 il 4} — 0.407 m 407 mm

7t x 200
- Oview foadver =1 =@ Sigar 9) = 407 mm ST
(iv) T&a9& (Expander) &1 faes fawgm= (Piston Displacement) @4l T (Bore)—
IEIRRSIN firg 2 W e V, = TR0
P2
g & L 0'2817 "1:)200 ¥196.25 _ g 476 m*min I
X

.. §f DIF WE FFA (Swept volume per stroke)
A _ 0176 m®

T 2x240

|, dezﬁaﬁa;rwmamt:@maﬁmﬁ
Mkl = 0.0176

EC |
0.0176x1000x4 "
- d=\;'1 a "] —~ 0.335 m = 335 mm
a ¢ % 200
. foors faevel & A ATq a1 (Bore) = 335 mm ST
(v)qﬁzaﬁaﬁﬁ%ﬁqaaﬁmﬁmﬁﬁ-—m
weitad 999 (Ry)

frsqre 7T (C.O.P) =
%a & (W)
6 x 14000
167= —
W = 50299.4 kJ/h = 13.97 kJ/sec.

srava® WE P = 1397 kW I

BREICK]

W%wﬁammﬁwaﬁﬁ@aﬂmm

1. Wﬂ@ﬁmﬂa’rwﬁmﬂmﬂaﬂ
2. @%ﬁmﬂwﬁaﬁ@mmﬁmmﬁmmmﬁﬁzmﬁ\
efiia FT qe C.0.P. H1 S A FIS

3. e N G N (P-V) T (T-¢) TR T
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4.
3

6.

10.

eitdd T JIEeA
TF -89 S FrE w wf el s
T SeT ST T9ia® 1 o) e 8 IR &t T FMel ¥ wem F wal 1 W FE W TG 9°C WV wrg
E\ﬁ?ﬁ%lm%‘wﬂs@ 29°C 7% Ig1 fopa il €1 edte aen war frard PV = const. 2 R et
€1 T % C.O.P. 910 HifS wafts arg % forw y= 1.4, C, = 1.003 kl/g [F9—1.27)
& Bell Coleman Cycle T s1e1id &R 33 a1et a1y Weie fehrd 9id At § &g 268°K R 7 @ den
39 Lbar ¥ 5.5 bar 7 Gefifeq s<ar 31 Teftess o 1.25 §1 gwffed arg # 300 K e 3faqe fman s
=1 A TG H S S §1 v e o 135 81 agEveer awEe 2096 2 g % for ¢ =
1.005 ki/kg-K @1 R = 0.287 k)/kg-K s (i) Fr 1 C.0.P. Fahiferl (if) 20°C/% Tt / 0°C i
1500 kg/day 5% M R Warfed 91 1 qe0 i T (i) @A H e (KWaw' 7)
[FX—(i) 1.974 (ii) 5.814 kJ/min (iii) 7.27 kW]
Bell Coleman Refrigeration Cycle 1 9% @9 6 R & daisll # o shecl 21 Hde o SR PV!-2 =
C A" PV!3 = € & AR Iof € 21 A 91 o WETE 1.5 kg/sec\Bl T AlS 1 &Fan q e ot
T FId I ST=RIel 3Fe Y WY | Hiie o JRE # 9 S A 7°C a9 FER o e
AR 1 A9EH 37°C € R = 0.287 kJ/kg-°K @I [SAT="eI= &Hal = 32.3 &, C.0.P. = 1.763]
T Bell Coleman ¥ T AR Woftad o & 19 Id. &t § —2°C @1 1 bar W ot St & o1 39

11 bar de Hufed foran Sdl €1 39 €@ T 29 20°C SUekfohan w1 21 59 g Far facve ¥ ywifa

ek T: T el hl wieT a1 win 81 Giied @ YO el war faft ¥ g € 7o 7 frm pyid=c @
e Sl §1 P-V A1 T-¢ 3@ Wired g4 5 Tons Teiiae &1 o ferd 31 =4 (1) dsifeh C.0.P. (2)
A9 Y418 &1 < kg/Min (3) Hdied a9 3@ o1 fire faeared ufa fie (4) Saifer 9o 9fq 29 &ma
& fam) [3WL—1.015, 25.5 kg/min, 19.8 m*/min, 10.8 m*/min, 3.44 kW/TR]

Teh Bell Coleman Refrigerator 4-bat @l 1 bar shi <19l Tareil # s oh<ar &1 Hle o 941q o &1 17°C

AR FHlE T A HIfTH S TAF g Gel § s 1 Wited % WO ¥ a1 &1 A —13°C B
[3¥X—78°C, 2.07, 1.02]
Ue Bell Coleman Refrigerator, 1.05 R Q9T 8.5 91 o1 <& Hisll ¥ w1 shian 21 3 &1 ¥ 10°C W
ary ot St &/ Gdited St S § a9 35l FAR faave ¥ 99 9 gd 30°C 9o 3ver fEA W 21 yeR
qeT grited H fEe PV = ¢ =1 390 gl 21 e w6 i C.O.P. 31 S [FR—1.3]
& Bell Coleman SRiaA @iie | A, ¥itd & ¥ 1 bar 991 10°C W oft STA & 9941 S bar 9% Gafed &

| Mt &1 AT FHerR F 25°C T 3UST h{ch NOR fqeivet ¥ Isft St @ el s9eh aeel & <9 | bar 9%

waR f&a S 2
(a) = I gif<e C.O.P. ad Sfafehm a1g o T et dgifder weited W) Gt qen o) fHar
guu=Ifash A W y = 1.41 a9 C, = 1.009 kJ/kg°K [39¥—1.7135, 95.7 kJ/kg of air]

(b) afg GdieT ga1 SR fopard shmw: P35 = ¢ aanr pv!3 = ¢ 21 @1 9oy fFe weRR wenifaa B
[3WX—1.747, 78.19 kl/kg of air]

T 3Ue foral Al 1 Uk SMEY WY SR Seus gAqH AT9HH R 2?2 36 9y W C.0.P. 1 g U
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Chapter (VAPOUR ABSORPTION SYSTEM)

e e —

e

§5.1. gqf=d (Introduction) :

mﬁmﬁaa@@ﬁ%t%ﬁmw“mﬂmm%ﬁﬁﬁwmm%m
SRl ST SYAIT ek St a7 o o off e < <@ @1 g fehrr H AfRie e (moving
pans)a@a?ﬂ@ﬁﬁmw(operation)ﬂﬁ@%%l%ﬁﬁﬂﬁqammﬁm
e ST 21

@wmmammmmamﬂmq&%lsﬂmmwmm
Wﬁ%lWWWMﬁmm%wwmmﬁwmm%W
mmﬁmﬁwﬁﬁ%ﬁsﬁmm‘mﬁﬁmﬁwmmmm
%,mmﬁwwﬁaaﬁwawm%

mmamﬁwuvn?ﬁfr’mﬁwmbsorber)mmaﬂw%waﬁmﬁwmwén
9 33 10 29 € S foR oy i T Y, ST S R A TE €, S-S oy & f,
T afy 39 STENNeh €, $H WK e AfESU (combination) 7 T 2

wmﬁnﬂﬁﬁmﬁﬁqmawmmmwﬁmwwwaﬁﬁm
awwﬁmmmwamﬁlwmﬁmﬁ%wmawas?rqaﬁ(Absorber)aﬁﬁr
(gcnerator)aﬁmmﬁaﬁmﬁ%lwﬁmwwmmaﬁwaﬁﬁ,ma

Y A FOR aed 2 2

§ 5.2, ATe-deh (Cycle of Operation) :

(1) WAl aTe-STEiNuT @ (Simple Vapour Absorption Cycle)
T i T S Y et o B
(1) ¥4re (Compression) (2) Go9 (Condensation)
(3) fa&X (Expansion) (4) 9T (Vapourization)

. ﬂ"ﬂ'ﬁ%ﬁﬂﬁlﬁmaﬂﬁmﬁﬁﬂm(combination)WﬁmwalSﬂﬁaﬁﬁmaﬁﬁsﬁﬂ&?
% w0 H 3 U SRS & w9 F ST R S $1 WHR §re s = o 5.1 # fewrn w0 e

sﬁﬁaﬁﬁ (evaporator) 3 omifrn & oW f @ 9 T R et STEeiveh (absorber) H
WY ) $1 92 W 3ve gt O 31 O St S e Ul ¢ Herawy S I Bl ©, 39
TR B I A9TH 97 S el #%wmmmﬁm%m:w@aaﬁﬁwém
T TG YA B W 2| SEiT I8 e € S § foh STaeies # Svel WMl Yefed fohan s =g

77




78 WiGA T SIERe

amifTen 9
. — 1 e
/Gﬁ'ﬂ quﬁ-ﬂ %
M ~—STd FEw
s Hid l qlm ‘
sk maﬁa 3= <
T oA )
o=d S
Yiaer W@ q&m————g - { T
<t W
Taer Ia e ———] I
T Brine™ Brine
STAYIIE wgu e

o= 5.1—TEI0T aTH- SEYNYT T

75 ST & TR S STaN <E Y 1 T € woawy st STt aTe W i §| e =i W
81 w1 81 39 9E-9Ie (strong solution) HhTeh 5a-99 (hydraulic pump) o BRI SiA (generator)
H I T 21 39 T9-U Y @ g Sl 2o g 47 R g |IEd & BN a9 (heating) feRam
ST 21 39 YR TE T Y A S sy grg-siel ¥ 1o 8 W 8, 39 9 396k ] a9

A9 <=4 Bl HEGEE AL LRS! (weak solution) Teh TTd STkl dlcd (pressure reducing valve)
EN 39S § 99T SaL2| JeE-ee 9 SsU-dIgeH W AN 959 9 (condenser) ¥ WA A

&) Gume T SredieRTor ah WIS Yideh Sl (cooling water) Shi FRISFTT (reject) St Sl 81 Hera®y
‘STRfr AT 359 9 R e g § wiafda @ S 21 e 9 399 @ W e o1t 59
1 SERIY 91 FFI0T aied § STEUEE A1 YR Sl €1 39 YR $ 30l g9 oo § uRafia & s
3 qo1 e AAA.SHT @ FH 8 W &1 36 A 59 o, GiT’ § a9 R & Wel W ¥ S7q arsfiet
F T[S SET (Brine) ¥ A1 W¥fider el § W ag ¥ FON ST i 21 afefq Fwi arsheRto
F fran Si-21 39 YR T it Ay’ et § gk st are ¥ qRafia @ S S of S
ﬁwﬂﬁmw&?mmﬁmﬁﬁiﬁSﬂl‘%ﬁfﬂﬁ%(wcaksolution)%mﬂﬁf\%mlw

PR e Tl &l 2l

(2) arEdfaes e AGYNYUT Teh (Actual Vapour Absorption Cycle)
QR A SEEN 9 § g e FrEfatad §—
1. T% =¥ gfF | Swant 7 2l

2. 39! Terdl A Tl 8
3. ST (generator) ¥ Feher arell STHIFTT aTST o TNY-TNY U 1 a1og it Teedt 21 39 HwOT T

& 9 TERY G § SR A ot 2l
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@mﬁaﬁﬂﬂmwﬁ,mmﬁsﬂwwﬁamﬁwaﬁm#f@@mﬁaﬁ

|, fawere (Analyser)
5 ayade (Rectifier)

3. SoAl fafraes (Heat exchangers)
meﬁﬁﬂ S.ZﬁﬁmW%iﬁﬁw(evaporator)‘ﬁffmﬂ"l‘{[ﬁiaﬁ'w
syt <o fafmae (heat exchanger) Fo 1 W ¥ TR gAY ATk (absorher) 3 e €
“mﬁaaﬁmmﬁam%lwmmm@?ﬁ% s F vl T e € e
fferer  afus B S § A TR TS e T S9-T (hydraulic pump) & BRI S
o 2 ﬁgﬁmgaﬂaﬁﬂ (generafor) # yau T 2| TAH WY Aol 3T g 510 9 (heating)
mmélaﬁaﬁrﬁmwawwmmawm‘ﬁsﬁw’ (analyser)ﬁ‘mw%lm
me#WQGﬁaﬁﬂwaﬁW@mﬁﬂﬁm%Iﬁ?@'ﬁzﬁmseparatorﬁaﬁ
gﬁﬁmﬁ%ﬁhmﬁwaﬁaﬁﬁmwﬁwm%laﬁﬁmmﬁqﬁta@aﬂﬁwm
mqa(rectiﬁer)ﬁsﬂmmmwﬁr m%@mmaﬂm@aﬁﬂaﬂél a7el W
Yl (condensate) ! Tk Drip return pipe %mﬁs@w%m oqmT H T ST B 59 FhR GENIEE)
(rectifier) 3 e T S aTd fysial (dehydrated) S o A STEfE A Hufa ¥ 3=
amﬁmmmﬁ%aﬁwaﬁmmwﬁméi s s g § dfafia @ S g1 HeE

ayeifAan arsa SCHIEED
/ A
< |
I— et B s e S T
e Y %
E_’; @ﬁq/ ‘ e gfiae ST e
1
E (| yin o Fe (L[ e
AW :
o o faframs A4
ey faftaes
.2
F—C* —— T T = ——m
=
T AR * It A
ared = ClES YER 9l
ERER E
o e — ]
f Brine Brine
wa A

fom 5.2—ar@tash A AV =H
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Eﬁmﬂmaﬁmmmﬁaqﬁ%ma@ﬁmﬁ,mu@(liquiQreceiver)@m
ﬁﬁm#‘lﬁmﬁmmmﬁwﬁl mmmm%mmﬁaﬁmm‘%w
TSR B4 ] i (generator) ¥ fIfeT |1t (weak solution) ST m 4.1 9 3ve 3
EEmQa;?‘T“-"'aﬂr"’_{m{{ﬁiﬁl(pressure reducing device) BR1 ¥ I T TTUTH ﬁ%ﬂ%'mﬁﬁmﬁ
(heat exchanger) o 1éﬁmaﬁwwﬁmﬁ%@lWﬁﬂm(subcooling)‘qﬂ'{%%m@
ﬁmm%wmﬁm#.zﬁmmm%mﬁmmﬁnmﬁwm
Frafeiies sohm & Fremren 1 werar 8—
aifers 4 faehredt T e

T I S F AT FOGed S + A9 S, TS

§ 5.3. AT SFSYINOT 9 YT I TR (Refrigerator) It ET=AT S (Constructior
and Working of Refrigerator Working on Vapour Absorption Cycle) :
wﬁmamﬁassﬁﬁ@ﬁv&%lwﬁﬁﬂﬁﬁ?ﬁﬂ@@“@ﬁ%‘“
1. |IfS9 (evaporator)
2. 3V (absorber)
3. 9 99 (hydraulic pump)
4. 391 fafmae (Heat exchanger or Interchanger)
5. fameren (Separator)
6. Uy (Condenser)
7. ¥ER A1 Fa%g Ireg (Expansion or throttling-valve)
8

- QTS TR I (Pressure reducing device)

COPR.=

A9 Ty
BHLS /
(Separator) gufy

—

________ LESET l R SR
9 fafrges (interchaﬁaér) ( Fll i \/\/\/\ 0 T e
foy

(Brine)
o 53
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EFT?;m'—d_(Principle)—S'{"I"?f Nﬁfﬁm Wmﬁwﬂﬁm (refrigerant) & &9 & foFn san & @ U
ﬁwﬁ?mwéjmﬁﬁmm%lwﬁﬁmmﬁﬁaﬁwmﬁlmmmww
7 iﬁﬂa’lﬁm%immmﬁaﬁélmuﬁwmﬁa@aaﬁﬁaﬁmmmaﬁ'
$W?$MQ|WWﬁ‘%mﬁwmﬁwﬁ%l%ﬁm
a'ﬂﬂl"l @ﬁwmﬁﬁﬁwmmlmﬁwmaﬁﬁwﬁww
Ehaaﬁ"aﬁwnaa’aqmm .ﬁml%%,?ﬂamhwwm%lwwwmmm'@m%lmsﬁ
e 7 (hydraulic PU"\P)%mﬁmm@Interchangerﬁ?mm(heater)ﬁ"}IET
| STRT W%mﬁmmm%lInterchangerﬁmﬁﬁﬁfﬁaﬁfﬁm@a@lﬁﬁmﬁw
(aborber)aﬁW%mmmmmélwmaﬁﬁmmawwwm
Erectiﬁer)ﬁm%ﬁaﬁmﬁwﬁaﬁaﬁmé‘lmmwmﬁmwm@ﬁﬂ
watercooled_condenser)ﬁmmﬁlﬁwﬁmﬁaﬂﬁmmmmmﬁﬂmm
;’Zﬂ?ﬂiﬁmﬁqﬁﬁﬁﬁﬁﬁﬁ%l mmmwmﬁmﬁmwém (expansion valve)a?gl'{'l
. (ti?roftlmg)ﬁm%rsﬂwwmawaﬁ’fﬁmam%tmmm@maﬁrﬁm
Whﬁmméaﬁmmm@w@mﬁuaﬂw'uﬁmﬁﬁmmwwm

ﬁg@aﬁaﬁﬁmm%maﬁﬁwmﬁﬁmmmﬁmﬁ%lgﬁwww
|

§54. Eﬁ'ﬂjﬁ?ﬂ‘ yiifas (Electrolux Refrigerator) :

IE Ueh =] WNfas 21 STt A el e (three fliud system) ¥t el Wi @ =Riffer say =y
T WA 1 F TR S e—
1. it wHf

ey mﬁ?m ! STHIfT 95y

3. TRENHI aifs i T
7 Wi & W i etn i A L /

aTifHan @l Ush WSides (refrigerant) % ——;—l aqa;ﬁ'qzﬁ |
Y H, I 1 AGI9F F T H d FESA 4 —

&1 f9ehm@ B TE (circulation) T T&A ] NHg®r [

Y & H S € BISSeH 9gd goh! o foferm s |

g R oI 9 U T IEE w6 s
e T S ST TS 3 Sufef e

i T @ ardiwa @ 9 21 3 fem | At gk

Y Heor e R A g 7 39S q@ R s
3 fa9 5.4 ¥ fe@m@ m?rjcﬂ \ : 3":: “I"WW %m :
Y T YSF H & A9 FH B i I |
2 sravies # arifEn o | e SEf l“\f‘m:m
9 (distilled water) ® =d1 81 390 FD v fafirms

O EESE Ff A 1 S T R fomt 5.4—geragior weifax
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ST € A AT9h (heater) 1 SO TG 3 ST o1 Siet T B 1 Goaey ST AT e
oW B S 81 o1 FeR ¥ R (circulation) SO B W 21

S A W o Th o faf e (heat exchanger) § TSal g3T A19eh (heater) A vgam
mﬁﬁmﬁ%mﬂﬁ?‘%ﬁﬂﬂ%(weaksolutiom) J T W T B a9eh (heater) §
ST AT STERAEH (rectifier) AT (choke) 7 € Goh| siFer & = frefe siet Ho fafae & & vy
N T HANTF N VT }1 TH YPR Sraiw @ e I @ < 81 on s w o §
F THAA ST WA F) e aeE 21 o S ary Hufe ¥ ¥aw w2 e SmHfwy
%a § Raffa & It {1 o T% e F wwor aftes § W @ el Iuitdd EESIe /1200 kN/m? T
W A RN YT H 1500 KN/m? W charge a1 ST 31 370: Seed & At a & W | st
1 TE 300 kN/m? W9HE. —10°C (263°K) €M 37d: ST o1 aifeTi-sh 3Tl TSR B 2
FAEEY T ¥ fohe agd Sves B W 81 STHEET 9 TSN AT e % FRU €
A yaw S &1 SR I omifEn ) Mt T A 21 TSN SENES W ST ITH A H Ay
3 IR ® TW ISR 9% <ol @l 2

TH—GN FE TRNie o/ETa & HIE A B % hI1(ohE Fifsich Rt A& Sl e YiEen

wfgef g R

' IO GIRT STTYNTET FHEAT
39 e =1 frenes 1ot (C.O.P) = il

T g WEE i T2 ST
§ 5.5. ATy JEYNEUT ™ T Oy HwEed e @it deAl (Comparison of Vapour

Absorption System and Vapour Compression System) :

Fo areg wHfted = TS AAYNYUT eh

Ho (Vapour-compression cycle) (Vapour-absorption cycle)

1. ol vt o GEitew B % RO affes | TO0 TMONiA S HEE T T (aqua pump)
W FA 2 eI ® ora: iR WR e e R

2. Tl Grfis® & 9@ Vit Eid Al e ¥ | 399 & 91 1fus 9 W exhaust steam AT
Al S 2 A W =1 Fehelt B

3, Ffora g w1 o Q FEded vomel 1 feaea | T8 SRR w9 S g WO # w8
Tl (C.O.P.) 3 &9l 9gd FA & 9t 71 | [T Uk B HE FH A W@ R
4. FHiferw dre W Frdvica 1 9ga Afus yug | A dre | FEiviea & S5 wwE T4

Tgl 2 LG
5. Iy T 59 Wi H SuRefd § gedew | TEY ¥ A & P W sa st 9 sufef
| = a2 | FE @A & B 2
6. THY &l H (95 HeT 30 Wi =em e % fad omam 2
1 SRV = AfGE @l 2 IR =T HH &l 2
8. A T AGHA AfUF (420 K) BN F FROI AL | A FH AYIH I (340 K) AT F HRU

Iy

Hufa F SravaFa Bt 2 3UTFA B2 TufHA F sTavaHa et 2
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§ 5.6. T wifRY wyftas @ (Solar Power Refrigeration System) :

g Wwﬂﬁwﬁhﬁé@%@@wwawmm I A firepert Tl AR FE, ASHEE
%||qa‘aﬁwgmwmwwmﬂwmffmﬁwaﬁwdaﬂi%fmﬁmwm
e Wi @ o & sverey @ urdt @ o W o 7w R W fewen fn s =i fe A

& U AVt ) T Ger e FEE 9 24
o 5 . 24&%mwﬁwﬁﬁsﬁqmg‘nmmm

——

)

Eﬁﬂﬁ@@ﬂ?mﬂmﬁ 319N (absorbers), Ueh HHfTH, Ueh 9 UEN (receiver) 991 Teh
aTSIsh (Evaporator) BIal 194 <01 § a1cd V), V, 9 v, < gell T@l S & Wafh awd V,, Vs ad
vﬁaﬁz@%%lqﬁammﬁnﬁaﬁﬁmmﬁqﬁaﬁﬁaﬁaﬁ:ﬁm@ﬁmm%@%
qqunmﬁmﬁ%ﬁﬁﬁaﬁaaﬁﬁmaﬁaﬁwmwml‘r‘vm(Thmming)aﬁm%n
ST STST i erasE B B Sucred fferer it gT sTERifad o for ST @1 e T WY e
ﬁrataraaz'{(W)ﬁm%ﬁﬁ%ﬂmﬁ@mwﬁmm%nwmwaﬁ
aamrgm%|ﬁw%@ﬁﬁfﬁmmmﬁ—aﬁﬂmaﬁmﬁmm%lﬂﬁﬁmﬁ@m@w
B & Al T Th-Th (intermittently)mmlmﬂﬁfﬁaﬁlﬁiﬁﬁmﬁﬂﬁi%qmq‘qﬁm

T g afg | sEees (9 5.5) e B A @ TR foRa T weRd g

5.6.1. Ao vIfERT Weiad o % amey udfied W @ qEET § TN qen qA (Advantages and
Disadvantages of Solar Power Refrigeration System Over V.C. System)

Y (Advantages)

(i) Hrer S & 7 g @ et (inexhaustible) F =
(i) ToR et FeER 1 FgEOl T e



84 Wi W wAEHeH
(i) 99 et s v B9 &) 9o & fag @d T8 S gl
(iv) fEl TR =1 R, T, TE-%e oG & B
(v) <hehst o1 st o waw & T

Tt (Disadvantages)
(i) ﬂgﬁmﬂﬁﬁﬁaﬁ%mmﬁmmmﬁ%ﬁmwﬁwmaﬁm

Bt R . ~
(i) 39 T = A S, fava & 5 e & avereh e @ feH vaie §Ha T g it et

ST @ B

§ 5.7. ATST AGYNYUT 7 &1 fA9ENUT (Analysis of Vapour Abserption System) :
fox 5.6 ¥ <& et Ay e weite @ sefE 21 g,

st HJJ 3]

Lamamﬁwa‘sr

HE HC
- . Y agHew
L Te r Il TaviE 3R
gt 7 sias s
o 5.6

(i) Hg= SRS A yeitasp 1 & 7 sy

(i) H,= 99 %@ & SR Widsh § S T w9 e

(iii) Hg = 959 # S¥itaer 517 faifyd suq

(iv) Hc=mammwﬁmwawawﬂﬁmﬁmm
m:mm%wwhsﬁnémmfypa@mﬁ%%mmmeglected)méﬂ%l
SETITH % woq frem Qg

: HC=HG+HE (1)
T M T = T, f9 @ ST (H,) SR 91 & et 3
Tazmm,ﬁnmmmamﬁm(ﬁ_g) STl W @
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Hg  Hp _ Hc i)
L I T
H-+H
= GTC £ (T (i) /)
. Hs; Hg _Hp Hg
" T Tx 9 0
T Te | TeTg |
| T Tp || Te-T5
) 5 z
-, To-Tg || TgTe
| T T || T¢=Tc Y
(T._
H,=Hy Ie TEJ I J ...(iii)
\ T W\Ie-Tc
. ; H
.47 et Afaeraw freares quties C.OP. .. = FE"
G
— HE
Te—Tg T
HE[ T, HT -
E G C
A Ty T ) W)

N kTC~TE T, J

(i) == [TTET]=@WWWWW(C.O.P.)%thEamTCﬁarqa;q
¢ *E

draeii & = w2

B

(ii) [TGT“TC] = Toh FHIE T FI G (M) T S T; TN T, S qashd danshi A e wea 2)
G
@mww‘ﬁﬁwwmammmmmmmmmm
'3313: '[
At C.O.P. = (C.O.P.) ;10 X MNearnot

I Fafs qa T H STO-3EF AHE WSS I FIShEE 8 W@ E A

T C.O.P.=[ Is J(TG"TAJ

| To-Tg )\ Tg
SR’ T, = A, oy W sreies # o fre a2
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TV 5.1, TF A Srervivaw yomeh ¥, wReT @ 90°C W Fww & ww & wafe un ey
i wpfémT wuw: 20°C Awr ~10°C W gt &1 @ @ AfHAW C.OP. I L
W —T, = 90°C = 363°K, T, = 20°C = 293K, T, = ~10°C = 263°K

T W ¢

. T, TG—TCJ
fiehem C.O.P. =
GERCH Cc.O (TC_TEJ( T

_[__263 ][363493}:1_69 —
293-263 ] 363

wms.z.3marlm0.ssuwmiwmﬁmm@ﬂmm.mm:&ﬁ%ﬁa
o famar sran &) @x & @fEdx w1 awwe -10°C tmmﬁam.q:ﬁaﬂamnsoc e
S C.O.P. 71 FwA| AR W TR W W@ 7@ & w9 A oiget € At 10 T Wit wo
A Wiz &% fig W 9Uer W &t W @@ Hiwd | wag, C.O.P. (Relative C.O.P.) 0.4 L
wE—Ra 8—T, = -10°C = 263°K, T, = 30°C = 303 K

TH: 3 9 q@ W HJW A9HE = 133.54°C

¥ T, =273 +133.54 = 406.54°K

i i C.o.P.=[ Ty )(TG—TCJ

Te=Tg Tg

263 [ 406.54-303
o = 1.6745 I
( ]( 406.54 ]

303 -263
7. & EI'FT;T % fen (C'O'P')rclalive ~ oot
(C.O.P.) 3ifaran
arfass C.O.P. = 1.6745 x 0.4 = 0.6698
Lies gr«ifas C.O.P. = A (/) A
@ T FI (k) ®
0.6698 = 10 x210 %60
@ T F (KI/hr) &

10x2
@ T S (kI/hr) = ’8616(;;60 = 188115 kJ/hr IX
Y T& F, 99 R (S 3 91 I T 0.85 ToHhaw R 21) & -
% e ? o & T e (k/h)

i R 1
- 085x2leag 7 o KUlE T
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10.
11,

12.

