LECTURE NOTES

ON

REFRIGERATION AND AIR CONDITIONING

PREPARED BY

MS. CHINMAYEE JAYASHING
(DEPT. OF MECHANICAL ENGG.)

GOVERNMENT POLYTECHNIC, PURI



ONIT-7 7:8+9023
AIR REFRI&ERHTIM& CYCLE

® gepvifesodlon ond ajx condltlontag : -
T I e

pevigesadion ;-

T pewsigesoblon  moy e Jebine) o e process g acheulpy
ond MoIntINfy o tempesofupe  jeiow ot @ sorTEUNINg.
applicod lon. u -

it Is vsed  BoB  vesewsvedlon oF  boed pnd vef W stosing
t‘nor{ | e tempemafuse

als condition o-

it is o Sstem’ o5 process oo cont BONITY  fhe  pen |
horigity ond sometimes  phe PO ok i pok

apevcad lon 3 -
i Is veed 0 on  okklce s 1o, hovse  efe.

® sipsevence belween  pepvigenalitn

e

ol ol ecandition
;E'Eﬂ—-_':qr_,_____h_

Retfﬁi“ﬂ_é;m%ﬂ'ﬁ | M5 conditlones

1t Is the pulcesc  whith bt ks the pucels whch confek
contBols  tempesofuve  OF oy | tempemadUBe |, humidity ol some.
K times FUEHH ok aly .

MR poevides  combiord 1o prrduesg Ob 16 POOVIdES  combont 20 humoo

beings .
it Is veed oy i‘-‘*ﬁﬂﬂﬁ i it 1 pge obtice | 1ob, housa.
H £+8-0023

Retssigevont :- i

it 16 the weking WU which jo  gsed oo enjmact
heot BOM  He gygfem.

Ef:- R-2, R-32 , RBYAD _ peop , R240



i |

Rekvlgepation ekbéot : -
b i i e S i

eatyoct 10 0TAEE o pmovije  ond mainteln the pusen .
thon thol OF  SUBTOLINg Pl

G wesallon

5 e onit yebsigesatlon 15 cxpressed N tonnes ol
seysigesod lon

S f torne oY "ﬁﬁb’ﬂfﬁﬁ‘ﬁmfa"ﬂﬂ ts debined os the ampupt ok
heat Pooduce /[ mepsigesalion cokkect  prajuce by the Ot
maEHNg o one tonne ok fee  af O Iﬂ' 24 koL,

1 TR = looo kg x 335 Kjkg 0 24 hovas

1000 X 885

= 289263 Kl/
20 % 60 | fmm

Wy

In octved - proctice  ZTR 15 toKel 45 egolvajeny 4 4o
N0 K min

= 210 - 3.5 Kl
200 -3 s

i I-‘-'IE"E F\W'

q.5-2003
® EGBHHJ'GTEE o pesbodmonce ok o ?ﬁﬁbg@a{’gﬁf

| the 'Eﬂ/“ﬂ ok i equtvoctel {f'ﬁﬁﬁ'afggtﬁa,ffﬂﬁ Sﬁﬁrﬂ/‘l
n the wvebmgevafor  to  tne o¥kdone o e welmigenait
mabemoticany,

cop - _Pekni am%m;; ebbect / desiwes ekpect
Wonk done




. @

J (unitiess)

she coebbicieni  of  pesktomance s e gpecifoocol 0F
eppiciency!

2 The  YIUE  F cop 15 opwoys 7
paiod Ve  cop i- < 1

pois the  wolio  pelween  acivar cop o phe
cop
I:E'."I- & i
= find e cop ok o ‘webwigevodos iy ne K trpop
‘ ic
=0 Wlkg o the sekmigevodion ekbect Potduee  phese

theoitica)

Uso Wjkg °
BT app . Rebdigevoling  expect
woTKdone_
= .—{P'—- - 3150 =
Wn ef 150

;g
sigsevence  belween o heol emgine, yemigesotor onf
heot PUmp:

’ 4 angind) (¢ reigevodov )
. ' , 0
w2 cop = S5

@,

m;ﬁa“mr GUP-E"_




21372

oz

b | el

r— r———

LR

=

F!n?.-:

felodlon

l’L (con), T3 = @o2),,

p maghine wonkiff o0 cownot cycle opemiec ;Jggw@”
o jemfesotvTe  when  the moching 15 oferated of |
pumP the cof lo 5. FInd Ut the Cop oF ?ﬁﬁwﬁm{m

@ﬂF)R+ o= (Copy,
QSD)R i= Q’JGP)H

?@‘.UE’) 5 -~ '-r'-t,rlr

Tdeod Hﬁb’ﬁfﬂﬂ“ﬂ—/{mn Cjcle 0B Tevevse cowrpt {3.;3‘6?&

pn  olz  wepvigevndion  S¥Hem  worsking on reverse.
comnot  cyole ol hove - higheet  poesibe  cop |

e S

“The g&ﬁiﬂ&‘ﬁ‘aﬁfﬂ'ﬁf axrmkiNg on seveste COENOT cHae
e oot pogsible to  conptwucd bme  ever b js wged o
condond  oF  compossision -

"

p o y
J H_—_h-—__-q—___. k

vV — s 3

TJhése owe BT proCEsses N thls eyege

!




W Tsentsoplc. compsassion

S S

5 e olv it compressed

ISEPETOfICONY 0N fhe  pupcess (1-2),
Suwing hie  polcecs  the fPrECSuBe ok i NeeasEs  F¥om
P to Pa ' '

5 apecibic  volume jecsenies  lmom

INCBENSSS  BTOM T to T, | Juwirg

v, 0 Vo ond jemPemniive
weat 15 obaombe

tsent moPic CompPreccion  po
o5 velected on  the oln

PIDOES.S (2-3) v zspthesmod
s e oiv I8 now
Jusin)  ths  procecc
pott fy 0N

5 6peCiBIC  Velume  lecsmasee  kwbm

Vo t0 Vg
5 puEing Lsotherma)

COMPTEssIon  the. heat wejecdel
R yelecke) © Ta C-‘E’z'g,;)

comprecelon

o ——

comprassed  Jsothewmony  )e

.-Iil:zr .t‘ ?j— :
the pretivse OF oiF

Nevegess bFrom

bi the apy.

F'w&-ﬂ_gﬁ C_B '“tjza} i I_‘;Eﬂf'ﬂﬁﬂffﬂ Erxll;l.'-'ﬂ_,r'gj{}ﬂ

—— O
Tie oiw 1o

Now  eXponded  jsentropleo ny
3-4 , dowing 1hiS  procese the pressure

deevenec oy
Py Lo Pu and E-Pifc,ftffg Yolume ?ﬂicﬁ'ﬂﬂig Kapm ﬂl"'g P 'I-"'",
ond tempevatore decvensee  kypn Bto %

in the pPeecace

roocess (U -) i ZSothe¥mod  axpy nogy,

— Ty

Thic odw  is pow ex Pefje Lgmfhe*ﬂ’rf?ﬂr{y [1_"9,-:1;) n e
pocess (y-1) , PosNG  thic FOOCECe e Foe coope dgmg@
boort Py 40 P, ond SPedibic  voome incaeas s jswom Uy 10 .
sozing s PO0Gese e heod o whavh. pe o
Bopeowp = 'ﬁr(ﬂif 5!9




e -
t ¢
VEYOBEE.  COTND

1]

C.oP 9_& et

Kkeot
_mﬂE]"EEJ &
CopP - -

&y

":ERL *Jln

'-f Er
; T [5 [ 5) :]'llr [5: ".5‘)
2 g =1 | H

Ty (5:-%)
| -
T ($283) =Ty ( 6.-5y)

Ty (Beegy) |
N T~ Ty (?f%

-
-




12-08- 202

—z
e

components 08  Aiw ﬁeﬁa;ﬁﬁwszﬂn cycre
pﬂr;—’ﬁmﬁ:_;mﬂ

B

ol wekwigesollon cyale  consied oy Bomewing
Jppesent  cempenents ¢ Mase ape - (b CompEESsons
(h condensey
M gece Ve

(W) Ex Pongen VIV E

(V) £ VoRmatls .

L‘ﬂ; t })
)

r

o |

;[,m:-fggﬂcﬁ “ L | D

C T -

(Riv  Reboigevaton)

(v COmMPBESSOT -

e  Ibw  PoessuBe  ond  tempepadute  Vepoo¥  webwigevort
Haom E,'H'&,Fﬂ‘ﬁg,‘liﬂ'ﬁ 16 dmowd In to  the {I-MFEEEESDT Hrmugh the
Wiel 8% cuctl)  vaive ‘B’ whEE Wt compBesSed o W
MESSUTE ond tempematUTe & THE  high peescuss  ond  jempesplfvme
VORUY - reppdesont 1S dischotfed In po the  condensod o
the geivesy ov Jicthawfe vaive 3.



b, condense ;-

Hhe conddiSers @ cmles congipde oF  cells o5 plee i
whith, the high PresSSBE  ond  fempepofre  VofouT  welwigewon
Jo covled ofd cerdens®  the  webwigezont, oble . padsiry oo,
e condenses gives UP its  jadent peat f0 RS oy
cotjengif) mejlom “ehich is pepmany alr er wolew, g

U peceivey :-

TRe r:.c:mens'ea' Uould  websiezont kv e spiencers Ja
ctoved N o vadee) T kiewn o5 TECelwSn HEom whee b Jfe
suppiel to The  evoforatey ThEOURH e expapsion apive.

W) Expenslon valve :-

Tt {5 QL8 calred et € VaJveE oo mb‘g‘iﬁﬁ:\oﬁf Gontwo)
vaive + The Bufctlen oF  the  exgoncion VAINE 18 $o o Hhe
jguld vebvigewont UNJET  hifh | precsBC  ond  tempesadiure

p poss of o contvole) wote siien weluclP  is prefute.
and tempevotvse

() EWM{}E e ¢
An  evofados  condets ' ob  collS oF FPE N wmth the
ﬁ'.:l.,._am;-—:wtfau'ﬁ ﬁ'EWF‘?EWf ;,uf I prescure angd tﬂmfﬁ'ﬁﬁ&f
7o evopowodel ond  chenge In to \opous serwlgemant ad  jow
PrELEE  apy t&mrm’fw&* In fmﬁﬂfwﬁkﬁ the Rquild Vefouy
sebsigesont  abtewhs (HC  Jafent heat - oF - Vpfpusritadion kg
e wmedfum  whith 55 Fo b2 cppled ! L -

sl L e frranei gy |,



!

"
@ fever&s  Bmyten  SYce

/E'f'.'rhﬂmﬁmﬂﬂ cyoe }ﬁﬂ&j‘f Joue cfcle

3
A s 1 2
F k)
4 | |
v — ; B
Thié cyere

consid  of  Foun Ji¥kevent  ppocers «-he  Bd
seentTopic.  Poocese e two JSobomic  paocess -

poo0ess 1-2 - ( reyessile a&ia{:aéhc eo mpweid Jor) [/ isentoepic )
F_TT?ELE! Fre cescs e olg  bowem the &}ﬂpﬂﬁ'@%ﬂﬁ e rsTa T g i
me comPresses thewe. it ia comfRess isent@oficolly « DUBITY i
pooess  the PEessSUT e inepenses bBBOM P, to P, Tempewolvre
epeoSeS T to B afd VIIOME jegpeades BOm Vi 1D Voo

pobeess 2-3 ;:. ( fen ﬁ&n{ POELSUR € hemf '?:F&h:c,{ jo ﬂ)

e compreesed odv  Boom  theé  comPbesles o powd posced
moeugh e condensest  whewe it 18 aomed af o eondfon?
yoessove (p,rFy)  ond tempesodvse  veuees pwm T 10 T+ TE
epecl¥ic.  yowme o0 wedugl Vo 10V

me omoun]  oF heol weleeded JuTing i PEOC ELC

?{EE & {:P(_"}'R_..—TEJ
neess (3 I (Tsentwosle  exponsion)

mov?  the g:.u:::ua! oiv  je  dvown  in 4p Jhe  exponsion
cindeT (exponsion ‘Voive) wheve It it expajgl Feentoopicalyy
yporn  preduTE Py 10 Py , &0d tempevafuae gloo e CEL

ywom T 10 T ond  the deciyic Veome ok vepvijebont
Inepepkel  Buom Ny o Wy




. poocess (W) i~ convtont |
He ool E}iﬁl- ypora  hE | eqpangion  Volve - jodsed Eﬁw%

e evopovmfes rwhepe  the heo'xl i odled o it PUBING i
ces  the. lemperelove ncwenses  poom Ty A0 Ty, T Shey

