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ABSTRACT

The refrigeration system controls the temperature by on off the compressor when it
reaches the desired temperature. If on-off compressor often occurs, it will loose much
energy. The variable speed controlling system in motor compressor is the system for
reducing frequency of switch off. There are some problems about lubrication and suction
gas cooling of motor stator when motor speed is low. The Programming of controller for
refrigeration by refrigerant vapour by-pass controlled the condition of refrigerant for the
standard of manufacture and suit for heat occurrence. The compressor will work continually.
There are no problems about the lubricating system in compressor and the suction gas

cooling in motor stator. The efficiency of temperature controlling is satisfied.
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2.2.2 yniAdnlusinlszina

UARE1D3 Abtar Singh, Ph.d. Goa Optimum refrigeration control with E2™ [8] ¥
m??Jf-'ftl‘[mﬂ'l*ﬁ’qﬂﬂ?tﬁ"n"mmsnmuﬂuqmuqﬁﬁ'luqm'lﬁﬂﬂ;ﬂqaﬁqmi'\m:s’l’m'lﬂﬂuan?:wuviﬂ
qquﬁﬁmﬁv’fmm? FagunsaiildAe Suction pressure regulator Qnﬁ"qmumni‘:uumuau
Lﬁﬂ%’ﬂmqmugﬂc-’ﬁuz;]ﬂ'lﬁmﬁ'hmnﬂmo:Tmﬂ'lwﬁqqﬁlm?:m'm'?’ﬂuﬁ‘i']'] MaAuANAnIfY
g mnanuiufivaindtionnzan memddehuitginefalnfunueuinazdu
gan wud1 aunsntssudandarmdldunndissuuning 17.5 wefifius

IS8 Ali R. Nejad. ffi';ﬂ\'l An Introduction to Advanced Flow Control , the
solution for energy saving .[9] UmaseusaLFiamminium s narafadldennie da
¥ ponmsamesnSlaain fninnsmdn wed 22 Aeemawimilmseneeniy
ﬂﬂnuuuqmuqﬁﬁmﬁu‘hﬂ 6 °C vfundl 12 °C gampiinesdifii 3 uaz4 °C quamniineu
nifla 40°C MszAnSEIBNLITZIN 150 KW. ﬁqmuqﬁmmﬂmﬂ 32 °C fapnnnszan
$ouasulBeilsamaeniei qmuqﬁﬂﬂumu?ilq TanAuuAnsinaTugUiiussnIA 15°
K uaz 10°K Tugaegnamgiiusssanmesi HRiEnmseindiinduhiduandarmugumuleh ue
ssuu wud lunadin qmuqﬁmi‘mmﬂo'i"r] uﬂ:’lﬂﬁmmounuqmmqﬁﬂﬂmmﬁ'aLwi 4Ain
ANNUANFINALOMANUTTEINTA 107K Lﬁﬂ?ﬂmuﬁﬁuﬁﬁuqq ussfinwunguu)iAosdifiu
Ad 4°C arBinanmlsudiandenundn 28% WeuBauifeusnfsenunly wineuax
qmuqﬁﬂautmuiqlﬂﬂﬁﬁndﬂ 40°C Top MrnarmuansiugaumnRussunie 15°K uazil
grunfiiraediEu 3°C

INAWUe9 T.Q.Qureshi uaz S.A. Tassou a9 Variable speed capacity control in
refrigeration systems [10] nasAsE e ntnastAde luFeesnanlneazBanit neld
m?muaummL‘%“Qs‘ﬂum?ﬁmﬂuﬂﬂmﬂuLwa‘m'ﬁﬂé'lwﬁf)\:ﬁm?:ﬂmu'?’ﬂuﬂmaa Feannman
smnuaiilunaasienininems fannannluaniunisdnuse llanmnmacunugamgiitiag
i uaz hivszudandsr arwiiveswinildnaseyutas 25 Ba75 Hz. axtlreudamdsandld
anndssEla e fe 20 weddud Sermdnmiilfuiimsanifmaoumwsa iy
softstart fael srLLiW I Resreumsameditnay doumsinlihlzgnddiurenmsaies
afiagngl  LULHAIENILUSTNBIABTYANIENEN  ANITNIITOUNIMINILIIAANINTALIDT
300-900 rpm. Tmﬂﬂi‘:ﬁw"ﬁmwﬁuﬂgjﬁ’u Uhnmumsiaruduiivgluszuy nssarimiifa