13.

14.

Powon e

ammﬂwmm

yyTEet

a7s7 EEol YoTel < fagr weEnEl
FYROT AT AU T H THAE|
QIR AT ERNEI =5k (Simple vapour absorption) 1 i+ FaEal
T improved vapour absorption refrigerating machine @ @ fafy T
a9 39F 1Y FaEd
T e ot ¥ Frefafaa sreael % el w ween wifva—

(i) 1A (Absorber) (ii) {oRTHER (Rectifier)

(iii) favws (Analyser) (iv) e faffa|e (heat exchangers)
T FEfte WA SOTCR @ g & o St el Yol & e adn et farel
f3-za Wi oI (FaRITa e S ) 1 s HE T I srfara @ vl il
& dH-5a T YOTeR W Soe 59 1 1 1 €2 faergds auEnsal
@mmmﬁmmmmlwmﬁwmmﬁmmmm
e R
T ey 9T AN WUneh 3% FSEA Ui (C.0.P.) T st wAfad il
qm@lmmﬁamﬁmﬂamwaﬁawmﬁmﬁﬁfammhaﬂﬁﬁﬁa%wwammm
f Ieor@ el
T AT AR S SOTeR § AT wides adn S e 100°C, 20°C 4T ~5°C AEHMI T El
| & = Afrean C.0.P. F1d Hi [F¥T—2.3]
T YN R F Seifas A-SThilar ST S S W WA, WY G 2 bar W A4 90% Y S
¥ @ St 1 weifeA ¥ AOHE -5°C @1 W 31 9F W ek ¥E C.O.P. W W Af Wefe WK
20 Ton B q41 AFEAfa%H/C.0.P. Strehad ot 70% & M Hfd HUT FETAH WY Hl AGN J1d H | AFHISTHE
A9EH 30°C i3I [39X—1.75, 103.4 kg/hr]
T S S i 200 2 WA B SAETERdl B G0 F F fear fem wm @1 afk aferw
1 AT 243 K, S T 10 bar, S & ¥ W K WA (strong aqua) T AIHM 343 K a1
ey drell oy arsg &1 a9aH 375 K @ @ fafad =9ie (weak aqua solution) Tt WRET 0.28 HWIHR

TU S W9 HI qE 1@ wifo [S¥X—1044 kg/hour]

s W AW fafed
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Chapter (REFRIGERATION EQUIPMEN,

§ 6.1. U= (Introduction) :

T ¥ Wee qo TTeher SR &1 HewaqU qfven 21 3 feRd T, sraT e fardy
mﬂ%ﬁqm&w@wwaﬁmmﬁwmﬁlwuﬂﬁww&m
FEER WA W faf suwol, SR-gries (compressors), 93 (evaporators), SER ey
(expansion valve) 921 "8 (condensers) 37 & TSITAT 9t - '

fafie Swdl =t O ¥ o forw worm & st et B2 w9 Ao % fow saves Al e
éaﬁsﬂmwmﬁm%lsﬁﬁ@mmmawmﬁﬂﬁﬁaﬁﬂﬁﬁﬁaﬁl

§ 6.2. QWIgH (Compressors) :

THiiss Th T Wi 2 Rl i o ﬁmm?;fmm“” "
SR e SHHT T TH VB S T 2 foh (P4, V1, Ty)

HJW a9qH (corresponding saturation temperature)

FerT T & qUHE @ @1 7w FRT Y e 9 (E)

Witqeh i Tewd ot grfEm st 2 ahas 9 w5y Tk w{(w) @
\

wmwa;mmmwmm%ma
U NIW |IT (prime mover) -0 ¥ Y o
w%lnmw,ﬁrﬁqaﬁam‘eﬁaawﬁs‘

y

mémélmmmmaﬁnﬁm mammmmﬁrm
A B (W AT 6.1) ¥ uoies o w4 fagm B TPV T,)
@ 5R weffe 3 -

o 6.1—wwitss = w1 fagra

a@ﬂ%nﬁw,m&aﬁmmmm%%awﬁaﬁaaﬁa@amm I & o 7

Htcﬁsmqmmm(heatpump)aﬁ e e s 2



weftq sl 89

r
i
y
]
:

THTT FREER! 1 A ¥ el % ferg sfem Tea & fowh! Seg o fawere ST O
3= WO &1 evEeRar B fafim wefaes 99 R-12, R-22, R-717 (i) yﬁg@ﬁﬁﬁﬂﬁ%l

qﬁmﬁsﬁmm@mﬁaﬁ%msﬁmm%ﬁrm:mawnmﬁaﬁﬁmﬁwﬁ
#1580 ¥ R21 a5 R-14 3 weheh oM §1 3} e e Wi % f s R 9 2

AU wedtgn! ol s T Wie & fo Sfe Tea & e sieTea e faweme e
A HH A T 6 sTavaehal & fafi Wi S8 R-11, R-113 31 36 79 A oM Ei-stfere &
A HH ATH R I § N F fou R-12 1 ot qeps) aeftes) ¥ w@m fE ST wehdl 2

Q) FEET B &t ve & uw W (According to Number of Strokes)

(a) THA foran w=dfesh (Single acting compressors), a4l
(b) fa-foran wites (Double acting COMPpressors)

(3) TR & F HER WX (According to Number of Stages)
(a) TS e TS (Single stage compressor)
(b) TE-HTE WOREH (Multi-stage compressor)

(4) T e fafg & smam w (According to Method of Drive Employed)
(a) H1¥ =T & (By direct drive)
(b) 9T TS &R (By belt derive)

(5) wgq ATt it fR&AfT & 3y % (According to the Location of the Prime Mover)
(a) srd-gaafees auftes-(Hien e, 9 a1 oM v ¥ geies)
(b) Ui-gTHe wfteeh (Hen |em, W aa weies U @ ey )

6.2.2 fafes ¥R & Fwiis® (Various Types of Compressors)

(a) Uy WEie® (Reciprocating Compressors )

3 wedtseh; ol weffaeh are & fiees 1 wwem foren g wwifen e e 2, v aniies
Fgam 2 3 fikwﬁﬁ@%w,ﬁ@éaﬁmﬁmﬁw‘m%,ﬁw150kw€hﬁat%m
I IREEN A W R W R

WAFEEdl € YR % UTEW guites yalm R 9w f)

1. Twe fora iR goites qo

2. f5-fran difow wvdies

faa 6.2 H e e W], Tad A yvEm gries (Single Stage, Single Acting Reciprocating
Compressor) &1 @< Wef¥E 2 s & fosr e weR B

ﬁﬁe.z(a)%me@ﬁ%mﬁﬁmmmélﬁmﬁuﬁﬁaﬁmﬁﬁm
%% (Top Dead Centre) Feadl 21 @ foafd 5 <A arew, <o qen e, a2 8




722 l I vz |

(a) (b) (© (d)
o 6.2—uvem wuites = sritaty
W@m%wﬁmﬁmﬁaﬁaﬁtwmm%aﬁﬁm%wmmm

m%wﬁﬁm%wmmmélﬁﬁﬁmﬁmﬁm,wmawm@mﬁmmﬁ
ﬁ?m%,mwmm%ammﬁwmﬁméwmmmﬁél (W

mmmmﬁﬁw,mwﬁuﬁqmm%a@mmﬁ{hmﬁw



T TER % weled & AW 9 ek e — NSAANANNNNNNNANNY
N Outlet
TH— $
’ M
(i) T ST =W A e 4 4
(-i.'{)ﬂﬂﬂﬂﬁ%?'ﬂ%ﬁahthzmwmél \I k\::m
(iii) T (compact) B F FRU FH TE U 2 ' \
(iv) FifF A 9 gelies wd dies &y, faad i &\xx‘\
TIEF I W0 A ¢, W F WA ¢ o e et ue Py Padgia
W = 1 e e Syt
N S R S S S RN Y,
mﬁﬁ_ - Lubricating oil
(i) =i TR I 9 (moving parts) HET X §r 6 X s whew

T (@ & o TR STRAT W e R
(ii) nsﬁwaaaﬁﬂamqﬁwn(Evacuation)%mwmﬁwaﬁammﬁtﬁ%l

(c) qﬂﬁ wigsd (Rotary Compressors)

Tﬁwﬁﬂ,a@iﬁaﬁmﬁwmaﬁﬁﬁ#{qﬁﬁmmmélqﬁw
ST e SR % weieF R § iR S o (clearance) T F § THA A I
amaﬁasaamr@%%ﬁqﬁﬁR—lz,R—zzamaﬁﬁmﬁﬁm%mwﬁ%l

ﬁi6.4ﬁ@wwﬁzmm?ﬁmﬁ@mw%nwﬁ@ww,@w
(F79aT THER) q T W T o WM

T T Sehsah (Eccentric) T a2 o forgets zgm A R

T TR AW o ¥ T fom wWiRka =S ! 3=a T 9
AT T T THR T @ © R T it

o fagse AES sem-aEm W W 2 fereret e Py, ' S
5 IHTH WS H T W P E @ R

Aer e fuevet-a FER o AA TS W
#9 (Gap) ST Sl &1 7@ 77 § 7 @ W
arsq sterat A fira & ST @1 TeR T B, NN ;

Y og 9 T e g s aw gedited JONW 4 .
e 37 7@ TS # el I ¢ S fo N\

frael e Tl e Y A ¥ T4 F e
T TEA B I 21 59 FHR FH @ q RS
et arsy reEt g AR I T 9 A9 I=9 q& &
et ey veran g ¥ aewd Tedt @1 S C =

e 3 T 359 B % HROT GEfESE H e e ﬁu}mm

e wgd Bl @l ?1 FE wRlieE
Tfed WK & (hermetically seated) B &

I,




92 Wi W& @R

§ 6.3. WAMA (Condensers) :

8

Huf Toh FEEYUl ST & W T Welte Frerg o wea g At Wise ¥ T B 2 e g
weftes ¥ freem ot o reltaes amsy § Swn ot frseree S &1 T Riies ATy H, AT H sy
o1 A gedtes A @ T wifer S F wged woN I w1 A A 2l

weites ¥ IeAAT A A TN ST S, T o 2 @ ARl TR E
2 A R =psw | e mean ) e SR §1 i mem gal, S A1 R S 6 v @ v
2 et wefiet Frermr 3 fo St o S P & e, ST 8 o S AT S9iaeh o SR qey
IUCTeY HfeT WeAm & YR R Rk & @l

6.3.1. ¥af @ HEAYUTER (Working of a Condenser)
ol =) TR £ 6.5(a) § TR W YR Frep o o Bewell-wifd T ST e
2\ P w1 (P-H) 1@ Fd 6.5(b) SR & forad weftaeh & e i sTered w2 2
ST Y STaiieT S @ S AT eiaeh gited B Sl 2 wel gt S o HRU T 3R
T IS ST &1 78 SR =7 I TS W¥iie fargrs gy S Ued GEi F Yo s 81 et et
a9y @1 @ =l B i i e—
1. gAY Weldeh i 3ifqaw arsy sl fERX <@ W HJW dI9HA (Saturation temperature) T 3UE]
foran W @ R D-gm-AfET wed 2 78 ke o 6.5(b) H Y@ 2-3 ¥ fewE W 2
2. 379 W¥iaeh ohl W@ 9T | ST [ FH1 [ohlel e 3Y TgW 5d Weiaes ¥ F¥fa (Condensed)
feran s 21 ‘g W 98 feRa fa 6.5(b)  YEn 34§ fewE T 2
3. WRMa 9INE kI SgH o foid Saiides & ATTHM 1 39 G99 d99H § &Y qI9HH 9 30
fepan wmar 21 T 37aefiad (subjeooling) ed €1 T8 e o 6.5(b) ¥ T@m 4-5 ¥ Twie T 2|

(b) (P-H) 3@

6.3.2. WuFA gfT & 3T (Elements of a Condenser Unit)
(i) W9 (Condenser)

(i) H9MG ST 9991 999 (Condensate extraction pump)




T SuERoT 93
(iii) ™ FUS (Hot well)
(iv) Ffer e (Cooling tower)
(v) Ffem e gy (Cooling water pump)
(vi) SRR RO 99 (Boiler feed pump)
(vii) 91 IUY9T 99 (Air extraction pump)
fet 6.6 ¥ T W & Wit seee 9 wefi e T R

7 9red 9q
(CW.P)

faa 6.6-~waf= gfre & saaa

6.3.3. WalE &T FAHIOT (Classificaition of Condensers)

T & fou i s T SfenT HeEm o SER W HEtE i f1 @1 g9 | avfteRa fohan S g
A

1. Trg vifaa wef (AirCooled Condenser)

7. S vitfad dufaA (Water Cooled Condenser)

3. arsqeR HufAA (Evaporative Condensers)

1. arg vitfaa Haf= (Air Cooled Condensers)
arg Vit Fuf J S 1 7= (Removal) =1 I l |

g fopen 7 %1 5 e o A W pE A g o 0y —
il bl kgl R T

1 91e S 6 mm ¥ 18 mm Tk T T 2| §7 SI5H | D

TS WW%W@@EW I frg (fins) C U - wom
Fesnsaats

il sht Ueha Ufed (single row) e GufE gatfes
TR SO Y=OT FEM T 2| A A i U F



94 WG W& AWgHeH

S WA A TG S 7 it S A 5 i o AR e ST e

g WSy
(Multi-row) ¥ =it qom ¥ wher g (single row) Eufr 3ifies T ST B
e R ST A S A e ) e e, Ky A, HR, e g
& dIATIheTh (room air conditioner) 31fg ¥ &rar B

LA FEFEl A < aferch el @ Wt € T 9 (Six) RN A WA S sy

?1 a1 Yifa W @ T swemy (disadvantage) % # fof 3 3= TulH A9HH T & F1 ¥ s
FRT WSS i Al FHH HEN =@ B

2. Se1 Witfe W= (Water Cooled Condensers)

T W TR ¥ gfem mem % wy ¥ oo &1 g @ R S R gaE, 9 aen %Y a
T I Y SYTSE B AT SR A I P i 7w @ T, T St v wuhE o @
X IR j1 WO A et 9o s W) W e ST e £ et SR SErE i
< W H A TONfer WgE Bt d—

(i) =4 S Jomredt (Waste water system), 91

(i1) ﬂﬁﬁﬂr’%ﬁﬁﬁm (Recirculated water system)
(i) 3994 I WUTER (Waste water system) W, GgHH ¥ yaied 89 & a€, 94 W7 @l W
' aifed R e s ®1 St = faa 6.8(1) ¥ fewmn man 2
(ii)gﬂﬁm@ammﬁﬁ,ﬁmﬁﬁﬁa6.8(ii)ﬂf‘a@mwé,3ﬁwﬁw—mﬁaﬁaff
gﬁﬂaﬁamm%@mﬁaﬁmﬁmﬁaﬁmﬁmﬁﬁmﬁwwﬁmé,m
T Tffer A H @ W ST FAE 01 S afirqrer ot fee [ wufe A 9w o3 ¥ guf
ﬁmﬁaﬁ,%ﬁmamﬁnwﬁw%mﬂm%wﬁ?ﬁ%l

foa 68— viifea dafe (Water cooled condenser)
3. A WafA (Evaporative Condenser)

mmﬁa’fﬁ,ﬁmﬁﬁaégﬁﬁ@mwé,a@ammﬁmwmmﬁﬁw
o A & foTQ e e o w9 § s fohan S 81 3 e T e 2t qen us et g wef




yeftad ITRe 95

1 fafsa 9 2 T IS N TN gW o ) W
Bt ¥ A B A A F I R el 7w wew ¥
¢ & g A W AR {1 e § m e

2
E|

WJ[II 777 //—Q?'ﬂ‘ﬁﬁﬁ

sl T T A S A} A9 T o W 5 / (3 v+
wies & &9 § Froeea @1 o9fm ¥ sw 1 T / 2
@q@]mm%sﬁ ! a;m#‘ﬁargﬁ 7 AN AN AN AERY é m
o® ¥ A P g R wrm A Ay e || 9 e )~
avet g SR TEh 1 AT W R T w9 9w @) é C 77
ferd A & AR A o & fore svavae 2 J;
maﬁ'@zmﬁﬁééﬁ?%lwﬁaﬁfmaﬁm ]% (C gﬁwﬁw
frm oo 4 @ AR 2 R h o, WA go T m? =
(sensible) ST STTAG R ot 21 FFAifer arsdrapToT 2 wafE g —
= T T T A o SR 2, T Seiae S 7 A\ i
Toa R 8 WA ¥ Sed W ) | » —

s $o T@, qG F W9 AW A W i f__
Wi S 1 FH A S © e 0w & fg ?:—::—:—:—:—:—:—:—:{—:E_ -1 wfaqes e
TR W g0 Wb S frern S ) Y s Sy

mmﬁaﬁqﬁ’l‘qﬁa@%maﬁﬁm% qq 777 T P
fo 6.9—amas wuf=

§ 6.4. ey (Evaporators) :

ifors et weiia 5 o1 Ueh He@Ul SYHUT @ S 9 o W < alell §I5S ¥ TR Sl 21 SER
T ¥ 59 TR AT H A R el g8 Seerdl § A1 a1y ¥ seed Sl &1 AfoTs w1 v, eftaen
& MET Y SO SNH-9E (AR S S S e § (e 9% e Svel & i aiftrs o et
T I W¥iae o1 FagAh (B.P.) TR UREIH o WieAH ¥ %W T aey foed R weiiae o ey
H YO B G| TEgH Y TR T S 59 Weiaeh Y arod W 9Ee o o TR R qen arsfieRto -
F! T4 T (Lafent Heat of Vapourisation) S &€ e =t 2 Ao = “gfem w&tew”’, “Fafem
T (chilling'coil) e s “FHfem wafaw” o 8 | A S0 SO 2

6.4.1. e, AMfE st &1 qutelt (Working of a Evaporation)

T AT & w5 Jue fR 6.10(a) @9 6.10(b) BRI FeR-wifd W W wHR [ (P_H) @
¥ g 5 W 39 TeiqE ¥OR ded ¥ T3 A 2 59 WefieR R SER ded § T3 ¥ e e
(Subcooled) & forar < & @ & AR aIca § Shis a1 59 WA & YGTE o SEES 7 Hh

F T W T9 Wi oo ¥ vau &l § o fF A 6.10(b) % g ‘6 A weffm #1 v wm
e o o puaeh ¥ ea & A1 TREAH Y S H1 FEAN H oI H e S 1 farg 1w
TR 53 Wi, a9y § wee o &1 it fag 17 | anft f arwy weiiaes & qowm 3ver fRY Wl
T AN Qo 2| o1g: sy SR AT QST T ST SR TEar 2, R T e % ane
[mmm(sensibleheat)]ﬁq@ﬁlélﬁﬁwm%ﬁﬁ(l)mm@ﬂﬁﬁgﬁﬁ
SR TEh 1 g (1) R e AT o IO, S ATEE W ST @ S $ qen A st @ e



Afqaw I=
| 9T WYiae
& frae
EE Tiesh e %
EN|
T 59
i ﬁwﬁﬁ %“ﬁg
) 1 + %)
I (dT‘::ﬁHEI-T ,
ELERRE IS
(a) (b)
ﬁis.m—mﬁﬁaﬂm
%lﬁﬂé.nﬁmﬂﬁamﬁ(méﬂm)%amwﬂa&”aﬁ?w
(mﬁ)ﬁwmﬁﬂﬁmwélmﬁégﬁa@wﬁaﬁ : :
(aﬂﬁﬁ%6ﬁ1'ﬁ)wﬁmmmﬁm%amw\ E,\_
mmmq@mélﬁ@yﬁ1ﬁmagmﬁaﬁra@ E o S
%) forg 1| W WWEd 59 WEiqe Y S S E% &
9fias i Al
6.4.2. aifeas AT iifer<or (Classification of Evaporators) T —
o= 6.11

o &1 e e seR) e s gekar 8 —

(1) | & TR & M= U (On the basis of type of construction)
(a) A YA FE3e difad<(Bare tube coil evaporator)
(b) f=s =@ =MfoaA (Finned tube evaporator)
(c) ©2 afeds (Plate evaporator)
(d) 91 q&1 =99 afoq (Shell and tube evaporator)
(e) (SF-53-=a AT (Tube-in-tube evaporator)
(f) ¥e1 dan Fartsa aifeas (Shell and coil evaporator)
(2) 39 WYitdeh & WRUT & @{lch & MR W (On the basis of the manner in which liquid
refrigerant is fed)
(a) FoIeE aifqd (Flooded evaporator), d91
(b) ¥&F Y9R dIfe9 (Dry expansion evaporator)

(3) SO YUl & qlih & IMIR W (On the basis of mode of heat transfer)

(a) WIh{der W A9 (Natural convection evaporator)
(b) =g W& AT (Forced convection evaporator)




weftar Sew 97

@ FEERT TN HF AER 91 (On the basis of operating conditions)
(a) WIRET ST (Frosting evaporator)
(b) FA-FIRET Fiftgy (Non frosting evaporator), a4
(c) ST afeas (Defrosting evaporator)|
SR H W TS W@ F A o o f wer
6.4.3.(1) TR AT (Flooded Evaporator)

) EHW%Wﬁ@m,ﬁﬂﬁmmmmulator)mt:amzﬂammmﬂz-qgaﬂ
$IE T S B 3 IS A 59 TR Tl A6 (float valve) 31ga F2Ie e (control valve) BRI

ST T@I S ) SR ot 6,12 § e o 21 59, it # wele YER 3 SEReaied 5 3
g @ 9 F AR wEtug AR o

yarfed Bl B Al ¥ 53 e & .;_aﬁm

AR TR H 3R F&A ] 59 79 TG ,jIL_",/_Wtﬁz
(Bubbles) =1 figsqoy T H9E9& (Accu- Hee arca \ :;":T'r’.:.“ i
mulator) 1 HSed ¥ ST B HEEF A\l ™

e —\":T%'..,' 5 + AT
(Accumulator) 1 &4 3e¥9 Td 94 fia h’—::,: .'%P:M'::: 'i'ﬁ'l’f EGES) — fasor
T i ST HEAT 81 56 TH: = Qe
¥ gen W @ Welfeh oeq, Herden ua\zmaia—/ii-:-:-:

- |—0—s—0—0—0-9=—0 =0 =0 =0 0 =|w o 0 — —

(Accumulator) & IR ¥ frehe o]

Tufiess ot IO WES & AR W g e Aol ’32

el i 1 e @ e e o e

79 U ] FEEE ¥ 9 | JhArgd 7a wiaE— [ U
[: 9@ (Accumulator) ¥ (@™ eI ‘
3 fax 6.12—uids afiaw

Tq <IfST o e e 9g e 5 Aifte Fise J et we, Yo% 9R <weh % fu, g9 i
%Wﬁ@?ﬁ%ﬁ'@mﬁwaﬁmamﬁm%amaqfwa&xiﬁmmﬁa’t%nmqg@
Y TE & fF T TR § e O © a9l 3HH e weiiaeh W i SN Bl #1 39 YR % e
T A T SAEfTe TEEdl, TEI: TS a9l W YHER e (food processing industries)
LA

(2) 3% WAR @A (Dry Expansion Evaporator)

[k YR e # et & S el 59 TR i TER aed o Hen § afte gafes ¥ s
fofe ST 21 AR aTed 3 WY Tk fheR Sea oFT B @ S ieliaeh S W o N 39 YR P
O 2 fop pueeh & Afd =01 H TgEH T A Fd weilaeh dR-dR A ¥ aga S @1 weige o
39 WY & SV S 6, ARl i X a9 9T W 91 3R g e R W AR e 3

o 6.13 o T Y FAR A WS 2, A AT, RS aifen sl o A 9gd %9 59 Wi
T A T Y Siftad 39 S R W ﬂfﬁﬁ?ﬁ'ﬂﬁ%(wettedsurface)l‘@ﬁ%ﬁﬂﬁmim
(efficiency) 3= S 9K W 31y a3




freR @cw
Wﬂﬂrﬂmwmrﬁﬂmmﬁuﬂﬂmtﬂmrﬁ

sy FEdtss

faaa arsd Weiae

fax 6.13—y[= WER A

(3) et Zg® =fer (Bare Tube Evaporator)

TH YHR & S & $E6 941 W i 3 29 ot
# ¢ =y W 9w, fem, affe aeR § diga Faisd
¥ It €1 G oA 6.141 T A WA B9 F HRO Ga
e S GE HET a9 R FA A 1 IHE 5
Fusferdl H NeT FW Tk Gag A% W gl ¢ T
afe= &1 A foRet sft YR & wwita @ F-feg feran
Yehel 81 T AT 1 @ AN e i § g9 e
? FAfF TR TE @ AEH

(4) W =T (Plate Evaporators)

& )

& 6.14—geft Zgm anfw

fo 6.15 ¥ T GO TER F1 e A el 31 30 R & aiftes B Faied T @ 3w
WES F 9o o g Bl T W TEIR WG g D ot A o o g ot &1 e aifoqs @ A
WA WX S, TR WIS, STEHHA Hfee, TR For A § Ty

i
—d
e —




weited sy 99
(5) fire afea (Finned Evaporators)

T s ST &, S fon o 6,16 o e oy
st 21 3 fhe = i sema A YIq i T et @1 fre

o WES, AER T AT R g, A W srprEim § watew s
G R R F A srem-srem Pt =3 @ g 3

ﬁﬁ T F TG ST e s (Airconditioning
applications) T g %I 3 aIfeas St qer ¥ UUH GHar & fog
7T B IS & (compact) BT &)

fax 61— anfers

§ 6.5. THIY A1¢9 (Expansion Valves) :

TR A, @ difest area a1 Mefin swamw o we ¥, woh mewqy] sy & S T SR @
& 1 T« 991 3=9 I URe @ fawfae s 21 Te Rdterae aites & 95 o S 8—

6.5.1. TR acq & & (Functions of a Expansion Valve)
(i) ¥€ aIftg § 99 91 | Ygd 59 WNiiaeh o IsagE ek e g B oge @
(i) I8 93 & S=9 9 (=1 @ uEe ¥ A Sifed TR a9 TEd R
(iii) 9% 9T T S IR & AR F¥iideh o) ¥are it Fafa w2