\VDmMe  ols0 INCTes3S, ‘ .
The omovlt ol heod ﬂ-bsc‘q‘be@’ 2 My = Cp['];.’“?ﬁ) |

coP  of FhE  CYUE

T ————

wE K fhwg . COp = desived Bﬁb’ﬂcxf—
TR ' g, : | N"e‘*'
: Cp (7T
CHRB) - Cp7em)

ol W B N
vibgeiee (BrB) - (MR)
J r'Tq('%'-']')
TE(%*Q-—-'E’(% ,._|)
€ Hnow thrvji' i = zL g
= v ’ (F J:T = &eﬁﬁiﬂﬂf

FoD JseENtTopic  JUDGESS ?’.ﬂ/::« e (PL)T
i __.1_— rp— I

1

| PuocesS 3ey o8 =



phin] the Velve o B

e HF)E P -qu%#])

]f’ﬁﬂ'l’ - Ty
TN
- %
H(% )
2 (o) x

)
&

potHing he.  volve ol i_?:, ¥ egn  (2)

!
71

Po \ 7
“?;’ —
—— = . ’
/-;stﬁF' Sl =
R

omest | o= compoessin et

—




qE'DE!ﬂE, ‘1

1540823
cyore  epesoles betw

® a ﬁﬁtﬁiﬂ&wfiﬂa r.ﬂe:izn-ﬁfﬁ' an - Bel-coiemel) i e e 5

5 hok + PiT 1S
fii‘;ﬁﬁﬁ c-ib Jﬂ:ﬂﬁg;i?ﬁg;éj 5{}4?& thel .i"‘.:i'_? cooed 10 Sn*c;? heﬁnﬁt
enteirg  the enfonslon. cyiryged © The E.;._;}&rtgnn ard dempEettlon
sorows et | Y 5o congfont . getermine 1€ GopP of the_
congiont

pst Given dodo
p= o5 by
B, = 8.5 ¥
T=te = 283 K P 105

F30te = 303 K

¥ = 1Y
cop = desive) ebbect
an.t
: ’ |
r T—"l * _'-,_ = ]2
(R ("L o9 " - | .
ore
EI_.[].F,:-' TH: % |
Ty
vl -
we h“ﬂ“}; _Ié.. = _j}__ 24 ;i T“.:,T'r‘
Ty Py S (= A7A)
) % -8
"4
? HTTE. - (E'F) hll.i
T =05
Y
2 _FE.‘_F s I'8)
g
i



|
I:-PI"- _—— '.'.' L -
'Tﬂ,"TLI

s 7D
103 -16F-4p

= 23 .

v

wbaklrf)  en bell-colemon
comppessed ESOm 7 bam fo 5 po

CYCIE | pe oln fe
! e inltla) tempenofuze iS5 M.
petes ComPBESSIED {he ol 15 cepjey UP 4o 20°¢ In a <ce0|OF | helny
eapard 109 10 7 boz\ mefezmine the cop of the plant end fhe

el @ sebvifesontlng  ekpecd Toke Cp = J:005 Wiy,

fos: Gven doto,

B3 | ba®

Cp s 005 MJ’#;?;:H
Fy 5 bob |

Cv'e 00313 W) Jugy
T & jo'e - 283k

T -ag'c -« 293k

o _.EL = _...l£ = 5 = |
Cy 0 F3 v 1
g = P 2.5
A
b i L) o
i T R TE £ )9)
[TE-J =} {\5'} Yy o |
bt
Il L
c.ep
BTl
£ gl
LE (—El— = _I‘Fk_ %
T Py :)



5B )57
Ty

p Ty ¢ 22 7 |B5UyK

11578
Fopepr e

Ts =Ty

lEE’qq - ;h?'_‘z._.
292 ) 854y
W 0829

@ tpen 0B sekoijesation  cyele -
on en ofen oz wekwigevatlon  cyele , the ars Is Jivay
ey 10 the SPoce 0 be conle) | olowed to civewede thougy e

coole¥ ond ihen  velush o hE | comPEESSCE 0 stoet  The ondther

cyeie

pleadvontoges of ofen oiv sekuigesotion cyore 1~
_W—T—__M,_-_-——n—-—-—#'::

5 e o 15 suppled 1o the vebvifevatas ot atmosher)e
052.860TE fesefove yvolomE  of the oit il by e compregdy
ard etfordes I bHHC g

> Tn e open  dfde SHstem the  moltfwe 18 ﬁ&?ﬂjaﬁw
cosvled owoy by the ol cmeoily pough e Sce,

® cClosed 08 "ure'rﬂﬂﬁf’ﬁoﬁhm cyele -
e I

s 50 cusel oI vepdijention  cjue, the als i pacge) HhowH
me  piges ond JEesent components of me  gyten.

s s 0¥ B woed bov obsowbil) heal bwom the space whbh
js 10 pe cooel: | ﬂ

pvantajes o-

7 STAJED slze  OF Compretiny ang exfondey
i 1. J
7 Thi ﬂPE‘Eﬁ&Hrg pressuse  wotlo e, & weguled

seJuced » 80 thet  COP 0K the  cYcie Inem Istem con pe_

"




Ghﬂptfﬁ at o Jglance

- 252:65 W/nin [ 2101 Jnin
F 5'5 M!J_:.
305 RV

cop 0¥ seysijevols - Pﬂ!ﬁ'ﬂ-ﬁ?ﬂ‘mﬁf‘ﬁ ckpect [ Jesive) epbect

WOTKAONE
o L@
y ' WI‘PE{'- m‘i‘."tﬂf
cof b hé‘ai endine. -
cof ob heod engine - & . Bz
i W 2,-a,
peiston )ﬂ -popy +1 = (CoP)yp
cop ﬂb TEYEBSE c,o:amt chore ¢
T =T
cof 0¥ ' Ben-coleman cjcie = T |
L
e LF—JI";:

compression  wotlo (r)s P,

1



:ﬂ' ﬂ:ﬁ.i_;-_‘__;‘
—_—

SimPle  vopos comgsessien  gepsigesetion gystem [vrs)

ﬂwm

A vorouw  compoession ﬁeﬁﬁwgﬁdinﬂ Shtlerm 15 on impvey
wre of ol yeyoligevodln  gygtem i wiich the  welmEige gy
sobetonse 15 wepulgesant » I¢  cerdense ond  exsgoretes of 0
t@,ﬂpe'm}{tﬂﬁ"i ‘ong  pretsure. cise | D a&_m&jﬁh@?ﬁﬂ congition .

e mwepwigedent use does not 1eok€  the  SHIEM W cpp.
loded twovgh et the system.

Fiwgl  vopouT  cormpoestien  SYsfewn IEAJ}D,_—E. deverped b -
Tocoh pevRiS I 1834 .

appricodion «

» It is  fenewony  uvse) 'tf{:ti”'wuﬂﬂm ord Jomegtle  pusplle.

Rdventodes -
23t hes  EMANET  Siz€  foy given
2It hed Jess wunming  aect '

2L on be empolel  yey
' S [

copacity ok veksigckatiog .

Disad Yontoges »

—+The InHial CoOsE e hifh -

<+ e preyentdlon of e lekage
.43 - 5
pooplem N Vegs velsijahont 15 € majoy

ToPES ok y CR 4

These  ove  mony Wees gy
Hon € Sitem e Bfowing a5 VoRv?  compreselon websien
pint 0¥ Viee: O9E VTNt yom he Sobfect
»cjole whh oy sdoveld) Voros  gyrer oo
ib egole  o¥h wel VopuT  ol1eT  cpmpression.




o) ofee ?’jm’ svpesheoted Yopour apes comprcssion -
a0 cyete th supesheated yopous peyose compression:
) ,;,;,L.:J}Ea ﬂh UfﬂEEﬂlb-leﬁ‘?‘ ox aop-roon) oF pekmitront.

22:08-23

s b

yoPeeD .
Lbf cyele with  Jsy sof L?'EFQ_,EEJ NOPOUT abPET - compseLslor)
f__ﬂ-d—-'_"_'_'—-'_'_"_— S ——— e ; ;

f VOpoUT  cpmpoession  clere with  doy Eu’gﬂﬁwtgfa"' Vopous ofters

T, Py S ord h, 'b& the temfevotuse | Presuse , entoery oy
enthoipy o Vopevs seYoifevond  vespectively: The Yo fROCE

i e  CHOIE a5 poyouls

piocess (1-2) +-Toentso ple  comprestion
P L s

The "l{ﬂuPﬂL?'l'I ﬁﬁhﬁyfﬁﬂﬂf ﬂf{ Jow wuﬁ'f P, an }mem‘gmf
compoetsed  septvoplcol B duy codosotel vopoun -+ A
pretivse  on ;{fmpﬂmf? vpe  wises

5

Ty b
o TESVIL  OF s Ch
ysom B 10 P oty F 0 T wespectiveld

e wotdon€  Jusing teoniofle  compuession pex kg of
sepuigeoont 15 VEN bYW = by =h,
PO CESS (ﬁ—%}::ﬁnbmﬂc neod weledion oy cordencadlon

me hgh poessur€ ol tempesodvae  of  yogoud ~elirennt

¥oom fhe comppesset IS passed  thoough the confensed
urewe Mt 1o compelel)  condersed: (zn s Poscess ihe b




sedecte s 1 tofen hﬁcui)- beh o, el ;

prvcess (3-4) 1~ Tsenthejple exponsion |

me  quld wewigevont is exile 1) phsodttling gy
i_,a‘ge{}fﬁmﬁt) yhsough  the exfonslon  yowe s poping  1his Phrceg
rempesolvse  Jecseosel ot podo By 60d Tp gy

prEsoT e o
process (4-) 1~ evapovsaton /'wpmm;i'nﬁ / confolt PIeKUTE he head Odil}t)yy

F._.N‘-—-FI-!—'—'_'_\"_,—.--'—'_'—'_‘—'_‘—

THe NHguy + vofous wi*:r:!ut:ﬁ. ol x5 elviferond Lo EvaPﬂh"Bﬁwferj
ord chonfed . in 10 vopovT ﬁew!‘gan:mr ol contfont’ ELUTE o

yermpevotvser DUD) Fhle éahﬂpuu'ﬁu«*?iﬂﬂ e jquld Veroul e
#ﬁj jadent K0 the Hoce- edpieh g

gevont oBSOBLS
1 pe oooled' The heot m‘nﬁw ie ohtovbed by TE vebsligu]
v coned veysifeoting  epbect o I3 given by
8E = Iy "h'~+
GOop = dEﬁ'JFGJ ﬂEEUPI
Ve WOTKINE
. R—Eﬁ | ::. .h?"lh\f §i
" ho~hy
QEWI M prL hchs
i 'hﬂ-rh.' hif-h!
il | " " 22-08-23
(D cyere b web  vapous ; .
el e i __OKleD  gompession 1]
.




RE

A =
2 W
cop s by
h']_ "'h“

o cdere whh supeoneoded

PR
-

\

a3
e :
)
| Y
s
cop = iE_
W
day £
ha_'h'l

Gy Cdele. with  supewneal el

VOPOUD  oMPET  om FBESSIOT)

e

";FELPDU"E bEb}ﬂ'ﬁ'E_ iﬂmf'ﬁ'ﬂ-_gjjﬁﬂn

.—l—\_|_\_‘_'_l._ -._‘_\-\_\_\_

[




RE
cops RE

i
cop = hirhy

ha ~h;

(V) cyoe_ with  urdew cooling  ang cobueiny 0¥ wervijeont

TE} L Z\Jm

L] r
A T =
f
Y L5 T
T = ' —
s el ?
29081 2%,
Nﬂ‘{ ‘ﬁ‘fﬂﬂm b= hp..lf}(hii'; =S¢t 'I};_}?Fj
=
S5
So{uﬁﬂeﬁ h# h{? F¥ o6
Steom ) \ 5E 5{?
sopesnesdel he g1 Cp(Teop ~ Toad
e ny3 oo~ Tt 575 ”rﬂ'fﬁ{%‘y

e  {empey
10, f &’EEE_FE Weite gy &N ammonia * '
54 ﬁtem dBE T 25% ad )% e e fﬁﬂ}ﬂﬁ :

_ "1 dhe ;
end o8 comprescon | Caitylate e s s oy at he
Co-ckk]l

tF the ‘Cice  asepm clen Py
Use  the  Kolowi e Uréesonn o¥ L -
P bt oy Propestros the Meuld” ammondg: |

oF Empagmid 1.