- - 4' 3 L 5 S e ' 8 4
Nawns uss gruamniisigs luseumaminauge [z e volumetric efficiency ABUINAY



vln?aum?ﬁwmﬁl 66 wlefifud  TaetlomnvaimsldnisarguaAIETaLIN AN
AoumsAeTiAD (aerinmmdedilutasensing usssange) wnt mzmnliifeme
q:v’i*l'lﬁmqm?'lﬁmwmﬂaummma?é’um uasdanlrAvinmiianseamed ewan
Tmaﬁ"q’lﬂuﬂLmﬂfqzﬁﬁﬂﬁﬁmuﬁﬁ'lu-ﬂfm 50-60 Hz. Ls~AVEnMSARINAAIN copper losses ,
stator losses , stator losses & core losses UAZ class H Lﬂuuﬂﬁlﬂjﬂu‘?llﬁﬁqmé’mﬁmﬁﬁﬂﬂ
Wlunsinanun i

4598189 Herman Renz, |3‘iﬂ~1 Modulation Techniques for Compressors - Part Il ,
Performance and Efficiency Behavior of Screw compressors-Comparison between Slider
Unloading System and Frequency Inverter Operation “, ASHRAE Technical Committee 8.01
Positive Displacement Compressors , 2003. [11] n134gd BITZER compact screw
compressor model CSHE561-60Y 60 Hz. nltuifiauiunislf KIMO Frequency Inverter 75
FEP range 25-80 Hz. Aauwsariagnunsofuauannmald 25-50-75-100 weFisud T
m?s‘yfomqmuqﬁp’]’ﬁuqmua:a’hum udaiuiunefinef wan@dewudn nfld Slider
Unloading Uzsntiawdsnunnndt n1sld Frequency Inverter (fgaan magryidunieluga

wamafnsUFURALAZIANA D IER IWHA
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3.1 unin

Tursaaianusiuasias A i Wegillenaazieiananduzzimia
m’mﬂmmu’lm:uuuﬁﬁﬁ[ﬁ]

- 1.3z In(mechanicaiiluszuiaepauiulngetdunminumansingine
Lﬂuﬁﬁﬂuuwéumﬂﬁqm FaFanmaialudn mminauifuuuudnle (vapour compression)

2 3snililinaln (nonmechanical) Wiz afaiarnomhiliistulaglides
1A andnuTivesdudmtansinlan maardurii e Wi msi
ArLELLLLIGATH(absorption) uuu’l-h'lﬂﬁﬂ(steam jet) wazuuydnisrasihresainiAair

expansion)

o @ «
3.2 STUUMSAMNIEULLLSR LS
3.2.1 msaAmsiiginsmevhanaduiingnla [13]

¢ D
+ Condenser
( Recwer )
Evapocator o
o S
valve
Basic vapor compression cycle

5171 3.1 gunsnfludpdnsuudale

) - | e o o - v
1. tATeNaR (Compressor) Lﬂum?mqmuﬂ:ﬂm‘lﬂmmﬁmmLf_mun']?‘luﬂﬂf_m

OI - 4 - a -3 T d"
asane wExuh i lunrdnansinaaudiu 1 kg, wlinal



W, = (hyh, ) {1)
J d' L 5 1 J (v
e W, = i biuniAzesdin (KJ/kg)
a 1] J J A 1
h, = ipumativrmannuidurisunssdinninadniimisatiu (Kukg)
a J J [ ]
h, = lpumativessminasidunaenanwresdnimisathe (Ku/kg)