6.5.2. fTafasr ¥R & YA 3ushvl_(Different Types of Expansion Devices)
sieifirer ©d arftiaes weiiae a9 aTaigRe Tl § WgEK BN 9 @ YR IR i §—
(i) Ffel =M (Capillary tube)
(ii) T =ifed AR gied (Hand-operated expansion valve)
(iii) Sfferafes 1gan fiEa 2/ FER 9icd (Automatic or constant pressure expansion valve),
(iv) gmfefes @R acd (Thermostatic expansion valve),
(v) Fr=1 Tige wele ded (Low side float valve) a4l
(vi) 359 TS -Falie aed (High side float valve)l
mﬁﬁwmmmﬁmﬁa@ﬁwé—

| Sfterd e
(1) &dtert Zga (Capillary Tube) o D)
a;@aﬁag(a@ﬁaﬁ.mﬂﬁmmﬂ”'% § ((
94 e o, e o) At oS o A, 2. D)
H—=e iR, a1t her, HE AWMIERE WIS C foehre
wﬁﬁ@m%mgmmﬁaamﬁmﬁxﬁ:@@g m———
T8
2 fora o, v & organ PR gl o i il s

T d s e S @ S
wufe e Ao & fax 6.17—diert g



100 Wi W SErHeH
ﬁaﬁ.l?ﬁmw%qﬂﬁm%%ﬁaﬁmﬁﬂmqﬁﬂw”@“‘”*f‘v"ﬂ?ﬂ%%m

¢ W sraifea Ted =@ & 7 W
mﬁm%ﬁaﬂz@ﬁmm%ﬁmmﬁmzﬁﬁwmmﬁm%m
mmﬁlmmmamﬁmammﬁwm%mzmﬁm.
ﬁwﬁafﬁwammmm,mﬁ%mﬁmmé e Brml fopdll S R %
mmﬁmmmmmwmmmﬁlmmﬁmﬁw
z@#mﬁﬁﬁmnmaﬁ%—
(i)ﬁaﬁzﬂsﬁmmmmﬁaﬂ%l

(ii) 54 grites ©F T 8, a o
auﬁﬁmmﬁﬂqﬁmmagdmﬁrm%@m

(2) guiefed THR ared (Thermostatic Expansion Valve)

afvfas o sl SEiad $eEA (commercial and ifidustrial refrigeration units) e
SR ST 91 SR YRl & e ArT gl €1 FHe A atfiae e’ (Constant superheat valve)
CR LK ﬁmm%aﬁlﬁaﬁaﬁﬁﬁwﬁmﬁﬁ—mﬁﬁaﬁwaﬁﬁaﬁﬁmaﬁaaﬁ“@
& o= & ATy S = Frad gR @ S @ e e frer TR e 3 e 3T —(a) ed He
a1 Hred@ (Needle) (b) T €1 Tl SFTHM (Metallic diaphragm) 9T (c) T gufsd ©F (adjusting

screw) @ fa7 6.18I
Fdfterlt Tg@
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mmgl% :"m@wmmmm%ﬁwm%mﬁwaﬁm

3 9% 81 aed W T B A S Wk s 2
» (i) TR 9 T Py, W SEHEW F W HH T §,
(i) o @ P,, S AW F T w@ w2, qen
(iii) AT T Py, S SAHEM F A B w2

RAlfeh WhITR ST o1 A9, <[0T W57 § 59 WRilash % aI99 & M 2R S o5 Neis % aene
ﬁa?l's‘ﬁ“ﬁﬁﬂ?,@ﬁ.?m@ﬁ?ﬁﬁqﬁﬂﬁﬁmsﬁwﬁwqﬁﬁa(mnsnﬂt)ﬁﬁﬁmlm
mﬁvﬁﬁaﬁﬁlﬁﬂsm,ﬁmmmaﬁﬁmmmm%nwﬁﬁmwaﬁ
i@ﬂmﬁm@ﬂmmﬁ?ﬁmﬁlﬁmmm@ﬁm%mm(saturation
temperature) W F1R % ¥ @l arca =1 @i a1 5@, Fiewk, 99 @ ® FR @ € S ae
¥ wfideh % AIYHA W R S @1 39 TR Ao w1 gert g1 9% 6 9w A9EE 9 Hier aed
T R 3Rt @ S sifaaw S 21 aiftes § Frer ool 9 weitas S sifiaw @t W (Degree
of superheat) SRfEe &M T W fs wat B1 7e R Wi &g AT W fof @ 2

e AT W AR Sl €, AfoTs FaiEe § 59 wWiden Siwdl § arsdied Sial & 91 HieR siedl o1 argE
T 21 AIYHH g1 ¥ Hiow Scd o <M Sgdl 2 S SEmEH W Fied <9 & Wead ¥ IRy @ S
) 9 T Ied A F IR IO ¢ 991 89 Wias F A6E qG1 A ¥ 53w A 21 78 qwa
TATHM R T S e G ends S @ @l

e SIS R < T2 €, Fatee § 5o Siden ot oA Wi arvdighd et @ TR WieR e 1 draHH
39 TE A 21 T T @ Aea TR W R T € a1 afers ¥ 59 Wi i s S ¥ AR
3 75 yREaT T S AT S Y 9 W T 81 4 9 QA THR F A T e—

(i) ifies (Interpal),

(ii) &R §9eheh (External equaliser)!

Taeh THehRh e WOR aed ¥ SAHE & Y T I S, T & N S % 9
o & <l e SEEE & TEH ¥ A9 o o g Ao & e g o s g el

O T are S W Mfe Weied & 9 H =R foRa 9 @1 ekt 3 Aed 5°C REe
& fau Fo fd sl &

(3) = uTse Wit aea (Low-side Float Valve)
ﬁwmq@zw(é@ﬁaﬁ.wm))mﬁaﬁaaaﬁﬂmmmﬁ(ammw
wﬁmaﬁqa%aﬂaﬁ)mmﬁiﬁaﬁawq@zamﬂﬁmﬂﬁm@ﬁfmmm
T@m%nﬁa&mmﬁ@ﬁmmq@zaﬁanﬁamﬁmw%l
mmﬁaﬁﬁmaﬁa@mﬁ,mwaﬂﬁm%lwﬁmﬁam'%amﬁzaarﬁ
‘iﬁm%amaamwwﬁm'%lwaamwaﬁawmam%amw
aaam%amzngamamam%nwaﬁﬁrmmﬂ%%fma@a%mmwﬁ
Hﬂﬁa@aﬁt,maﬁwqﬁﬁwﬁﬁfﬁaﬁiﬁ@ﬁwawmmﬁu

(Partly) YRT g3 &l 21 A 1 Gerl




(b) e aTee weie A afga wefles o=

fax 6.19

(4) = WIFT Yeile aeT (High-side Float Valve)

I HIES WA A1 [RE 97 6.20(a)] SO 3% S0 T Al WigS F ( 314iq WHAA qo aifery
% TEA) T S 21 qE A A T A 5 H AN R, R F AR B R § a9 w6 Ty
aﬂrm@aﬁ@ﬁqﬂﬁmmmélﬁaazmb)ﬁ@ﬁmn@zmc—q’wﬁﬁmﬁa

feaman T 2

¥ s,

(b) 3% WTFE Tt AT whew vt

fax 6.20
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mmﬁqfﬁaaﬁ%m:mmﬁzwwﬁmmm%aﬂuﬁwmaﬁﬁ

5 g o ST B ST FH
ﬁmqﬁzwﬁmﬁaqﬁz%aﬂmmawaﬁw%waﬁsﬂwﬁammm

gaﬂ%ﬁ%’aﬁﬂﬁﬁaﬁmmﬁﬁtmﬁl
ﬁmﬁiaﬁﬂﬁmﬁwm(cdtical)m%lﬁﬂﬂﬁaﬁﬂrﬁww

arsqﬁqa:e:(ﬂood)aﬂﬁaﬁﬁamm%lmmw,mmwm%mmm

&3 &al &H B S R

§ 6.6. LT ARV (Safety Devices) : .
il ¥ TN ER % $T W@ YHR & g Sy e 8 —

6.6.1. FHfRZ (Thermostat)

= weifed aHiede (Refrigerator thermostat) Fed: Teh Seiifer- 2o fhra 1 e (brain) Bl
3 = weifm ¥ fiee Sifed Q9AM (required temperature) ¥AIfUT 3 W 2, T e, isE
(compressor) A foE[d Y@@ (flow of electricity) =1 A% a1 21 T T W (refrigerator) F I
= TCF N B 1 TS weae Frew A (visible control'knob), S ¥ qroeE w5t Frafaa wa g

Qﬂamﬁaqﬁf@zm@@mm%ﬁm%ﬁmmﬁaﬁwﬁmﬂ40°v?li=r613€) GO
T TE 39 fou emfeee i Efem faed Wl SEvERargar 1 (ON) 7o 3% (OFF) & 2
HE-S (frost free) Hisah A fSIE = (defrosting cycle), % frafa = & faw TR (Timer)
ofed e A TF e @M A ¥ TR e @ TR 'R E—

(i) 9™ < (Vapour pressure),

(i) fgenfE® (Bimetallic), 91

(iii) §ffers V2 (Solidstate)

(i) O™ I gafee’ (V apour Pressure Thermostats)

a7 < TRE T TEEHEEA 4 (Electromechanical device) ® S T ¥ (bulb) BRI ATGHM
1 AT T 21z dew § T amwie 54 (volatile liquid) S Tewhee, w1 @  formen s
oA Tl 5T T A FH O ) T wew Tael et 2 &N TH SEnh ¥ 91 @@
S TR 2, 79 T (fluid) T R S @ T SR H Heher (pushes out) ® T g
fegm o2 B ST & @en Ffem Rawed We] 8 W ¥ 96 qYAH FH W § T el G (contracts)
4 fored eramEM @A (pull) & AN foga e ge I § A gfem fowew o @ W )

(i) fyenfea® oif@e (Bimetallic Thermostats)

s aifee & T H35T T (sensing strip) T WA A ST R Q) ST aged A faeraw
T Bt & AT STem-3TeT X ¥ TG (expand) 91 fAFEA (contract) B1 Tk Y AowH qRtEd A %
W s GaeAvie e € Sl guU U YagAvie e @1 aueE ¥ afg ¥ few (strip) T fgm H |
fovedt (warp)  fore forga fae s &1 Wran @ @ el P TE (start) B I }) 99 AOHA FH |
o ® ford figy fanda fean & favedt 2 frad few gt @ ao e & (close) & 9w R
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(iti) WET® Rz 72 (Solid State Thermostats)

wiwe Re qiiee, i W a1 fefea mifee (Digital thermostat) 5 R; ;{Eﬂ L

Fi% 31999 (Electronic element) %1 YarT fa1 ST 81 98 21@9d AHH qﬁaﬁ::ntrols) :q oy

s foga e (Electrically conductive) s a1 21 3af~<a9 F=Idl (Ir;?;z; CS il %’T

I ¥ T AreshisteR (Microprocessor) %t @ 81 & St Sagviel sraaa (Sensing ﬁemem s

readings) =, Sifeq aAE A F fere, qom o @1 T 9] WAy, W Iml i IEFH ?T"E

(command) 31 ? For fevew w1 & W @ ok A F9 A € A S A R
= faen g & s

6.6.2. 3ET WE T (Over Load Protection)

TS Wie [ (Hermetically sealed units) ¥ @y arEfem (windings) &1 3Ue1 T@ﬁ * femy
. mﬁmﬁgéﬁmm%m%m ﬁ%mﬁw%ﬁﬁﬂﬁﬁﬁw
. A (Thermal overloading) ﬁaaﬁ%fmﬁﬁmuﬁ o, ST Bﬁ\mﬁ?{ﬁ?ﬁ T Hrex q]'{qé;
g | € aeE dagTie seae (temperature sensitive element) % |19 T AT 3NSRAS (Thermy]
overload) gl ST 81 Ig 3aare & @ifién @ (starting relay) gR1 Uf=nfaa 2rar % gt AT
R AR ATh<g R (shaft mounted centrifugaliswitch) &1 Sfecafug 3 & T o s
T Hiiss W, qufy @ifén anfen (starting winding). &1 e s 91 o ¥ fAu sifirfeg
(design)me%,mﬁaaﬁmwﬁﬁaﬁrﬁfﬁahwémﬁﬁméﬁﬂﬁwmﬁm(Poor

supply voltage) 1 3T¥gferd T wRfeafiat (Unbalanced pressure conditions) <, FEFET (winding) =

rload-cum-starting

Ulg (bimetal) 991 qM9% 75 (heater
element) 1 G4 (combination) BT ?1 9@ I~ Hmémﬁa: SN B (precisely calibrated) fern

mmmwﬁ&wﬁa‘fﬁ%mmnﬁlﬁum
aﬂ%qamtﬂaamm’/oﬁwcﬁnw&,aa

6.6.3. 3= TU T @ Fe- 2= (High and Low Pressure Cutouts)

WRifaH F=EH (Refrigerant compressors) ¥ 359 T gt fiy S $2-3=¥2 (H.P. and LP.
cutouts) T.ERI ¥ S 1 feame T w2 ST9 T L 3NN Wy Q&I 90 (safety control)

@mﬁlEﬁ‘\’ﬁﬁfm(headpressure)Wﬁrﬁaﬁlﬁﬁaﬁﬁﬁaﬁ,aﬁmmmeqmvnﬂga;ﬁ
ﬂamémémﬁﬁuﬂﬁwnﬁawﬁmmélm

¥ < e W Y o @ 0
THiiSH 1 g7 A W 3 FH-F7 I F2 oz  Hgeret TRf (Manual resetting) %} siragae
Bt }1 S vifee Wiy (water cooled condensers) % T {9 3og o D AP T A&
@W%WﬁmﬁmﬁWW%WWWWHﬂam%
=1 3@ %= &Re (L.P. cutouts) ww e Fo=e qeq

: . T TN freeg (Temperature control)
N #R Wil B w2 i T ™ (suction pressure), Fifs & A (Evaporator temperature)



© P N Y AW N

(NG T S T S T N S NG T S T O e e o B e B s

Tt
Wﬂgwmﬁmfﬂmw%?ﬁaqﬁaﬂhﬁmu
ﬁrﬂﬂw%ﬂuﬂsﬁﬂmﬁﬂﬁﬂmqt%mmmé?
WW%#MW&WWW%.
@Wmﬁawwﬁmﬁmﬂwm|
T s dics avfies (Hermetically sealed compressor) &1 afa3 &0 Hiferg
TF Uil writees (Rotary compressor) #1 &fax avia #ifer
T Wit e o dufy (condenser) &1 F1 %1 22 avfF Fifew
T HEfEA & W @1 wiem v s
TF WEH e & fafim et = wfes wwemE

. T =g fad 999 (Air cooled condenser) &1 a3 sAm@Rt 907 FifSu)

. TF 9o Witfad W93 (Water cooled condenser) &1 ot 5@t 9oi7 Fifom)
. U& ar%9eh HufAA (Evaporative condenser), F1 Qfes avfq wifsmg

. T WEita womelt ® Siftas & FEl 1 9uiA shifa)

. U Fifeqs &1 FrEANUTEt S Qe quiE Fife)

. fafs= W & 9ifSwsi (Evaporators) &1 aiteRtol &ifwg)

. UFH TIAfEE WHR % A (floaded type evaporator) 1 ®fes aviq wHifSm)
. TH Y% FER/AES (Dry expansion evaporator) ®1 Hfd FUR Hifs)

. ¥ER ared~(Expansion valve) ¥ 87 T8& ¥q@ HEl H IviH HfQ)

% 7= TEe wiE 9 F1 gies quiF Fifs

: @mmmwmaﬁaaﬁm|
. ﬁqmmwamﬁm@Emﬂwmu

qifefes WO 9ed (Thermostatic expansion valve) i qad quiF Hifs)

_ gufe2 (Thermostat) i 1 fafa < goenEa)

sirateire guan (Overload protection) W HA FuiF Fifea)

=g =" @41 = <@ F2 A (High pressure and low pressure cut outs) ¥ dfyra oA FifT)




Chapter (PSYCHROMETRY)

__—________—-———_/___;-————

§ 7.1. 9ft=T (Introduction) :
emtﬂmzwW%mmﬁa@m,w,mﬁm,m,ﬁmm,m,m,m,
Wmﬁmﬁﬁaﬁﬁmaﬁmm&mﬁﬁ%% ifiTeh ST W & Hohl WI-T
@mmﬁﬁﬁ%ﬁm@mwﬁﬁmﬁ%mﬁamﬁzﬁ%l
“RIATgEEA (Air-conditioning) T e ¢ faad gra et @E W Ay AT,
g (Humidity), ¥@8dT (Cleanliness) ¥ arg Tfa (Air motion) AETIEHAIA & AIAR faf=a
’ fed s #1”
«Ajr-conditioning is the simultaneous control of temperature, humidity, motion and purity of the
atmosphere in confined space according to-gver requirements. E

m:mﬁaamrﬁmmadnﬁ@fﬁqﬂamﬁﬁ%%,mamwaﬁﬂﬁaaﬁﬁmm@
m%ﬁ&ﬁwmmmﬁl

7.1.1, AATRE & ITENT (Applications of Air-conditioning)

J ) ¥R F T B

(1) g@g amgRed (Comfort air-conditioning)
(2) sieifieR arageRe (Industrial air-conditioning)

(1) gag e (Comfort Air-conditioning)

_mﬁgmﬁaqummgaﬁm mﬁﬁwmﬁw%ﬁqg@aﬁlmm
i ¥ st o1 oAl 2 —

(i) Hommeit aagEad (Summer air-conditioning)——%ﬂfl' fordt M W 39 S (sensible
heag;jaamaﬁﬂahmmam% ¥ & & o i (cooling) F foran T T arg wiaer
£ ETI"E =l ‘\TEF es aY9H (dry bulb temperature) S T 3| Hrererei aaged § ‘wiaed
fRESI (cooling and dehumidification) feFaT = ¥ @R St =l
it é:) ViieehTe ARRREA (Winter air-conditioning)—¥id Fg # TWIIFRTT sd e @
B mﬂ:ﬁ‘:;:ﬂ i T TS (sensible heat) TQH! @ & WI-WY TH it HA Y off Sgrdl FHE 2

3 T SRAA (heating and humidification process) B fal STl 21




e 107

(iii) quf o FAIHEA (Year round air-conditioning)—3ed R ure & ¥ TR FLH
o &1 W ¥ oW aEen W ¥ o TN 36 WM W fafiw dhw ¥ eeR wE-weE W A
= T P01 T B R

(2) SEAfTE AR (Industrial Air-conditioning)

T I AR T T I W R ¥ w9 € 5 g seifie shem ahedrgEes i
o1 g 21 ST IR W WFE g@ N e W 7 fa Fad sl sftmmel W e e
ST 21 3F: THH AR (design) Fa@ e whpaeh W fok g e freftag F §—

(i) 3nEammE 9SMEl (hydroscopic materials) & T =Y frafSm T

(ii) T 9 SRS e (biochemical) fafwanel w1 stfufa=or e

(iti) S TR & HF=T =l RS (precision) Tegel ¥ it =TTl

(iv) 313 TUTEH (equality) o agal & SwRH T YA o1 W €9 ¥ =W & {93 Wes 9 o

T g S SART W W TH H 68 1 FfoTE 7 8 W

§7.2. 'HTS'ﬂ'ﬁTﬁZﬂ (Psychrometry) :

qft=d (Introduction)
‘g g Wel-a % fasur & TUR o STgR T Wigshnitet seenar g1

“To study the properties of air and water vapour mixture is called psychrometry.”

AAEEA % A S ATl arg, W w (dry air) & N a9 (water vapour) ST g ]
AR F TS F T S, el 1 ST B g

aqETeetd A ¥ TS T 99 SN T A B ¥ YS A F serdion, e gud i O
¥ T R qaE W 999y §-39RYd Se-arsy & 3ifers e (partial pressure) & & TS <
(saturation pressure) ¥'FA TG ¢ T T% el GO (condense) T&l BWl, U1 1Y’ & ‘Fi-arA’ Hl
fysor T oed 9 W We i FA | FATE B At Sl F TA-ar F ovawen ¥ aftad
A 2 wraf arg i srEen A w2, o T8 AEEE 8 W @ R oy 9 So-ar & frsor A 2R
e fafim sfwarsl & sverea foman wm

72.1. WIZEHREH @t yiEg@ett (Psychrometric Terms)

(1) Y= ag (Dry Air)

gl ooy T At e fafve i veet o fasmn At 21 6 1Y S STEETeeR-Fae T (volumetric
analysis) Frefafaa 8—

SRS = 21%
AE2NE = 79%

Y I AT feageraor-Sifeiish = 23%, RIS = 77% Bl 81 Y& 7a1 &1 SR (Molecular
weight) 29 & TN B 2



108 RfiTT TS AR

Y[ 1Y T S 0°C ATH T4 1,0135 bar T R 1,293 kg/m® T ST B T SLLIC R
a7 & e PR (R)) 0.287 ki/kg-°K WA ST 21

(2) T A (Moist Air) &
T MH-A7 (dry air) § FA-arsa’ (water vapour) 1 T rar 21 Eﬂ'ﬁ Y FA-arq A 5y
ﬁm%mmgamrgmzw%a@naﬁ%lmﬁw—mﬁwvm%mmmam% |
] e TR - 1 W e 81 T 3 - & Y A A T A, I N oy
¥ R W -9 A GO A AT 8w ’
m““aﬂﬁaﬁmwa@(drymmmmgmm%nma@ﬁmwaﬁw@
fercimm sfy fercim 6 919 (ke/kg of dry air)  SEf™ & B

(3) €@ A/ (Saturated Air) |

Y a1g Fe-ar 3R Y A o v s 2 ford So-ars sHfichan A A 9 % WY fawfy
(diffused) B §1 ST-aTST WHRIT SRAE-TTT F ®Y ¥ Fo-T@q &S0 GV N F WUE B §
g 9y ¥ agEved ¥ w9 3 9N @t @ 99 9% -4 9y ¥ §EfW (condense) TR HiRt
a1 Y AT I TR W Fo-Hull & ®Y § FeI& R e o 2

(4) EJf@ @t 9T (Degree of Saturation)

T A H T 6 Held ¥ Ta-a19 H arfoss qe a1 S @ el o I 9 9w 9 3
SI-aT9 A F A9, T H ABNEN § S qa9uE iR < T GHEA B
(5) A (Humidity)

T feheimm Yeh-arg H Sel-arr At ot Aen @t 2 9@ oA (humidity) Sed ¥ s @
A A S R gk A % v ¥ e fha o f1 59 eeR W avgar 9y TS 3T
(humidity ratio) a1 fafite S (specific humidity) $h wey &

(6) W FATEAT (Absolute Humidity)

TF T HX, (m) T A F 9 a7 ) foerht aen ot @ < S e R
mm‘mmmmmnﬁrmﬁa(gm/m%ﬂﬁﬁﬂ%ﬁﬁ%?ﬂtm%l%ﬁm
FH F 9 IR T Fex (grain/m’) T a7 ]I TF kg Ty 15430 7 2 &
(7) |eg AL (Relative Humidity)

aumg(moistair)%@ﬁfmmﬁm—maﬁmwwmalwammaﬁ

HJW-17 (Saturated air) § el .
g 0 A R S S e o we ¢ wafs o o

B % STER i 7 arey
W T wg ﬁ“ﬂaﬁqﬁﬁ:ﬂ;{ﬁm TF I fhgo (mechanical mixture) gray HAafq a9 4
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“qﬁgﬁmﬁmﬁammm-maiﬁmmmtvh
fo daw i o aw
memmammtmm,wﬁﬁm&mmtl" u

“The total pressure exerted by the mixture

| of air and water vapour i of the
pressures, which each constituent would exert, : o

if it occupied the same space by itself.”

o e s =6 o < W g s w A e & we siae e oL e
A % TR R

7Y T A 0 B % w0 TR F e o a2
TS A T = Yh A Ao T -+ - -

Pb:Pa+Pv
W&, P,= SUH T,

P,= I g H qH,
g P = S-S & TE)

7.2.3. = AR ad aem A (Dry and Wet Bulb Temperature)
(1) =h o 9 (Dry Bulb Temperature)

Tg ¢ AW § S o et sl gviar &) s arg # gm SR e @ Se-ars ¥ i
T el Bl F€ Shae 39 FHS IRE (sensible heat changes) Tl 31 7% Wrarra ¢, ¥ Wi fFan
< 21

“D.B.T. is the temperature of air recorded by an ordinary thermometer, when it is not ajfected by
the moisture present in the air.”

(2) ¢ qo8 YA (Wet Bulb Temperature)

7 o & arefiged T s ATIA §1 F¢ U ewiiet a1 quiehyel (thermocouple) ¥ AT W
forgan aca a1 e quiaan i T4 ol wug @ wet muslin ¥ T 31 B & 3HF FW a1g Falfed
% 9 & A& v g § T o it 8?1 Thermometric bulb AT thermocouple wires ST
F T A o, Tl 2 oTEaEY TH AYNH TU T Y& se avH (D.B.T.) & A9 fin s @1 v
auidier 3R S0 WY T £ 9 o @ed quWH (W.B.T.) i W Ug o S ©1 A HIHEA 1,
R GEGRE o R S

“W.B.T. is the temperature of the air recorded by a thermometer, when its bulb is surrounded by a
wet cloth exposed to the air such a thermometer < is called wet bulb thermometer.”

TE e A (W.B.T.) o1 3 Toha T Fsi e @ et w3 e &, s A
T e AT (W.B.T.) T S| sdieRTul o S o HR, 10% aaﬁa%am’m% ST 9% W4
¥ A9 (D.B.T.) @ ¥ 21l €1 37 DBT @ W.B.T. &1 ST 9 ¥ IufRyd qrHt a9 (water vapour)
W9 1 W.B.T. ¥ & T Wider &S (latent cooling load) 1 T ¥iiae™ ¥9E (latent cooling effect)

W WEHie 9 W I W Gehal 2
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7.2.4. 3NWH AGHH (Dew Point Temperature)

& a1 W1 F® quwe § f@ w oarg & IufRa eT-aT (water vapour) T Hyay
(condensation) WP grar ) ﬂ!mmﬁmm“mm*mmtl

“It is the temperature of air recorded by a thermometer when the moisture present in it begins 1,
condense.

In otherwords, the D.P.T. is the saturation temperature (1) corr esponding to the partial pressyy,
of water vapour (p,).”