T |1"F'l""a!"i-f [T Ly ufid h‘l"‘(ﬂ.j

Irll.lh.’) (hr)
25 29%+9
-10 135 3%

nepp = Mhy
hg - hl
1r|1 . }"I"_- il rl hrﬂ;_

+ P59 % )y Nebe9y
[Yes +5Y

For process (3-4) keqihopic

4 hy s hy = 2959

8, * _5'[;.‘} x hFEt_
2 T

955 5 |i2yz4 L3 NEERY
293

_.} ‘::;;._ T _Ell-ﬂlu '

Ladeni pend
(Wifuy) F2)

NEE=G Yy
1297 -46%

el

mocess (-2) isentsopic  comprestion

8, % 5

6y : S¢ t %he)

T

D6z bEUW3 4 % x 129757
263

P 50Y = pSMB 4 K X 1293- 63
263

S s SeM - pSUYD x 265

.:;. o £ 09

129F¢£F

guid  enjaory
FFJJPJ II'J f‘;, :|

11 2849,
0-54Y473



- |35+ 3% + 09 % 129763

EA L L R
e T ._h
Loeop e MM
he = by
= fEiB*RE '—E-II‘E‘q = E'Eﬂ CE”J)'

Y. 1YpE Y - B)e 25

process
oot we TS dogoe
| () Ghver Jota,
| M T, (high)
%, Ky
h§ S he
hg - hyg
S o
= 89
L) Whol o Wind

wtel-  proeesS (1-3) t- fsentoo Pl compuestion
'.} e f_":'rL_

pyocest (a-4w) i senthor i e

:'}h_g-‘r'hy ¥ L



el
theooitico) coP KOO o (0. woachine cwosklng  pet
@ pnd e

ol
ot vonge oF 25c v -5'c¢c v e Jwynels  Fooction
UBe

Empj,ﬁwy the suctlen sStoowe je of o

e

AT
Mj T,l_{:_a“ )
9 Gpsbeb
Un F ¢
P F2.57
he = 'El_[!"??‘ hE i
5 .‘-"D'.E-qﬁ EF ¢ Dt
}; - 252+2% hg-320+33
5¢ 7 0-991 33 F MY
= Yg +H
by = N7 46 hrg =2 | -
wns:  Given dodo, i 0wy
“LF?:F G-E.‘;‘PH =228 Ty e
g
o :j.g._’g—'-} 0+2862 — 321133
=15 ¢

HIS 248 F6
r =5'¢e v 268 k
A

!]'L:_EE'L‘_ r 293 Kk

Wp 7 06 -

h = IhF.l“-'T « by,

2R
rFAETF 4 006 AGYRVES
z 221-326 W/ kg

huyr h_a = h,F = Jay-7¢ kJ};&? '



yhy = l6urF7 + %% NHYE

Dusing  leentpople.  FIDCELS
'j'?fii” Sz
5 = SK + %R,

T

- by 2g6o + 016X 24836
268

= D-3U3)

%, F S5F_+ Wy hFY,

Ta

- ; 0744
ApIva £ 0+ 5993 1+ IILW

: " 4E b L_ )
7 ‘11-( 207 ) = 043Y3) - 0:59%3
Do, F 0E2at
S o hypw 164 F 4 Xy XNFeUp
i

- B F T A 0062 % Y
- 20738 ¥ iy (e

cop * hthy
h_l ""hj

| 200826 — J8Y+ 77
029:83 - 220804

r Be5h fﬂﬂj)



@ Temp hr hrg S | 5
ae'e 32.%0% uEZ0 e 2DAF Y B,
~1p' ¢ 135« 2% |29 %63 0544 5 Y3 HD
ey = 095

T ’

el Veeptwopic. poocen

g'l ":E'l-
=)0

H8, % SF_ T F.HL_}”.:.‘E.,L_._

T

s 12039 + 0495 X S.go
303

= H*??E.’

by £ 56 4 f}[,hp}j

i
S UwHE) - psyyr ¢ N R IAF 67
23
;} q'LI 1]23?'5‘3 - l_ir?-l?ﬁ!._b._ﬁqﬂ
267
e YR Y. 2518 X 243 - D86

1299+ 63
by = he 4 %heg

= 135357 4+ DrB6 W19 HhT



ove o e (2-4)  Meothwple  procels

hy = ha = hE =ANg-aR
Wwor DR T N hep.,
F322:03 + 095 RIN5- 50

s}q]].g-q
S0 = Mirhy
“hy ~h,

s _1B51E7UE 199 g
W59 —]25)-37FYx®

3 q-‘ﬁ'ﬂ (Ang)"




N.09:2004
e —————————

ONY T3

VOPoUT Aroos PHoD Re.};‘aﬁgéﬁ'ojfﬂﬂ syetem
e P e e

> e  vopus  aheoupilon  wewigerofion  syefem s one gy
e odest wethid  of  poducinf tr&b’ﬁjew#?r}? esrect It wy
oW Jiscevese by Miche) Yowodsy In 152%.

s me ek Vpws  obsoshH achine.  eons develored M gse,

He vopouw ohsoftlon cem  uses heed  enewgy Inrtead o
mechonicol enesfy 08 in  yerg 10 owes o chonfe  the_
weywigevent  conditlon gequived BT the uperm'ffﬂf} o el -
gevoditn  cyoe

TN NARY the CoefmesSOB B8 nepinned 3y on  ORSOTIET

pomp , o EE‘”M‘JE ond O pressure wedueing VOIVE These,
componenis  pemhoem  Some  Kunetfon as thal ol a ComPrESSOX

in  NVORS:

Giefle  vopr®  odsosftiod Eﬁg{em;.
1__,_,_.-\_..-._.-\_._.-...-.-—--—:—'—'_"‘—'_‘—'_‘—"‘_
crolny - Rekrijewnt + A bsoutedt]

i
nigh PrESSUTE.
pmotio.  vopouy condenges 5
(5

@4 Liguld

b neahiny ed) Yapotion

e
(9) @PWF pressy
equedt
w@)ﬁqm‘fﬂ

-

| BEonbES
St o LW Puess o
gawtion ammio.  yPod {‘i} »
Gootd ®) 1
woler  @q Fopon 5i01]

Yave



12:09-22

me oimple  WPoT  ghegoptlen  sydem  ppnsid  of 6N
shs0DED , & POWP , O fenevolor  and o pyessme weduety
yoive 0 “geMace  the  comPEEASOY ¥ ypRe + THE OHhETY
ﬂhmy{mf‘fﬂ o the_ spdem age cofigensod | -ﬁ-ﬁgﬁ’f\-’\?'ﬁ ; ef}t?oﬂ!‘:?ﬂﬂ
e ong o evepovafor

> In s sidem  fe . gresuDe pmenio. Yofous 1eoVIng
pwotn  1hE exofosoles entens  the obsowher @hes€ i is ahsoobef
W othe coy woles . me cnles hos the obMiY 0 absowb
pege  Guontity el omonio  thus  OgAD-omonio e sosmed

3 e oboooPtlon of omonio  wopous < ip  gatew  Jowens the PUELSUTE
v the  obsopben ¢ which In Jesm  Jpoete mose  omonio  pEen the_
Emwﬁa{ﬂju poping  this PEOCESS  the fﬂpﬁmafl}?if’ oy he
eution  BISES | e .

o om€ Yoo of  coorind | pwvonfement s empiged 0 the absevbey
o wemve the heobt 1t 1o necesses) - ase¥ 10 INCAELS
me obsevption copocity o¥ wotey pecovse of Mipes 1EMPC
woles  obsosbe less  omonio | -

+ e Stuer) sowtlen  dhus  posmed n o the D_{}jnlﬁ'beﬁ 18 pumpgﬂgf
e’ ﬂﬁnmiﬂ'ﬁ b 1gwid PomP ThE  powp Incueosel thE Prasaie

oy e Sojptlon LR IO 10 boTs - _
5 he cpsorg coodn g¥ omomia o me gencoaoy s neafed 1
gome  extesnay . sousce ( gos | gheom) + Duaing - the reading pracess
we dmono. vagouw 5 dwiven of fhe sowtien o igh PEESLYE
jeowing  benind  hot ok omenia sovfion W e Jenewolon

-5 4y

;'ﬁ?ij weok_ omonja  Soiwtion  ¥wwt  back. {0 n€  ohsowbey
of low PIESSUTE  pktes  passiny  HweUfh  the  pressor€

E seducing  Vove: . ceclily
J';“T_hf_ nigh  foessune pmonio.  vopous  Foom  the | gencbal®l e
cindensed in thie  condensod it owm  high pressune  Wuld
ui__u-mﬂin-

Lis  mq0dd  omonla i possed 10 the.  exforsion Vowve thseodh
the  Tecelen wheve  ihe poeLeuse i seJuced



> e Jw  yvessose Dol omonio IS then passe] 10 the_
evofotolts  wheve Wt con obbmb e heol V¥em e Shace

whith 15  meont 10 be  cooed’
< i ﬂﬂfﬂP‘Eﬁ'ﬁ! the simfle.  vofous opecaflion  &Joi€m
| 13- 0923,

-

St R S

_J—|.\_,_I—|-.—H_l"_-

1Ly
wod | :

g CodeEns ey ——
Y 4

i

" recdibies oy
fnagises g
e Y ﬁ: denpdvots
4¢m:-oli‘n,!i celie
R
| :
ERPhonl D
NOWE }& {
&b\ e e
Emmﬂ}m .
[ = E Pondof)

yorye



aie. SIMPIE  VARS  3s pot  vesy  ecoremicol  in emlew {0 mek
e Sistem  mose  practice) it 3 pitted elth sn ongey, o refibly
ﬂ-ﬂﬂ ’H-"}E"" hﬂﬂ){ EW@EEI These ﬂ»ﬂﬂ&ﬁ-ﬂ‘ﬁiﬂﬂ heps 1o '!TT'JP'EG"F'E',- The_
 pedpoTmAnCe ord woyring ol the oot

S ROOIYSET
e
when omnlo.  is vopoupise e genesaldor  come s ey e
LYY yorounised  pnd win Hweogh 0 10 he _cordentew  olong eoith
amonio.  VOpoUTs 1Y hese snwonted woles pastieres owe not TEMOVE
PG HoTE epiewing 0 b the  cendencey  they win  eptes Info thE__

eRpontion  Vowe ond  ehtke the  pipe Hne

S e CnelYsen lc  conslst ¥ o sewles oF twoys mopunied OHOVE
He ge,nemiﬂ*ﬁ’- THE  Sivong eoutlen  pwom  the  gerew 0F o ﬂ-ﬂ'ﬁ”ﬁ
yoo  the gectlies 1o otwuced ol the 1P OF the onoiSe:
n phe woj Sthe vogous 3 ceored ond ookt O the wol€s
Vo foud conjensed * Todl wh) welmy omonia yopoud yeakes  the

o o The AN HE,E‘ e

Rectivied 3-
P

In, codE ﬂl'ﬂ;_ t_ﬂﬂlﬂﬁ‘ﬁ nur,;-.,pgﬂﬂ oTe nD-t ﬂﬂfﬂ?]ﬂ’if}jf 'HEI‘I'?EJ'VG&‘,
o the onoyyses A cinsed P vamun cemers coned wectlblex

1o veed Nt 1o genewany o woles  coored pipe 115 vunetion i
the  FUTTED omeia  yofous jeoniny  the onoNYs e 50

4o oo
{hoJE the semoinify cood €% yopouT condensed Thus ©MY iy
amoio.  vapovds  BIOW in {0 the Ccondentes

..?Emi?-;_g

Heo-{ exchani es - e

—

5 e heal exchonges  paovided bedween He  POMP and Fenewmd
e wsed to coo)  the  «GaK kot sojotlon  oom ﬁyegmfmfn“m

L'II > The  heot exchanges PPovide
evorosodor ™My be 020 caled Wi .E'.-U{;ﬂf_', ;fefi%ea* and
9 In s heal exchorfer e fiuld  wepgesafy leay)
g boom

the. opndenses 15 svb-covied  bY  ypuw
VoPous brom  the  eviopoud 0 tempenadvre  qumonia




coP obF fdem  ypRe =-

Tn s Shatem *rrei 'ﬁ&H'ﬁi'gw*ﬂh:m kect s He. hﬂm
ohsovbed ‘bY  the webwlfewont ' in  the evaporodo? « e 4 b
enerdy oSupply to the sistem o the ﬂmﬂ;i Mmuﬂf“\
by the PumP onry heol soppied N The Jenew

. Desived EHFE*&{‘
: Nﬂ&'{

Hm)u obsosbed  in -ﬁvﬁl}ﬂ*ﬁa.}gﬂa; :
Wotkdone 'DH Pomp 4+ heat seppned I i*hr@ 3511&'50};

J'_e/% ,j?_ﬁ] e hgg..d I?ﬁwﬂ Fe :‘:ha Tﬂb“ﬁﬁemnf n mﬂﬁme%

@ - e heot 18 J+£Ghﬂ~'§?ﬂ t the oAmntppere mrr:amhy
wodes  Boam e condeies & apioghess,

@ = he heot obsoshb W e  vebwigemont M the

eNopoTatos |
8 p s HEMF i odded + tothe "ﬁEb"EL&Eﬁﬂ.’?f due @';rhe_
POMP eovic
.:jﬂP . __E;E_____ A AT ekl @ ) .
ﬂ?:l-fv E?'I::;I jé'ﬂ'?ﬁ '3

Foem e pgd g o hewsmadnemic  we  Hound
B + IﬂF tile = 8

E_ k

negect)ng ' the ! hﬂryg odde Jue_. o pomp comK

e EE)E
g !

