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1w"~fin o:Giiiioi 128 MI ~ ~ a a a i ~ u n i s ~ i ~ s ~ ~ ~ i ~  15 ui; < u a ~ + ~ n o : ~ i ~ i w i o  
n d  iv* 

a?aaGusl~ r~a:gn1bynawai~njo 8in:udss-%owna".uoslwannnt?dno:?b~a a?lulw"~l naiu 

a~$saass .uasna"iui& iilGaEwniiana"ou?nauoa5'isniu siauiial Gaia l r i n ' nq~  n i i f l i s i u  
I d d  d d i  2 .uosx:uuflaloala:nlsnlulo$$u 4ssaurYu a~aannaq.ualiwniuauyi~~us.uu siau 

q.uniwin $lXluaii.uos nis7nld7aiui? ~ l 4 l u n i s i i i r ~ a ~ r i u w a a ~ a a a i  



, 9  . iw"unaiuns:~uns:kras $sGild~rnsiiauiids:3winiw?siPd 

. aiunaiuaa~saissuo.rna"inra?~kra:ns:gn 

nisaaniiiCqniaaauua~oFsW"n alju r i is ismu1vl nisa~ui$a n i s f j nsu iu  w7am.j 

iiu$.l i a u l d f a l o a u  nasleiam lunisaon6iisniuds:uin~ 30 ui; 3-4 n!Jdn 

Cdmid msaonfiia'saui q idutiisa%~ nisi inaiuarzoinfi iu msi iaau~?omsaWuf i %flu 
d r d  

ds:Furdinna Kiqa~iioeiisar6iaaua nii7onssulnnlm w i i ~ 6 i i s n i o ~ a a l b a n ~ a u 1 ~ a  

3.2 n i 5 ~ ~ n n i 5 ~ ~ i n Y u ~ a f l u b ~ n n ~ ~ ~ n w ~ 1 ~  

vaiuc1 nunsu1siu~uaaa"aii nisoon6ia"sn-i~ itIudsz6i i i1 I7a~m~nSr%~qvniw 

i i smu  raimsplan6idsmu 4o:iao do.r?iu msatin " F s n n s q ~ ~ w q u ~  & ~ s i u a ~ ? ~ u m o e i ~ ~ ~ s  

Fsnns-gnwqu Zo aniwda8ons:gnGdouasniidn~ naiuai6saiss vplsnszg" 

anas aan:%7aiuindn$? 1u~f ls~f l? isvplsnsqt i  aa i in~laz niouon 6s5;diisa1fa4aua&. 

d i w s " u j " u w s i a i w w l ~ o i n F s P > 6 ~ o  i i l X n s q n F d i s u i s  wdqisriou damw69 dannszgn win 

aEmqnj,"aw! wnbuplio~i1Xns:gnfniio n i s a ~ m F s n n s : ~ n w ~ u ~ w u i i n u ~ G n a ~ ~ u a d i ~ ~  
s s 

U l f l  $8 [ q ~ ~ l g  $ i Y ~ i ~ a r l f i l ~ ~ n l o  ~ ~ F ~ ? ~ U N U R  1]'7:<11~0~ $W$S$KR?~'IS~W"~W'~ 2 $19 i$l 
qnluw< &awa"i n niaad ~fluPIs"i i$lslnaiasaanm6plo rau&~o i  s"uds:wiu~n~ {5;diis 

agnaiuflou Ira: $ ~ s " u d s z w i u a i w i s ~ i j a a n a , ~ u ~ ~ d a u  d a u n i s f l a s ~ u ~ s n n s z ~ n ~ ~ ~ u w " ~  

i q m  bo nisaonfiia'aniu rws.1: n isoant 'na'~niuar~iaauaia01w"i ianiu~m~~~1aaluul~uin 

i i1dnszgil 5naiuwuiarCu "Idaianfniiu aiimsoon f i i a ' s n i ~ i ~ n l o s  aw"adoa?iu aaazian"1.u 
, s 
ee a 

~ s n n s : ~ n w ~ u i u  ozlasaflums eon6-~a'snio wuuisifn nmasuunsqn $so:iao ns:{u 
3 A 

ldianaalou;ngnluuinvu c ~ s m s  aoniiia"sniu aw"adpls~uF~nns:~nw~uii ldwaioati ia h 

uismsa~u a ~ u ~ u i i  u?w~smuw'iijoaddi msuln81w~n i iuautu  t ~ n s u i u  i~a:ns:sumiton 



4. C~naqqzaSga~niaeen6isl"~nio 

4.1 m ~ ~ l q a o a w s ~ o m w ~ i ~ n i u  

8i-h "nussnmw" n-1~i"snqwl.a"diii "Fitness" $swuiui% nia: naiuauvsnivss 
d 2, 

i'isniuvaa:ininuI~aw3ainadplui naiufiin'q vasaujsnnlw wiqnicr $8 r 8 u a n s ~ m a ~ ~ a  

nisaanfiia'sniuvssflu~ <u aussnniw misnio ~s&iaiaodis iuodKu~m~dszasda' isst i  
Y d - .s  

ti1a'sniuaw"oo:ls riu maduunnw-i unGiH.cn a s ~ ~ i n n i ' ~ ~ ~ i ~ n i u i $ s s n i s u i n $ ~ r n $ s  naiu 

1 ~ 4 3 1 1 ~ s  v n s n ~ i ~ a f f n  h i~ i t? ia~u~ndn~i%sa~a 

na iua~a~x~uau~inn iwwisn iu iav i$n~nisu in$qw aidXia~unis aan i i i 6~mu 

a~aqvn iwvosnuv+a~ YPI ~ ~ ~ ~ ~ h l l ~ ~ ~ ~ 1 6 ' ~ ~ f l l i ~ ) E  dsznsu6'~1u 5 # 9  ~ i n ~ ~ l < t s  

na1u~lwwuvasH-'a1aa~n:dn~ 

Kipl'a99 dsw iaa:s:uuIwaPauuuasia"n~~u~sdra~sa~ss oziaulw"lii lGiwds~19iu 
d 

esilssKuiaa:YnwiFsnpflaloviwlda~~~ 

szwhs$in~ni iasnaiuqsvnsi idr i ia lanzddi6'q 5~tiauIvfluvss.s' ist i iu 6'~1s?$ 

uinai7uld rrvsiza~udyq~~vos6na:8au ~aniss.i1lB1%Fsndis~1 







8a:iii1finussnniwvndii~niuawhiaq iaazbiqa??a3u'ldifne1q iL-7u0?njIddi~iIdnwiauLau 

ildflluo:ii6'uPlsluln" 