J 1 A [ o 4 + - %
2. iPaaaAILLLY (Condenser) As¥aunae LW TRIALILiL VN TRAYT
Q, = (hyhy) 2)

e q, = paaenlavosmminasauduneiflustanaLiy (gkg)

h, - iunatiassPaunieuRiaananisfesdnimionglu (hkg)

h, = unathissaaduieansanissrLwinimiandlu (kkg)

3. I8 nduLiufunnda (Expansion device) nszuaumstenesatnssan sy

nIsUUNREUIATATT RIS viten st madN Fou
h, = h, (3)

- al o o - "
4. duntwiames (Evaporator) AoufaunanminAsidiu 1 kg. gaienlFuniciivaiou

maea
Qg = (hghy) (4)
- -l ° o - -
dla Q, = anufaunaniandugaliudunlimaned (kikg)

h, = imumsuseansinannufiuiewdhunlwsmes Swdaentlu (kikg)

-d ‘J .~ 1)
h, = uniatiresaranuduisanamduawames Swiseniiu (kg)
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5. Us=AnEmmnisinanuitu Coefficient of Performance (COP)

COP = (hgh)/(hsh,) (5)

6. ANENNT TUNTPATEY

Qo = m{ hs-h, ) (6)

- a o .
8 Qg = Ao mawnzaiumamiomaidi . (/s via kw.)

- 3 o [ .
Q, = Arufaunsainauidugaliuiunuseed (iikg)
m = dns luateegrsinnanigiu (kgfs)

7. ﬁ’ﬂlﬂ‘lﬂﬂtﬂﬂﬂ‘m'TMﬂ'ﬂdﬂ’Wﬁqﬂ‘l’]NLﬁu

v=m(V) (7)

4 - -
dla v =1Bumrlevanuduivipadee (mYs)
m = fn maressImnA e (kgfs)

hod a & 4
v = 1Fumsdmnzaaslavanuduivepado (mkg )

“ - =
8. ANUAINNINTENIATENR (Compressor capacity)

Q4.5 & m(h,-h, ) (8)

o o &
e Qoo = AP mENEnIUMTRIATIEY (ki/s YT8 KW.)

h, = umailissarminacudunisudnduainsmed Tuaeu (kxg)
h1

= umatiissspinanufunasudreswsaes Swdoatlu (kikg)
m = i vstesgisinatuiu (kg/s)



R-12
3 .
]
=
:
| [ S 5
44— Eveporator capacit o
4—— Compressor i —p>
Enthalpy ki kg,

d ] [ o -
qui 3.2 unugil p-h 1893gansMRiIAIIEuLLLSAle

11

-l
3.3 mmgwmaaqﬂaaum‘i‘awa% URASABNINTHITATULVSA laluuunuf (1]

AR!' ( Air-conditioning and Refrigeration Institute )‘lﬁﬁmummmjﬂuﬂm‘qm

- - a - 200 O e pu i | ar - ar
paNmsaTes uaz reNwsdmefuLLdalouuuw? TaeiAnRieasmAinatiaiendde

e

-
U

-l - - o pe|
AM39NA 3.1 N'Tfﬂ?g’]uARl 540/199% ﬂﬂﬂﬂ”lﬂ?ﬂlﬁﬂ? UaT ﬂﬂ”L'W?ﬂl‘ﬂﬂ?LLUUﬂﬂ1ﬂllUUllﬂuﬂ

Standard Rating Condition For Commercial Refrigeration Application

Suction Dew Point Discharge Dew Point Retum Gas Temperature

°C

45 1.2 130 54.4 65

18.3
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-1
3.4 mmgmmaqnﬁqafmau 2]
a J a = o
ARI( Air-conditioning and Refrigeration Institute) 'lﬁn’mumu'lmﬂg'mlﬂ?mmmlﬂu
2o O ar - -J ar oA ar 3
Tne WA raa iR diesianddduian
- | ° 6w -
1. Dew Point A gvnaufsiniamitiuindsacnaedluletiagia
2. fin Compressor Saturated Discharge Temperature SAlAR1nussdiurnasmIninAu
o 4 1 -
HIURAUS BT BNADHINTALTRT
3./ Refrigerating capacity wlsmmBnmudnsinisinstaaigouitigomgiuman

pinnanifuiiuluniusunisdiail
Refrigerating capacity = [gpm x (Tin - Tout)] / 24 (9)
ny Chiller capacity = Refrigerating capacity Smdatiiugiu napitagnmi
gpm = danluateniy nieduunaneu sie wn