Lo COP F
| - By



agnee  the  VvaRS  eon be  considewed as o yewkect) Y
.ﬁmre:zsﬁiblﬂ sistem  Rewe Yome the  initio entsory oY Hhe

EHE{EM mMmubtt  he equi)  to the ﬁ-ﬁ‘t‘ﬁﬂﬂ? ol EHE{EW aktes the
chorfe W s condiplon:

Eﬂ'—"-_{!i. :E.E__ 5;—;!4‘1‘
Tﬁ? Tg Te )

iﬂfﬁ. mE e mﬁ? T IT:EE'

5 —1-?' U 5 -7
g € Te

K G!ﬁ? ¥ @e - "ﬂﬂﬂ ¥ ‘:ﬂg

7 i 7 Te - T
@ _ Y. . Fe. _ &

. = ﬂ] T -'E:'jé
G ¢ [:”‘QE j?ﬁ["&—ﬁ;
Q, - B¢ (ZE_% ) %
) f £ Te T_,_-}E,
@
200 = >



Coy

cob = i x =%
% =k Tey
ar -

oo F OB . & __.I‘."j_._i-

ahoaapion -.

@ m o vefoud :faﬂﬁfﬁi‘ﬁmfjgn system hrﬂcJ“}?, conmy)  ofy
welulg ewodlon tokeS  Plogce of e fempPe z-:cuf ure of
Bb’c L, A0 on) ~5°c .« Find  the cop oy the sHutem.

| hns! T, = W' e = 2%3 w
T ¢ 28¢ £ 293 K .
Te = -5'¢ - 260 K

Cop = e v T
T -"TE
£ Tﬁ?
g = — Eg__g
293 -263

5 E.E! L‘HM‘J




@ ﬂﬁymﬁnce hEiur’E-Eﬂ VeRs ond  YARS

V&R S ' VRRS

———

- enevf)  infot js mechenfcal he |10 Enesgy Input 8 themma),
¥sorm o elelCtwic motow.

g. In Vchd  wgyoljenent s cpmpre-|2- T VARS  wepwmigewonl s heofed

ﬁd‘ then g..hﬁw!::E'é"
3Tt Welwes Eive simpe powts |3 Tn VARG cempoestos ib dlone
40 Gnmﬂﬁiﬂ one  CHGE. sepoced by
[+ COMPILLSE T o-ohsoshes
pr Condenses pr POT™MP
(- Receivey ﬂ-&ﬂﬂ-ﬂ‘a’o.’[ﬁﬁ
d« ExPonsion yprve j- pressvze. weducing  vowe
e+ Evoporohon
pmese 15 onf) oobes vapooy |- woles vopous is dlsoned in
05 weYuijewont amenio. !
5.The o 15 vewy ngh 5. cop b lowew Qb compangy fo
VERS »

6+ DOE IO hifh pUESsUTE Chofeg

o N0 jeckade oy geywigevant
ok leckage i high!

HoNchs g mese M0BY  gue 0 (3 VpRS s jege Noisy «
CompEesseT !

b7t hos  hign ﬂf&*ﬁg,gfﬁ‘? cod |8 Tt hos  low ﬂFE:wEing cLst e
comfoed  +0 YeRs

Q. Pout  lood  peshmmonce i jpw. 9+ N eBFect ol voziodinn of jood:
W Tt 15 oused heme  conding Ib- It 15 wed I biggew tonnode
applionces mant . ‘




"1

@ Find e Weor cof of fe VoD Mﬁﬂﬁpi;m ‘?jim %”ﬂ“ “hty
veoling , coovg  and  weyrigerolim ¢ poxe A P by
NF e , L on) gl pespectiveyss

aos' Given dodo-

iy e Wpte = YieR
Tf_ L 1?.C_ - }qﬂlh\"

- = "','L';Iﬂ k‘\-\.
TE = .E!- {‘I_
coyY = __IE__. 'y To = Te
T~ e T

P X 490 ~ 290
29p -2%0 470

e Bel¥



NI T-Y 031022

Peksigevadion  Eguipments

- e

qeyvifesant  compoessms -
T |y ———

i"_"'_'-'w
R 5 o mochine used 10 compuess the :

: VapoUs  peltgen]
poort e ﬂﬂm‘ﬁﬂiﬂﬁ ofd 10 wpolse s poeasuss , SO 1 :
me comvespording  solumedlon  tempessfure. 50 INCTEASE: Ginge
e comPressien of weWsigesont  svequiwg some  o0TY-— {0 }E gon€
g Rt theserTe  compressoy mucd pe dwiven by Seme puime
UVED * :

e

c1ﬂa55ﬁﬂmbm Giﬁ COomMPBELSOT -
ﬁﬁﬁ-ﬂmmw

@ heeosdind B e  mefo) 0 comgressoT -
B ﬁaciﬁﬁﬂﬂﬁifﬁr COMPFESSOT

3+ Rotowy  GOWMPUESSOT
3. centlypgol  comPBESSYE

@ focesdity) 0 e no op wOBKING  plooke. -
1. eiegle ocling  gerpoESson
5. Double acting ComPTESSDY
© acconding 0 b€ Db of  ctoge i
j-single. glage  Compoessow
2.mult]  Stogde COMPDELSOT

@ scconding 0 the methtd o Jsve empoyel -
vaecd  drive  CompTEssoE
2.86)} dwive comppesse?

@ Pecowdnd 4o the cedion gy pome  moves :-
+ GEM Mewritic CompEesLoT
3. Hesmitic compPreslon .



Tmpoitor!  tewms  yejohed 0 compressoy

e

e e

e Fonpeing  wmpostent  tesms  OTE poeguenily usel
i this  chefted

Suction  pressuBe. -

it 1 the  obSONEE  preccuwe o) .E-ﬂyrjﬁﬁﬁ'[}ﬂf r;vi[ the
et oY o CempTessos:
DischoTfe  prEssUEe ;-

P

b i the ofsote  PUESSUTE  oF  peysigesad of e !
sotied  of o0 ComMPTELSE ! .

GomyTEssSien ﬁo«ﬁn_y—

e

Rois e waflo o obsolute
abstpie  Suvction  pmesiuvwe-

mis  olso dJebined ot jolar  eyinder  voume
YoIume '

dlschwde  ppecsose 0 THE

0 the Ccleamage

suetion Vowme [eewerl vowme/ piston  Jepacemen VoIome,/ ¢10%0 Y

it b e vome oy geipijesent  svcced bY the  cemprseyr
duning its  suctien Sivoxe

W o1 the  yowme’ swept vy
frc {0 BRC

Hmm&%:ﬂm]ﬁ} "'n"'_.; - A _jf

e pdon  when it moyen pim

BUSVEST|
WreTE, - diomedes e eplndes
| = Stooke lergth ev jendth ok phe
| 5
CleomonGe  kastdy - f¢)

wols tre wefle
Ho.fi}*maiiﬂaﬂﬂﬁ , €=

cleovenice.  volume 40 .owepy e ume

Vo
%



ﬂmﬂpz&ﬂﬂmﬁ’ coPocity - (c{)
e

o is the voume  of  actuo)
{h‘ﬁﬂﬂ.ﬂh the comPvesoos W o
Mm‘uﬁmwﬁﬂmhﬂl Gers Ve

o punt ol rﬁ'e:tg'g}'??'ﬁm?i' R:'&Sfr‘y?
vmt Hime

yowmedsic evbiciency ..

e e e

13 i the iy 7:."_0-'! 10 i)
\OIOME »

Hm.thmﬂj,i{';ﬂ-ﬁlﬁ : ‘Tlﬂ.r 5

compuESSer cofacihd (0 e Sewep)

23
Ve

() Recerweating

COMmPTESSOY

7 e COMPBESSOBS: 0 whith fhe  apws BEYBIJERON is compress,
v the vecepsocatly wotlod oy he pisten awe e vecepstcating
(oM PTESE0T | 3 e, 3 |

2 hese&  ComPressons o%e - vied ko selpife mants mh.‘m:; h.p-_\:fﬂ
comforsodivery Jow - VOUmME  and a lotfe  fkkesentlol precsuse .

+ The Wﬁﬁﬁﬁﬂ‘ﬂﬁ 0P p-91% Re12 |, Repa .EIIH- P-tp

+ e (a0 types ok wecepwocoding  compreccon woef Jenezony
Tese OB€ -} ElgiﬁﬂJ'E octing  vewstica) Compresssy

¢ Tevble octing  wosizenter  compreacey

g bve 1l

olschonfe «— +——svctlon

Dlechave soction
valye'




lel ue  consijer  ¥mom the obve  Kigus€  the plsien e
ot the tOP of the cnio (coned TPE) !

T2
B¢

in

'J".:}P veod ceples
Bottom Dead cemes

> In this Hme e  spetkn e dleChomie  wvaves owe
clvsed: |

5 when the pistent  moves  downesord  Juwind  svction stzmg.;g_
the vepsl§esant ekt In the  cleavonce space expornds:

>In this ctwoke  the Voume ok the cyunder (obove he pigden
jneweoses ond the PrESLUTE jngide  the  CYIIndey decweao see,

+ when e  poescune  pecome  Slghtl Jess fhay  the  Suchen
poeccuse  ov  olmotPhEsiC preccme  then | the  sietion vanec
fet opened ond the VoW  welsigemont KiwS I fo the

. CYiindes. + ThE  Kiow  gontinens  ontil the pision weachec
the bottom  deod  centew. : '

?ABteT  piston  weach the BPC Jue 0 e epaiy  actlon
the piston moves  opwosd  Jlvection o (Bc 10 Tme)

»he otwoke  Je  coned compwessisny and duely  thls Sk
the  volome oF e -cyiier. Jeovense and  poEsane lnrendd,

» wWhen the PrEsKRe  nslle the, cyNndeS  pecome gzeadey Hon. |
Cthet oF otrosp®lC pressue ew N e yp g the sy
vowe hen the  Jischope vove  ged ppened ond  the omor

veysijevort s Jischowpes in 4o the condenwy and e cycie
s  wepeoted-

i

111

(¥ Rotowy compressoT

.r'_.___,_.'-'"—'_"—T'_—u-—-—* k

s T o welosy  compresses  the  vapupss sk gerant -B:zmm HE
evoopotow 16 ompressed due do dhe  pvement g pded.