9uiismu.uo.rnuisi7disiisnD~nd~g:u~a 2% . u ~ ~ d i n ~ Y n ~ ?  & ~ ~ u i u n ~ i u i i  K i  
s s s 

nuasii3uCioonld F~-7u~njl~Yu'Prdinwanua.U"ildaau<iuau 2 .unsdiwCtiba 5'isniuo:ii 
, s 
a- - 

~ussnniwiwbl"nui??u 8iwiusiiusiuuiwJn 50 ;Faniu 2% voqdiwQnga ozaviin'u I 

ZFans'x~ wioiw' ihdi i 1 w s  wiudn7ludiur~ioimuJnu msooniiibdnialu I kalus oio 

i3s$inonoini isniui l inni i  2 Ems $ ~ a i i u e l ? a ~ i a l ~ i 8 i s o ~ . u o ~ i i ~ n i u  i'duiismuo:$as 

~diudinmano ~w"oIG1a;ussoniwwi~nion~~n'u 

~ ~ w i o ~ ~ i i  +isniouosnuu I a8oiioonldasiilm ~unnoonfi ia'sniu~nnts $7 

wina?Iunlst?naiik f l iu isoioz~i ia .c i i iuauY$IuGo~nmao~ ardluslind$fln' asimoniWu 

n a i u n s z ~ ~ i u ~ i a ? I u i n ~ n ~ ~ l o n n e i i s n u " ~ i i i i ~ n i u . u i ~ d ' i  iainisnmanonsazn"addooq ns:fli 
., 9 

~bjla'~udiGa~oaoununna1i~ns~nio ~aa:G~iaruzdidi+s?u{ioaniii&niua~usJsz~i Two; 

dii~iunaiuwu'n naiuiou iaaznaiuuiu iw'iq 6uyna'u siiunas~s~nma'ilu~aia:a'u~siiu 
s 

d pid 
n i i i b ~ n i o  viiuda~iud-j:niuGiiGuslm w'iuosq~nwu~naiunszwio winw'iunsiu 

BiuauF~ods:iliaaa8a k$o1$61ussani~"~s~isniu1unisoonfiifiniow?oiiu~vri1~awad 
d -, 

viiunasmu~iw&~ud .uos~iuautuT riaubiasn6iozr$ta~wi 1 nu. ~aw~on"ul:sriisaiu 
d 

nwiin 75% a~a-iio:iilXsiiuai&u waoms:o:iaainis~aniiia"~niu 
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oingms Q =NIL 2.2 

d 
1110 

Q ~twu diuaunaiu?ou~unisaE)~uuaoiu:, J nyo, i / s  

nz aawu ~iuauuaauosaisfli~aiu~6u kg/s 

L atwu nis,diuwudasaouwia~,  kg (a$u~aiufouaar~s~lBluniswaou 

a:aiunaiuBauaidslunisnaiu~dulo ~?onai1~?ouaadsluniss:~Gm) 

sinqms P v  = nzRT 

&a 

P rawu n a i u ~ u v o s ~ i v .  Pa 

v aiwu d?uins~iawi:uos~i.lr, m3/kg 

R aawu d i n s j u o s G i T ~ u ~ i d ,  J/kg .K 

T aawu qaawpduosXi.lraPuy~ai, K 





a " n ~ w : d i ~ ~ ~ u n i s i i ~ i u v ~ ~ ~ n l n s & i i ~  7 ~ u ~ ~ ~ n - i n i - i ~ i n a i u a $ u 1 . a u ~ n 1 ~ < ~ ~ ~ o  

luwisnlfjCn' i~o isw in ls :nnun"u~~ l~  2.1 (91)) 

I .  iQBn-ilugnn~~iuiiinaiua8uw"oonoin~~iwoasi~~o;aaa:a.u"~nouawsna~o;od 

l uan iwYs~u~a~u i~u~d l1n "u in4uw i~d~1~1~dn~ lua "~Bnso i sozoonaa~u%H"~ iu i i i na iu  
W . P  

a6uua.u"inou a ~ ~ 8 a T ~ s " o i 1 u f l a 7 i w 1 ~ 5 " 0 ~ ~ a ~ ~ 9 I d f l d 0 ~  i a u ~ i o . i s G i u i i  ~ ~ ~ q o d s z 7 ~ i i 3  
d 

oai~na-iawoi~uno1Jan-i~slawo$~u o:Zna iuo ia~ l inwavo~na iun"u i t~~~  in-i:uaums 8 ' -  I )  

rra:naiu5"ousiiu awoinadsaaanq!iiui (n-i:Yaums 8 - 8 1  s r i i l ~ " b i i u i a 9 u ~ I o ~ o u u a n ~ d  

iou.u"idqs $ d g z i i ~ ~ ~ o i ~ u i ~ j d ? u i W S a W d u u i n ~ u  ~ u ~ u i u 6 d ~ o d ~ u a ~ ~ a d 0 ~ 6 ? a " d ~ u  

Rouawsslavo+uin$ua&q 01nqiuilirnwani~Y~ans Wagiuani oin w = -I v d ~  
, P 

2 ,  ' ~ ~ ~ ~ ~ f l ~ ~ ~ d f l - i : ~ ~ ~ f l i ~ < ~ ~ ~ ~ ~ f l ~ ~ ~ ~ ~ 6 1 ~ T ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ - i ~ ~ w " ~ ~ ~  wJo 
d "  9 2'2 d 9  d 

amaqn IR 9 ; i ~ u v u ~ ) ~ ~ ~ ~ 1 a u o ~ n a i u a ~ u ~ v i i w ~ i a : ~ a s i i u a w n a i u f o u 6 a n n u u  s - w i i q  

d 
ns:~11unis6'n &do r~avo.rnaiua2unwiu~1:iiIep" iouFwu3~ln"u.uu i auwavosn i - i i i u i~~  