5 - g 4 o = o & g = ¥ o
Tin, Tout = qmuqumtﬁ'lLl.ﬂ:ﬂﬂn‘a'm'qmm?eqmmmumummu sndaenidu °F

d o T a
ﬂ"l‘i“'l\'-lﬁ 3.2 HIMIFIUARI 550/690-1998 MIABNULULIJAATINVITUILEU

Standard Rating Condition
Water-cooled Condenser

Condenser Water

Entering 85 °F [29.4 °C]

Flow rate 3gpm/ton
Evaporator Water

Leaving ' 44°F [6.7°C]

Flow rate 2.4 gpm / ton

Condenserless
Saturated discharge 105 °F [40.6 °C]

Liquid refrigerant 98 °F [36.6 °C]
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a C [
3.5 UsE@NEnNa23LATaIAARLUNEY [14]
mmﬁﬂuﬁﬂmqnqu Wetlestugngunssnuiuin lunseanuuuiaiesdnlouuugn
- 3 - d : “ [l ° ]
guaziidesdnalfidnfenszuindauuurasgnguuasau  agnguagumumigegn

umsreetesdnamilagnguilifendn Clearance volume

517 3.3 witeadnlowngngy

<l = al .
3.5.1 UFanmsgnguiAaaun (Piston displacement)
- - 4 o - < .
haBumsianusnalunszuangungninfeunangudneuuunnegubgme

619 FagnansoAandldal
V, = [ (0.7857 D*)(L)(N)(n) ] /1000 (10)

J J J -II ] - 1 “x =i
We Vv = Fumsngnguinfoun unioe ang sin Tuh
= wrigudnansueanszusngulumion cm.
= szgzdn Tuwndos cm.

° v - -
= RMUIUTALTDITDMAEN ( FRL/AUN)

= = &= B

° o o
= MUILGUIDIATENDA
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3.5.2 ams1daunns8m (Pressure ratio)

Pr =Pc/Ps (11)
- - -J o - ]
We  Pc = AnwNdudiugauentedn Swdoentlu bar
- J L [
Ps = anwiudugaueaniestin ety bar

3.5.3 UszAnsmwiBanlsanng (Volumetric efficiency)
-l -y = ° ' - < ° &
nsiFumsndmiegngulusinunisquimeun azillevesssinadiuidu
o ¢ [ ' ar : o - -J 4
Smunikvaset Ligniusanumadunieesn uszianusuarguu)iiguilognguiniou
‘J -1 - : e j-3 "o L3 &
nasletiazaenesa Aunudnazgeleaminanududnan it ilearsminaruduii Buns
’ J 4 i L - ot ‘J
detndnBunmgnguinaoun  Uss@ninwidaBunms winets snsnEuaslendanszuen

quluusiazdaedneie 1BumsAinReun
N vol = Va / Vd (12)

N8 N vol = volumetric efficiency
CJ 4 3 -
va =1fummlasisvinasnmgudnunlunszuenguai

- S
vd = 1Bnasfignguinfeun

<l e s
3.6 MFAIUANAMNATNNITOLATRILATRIRA
3.6.1 msAuANLLLILA-TA (ON-OFF CONTROL),[15]
Wuszuuauandns inaresarvinaudy Aldetinndnun desems
- ad o - v =y -
AwAN  szuuazgniavidellaweiman/fauuasreaniszanuien  wildeeFesneanis
start-stop visgafavnnszANFaulnaNdIszULNNT
duanaoNnsae AN vuednsIN99in-seteinaNnsames (Cycling rate)
wuigauawmefagnieuaesmsames mainusssnsuwesmeflinu 6 v 8 AR Tusey
o ;‘a i 1 - J ©
mevinem 1 Fale dehilfineanfeudiasannmsivadnsesnssualwidannuninne
-« o« -. o o ] 1 A ar [ & T
LI E L PR RIC TR TE ST G BT B LR P R PV R WL LR T IR G R KE T TPV IV L