™ 9 ¥ IRy o a9 1 iR g™ HH e
1 mF 3TTQR "YW AYHM (saturation temperature) i
o4 B a1 F1 D.B.T. 39 Hif¥reh <@ W I & T
TR} e @M oW A9 A H Sel-ar9 (water
vapour), ‘{fIA@’ (superheated) 3/@® ® TNt TE
fox 7.1 ¥ fag (3) @ weffm faran man 2

fe@mn mn R1 farg (2) ¥ I YideH H ¥ "o

B R1 (2'-1%) WA Wieran Weffia St €, 3a: forg (2)
W A99E ‘A agEE (dew point temperature) .
EYTF 2 fa 7.1—sitwi® auwE

] & W.B.T. 991 dew point temperature” $iIqi% a1 & 9@ 7@€ (100% R.H.) %1 M F0
¢, WY T IR F G A 2

91 & 3 (dew point temperature) H G FSIAT (heat content) A HTA & IGT T F A
raRafda Tedt @1 W M6 9 argH)(wet bulb temperature) B ST (heat content) 37ufafda T&d
& 9 T oo wgrh W 81 A Wi W@ €, @ A A9EH D.B.T, WB.T. 9 Dew P.T. T

§ 7.3. WIGEIHIS(t & W@ (Psychrometric Relations) :

J T WPt I % 99§ T e o1 31 ¥ WY O WREfieh grary fread st el o e
(1) Ik, fafere smtar @ sl arqu

W= 06222 - 0622p,
\ Pa (pp-p,)
E ] p,= Sl 919 &R T
P,= 99 & T
py= NHR W |
(2) m‘m mar (Relative humidity)
(1) o= Py
1 23

W&, p,= T 99 H Ty
Ps=m3T§'ﬁﬂm
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(i) o = H

1-(1-p) s
Py

G‘ET? p=mﬁqﬁ[
p,= W9 9 ¥ T
P, = iR W ==

(3) IST AT WX A (Pressure of water vapour)

(pb _pw) (td -'tw)
1544 - 1441,

pl'= pw_
SE, p,, = T TER F TR T T
p, = MR | TN
t,= U%F 9o qUEE
t, = 33 9ca qA9H
4) ‘Gﬁ & AET AT Fﬁfﬁ' &l AU (Degree of saturation or saturation ratio)
w= Pv(Ps—Pa)

, Pa(Py—Py)
&, p, = V9 99 F TE

p, = MR W @
p,= T 59 W ™
(5) T AT 41 AT 99 (Absolute humidity or vapour density)

o & Wea _ Wpy-p)
" R, R,T,

¢ Py =P, +pv)

wE&l, p, =793 F @ kN/m’
R, =731 = it f&ri® (gas constant)
£0.287 ki/kg K
T, =9 aea a9 K

§ 7.4, 94T &1 T (F SN (Enthalpy or Total Heat of Moist Air) :
wa{gaﬁwm,wamﬁmamwﬁmmaﬂm%?ﬂmm%mﬁﬁ%l
(1) g% ag & 0 H = C, ¢, (1)
’l, C e = 1 J9-F (Sensible heat)

[dz WWW
(2) FeT-areg § FE0 = W.H, (i)
Jei, W= ¥k 9y ¥ 9 franm wo-ara @ we i fafe st
Hs:nﬁr%hmwamﬁaﬁam—amaﬁwﬁuzﬁaﬁwm



(3) W A @ AR (super heated) Irawam ¥ get & T WT-am™ # @A FHew
= WC,; (tg - 14) ...(iif)
e, C,, = ¥fqaa argy =} fafoe s o
(4 — 1,,) = degree of superheat
I (i) + (ii) + (iii) F1 A T Y F Afoa s ¥ ARG & S (H) T T W=,
H=(Cput) + (WH) + W C, (1= 1) |

= (Cpa.rd) + WIH, + Cps (r;- rdp)] (wH'=h a1 dp)
= (Cppty) + Wlhy, + Ly, + Coslta — rdp)]

= (Cpa.rd) + WIrdp + Ldp + Cps(rd - rdp)] (= dhp =t dp)
=(C,y + WC )1, + WL, +1,, (1 - C,)] (iv)

IR T4 (iv) & (C,, + WC,) T I fafig 37l o1 (Specific humid heat) Shed 1 aTaTgeper
o IRE (range) F 1= ATHH W W 1 W 9gd W Bl €1 AHGeH $t arEm 3 fafie o sy
& 9F 1.022 ki/kg K foran s 21
H=1.0221,+ W (L, + 23,1, KIS 1. Units)

e, L,,= @ & arefietol s T, S e % STER (W9 JRet &)
ty, = 3G YA (Dew point temperdture)

JETEIVT 1. ATYHUEIT &Y HT DBT -21°C q&r WBT -18°C 1 afE &l &1 qrg@id 750 mm
of Hg ®1 @ #Ffu—(i) o \amg &1 Nifyrew @ (i) e omdan, aav (iii) SNWiH AN
(D.P.T.)1

T—f= —1, = 21°C,1, = 18°C, p, = 750 mm of Hg.
(i) T a9 AV S (Partial Pressure of Water Vapour)—¥Tq TR /, 18°C WBT ¥
WA (corresponding), a9 F TJW <,
p,, = 0.02062 bar

_ 002062
0.00133

= 15.5 mm of Hg ("~ 1 mm of Hg = 0.00133 bar)

e 9T H AR <M, p,= p, - (Pp—p,)t;-1,)
(1544 -1.441 )

_ 155 750-155) 21-18)
(1544 -1.44 x18)

=14 mm of Hg 3w
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(i) W LA (Relative Humidity)—9 ¥rvit }, 21°C DBT ¥ ¥m, o &1 99« I,
P, = 0.02485 bar

_ 0.02485
0.00133

= 18.7 mm of Hg

R S (¢) = % ='T‘8_‘% =0748 W 748% T
.18

(iii) JEH A (D.P.T.)—19 Aokt ¥, et a1 ¥ 2 (14 man of Hg) & T AT 16.4°C
3q: HEiF qIuE tyy=164°C TN
T 2. mmmwmm%mmn&m&m,
(1) =6 &&® A99HE = 30°C
(2) & T AGEH = 20°C TAT
(3) ANfieX WIA® = 740 mm Hg wrT T4
WY WHUR W WG w% §W af—
(i) N\ Tue (Dew point temperature)
(i) WM Ima,
(iii) Tafere amdan
(iv) G99 st AT (degree of saturation)
(v) aif 99 (vapour density)

(vi) TuTedt (9fd kg IR arg. & fasor #)
T—(i) 3AEe aauE (Déw, point temperature)—Yaugy 91g H TA-a%9 1 qE (p,) 9@ FHA|

919 9RO § 8 ged dNgM (20°C) W 3H% U6 @ T 1 HH F1 it
p,~ 0.02337 bar
pj, = 740 mm of Hg.
=740 x 133.3 = 98642 N/m’ (- 760 mm of Hg = 133.3 N/m?)

= 0.98642 bar (" 1 bar = 10° N/m?)

(pb _pw) (Id _tw)
31 9% &1 <@, P = P, -
W 15441441,

(0.98642 —0.02337) (30 - 20)
1544 -1.44 x 20

= 0.02337 - 0.00634 = 0.01703 bar

= 0.02337 -
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3T AR AGiH AHH (dew point temperature) %1 A Jidl-ar & ¥ <@ (p,) % E79
& 0 o R, T a9 wwRed | a@ (P) = 0.01703 bar & W SHH AT (dew poipy
temperature)
. (= 15°C W
(i) Vg AW (Relative humidity)—W GROR § &9 AT H GI@-SF (saturation presence
P) I ®N e ¥ ac9 agwe 30°C F TR 1 3 WA,
p, = 0.4242 bar

o Tw R oo e, o= D = .(‘;_gg% = 0.4015 or 40.15% 3T

2
(itf) fafire smf (Specific humidity)—&% 3@ ¢ f&%
Y _0.622p, _  0.622x0.01703
§ T (py-p)  (0.98642-0,01703)

0.01059 :
= = 0.010924"kg/kg of dry air
0.96939 .

= 10.924 kg/kg.of dry air 3IWT
(iv) W@ @ WA (Degree of Saturation)—&H I T &

; 0.622 p 0.622 x 0.04242
Hyw arg @t fafdre amdar, W= S =
SSopp=p,  0.98642-0.04242
0.02638 .
4 = = (0.027945 kg/keg of dry air
~ 0.944 g/kg of dry

Ia e fF
. W 0.010924
e & 9, u= — = =0.3910r 39.1% I«
H= W = 0027985 ?

A

(v) AT8 99 (Vapour Density)—e% I € f& a4 w7,

- w(pb _p'.-)

B RaTd

_ 0.010924 (0.98642 - 0.01703) 10°
287 (273+30)

= 0.01218 kg/m® of dry air T

(vi) Tt (3T kg YR A F FH0r A)—9m ot F sER, SwiE e 15°C W
aS{IRTOT i @ S (latent heat of vapourisation)
L, = 2466.1 kl/kg
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o T (3 kg, I a1g % sy )
H=1.022:,+W [Ly + 231,
= 1.022 x 30 + 0.010924 [24066.1 + 2.3 x 15]
= 30.66 + 27.32 = 57.98 kg/kg of dry air I

§7.5. wfer WEmIe (Sling Psychrometer) :

T& Uk ST @ 9 510 9 % DB.T. 9 W.B.T. T £ s ) Tad < duiferem o &
ﬂ?ﬂﬂa?mgwiﬂm%,mﬁﬂﬂﬂaﬂﬂﬁlﬁuﬁmBﬁﬁﬁ@ﬂﬂfﬂ'\am,ﬁﬁwettedwick

& Tk W A R, A H A B} 7 o7 Ao A (W.B.T) S e &1 e o 7.2
¥ feama m R

fax 7.2—wferr g

JAMET 3. TEH VAN Ul ¥, U Wiewr-wigehniier ¥ DBT der WBT HusT: 30°C aam

25°C Ate fad AT FIR—(1) AT @ (2) g Ik (3) fafvre amd (4) TR = W
(5) Jaiss AR q@r (6) fuwwr w T

T—fem — T,=30°C, 1, = 25°C
(1) 9T E@—WBT 25°C W, W9 IR § F@@ s [
P, =0.03166 bar
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a, P = p, - Pl ta=ty)
1544—1.44x1,,

(1.0133-0.03166) (30 —-25)
1544 —1.44x25

P, =0.03166 -

P, = 0.3166 - 0.00326
= 00284 bar W

(2) ARG AFM—WY GROR @, 30°C W AT H WIW T P = 0.04242 bar

P, _ 0.0284
TR S o= L = 02 =066 A 66%~ T
. $= 5 T v02aa2

(3) fafwe amfar—

P,

W= 0.622

_ _0622x0.0284 "_4 18 kg/kg of dry air I
(1.0133—0:0284)

’ @) G| @t wE—
| AP
PP, —F,)
D 0.0284{1.0133 - 0.04242]
0.04242[1.0133 —0.0284]
(5) STH ATIHA—H A & o6 arg A Sl a4 o1 g, 3iHich q9HH W W < 6 SR
BT 21 W9 WROi |, 0,028 WA = 23°C
g q9EE = 23°C WU
(6) Tasur @1 TaTef—am Sl A, sitis A 23°C W W % AT H TE
L, = 2447.2 kl/kg
frsron =t Tl = 1.002,, + WL, + 2.31,)

= 1.022 % 30 + 0.018 [2447.2 + 2.3 x 23]
g = Taedt = 75.66 k] 3R

IR 4. 28°C DBT AW 760 mm (R &) & areit argquussh fafyre
6.016 kg/kg of dry air &, FIT @ifea i s

(i) e A w1 AP @ (i) WAE Ik
(i) EH qeH (iv) fafore T, qar
(v) A= o

= 0.651 3T




et 117

ga—fa —1, = 28°C, p, = 760 mm of Hg, W = 0,016 kg/kg of dry air.
(i) AT T VR TA—A p = w1 s 2|
w i € £, fafe smstar a1 sngten v

W= 0.622 x—Pv
Pp—p,

0.016 = 0.622 x —Pv
760 - p,

p,=19.06 mm of Hg
P, =19.06 x 0.1332 kN/m?

= 2.535 kN/m? (*+ 1 mm of Hg="0/1332 kN/m?) W
(ii) UG MEN—T WO ¥, 28°C DBT W A w1 Wgw T

p, = 0.03778 bar

= 3.778 kN/m?2
ey e, g = P = 2933
p, 3.7I8

=0.67=67% I
(iii) ST ATAH—STA ST 3 3if¥rh < 2.535 kN/m? (0.02535 bar) W 91Y WU ¥, W a1y
& U@ AIHA
=3 A = 1, = 21.11°C I
(iv) fafere waedt—ar 7= ERE Tae® (in ki/kg of dry air)
Ly, = 9 AR & Sigieh A 21.11°C R < F91 = 2451.75 ki/kg
T I €, H=1.0221,+ WL, +2.31,)
= 1.022 x 28 + 0.016(2451.75 + 2.3 x 21.11)
= 28.42 + 40 = 68.62 kJ/kg of dry air I
(v) &y gAE—gd WA ¢ o,

— W(pb _pv)
arw ¥, p, = T
_ 0.016(76019.06)x 0.133
Pv= 70287 (273 +28)

= 0.018 kg/m> of dry air I]W

¥
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Wie1 T Saged
WyATEet

1. W% “Hrghiedt” Qo = g
2. 71 1 RfE FIRA—(a) Ao 371 (Sp. Humidity) (b) T STEAT (abs. humidity), () TR 3

SRR IS -

10.

11.

12.

13.

(Releative humidity), (d) 3f=ieh @M (Dewpoint temperature), (¢) HIerTol 37 (Degree of saturation)
(f) 1w =1 tiferek q/@ W fram (Dalton’s partial pressure law)

. fafew st = 22 Frafefian fog Fifm—

v

Pb_‘Pv

x = 0.622

(31) mﬁmaﬁmaﬁnﬁwaﬂﬁlﬁ:maﬁm¢=% gl

(9) 5% 9 Ggw o1 & ford gt ol fepat 2ft2
5 &9 9N D.B.T. 31 aed arq9 W.B.T. &t aftwr Sifsd
TR TGAehIvl qI9HE A1 FSAMIE E ses AIgHH i g sl
T9 91 F YU S (Enthalpy of moist air) % o g fafadl
D.B.T. § W.B.T. ¥ T= g & &Y # Farzdl
ue fafé e = 22 fax e saeh wEfafy aeemEal
32°C 99 arelt 9 # WBT 23°C 21 frafafed sm sifva—
(a) T S (b) T SE () FA¥TE SMEA (d) SGieH A9EH| SgAVEEE T 10° N/m? @
[39T—0.016 kg/m>, 47%, 0.014, 19.23°C)
T fafen WEEREET 40°C DBT 91-28°C WBT i WISwlish Tgdl 21 9 shifsia—(a) fafime a1, (b)
TR SE, (c) Y 1 AT T, () S AT () W kg YF Y & e fasror =it e
[397—0.019 kg/kg ofdry air, 40.7%, 0.0208 kg/m? of dry air, b= 24°C, 88.2 kJ/kg of dry air]
a7 1 Y[ Sos A 30°C A9 WEE Ssa 50% @ @ 1 1 5F 96 i —(a) AR AI9EE
(DPT) (b) fafie o (€) sl aea a99™ (WBT) (d) Tomedt (e) fafime s
[3W{=—14.6°C, 0.0106 kg/kg of dry air, 52%, 51 kJ/kg of dry air, 0.853 m>/kg of dry air]
& fafer @Rt 25°C DDT @41 15°C WBT &l 9igdish Tgdl 81 sHizX 760 mm of Hg # ¥effia
F@ 2 9 &1 Hifvw TS 10 mm of Hg WHd EU FA Hifse—(i) fafem smdar qen ¥g@ U

(saturation ratio)! [3¥¥—(i) 0.0083 kg/kg of dry air (ii) 0.41]
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Chapter || (APPLIED PSYCHROMETRY AND HEAT LOAD ESTIMATION)
/

§ 8.1. qfeq (Introduction) :

wmﬁmaﬁ#m,ﬁﬁamﬂmmﬁwmmwmm
FA

§8.2. mﬂ‘ﬂzﬁ'ﬁ e (Psychrometric Chart) :

m—mﬁm%ﬁfﬁwaﬁmmﬁ#%&mmmmtawm
e (psychrometric table) a1 [rEwefE A (psychrometric chart) =1 geraa & 1 9 8 wHE W
T9q & faa s = ) ST B o S #1 3 R F e E—

(1) WfeX = (Mollier Chart)

(2) HRE =@ (Carrier Chart,

Sensible heat
factor scale

N

9% @ mm of Hg —=

Humidity ratio Kg/Kg of dry air —=

Dry bulb temperature °C—>

fa® 8.1—Psychrometric Chart
siferat arg-are U @ T § Physchrometric chart Iydm feFa s 1 7€ o 8.1
¥ fern T R . &

119
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wffamtmD.B.T.°C,a1iaammimam“faq‘nammmm.ong,mﬁaﬂtmm
(Humidity ratio) kg of moisture/kg of dry air & 3% 31 Tl (Sensible heat factor SHF) Bl &1 wry
= Fefafes <n @ = o 2—
(1) DB.T. ;) t@® ®iHf, SeaftR g WweR TR @idt a8 |
(2) MM U (Humidity ratio) Y@M & (Horizontal), Helt & FH=R =l Wt 2
(3) W& A R.H. (¢) Ft @R 9% (curved) @i vt Bl
(4) 315 T p i T@R &fe, el @ /WA g0 (non-uniform spacing) W Bt B
(5) WB.T. 1, =% Yar gt ¢ (inclined), Wt 3 srawm gt & @i I 2
(6) fafeE @ (speific volume) Y& g g§ @ @it Wt 81
(7) Toedt (Enthalpy) T@isi & &9 Bt 8, Tued & famed (x = x)ky, faEem ey
(Deviation lines) BRT g1 S Hehal & W foF 5% T@all 9 X8 Bt §1-9€ A1 ST A 0T,
T Hehar 21
I W WTeh AAVSET 9 760 mm-Hg. w1 STER AR 3Ter@ (plot) fohan Sl 81 TR <
(values) R G0 Tavae 1 HEohRR =1 e (design) & I fomal Sar 2

8.2.1. WigENiel® a W ag fRfq & mer@ ®IAT (To Plot any Condition of Air on
Psychromatic Chart)

feret a1 Rl <1 WrgshrieRen W W sTera e, & o, Ig Sirawas @ foF 38 T arg-amsy fasm
% & ¥ %9 A 0 I &, S DB.T. T W.BT, RH d D.B.T., 31l 359 @ D.B.T. 311 forg
H IRE F & TGN G- F F [0 J@ FY T g

Me—39 w° = I 9 W R AR aveeiT 27 760 mm-Hg A 10 N/m? 21
§ 8.3. 'G'I'SﬁﬁﬁZﬁ'ai wighard (Psychrometric Processes) :

JETIR (air-conditioning) & IF-=Ts7 fHH0 W THI-979 W & FHR # NHAY TGV
F AR T TS ¢V wfran smfafa ¥ —

(1) 39 9T (Sensible hedting)

(2) 3 e (Shrsible cooling)

(3) THr™ FIAwul (Adiabatic saturation or evaporative cooling)

(4) TEfeRtal_(Humidification)

(5) FuEistor (Dehumidification)

(6), IA-Fqer Td PR (Sensible cooling dehumidification)

(7) W97 & ST (Heating and humidification)

I YT Wik o fowm ¥ syeaga w39
(1) #9 a9 (Sensible Heating)

.%ﬁmﬁ'ﬁ wierar & forad eft &t s o sty HIUTE (specific humidity or humidity
ratm)ﬁvﬁaﬂ-rﬁ:s&ﬁmmwm (heating) ferar ST §1 308 ¥ oY % Y wod AT
(DBT,) & afterd e &1 S & ferd a1 ‘A Fe (heating coil) % wafea o T
N T AT mélm(coli)ﬁmmﬁumﬁﬁaﬁmﬁmmﬁa%aqa:m’rwﬁmqﬂ
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s & T A fowan s wera & SR R o 8.2(a) ¥ e T # 9 Wi 9 W
g.2(b) ¥ T A (1-2) s | fe@rn T 2

A FEE s
- [+
N 2z
g e a1g frerd g
g T e 2 ,
@
D ]
JE::
¢ 1
o 99
(a)
fax 8.2

Trremd

(1) Y6 &9 999H (D.B.T.) 9% & 2|
(2) 9 1 (Sensible heat added) ‘ST (add) & W 2
v, I 1 R TE I S (Sensible heat added) = (hy = h,) kJ/kg of dry air

(2) ¥7 ¥RaE= (Sensible Cooling)

wmﬁw‘ﬁ'mmmﬁuﬁaﬁﬁw&ma@msﬂmmm%m@aﬂ
Y qed AE (D.B.T.) 36 i & fre<imar §1 398 39 o1 @t PRI (rejection) 2T 1

I Wiaed (sensible cooling) & &, a1g &I viqew Fated (cooling coil) & HI yaIfed SHd
Stefeh ot 8.3(a) ¥ fe@man e &1 wrarest & weiiaeh (refrigerant) 9 TN T Saifed fran ST S1 WA
%1 AT (evaporation) BTANE| HeRa®y a17 & Ao (cooling) B #1 Faiee ¥ =% 3ol It
A 3V W yafed A A Yiaer R 1w 21 9% sk o 8.3(2) 3 GREieRE 9 W fag
8.3(b) ® Wk (1-2) & weffm =1 T =

(1-2) wferar & fremifaa st T 39 S8 (sensible heat rejected) = (h, — h,)

, Iideq Faisd #

Ul

A 77

Humidity ratio Kg/Kg dry air
—

(a)

fax 83
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(3) TR HIWNHTU (Adiabatic Saturation) A AT ¥iaw (Evaporative Cooling)
Wuﬁﬂmﬁmaﬁmﬁﬁwwﬂwhm'mﬁ’aﬂmmmaﬁmmmm T,
TRE (recirculated) T # arg ¥ fogam@ (spray) foran s &) oFft & T A iRl B F g

oY U@ (3G R.H. = 100%) & it 21 78 whFa fa3 8.4(a) At 9 R 7 8.4(6) ¥ 1
3 e 7 1 59 SRHA A 37 5O (sensible heat) T2 ST & @ T ) S 1 T T add TR &

TR © famn
v 1 l g
\ = : T
'. ﬁ ] S
9 WO v | fl ' gy e g
ta H1, Wy :. .j E td, H2, W2 g
o E .
E1 f 52 L
b DBT —>
(a) TR WIRAHIOT (b)
fax 84

frepd—zg wfEa ¥ W.B.T. & Tof o (enthalpy) R Tl 2

(4) If®TOT (Humidification)

7% 9% WEEieReE vhwart frgd arg @ s aew A (D.B.T.) e v, aryg | Tt &l
HIT STt A ) gWE EA P (humidity ratio) T WTer 3MMEAT (relative humidity) F&dt ¥

N

Humidity ratio—

Humidity ratio—

fax 85
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D.B.T. e 83 & HRUI 3 T (sensible heat) R¥R et #1 sfw Greeniefics =€ W fo= 8.5(a) ¥ (1-
2) & B fEr T R
(hy — b)) T 1 URad & S AedeRtor i | S % HRO 2

T H WA 3fE A Faw i siE T A 21 39 Ay vider A A o g 21 3 had
6 ST FTW 2 A spray water f8 T a1 Yaifed F1 o1 @ & a1 1 D.B.T. feer T@e =t

(5) FEf@ToT (Dehumidification)

79 URRAT § X D.B.T. W et & Wi A Sgar iUt ot s fema wimar {1 7w st (1-2)
e 9 R a7 8.5(b) ¥ fe@r i ?1 97 arafss wfEa @ 2

% WI-91Y Yaer 1 a1 Sk & faT 8.5(b) @@ 2

(6) ¥ ¥itae® ud FAEfaTuT (Sensible Cooling and Dehumidification)

% WRHAT WTTA: ST g AT § AT W SUeST wOh e IgH U F A 9 e o
T & TR § T AREET § YiAeT Saiget T AIIHT AT 3 SRR AT § W g e T
Fe%gw g 1 3 ATIEE rd3a$sﬂﬁaaﬂﬁ%nsu%ﬁqaﬁmamaﬁmﬁaaﬁmmaﬁ
wl@rwzﬁmmé‘lﬁwmﬁmmmﬁmwﬁmm%m:mm%ﬂ
T SO IS ST ST S ST 31 SR T F¢ S o 8.6(a, b) H 1-3-4-2 W fewm®
Leikd

11 13 :4 :2
1

wi(kg/kg of dry air) —

fax 8.6

(7) Waq a4l aTefeTuT (Heating and Humidification)

wmm:mﬁﬁwﬁwﬁﬁaﬁmumﬁﬁmaﬁ
et 1 @ o 8.7(a)lEﬂﬁﬂﬁ(la%ﬁﬂﬁmm%lmﬁﬁme%@ﬁﬁ

Wawm%lﬁﬂ%(%ﬂ)%aﬁwaﬁmﬂ@mﬁlmaﬁ%@ﬁﬂ.?(mma@
(1-3) 741 (3-2) a5 1 =T § feard w2




1 3; 2 }
! : \ =
. : ' :
: . : 5
: | l_:_:_' 1 “6
arg W | A b8 | a1 2
—_— 1 | e : —_— 2
tdy W1 Hy \/\/\/ | L gy w2, H2 H
} I i l
1 3 12
) (b)
fax 8.7

§ 8.4. SUART UTE (By-pass Factor) :
' =7 SR & fF ST @ AR Fieer aTel arg W A, (1, ) S e afe e “qe i,
forent AT 1, &, 1 A% i e e B v, WA 7,0 F A wm
AT ‘2, ° AEE W 1 kg =Y, ‘td;ﬁmﬁwﬁﬁaaﬁa%wmﬁaﬁrﬁ%ﬁmﬁam(a)ﬁm

T 2l

YIS

I E 1 | tds ty
x kg tda 2

1kg 9g 1kg 919

w@|a IREIL]

—— —_—

tq

td‘T ) 2 td4|

(1-x) kg
TITTIITTITLI L N L T T T | 0 T s

e |l Lot

(a) (b)
fax 8.8

T T A A X A 4 o g e % SR Y AR 36 4, 59 9 (3 x kg)
PN G e et e 1 et (1 - 1) kg @ Tl & @Y wd  ovd 21 T8 SR At

el A H A, TS F aEe qe
TR a1 i Y& e w A s & -qrg fordl
TR (By pass factor) gRT == =i i 2 %' kil hie Tq’l':-f
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mﬁaﬁaﬂﬂﬁmﬁﬂmﬁmmaﬁaﬂmﬂaﬁwr@ﬁ%
xlcl”" "dl +( _x)CPm "d3 = lxcpm 'Idz (GIE:I' CPm = ﬁﬁm 311? ST

i
X(t([3 -_’th) = fd,‘ _!dz

. ) (td3 _’d|)
S x = AT I 0 By pass factor or B.P.F) 2|

I I wmRe” ¥ o Swmm Toren (B.PF) = lay —ta,

ty, ~tq

"o g F e, S R (BPR) < 2

rdl - td}

. W?@Wmﬁméﬁmﬁwﬁw%mmmawﬁ'@ﬁsrs.S(b)
e[ 2

§ 8.5. ™I HIX (Heat Load) :

8.5.1. ai=& (Introduction)

IR T & Afoher § TdITH T8, FTN AAF § F BT F9 @S (heat load)
e w e % 58 gved (handle) H{AT ?1 TreTErei dIdi{$e (summer air-conditioning) &
iiqehIeti Ao (winter air-conditioning) % o1 aievaes Yiae 1 A\ &t 960 9@ ST Bt
21 39 ford e i sTavash BN o fF 39 TIH W S ¥ S o T4 S S, ST 39 T W
AATERTA | T e S0 g W o (building) FTEI 9T S (heat) FEH FT § T Wy
g W oR 9 W W JANNEh S NSH It 21 9 & g U 9 (A9 T& 9 O e i 2
[T fasfeai 3 e o @R (cracks) & HR1 BT 8] JAHEHTH fohd S a1 ®@H (Air-conditioned
space) 3T T S S € Wt B q%"c'ﬁgﬁh'l@ﬁﬂ@?ﬁﬁlaﬂﬁ%ﬂ?ﬁg(f\ir—conditioning
load) &1 2 fafim widen & ar=ria e1ema fovan =1 Tehell 21

(1) MeTERTea, yide @i (Summer Cooling Load)

Ig SO i 98 WA § SN fop ik v 39 wF { gerd I =ifen, Sl stevass sfRe sifigeq
T (Inside design condition) 34 Bl 9l

(2) viaertelt AT &g (Winter Heating Load)

7% TYH F e S STl S " Wi wvel @ ol TE w eies sifehed <9 (Inside
design condition) AR ST G
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8.5.2. fafvs v & SWT-WR (Various Types of Heat Loads)