, 9  

naiu?ou~uaioiil~iou~ws~a~aru"unioana~;i"aW~a~n~~lu~d ( v )  ns:uaums ( I  - 2 )  

aaa: ( I  - 2 ' )  an"olH"~uadado~~ia"~Cun~oui~~-i~a~os"doua a1Jdoad?~~1a~u~n"un-i:~launi-iein 

n"aaauuU~oa~u-~sa?ln o : a ~ o n n ~ ~ u a u n i s e j n ~ a ~ ~ u n ~ ~ u a u n i s  ( I  - 2)  aiwu (a~iodoinYa 
9 

d i u i d ? u i ~ s d o u n i i n s ~ u ~ +  ns:~aunis<nn"aaau~l~o~vuwso~n) ~ u ~ u i u ~ d d o s r ! i ~ d ~ o  



2.2 ~ ~ Q I ~ P ~ ~ ~ ~ P ; ~ ~ R ~ I u ~ ~ u I : ~ ~ R B u L v I ~ B ~ c ~ B ~ ~ ~ ~ B  

a ~ o s a n ~ a s ~ i n a i u a d u i ~ u ~ 1 n o u ~ w ~ a a v o ~ $ ~ 1 0  (vapor compresston system) 

d i : n o ~ ~ ~ a ~ ~ d n ~ d ~ f i l ~ d i n ' ~ ~ ~ ~  

1. %~WDIS~RPI~ (evaporator) 

2. f l ~ I J l ~ 5 ' 8 ~ ~ ~ ;  (compressor) 
d 

3. nouamuavai (condenser) 
9 

4. Vio<flG lu l iMa3 (receibe~ lank) 

5. ~ ~ f l ~ ~ l l ~ ~ ~ ~ u ~ l a " ~  (expansion valbe) 





d l a  u 
oaiwaas~nof kausnnEona'ida~d?a~~oivioio~~~d~~~~ !.3uda~rdi7nl51u! u& 

~auudu~~iuw'usad~pld 2.5 8 i v f ~ ~ u $ ! . ~ ~ " ~ i ~ ~ v ~ o i ~ 9 ; i i ~ a u ~ p ~ n i ~ l  (finned coi l)  lano; 

~naua.ihautdu9~LwawyuAuuniu %u$aiu ~ ~ b u i ~ u u l u d ~ o a d  

d i ~ ~ ~ l ~ ~ a . d ~ m ~ o u d ~ d ~ ~ ~ r E ] ~ ~ n ~ ~ ~ ~ ~ a d ~ ~ ~ ~ l ~ n i d ~ i i ' u ~ u ~ m u w s ~ d ~ ~ d ~  2.6 



1. aia"awiug2dYuAauBo (hand expansion valve) 

2. a i a d a v o i u ~ a i h b u ~ ~  (automatic expansion) 

3. aia"avuiuKa'abmSuG7awo~Sunaa~7n (tI~crmost.itic expansion valve) 

4. maaIn??aai? (capilla~y tube) 

5 .  ~ l ' ~ ~ ' Q f l ~ 0 ~ ~ ~ 1 ~ 6 ~ ~ 1  (low pressure float valve) 

6. 2 l a " 2 ' Q t X K ! ~ P l 2 1 ~ l ~ ~ ~  (high pressul-e float valve) 
9 ,  

~ ~ ~ i ~ ~ a " ~ n ~ . a " g d n ~ ~ ~ n ~ ~ g ~ n i s ~ ~ ~ ~ ~ ~ ~ d ~ : T ~ ~ u ' ~  ~s$nas~oisaiia4oaa"ona.a"1d 

1.wuiz61.u zo rnsad~uuaadasvodni~:  v u i ~ v o s s z u u ~ i n a i u a ~ u ; a d s ~ d n i d ~ u a ~ d ~ : ~ d ~ ~ i ~  
d d W  a *  
nuvouvoa4oaai~nii~n'~oon'1d 

aia"aveiudadPu6'auBo flisa.a"~ovosaia"aa&. (needle valve) g~s in i s? l i n918d  
d &#2 

ai in l iua iu i  iiuaiaauvuo~n"unaiu~uiaauniisn"ww"diuio4aia"aa$uaaaz~u$aia"at0m 

n"in~11~i-dinaiuaa~ndi~vosna~u~u~s~~ia*~wist j iuns$ p i n s ~ n i s ~ w e v o ~ m s n a i u ~ d u ~ t j i u  

a ia "avu iu~ad iun"au1onq i  ~ o a 4 u v o s a i a " a r ~ ~ %  ba 'lajaiuisslad& 'U 1 R W I U ~ ~ ~ ~ Z V W S Z P I U  ' 
d d Pi  rPqsl~Wz~U~odd~uaUMilnfsaio611s0. (load) " u ~ s : u ~ 1 a d ~ ~ l d a ~ ~ ~ o d ~ u f l i > 9 ; i ~ n a i ~ i ~ l d w a v 1  

. r y  a 
Y.d~s~iaadb~uasawo~~ou~iiu!dr~?ouinaiiuld b l ~ V B R f l O 9 ~ l a " ~ T d R d  $ 8  i l iu i ' . iv:~~n"u 

, & a  2. r d 
s z u u s i i ~ l a i u a " u v u i m T w ~  v s u m s v h ~ i u $ n i j : n q i  ~ o ~ f l ~ ~ ~ a " a ~ ~ ~ ~ l ~ a d ~ a n ~ ~ ~ n a u g u  

m i i i n a i u a ~ u ~ Y , , a 1 u w ' o  by - pass 







9 ,  

~ a ~ o ~ w ~ ? d i ~ a " a o z i i i ~ a d u n i u f i ~ d ~ i u  aiu z i u i  ds:~,r~~~d;anTsni;unu (fluorocarbon) 

n?a$${nh-di 63oou 

nis la ldaaa:s: i~* lvas~iu i  Zie~i$aisds:nauvas10lmuniiunua:1a1diaa: 
d d  %J a * -  s:a5~16aeiissawa~a ~ s ~ u n ~ ~ 1 w " ~ l u l d s : i d 1 w U ' ~ s ~ ~ a ~ ~ i ~ ~ i u 1 ~ n n u n a u ~ u m a 0 ~ i a a l  