« ' =l 1 o aJ
ABNIWIALTDFRL DL 5 W WD IHANTINANNEILITLNHAINTBUTNAZANAINYATARIANE
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4 "" - 4 [ &
TustusimeumsarefGuaensa [15] Talussuunomes 3 & nsamIMULL Direct On Line

:’ 4 - i - U - '
uasiiFnunszuauadneairausdaieasnsa nanndnd 3 048 win [16]

<l - - - -
ﬁ'l.'ﬂ 3.4 NITURUDINDLIADTADNINIRLTATULELTHARARIN

3.6.2 meAruANnszuangulaifimse (Cylinder Unloaded) [17]
“4 o o = .
Tweesdanantnszuangu Falaenial 1 ehguaziigngues] 2 gn nsALAN
'Him?ﬁmfiﬁmummﬂnquﬁﬁ'mu i LAdeasAuLL 6gu win 3 th awsosnld 3 fufe 66-

33-0 wasfidus

Vollast-Betrieb Teillast-Betrieb
Full-load operation Part-oad operation
Opération en Opération en charge -1 -
pleine charge partielle |
|| ©F
. i
;i{-;ﬂi ?
7k > \
v ! “ .' S v
\‘ / it % t *-
b/ A S/ [/ /A

\S :

<l yal
5U% 3.5 nsmauRunszuangulifiniss (Cylinder Unloaded)



16

3.6.3 msaauanaTaiseLTRINBIRRSARIINTALTRT [18]
-3 - [ : - J JJ 1 £ 7
m?mm-)um'mmmummﬂumniuuﬂmﬂsdhﬂmﬂﬂaﬂuuﬂmmﬂunmm'm
ar - A' 44 v 1] L8 ' -
Funemed g 50 HznnfnadAseliannd 50 Hzuaweiaswuiandning
JJJ ] " [ ¢ ] - - . o
LasynanANERsdtienndt 50 Hzuawafasmpdndning daemdnmaiaaiun il
& <o o J - x
msmuaum‘rm’mmu’lﬁﬂauLwmL-nﬂmﬁmu'lﬁ'mm:ﬂunun'\?:m'm%‘ﬂumnmu ABVN
-3 -' 44 i L ' - a 1 ' -
M= Arasiinaaansefannd 50 HzuewefAewsamafazuIaNdLING N3
J 3 3 ' =3 ud.-J i v v ' e
waniasanuiauiasuiniu wininnszanaINazanANINEEIIUesNIT 50 Hzuewes
panwsdLsafasvyuiindning
J & " - o - ar -J -
anaNM(E)aziilden srmnirinsssanmitacuiuiiuiw lddty
e uann lumninaudulBuniinmed
- J - -3 - -
Tnennitussuienonmannminasld guugives  uwisudieuniy
qmuquwr;ﬂ'nmm‘lﬁ edlusrimmannszacadoui penmsaimefianicem dadluszuy
i inAnEiiane ez Waruuansinesinde. uadudmga(Suction Pressure) faan
WULUAS ueqﬁwﬁ’mqm’luﬂm:ﬂfu m?muquunmumuqmutﬂumiom'l AFEMIINTUIE
uawmefrnuwsamafAasetuszdille Fannnnszanadeunn  madeananaiiulevaans
° o v o - & - o &
iy asill wsedmesmaia ezt dasnanitanuduieanant