5 The compresce vy  be U with  semifesont R)p pag
R, emenio . 5 | :

5 Thede oFe  tewo  tipec of Wiﬁﬂ'ﬂf 4 Comprescens
n sinpe stotionosy bloge  type  compradess |
(2 otating  blade  {gpe  compressor



Rlod € /fq.,
/‘* cYlinde®
V —— Eccenislr

Renew ( Trpeiep )
\\ﬁ Vafous revvlgeran]

*"-“-"'..5'
Q.—*
=

vz
-;:"

h 1ﬁ1

Rotow shosd

singie  stallonozy  Mode tWpe wotany compwersor

(6 ompedlon gl infoxe  stooke  ong bIININg oy ompresses,

n) snjre stod! 0oty Mode type  compretiow
e ——— e L S

v Single stationasy lode ype  wojomy comprecsor de  ghown
i e obove  pigume s

vl conticks of & stotlonesy cpinder |, a wopes (o mpenes )
and & Shobt:

2 e Shyt s of eccentsie. on whith {he.  wmpes f meurte,

on bode Is set I A0 e Sb gy o gyinjer g Wk
Mo nnNes i—m_,! [ ownysS moiniednt. congtort wolth the  wblles
b meons ok o SfBIN)

S e blod€ moves n o 001 ok the S0t 4o Epyec
when it woteles. Since  pne blode  sefarafes e soction
ond dischasge poxi s thesekore it js  cangf S€aNg  HoJef
i

o when the shodits solode the wolies M0’ o0tafes g fhf
the blade 15 olwafs tovchet  the cylinden anyl , B

The  aefoy



[b] compwessjon Stwoke conthved and hew fntake
T stwoke Stowte) . |

pisthogf€_
Wi/ V) R

" o

sudion
i}j compsession  continved ond  new jnfake stwoke_

continued ¢




[J] compvessed  yu ;
Mtoke Staoke Piﬁfinugﬁ?wﬁ o condenses o new -
2 1j [0 and Jd]  chowt  the voulws pesitln of ey 4

e vapouD wepsijevant s compresce) K [0] smowS  the
compledion  oF  INtoXE  SOKG ' (he the cyindes is ko ok jow
PPESSUDE ond temp.  Vofous 'EFE?HE-'%FE'EJW?‘E‘) od  the g}gﬁm'g ok
compaession  SiToue '

when  the  DIes  wopl€s | e o wessiesont chead

gy the wolew o bel  comprested ad the e NiOKS Foom
e evoporale® I dwat® in o the cyidtT At whown fn

¥ [b7 -

A the BOIET ‘ﬁﬂt@{Ej the Vo pout @gyﬁ-jﬁewt E'*'J&wf

ol the olew i5 peing comp¥esse) o) the new  intake koo
e ewpopater i dvawn 10 to the epInfT e gy
compressed  wekwijevent IS dsthompes  Jo  condence = B )
chospe o weppigesott 15 daen in fo the cyiiner |

n s woy the  Vopou? selslgevant with  jw Pree v e,
ond tempevodvoe 15 geoduell)  compessed wltn  pygp poessuve

ord {fmmb'ﬂfr



0B

e

“plechoge ot wlth yaves

3 The '.ﬁfgtu.bnﬂ biede  {ype volowy  eompmesses  conskets o a
cgindes ond sbtted wotew contoini) a pombey o blodes.
? e centes  oF e wpior fo eceepivlc  with dhe center
ok cylindes:

2 me blodes ow€ buwced . ageintt  he Copindes el B He
Gﬁﬂﬁmugm actlon Jusing - the. wotation o the petos,

THE 0w PEELSUTE ond fﬂﬂFEFﬂ%LﬂE Vopous '?J-'E-HHTJE‘%‘Mf
i yvom  he  oPevole IS Jrawn dheeodh  the Sveton poyf-

s ps ine Yooy towns . the suctlod  wapour selylgernn 4
en tmepped bef%uﬁm the two  addacent  plades 18 comprexg,

;I-me, EDFHFETEEEQ’ F&Hﬁfgﬂmﬂ% a,:{‘ }m P e

SPE ony If?rnﬁ
s dischabied ~ thsogh me  Jichawge P { ,

iﬁ The mﬂffr}‘gﬁ.

@ cendwibugel mmptsﬂ_f._c:_"a"

T

P 'lﬁE'. Gﬂﬂfaiﬁuﬁm TMPTEecoT  Jogr .‘ﬂ'EHlﬁ]EMm

' designed ond  Jeveicped by s DR WiIEE .

9 The gmﬂpﬁaggc:"ﬁ INCTOLES  phe PreLtune 1 Precain®.
Vopous | wEkTifeveNt 4p o high presgume by ée”iﬁféﬂ;ﬂ.f
YOTLE ! '

beij evedt pae z0Y)
» The e 5] o FRTONY  poed  pme — 4
B Rela

syufem e

Comofer In 1990



i

ol A A A B

¢'9 Sige  Stage cemtzlbugol  compsessor  In jis Implegd
goom  censitte OF dmpeNen  yo  cwoplen o mumen ok cuatvel
venes awne [itled sjmedwsicony.

3 ThE impENes 'ﬁt'to-f'_s.ﬂ m on oly ﬁﬂhf_ voluie
imet and ovilet Points.

5 The impellen  JwmoslS 0 jow  prescuse Vo pous 'Hebﬁl:ﬁ'?amf
puom  the evaporote

» when  the impenes votates , 3t poches the  Vapour wekwifemg
yom ine  centey OF ine Impever to its  penipheny by centsiivfa,
KesCe !

;}TI'nE vigh speed o the impeler  Jeaver e Vapous  wekofienanyt
at o« high veloclty at the Vone tIPS ok the Impe e

3 e Hine.fi:: ENEB 4 thus o toln<d @{ the  jwmpenes eofled Je
corvenied 0 o press Une enesiy:  when  fhe high ".fE!ch‘fgg
vogoug  sebpigesant  pasted  oves jhe  dibkugend

3 e dikyuses s NNy o vaneress  f§pe 4. D i T
explcient Past  lod  opesadton  whith is gulte  uspar -in any
oy -cong)Hlonig  Pend .

% The  ypuie Emﬁiﬂg colecds  §)e whwigesea]  pyom the_

Jivpusey It puowthess the  kine lic enewyy  fo  pyedsuve.
encsfd  lekere It JeavES  the ebvigevant o fhe ey

cosing  eiph



Ly =-d |'J—|_|—'_I-l-"\—'_'_“_'_'_-_'_'_._"'-

fdvenioges o  centslbufel ' compresSOT ¥

[P S—
o l,—n-—\—-—n——\_,—'—\—l—--—"‘-\—-'—i—l—'_‘—'-\_'ﬂ_

2 glnce e centuifudpl  compreESioEs hox® N0 VOIVES, plejy,
cynpgess , cemnectlng wod el Thewebeie  the working e
oy {hese compressowt Js  mepe ag comfaved {0 wectProcedi
COMPTESS O

9 Fese compressess  vipratel ewith iitie ovw TO ""bes‘fwf!'m}
85 theve oxe no unlolenced masSEs:!

g e ofesalion 0K | centwl¥ujo) | compreSIoEs 5 guite an/

 eoam |

o The centdbuge)  compresses  wns of Wb Speeds (8000
sfm  ond obove) | theweFS  Mhse con  pe Jivectly comnegy
w electrle motoss  ow  Steom  tUwline

9 pBecouse_ ok high epes] , thece compaescoPS cop handle

lowge Velome ol w,ﬂn;::'ﬁ’ - wekvijezont , accomfovred o,
-ﬁe..r':gp'a’uc,m{]fg COMPUELEOTE * .

v me ekkiciency ok thes€  compressoT I ﬂﬂﬂﬂjﬂEmeﬂ
high' |

ome. Joxge slze  centwlbyjo) compressom pejoke  Jess
Hops o=0.  af  compared 4D ‘HE&EPWCNEI!Q?. ComPFEasu,

TiLod Wﬂ”fﬂ'{?‘-ﬂn’j ol ﬂ-&ﬂi'ﬁi.ﬁi{?ﬂ! UGWPWFE_EEE,F .

o e moln  diedVontedes i eentalbufel  compre ow IS

L oauTitg. T 00CUTS - when  Fhe vepsifevofion  lood
Jocveoses {0 belew |85 Pescent- op' e  yalel eopaciyy
5_{1,;] Eﬂﬂ.ﬁ&.‘ﬁ Ig:ﬁ.‘fe:ﬁﬁ WE'E Cﬂﬂﬂf’!‘f&ﬂj in e COMPELL o

o) The - Incvease M poescude. . pew stoge je

leg
eoppoed 40 1w ceprocat] ng © ComPrEStY . —5__95_
5 he centvlbvfol comPressoEt ame 458 .
5p  jornes | cepacity tpad 0o OLtica) tejp

2 The  weboijerents used Wity fheae ; .
heve  high specidfe  wvolume. CoMpreRons thould




= ALCOWITG  Fo he
oo be Clossikled

¢ Hesmitle  compressow

(M semihesmitlc COmMPTEsSo T
(fy oPEN  compBESEOT

e D g
e o S e —

When
in the same hwsingd s coned

(ih ggmpheﬁmitic COMPBESSOY 3 -

et - |
e — I —

When
the. Some  Chomges
postened by Screw ond seals

e —

—— e o o= e
—

el s T e ——

(i E.PE,H EmﬂP'IFEEE.ﬂH i

i
S L,

1ecot)ons

n 10 hoee  HYPES -

the eectsdic motos

o motes 15 togethes
but s

olff  psime meoyenS cemprescey

5 tojethey  with the compresen
hewmitie compretioy -

ehth  the  comprecsor N

When the  ejectrtc motw ls ™t togedher ot Foe
compressod  I5  calel  open  compresses
slgpesence  bedwigen pewmitic. ond Semhesmitic  comprestor
Hesmitlc compoescdd Semihepmitic  comprescor
mointolnonce N cose o off | eon be TEPoluE] !
paobiem the ony solutiol js 4 :
sepoce e : _
» Lwhslcation Tz dofe by centyl- 9_L”bm‘3ﬂ'l’ﬂﬂ s dme B on
buga)  Kovce: (G0 o
DTN fhis  compiesson  welwife. | TN puobabhity  of  jeakoge ol
von}t |eokase 15 exivemely [Sebifevont is move. than hewm)-
bT 1o less cxpenstve. 2 It} muTe  expensive.




CONDENSER

5 He  cordensey  je ap  iwpodiond Jevice ovsed in the
hgh poessube Side  oF o welwlgevation gyetem

s 7¢'s  puncilor  js 0 vemove heaf  boom  he  hot el

gevont  Yeom  ihe  condensen !
» ThE heal kpom - the kot 'aey-ayﬂﬁan# in o condenges
te  pimst  vemived bW tooanskesing  F 0 on) oF compresey

and  Ben B cooly  medivm:

3 The sami‘q_'i' mé&flom mﬂt’;i le. aly o mﬂ-ﬂ‘fﬂﬁ (R 8 mﬂb:m/fﬁﬂ
o ot end  wodes.

9 The celeciion ok condentgy  vpol  dhe  cofacily oF he
scruijesation  sysiem. e type. -ok wekvigevont uvsed
onl the tyre o¥  coodng mediom  ovatiape

woTking o o corgenses

= — e e e e
Evoporatd®
: | E'fﬂ;_fﬁ_y'n‘
goct?! 9 vane
§ 0€ .] supesheated vopous
m:ﬁmﬁﬂﬂ ine Reysigeront

. 1f2 |
|
contersen ) J_ =

C(q e — 122
s

comp Tessod - |
Liguid Debuigenony Receives




s ThE WEHM'}? ek o condense s moy be E:-Efi LNgeTs toad B
gufﬁmﬂ'mﬁ o Slmpie Telnigexnding  ystem

a The  COTBEEPONding Ph o dlogwam cpowing  theee doges ok g
sepsideTont  coolng .

process  (1-2) = cComprecsior)

(2-3) = ﬂ!ESU?E"EFhﬁ;hf.'ﬂﬁ

(3-v) = condensing o5 condensadio
(u-5) = —wbcooling

(5-¢) = ExPonsiag

(g-)) = Evopomation

»The  compoesson dwox W the  gupesheale) vopour  pemsijert
ol contoins the heol H absBbE) In  fhe  evagowadow .