$iuiiaouTuaGuiguai;mi~W1d iiis:aCw16oin ~ s ~ i ~ m d i u i a i n u ~ u i ~ e I a ~ ~ u  
" 9 

ds:inwvnsain"a$?a1dida:sza~~?~ Jog~uiaau~ui~ua$udiuiv~Ra~uaids~w"n'uod fls: 

iwsi:aiouFuaCo~na"u~u ~i l .~nn is~~~zabou~p.n"~o~~uui ian iEuws~~u rrn:?uwauwZnw?o 

ain"lvI8fluuiasG oeiisis~miu6icnLaou~ua~tli;1~o&i1uas~i~fii ia:~os~iisnaui.lauquo&i 

RRBR aaai 

nisds:~!wiaazqniaud~~u v n d i u i  ~ilin$Zoz$asu4nistmiudiuininaiu 

faui6~iaazbnsnisr'n~slunis~w~a.uesnounsaavoidou~aw $so:uiilw"ds:5w~niwvo.r 
9 9 9 9  

s :uu~s%u~aG;UB~a~~uaw~t .~a i~aIdC 
A d  u 

I ,  naiufouaadsvasnisnaiuagulo dluiwfiRns9naiu?auiadsvos nisnaiur3u 
9 9 

loasw'9Cawsi:~~odinaiu4auaidsvosnisnaitc~Su10uin ~ iuau i iu id~ .n"douaa dsmal6' 

a i u i s i l a w v u i ~ v ~ s u o i m n ~ n ~ u a w s a i ~ ~ ~ i  16 
v J'd 

2, diuins6iiwit"usdiuiluaniu;aan"a vau~dutradoadoso-1n Boaisn h i d o  

naiu?ou~adsvasnisnaiua$u10 dimna:uiilddiuini 4iawi:Got1 nisvc1iu~avosaan"aar14 

{UidCIU 6iSWa1dLiBIdSI~Vlfsll~ b l f j f l ~ u b ~ ~ a i ~ ~ ;  
4 d ;  

;. .%siniscTwvos~np dicTwsini~~mvas~n~11hif i i~sansosnmi aaddsz?~limw 

wisdiuiwsas ~isaSuwa9w"vuiwvosnaumsaa~o~n"aaas 16 
4. naiu~au61iwiz"~sdiui1uaniu:vosiwa 9ii~iaanzi~aadluaniu:ain"a Pi i  

naiuilou4i~wi:o:Sdiqs ~ s a o s d s : n i s ~ ~ ~ $ u w n Z l u ~ f i a a a n i d ~ e ~ ~ n a i ~ ~ ' a ~ o u i ~ o n i s ~ i  
1 -2' 

vidnf$mr~n:uii'fuplavos~iui~plst:ilu ~w"ds~w~6nwvass::uuUiiflaiuauufivu 

~iuivasan~osuiinaiua$ulus:.u::Ll,sr~ 7 ?$!a4 aaaouTna~uirn:ni;uou1finon1~~ 

4sr~u6iuid141uan$oau~inaiuaduvuifi~w~ ~ o u i Z n i s d i i o i ~ a a ~ ~ o i ~ n ~ a n ~ ~ ~ a i a :  

b ~ ? a ~ a ~ 1 9 i ( m e t h ~ l c h l o r i d e )  I.n"~uiniosuii naiuaiuvuini6n $sauw"ananlsilw"siu1dZlu 
d *  i. * 

flouawsa avo; ~ c w i i s s  a w % s w ~ ~ u o  w a d u ~ a u w " a n a n ' ~ s ~ a a a ~ n i ~ u a u ~ ~ f i o o n ~ " 1 ( d ~ s ~ ~ ~ u  

oeiisn5is vai~diwiuan$osdiuoini~~vui~lw@ iaui$sl.n"~iulsuanl1;o~~sniiunp1aiwu 
d d d  

~a~:6sn.rln'n'u~,dluJo~sJ'u ~ i u i a i o u ~ u a C u i ~ u < i e ~ i ~ ~ ~ w u s ~ i u q n i a u ~ ~ ~ u n i s ~ f i i u  

dixn~p?aiu?o~~dRiia:d~p7sl~~luo~luFsssiu uii&ai~sraa:aiuainm<iia$s&au 



~iuidaoa1sm~uou~duu1$luJopniua$uaisds:tioplszv iia~~1~saouliuni; 

uouaia:Giaoinna?uw?adeoa?ua.u"ildaamu'~~l~~iou ;dvuR%~unji 816anifuou 

(Halocarbon) 

d '  9 

ai1ani;plauaiodqaoinn"inG~wu (CH, ) aiacaa6"akiwu (c? H , )  na7'swu~Gdq~ 

~$agu$iuiauo; I 1,12,13,14,21 aaa:iuaf22 

v~niaa:~aautiwos:iuiits~vpll4lus:uuan$oq{inaiuaiu ~ d n n  
L i l y  a aaouFbi!Su a9u:7tndaguw'~riia:'Iald vlonioafins:aik Inmu siau~auliploinin 

dwoavui:duiiuiigniudiuiwsn~iufouaa~~avnsnistiiliua9uldsbls <iIXnnvui~as.uos 

n s : u a t i B p l a q ~ $ ~ ~ a ~ u w u ~ $ ~ u ~ s q q i u i 7 $ i r a ~ s  Fss~iupls-igo1vi2 aiuomwiialis aka: 

X o s i h v u i ~ ~ m ~  7 ~naiugu~uni- inku~a 1.4 iiranju I nisiaanuiiuns (19.6 dou&/ 

w i s i s t a )  i 30 osnianat"iia (86 asmdi~sulei~ 

gav~CwisioSa.lr~foqsdi:uiar 98.89 osuiinnatitan. (210 osuidi nulei') $I 
uias-Jiu6s$u7san"lus:uu$Is:uiunaiu~ou~ao<i iia:,';iu~ailw"~iuiitian'nku~~idof~"aw 

as ~i~iui~iou~ua~uu?~m~taa:'~ai~naiu~uoz~~ifli~~~~?uin"u~avz iaibiZnaiu$u~auoa 
9 

o:w'id~iiiuin"EIFav:di:anwwosains weqrvZos aariozliGid~fiiuin"uawfln ~ifJ1!18!JhI1?J8 