1) Wed TS T FST & FEIOr (Heat Transmission through Building Structure)
T & foFelt o gm0 wmmRe = T e
Q =UA®
U = ™1 TIHR0 Tulick (Heat transfer coefficient)
A = Hdg 1 &9A%a (Surface area)

0 = qUAH =R (Temperature difference) .
3TehfeId TIH (conditioned space) & T3 ¥& ™1 JETE, fiargfendi, AN, e | 3??( H‘ﬁ ,@R
T R o TSAF H ATES - TG B S 81 Wedeh TRl T HE BRI TE U o
ST 3T B 1 daR F G % W S ek, faf s s 9 wd & fa

TR F AIHE, S GaET T A T AAE IS 2

(2) @R fafezur (Solar Radiation)

e F T, AR ¥ SR, Fra F Tl 1 e et @ €, % 5 S e 1B g
difer fafim YR St 8 Thdl o) 9 & o o S5 TR Ok (overall coefficient of heat
transfer) 91a ferdl ST Gehdl 21 HEl-FE gR faferar (solaer radiation) & WI-91g 9=l Srareol Sl I9E

f gga 2l

(3) oI A | FuU WA (Heat Gain'from Outside Air)

3Tqehfeid TIM (conditioned space) . ‘5@l a1g 3M-S ¥’ (ventilation) o €T, fagfaa @ fam
et (infilteration) a1 % &9 H S FAY okt 81 AT g § A A, ST/ i A1 i SU&THA 31
T 9 I B 21 39 YR I 9 [ 51 F Fgiedt et @1 7SSt FER § 91 T o fasfedl a1 awan
SRT 91 1 F49 0 F1 S Fehell B SR 91 A W T AT SUhI TGIE Sk § 7 okt S w8l

(4) sreTaTdt T oS, (Load due to Occupants)

7€ 3§ [ T, I9MRYq W FYSE % HRUT B 2| 9gd W Ao R W 3 TR H Ao
U B S SR hael SAEEITAeh Fo St e, TR, Sew, wrierl sents T & o 9
TTYEE Bl 2, oRifer wed ot o1 FiaTerd €1 I S ARl ot @ fafy & weer w sk &
?1 36 YR § FeTel T S 34 F T GH1 8 B €1 T8 Heequl ol § el W o W T e
31 aedt gr freTelt TE o, SiRET 9 a=dl R Tl W Ssneh &t um Srer-ar ot 2

(5) fagg@ YA (Electric Appliances)

$E% ST JHRT (light) e § TR ST (applieance) o ERT T ) Y &1 T o i A4
ST }, B I S 9 O T FT (et 21 39 e i faegd 3o § o o A wfafia H 0
fovan <1 gepe 2
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(6) SEH @ (Product Load)

ﬂ%ﬁ\?{ﬁﬁﬁﬁﬂmﬂ@ﬂ?ﬁiﬁmm(Coldstorageplants)ﬁﬁ@%‘ﬁ?@ﬂ%iﬁ@ﬁia@
+q M R O T T E T, TR A 3 S W S I R a8 T Tl F TR,
A & AR fafim witpard gaeiiaed chilling, freezing, drying Tefe ST T &1 a7 de T3l
¥ vR, A, fafes e ety w fR w2l

(7) =% WiHae g W18 (Miscellaneous Heat Gains)

ga@zmmmwﬁmﬁmiﬁm%lwwﬁaﬁﬁmmmmcdduct,
supply dust air leakage, fans, pump e | I 24 & TR WA AvE JH foan S ®)

8.5.3. ¥T T @ HA wE (Sensible and Latent Heat Load)
T S S H W w1 QA H e S qwd 8 —
(D A T AS (Sensible heat load)
(2) T« S (Latent heat load)

(1) ¥ F TS (Sensible Heat Load)

%%m%@mmﬁm@m%mmﬁaﬁmm%lwﬁwgpace)%mm
ﬁa@ﬂﬁ‘éwﬁ%ﬁ@gmmmﬁmﬁém%lwm%@aéﬁwﬁﬁxm%lm
= W 3 o it FreferEd S § e —

@) Wﬁﬁmﬁﬁaﬁ,waﬁvﬁmmmmaﬁmmmi

(i) @@ 91g % | 37 oo & e ) T H vaw F 8, (ventileation BRI

(iii) wﬁmﬁwmaﬂﬁ-mﬁa@wﬁaﬁiﬁmwaﬁ%l

(iv) T e, M gede faea (appliances) ¥ B0 ™M W I FH TR IT S

(v) Wﬁr@gﬁﬁfﬂﬂaﬁaﬁmwﬁmﬂﬁmﬂééﬂml

(vi) ﬁ@-@aﬂmﬂlﬁﬁﬁwﬁ (Supply) @ (return air duct),ﬂ'@a’ﬁzﬁ'@lmﬁ%ﬂml

(2) T H™H #e (Latent Heat Load)
w@gﬁ%wm%lmwmaﬁ,mmmﬁmﬁwﬁaﬁwm@
mﬁlmmﬁﬂmﬁm(R.H.)uﬁaﬁﬁéﬁ%wﬂﬁﬁmﬁf@am%_
(i)FEIH(space)ﬁmﬁaﬂa@ﬁmﬁ%’mﬁmaﬁml'qgarg,
(ventilation) ¥ fod @ f@A (infilteration) Y I H H I =
(ii) o & Sufega sAfedl (occupants) Y W @ S
(iii) mﬁmaﬁawﬁa@mﬁqﬁﬁmﬁ%mmwml
(iv) Wﬁr@aqﬁmmﬁaﬁwmaﬁﬁmwm|
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! ;‘,j .I
§J8.6. AfHeqT UT& (Design Factors) : i

I
Sfere s Frafafaa § Res wey amTger & dapl o e 3 i St &
T S — '

(1) 3Tl TUER (By Pass Factor)
Te 71 9 ¥ 9 foran s @—
BF < M i)
tdl -'Id3
I WIS TG H o FEe 9 Fsieor # SYHT o gAd § ITHT A0 (By pass factor) ® ey
¥ @ o

(2) I9HIUT MW &g (Apparatus Dew Point) £

T Vi T H ITRO SqiE H A § Faree aqg ol SEE U (Average
temperature of the coil surface) # TR¥IfY &t ¥ 98 91g o @i fog § 9 8T 21 I8 v 31
e, 98 Yiaad Faied S e W AR s 2

(3) 7T FE T[ut& (Sensible Heat Factor)

ferdll T § ‘oM F T A1 4ROT (leakage) ST WM W 3T a1 (Conditioned air) YTM &
| 2RI ST WA &1 T8 FR (room) FHSHT 29 (design condition) W ¥R FHar 81 ger T oy
LRI e R R T It A i B e S UM B =gy @fer Fifsa zo
(desired condition) ST W& S 9| 98 IUHTY 3G T (importance) WS T 21

F€ 39 f&fd @l (condition line) W Tz £ W fir AqHF T ey fewmg feafy (room design
condition) T fag (state'point) # framrdt 2

ﬁ:ﬁmwmm@gagﬁmm%aﬁmﬁ%ﬁmm’ (SHF) #gq 2|
I T e T Feq
PO T A Qﬂm+‘j‘?—r?ﬁ'€

S.H.F. =

R R AT R ——

=__RSH _ Rsy
RSH+RLH ~ R

RTH = &y &} DA FH (Room total heat)
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IFTFR(T T (conditioned space) T F&H (supply) H T et a1y # o & g wed o6
RSH @ RLH S &1 offset ST | 41 (Room) T ST T = H&H 1 ST 916l 917 (air supply
to conditioned space) T} 3TaER fa 8.9(a) F SITHR 3@ (plot) F W Fehell €1 farg (1) & (2) W
et 1@ 5 femd s werY #) T (1-2) 99 T O @ (sensible heat factor line) FEER 81 T8
ST T (conditioned space) ¥ 37X &d 9 (supply air) i TIEHHRIE S 2|

Room design
[ condition
_____ ar]
2 ¥ %%
Jag | N2
1-2L-1xp" >
! el
= .
. T
]
"
i

'd4 ldp

DBT—

fast 8.9(a)

RSHF T@Ed, T9a! oA fohd THE | S S geRdt 21 (faA1 supply air condition I ferd <0
foF arera B W S W ) 7@ e 8.9(b) ¥ e T 2

1
L}

\!

Sensible heat factor scale

Humidity ratio —
[p*]

Q
Step 2
design
|/ condition

26°C
DBT °C—*

fex 8.9(b) _
el °° o <l 3 ¥ STd 9 § 39 F O YAET (sensible heat factor scale) 3 2

= % 26°C DBT @ 50% R.H. T T T4 (Alignment circle) B1 21 3 S 0T (SHF) Sl | 701
aa'{fﬁ(z)aﬁﬁmﬁlaﬁa‘raﬁi%lﬁlﬁ(l)a@)ﬂﬁ@%@%mﬁwﬁmm%l%@
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(3-4) ! (1-2) @ & TR wie e s 3| am: weu ag @ fufq (supply air condition) Y l
(34) W & ARt S £ FW 9 S (sensible heat) T T@ A AR (latent heat load) COfE: . N
(offset) TM, afth W= (supply) FXA  HEN IR A Bl

§ 8.7. Wea ATg UE YH: GA1a &g (Supply Air and Recirculated Air) :

SR AT e § e R (conditioned) T3 1 ekl WM T Hefy
(circulate) T3 ST #1 91g S @ T (conditioned space) J TR T B, TN IHH T Few
(conditioning) f&an a1 & @& TIHA WM (conditioned space) 2 ¥ @ T }1 T FTATE)
3 %W 9 . GaRA g (Recirculated air) T T A = Ta% Sl -9 I (Recirculated
air) F TER BT (filter) ¥ TR fed Jranfen o .10 f@rAw T R

Outdoor fresh air Exhaust

Y A

—f—
Recirculated air

’ c Conditioner —> Romm =1—Qg
Conditioned air

O —t>
~

fo 8.10—: Henla arg

§ 8.8. ©H-ATdIIH 1A (Room Air-conditioning) :

8.8.1. 9fte¥ (Introduction)

SrareRer & a9 ? fF R WM W A 1 aEE, ST, a1y i 9 9 9 (air supply)
=0 YR Qe &0 5 9 SavEsds & ITTET 2| A AEvERay qHEE 9 St g 8
e 2l

" FrTEE free @ sifayra ¥ e a8 sravasaret & AATET §
TSV, AT (components) T fafiast 3w =1 wyg = ﬁﬂiﬁaﬂ'la-{:qm‘ g w ﬁ;ﬂm:ﬁﬁ
% frd wta (assemble) fRd s &1

AT P Q) TR ¥ THFd o G 8—

(1) &5 MR YoTedt (Central air-conditioning system)

(2) FiRQ Ege Fel (Unitary air conditioning system)
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(1) &[T AAIHET WUNER (Central Air-conditioning System)
¥ fafit 3 (components) T ¥ et & T WE ¥ WA 1 Al ¥ et g fafiw T
I it S 1 7w fafim AR (ducts) & SEifed B #1 78 from 25 27 @ sifrer s 3 o o
¥ T W 1 3y frafafen aEs @At (assemble) fFd wd 21
(D Ea‘:’ﬂﬁﬂ Ut (chilled water) a1 W¥ider & WY TR & ford viaed (cooling) &A1 frsertur
ECIEG]
(2) 97 Fateet o sy o1 T g warfed fean ST 21
(3) MR (blower) T T & Frd 7w
(4) ¥aem 9 Froeiaor o a1 HI9F (air washing) & f&d F8R (sprdys)l
(5) 1] WHE IYHU S B (filter), FR[A 31@8T (electerit
precipitators), &9 T (odour) TIM T SYSHIU TG Lo e S
(6) fafim wehR = = gfri) — K —
T fa 8.11 A fe@mn wn #
TR TG A (conditioned air) W T@IE (supply) T & fordl = @ ]
frfafaa fafaar =@ ¥ ot s §—
(1) a9 g g N 3o (conditiongd) i Sl ? 9 =fema d:nditioner
vare fE=m & g1 fafim & § SeE e S 2

(2) g SAEHAT H& (central air.conditioning room) ¥ T H
ad MG SR (chilling) AR e T Tﬂaﬁ yare = & g fafie Fresh air for ventilation
W § 98 gavifad k- (chilling water) 51 fezn s 1 fa= 8.1

(3) YAF FR F Y9I (individual) IMTT T B T 39F WMo AuiEfesh Tl FAA (thermostatic
flow control) T dcAd famar womedt (direct expansion system) B 2

[ |

(2) ‘{-ﬁfﬁ qrargehe yoTet (Unitary Air Conditioning System)
zg yomel # et B 4AR R T e i Sl % SIER TE W 91 WH % U wiftd @

ferar T 21 & fereed wisy g AAIEEH, YRE g AAger qd of o & A amgege & fae wdm
¥ o S 239 oy ¥ weiad @ vided ¥ 91 9 ¥g 99 Faied 91 919 g1 A fR @ex g/
o Frar W 21 S ef-ereft e wed o6 oft s foRen s € fER e adn e S s &t s

Tt &1 A S YFR F 8 Fehdl T—

(i) gar@l arrjegash (Packaged Airconditioner)
(ii) &7 AMaTIeReieh (Room Airconditioner window type)

(i) =9 A@IHAT WIelt (Central Airconditioning System)

2 s WA W aAEEed 91 aerE (ducts) % FT fafi R # st S @1 fafa @
S A9 AT &1 FrES SRS a1 HRE | gl €, JIeT § Al arg B9 9 Tt 7 qen S
Fatze ¥ T Bl © 991 STehied (Airconditioned) FM Y o AR TR AR 21 B9 (filter) T
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Wﬁ(wml)%ﬁﬂﬂ%ﬁq%%mmmaﬁ%m(Preheater)aﬁﬁaﬁaqmﬁ
Pt 2 forrds AT TG A T (fins) T B 1 g 35 o T R T & T IB Ty g
e ¥ i S S & T AR T § T A F F ford e SR FRERTT R § iy ¢
4 FER N T SR AR $1 Tuen S Ao e w0 3 ferd o O R e o
§ a1 ¥ VA % 70 T B R A S e & for 8,12 & e FAGERCT UM SR A

‘ Air conditioned halt
Exhaustair i

Recirculated -—
I air

3 ! |
\ \ \ E | Flo;u:raﬁzr;trol l
@ Fan

on

Preheating
coi

Reheating coil

//‘_ o~ Tuming [

Cooling and
dehumidifying coil—‘t

Humidifier

o 8.12—&=g amgge yonet

(ii) gu@ 9qrar{gcies (Packaged Airconditioner)

'&.W THIEAl HidHIcS (consoled) =1 fHR (Remote) ¥R ! Bt ¥l Consoled ¥R ﬂ
THIEA ¥ qAEC (airconditioner) R H 51 s (window still) § <9 W i 21 59 den A
YfaersTa 9% (openings) B4 § &l ¥ @S 917 (fresh air) Yo HTR B T9H Wea weited fAeeE &
mmm%ﬁaﬁﬁa(condiﬁoned)w%%mﬁﬁa@aﬁmﬁmaﬁ%ﬂﬂ
aﬁamaﬂﬁ‘%ﬁﬁsﬁmw (washer)ﬁﬁﬁf%ﬁmmﬁl wﬁﬁgﬁiﬁﬁamﬁm%l
Iel 91 7A: Hﬁﬁﬁ (recirculated) a1g & WY fufsra B HG¥TH STepfem iti ir) <
'@'&ﬁ?l TE TH 100% FERI (circylation) a1 Neiad et st W orafeg :ﬁlﬁg::;;“;ed a'u;gﬂﬁ"‘
(recirculated) 31g ATt 917 =t fafsd 3 & iy plenum chamber § Sy (damper) Tsh‘ﬁml E[ﬁf ERIEL
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e T T 3 G Yoo g s @ ) e & S A A e @ 4 TR
4 & @ T 59 T F29-2 (Drip tray) g A1 W @ oT & A T T H AL BF
#) @gd-H I THEA (Large units) ¥ Sereiifoa Fuf (water cooled condenser) & @R &
mwmﬁmﬁﬁ%mﬁﬂﬂmmﬁaﬁm(mmb}@wﬁmmmmilm
grake (package airconditioner) S THIZAI i & (5-15) tons F o9 o ot 4 '

(3) ®Y TAHOE T&E =Y (Room Airconditioner Window Type)

@ (Construction)—3Ta ITEM ¥ F, S FEe™, T & FEC, el HA e &
A T S # T AR A R ) e e e Qo e d 2
(I)WW’T(Z)aﬁﬁ‘m’mmaﬁﬂaa_mifa‘fzﬁaﬁﬁm(sheet)ABﬁ:aqﬂquf@mﬂm
¥ w0 H = B} W@ M § Prafafad st e §—

(1) 9fsd WX 9 Foies (hermetically sealed motor and compressor)—(M)

(2) argiifad HEfA (aircooled condenser)—(C)

(3) WX g =ifeid J@I—(F))

(4) 3—(T))

a'raqmérwrr?ffra'a(Pl)mﬁmm%ﬁﬁm@%ampemg)am%i

% FEEeH o 8.13 fe@mn T R

s s F frefafad ST B g

(1) aifeqs (Evaporator)—(E)

(2) AR A =l TE—(F,)

(3) foire sea TwdeRe HIA—(Re)

(4) Fer & (Coritrol panel) (V)

(5) 9 BAK (dir filter) H

(6) U FHARH (Power connection) (G)

(7) 2 (Tray).(T)

gﬂaﬂﬁﬁﬁmaﬁﬁawﬁﬁﬂhmﬁmﬁﬁ@T@ﬁﬂ(opening)‘fﬂ%li'I‘lETz
aﬁ@m%m@gﬁmmﬂlﬁqﬁimm‘ﬁwaﬁ' (capillary tube) ‘D’ T TH
mmﬁﬁm@mmﬁmw&mﬁﬁﬂﬁ@wmummﬂm
ﬁmmﬁWﬂﬁf@%ﬁﬁﬁﬁﬁﬂﬁﬁ@%%ﬁﬁﬁﬂﬂf&ﬁﬁﬂ@ﬂﬁﬁ@l
e M M, 9 M, ﬁmﬁmwﬁlﬁﬁm(shuuers)aﬁmﬂ?ﬂﬁﬁﬁﬁaﬁ'ﬂﬁ
(inclination) W Fafead fpd =1 T £ 3 YR @3 & M H N, 9 N, fawe wa B

mﬁﬁ—wwmmﬁmtﬂﬁﬁ%ﬁﬁﬂmwm,qﬁwwwmﬁm
m’%laﬁmﬁaﬁamﬁﬁﬁm%,ﬁwﬁaﬁﬁmmﬁnmmaﬁmm
ﬁmm%ammﬁmﬁmaﬁaﬁmﬁsﬂﬁwﬁﬂﬁm%luz:awﬂﬁﬂ:ﬁaﬂ
w3 T (capillary control tube) 3 Tt B9 (Refrigerant filter) ¥ Toan gan fret g W afeoas
%t Fated (coils) H T 2 Fifee & Frer g W 5F Weiaeh (liquid refrigerant) Iaerdl € & AT i
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H;
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M, & —ry
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pu
1
pE
q] P4
T2 DN AR \\\\\\\\\\\\\ AN
—_— 1_ T -
My M —’ Ny
= -
—l
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_b ‘_
U ]

o 8.13—=q FgHeE

[aE A S TgU1 Al 2 AR G AW TG F, R Kl I H A B oAF H F 5N W
qIftTs-Faiee & FW YalEe B ¢ Tel 98 I UL Bl TH: W A St 21 Waed arg F T H
F% ¥ T FRISETHTO 8, 3 81 Afor-Faed o Wag W T A1 o 3R wafea &t € 7 fgw 2 T,
¥ gt 8 W ArEel A v 7, H U & 9 F 1T I 21 59 U A femior 8 S 81 weresy
Fo U 7% (@A SF 9 9 H WMae (cooling) B I B RfeSd T WA 39 WehR | A 9
& for wediee g Wl @4 (compartment) ¥ @I F, 31§ o =it 91 § N, 811 91 1 Wige o
Falee % U Gkl € 91 3HE F HYA TN N, ZR 9 I fqwia wa @1 a8 ag wafe @, aw-
Yeiid® (vapour-refrigerant) 3t FE e} 39 59 Wefiash ¥ WRafdd X @ @1 5@ FW (room) ¥
YIS YA B T & A 3ehTé Td: I € S 81 A AW % fordl sl 3 (Control panel)
‘V & 399 F €

4) lﬁ e & R grargheA wuneit (Round the Year Air-conditioning System)

(Vapour abscrption system) : (All the year Air-conditioner) & ST W Lithium-Bromide 4T Al
T system AT f&FA1 ST B1 39 system H ﬁ{?aﬁm@ﬁaa@ﬁsﬁmmél

W WA W Ae U & We-wY U e S St IR 9 SR B 2 aei @ @
% ford AR 9 stEvae Adt #1 R ¥ A drew s<om T €1 39 0 H arg i A, e 4
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aEa R T8 & W F FER Frafsm w0 T € 0 T fafis Svetn o wg § deR amrgEger
0 ¢ 9t 1 3 "’!3 I Sl g JoTelt (Round the year air-conditioning system) gl STl
3 o¢ fo9 8.14 Y fear T R

e
GIEE I | s
— » || wufm
Comm pr——y g
L l 52 I
Sy ——r S8 |
| 3z
= a Separator
p——
Water level 1 I
control FINTH
l ﬂ G0 '
eoepeas ’ eose - l I
e
+"‘.--~‘ — o
W Condensate - ey fafwas
w9 S return pump
fam 5.14—T WIST W ATATFEA HOUE

il dr & AR A9 3 e & wa-we FREIE (dehumidification) shrg = e R
T msoawam%rwﬁmmmﬁmaﬁﬁ_
(1) afeg= (Evaporator)
(2) gaf(Condenser)
(3) TG Falea (Heating coil)
(4) IATSEIE ¥ Sf3 (Steam generator)
(5) et S (Refrigeration generator)

(6) v@1 (Fan)

(7) AR (Blowers)

(8) o fafae (Heat exchanger)

(9) F2¥e fied v (Condensate return pump)

(10) a9 (Absorber)
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(11) ¥iaem s (Cooling coil)
(12) =m0 3= (Control system)
(13) Y9FHre (Separators)

¥ fafy % g, ﬂlﬁm'amalgnﬁraﬁammaqﬁroﬁmamr%mﬂﬁaﬂaﬁwmﬁwm
S BT fafy 53 &A1 SRS USRIV a16d (direct expansion valve) &l 8 faes S@ = Ty
T R % & R T o ae 1w 2

(S) AT wufiex worreh (Vepour Compression System)

ﬁ“ww (All the year round air-conditioner) ¥€ Jlage aldrgepiar faen 2 Gﬁ‘ﬁ
T STIIE T T A H TGS § A F $ R G R R A ¥ TR &
T S Wl B T IR ared wiifed weftad R agen % A 9 s 81 i % A § aw
ﬁw@‘q’tﬂ(vl,vz)q@rmﬂ%amaraaﬁaamvym)mwﬁ%wa@%_ﬁﬁﬁmm
HHR(v3,v4)qﬁ13%%amalc—q'qa;aa(vl,vz)mm%%wmm%anﬁﬁg%mmm
T 1 T€ Yueh oA 8.15 ¥ Wi =t R 2

T {;v;; s Damper Z
//'; b
i 2 - Ao

P Sy

4 7, .g t%
T — & - - )0
Throttle value or o

capillary tube Conditioning
coil _\ o
Summer air-conditiong —»

Winter air-conditioning - - »
Blower

foa 8.15—amm waitgs woreht

3MEIVT 1. 30°C DBT 9T 45% RH aﬂmm‘nrcnmamwmwmwﬁmgﬁ'wm
8 T A framet A ATt S aw {4 S UiE W e

W—ﬁzﬂ %— ' 4 d, =30°C
¢ =45%, t, =17°C, by, = 15°C
HANIH Wil =€ W 30°C DBT a1 45% RH ma”rnmawawag(l) R Wefd % ¢

T WA Y STEEN 17°C DBT 41 15°C WBT & fig (2) | Sl Y Wigaw Fem fog A
W T ¥ 3T W = o 8.16 X,



h, = 60 ki/kg of dry air
h, =41 k)/kg of dry air
h, =49 kJ/kg of dry air
(1) @ R/ Fhet s Al oy
=(h, - h,) = 60 - 41
=19 kJ/kg of dryalr oo ;oo e T L

(2) & T U

] ]

17°C 30°C

hy—h, 60-41 DBT—~
=058 IW fax 8.16

FETETUN 2. 16°C DBT TAT 25% RH AT a1 i T WEt a1 a1g | T& AMEHI0 & 36 TAW
TIT S @ T 30°C DBT A4 50% RH arweht arg Wi gl \arg g sravifa s aen =it
(moisture) ¥ HN\ Wiehan &1 &7 Fww TUIE W FE A

TE—HANYH WEShHee 918 W 16°C DBT 991 25% RH et ¥aq e fag (1) | 991 30°C DBT

T4 50% RH et fgda fag (2) @ weffm = € fag (1).34f am fag (2) @ sl @ diga
g (A) ME = 21 W fa 8171

HreshiHtefies = 4, h = 23 kI/kg of dry air
h, = 64.5 k¥/kg of dry air
h = 37.5 KJ/kg of dry air
g B ST SE= By — hy

= 64.5 - 23
=41.5 kJ/kg of dry air 3T
T 9E A w, = 0.0028 kJ/kg of dry air, e
Wy = 0.0134 kJ/kg of dry air DBT—>
arg B STEEf T = 0.0134 - 0.0028 fax 817

= 0.0106 kJ/kg of dry air 3IW
& S TUTS (Sensible heat factor)

= ——— =035 3W

SHF = h—h  645-23

ITEIOT 3. 15°C DBT a«n 11°C WBT areht @, fd T g 760 mm (T &) §, 41°C AT
aTelt AR FElE W T & 2 T Fatee @1 SUUT MU (B.P.F) 0.5 WHQ g FW F—
(i) Fafser Bt fee et arg &1 DBT, (i) WBT, 9@ (iii) Sy ma (RH.) 9 kg
wm&mmaﬁanﬁaﬂm(&ﬁ.) ot Jra @i |

TA—fear #— p, = 760 mm of Hg, 1, = 15°C, 1, = 11°C, 1,, =41°C, BPF =05
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A R IR e wesmet @ (fa 8.18) H fag (1)
ﬁmﬁaﬁﬂé‘élﬁg(l)%ﬁmﬁﬁmm%m@éﬁﬂ
mm41°cﬁ@3wm@ﬁ§ﬁﬁ§(3)wm%|
fag (2) T W@ (1-3) | &

(i) Fafge Bigax freem awt ag & DBT—H

1y, = g W e T qE

tdj —rdz

T I F BPF =

td3 --ldl

41-14, 41-1,,
= Al=15. 1 26
ta, =28°C WX

(i) WBT—Hmshried o @ firg (2) W Faee @ frer ol arg H A g,
(iii) mar{m(kn.)—maﬁzﬁaﬁéﬁg(z)maaﬁaaﬁmaﬂaﬁmarﬁﬁma