3 The comprTeLSess odds  mene heat 10 the supevheat e Vo-POLE «

s e bighy sufevhesled Vafoln  kvom the  compyeseon s pompes 4o
the condentps hyough the  dischatige  iine

% fhe cordensgs  COOLS  the veysifesant  in thoee  stoges

T Fivst g o0 the jufeﬁhEﬂfE'EJ Vapous s ConlEd 10 &iumihj
tempevotove (coved desosesheollp)  comesponing b phe
pressope OF  the  weboifevant:



$ e dasu?ﬂhediﬂﬂ oceuns In ke ij&haﬁ?ﬁ e oy
in e plust e apllS O the  cordenstR! ;

LA Npw the eatunoted | Vopoud zraj;rm:_;?.gwt Jiu&; uf TS JEPE'G‘}E

heot ond i condepsed -0 o codusodeh iguld  webwlipesont.
we psocess s colled cordensation «

s e demp oF e qiguid  welvigeant je wejuod  below  [he

cotvgadfon  tempesolode  inowd®  t0  Inevease” Hhe webwl

efrect

pead wejectlon bactos (paf)
PSS

"p/ e leod on e conjenses  pew pnit ggmﬁ%ﬁm
eofotity s knowh 45 heot welectlon bacto®

e lped e the cenjentet (@)
ey sigesoad 160 WITKIE B e

F

e *

copactty compresoy
= Re tW
£ HRE ° e = RE*M':' 18 o8 LSS l i
7 R TR Re ~ Cop /
(- cop? %—)
closgiyicat lon ok L‘r;:ﬂf_;'rmg:sh'

f piv coored  condentey
'@ wotes conied  condensey
@ Evo.fovotlve CONJENLEe s

O Al covied _conenses

> A5 covles codgnees s one N which phe I
heot 18 don€ by SRS 11 . om0t



g7t COMISES o cteel o coppes tublyy hoouph  which the
wysifevon!  Mows: henewany copper tudes ove vsed becdug
op N5 excenent  heot tuonckes  objity

5 e congenses  with  steel fubeS awe vsed o emonlo 'areirWMiy
System ! .

, me TUbES owe ucvony peovided  wlity plete fype pine o inoence
e sustace o¥eo koo head onsker  ond mode uP of ahuminlum

mypes o ols comed condences

—

m}w[u'ml convectian oy coned “condenser
() Fovoed convection ot ceblel condentey

(0 T“Jﬂ"’tuiﬁm convection .ol Gﬁﬂ?e,; .ﬁ:nﬂ,:,l:fngeg' -
e i A

Tn  this  t¥pe  e¥  condencey | tha»‘f the hem’f s troncke
kyore  thE condenses  collS o the o bY  netuvol conVEction:

st s ony used N emell  gapacity apm,'mjfm I domestis
sepsigenotor , ool oy cooles ond Ac

() Fosced  convection ofy covled condenses :-
g FH‘_-'\—F'_H_\—F.-‘_-'-‘—'-‘—.-.-‘—.-H_'_‘-._H_

.

0 nis tgpe OF comdenses , on 1S psed 0 ke phe ol
over the condensess  coll {0 jncwensS€  heod  trangkew capacity.
e bowced  convectlon  condensess moy e Jeyides an i
two  goups e
h Boce moonted  of% ceoled  Condense .
iy pemoie ol coolel  condensew.

@ ww{pﬁ; conled Congensey .-
e

5 woles cooled cendenses  1s  ene 0 eomich cooden ’s
vse) oo condensing  melium . These  condensess owve  comen)y
vee) n  cemmenclol ond  Industolal setipevad Y units |

3 Mme wolen-cone) condenses - MY use  elther ok goyowing
oo wofes  gyyems:



() Woste Mﬂﬂgﬁ Syeten z-

s an s custem e ooler  gpprew  cioviat® 1N the
eondencey 15 dischosped 10 .0 gecv !

» s oustem js  wsed ob  groall OIS end in 1o catione
0 emeve | 10nge’ Quantity  oF  ppesh  Mexpeie  elated ose,

ayol ok
vofouy wepigeno Hot vapous vebigeran]
=
foom Evopou{cs wolews cooled
condentey
ComprEstos | | Liguld vekvijemnt
- ; | Tesakes o — it secelvey
Wosm nn»{ﬂﬂ ciy roln
0 BEWES

(b) E_E-E'i"ﬁﬂ-l}]'o.}f‘ej :_-.i'o)tﬁ'ﬁ' systerm §-

5 T fnls system the  came  wntes cyviding in e

f g : :
ﬂpﬂdEﬁSFﬁ 45 Cﬂﬂ'rﬁi I?'ﬂﬂ* Used ﬂg?tlin W}.’-'l Gﬁﬂ.!ﬂ CThUE Hhle
st pequines SO0Me  Hype  of waler coping  Jelices . f

» The  cooily wol € towes on)  sposy PORds owe  the pogt
commen  cooing Jevices vSed In geciveviated coofes syoten,

5 feorsd)ng 10 the  conStRUCHION ok dengens waler coole/)
condensevs 0%€ clossllel  In {0 poee  pypec

WIS 1D tul€ 0w doubiC  JUle. condensers
gty shel ohd - colls eprfentey -
ai) chel ofd {UbE  condensey




cooiing fowey
\ofous wekTifewant Hot  Vofoud wepuliem] |
Fmem g =
’::] fRE=— ) Move, pp
=l ! rmj&
' cey E-J.:'-A!Fﬁ | ; |
Compresssg~ 1 [y ()
i . . L&"—'Cﬂfﬂ-‘?‘nﬁ&"ﬁ wades _R,n?

L .
Ligold wepsijesont to  weceler

b Tube In whke ov Jouple ke  condensens M‘fﬁ o
e T .

vt | — . o

bwq "o ] | ‘\ ;.}uil vopour  pekTlienent Bromy

ﬁ_’ Gerepresco

|I 3__? - i
-

ST - '
:’ﬁjr:j ' -

o~ o8
bl —  Ud ekoipewant b wecelves




2 W congtdls gy an  omvorgement o m:@fﬁ . obE mside. a
lesge . wekpigevort iube

2N s avwnjemant  fhe Voot —mekvijevont  kpom ComPregiey
entess the 1P ok the iC

7+ The mryiﬂf M30  Eloas W Eiipe dlrection oL he  Eipw o
Teyoigerond -

5 b lwotes obsonhs the hed bwom e wpoll wEbvijernry
Cland ' condencey , MWl veelgesent glows o thE bottom .

21 the woder Kows N T agme Jlvect® o yelifevon
aFd-  comdensel then - it lo Ganed  Jevurel Mow syyfem

7 wne  dhe. ol € ﬁﬂﬂUf:- i opresite  to the divectbn OF
ﬁEE*ﬁb&ﬂbﬂ{ Cthen it o coned  coumtEr Kiow syetem:

+ N popoyel | Ylow Syedert e  tempemature Jikbeseaxe. o))
b minhom o  outiet o mosivem ~at if‘rle.r!l 50 he
penskes  Tofe  decrentel: ’

>IN monges  Erow  cyvlem AL, wek fomp, dkpevence bedwesy
wales o  veksijeont ek wemalny same hmnﬂhau%#ﬂ
sygtemn

> ptes o process  the ﬁeﬁmgﬁ:ﬂﬂf Jﬂ:-rc;, kyom the
CofijencseT 0 dhe. TECEIVET s

Gy shen  end ol caf*demef

P i l'‘''_'‘'''_'''_'_'_'_'_'_“""""'——----._
r--\-
ﬂ'ﬁ o0t /)
/Df‘—_——ﬂ co) |
oy t— ghel)

7 N
n.ja}ft Lﬂmd seyvjevent 0 weceivey

ot VopeuT el o) Flaa ]




> WS Hpe ok cordenceny  conclets ok ome b mowe pumb€T
o coNS  encwted oo ghen!

5 T coll ™Moy ke kinned oF  jpowegl 1
spe CONS <o B aymonged poth  hesizentany @5 el of vexticoly,
5 me co ingde e gpey ts syowed jo exponding  ContTacting
S fe Hoe o Kl |

affe SPEING  octien ok cdl pepy 3 e el thidond tmpezm.rgﬂa’ﬁ’ C tz0i).
spre Mot vekvigernnt  eptec  in Ao the shen of 0P

2 e wosM  wEknigeront  inen. somwootdS  tne wades col) ol e
w0l obSosht the heat

+ e condensed  wekvljezont then gmwp fo the. poftom - 0K they,

pecovse. bb e clls  ove competely encinse b welky

gieel then  the MechonCol deanlyy of cols LS Impessible, she
colls OB ‘:’wq"l, olth  chemical .

(g Shel and  tube  enpdentew

——

Badte RIN orjenses
. : / tuie :
L= —— J ==
*E__,__ B B — = — = —
04 4 L A il L _—
ﬁ £ b e
__-_} — I-__ . i —. e ,.—..I
Win i
ﬂ,}o_{?fﬁ m |:_j / .I . | ‘]IL -
Congencey
. - Usawid lne

3 SneY  ond fube s the  mott  commen Wpe - coderces i
BEde  Chemico) EDCESSINY  plants

7 M e WyPe ob codlases a oMb of Biwaint Mfﬂﬁgﬁi
encloel o o cyinduleet Shen



+ The chelt ' may bE i

aiEFETENCE pedween oty ceoled g

a—

o5 olftovt KNS

sme  ommon  mofeddl  pow shell 1S gel o1 Goppen .

> cese of ommenlo  wepwijevont o€ OS€ -stee) b€ becaur
ommon 0. the. coppes’ |

5 ewoovel  tobe  sheet i weded o botn eS OF the,
eyrinden _ o

. eophes -fu.!:E oné Eltﬂfﬂﬂa’ rﬂ e goove gk Jub bhesl
10 athieve. | vipeuT! ﬁh*t kit

5 ntesmediote  doposte owe  pwovidd | 10 oveld  pendly oF
wpdCy  tOME

"L lme hot o pepoljeiont | enfars  dhe  ghell ot fop, Reh’af,.ﬁrem-&
vejects  heot o thel e when f conacts with apfes
HUbeS | y 12

2 Fnony the condense/  wepwlERoNt gwpc g 40 ctton ﬂg
Shel | .

iy

yazf'ﬂ?f mm&f’

fly - copled ‘_E&i‘&éﬁfﬁe‘ﬁ’

wwhi"ﬁrcﬂme& mnden sox

)+ Constsuction ?r:nE als  cooled
condenges le simfie

s ko) cnet & oo

g+ Malnfoinence ot le Jow

u it b5 eosf 10 herdle

5. plv-cooled condensey not BEUES
pipirg  owworgement

¢ Since theve 1o nb coo¥ssion
everae panlng egrect fo jow,

4. ThedS  condanlert oze.  Uied
Kow 10w copacity . (j1ess then
5TR) "

) congtsuction ok mfﬁg—mmm;@,!
condentes Js  compileotel

o« ynitle) cost Ig ."r;fﬂh-

g« Molntodnenee coct 3‘15_ high
Uedt ls dlkdieunt to “hondle .
510t #‘iﬂhﬂfﬂ FJPFr;ﬁ owBor g enent

[

ﬁ- &ITee thewe fe Eﬂﬁf’_fﬂn ﬂiﬂﬁ
ﬁE" 'h'J'bE: Yhepe ¥owe E‘E]ujj.'f’?

"eppect s high
T+ TF'I.E-SE Cﬂd'ﬁa']_ﬂ,fgfj owe (L Edl
B g cofocitys

-




qv Fof noiE o mene. 7+ Fon nelse g not -

e pin-GOIE)  eondentek axe high |0 wedes-CoM&  condenS€YS  o3E  Jow
pendphity o © Kealphity o

o

EVopomatds

. -

4

5 EYePoTetos s on imprtent device  ewnlth 1o vsed In the,
o PUESSUTE ond Jow fempeifbe  clde e o wekdlfeved/y

gy srem ! b :

3 The H’*i'rtﬂd koo  the  exfonslon ' Varve. ented M Yo the EW;FDMQ!E%
whee It bols  ond  chonges  in 0 vopouw . I

> e EoNCYion ok on  evopovodos K t0 ohsowb heod boow
the SUTTOUNIIES - ewonlch 1o gp pe  cooie) by mesns ol
seyvifesont:

-?'TEE t&'/mf-. oF the !:lﬂh']l"ﬁ' versiferord  in the Empmrfﬂ‘a"
must | Mwoys be 1ess fhon thot el the. sumpoUIINgES mejim
g0 et e reod kvt g0 e peyriferant .