Iria~aiuii~~ii~uvtiaa"unouaw-dsranof~~ku~us:upli~~iiui%snasij~dn-idaaun~i~ui 

vioSamiovosszpluwri.lrC~ 

~atdo?lnoonYni'(so, )i~u$iui$iduw"pl radliZn1daanzs:~Cin i~uinur8ui 

Gerul4Ruu1n iaa:lu~uptuu"s7%4o~Gis doiliid~uuaflul$ i iu i r i l~anao~isd ria-wan 

daoolsmfpl~ua~umiudi~Ei 9 ~ a ~ o u w ~ s ~ 1  u i  SO> od$ds:uit~~ -9.5 o~uia~aatitun. ( I 5  

osuidiriulad) dnaiu6uussuiniu qa~vPai$u~2 - 15 osarrnaititua ( 5 osuid114~1~i') 

aanzi 30 osmanna~ua (86 asmdiasulei) ijnaiugu 3.64 iilanju 1 ~ i s i s r n u g ~ l ~ ~ s  

151.8 110ui /  niiis6a) ~ia:aiut:pldi~uvtio$u nouawsaanoiaaazv~nniiiifiu 

ti~u"ultio$uis"la na'EII$a:wan i i u i  so, p l?aw~ldi id~f i3uin"u~av:  a~i$iGnaiu$u 

lus:Eiuo:Ganimiflu nsn4iu::u (H, SO,) ~ s ~ ? i d ~ i i i u i n ' ~ ~ F a n ~  

~ ~ ; P I D ~ Y R ~ O ~ Y S & ( C O ~ )  1 9 u $ i u i v Q ~ a a ~ ~ $ l 4 l u ~ ~ p l ~ l i n a i ~ a i u ~ n a i ~ - s n s s u  

a3a~Zuw:aa Issazns lssiasu ,aazi,iu 7 7kasnisnaiu dao~i'sa$uw"iupl a$ui iui i%iZ 
L l U  

n i u  ?ljGw"pl %aiinldvS'as:aGw im: Iu nn1aw: n:~u$sn"mi ia$udiui idaoR~ui~n 9 

n a i u ~ u ~ s ~ ~ a r m ~ i j  -15 osuia~atitua (5 oqflidia5ul8i) Gnaiui'u 22.2 fiFaniudomi5is 

r.su;auws (317.5 dou61 ~ i s i s t a )  $g6ww4?2 30 osui!~aktitun (86 o~u id iasu l~~ i )  Bnaiu 



Cuqsuin7sl.a"~in!iaz~~dn'ad$u~ 6ra$s!!isafIu~!~(~ lumu:; co2 ' a t l M ~ l g ~ l ~ ) ~ : z d ? ~ l ~ i  

d Y  d Gnu n:~unou!wsn!vososuuuiw!bn~p?6uwg~~un~~~z!~u$naiudu~~iuiuni f f~ ina' iPw 

!~<s!!v?s 6iflaiu~uildqusz~u6ounii 5.26 iiTan?u, @ i i i i d ! ~ u ~ a u w s  (75.1 dou61 w i s i s t a )  

$ iu i  co ~ ~ i n h $ i a i u ~ i u r ~ u ~ i i ~ $ i u i a ~ o u ~ u i ~ u ~ ~ l i ~ ~ ~ w i i ~ u a i i ~ l n i s l w a n a ' a u ~ ~ ~ ~ i a i u  

!uw"an~nls& (CHCL) ~ f Iuwana iT~n i fwouon~Gawu ~jna$ownd; -24 o s ~ i  

!vaiGua (-10.65 ~.1ui1'1i,suY 84) 6 n a i u ~ u u s ~ u i n i n  l.a"?uan?os i~naiu~du$l$wiuf i iu  
d a ,  

14u $ a h  { a a i  ruGan~n'ls&lii3uG~!uouaautlauuin ( a w i 7 n u n a o l s d ~ f u )  m"wlddiu 

n a i s  k!a-,~za~wi~nwaun'uniniu i d i s  8.1 - 17.2 !do;!%u&'iwuJlM~n ~: i id i j i i?ui ;u 

d d l sl d 
F ~ w f l a n n o ~ & G u u  i?df lz? ~!unfi!%uu . a s ! u o w a u ~ w ~ ~ ~ s ~ l i l ~ i ~ o i o o z s ~ ~ w ~ n  hl iu 

naiu$uozs:a~wa9unsnls~wTnanin (hydrochoric) neiiddou<so:$idin"?uin'uTaw: 

+iwan!wbna,a-,%u q u ~ n  e i n ~ u t s i i d i i i i u i n ' w u i s  ns=iu,~iTi!aazuis!Guu i~a:{~a?Iu$iui 

~R&Rluau$;~u!f l j '09 

$xi R - I I (CCL; F) a~uwandGn'iiflifuou~ndG!wu Tjn~dnn nd6 823.7 nsui 

!vaaGua (74.7 o ~ ~ i i d i ~ ~ u I ~ i j  d)naiuguuisuini~ ! !~dCi  ~ i w ~ ~ i u $ i o ~ n i ~ ~ ~ i z u i t u  0.927 

4 

osars8nun'prau~"5unaolsdr~u~iui$liaduGplazaiudiaiulZoeiis~!!Rdi~w?dazRiuuis 

n ~ s u ~ ~ S ? $ l B n ' u  1.n~ndnouawisk~ofaiuu!!ssw~us~uafl~s~d~uoifl iff~u1~1w~ r~azZB  