A ¢, =29% I
(iv) W kg (=% a1g & fag, mga&a&wiawm(s.ﬂ.)—maﬁ!ﬁzﬁaﬁﬁ,ﬁg(l)m

a1 & Tt H, = 31.8 ki/kg of dry air
fag (2) W 917 1 T,

0.5

=16.1°C W

H = 46 kJ/kg of dry air 3

- S kg I a9 & fag & 679 F H=H, - H,
H =46 — 31.8 = 14.2 kJ/kg of dry air 3W

ZEI'ETW4.5°CDBTW2.5°CWBTﬂTlOOm"‘/minaﬁaTﬁmfargmmiﬂifmwuﬂ
#1 et 2 101325 WX ¢ FAE § YAV HI@ TG AG 50 kW AT T IrEvifea wId §
I 50 ke/hr WA W, S 110°C W , FEOT HEt &)1 f@wW W Ag w1 DBT a9 WBT M

wifea|
¥A—A7-R &g & DBT = 5°C, WBT = 2.5°C, m, = 100 m’/min (3§ o 8.19)

--Wa

W1 = W2
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a% ¥, T W 9 % fafiw s = 0.792 mikg

&m: oY YATE S A S A = 0 x 60 kg
0.792
= 7575.75 kg/hour
&: m (wsy — w,) = 50 kg/hour
Wymw, + o = 0.0036 + [ = J
m, 7575.75

x w, = 0.0102 kg/kg of dry air
9 T F, 110°C F wqw 99w T H, = 26915 ki/ke
I m (H, — H,) = 50 x 3600 + 50 x H,
= 50 x 3600 + 50 x 2691.5
H, = [50x3600+50><2691.5

7575.75
= 55.344 kJikg of dry air

]+l3.82

3q; HigshHiea 9© |, fag (3) |,
DBT = 30°C
qo WBT & 19.5°C 3¢

AR 5. 30°C DBT 991 75% RH A& 200 m¥/min 3t T & Fior Falge W waw &t
%1 =afger @1 DPT 14°C @91 BPF 0.1 ¥ 9@ &ia—(a) FHiem Fage @ free awett A
mm(b)gl%ﬂmaaﬁmmmkwﬁ(c)nﬁrﬁmﬁmﬁtﬁmmuﬁm,

aer (d) WiERar @1 SHF.
g—fam 2—1,, = 30°C, ¢, =75%, v, = 200 m*/min
ADP= 1, =14°C,BPF =01 (3@ = 8.20)

(a) qﬁmmﬁﬁmﬁmmmm—m ta,
_ e Faieet & Frepert acl 3T <1 qoT Feser 30°C DBT @&
75%maﬂmaﬁ@ﬁ,mﬁ@¢aﬁmﬁ§(nﬁm%n
o A forg (1) W w8 FA et @G A DPT 1, =23°C IW
FW g

aﬁﬁaa‘fsamnm(orwp),u—aﬁma@%nmﬁm%,
3: g e a1 FEieRT (cooling and dehumidification) AR
2 . :

T IRt ureh BPF =

dy ~Ydg

14° tdz 30°

t
ty, ~ta;




0 1 _ td2 '—ADP _ tdz "'14
"1, —ADP  30-14

0.1 x (16) = 1, —14
f, =156°C

(b) Fivw watger it M—ﬁﬁa%ﬁmﬁa@a@ﬁmﬂmﬁ%(l)a(%ﬁﬁaﬁ
el Y W forg (2) B e 21 X 12 e qen FreiRn 1 A §1 T A) TR 7o
(2-A) FHfem whEa B o WA W 9,

w, = fag (1) W arg | fo STEM = 0.20 kI/kg of dry air

TR TER w, = 0.0115 kl/kg of dry air, v, = g (1) T fy0 3T 0,887 m’/kg of dry air

farg (1) W TR = H, = 82 k/kg of dry air

g (4) | Ul = H, = 52 k/kg of dry air

fag (2) W TR, H, = 47 ki/kg of dry air

&7 Y ¥ fon pfem Faed Q TR Al 9rg S HE,
Vi 200

m = 200 9955 ke/min
"aT 0T 0.887 5

3|

Ffem Faied i & (TR) ¥ = m (Hy —H,) = 225582 - 47)

78929 < 374 TR 3W

= 7892.5 kJ/min =

aan Farze A &Har (kW) H = 78693'5 = 131.5 kW I

(c)uﬁﬁﬂzﬁmﬁﬂiwmaﬁm-aqw%ﬁﬁamﬁniwwﬁm
= mi (w, — w,) = 225.5(0.02 - 0.0115) = 1.9 kg/min 3%

(d) SR @1 S.H.F.—e7 9 €

H,-H, _52-47
H -H, 82-47

= 1.043 3SW

S.HF. =

32TEIT 6. 10°C DBT 4T 90% RH aTeit arg @t 35°C DBT a4 22.5°C WBT @& T aan nfsd
foman ST 81 g W P S o uget W fewan S @ Ao T arg-aner F don § et 9@
gdarfed @i & | ag-awR @ P et arg ®t RH 90% gt ) 7%t @ arg = Al
Kggﬂ:ﬁwaﬁmwnﬁmm%l @ FRR—G) T, et qw ag w W

T (i) T AEYAS AR (iii) AY-AIR A Nravas Gfagiew - 3
YR hit SAMEfRTOT & & ik

Ta—fa 8—1, = 10°C, ¢, = 90%, 1, =35°C, 1, =22.5°C
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e, S T 8.21 ¥ wrefiia 2, arg ot ef o firg
(1) T ST FTE g (2) T R W § e fag (2) A
o s T W= ¥ S 909% RH arch Y =) fag B R
&1 o 75 B ¥ Frad WBT areft Y oA @iy ¥ @ fag (1)
3 g T %ﬁﬂ%@?ﬁﬁgAmﬁaeﬂ%nwm%@(l—A)
o 1 T T, T (A-B) ST aen Y (B-2) aw 1 A

(i) T, T T A A geffe fan T amesd
@ ¥, g (4) R awmm Lyii= 3125, FWT ' 1d°CDBTlliB, tgn 35°C
(i) P AYAH AHE—TEHA TR D, AR
H =272 kJ/kg of dry air
H, = 49.2 kg of dry air
H, = 67 kJ/kg of dry air
W TEHA (1-A) W SToREF S = H, = H, 2492 — 272
=22 kJ/kg-ofdry air
AT (B-2) ¥ SMEwash W= H, - Hy = 67 - 49.2
=17.8 kl/kg of dry air
q: P AEFR, U1 =22 + 17.8 = 39.8 kJ/kg of dry air I«
(ili) 9T STIR | Iavas Hagle, Ta—ark 3,
w, = 0.0068 kg/kg of dry air
w, = 0.012 kg/kg of dry air
Y aRR | AEvEH HHWW=WB—WA=W2—WI
= 0.012 - 0.0068 = 0.0052 kg/kg of dry air I«
(iv) aTg A9 @ MR Far—arEshed = 9,

ty, = 18.5°C

39 ty, = 17.5°C
Al 91 IR <ht STETeRTUT ST = 1y
DBT ® arafasd &l 1y 1,
T TORTH amed w1, 1y,

_312-185 _ 127
"u=312-175 137

=0927 A 92.7% I
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ol T B

O 0 = O

24.

25.

26.

Wead @ SR

Tyt
TR W 1 RN I 82 T quEEd ff Tum o S e 22
R fhael  WeshieRer W w weiE Fk
Evaporative Cooling &1 87 ¥ 9°F W #d Wef¥im !
T T 9 eeq w1 22 3 gEndeRs 9@ W wei[ Sl
= R feooh fad—
(i) ¥ e Uik (Sensible heat factor)

(ii) a9 = fas9 (Mixing of air)
S9-ARt U (By-pass factor) &1 Bt €2 A Falge a1 pierT Fared % fow BPF &1 43 faf@d

. Yo 9 Pt it aiea =) geseie 9@ W e[ Hifadl
. SAEREE ¥ Ted ¥ ST am S | o A 22

. YT 3GiF (Apparatus dew point) ADP I Bl 82

10.
. fag Fif fir R o A 1 Taed, Ewried wE ¥ WBT Y@ R, fraa wd R
12.
13.
14.
15.
16.
17.
18.
19.
20.
2.
22.
23.

YA 9 TR0 F TR &1 AaeRe § 9 We @2 T = WU s wifsial

a1g 1 PR T SEvEs § 91 38 fohe WehR W oA S 27
AR § S qR | GHHAEA|

fafim FopR & Fo1 9RY Y GaT A gHEdl

J9 q@ T S YR (Sensible and latent heat load) A 3R WP &
S e Yuel T Sk feaelt fafad

FE e SoTel q91 g ATdiger JUTel % TER W1 9 gl farEd
Sage # 9 YA-EEIRE (recirculate) T St W 22

USR-S a9 TIR-HeR F 41 A=K 27

Teh W8 @iras s eht window type air conditioner o1 ShTd THZTE|
@ g Frqui-au-ardieed IS qaesdl

30°D.B.T. @ 152 W.B.T. 9 & 3= TV 92 gRI I hirsa|

ol 9 0°C_F 80% R.H. W 23°C T TIMYd ot Sl 21 WeT g & Teneht H @ 3q il d
e, H ufed ¥ foremm ¥ ag st 9@ i)

[3¥¥—20.2% 20.58 kJ/kg of dry ir, 0.056 m/kg]
150 m® a7 30°C 7 40% RH. ¥ 15°C T 3vSt H Wit B1 9F] T@ 10° N/m? 21 €2 7 T (heat

removed) JA &I [39¥—2637.6 kJ]

T $ARA & W § T4 H YA 17°C 91 60% MeTeh STl W T 1 afe SKeifess 2 1.0132 bar

2 < fafere sl qen s T A [S—W = 7.217 x 107 kJ/kg of dry air, 1, =9°C]
P

AHUSE A1 M DBT 35°C 741 W& 3Tl 50% 2 WEhiied 1 &1 S ed gu 91 Hifod—
(i) WBT (ii) TTsdl ST (iii) i q9HH, 920 (iv) 3 kg dry air % o o ot woed

[3WX—26.2°C, 0.0178 kg/kg of dry air, 23°C, 81 k/kg of dry airl
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29.

30.

31;
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AYAUEHE T 15°C DBT 791 80% QS &l T 100 m*/min ¥ R VA T a9 FY § Yamed F 6l
%umﬂiﬁaﬁﬁaﬁnaqmmmzrc%mﬁaﬁmﬁqamﬁ%mﬁﬁqza@aﬁﬁﬂ?m
W Y i AN IRy s J9 = [397—843 kJ/min, 52%]

- 35°CDBT T 25°C WBT aelt a1 us gfem Faisel W 280 m¥/min &1 <X @ wafed = s &1 7ok

? e Al 31 = DBT 26.5°C 7w 50% RH $1 @ FfTA—
() Ffem Foism = aomn (TR, #) (i) FioFert el arg 1 WBT.
(iii) S0 Fre frepreft 7 s aror =3 Ten, qw (v) 39 SO (SHE)
[39T—31.98 TR, 19.2°C, 1.56 kg/Kg of dry air, 0.39]
31°C DBT 91 18.5°C WBT aeft arg 1 40 m¥/min 31 R ¥ T Fiem 3afsey R Safed foan 9w &1
e ST F T H AR A 4.5°C 79 THH FhAT G 12.5 kWAL T For—
() F1aa | froen it ag ¥ DBT @@ WBT
(ii) FE ¥ Frehert At o = T qo
(i) ¥&IT =1 I9-9F U (BPF) [3—18.8°C, 12.7°C, 35.6 kJ/kg of dry air, 0.52]
20°C qUEM 9 60% RH =Teft 91 1 39 Wb @i e 31féa, (Humidified) foFan <man & fo @t
S DBT 30°C 991 RH 50% & S #1 ¥fi fire a1g w1 1 a6 e 70t =1 01 1 % <raifes T
W a1g S AT 100 m/min 2 [397—2636.5 kJ/min, 0.57 kg/min]
10°C DBT @91 8°C WBT dfeil 91g 3 WaTe i &X 15" m¥/min B &ei 9197 991 39 916 T4 ARSI
(adiabatic humidification) ER1 &1 S AY9H20°C 991 RH 60% St Sl 81 I Hifsd—(i) 997 Faisd
1 &Ha1 kW ¥ (ii) 9 BPF 0.32 & a1 aisc S §ag 1 a99H, 991 (iii) SE@RSE (humidifier) &
&l [39—3.6 kW, 26.77°C, 0.0555 kg/min]
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Fiad Taamg

(LATEST DEVELOPMENT IN REFRIGERATION AND
Chapten AIR-CONDITIONING)

9 yyitaq Td arargde §

§9.1.Wﬁ?l'€l(lntroduction):

ST T ¥ Yo aiE &1 fA-wffed ae & W fawra @ T gaer e T e ok
S ITER gt e I YA B W & WY U ke % aaH s agd dsit & g faam
T 21 39 &5 § g F9 TN fawa & avit e S e —

(a) T@ET a&-ta (Invertor Technology)

T qHFAF T ST TR HER fasret a=m & 16, FHOR s & 9hd ¢ < e wam 59
TR, THM eE HEE e H TH TR HERR TN & A 36 TH R faeed H @9 95 96 ¢
g foet “ft aga S o a1 21 G THAF (Technology) & =, el TTT/T@TEIE/HHH 941 Hel
TEYA % TN ¥ 39 @ 991 el 1 $9 58 a A [HA I T ¢ Fead HUE T T T
F TRqul Y TR SR, A AR ST €, T8 § $HE aehAteh SHId T FERA T T
%1 feszd g @ Tar a9 T 2 feae frafa w9 9 30-50% fasiell # @ud # FH S TS

(b) T AdhIh NMUIA USRHEWHT (Invertor Technology based Airconditioner)

I8 qFE, fFdt FR A (e UTH TEHeRel (Accelerator) H Hifd FE Fdl Bl WE GHIEH
(Compressor)Hﬁﬂrﬁﬁﬁﬁﬁﬁﬂwﬁﬁ%,ﬁaﬁﬁwﬁmﬁﬁmﬁﬁmaﬁm%ﬁmﬁaﬁ
froret 3 wEd ol 2/ 09 39 FY fascl/fe USH # S 21 9rieE & w9 @ ifus wks o, 7
¥ A q91 gRiee T it W W (AR A 21 39 TER g #i a9 ute &1 St o gHEid
fora S 21 39 G F YA F fawiha fman T o1 a4 9el W g% dedis IBFeiel 991 TSR HE
¥ qhedarga® Y4 H o W 2l qE S 9a9F § Hhad ee TSRS § 8 Sy 2

FAET dRAlE &1 M9 (Advantages of Invertor Technology)

AT TIRHER T Afushad Wik oifg (Peak load) F U s S 21 zqa a1 £ f 1.5 A
F TF TRHSAR FfFd AHR F TF FR F 0 991 | 37 51 BRELUR g ffea oer F F0
< FoAQ s el &1 g ST HE O T SRR T S T G 145 2 A 5 U E,
FHISH & To W, T Frafva T Y b e faoel e 1 savasm W Se ath sl See
R MR HETR AMAR =era W AR 3ait €1 faored =3 @ud 0m fmen 31 qifed TR 1 fer ad
TR @ § fau smEvEs B

Wmmﬁmﬁ@mﬁmmwﬁ,aﬁ#kwm%wmmmﬁ
FIFIHR T 2@t @ ol 75 o forsredt 2 smevem G 2

144



wefie T amgger ¥ Tiew fawm 145

T & AARE TR THNF & Fo o W B TER §—
(D mqmm@aﬁaﬂﬁﬁ3-4ﬁmaﬂ‘é (Cunent)?ﬂﬁ%ﬁ%ﬁ'&%ﬂ@
q@wm%ﬁﬁaﬁmﬁ%@ﬂmmﬁaﬁw@?ﬁél
(2) HIERT HE 1 AR TS (Power factor) F1H! F 21 & fes sirehfirs asif # forred et &
fere T TEEYUl B 21 ST Al ) UERESINR W Ve O 1 SE-urd g 8
fored fosiell it o=@ it St @ G foret & of R o )
(3) ¥R T (Solar energy) W1 T T+IF W SMUIRG WHEHATR F 7o F A0 e FQ
T T AR H F foroielt 7 smerwadha G @ o F9 e (Panels) g @R 7 A A
TSTHTIR 1 AN S HHaT § oo QE0 QISR et § o 5 i s e
It SETFEHA Bl
faran fa=T0 (Working Principle) 3¢ qeiis a1t TeReeierme-ufiad 1 7id % 81 € a4
weited TRE “TH (ON)” Hig & Tea1 € wafs e TSR fifad T & 21 € ad1 S wEied
“s[ (ON)” S “3% (OFF)” s § 84 31 bRl TeRE Sy Ffesred i @rs”’ (Peak load)
¥ fou e wn @ 3R 9 sTavEEa @ sifvw sve w § fEs faw 3 st fasel @ @ S S

TFENT WREHSIR H, 5 FR F q99H dFifod @ qF 6o 9l 8, a9 gae< (Thermostat)
gofies FI o€ FA H FM FA 8| TBRHATR H, Tids (Refrigerant) FW T Ho1 STaNfod Fleh
T (liquid) | 9 § agea € qu Ao ¥ Fop-Frehfad w9 19 ¥ wa § aga I el Wy
e Sefieeh S AT SAEF B qA FW H AGHE FH &AW HI G H 9geH & o FR F qFa T
T fie Tt € ok 7' o W wEY ¥ AT 2

& Taee, dI9AM 1 TE STIAH TR TS oG HTA € a9 oft efiaen et e ¥ € e
# o g o wiafia 27 F foT FRY AT SO AT Al § HeEaed HH H AF Seh TqH
mﬁlmwﬁ,ﬁﬁmmaﬂmﬁaqmwﬂﬁ%aﬂmmnﬁﬁ%maﬁ
o 3 B UadT e £1, @, T w9 YAt e s T § s v w0 € qe geitedh e

T 3 T ¥ o gRfEd e g iR wE aifed e W @ S Tl

§9.2. T faferieToT (Auto-defrosting) :
e faTawiEuT U Aeeten & S YRSt a1 Wier & amers @i U ffver wwa IAAA H

g fafedtge (defrost) Tt W&l Bl

“Auto-defrost, automatic defrost or self defrosting is a technique which regularity defrosts the
evaporator in a refrigerator or freezer.”

= gt 1 ITENT HTA AT TR ] TR I W (frost free), S @ (frost less) a1
¥Fe (No frost) el Wl 2|

7T (System)—Ueh AR F R T g §ug & feu side™ 3 (Cooling Element) 339iq
IGFI FIA el heal (Evaporating Coil) 1 T T £ 3R 36 W S ok i fsren < 81 3896
Wmquﬁ,qﬁz(Unit)%ﬁl@ﬁ?mqmm%ammﬁﬁmél 2 wifen &l &
s a1 saeeie TR Q1T Frf a1 S 81 9 6, 8, 10, 12 1 24 2 % FBRR SRTT F
fo 7% 15 fire @ ond 2 7% SHRE X W ITA I ©
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e Sishre e T 300 Watt & 600 Watt 7 3 fafine farreht ¥fem 2t &, 3 ieet % 17w wury
fiFen STl }1 S A9 R IR Aied ¥ 7§ AT (Evaporator) % 9% A 3 FR-F Weg-any.

wree diewt ¥ 9o F o ¥ i frn o 21 9 T o (Fusible Link) & AW WE Wi,
Y wifer e w1 T R

T AR & T SR o e o S T WAl H TR e 9 e § 99 ey
= 81 WFReR F1 e fa st 5 M, SO @ HieX o qan A IS H = B
aTs7% (Evaporator) 1 TR T 4 fsifa amaae 4 siftres g 2 3R 40°F (5°C) ﬁm & ¢
o T S TRRT (Defrost thermostat) BeX Afbe 1 Wid a1 81 99 Shioi F& (Freezer chamber)
s T T D T 2 e TR A U @ ang W A i w1 SRR #e A T dy
?1 2 TavERaER S-a | R o R o

WR ¥ R T4 B TREEH T Sea U U@l (fans) % Wead YR €1 O fafe feame §
ISR el (Freezer Compartment) g 3vel 91g s @rel S (Fresh foodchamber) L Tq'ﬁﬁ Eﬁ ATt
2 TRTer ¥ TeeTq sneTEd T AR T WR Fe § e F S €1 9 & wREe ¥, i vy
¥ W@ Wifda S99 (Frozen items) % SR & Wt g 9% &I "ISAHOT (Sublimation) A 7ee firert 31

YRufia wiaed a@l (Cooling elements) &, ST ShioR 8% Y wfdfed (Embedded) B 4, & NN
W 33 Feshre 19 e & 99 & A9 21 €1 e S= BeR ¥ W@ Famal w1 ™ R o, s a
(frost) F T ¥ o0 $o G9F o=l ¥ T HE ] ATAR I 2

Sehfeas €Y (alternatively) 9 D 97 (system), IH (evaporator) =l fehre &7 & fag gufe
¥ T GY (hot gas) 1 AR FXA &1 T8 THIRUG/(circuit) & A1eam Y foman Smar @ S T R-7nfl O
(Three Way Valve) BRI %id feT (Cross Jink) 2 21 T Y ¥t F Y arsgs T wF fewRe

(defrosts) FX I 21 T YNGR 1 ST FIETA 01T SN (Commercial applications) # &1
ST © SeTeLoTaa-ETshie Hi-feera (Display of icecream)|

T (Advantages)

(1) e faegam. (Frost buildup) 1 AFEE ¥9 ¥ (manually) fesre #13 it savasma T8 o
2 ora: fooielt ) G T F WY T g 2

(2) SE TM9HH Fa9H (Better temperature management) ST &Idl R

(3) Afyamivl s @ 9519 (Most frozen foods) TF TR A fagsy =& &)

(4) @ ST (Food packaging) @A W 3HM TEdl 2l

(5) &It - SUHLN (Total frost free appliances) ¥ a9 &9 J 74 (smell) Hifta & < €
s a1 F1 IR Bl @l 2l

wf+al (Disadvantages)

(1) o ST HH R forew wam siftss T8 & T 8 iR aft 2Xarn gern W v = T
2 A S Y A R

(2) T4 37974 (Heat element) F1 il & F9 FT % foT T Ay F2a7se (Thermal cutou!)
& TR F AETEHAT Bt 2
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(3) WA F EW F Eg, T qep 3 (Hot and humid) f& & d=@A (condensation) a
T 2l i _ .

' (4) 9@ TR (Basic refrigerator) 3% o ¥ forgdta qan wife Sfeaa sg W @ el sema
% fawel B9 = IeTE T S 3 |
- (5) fewe =% (Defrosing cycle) % SR ¥ier § & gl & A F g Bt @ ferven a
mmﬁ@mﬁmmammﬁr@ﬁwm,mmmﬁ
SRS (Refreezing) FXY } “SioR 5" (Freezer burn) &t feafq snst 1 oy
(6) T T @ w5 e (Defrosting) e 9 T g ¥ ol 18 R fese
<IRH 95k (defrost timer cycles) 319 WM qfared & 9199 o S| Ut fefade 3 B S
% 99 T A9 3T (hot and humid) WRfefrar & qen WhoReX 1 FCET (door) TR-ER Gerdl
qan 9% B BT Ay FUSAA (Evaporator coils) | ¥ s 5o T@ Wt 21 369
"SRRI (icing up) H feaf s A ¥ T WFRER F e F A I FR D

§9.3. TE FHfert A e T (Blast Cooling of Blast Chilling) :

S e Srear efenT s AT Ot e et S8 e i us fafer § < dwfan w
foremar & ardgnea efym a1 N/

“Blast cooling or chilling is a method of cooling fobd qitickly to a low temperature that is relatively
safe from bacterial growth.” |

ST +8°C (46°F) 3R +68°C (154°F), Foaita 50 @ g 1 T Tu 91H F A9 H 470°C
(158°F) & W& +3°C (37°F) a1 90 iz . %9 v & 3ver 3% e 1 WUSR0 9o 51g & A
o fore gefar T T R1 AeH H THE w79 Yok H IR T “FE 2R (food catering)
X 2 @1 Td9H ¥ Tope @ (instantfood)ﬁﬁﬂﬁﬁ‘ﬁ%ﬂﬁﬂ@?ﬁﬂﬁ@%mﬁwm
1 TUERT (quality) T GRET (safety) T Gitfaa wear €
s e (Blast chiller) IRSIeX 3 T € & ol € Wy foreant fesied +3°C § 45°C ¥ wen
IS H HUSHOT FA & o, fofan s 21 s Frer U =91 T 1 qen st W svER € Sy
Fael HEHIH THE (commercial kitchen) ¥ HT9T ST 2l

§ 9.4. ®R &0/ (Star Ratings) :

TH QR AR e el gereii ST F e R W 5 A e e ww
1 3t R o a1 7 ? U 5-RR w FER R w1 e el 0% ¥ aver s
T 3 RR TR HSWR F Jo1 § TF 5 TR TR FER fFH 4 Jodt 3ver w3 € ik faseht =2
Ty st FH w8

T RR 0 YoTeht U e SR Fi el Q& b SO €1 VR (star) T e fa sifrs gl
SA1 € s HI R RR T Tumel w0 A% TSt Rt (B.E.E.) 94 gN §UR # R
R 7@ womeR 3 ww ghfa fea R ST S Qe H ST STEH ST ¥ wWE T
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TF RN WS A Y ARUES (Criteria) 1 wH B TE T E—
(1) YIRET &M (cooling capacity), S % F F1 3l FY 1 & H T HU 1 T ey e
AW (BTU) ¥ =aek fopan i 2

(2) St 28 ST (Energy efficient rating), S T8 3vE HA H 7N ¢ S T FfvEa A ¥ farorch
I TN F EH F gHA 2

3-’R ToHlo 3R 5@ wodto @t g &
(Comparison between 3-star and 5-star A.C.) |

T R Sueor 9 @R e $ vt gam o9 (EER) ¥ w4 # fuifid e s 1w 3.
To¥to ¥ Uk EER i & frae O 2.9 @ 3.09 % = e 3R TF 5 RR-UoHle & 3.3 71 I/ I
1 EER B 31 98 WUl & fF ©F 3-WR Todle ¥ fou fasieh &1 faet, st =0 &1 for @& g, s
WR TodHlo & foau faset & faar ¥ =afus gm

wyTaet

1. TR THAE W URE TSRS W dfera feovit fofeml so @9 i JaEa)
2. THI qHAF W ARG TIRHSITR & fhan fasra &) awamsd|
3. Warfaa fafefdstor (Auto defrosting) = gl e qdn 9|
4. wEaea fafefiertor & ensli aan el 1 Seai@ i)
5. SR FHeM (Blast cooling) W Hfarah fewuit wifsw)
6. WR & (Star rating) ! YHFEA| TF 3-LR qd 5-LR W T A.C. B g R




YIRS S

| (PRACTICALS)
P ———— S —————

9T (Object) :
fafe woiiaw SR qen SYHION &I 7e9iA &A1 (Demonstration.of various refrigeration

tools and equipments)

AFIIR SUR U (Apparatus Required) :
fafim YR ¥ Weia SR T& ST

ﬁﬂm(Details):
ot 991 SIEeR ¥ Ty SN SRR w13 ot F Frierr w6 wwd w6 fag e
iR (Hand tools) T4 SYHTUN (Instruments) &t STa¥ahal ot 21 T afig SR F) Al SieR)
9T IYFOT T T, T TAT FTA BT TG, ST STV (Maintenance) 721 2 (Handling) 1
T 3T 1 TS I BT AEEF ¢ ah a8 Wwerdgaeh a1 Wy § T w1 wEfed H 9
T @ W SR TH IR, B e famwor e s 2 —