L

i

o WoskIfg - ol Efawwiﬂﬁ’_

Ut vofow  pinjuse

\Bfours REB?F]?EHME_,(C; é% ' -
.+ 4. EYoposafow ) II A EX fangior) -

aupenheated vopou s | e
=& welsigeront | ' ' ! ;

tion-A
2 ine

o MpyEssy ((“'




oWe Mol vewigesent of N0 presane  enfars e evopmaty
ot point - 6 ‘

3 e the oM vebuifeont Mstes  feuth e ewme cofl, 14 |
cotiooly  obentt  peat EPh dhe coll wndI , bOUM fhe medion

welng  cooled - !
2 ouirg S webvifevont  continpes {0 bo)) ond EWM S

sopnany ot gt I on . pe gl vestifewnt  has eyommnty
ang oy \efouUs  vekdifernt  wemndot M dhe evefotosfors coly,

> e 1lwid veholeronts oblty to convest edsoobed hﬁ:\ifb
Jofent  heod I now wveed vp.

@ Foctos ﬁkmflfg ifhf’ heat — trongeas cu,ﬂa,c!w oK ah
' evoporotoy
e ek

@ Motesiod - | |
2 oWEs to hove wopll  heot  foonskes  jp o m T
the T’Td‘eﬁm\ used B the @mfﬁﬂﬂf']'ﬁﬂ o5 pn E?ﬂﬁ}w
eoll ohoud e o goed Gonductos -

> gince the medoll age e gonductos BB hal,f -anezcé‘ﬁﬁt_
they ove omml wel pow  evopesodon

5 mon ond  deel. con be, USed  cdlin o common wﬁﬁ;@wg
% Tempevatore  dpevence ;- ' =

o
b

-

3 e fffm;_aem-fl'tfﬁsﬂ Mteserce  petwesp f?IE:- . sakv

201 &f
pntort e 11 e _heol tosker coaclty gy oo il
@ veleclty ﬁfh"ﬂ!&ﬁﬂrﬂf £

w

- e veichty’ ob  webdlfewont a1so  j et ey M;?_
Frpnoken mmcifﬂ of ofl ewportoy ., g the "Ffﬂﬂfzf
0¥ the-  velnljerant Klowln thwifh _the 0PIt O% frerenser
e ovevoll” heet trontbey coekblolest  ayq Mbemger )




put S  ircoeosed VEILCH ol @ute  gmeater poE.S e
H?'m the  evopopo e ° R

qﬁfﬂﬁﬂﬂ o the fU&Pﬂm col) ewnd) -

—

e picknele o the evopewtey  coll onl )50 obkects the h
g ppnstes  Cogaclty o5 the eyopusoAty .
o genew) , the thker the. eol) , fhe S I pre wfe ok

heod  LIONSkEY .

L anee the vemigewont | in the  ewposol® s ypjen presoure,

wepeb®e  the. evopwldor  wan Cmwust pe thiek enough 4o eithefory
e ekkect ok fhe prediure «

-

& contoct suvkdee oweo. -

» BN 31""1‘W Koctol ﬂ‘glﬁ"ﬁtﬂry the Emmgm,é&fﬂ Gﬂmﬂiw s the

aontoct surbace avallodle pEfmJEEﬁ the wollt gk E‘l’ﬂ;}]m
coll onl the. medm  belly  coied

+ e omoult ok contoct LONEACE | I Juwn depent e¥ Mﬁm&! )
e sl size ond s o e erosadr ).

% cofoct) o8 .on  evofemnfod

e copcly 'k o0 evpovedos s jedingl | ac the omount
ot heot obuwbal W s ove¥ o given pewiod of Hme

it e denoted by @ %
g = UA(%-T) Wov T = ‘

whese, U= ovevol heol  Pronskes - eoevblelens M, wfied
f = ATEL, ] .;E"rtt}'ﬂw Suskace Fn’ ma

_],.L;Temlpm!fvﬁg cY  mafium 'ﬁ? be ﬂm;leé (ﬂﬁ ifm,ﬂ?ﬁa!fu'ﬂ?
potaide the evapvoton), ¢ '

T F cotupetlon  femp ol " the ?FEHH-E?EHM# af ewmm
pestone (oF ‘temPr fnside  pe ewporafor).



@ Types 0  Elopovotor ;o v
Aceessding o the tgpe  oF constowetion '
o Boze  tube  coll Ew,pgw,}gﬁ,
" peEnnéd wbe  eveporadvre . |
¢ pofe evaporoter . |
g+ chell ond tobe ﬁmpuav_%éaﬂ

@ 'Bn:’ﬂ'E. jobe  col) IE‘\&PB'RUEE"E‘:- I,

Ml =
ﬁé} 0 Compeslon ’)

e

Lijuld wepoljaent 1 ;
| Exfendlo N Yoive

> poTe  tubl EW}"UW e the simpiedt fép'lpg' éw@ffaf.'

2 The pove tﬂbe_aqh Ewcﬁ?f_fbb’_ fe  odgp kol ac  puime
Sﬂm Emmﬁ_l' R f 3

5 pecovse of the gimfe cnetsuctlon , the jos€  tobe col)
s oy t0 Ceon on) Jepvoot |

p he ke cofomlox o wiw angtoverd eies
of gteel  pipe 0v [ Coffer tupg plpeg.

¢ BoTE Tuhed emmmﬂﬁfj o€ . ovplopl e
 &ropes  ond . designs

\ A _

> Ekpective 'Iﬂfyii.‘lr‘! end dmﬁ@f?ft- o dhe wpe ooe e/

py the comcity ok egfension - ve oS

5 e | eorren tobirg le  used g0k Ery) @f#ﬂm-hl wemes
e pebvifesent -Oew  thed  ammonja

N nombey gy size




» e Ste€) PPES  ove ey aiph e Joope 'E*’”‘F"""“”{m -
omorla IS vse] ot the wewsigesoni

5 THE. otmosphesie ol FlowlS e the jowe fﬂbe ew#t‘-%!’tﬂ’ ol
e el ” olv 1eavig it ey Yoo - he  cooly” posposc, T

ppteot i .
.-"-“""_'"_Fw
7 poe  tobe EWWW we st kvequently - vsed fou cooney appicotiny.
5 ey 0T -idety _vsed In doroe ¢ seyoijeoodbs  because ey ome

ensfes to “deon:

@\ F ﬂﬁfoi E'H’&Pd’m'iiﬂﬁ e

VPl Uﬁ = l ' ' # s
ﬁﬁﬁiﬁﬁm&t- 5 | ) '

(_ . Jta_—r-F:r'n,-'-:'-
S 1) N
s wekrifernnd | | [| H

+ THe Einfed | EF&PEH@/{UE" Gmsfsﬂﬁ. oK we foleS o Cﬂ?‘L’;.
oVET  whkh  the  mefa) piafe ow Kns are Fastensd

+ The me,'fm thins  ame ggnstwveted o thin sheeij' o mefal
poig god  thesmal  condutHvity

5> e ohope, 92 o SPack o e Yns @0 be gpptel to
e best Sode o peal tonske o 4 given oppication

5 Giree  the  KINS owe ﬂﬁeaff# Inevense . fha et Sudtace por
heol tobnskes , thevebme #e  nel evoporetms axe  coley

eptend | suwboce ﬂmﬁﬂw&"ﬁ‘
7 e vine) tire evopmador s meve  eppecine pen e

bove  tope E).Wm'
ﬁpmn‘co/éfuﬂ :-

2 He) evoforelss mostly vsed W e O coryiiones
(einpw spiit , paokaged oV fhe conittl oy conyitoning syifem)




© oren ol toie ewoforedon enived Dol el

Liguld 1n
o

B
g
]
.,{
g
i
Fod
g
\
b
1
"=
il

il i

stadlc e fonclon '-.rr:u't-’tf

2 THESE e.mmmq?ms,. ame ﬁ&rﬂﬂw tegd o ehllf ﬂﬂaf@’ 0F  bne,

7 when 3t fs opevate) ot ‘@ doy exponsion %#ﬁey@;w
the  webrigemni  ciscviafe  thomgh e pupes  any e eid fo
be coflegl  ping e Epce’ dusedd  pe fobe In E Shen

7 The 4wy E‘-'l!?'ltmﬂ.b""1I She) ond W evopoinidis ope ofed KO
sepnijesotiny  onlt o8 T {0 2o TR eopacity
9 when the opesaled a5 .o Fioede) epovnttt - The  qodés
ev boine  BlowS thwgfh e fUIES o the wmbwiganil oiybfe
BTHIUNY  the  fube
7 e twodel shel ond  tobe ewfbadet ave  wsed KO
ﬁeb"ﬁﬁ&hﬂtw onts 0k jo 10 S0 TR ”'ﬁ:?ﬁicftg. '
22 pouilry pactos TS i .-
e ﬂm.-&l.fﬁ used ,Fﬂ' &:ua#ﬁa
contons  centoln | ameutf e minemy

El“amf
mposities « mese  metesfor dfi’ﬂ!r?if m_erde f;_ m;ﬁfﬁsew
noey

woley jubes whlth wejuce' ' fne heot  bomgckos.
s ;z?\
poving. . . - B coped

Gmﬁmggar c:Hw

and vestnict the oofer  piow,




061+ 23
DM T8 —_

P\EFRWET}HHM F Low CONTROLS, | RECRIGERANTS  AND
PPLICHTION  pF KEFEI&EilﬂwT

f“""r.-‘"'_"-—-_._.._ . 'l a i 4
fgeppifevolt s P [
repigevont 3o o mesl  cowsphy mefom g the wesking
pold N o veyigened lon cycle: ’
+ The nodurol Jee  onl $e  winwwe o cot . ol Jee  enepe
e it wepsigevontr :
5 In 1334 ethew smonie. étmhezr dfmide , methfle choside m‘b’.

cosbon  Joule  owe vged ac  wepwigewont  in EEEE’I?E?TC.’/{#J}?
mocnines "

cocsiicobion oy Re¥BYgensnt

mﬂﬁﬁg?ﬁﬂﬁg

Pimosy  webo)
s Hell Covban

> f2eoivofe
> Inogdorle

> Rbocoshon

-

selsijerant

7]
_:,»"’D II-’E&JTFE FE?DPE‘&]@: 0 19 Eod 'HEBUEFEFME .
f elo) JeTon ls ool 10 e HE&! K 5t nat on the

Eonowing Pﬂf‘eﬁﬂ'ﬂ

B Low poney snd  Boeez)T) pmf‘r{r
& Wk cwi¢ion poEss UTE ey iﬁmpfw/gﬂﬁ
dh mgy  Jefent neat of  vepoumication




v Low speclkfc  heot ok uid  ond  Wigh gpecitlc  heod
VopOUT
W Low EFEE.H:fTC velome ok Vopouy.

Wh Mgh  thesmoy  aonjuctivity -
(ibNof- COSTOEVE 0 el

Al NoN - Fromoble  ond non- expiotive .

tiog) mon - toe »

() Lo Coft

M Fes) ond wefulowly oxodiabic -

iy gosd  to wiulky ot mﬂdezsaiﬁ PUELSUDE r:md i‘Ef'?FE“HWEUETE-

WhEoS) oF Jcol  jescks b edoos efsmel]) v Sutodie
o indtcodow: ' A ;
(0 pmizes  wen eith el

W ozome.  polendy

w vigh  cop:
Er- o35

iﬂﬁﬁfﬁﬂﬁh”” sisten e zret:ith?fm”f

e

He  wetelferonis  age ﬂ%g.ﬁ;w%mm{j Jﬂﬁ&?ﬂf"i[e‘fl

85 oTeE ﬁ{:l”ﬂl\‘.l’e-ﬂl 'bld E.E'Iﬁ‘tﬂ‘!'ﬂ ﬁmhﬂﬂ' The Emt’ﬁ{}{ ﬁlﬁw
yoorwle KT the sekuiferen! e Jiven. ag Cm]"}r.ﬂiifﬂj; .

M= po. o cowbon ﬂmwﬂg
nos N0 ¥ hydweden odoms
p oM. tE CHETINE 0—{&;31_5
§ s ooe OF  Flovie ..#-{'Ei'fjl];

e nombes  ocsifned 40 pmo-cosbon oy
veyvifevent  heve  Sfecip)  meoning.