! 3 u ~ l u l ~ l s i : : u u  

~ I U I  R 12 (CCI,F , ) I B ~ I M Y ~ E ~ ~ ~ ~ ~ D J G ~ P ~ ~ I ~ ! ~ u ; ~ G ~ u G ~ u  ~ i u  $Bu ! ~ i t ~ d ? u  

oini f fssluun" Ganiwia~unulijad~uuaniwlbiiuaaC g a w a 7 c ~ s  T~w,$P)RP)~$I -29.5 ns f f i  

avaaiua (-21.6 n s ~ i d i a i u l a 6 )  d ) n a i u C u u i i u i n i ~ i  $ iu i  R - 12 aiui inaxiu~ukipiu~d 

oeiisRynaniuz is~i1+7~aiwoaiawoirra:~1np11wia!vo~1!w"so~1auo r~az"unaiu4ouudsuw 

n i i  naiu!3ulnG.ou 

i i u i  R - 22 (CHCIF~ ) ~ 3 u J i u i ~ l ~ l u a n ~ o s d r " u n i n ~ ~ i u ~ n G ~ w a d ~ w ~ ~ $  - 4038 

o d f f 1 ! 4 a , G ~ ~  (-41.4 o d f f i d i ~ i u ~ ~ d )  6 n a i u d u u i i u i n i f f  i ~ a z a i i u i ~ o f l i l d b s  - 87 oaf f i  

d , w  
!%7!$~a (-125 8 d f f l ~ ~ l i 6 ~ l E l ~ )  ~%'!kTd~l&l ~u i i i~u i i i ; u !n?n~ i~~d iu i  R- I2  < l U l  R-22 9: 

Gqa~r j lSwisZiu i iuqs a:6u$nsT:a"sp,iiil~qs!iiuinsun*~nu!nwiz!n?n~9u!aof!u~nnnu 

awsa ~~o~ui~.a~w~osizuiu~aiufnun'auw"wau aaazilip1iina:aiu1uiiiu6~tuw~~~s'iwu 

awwi:lunourwsna.anfaadlia:niulu$i~u~~tuwjl~ii l u ~ a i w o i i r w s f l i j ~ f l ~ w i a $ u a n ' ~ l  

nl i lwana'n~uoa$iaiu~i~iu~nr.uuiwiolw"~nn"o.r  6 i l J l u ! f l ? o s . a ~ n ~ a i w n ~ s 1 ~ ~ ) ~ ~ ! 1 1 u ~ u n  
d d a  9 d d  

o:$nGqdniaf!iun $iylulnuknwi:!niodnuYtuw61~~i ~ n ~ ~ n ~ u i ~ ~ o u ! w > i l ~ . v ~ f ~ ~ n n i ~  



d l  d " .  
I~IUI R -500 b ~ u ~ ~ u l t l f l U s ~ ~ f ~ 1 ~  R -22 fk R -152a(73.8 adnsivun nY 26.2 

ido;~$ud ~nui ' in~n) $ ~ u i  R 500 o-5 pmab.ilwaii -33 nsmavalGuar 

(-28 osn7diasuYsd) inaiwTuusss~niw aiss%J"vuosmfndinduwo 7 fiuaniosi~$i'iuT 

R -12 , R -22 %p~~lfi ik~i s~ndi9&ul R -12 baa: R -22 zsI.a"aawu R - 1 2  lmsawduiassdi 

dsruia~ 1 8  adoiiGu& n;~uis~ir2u~~nir~uu~~nisad~uuw~iailuin~osaeoia,~n"n 

R-I 13 6111790016 



2.6 doaisminaiua5pr 
d. y o  l w ~ ~ k a l d  n~nvnsia~nlnnivioo:<uo~n'~rnisl~siubnum:vndmsn'n~s msrii 

naiua"uula.a"sinivoqa"nq aiazdialsss1ulunis~a"m a"n~lnl:inwi:va~naiu$nsnisneii.r~i 

siinYu'Pn.aisriinaiuaBu 6asiids;snGniaaz ~ iw~nvo . r%~$ l44 iw 'o11~ :  Ti;nisriiw'aa?Iu 

$U uiwsgiuviamsnaiuadu~iw~~wmiu American Standard Code for Mechanical 

Refrigeratin(ASA Standard 39.1) %q$l"aYiiamsrn'uvas.aisriinaiuaBu~auuinldli~ iwdn 

d i  angnvdo nasi~nsra~zwasana"osiaq1~~i~ivui~w"o:l.a"~uais4in~i~a~uw"a 7 l d  

ena5uwasitms ~aaznns1n.Z~~ u:ldl4n'praiauFu~Go awsi:iaou~ulGoo::nnioulaw:andi~ 

rio\insaans~l~a~lieu~uii~osdiw~niui cnaiu~uniuins:nniauuinn~iaaa~ awdd 
Y Y U  i iunhandnvdnnia rw ind i ln lmnumsi iwa i1~ i~u~nn~~~n~a"u1~~uFua9o w'o.aisr?inaiu 

A n  r 
t"uu~iuaauii~u6n~i.rniu~ionY.da;iu loo uu, oio~.a"liownsiawsviaawdna~~tla ria:w'di 

vuiwid~aeiiauinaisa;iunh loo uu. nasl4w'nrwdnndn~s1siniiiwsniiviniv~niv~9~aia66 

~ 9 9 z d l ~ i ~ $ l ~ ~ l : ~ ~ ~ ~ ~ f l ~ d ~ ~ f l ~ i ~ n " l ~ ~ 1 ~ f l l ~ ~ f l ~ ~ ~ ~ 9 f l - d i ~ B i ~ ~ f l i ~ ~ 0 ~  

n b  * n  
w ' o i n ~ n i ~ r 9 u a f l a s o : a $ u w ' n a a ~ l ~ 1 ~ ~ u u s n u i n  (sea~~lless) ~r?oia i iuuaiad (lap- 

welded) f J f l b a " ~ ~ ~ & ~ ~ ~ d  (butt-welded) oeiuuina8uiipiiuit1ais1ni~iipd 50 uu. rilnffni.wQoa 

~Z.uuina8utiiaubnais1Jaiiu 25 nu. ~ : ~ d u l l ' a ~ ~ ~ ~ u v J n w " ~ ~ i ~ i  (extra heavy) ~auw'o$?~vuin 