(i) 1 (Gauges)
Teftae AT aEEEe e S wE ¥ D TR 6 AN T e i—
(a) ﬁmﬁﬁ(HighPressureGauge)—“aﬁTﬂOﬁBOOTﬂ?ﬂﬁﬁﬁéﬁﬁﬁﬁﬁﬂﬂ%%@q‘q’m
fiFl T 31 T T oI o B 71 %@ A P.l.1(a)l
(b) frE1 @3 (Low Pressure Gauge)—"M& ¥R & 11 g 7S #1 g% 79 (Compound
gauge) sﬂmﬁ%aﬁﬁaﬁmﬁmﬁﬁguﬁraﬁwwﬁaﬁaﬁvﬁaﬁﬁé(ﬁ
¥) ¥ v ¥ 1gd ¥ fou 3ugw 21 2@ fa7 P.L1(b)
(i) e Hfmes @ 'Fl'g?ﬁ T ¥ (Gauge Manifold Set or Combination Gauge Set)
W Bt gFR) A T o A € ora: U e 3= A4 f < WS 1 g W *g wfew
IR 9 @@ F I Afeies Y2 F1 SEwERa IS 81 (3@ fo P.1.2)1 9® WES # BR ¥ € AW
T Q) A-arc9 q91 TF 999 THR 3 (Tee) &0 2t 21 T8 3@ THR T 2t € fF ©H (Stem) &

149
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(a) I°F & TN
a1 P11 (a, b)——ﬂﬂ (Gauges)

G Sgal o B A Hae TF ares S e S #1909 A ared St e nw Gl W d ug

ﬁzwn&mﬁmmﬁ%agm%wammﬁaﬁaﬁwﬁwﬁﬂwmmmm‘m
e 2

gy

f

| o P12—dw v
(iii) IfTHT FHAF. (Tube Cutter)
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Back face or
flare block A

(b) AT T AR . B SR ATt wdA
fax P.13—AfeEt wd® (Tube Cutter)

(iv) erEt &=t a1 forT &= (Tube Bender or Spring Bender)

Aferell A WS (bend) Y N FHR F AT I B—TF fH5iT 219 e A1 THY, Yo 259 AU

foim TRy A= 1 A fREt Ao ¥ WS (bend) TR ¥ AU R S 9T 81 39 WER F A=
mmaﬂﬁmﬂzgﬁ@améﬂaﬁqaﬁ{{amﬁwmﬁaﬁxﬁﬂﬁaﬁgm
R 39 T ol B e H AW N TEEL T Al 21 S fF o P.14Ga, b) ¥ el 21

: fax p.1.4—ferm &=

' et ‘ 3 180° o s T 3 fere A R
| [ Sref¥ 2TET AT HY TH HAq HHA A ] .
W?giﬁcgﬁ a ﬁu‘: (Ejld) ¥ 07 i A 5 fAC R (calibrated) BT 1

(v) wAfar 3 (Flaring Tool) , ¥ i
Wi st ; ;;'“:Ears) el & o e v :%i;: ?ﬁmﬁii;ﬁmm
— " s & (inch) T % $ 7 WA

:;q‘( E3l & & fag ?—6 .(mch) q 3 _5_:1 it 1 AT SgarAd q amjﬁﬁ‘z:gq:;s AP

mﬁ?miﬁmwﬁﬂﬁm (ace) T T

[ 3T I s ‘

Permanent joint) AR F1




or anvil {(“J

Bars

. Wing nut G )
0 e i)
=
o

(a) T wiea wART 2o (b) TR ZW 1 TET
firs P.1.5—FART R

(vi) QT R (Swaging Tool)
T, I Aeremishl H STHR A F T WBra © fred =1 il Hammer

1 WA A R S ZHS A S I WA € 9o 39 WwA H I 1
@ﬁmﬁﬁﬂﬁ(punch)ﬁmmmélﬁﬂﬁaﬁmﬁw
1 FART =il (flaring block) ¥ TESHT AEH (vice) T THEd ShURIRTT
% F IR TG B SAeHdl 9% AE F 3 mm Hhals F@ Bl
o P.1.6 ® e t% @M SieR &1 299 ¥ 3 Y=g & sa
TEXE T @I (hammer) ST 21 TR & vama, QT W) & 22/ &)
g9 & TR THS F W gF 9 A A (insert) F & 3R Frene
(looseness)ﬁ%lqﬁﬂﬁ@ﬁ?ﬁgaﬁﬁmm(So]deﬁng) ;
el S5 (Brazing) SR TR ST SH S g

(vii) Tafewr s (Pinching Tool) ‘
o T, T % SR e = ) PO ks sl
& TR, IGF frdt am S @'ﬂ’lﬁwwalves) Eal 4
TR W T A S HhT €1 W B wE A, e ey
T T, e FRfafe % e 9w e o
S 2 q; Tt o =it e steEr Wow w0 gy
T &0, (Leakage) 1 I % for Rife siteme
(é’@'ﬁiP,lj(a)) ﬂmmmﬁﬁm#ﬁq (a) A sketch of pinching tool

Flare

Teeth in die Tube

Swaging too|

LR
\\\\\\\\\\.\\\\\\\\\

(c)

e SRER i | T— THT Iqzghy

Flaring block
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M%mﬁwmﬁmmmwﬁlﬁﬁm@%mﬁmmmmm%
£ et et A &, T R (Pinch) B ¥ St v o PLLI(b, o) W el

i) 0 ¥ (Blow Lamp)

e T Weefn, ST qan e R & fow fran s @1 seet v w w9 W s
s frerl 0 FE R I T w9 H @ e w1 (3 f pLLY)

N
@
3 &
a3 pL3—=0 &

(ix) f@ faetUsT (Gas Cylinder)

T faavedl 1 yEm Wi A9 & suerr ¥ fau
T }1 IE R L T A ¢ e O 9 9
M B & AT IHHT FFR TTY_HUBR FHI A GFA At
19 % MR | R w2 9 vl # oot ¥ ™
TEHE & (fusible plug)  TERR SIg ZR &M T B
W oM @ W Rt @ fadvet wea A 2 = PLo—Aw firdeat
(f3 P.1.9(2)) ¥ ws o faeiver weff@ R

(x) ST @Tur HgE® (Electronic Leakage Detector)

T U T aiferd systwl 2 e swan frem withs %
W (leakage) N Tg=rA & forg g 21 fa7 P.1.10 ¥ Wi
Wmﬁ%%mﬁﬁmﬁﬁmm(cunem)ﬁﬁﬁﬁﬁ—
R e Bhar (Milliampere dial scale) W Yef¥d &l 21 98
%W ¥ &v1 fag (leakage point) ® HYfHd F * o
¥R T} sveray St e 2

(i) }eM¥E gor Wy (Halide Leak Detector)

; Bhet e ot % &1 (leakage) I REMES &R0 =S FN YEEM W G 21 2T P11
““?«ﬁm BT YT (leak detector) I {RTHES B (Rectified spirit) /1 =1 frar <1 & <1 9o
WWWW%IW%WWH@.W%Wﬁ@mEﬁm% ST, I
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0 Led ?ﬁ'é'? ‘@E",A(‘émall diSc) * gmaa?ﬁ'%l ET?JTH'(l‘_lo_s‘e).ﬁ fzq 3’} H’“F’mw ﬁ'ﬁ % ':3- Ié_ I_EF‘- RiE|
s & of Ak e e e T o @ @ s e ey § et ™ R e F W A e
ol TROTTRETEY ¥R T FEETE (compounds) B 7g ST & SR e A N I WA, T ey
(light leak) % AT & T (green) qem 31 &R01 (heavy leak) ¥ T maﬂ:ﬂ U (brilliant purple)

Cylindrical
tube

(xii) ﬁ'dfﬂ ¥q (Vacuum Pump) ¥
g 9 =i ¥ 7 e wited e ot diee gfe A arg o a0 F AT Fee W e frafg
T & AN e S R | ‘ '

(xiii) Ao e (Soldering Iron)

Hieefin AR F ARE A T ¥ s S w v fRn i 21 R s e
TS 1 S, Wiestw SR H T F w9 H 13 @ R 2R §— e e a9 gE
forga dieefin smawAl o P.1.12 ¥ wF fage dieeftn s weffia ) .

fax P1.12—wiesfin smam

m(lnstrmﬁents):
%ﬁﬂsﬂ;qmﬂaaﬁ AR feafd T < S ¥ FO R TR F v 51 off s e I
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§ B9 T HIRTE Whe FARAIEY (Stem Type Fahrenheit Pocket Thermometer)
| g wefe WA o fafe mﬁaﬂmmﬁ%mmsﬁwm%umﬂmﬁﬁw
et 3 AT (Temperature range) —20°F ¥ 120°F 7% o <01 4o W _25°CF 50°C
oy 41 - ST e S of T A 3 R @ 1 foet 113 W 2 s

o P.1.13—RW T&R tﬁi‘w githe auiHiet

(ii) fam ws'ﬂ-ﬂ"ﬂ?{‘ (Sling Psychrometer)
7€ IUHTIT TONfia ST Spierd S8 9 3Asi] i qfqwd Wl (Percentage of humidity) N AT
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3RYT (Object) :

Afi |

q'rﬁﬁ ﬁ EE-IT (cutting), a'%']'l' (bending), ﬁﬁ-rl‘ (ﬂarlng)s ! (STWagillg) m.ﬁq i
(brazing) I FH AWM FIA (Practice in cutting, bending, flaring, swaging and brazing (¢ ;
]

et

tubes)

ATAYIH IUFHTUT (Apparatus Required): - /- |
FIR TG, TgF HX, I WY, WIRT T, THA (Hacksaw), ¥= a4, dfegt <=, w@fim W,

T 3

TRt (Details) :

(i) HIT ZG¥ &t BT (Cutting of Copper Tubes)

Wit 91 AgEe e F i w5 e fafim Tl # ogee a9 e S eave o
21 THAT TT9 A WS W STavas oEE ¥ weAn e B

fo P2.1—2gw % w0 wY g = wfen
&1d 418 (Working Method) :

(1) aﬁnmmﬁw{qw%awaﬁ@aﬁﬁwmmmm(mﬁmm)
ﬁmmﬂﬁwaﬁa@am@(mmm)mm%.

(2)¥ﬁaﬁﬂﬁmmm§qwaﬁ8mmmwmﬁﬁﬁmm@ﬁﬁl

(%W%megffzj{ﬂ'qﬁqmm%(ThumbScrew)ﬁwmm%mﬂ??@
N wE W

“) :’; ?;ﬁ W SR SRR A € T R0 T B (Sharp cutting wheel) T T T

TS W (feed) R &1 S R faF P21 W weffw 3
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5) % T & 9IS, T TR H AR ST 2 o '
()ﬁﬁwmﬁmﬁ?mml T A0 X F 79 T TR @ E

(6) 73R T T F N TF THS T F AR Fvseh ¥ fR B et (seal) T 23

el ¥ oy AT R ¥ a9 7% whe fafie oar W

qrwal (Precautions) :

(1) e A FA T HE 9 (chip) Ao ¥ s 7@ W AR |
(g)mﬁﬂﬁmm;@ﬂ%wmﬂﬂ%‘qﬁwﬁzm@ﬁmmﬁmﬁwﬁl
(3) g Tvecht ¥ W foat svewms® @, st & e @t U 2
A Gl Pl (Unroll) =ifgWl IR-9R @ie g1
(if) HIOT g9 =t afem (Bending of Copper Tubes)

yeiied qgn AR g & A ¥ g a9 d ¥ s e (bend) TN F STEvESHAl Bkt

3 o: faf¥e YFR T FER F A a4 TFA B WeA W aFAF F IH S TF 9EGE SRR H
fe ST TAYES 2 ,

#rd fafa (Working Method) :
(1) TE99Y FifEd e (WA 6 mm) HH SR g8 % de0 B Tiad § 991 39 | 7g9 F afoq
T (AT 250 mm) SYORE aftta, fafl g Hee el H 39 T

(2) 3% 6 mm ¥ TG AT (spring bender) 1 6 mm TFH F THS W T ¢ 41 Aifed A N
e &) fax P22 ¥ TF 90° & (bend) TR 2

(3)mw@ﬁmm@ﬁaﬁwﬁﬁ%wﬁa@awﬁaﬁ%
(4) o foim et 3 HR-dR fa B w0Ed g I F ¥
(S)Qﬁﬁf‘ﬁﬂmm?ﬁaﬂi‘ﬂwwaﬁwmﬁﬁlﬁpmcessaﬁm%l

fam p.2.2—form 9 & A LR

Wt (Precautions) :

(1) TN 2 F1 sHferam dora fro R A (bend) wifee forad it <gell F1 gHaer (flatten)
A g
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(2) Fae difoa g T F € Fueet § G (unrolled) T HIETl LR
(3)ﬂﬁ‘lﬁmfﬁﬁﬁﬂ(ﬁling)m%mwwgaﬁaﬁ@Tmmﬁ@ﬂﬁﬁsﬂmw

LR R B ‘ o e o
(4) TG ST (spring bender) I e ¥HA Zg8 B o w19 B THed ¢ ad TR T 9 o 9 gy
sl (spiral) %ﬁmgﬁlﬁ%l .

(iii) ST W F TART (Flaring of Copper Tubing) oo
St 7 AT ¥ e s B e % I T8 e €, LSS S 8wy

mq@@rmmmm%w,mﬁfwaﬁawma‘,mmmww

A A S Y A fafy &) 7% Rt g € FifE T ST @ HA (assemble)

faAifsa (disassemble) e <1 dear 21 { o~

Flaring block
or anvil

(a) . (b)
o p2.3—wfn W a9r 3|1 vEn

& fafer (Working Method) ;

(1) Hewew Fif$d ™ (FA 6 mm) T T=E (WA 80 mm) F FR T H Wierw (unroll) |
g gd ¥ afifig fafy gro sifsa omard e o -
(2) 319 AR sk ¥ e gu 9 w1 G Rafy ¥ ywen &

(4) Sfsi & R W DM (cone) H HR-4R wauFIgds TR ¥

(5) T T B F AR, AF B T W g9 B s Y e w1 Ny
(6) 3@ RIW T I WeE ¥ WIR F 99 w0 ¥ e sham e & o

(7) o fafs =/ 1 W g F g 9 wiFa =1 S

ot (Precautions) :

(1) 9 1 Faet Navas TR H G 79 FRd ¥ 94 Wik 9% ¥ g § wed
(@Wﬂc_ﬂ‘maﬁw%mwm'&w (Protrusion) 5 mm ¥ 31y w&f 81 9feql
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(3) A% F (yoke cone) &F FN fay (tip) 1 a IS T afew)

(4) 3 B H TR mﬁqﬁmaﬁqmmaﬁqzﬁmahrg (3) s & o o
<eé (i.) 9¥9 T (Backward direction) % 'ﬂ'qﬁl #

o p2.4—aAfM 7= wer Twer wam

& e (Working Mettod) :
(1) Hﬁ‘mqaii‘mmmmmﬁaﬁw{élaaﬁt&laﬁ(umon)%amt[ﬁaﬁmﬁfamam
T e o R

(2)mm%aﬁamﬁqﬁﬁnmﬂaﬁﬁmﬁﬁwﬁ%mmﬁaaﬁméﬁm
1 FEY B

(3) 37 = i S aneht <gw & W F SER e @
(vice) ¥ F&d ¥ ik Wi 7o # fou W wF 93 3w

(4) SR = zgm § - T 3 ¥ T A F Y W ¥ e s w0

(S)Hfdmrqpiﬁﬁ%maﬂmaﬁ{qyﬁ%amq{aaﬁﬁhﬁ@l I W ]\ ¥

(6) mm@%@imﬁﬁﬁmmz@ﬁm(immm%wm(tighmess)
F T ¥ WG B W e w5

(7) QRR (Plier) 9% 72z Q wiq (Job) T Heaiert feafr & wargd # sl s 3y =M o (Blow lamp)
TR A T

aﬂmgﬁ%lmﬁﬁnmﬁm
méﬂ%aﬂwﬁ—m{ammm%l
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(8) "M FA FT T R I g A w1 o g F NS W T T R oy
HT AT FE & ‘
(9) F & FR fae Weex 31 Tl 7@ 5 F @@, g F v F@ 1 I ot e
FIR G F ferg 7t s e &
WrE=TAT (Precautions) ; ' .
(1) T F ae sTavs o A @ de qon wed & e e ¥ g 7w
2) @ﬁhaﬂmﬁﬁv(ﬂp)wwiaaammm'%m
(3) AT TR THT e F gy Gt feafy ¥ T@ AT
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R®H (Object) :

& (Stud;w olf'-:;l-efg::s:: » , T é‘ﬂ' g fReeT gaT &
ic switch, L.P./H.
. flter driers) s L.P./H.P. cutout, overload protector, filtér strainers

faoT (Details) :
i) gqifefed @™ (Thermostatic Switch)

7 & e = R S 59 W@ (liquid line) W & GRS

qIed a1 Gries

mmamsreak)mmm%wﬁmm%mmﬁ;ﬁﬁﬂfmﬁ

fm P31 T oA o B el frm T ) seh 9 YqE s Frt R d—

(1) @d @ el (Thermal bulb)

(2) Fdielt g (Capillary tube)

(3) El| (Bellows) dd91

(4) faga g fag (Electrical contact point)!

. lﬁ_‘
Capillary tube  1parmal bulb

— B 1
; 'é é Bellows

Lever arm

Contact poin
Difsfi,r-zwi¢ 1 7 - Rar.ge scale
Qﬁ;\' Knob with temperature
range scale
fomr p31—uirefem fa=
ﬂmmﬁaﬁfﬁ;ﬁgﬁmmméﬁmﬁw%mmﬁﬂaﬁ,wmamﬁﬁ@

mﬁ@ﬁaﬁﬁmm%sﬁﬁmﬁmﬁwﬁlﬁgﬂmﬁimwama(lowcrelemem)
™ T (dialknob)%WHWW%I'ﬂgﬁ?ﬂqaﬁa@(body)mmmélmﬁﬁ
T (Evaporator) i e veel (coil) 3 T FI F I AT 31 e fargall 1 wivew et
%mm(inseries)WW%IWWWWW%,WWﬂEﬁ@m%]ma@
%m(expand)%ﬁqﬁqﬁaa@ﬁmﬁ%tﬁWWﬁm%ﬁa@(below)%ﬁqﬁﬁﬁﬁqa
v g e & e AR & 9 € qﬁf@ﬁ*ﬁﬂ’ﬂ’@ﬁfﬁamﬁmm%lwmmm
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ﬂam@@wﬁﬁﬁwmﬂﬁlaﬁ%OFFWONmﬁﬂmm%m-w S R adjust
fefan S et @1 fersl 1 A9 W 9 wer st W ¥ ferw T ¥ (range screw) 1 T R sy
21 F-F (cut-in) T Fe-3MST (cut-out) forgali # =™ steran wrem ¥ fag fa9d (differential) ¥q

w1y e s R
(i) LP/HP %2-3 (LP/HP Cut-out)
A TR F T P A fen s —

(a) LP H2-AT&E (Low Pressure Cut-out)— i frer &1 frt T 9ree & o=t & o Lp
FE-3NS F AW e s 21 7g 1 @ e ¥ T S R B HE R) T THeE WX R v
aﬁﬁfgﬂmﬁﬁﬁﬂhﬁm‘%lWwa@mmmmackpressure)%W Matens feaf
¥ WX H a=6 2

fox P.3.2 N vefi et T/ e oM ¥ T S—aidl, 9al (bellow), T g, TeH =g e
A Fe-T/He-3TS2 Jar onfy &1 g St B YufE F FW NS 2 A H gefgs wiLp
e A et o & g T g A A A Ao 9w F g @ Bl

==1.- J
N G
(g\L To low side
B ez W s |

e —

% Bellows

; [ ©= Lever arm
Contact points /
l«— Main body
Differential screwf éﬂ;&mob

fax pi.2—Fm T @ e

T wRfefr ¥, S LP #2-31%e W ¥, W T Foa @t 7, 96 WX e aR 9w @ 2
4 T, F2-3Fe R AT A 1 A I 8, I fAFT@ (contracts) R q4n fagm wiex ufuy F e
) @it S LT F TH 6 A W @ Ig I T o IRomEEy qfed § g aga a9
(bellow) $ofal 21 T§ TER, WAl HﬁTﬁiﬂTW@qﬁﬁﬁ (transmit)ﬁfﬂﬁﬂﬁmﬂﬁﬁaﬂaﬁ[
3 Tod X vRwy gol & S € qe WX W & T |1 LP e e A AT wefad w9
¥ g 2

(b) HP ®2-312 (HP Cut-out)—HP F2-3S2 T fed ® N wwiies WX #t fipan = frafd
0¥ 359 TR <@ F G fived 9 ¥ frafa w21 W R 9w ot 3= i e % R A
R sateie wRfEkE § S9E w2

fir P33 Yefid T 33 T he-3TSe & e SM—aire, Sell, Jeuh forg, Wrio 2y 9 T
Fe-T/HE-NEE I 2 —
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5=

To high side

Bellows

Lever arm

Contact points

+— Main body

Differential screwf v‘thKnob
fax P3.3—sea qm w2 s

g it (main body) HEFH gfe W w0 B 21 S (bellow) Trites i 3= wrEe I TElE
B ¢ 7 T g, WX % Aoht uftwd ¥ {2 2R {1 HP Fe-amee ) i, Fram 3 3= <9 uee
ﬁmaamtfﬂﬁﬂtm%lmm%@ﬁnm%ﬁwaﬁmﬁm(ﬁxpmdﬁs@ﬁ'g,a
7fg 22 2 AN W FF A {1 Mevwedies F v T, T S T Rt § o e
¥ f9FE (contracts) ST ® 941 e faped o= Sl WeH ¥ RS (transmit) BT fR[ Tvaeh
B 9T @ T TN Hex IRug qui A S R qgrie A @ 9 21 THE A o sty seie
T B R
(iii) SETEANE MeFT (Overload Protector)

T’ A F AU = qan gfw 2 g 3w ya: deg 3R 3 8 @ a3 des TR oT=T aiga
TR M Bt 21 FoA P.3.4(a) W HEA & lewals Meset ¥ TS A9 FUSel (Heating coil) 941 TH
fge1g fe=h (Bimetal disc) S & f W §99 (contacts) T BId &1 I8 WX aEfen & Wy Svit afty
LEEE R 39 gt it fSHaTOfEe™ aa9H (operating temperature) A1 I ARFET | 57 GTelt R
(current) R fyeft stan 81 we Hiet aEfeT # w8 Al uw ¥ gfs St 2, fgung sheieirs fa= (bimetallic
overload switch) & RT & TERA % FROT FA I T ¢ THH TE TS (bend) I ¥ IR T
TS &1 ey, e s e 2t Q e, T Wit 1 W feafa aen o feaf ¥ dvex afen ¥ S we
9 P3.4(b) a1 () & e 31 avel ¥R W frurg foww orwht g3 sveeen ¥ oTdh ¥ fored A wRud
et 311 S & s Hex =g B S R

Bimetal disc

A | : . | C “lBlA
Heaung : | i ", & A "Tv
I | : _ £ winding connections
: Motor windiny conpectlons s not ::0lg1dition.
Contact normal condition.
C
(2) Overload protector (®) ;.

faa P34
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(iv) FeeEX a4T & (Filters and Strainers)

aqﬁwﬁaa%@(liquidnne)aﬂmmaﬁ%lm@ﬁ%mﬁma@mwﬁ
UFH 53 | ST BTN B 2 F€ T BhH (screen) F AR & a1 I T T TH FgI T oy
Bl (metallic mash) &1 wAM fFan wmr 2

(v) TE A (Filter Driers)

fo3 P.3.5(a) ¥ WeRi fireer R M A oty wefed € S A Fad S HULA9V A aygf
N Tl } afeh P (system) ¥ Sufeda Tt ) oft STawifya Far 81 A QrEaAs dee (brass) ey
T (steel) & o JeAER Wet B &1 3% I FRY R T a9 F e ager Al {1 s oy
T STAAGF (desiccant) A A Faferdt S (Silica gel) Foan WREAfES TG (Alumina) B #) faim
RN N Tifed A 7eg e & ol fr i srhen o1 1R T R S St S ¥ Ty
R T Ui W B, fres SRR T W 9 D H1g I R T H R (P W), w6

T T A I vt 21 fhee IR W 59 Y@ W gEhE S R F 918 1991 TR a
| e T S R

To evaporator

> - Expansion
3 4
& 1 - ol 3 2 /_ valve
........................................................... )
’. )
1. Inlet connection 2. Spring 3, Pérforated plate o —Emocog
4. Brass wire mesh 5. Desiccant 6. Locking,ring 7. Monel wire mesh co:cggr: ~— Liquid
ser ;
line
P (b)

fax p3s
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R (Object) : -
w weifes aan faet TN YR & fafw sl &) UEA HTATl (Identify various parts

of a refrigerator and window air conditioner)

Eya®H SURIUT (Apparatus Required) :
(1) T SR (Thel SXETT SR 1)
2) & fael R FER

(1) yyifaA (Refrigerator)

WA ST TH SR F1 SAATF 37 57 T 31 506 oreafers S 3 FH07 o7 T8 U faeraa
¥ 7@ ® T 2

Hinge

‘ Evaporator
S e Il ¢ 8] > i—lw
| o >)
|_Freezer | 2| @ =)
. | & 5) 1
Chillray
Temp. control @ 3 L -_T
ﬁ c =/
T 1) rr’ i Capillary tube

<— Heat exchanger

<~ |lt_

L\\\\\\\\§>‘ Condenser i '—T
t Compressor -’(L la)
((r jStr.aailner
drier
» ; .