L horgeosbon




, e kiaed dfﬂi‘i on the g side is the ne. oy Klowine.
afom .
? e gecond digit  ywom e it sige. it ene mope they
we 00 0¥ hisofen ofom  pyegent L In the weboigevant «
, e W digit Byom the gt So  one. )ess than  Hhe nos
gy Corbon  odom  present in the welolyesant

condition= N4+ Pry - o +L]

g+1)12.3
il
o
D Koo tnpr) (9
| O Ry, ¢
!::'Hi':-{:_.-"} RBH ;
AP+ = 2mpa o
g 2¥2F0 = 2N+ P , Ms0 , F=3
Py s Zmbz
p‘i-i b o
B 5 0 HPt3 = 2V T2
@ chzel — Ry, 5 BHS o« §
0FPHg 7 2mia 2 P
9 34 40 5 2K+ © B~ cidyF
2Y =y Boour e
Rp 3 o e e, Vi

NAPHL 2 e

NP = 2md2

A 0 FPH) = 2% 42

A opos Y
g 42427 22 42 s PE3

f)‘EﬁE

haas



® R ’\EFﬁf:nF ' ﬂﬂﬂf@_ oy
] a4+ somt &
,r}”frl-ilril_ﬂ*?._

?"r“zﬁ n"l-EI' e l'j_E

: ’ = o
TPl 2mt :
8 2
0P = 28542 oy Y i
yrrds 1z
5P b @ Fny - f:re.ﬂéfq
& r me) ,NF0 aF7
m =2 n =0 o ¢ 5 ,.;.nﬂrF&L:‘:L?ﬂ?—drl
# . a g ;_E-
N4Py = 2m 2 2 P+
o 4 ;}PFL
P2O0FPHE T 2vpgo
£.
;5 Pi’hﬁk "‘,:.g i i — ————

p e

NdPrg 7 2mE 2

i V24 s2X)r2 |



o 10 2
UNIT- ¢ J§etpe 23,

_Pﬁzfciﬁlmez_)a’g

The- Fﬁﬂ%ﬂei!ﬂy 5 e peonch ¥ enincesing selence
orich  deads oy

e stul) of  mold ol (o ol mixey)

eoith W{Eﬁ Vﬁ?ﬂﬂ'ﬁ) 4% hmmi tEQ : | i
the  study oy behoviUT oF JBY  ois

mi%fone. ppder  vemlous Set oF  conditfons.

5 1 050  Includes
il woles  vapouy

sichoomel e Jerme
ity S S

ooy olv:-
o we  pose Y o5 js o minivse oy o 0¥ fodes Such as
vitooden, owygen,  cosbon Newde , Wispen efe. . me nylmgen
end oXPFEN  howe  the  mojor forllen ey g0y aly .

—_—————

ﬂ! Mﬂ'j&t ﬂ'jﬁ :"'

N5 the. moatore o 4oy adw oy woler Aomuss e
gmount o wolew  vopour present 0 me olu depenls vy
the.  ObSOIOTE.  1emf. an) PrEsWDE. o Hhe. @N{UDE «

3 golvraled o5 =

Jds e e B duy ol o) uoder vagoor ohen
ane O hes Jixpused MOXMUM  amwnt  of  wodes vofbus

v oto W _
y. oeguee gy glumotion i

i Js  qhe o430 oF  aetbod mort ok wﬂ-’lpﬁﬁ vofoup
oo oot mess  BF dB) 0T b the moegs oy codey WAUT
e Gome oS of ) o wyen 3t is satvded of
the  come %mmgﬂﬂ‘ﬂ-‘f’t

ks HUWHHE] o

Ll

1t is the epdS ok L-)ﬂ’gf-’ﬁ Vapouy  puesent o 7 %

doy ody. ms volt B H, wapyor e k;‘;’ﬁnﬁah;' .



fbsoluie  humidiiy

ecent in  on
1 ois the  mage oK EJJD/!E'E:- wﬂﬁﬁ PEF HE; H 'E_
ot oF guy ol avs ont 15 B oy gy 0T o T/ 0¥ d) ol

gerokive  humidity ()

w is e wHo o actupl mase 0 woley  Vopioy

0 B Piven o™ gy gelst @i o e most o weler
yogous W\ the  some.  ypome oY &Jﬂ%}@ o0

ol ~ huth tﬂmfei_jijfwﬁ {1‘:.;! 0T tdb)

W ods e jewp oY olF  geceped W shemomets
‘wren St s ot okbeoted . Y milspore N HhE. QT

welt bob rempenofove (to , twp)

E—

i de e fewbe of olY  wecevied b thevmometes

A ohen s holk 35 Sosteonded o wet Cloth egfotef
Uy the  ofT | i

st poin} {EWFE'MJIUW.,:

it ds me deap  op ol secowde) b theymomeler
whet| | th&  mOBEOIE presedt S it bedine 0 condentgs

br_

Jew  foint  temf  jo dhe wa{uﬁ‘a/%wm temp cuaﬁfﬁhﬂl
jn the  postio)  Vepes¥  of moJ%EES VoPoue

wek  bolb depsessin

it do te  dibesence  pedween any purb temy
ond wet b e af any  poipt :

( ?-’M - ".-JE,/-,)




se ML depvession

R )s the  dikkewence  yelween A5 bulb femp ond
joes  F0i0 tempevatupe |

( Pry - ':DPT_J -

22
g C BT efes B
R

hoconsist gy o gy Wt tevmomefery and O .mez[ bl
permomel €S movnte) sie B sie  in o protective ¢ofe ond
gitoched {0 o handre |

o
VY aafon’s )
@ E#--_-__ o oF  poztiol PrEsUTE__

it steles ol e wio) o yreswme  eqested (B the
muTe_  of oiF ongd ,-,mff*ﬁ Yofovd s egund {D ¥he: aum

oY TOGESUBES whch s condti tvent [ms , wolew YopoOd sefa /1
woold  €%€BE L J¥ b scovPied  pe some gpace W tse
MalhEmfi?csd:y , 2P

= P.p.'j'lpi'u
wheve, Py -

_P&'EFHDJ PoEsaun e O miguTe o] ok o.d :!éﬁi‘i"ﬂ:‘hﬁ
Po. = PoBtlol pweccove of o) oy

py - postied  prescore ok woler mpam-l

%) Eﬁ"ﬂCh‘Hﬂméﬁt Rﬁla}‘ﬂﬂ

e i

yomigity  sadlo (w)

We Mo
IS

. Raby
Ry Fo
fot | Ro= 02357 Hhﬁn.\

Ry = 0yg) u;w i



% Y Py vy / E.,;-'f“\ L Ty f "]_9
Fnu"n"n./ 2 Mo

my  _ PyVyRa [ Yo r Vi)

Mg —

.-_J—__.—q
3 \ 3
lF. =T
"ulll =
E
= | s
= |&
_a
P

gprecikic _Lhurnf.;lﬂ‘a" { Ws) | |
Wy # Wmn.m_. = phéoe R
Ports.

Dpegvee Ok 50%050’{}01] (U_)

i

y .
o m‘j—; . :‘;j_

P




eolive homidity - _
E;_:r;. s (@J P, = bdm /0I5 2 tror

. My !
}2 e e B #ir
° 2 Py 2 pressuve. oK
¢> ) gy satvooded alo.

(-8 &,
‘ 2022

Psycrvometsic  enod

it is geophicoy vemresentadion oy vasioug  thesmalinemt
popesties  0F  molst  alge |
yThe  pjadometsic  cral is vewy uwekU) B . yingry o
the  POPEBUIES  oF o8 wmich 16 veived sn the yiel
0 oo condiHionng: Tewe. ome  my bob tempevaluse | wed
poip  tempesatuze , pew. ywy jempevelvpe. , speciic. homidity
werekive.  yomidity , enthalfy | -specipic  volume . end YoOOx

messure. O molst  olr

¥ IN Pﬁ#ﬂhﬁﬂfﬁﬂ/ﬁ;ﬂf Cha)[ doy b _’tfmpewmfuﬁﬁ je  token
as  Y-omds  and  SPecibic  humidiyy 0 35 peken ey Y- asdt.

, ;o
Poj  poth  demp, -

e ne - o%e  vestleol tond  pasone ..-“' 3
¥-a%
- ol Spaced + . PAT o yamled  ypom: B cpaienl axls  any

/

5P humidity

¢ 5 B J5 in 35 S

ooy Wb temP



gpeci¥ic  humid]ly

r-_,—r-—-—._,-—-—-—-—'-_.—-—r"‘-—-"‘—"’

e  opeci¥ic werddHy ines  pme  howlzoN10f  pat))e)
Yo o-oxls  and  unibrmy epaced:

i % ]
/ g &P, homidity

_e-

Dag bulb temf.

we{ bulb femﬁ

This nes Da:re_ﬁ inc,ﬂﬂeﬁ Eilﬁhj'ﬂfﬂf ond ﬂﬂﬂruﬂiﬁbﬁnﬂ;

DD Fmﬂ-l 13:1&_.
e ﬂnes :
appoed’

Mm; i - : |
o . howizonto] ## 0%y and  non-onlkoony

TS




2 .,

celolive  humigiy

Me DNVE ol gpec ase  come  Jines —
W e soluwadion  cupve.

Efthel Bl

P T

Te  entholpy  ypes ose  Inpined  walppt  9ve o/

prikesmly  _SPoced -

apeelic: Vol ume ;. -
The  epecikic  YolumE ) ﬂELE: ase Mﬁiﬂﬂlg oo
Stwaight Nne and  onBOETIY spaced o/




\apous  PrESSUBE ne

P o goam
e NOPOLT PreLsure ines o€ H?'B‘] o )

: ' 13 wmmfﬁfﬁ
spaced +  GENETRY ol et cne)Y y' the 7S c

ok ¥
s mES h ol W h:::;mf’afi.ﬁﬁmﬁ e,
e ekt e of the r:hai is cohed YoPt

gt
Yo ,:
a5t
Sl 3
.ﬂ"':' i
20 F
5 fg'
i —:'—

K . T
' 2

£2.122
> Eﬁﬂﬂmﬂm&%ﬁiﬂ Proees S

e f}:ﬂﬂhﬂﬂﬁ{ﬁ?ﬂ Pob c.ess fih‘q[l‘.}WQJ M ¥ cﬂﬂ,&iiiuniry
ove 05 BOWLS  msensihie  heating
dhsensihe  cooirg
ity Homidikicotion  ond dahumjuhlﬂmlllﬁﬂ 7
4w eeoing ond  odfobodic  womigi¥ication
mcuunrﬁ' Mghqum.;htﬁwxhﬂﬂ b woker Yefection
Lvﬁiﬂﬂf“}? ond  humiditi codion
b pumidiyicotion Y steem  spjection
{1 Rdiotetic  ehemical de homiditication

ﬁl}ﬂd?ﬂ«bﬁ/ﬁf m’miﬁﬂ oy oy tiresm



“
%m}m& heof ¥octos ( 5HF)
et

it 15 e wallp o sevecensibie neof 1o ito) hE’ﬂj'
ﬁﬂ'&l‘hﬂ-fﬂﬂt{fﬂﬂ-ﬂga | SHE .g SH , '

Tote) heot gy = Malhs-hs)
. al 1 = 0 (e )
aH LY

O gensibl e h&:.!l?rg:_ fsw)
e e e

The. h"%_-’f"ﬁ' 0¥ alw el thovd any change in SRl
wgse hUmidiy | s knpwn Be  sepsfpie Ee@é;‘qﬁ'- -

L healirg cohy

; (tds)
oo Wy oy
(to) (td2)




Ub sengible coping :-

o —

HE + CoMINg o ol withop any Chope 10
specivle oIty . 18 kpow b, sencihie | Ceoln -

,. : T ik v, | £
gb  yomidisicadion and. debvmigliication -

? e odditien  of moistose o the ol |, witheo} chonge.
in its 4wy hu!bl tempesafude. ds Knoen  as  homid! Hoadly,
» e abgppct  of molsteve  koom Ipe ald, withwt cpange
e a*.::ra bolb temPE'i:s-’af:EE is  knowp O3 dﬂﬁﬂmﬂlb‘ﬁ"mﬁﬂ
»iRemio) O I"?Df&f{JEﬁE Do hort)ikcadion ] '

fdditlen ok moistvve —  HomYikicad fon - |

3 “The'’ neot ﬂJ&Eaf dusig  homifiktead jon m’H heo,{é yemova)
duoiry deémmmb‘imfh‘uﬂ fe  given by

LY = ho-h,
r hF? (mL“-ﬂl}})

wheve hfg - jpdent  heat e VoPowsisad fon o4 duy  bulb
fEWP{fdlj b

i

JPRT
(HUHJI'J FlerTion )




	36e0986258086fc4b7f3d4d85802ce167c295e3405752226ac977382d7d3973e.pdf
	fc847f404955b71106b9cc792672692cc7dff6e81a16d920e3db6e23ada9bfe8.pdf