Fmnh 25 uu, o:lduiaiauu~nmsgiu (standard wzight) onb~uvi~.ais~lflaiu~iuavaa (liquid 

line) w"~.uuiwldaiiu 40 uxl, o:i$uw'nvJnw"ln w'onosains rduw'oiaisaia:vindu w'oaaiso: 

iduw'ws~uiaw'oua: 6 i r jms  gauvioiouarvnaduasinaia~ui~ 7.5 auws ;s 15 auws viniauu 

n??w K aaa: L rw'i~u~~vuitsiiniu1$16uw'naisriinaiuidu w ' a t ~ a ~ a i w . r i b u u d a u ~ ~ a ~ u i ~ a  

di l l iu.als~inai!~~.~u~vuin 20 uu. ~~a~ea~auw'ov~~lsaansaau~lia~s~$~uszuunis~inaiu 
e. d r  

a b u ~ ~ v u i n l w $ n h  20 uu. aaaz ~iovuiwiannwosnisnaiun~6 



y = Ei?uialnaiu?nu zniae~raui~nani (cal) 

m = uaarnsw?o1finCn in iaudun iu  (2) 

s = naiufnu~ini:ossnisFu GniauiiIu~aflao? I n ~ i ~  / 

OYWIL(IISIGU~~ ( c a l l  g 1. C) 

t = dioasgaw4iidad~uua~da~u~d IntiauiSuoseiavaaGuai c 0  o 

6s~1&ndia i l i , ia "ad ia ia i i s i~ .o"1~ iu f la iu ;nuo:~~an~~~s~u i iad i !dnd1d i  

d?uia naiufaua.u"ilda&u aiaiis$uu:Mnadiujanoilizn:~u :saieisnaiutnuaanld19u 

2 lien ndo 

I .  f l ) i ~ ? a ~ < ~ i a i  (sensible heat) ~ ~ u d ? ~ i a ~ a i u f n u ~ i i 1 w " a i a i i s Z ~ a n ~ ~ a d ~ u ~ a  

11das ld~a~a ia77~~ f ldd$Wr~{  iiuii$s~ainiu:a~uv~asinaa isnyniwdu d?uial~laiufoui.u"iY.d 
9 v I i 

diCuozSpan~~~svuasnu 7 ~ ~ i i ? d  100 a~eia~aiGua dn aiu~u~d~ssuini&s bun l i  pn 

azanvm$i ~~~uia f la iu fauwd~i~f ip jY i i j~o in~ i i~s$u Pauusgnizand~miii9unaiufuu 

<XI Gn 

2. n a i ~ 3 ~ 1 ~ ~ ~ d d  (latent hcat) L ~ I u E ~ ? u ~ ~ P I ~ w ? E ~ u ~ I G I u ~ ~ s I ~ ~ u u ~ ~ D ~ w ~ " u E ~ s ~ ~ ~ ~ ~ s  
A , A  

TnaZpan~Sns~.1ay ~~naiu?nwa~ds~u"si~eisnnn"1~a9u 2 oeiisi?a 

n. naiu~au~adsvnsnisnaouarsa3  I ~ P J  i i a i i s i  o ad8~iavaiGun 8ia7na$ud?uini 

f l a iu fau~rnaaua~ ie I r~a iu~~u9 iwun i  o asmavai~un 

v .  naiu?ouiadsvnsnisnaiua9uln aiu &L~E)R; 100 nseia~aaGuai 8ieniwdu 

d?~i61~flaiu?olaozn~iua9ulnnumi loo asmivaa~aaia?iun"u~umsiiuaawidid?uiai 

naiu~nuaadsI.a"~ns6si 

wuitlrq n3iu?ouaadsvnsnisnauuLnaavns&ia~s = 79.68 c a l l  g 
s 

naiu~nui~d~vnsmsnaiua~uY.ndi = 540 c a ~ i g  



n 'ou i i~ la iuau" i la~s~$osdu~~n~ni~M' in~ iua~u (ton ofrefrigeiattorr) Bia?Ju$osmiu 

a~u6sua' id iu- rudi 'u i~f la iu5ouaid~vosnisvao~Ja~aiuvo~Jiaa1sv~n I ns"lliqtuvg5 o 

8swiavaaGu.a ~~aaua:a iunaiua~uGi~~u~ I n?ud 0 oswiava~Goa o:bosIBd-- a mtuf la i~~  

r8Ullds 79 68 Uflt78? 

I $uvosmsM'inaiua"uu 1~uioinm-jdiJira1s'wG'n I du (1.000 Elaniu) M" o asw i  

avaaGu.a uivaaua:aiuBmYud?&tun~iu?aunaiua?Ju$i I dud o osPii!vaaGu.a~rumwaZ 

luraai I Tu 

lblltdm Q = 1,000 x 79.68 kcal I 'k 

= 79.68 kcal I (288,000 Btu I %) 

v i 0  = 79680124 kcal I nu. 

= 3,320 kcall nu. (12.000 ButITu.) 



3. m~6iprasrawivpain~eln~dminaiw1i~ 
d cYB in"nlll"i1udnni,noni1~]ui~a:a;f1~gelnssw"onnfiia'sn1uwa'mGi15uv~nG1~i"u~u~~ 

* A d  
~aizmi~a:~i~elnsd9; i inaiu i5u.uuiwi~naia:~ l .a" lu~nuu4.uuimianwul .a"u~a~n~oin 

\~rinni.iw"i~iuia;owna"nsn'uniz9;iiqiu.uosgelnsdnnnfiia'snnu G u u i ~ i ~ n n s : f w Y m ~ i a z w i  

& i i u  $ s f i i v u ~ l G r z u u i i n  ~ i u ~ $ u ~ a : ~ . a " i i s i u m i u i ~ ~ ~ " n ~ i i n a i u i ~ u ~ i ~ ~ ~ ~ ~ L o ~ u ~ a ~ i ~ ] ~ ~  

gwunSFwal.a"msuiina~u~iu R-134a a ~ i ~ ~ : u u ~ ~ u ~ o s ~ ~ w a w " i s i u ' l v a t j i u ~ 5 1 ~ i n ~ n ~ p i ~ l u  

a o i u : I o i u ~ n a u  62 03 kPa o o n a i n i n + u ~ n a p l i i ~ u ~ u ~ n i u : v o s i v a a ~ u ~ a i  I 1-14 