(a) (b)
fax p4.1

I & &g Hfee (Enclosed cabinet) Brdt € foraa fevg @ werdfl, zargai sufe =) wferm v
% R fret o @ T 3 g B $1 e SRR 98 TRe ST 3 e ¥ e ) s
E 65, 90, 135, 165 aar 286 litre &A1 ¥ WK ¥ ey ¥ iR Wuigw H w75 W, 92 W,
25W, 180 W em 370 W & w=adt 21



166 Weitt7 TS SRR
§A19€ (Construction) :

mwﬁ@maﬁwm%ﬁﬁzaﬁ%mﬁ@a@ﬁﬁ(airtight)ar{arnam,
aﬂmﬁ%é\aﬁwﬁﬂﬁwﬁﬁﬁma@ﬁmqg,ﬂﬁﬁﬁﬂﬂﬁ&ﬁﬁ@%%lwmﬁﬁw
F % A AARE AR (inner liner) 71 e A TE FHHCR I TA W AR Tl g
21 TR AR H we el B @ % g 30 @ (shelves) T B 1 T 165 litre ke 3
faferst ol fted ot P.4.1  srefi farem e 1 <raifi o P.4.2 & fafet Svorral T S0 Foif ) e
foran o 2
mﬁWWﬁﬁﬁﬁaﬁS?ITW"@HT%HWW(Evaporator)%ﬁl’}lz%aqmj
FIR D AR AW LA R | WHFEAT SHTA-12, TH T F &9 A TG SIa-el hiore ¥ Uh Th1 ey
q M 2 N WS F @S B AR T T2 T F WY IREAT S RS F AHE P b
FA I T FrEe F QUi weierd S % A st See W e 3R IR B WE TF aifey
fr= @ e 31 o P42 A weiifes #1 T=eeh @ weffa fea v 1 et =% e weR -
(1) ¥9 Riiqs (YA HISE-12) H¥ 99 991 1 R a9 (Evaporator) ‘A’ & W% T 81 %
AR don IRTI | T HE ST Feh A ) seerdl @ R v § wefia g9 @ s
FT 2 i
(2) ¥ OO ARA ‘C’ F WeAH | WS 99w oS ‘D’ g/ gfva fra s ) v 9
(Accumulator) ‘B’ ! ST q1-JNUT @1 & #eA TfGq foven T 2 oy fo arqof amomt &
FROT A7 F Frere e S Ee-Teiaes ® 999 fF o1 9% 35 e ¥ B ol o
et R
(3) o1& §Hitgs ‘D’ 1= A1 a9, @ arelt a9 i Gdifed S 359 919 991 < Srel 9§ aed
<A ?) wdifea sy, faasia @ (discharge line) ‘B’ 3 Weam ¥ Sufs B N ST 21 GohE T
g vifaa SR HeEr 81

(4) HEFE B, S5 A1 91 <A F A R T, WREIE F A B @ 2 2 ik e aw =
TE 9IS § Sed S R -

(5) T are.qar 3= T e 59, g i fReeX ‘G0 A ToRar @ iR it <gw 0 A W
mg'mﬂ?@wwaﬁm%ﬁﬂﬁmﬁﬁqﬁ(Heatexchanger)a?fﬁqm
BTl 2Q o P42 -

~(6) 71 A T 54 et et g A o € ok s S v o e A @ 2 8
o Tt o STaeie & 9 W 21 T T Svet At we we e ¥ sin weed
% AN ¥ TE A H GIWEIE (superheat) ¥ 35 Bt 2

(7) Fher 27 F e aren Fr @19 qen < S el AR A’ § e e 31 56 R
TF 5k U1 e 2

Wy weftfr & fere fagm o (Blectrical Circuit of a Domestic Refrigerator)
o P.4.3 ¥ o e Wi ¥ fow e e & fofe sraasl = wefda fvan o 2
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(1) ¥ e @ (Lamp and Switch)—S@ WS $1 S3ao1 SRR w2 7@ & a9 o % 9y 3o
3 o o fost i e e Tea ® e oha e #1 SR @ axaren g €, fem W @ T

A!@m%méwqmm%twm%ﬁmmhﬁmwwﬁﬁﬁ%l
| (2) @itz f@ (Thermostat Switch)—7 T e feerw & < e wor % e a1 Freeaon,

-/mﬁa%ﬁﬂﬁwaﬁwmﬁwﬁmm%mﬁm%wmaﬁmm-‘7°C1?!
_15°C B0 & Wi A9 BES A 7°C | 15°C B #1 it feaw, W ¥ 9 aq e R sty
areiq F2-F1 A T g IR ¥ N 9w o 2 e # wen wwem Wex e Al 6 =R
4 AT AT F A R AR -3 AR W g € 7w eited de eH e 31 39 VR
gifee e F Bfen ¥ 9% 99 @@ 9o w®a 2

(3) e IaTens e (Thermal Overload Release) 7€ Tritgs. & o qean Ifw 1 a8 @
Wﬁﬁﬁ%—m,m%%mmmﬁmﬁaﬁmamﬁaﬁmm
I ¥ fed Fz 7R TR fefa § f7g W@ (Bimetallic stripy Wz # s 1 #3421

(4) =& R (Starting Relay)—w1fn fat w1 =0 wiex $1, foftee st 307 Hred 21 ST qon
WA AEET H TR (supply) F faws (across) TE&H 4G HT B

1 r/—Thermostat switch

Thermal overload
./_ release

Heating
resistance

C,
@ =
M4 =
a4 ap Motor for
Main winding I
of motor o° od °o
o° o
o/~
o Negey - Compreser
; S1 Sz
N Auxiliary

winding of motor

fax r42

’%mmﬁmmm%mmﬁa%m,mmmm&aaw

o0 et ) e afen 1wt 3 frew St o @ ) R o et S ) o
¥ s e Ryt = o T e
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(s)fd'qa‘ﬁﬂ'(ElectricMotor)—'ﬂ'EQa?WW,Wﬁﬁlmﬁﬁ'{wﬁa?ﬁﬁ%%
F1 G F AT WX W WS i B )

% faf (Working Method) :

T R 1 e e ) St ot & A vz, wtee frw 3 w3, A A
g@mliuzammmw C,C, T TE=dl ® ik A T e ¥ o
%W:Wmm@?ﬁ%lﬁW(heavycunent),wﬁﬂmaﬁm clczﬁm%ﬁ@
mﬁWWW%IMWwﬁW(maﬁ%nslszaﬁ*ﬁtrﬁwffr@a@)
ﬁﬁaz?ﬁal'ﬁm%l

t-mmmaﬁmﬁmmﬁq(energiscd)ﬁam%,ﬁaams’rw%mﬁaawﬁm%m
Wmﬁ%l‘ﬂ?{ﬁmqﬁﬂﬂ'@mﬁm?ﬁﬁmﬂl'{l(currentdrawn)‘ﬂmﬁm
%l’ﬂmmmmwﬁnﬁﬁﬁmﬁw(Plunger)mwﬁmgcmﬂﬁwmw
Erarﬂ'ﬁww%ﬁ@ﬁgalaz@W%ﬁmma@ﬁmslszqﬁﬁﬁwaw%lwﬁq
ﬁéma@mﬁaﬁaﬁmwmaﬁmﬁmﬁmmwmﬁamm
ﬂﬁmaﬂ%aﬁﬁaﬁwéﬂ%lmwﬁnﬁﬁﬁﬂﬁﬁﬁ,ﬁawqﬁ@’ﬁaﬂ?ﬁﬁmﬁ%m
Hs’faaﬁ%?haﬁa@a@g@q(mp)aﬂamaw.m(fuse)agm|

TS W9ifa &1 W f&&wor (General Details of a Refrigerator)
(1) S¥ilq® (Refrigerant)—Freon-12,(CCLF,), S¥ia® #1 STava® WK = S 150 & 200 gm
(2) FEH  aUEHE (Operating. Temperature)—
(a) 9| 99HM = 32.2°C
(b) AT A9EH = —20.6°C
(c) W91 YA = 54.4°C
(d) 59 d9EHE =32.2°C
(e) 19 arGE AYHN = 25°C
(f) HUie®. H9d FY qIHH (Compressor top shell temperature) = 70°C
3) HASRT & (Operating Pressure)—
Y01 <19 (Suction pressure) = 0.48 q @H 0.68 91 Th
fagsia €4 (Discharge pressure) = 10.34 ¥ T 1241 9 9%
(4) & Zga &1 AEA (Size of the Capiilary Tube)—
(a) =9 =0.76 mm
(b) &=TE =3.3 ¥ 3.6 m T
(5) Hieg gfe (Sealed Unit)—
i i i otor):L@I—I-HP?ﬁ
(a) HET—Ra ¥ JToT AT (Split phase induction m = ;
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vt (HP) 1/8 1/6
[ aE (Watts) 105 145
[ TR (Amperes) 1 1.2
B 50 50
[ A (Voltage) 230 230

=% 9 e (R.P.M.) 2850 2850
(b) THREEH—Tv=m,

%//4

?

7

7/

7

7

=

/// ,/////

N\

fax P43
(a) W faw (Seleétor Switch)—3f1e 3 w3 ¥

foTe veat fears =1 <faromed (clockwise)

“fan” ST F AR T fRom qmR “Coop fo=
W & R

(b) FAFRE (Thermostat)—7fa A A8 T W e woey

(c) vI& g 3T (Fresh Air Damper)—g] § IS @ as Y I % fag For e Hy “open”
fe 9t wow g 2| &

(d) Fe&re $T (Exhaust Damper)— s %a 5 Y ST e A A 39 e ¥ e AR
“open” @ﬁﬁﬂﬁ%li@%ﬂiﬁﬁ%%ﬁﬁﬁél
ﬁTﬂHT (Construction) :

. qﬁ'mﬂﬁﬁwm(chasis)ﬁ?ﬁ%ﬁﬂmm
%'Wiﬂﬂmﬁmwagmmﬁaaﬁﬁ%%umwﬁaﬁa%qw,%ﬁﬂa%@%ﬁw
Wﬁﬁiﬁzwﬁm%taﬁm%ﬁwm,m,wmﬁm,ﬁaﬁ{{a,m,w
S §EF (accumulator) T & Mﬁﬂ?m%aﬂlﬁﬁﬁ’PAAﬁm%I U %™ Freon-

(fin) T TFH TRY AT TH WE ) B




170 Efaq TS AAIIRT

12 R 9IFSE O 2 FF @ W, T 99 MR AR e @ 81 Wel TR F T R W g )
9IS SR T B R A T W AT F 0D e e vt o o g e B R A
wafe = ae § o gl R oy ¥ U Wed BN 9@ ot @ e areiE F IS I 6 | g
T T B A T Y AR F A0 T 9 SR R B TGRS FA I R} IS T
I ¥ AT a7 ¥ T TF 91 fReet o @ 1 9 T gAeT O id Fa § 58 T R g
¥ T W WE el o w2 e T F Rw Seen F Sgae w7 T A g s gfw
A 9 WX B IR e T 21 ofee Ram T ¥ @ ® aHE 24-25°C TR T f

Condenser _Evaporator

Evaporator fan—l P —
Condenser fan
= = Fan motor
/ w
Capillary tube
Accumulator
Compressor .
fax P44
feRaT (Operation) :

(3@ foa P.4.5) fF & 37=id, AMATgcis, a9 SR Fi AGg § a1 EiTwt Ay a9 a9
foFee gF0 F& F arg F 3US] 991 W FIA ) TF AR A F1 HT 21 W, 9% fheey qon av
¥ Wreqn @ 6 A I B I FE S 99 SFTER 9 F FH H Ao 21 GoveF a9 goFH, 9
wﬂmﬁmwﬁ%awq&sﬂzﬁgmﬁm (insul:sttedpartition)§I’l‘laT‘51El={$&{ﬁ5 e WA €
e FE G 7 B SR v R § 9 W diwa € ok dufe ¥ ¥ w Y 2

. U% AMA{He® &1 faga ufag (Electrical Circuit of an Airconditioner)—(28@ & P.4.6)!
S ¥ 9w, garee faa # fag A WS I @ S S e faw A Srgar @) v A @
qofies AT g foafd ¥ @@ 21 99 facieex fam Ffa 1 afRomad (clockwise) ST Sl € @9 1@
nﬁa,awné%mggarﬁ%ﬁw%mémﬂ&mﬂﬁgﬁ@wmﬁmw?‘
A (low) 41 3=2 (high)!

va gz fa= | ON’ Mme%ﬁrmﬁﬁaaﬁ@m%mw@ﬁ
aéfeén areliq T (Running) SRS A1 TR (Auxilary) FEFET B @ e &1 welres e, A0
’G?:lsqﬁ?((capacitorruntypcmotor)ﬁﬁéﬁﬁmmmﬁm?ﬁmﬁﬁﬁqﬁ
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Condenser fan

Evaporator fan
Condenser shroud

A e P Ao

=%~ &-Adjustable
N /}. s -
pu 2 ]
S\ V// ST
4—--§;._ ~ ;
) ; il
4—%&_ Fan ‘—.\\ P !‘- !
> motor H
< A LY !
4_-..?_ <T +—Filter
o U -
Condenser Fan motor Evaporator
BenieEb Condensate flow to
on
condenser fan
o= pas
( H Y ¢ — \ Fan motor
] ] l‘ =0
) é i \ K
Q i  OLR [ n >
Speed -/\. " : i ; l 25
hange 1
S R T .
A_/ B {_.__.____..-_5 P F 4 { \
Thermostat ‘ \ ~— Runnin
switch \ ; ito
V ! _/ Ccapacitor
Running winding—/ ‘ T- . .
Auxiliary winding T‘;‘a’“i}g
N - --m-—y pacitor
Harm
Voltage rejay — 7T \
H SR. |
0 y
a1 pag
ST R sy
WW:T afs%nl ,qﬁuaﬁmﬁw%wrﬁnm%ﬂwmﬂ%mmﬁsﬁamaﬁa
Cool)] ®y i S, T [ IS (low ¢
5 B (after Sensing) fae wfiyy
o = B e T



fat Y&R & AAIHOS & qw WoiaT a1 &

YA AT (Main Parts of Mechani
Refrigeration System in Window Type Aircond of Mechanical

itioner)
(1) S I (Sealed unit)—1 =1 1.5 Hp, mrex (T weiies qfed)
(2) F=W (Condenser)—f&q qeqp <9 1 91 Wifaa
(3) WfiTF (Refrigerant)—fFam.22
(4) Wit = g% (Refrigerant control device)—dierdt g
(5) @I (Evaporator)—fT a1 2ga YR
(6) ¥ fFeex (Gas filter);—ﬁE g Hieg wfEa (Brazed joint with sealed)
(7) 1 ton WY =t Ffem &mar (Cooling capacity of 1 Ton machine)—12660 kJ/hour
&2 YR & awggew & Yo fa @A (Main Eleétrical’Components of Window

Type Airconditioner)

(1) 9&T O (Fan motor)—% H.P. 9«1 a0 s

(2) Tig® HIEX (Compressor motor)—1 41 135 H'P. Hifqel ®H, Hifak T WX
(3) WIfén HAFFT (Starting capacitor)—80 AN 110 pF

(4) I $AFEX (Running capacitor)—30 AT 36 uF

(5) faeiee fam qar aufee fag (Selector switch and thermostat switch)

(6) & (Relay)—1 =1 1.5 H.P. (Potential type)

(7) 3R &g MeTR (Overload protector)—1 a1 1.5 H.P.

(8) faE W=TE (Eleetric:supply)—220 § 230 A1, 50 cycle, et %=

(9) 1 =7 WEiA % ferd 9fth @9a (Power consumption for 1 ton machine) = 1400 watts

T fast T&R & TSHEHSIYT % WM fqaTuT (General Details of a Window Type

Airconditioner)
(1) W9fta ~ guar (Refrigeration Capacity)—

24 (Tons) 1329 1.5
KCal/hr. 3025 4535
B.T.U./hr. 12000 18000
kJ/hr. 12660 18990
(2) Weitas (Refrigerant)—F-22 (Monochloro-difluoro methane) |
(3) Wlta® &1 W (Weight of Refrigerant)— 700800 grams 1 ¥ 1.5kg
nit)—
o o ‘Iﬁz g - Capacitor start Capacitor run
e 1.5 2.5



() f& (Relay) —
) gaiigs (Compressor) -

5) e AuAE (Operating temperature)—

EIGACIERIE] - 35°C
ST AHIH - 7.2°C
e EE GRS — 54.4°C
39 @ dEIE — 46.1°C
g aodt aEEE — 35°C

(6) Uftemer &/ (Operating pressure)—
=qU ™ (Suction pressure) = 5.3 bar
fogel <@ (Discharge pressure) = 20.6 bar

1440 watts
7.2
230 volt
50 cycle
2850
80 puF
30 uF

Potential type
T faeivet

(7) &dter@t Zg® (Capillary tube)— 1.39 x 1013.58 mm
(@ ZgE) (1 7Y

TS S

2250 watts
12.2
230 volt
50 cycle
2850
{10 uE
36 uF

qyam gedissh

1.62 x 761.98 mm
(1.5 = Q)

173



174 weidq W& SEgHe

3%'9?1 (Object) :
& Wit frem @ e quiis (C.0P) W

Aq¥a®H USRI (Apparatus Required) :

(i) A FTR (Water cooler) (i) Fei WX (Energy meter), (iii) Aices WReRE (Voltage
stabilizer) (iv) gmftfiex (Thermometer) (v) &1 HIYsh/ 9 9 aTeit s9a&1 (Water measuringlweighing
arrangement)

T9=T= (Theory) :
fedt weie faera & o & fsaied Tuiish (Coefficient of performance) 81T St foran s &)
M, N= F& WA ¥9E (Net refrigeration effect) (kJ/sec )
W = e # ™ f139 (Work input of the machine) (kJ/sec o)

: et qyitaT w " (V)
: C.O.P) =
I@: Wyl &1 freares qunE ( ) a3 CTD)

"Fﬂfﬁ(Method):
(1) FAYEH X FoR oF H TH HIhE]
(2) ¥ (main) IO TEASH F S H-SeHIR T B
3) ¥F A T F T Fivaw TSR € 9 Sl W H USIH TG 2
(4) FY A A FA/F TR THies B T 2
(5) Grfte® I 1 UL I % SIS I H AfH 9 AR B

(6) FeHIE FH AT e T T

J&UT q9T TOMT (Observations and Calculations) :
AT GALFL A = m kg, SOHIY F SRS q91 AH qG@—E = U, 990 U,
el 1 SRftve a1 < Wgdi® = ¢,°C T4 1,°C

3 aHH # R = (¢, - £,)°C
S @A = (U, - U,) kWh
Tt & fafte S =S

griied W Fd $E, W= (U, - U)) x 3600 k)/hour
Wefidd 99E N = m.s. (¢, — t,) kI/hour
WEiaT IS (N)
Fd & (W)

fAsares Ui (C.O.P.) =




m@etal (Precautions) :
(l)mﬁwmﬁmmﬁﬁ‘ﬂ@l
(z)amqﬁﬁzmmmmmeatgmn)ﬁm%l 3

e w1 175

» A FEaEgEs e s

(3) TR N Aferwam F Ao feft ¥ Ty ¥

(4)mam,ﬁﬁ§qrmﬂml

(5)m;rh§@amam%rﬁammﬁm{aﬁsrsﬁaawaﬁwm%m C.O.P
%Y ' S I
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3299 (Object) :

et #1 W wI@ g a1y Yai§ Wu (To measure air flow using anemometer)

ATG¥Ih IURIUT (Apparatus Required) :
(i) ™ TR WAEEeR (Hot wire anemometer)

faarm (Details) :

e —a% T U@ STl @ S 91 steen A9
TR I 1 FE F 21 g 1 v e @S e
? 9 TF TR (duct) ¥ 1Y YA qen AFfa ff A gehar
? S aEveetd a1 9 A1 99 S 9, T
WA F 9 Hifces o0 § wRadT " (duct) & g
IE I FifF Ik T TA 1 I9E S=al & S J418 F.H5
wa® S T A

@ﬁm@ﬁﬂa@wmﬁﬁqﬁw Gas stream
Hﬁﬁ%l m@mﬁﬁqﬁ@ﬁmmm ot P.6.1—Hot wire anemometer
HITS (hot wire element) BT S fai W ﬁﬁm (needles) BRI 3Mfd @l 21 R I q™ T
0.00016 inch T41 0.05 inch T &l 21 it I W s i & forw of AR watem w1 e & watE
T T WA S & faw Addiet o s e s 2

WW%WW(TNM velocit
fod foam & A wew Fram g 2

Tfter & WER (Types of Anemometer)

Holder

-

-
-
-

Hot wire element

y magnitude), T &fas woaer ¥ 3 fcaror syeen R

(i) SRR (Vane anemometer)
(ii) 9™ TR (Thermal anemometer)

(iii) /AT el Gig adg TG (Thermal

anemometers with velocity temperature profile)
(iv) %9 T (Cup anemometers)
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(immunity) ¥¢ feH ¥R % WY st (compatibility) e 5@ eteren # wamRY ¥ forn

5 S S B § 3 afers wefem #)
p) Fraa T e (Constant Power Anemometers)

i I WeaF (feedback) foem & 2 T, T FY ¥, € R F GO 2 31 3
mmm%ﬂﬁﬁmﬁﬁmm (zero flow reading) It & w=am LS E T I Ehe )
AT 791 37 SGWR (response) TR T Tea 9% AR AGHH qo A T (response) R B
$ g qIH &{ﬁf'iﬁ (temperature compensation) Hifiqq 8| ; :
ffz R AR (Hot Wire Anemometer)

mm@ﬁﬁa@m%ﬁmmmméﬂammﬁW%mﬁmm%i%
T TAE T AR G SN R W R WG w s L

fosielt. &% %2 ¥ ) 2 3
rﬁmmmmﬁt@m%,mﬁsxﬁﬁm

ﬁmmmmﬁm%ammw
WW@W%IWWWH,W%WﬁﬂHﬁW%I

Hot wire

.\~ (5= Pipe

4

Standard
resistor g’ Meter

To
potentiometer

Wit ey

Rheostat * e

o= P6.2—Frmm o fufy
W (Construction) :
T AR Wi ¥ e @ s B —
() = 9r (Conducting wire)
Q) =T=M A (Wheatstone bridge)

%;maﬂﬁﬁﬁma@(ceramicbody)ﬁT@TW%I@ﬁﬁTﬂ?E‘f‘éﬁﬁmﬁmm
%W%lmﬁimuﬁfﬂmaﬁmﬁl
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frge a1 f&f@ (Constant Current Method) |
zg fafa ¥ 91 (current) & U fafy=a 9T (magnitude) qRI (wires) 'Ef'é'{l,ﬁ'RT.G‘ITﬂT Rl 3’13-@-,1
Fq Fraa AR W @ I ) A H e e T e, 39 e ¥, 5 e
(transfer) TR X T & B 21 A TN T £ A sHH 9 @ F AR F A AT W@ ey
g, YT ¥ oRedT B Ao @ S W W A S F Ul gl

fraa = fafe (Constant Temperature Method) i

' Cf A IS |
T ae ¥, faga yar® g ar) @ m fa s @) aR ST e ¥R W T LS
i’tmﬁw—ﬂaﬁﬁ(transfer)am%usﬁm,mmwm%ﬁ@mqaﬁﬁw
1 7e 349 faem W w1 w € 5 aR F ae feR e @) IRhve fefa IR A F fan
g/ & AEEHA T F yaE R F aU et 2

Gas flow—=¢ ) (>— Pipe

o
Ry N\

Rheostat » I'|= -
Battery

& P.1.3—Fraa ame fafy
T WaTE &t 2T HT 9O

o P.6.2 ], FMewr 3g § ©&F 7 Ry, A ar ¥ @y TG H T 3N B1 TR F IR (across)

maﬁnﬁﬁq%maﬁéﬁmﬁwmfwmmm%mﬁmmmmm
(Potentiometer) ERT HIYT STl %I

ﬂﬁmﬁmaﬁaﬁﬁmmmmmwm%—
FS 7 = a(vp + )2 Joule/sec.
&l v = 1 WaE I 97,
P = A &l g9

a,b=m(constant),mqﬁﬁ"{ﬁﬁmﬁl'{%—?‘ﬁmﬁmﬁmfﬂmﬁﬂ'{ﬁﬁ'{mg|
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aF [= TR ¥ & F A1 90 R = 9”61 & 9y

Hqer # feafd o, 9 ST (generated heat) = 511 81 (Heat loss)
~ PR=a(p + b2
(I*Ria* - b)
s S
p
wmmamm,mﬁmﬁmWWT@mﬁ%n




Yol TH AHE

(Refrigeration and Air Conditioning)

' [ ¥ SW —

" ng;mmamw@mwmmw.-
(b) TS wireA FerE ) e § g e T % Wl g St Seera #ifg
() M T fEdas THeE ¥ SRR TIE L 74 QA 6 A IS &
(d)ﬁnusﬂaaﬁ%w,wmmaﬁmqahﬁaﬁ—

(i) R-12 (i) R-22 (ii) R-717 |

() TH R-12 KA T 2.5 TR I 9 IR H W Qe H e o 21 W T ey R v & e
Sl T B Wefie % IF H A Y UE W@ R1 C.O.P. %1 A Fa sl A s C.OP, S

COP. 1 0.65 ¢ A T WG w0 W o1 0 = Soieies 3@ ) = 5 kg/min. TR
2. 5l 9 T ¥ T R—

(a) W& Vapour compression cycle W a8 o - S (subcooling) a1 9™ %5 Hfdaa (superheating) &
TS TR 3

(b) T S T A 500 ton ¥ H T —5°C WAC ¥ < I H 2, 24 U (°C B T TR
| wmmmmnaﬁuﬁr1wcwmmm%immwmmﬁmmﬁlmﬂa
FHC T W T R o

(©) TR TS | T TGS T e feamlt fifiam) sa% o o sarEd
(d) TF 9% WS (Evaporative condenser) & {ied Il FHifem

(€) TH Bell Coleman Cycle W mﬁammw%ﬂgwﬂmﬁmaﬂaw&a@%smmm%m

39 Lbar ¥ 5.5 bar T ien e #1 weltes i 125 §1 Wi 9 B 300 K 75 Foet ot S
%lmmﬁaﬁmﬁam%uﬁwmw 135 21 AIHvSEH A 20°C 1 A0 % R €, = 1005
Kifkg-K 3 R = 0.287 ki/kg-K M0 (i) Frem &1 C.OP. Fraferd (i) 20°C ¥ WF ¥ 0°C R 1500
ke/day Sh T ¥ Safed g R W W R (i) R R s (kWatt )

3. R T o |
(@) Fr= - v F—(a) R ST (Sp. Humidity) (b) T STE (abs. humidity), (c) TR ST

(Releative humidity), (d) 3G AIAH (Dewpoint temperature), (¢) Sqaa0T W (Degree of
Saturation) (f) STeeq = ifyrs T 1 99 (Dalton’s partial pressure law)

(b) meﬁwtﬁmﬁmiﬁwmﬁl
©) w=fem faffir (Auto defrosting) 1 R AT T THEEAI
) T sredi swomedt o Freafofis sa 3 e 0w AE—
() STEMTE (Absorber) (i) YFIERR (Rectifier)
(ifi) foreroes (Analyser) (iv) FoT fafameh (heat exchangers)
; FifSwl
©) 39 I = B (p_y) e (7-0) @ W e AR T COP. F I



4, B 9 T & IW I—
(a) rhTeRes S W R SR §2 T wuEE i T T A € 7 |
(b) 31 T Y TE AT 30°C e T EA 50% B A e T A 0 FHI—(a) ek = (DPT)
(b) R S (c) ST wTw WA (WBT) (d) T (e) fafireg s

(c) T a9 YoR & Wuifes & s SfF 9 S50 9 T, WY 810 2 bar T 991 90% Yo e §
& I &1 R § AR —seC @ 9 81 99 & oftmaw ¥ C.O.P. ¥ W IR Wi WR

20 Ton ¥ 991 a<fds C.O.P. aﬂamaﬁm%ﬁﬁmﬁrmanmwaﬁmmﬁsw
A 30°C A

(d) W%ﬁﬁﬁammtﬂ?ﬁﬂagﬂhﬁ IR TE F
(€) TF reversed perfect heat engine % ZRT 20°C a1 YA | (°C aTeh o =4/l ot 81 WS (Freezing
mixture) 1 AT ~12°C &1 aF 3 faf¥e o7 0.5 7 7@ I 336 ki/kg & W 0°C W &4 At 9% &
T kg/hr/LHP. I F
5. 5 49w F sw d—
(2) 150 m® a1F 30°C T40% R.H. ¥ 15°C % S0 &I WA 81 99 T 105 N/m? 81 3B T S (heat
removed) I S|
(b) FIEEA F T ¥ MRt qun TRt § o S 22
(c) ST L& (Overload protection) W TE Fuly Fifsa)
(d) Frfafe #1 grgma—
(i) fsEa s (C.0.P.)
(i) ZA-WET (Ton of refrigeration)
(iii) e MM (Refrigeration effect)

() RN W (Star rating) W FAWY TF 3.1 7 5. W AR AC, W T WY
QQQ