MPa i l l d o 9 ; i i 1 ~ < i i ~ ~ t u w ~ ~  28 5 - C  awasin;o 0 " C  in"aw~m<iiiuv~n<iiiis~u<m>i o 33 



Interpolation 

P, = 0.062 MPa 

(23 1.35 - 224.72)(0.062 - 0.06) 
h, = 

(0.1 - 0.06) 

QlflW1919 A-13 ~ ~ d t l G 4 ~ 0  Thermodynamics 

Interpolation 



W l  h2 4 1.144 MPa 

a l f l w i s l s i  P = 1 MPa aaa& P = 1.20 MPa 

Interpolation 

Interpolation 

Q = Q, + e, 

Q, = m.cp (AT) 



0°C 

m = u a a v o n i  (kg  j 
w 

C,  = d i n a i u g n a i ~ ~ o u ~ ~ r w i r ~ n ~ ~ i  4.1 8 4 k ~ l k ~  

AT= wan ' i~uosgsunq~ (k) 

arnudiluwuni.j(2,3j 

Q, = (0.33kg)x (4.184kJlkg.K)~ (301.5 - 213)K 

d 
1110 Q, = ~ ~ u a u n a ~ u ~ o u r i d ~ ~ ~ ~ ~ n ~ L d ~ w d o l ~ ~ ~ a ~ ~ s d a  (kw) 

w 

m = uaaaosGi (kg) 



91fl f lPlf l lS - 1 ~ ' ) ~  = m,(h2 - h, )  

d 
L U ~ J  w;,,,,,~ : Ria59no.r compressor ~~~JIBIU~~SWZW&LL$~ (kw) 

mi = BnsinislwaaSsuaaunsaisfinaixla"u (kgis)  















wmaonraw'ifk high side = 108 psig ,low side = 95 psig ) 

4 

170 

5 

1 2 

152 

12 

5 

200 

2 

Hi pressure (psi) 

3 

160 
- 

8 

150 

I8 



~ 1 4 1 9 4  3.3 i i n i s w ~ ~ f l ~ u ~ n a i u I f a I w $ u  260 rpm aaa:inalu(uara$u ( high side = 166 psig 

Ira: low side = 9 psig) 



msui  3 . 3  ( in )  i in iswnanuinainr iak~iu 260 rprn iin:$nainr~uis$u ( high side = 

166 psig bin: low side = 9 psig ) 



(sec) 1120 , 760 910 

~ 1 x 1 ~  3.5 ad?uua~ou<msi~aus~viisnaiplafa (rpm) 6unaipla;a (kmlhr) 

(kmlhr) v 



' &  inns' I 

inns' 2 

~"na 3 

iiins' 4 
* n 
-- inns' 51 

nisdn~iarussnu~vnsip7~8sfl~mdi~.duv~odid~~adduu~1~p7oudwssdvo~voa 

souuiiduursdsshsp7aiudu ~ n u q a l w g G v e s ~ i ~ ~ $ a ~ a a n i s o d d q a i w g 9 ~ m ~ d a n ~ i $ ~  o m i s  

wmnoa~uui i i~oi i~l~udnfodoon6idaniuvacnaiud$asou~uni~dunsd 95 rpm d~f l s iwn  
d d ~asndusldoubs<flsiw~qmw"iu oinmisisnis n"o d<msiMwua1+~ani%unispiip7aiu~iud~'i~u 

19 ui; 7 q u i i  nai~~d?asau 206 rprn 5msiwu~sosraoi%urnsriinaiu&uiw'iKu 13 u i i  7 
e 

aui; naipla$a>nu 235 rpm, ~ u ~ i w n i s i u ~ a n i ~ u n i ~ i i n a i ~ ~ ~ d u ~ ~ i i ~ u  15 u i i  16 ~ U I Z  

n a ~ u & a m u  247 rpm <msiwwiiaaniIumsiinaiu~iu~siii~u 12 u i i  3 i u i i  na iu~ i a sou  

274 rpm i inc~wsiwn~Xi~aaiIunisi inaiudu~vi in'u 9 u i i  33 5 u i i  miua$asou 340 rpm 
d A n  oinniswmarauwuii naiua$asauais~nionisiinaiuiduvs~uounaiui~asouu~n 

* a  aY 
m s ~ i n a i u r d u s ~ u i s o ~ i n a i u ~ ~ u o ~ ~ i o i n u i ~ a a ~ ~ ~ s n i s i i n a i u i i u % m i ~ a ~ u o ~ s w a % X  

9'2 
aal~g~Vos~~nmndi$a~uidn~~~dani%uilisiinaiubiu6ouas~au 9 ~ n s ~ d f l i u i s o i i ~ v d i n  

qawpGw"os 27.C diuims 330 un. (nsidos$itRnu) 7 g a l w G S ~ a ~ ~ i ~ o n i ~ &  o "C 1; 
nisIuraaids:uial I5 ui; irn:oca~ui~u~iar~a~lin~u~~nu~~ 



























































aabn fi. uoauuu, n ix i i~ imnaiu%~~b.  L ~ ~ ~ ~ L ~ Z ~ U U ~ ~ J S T W U  ~ u i n u  quws$~uinia61~. 

nqsawwiis.siunr: Godiaiunnsoga, 2547. 

a~w%&snnsa;. ni.iesniLuuin4e~~n5nn1. nqsawwzlmurls : aov, aau. ilyd, 2544. 

~ u ~ i l < ~ l u n u ~ a .  ~n?ssPiinaiu~~uaia:~niesel?u"uoirn~~. nqsawwuviuns : aav.aau. nyd, 

2544. 
d 2 ;  

6'n;~v au$;n. m s i i n a i u r ~ u .  Giiwn~m14, nlsamw : ~ ~ i l j l d d m n ~ u ~ a ~ ~ ~ ~ ~ ~ ~ u i n ~ i a ~ i  

nbliwwisai~ils:nis. 

Cengel. Y u n ~ ~ s  A, and Boles, Michale A . Thermodynamics . McGraw- Hill.lnc. 1994. 
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