FhilanuauazdauansalminaiszanaFawnnt

35 . Max Pressure deviation
30 4+
2 25 |
3
'E' 20 Variable speed compre
3
! 15 4
o Constart Pressure
c
o 10
-
@ 5 1 Quick pressure variations create stability
problems to the expansion valves .
° Bad evaporator efficiency
T T T T P—— T v T T ]
1 2 3 4 5 ] 7 8 9 10 11 12

Time H

=l o =
5171 3.6 MsnuAuUNEUETgalatEnIIAMIANAINEITEL
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ﬁﬁ’ﬂ—ﬁ‘é_ﬁ, ——— Pou g
CRULIE I TEETTITTY 2 P
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N=120(f)/P (13)

daN = amidareureaewmed (rpm)
f = Arwidveunddliin (Hz)
P =dwondnremeinef
ol RBovreannsidnismouauanuidarey e anNINAMANLIIALGA
Wipanniign mmm’lﬁnaummt-nﬂ'Eﬁ'mu'lm’aﬂﬂﬂﬁmﬁ’um?zﬂfnn?ﬂuﬁ"Lﬁmﬂu e
mm'mmuqumﬂumm?n'l.um?ﬁ'mmmﬁuiﬁnf'm\'n‘qm A s Overload & Partial
load fedesvaimsldinmunuanuiiosey A maveRumeluAssaeF, Tl

[ J - 3 " o [ & g L3 s
waoauiAuG e lumsinanduidnanngLsed Uas NITVADIELINRIANBIADT

AONINTALTDT

130 260%

120 b-k 240%

110 220%

100 _A 200% [ —g—twind['C]
g 90 : L 180% _
% 80 e 160% | —STmech%]
5 70 = 1 140% Vol [%]
1\ 120% | _gpe )
NS W ) o coe

30 650% (COryi]

20 40%

10 20%

] 0%

0 10 20 30 40 50 60 70 @0
Frequenz/ Frequency [Hz]

<l &
g1 3.7 HANTZVILITIHINIAIANAINIITOL
twind = gruuplnaiauawmef | fmech=1sz@ninidanaraemes, Vol.

- - o ar ] - =l -‘
UszAninmiEniums Pe=rdaluin anglazuiulddngmnlunainaziiAiuni

g lutaiiimainunseunt Sathukauan nmagruidunelunewmeinoumssined

60503
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uas nusaianuduiithinumsinatinmasifiunsmeinanmsamefliieame
ardaseuumaimauiunmmasessasdidnneumesimeFhugusineiu
3.6.4 MaAruANla®SIANNLE[19]
1.m3ldndmuANLRAUAIUgA (Suction regulating valve) i1z
Tmdavindapauauussiutun iinmef
2. manauRule¥eu ( Hot-gas bypass capacity control) WflAUgA

a4 o [V - -
biaN lﬂ?ﬂQﬂquqnﬂQUf]lﬂn WAAMNATINTNYUEND LI.'J‘IJTIJ LILADTIACAMA

3.7 NeTMauUMeALAulesau
J 1 o & i = e < &
Nl 3.8 Twamplunmessmsitacduniilunside Aadupluonues

4+ YV )’ ¥
FEULATEMINU L (Water chille)REN1s3suneiAnNFausatin(Water-cooled condenser)
Tot 1 fnamnsamafuuugngy  slefinewmefuasarewnuiuiiuingaluszuy  (Reciprocating
Open type compressor) .ldndaaaAnuidLLLMeTNAMAN (Thermostatic expansion

o & g - «ad o -1
valve) ?ZUUG’]N']F!‘]'}NLEN'[‘HU']H']I.Uﬂ? 12 Nﬂ’l?ﬂ‘]ﬂf]uﬂ’]?ﬁﬂﬂ"ﬂuﬁﬁu’]?ﬂ‘luﬂﬁ?Vﬂﬂ"]"ml.ﬂu

uuv 14 le¥au(Hot gas bypass) &arinumviaga(Suction line)IBIABNINTALTDT

Wei Weo
’ A

Fl

Bypass valve

Complessor

Wwo Wi

<l o < ci' - ar
51U 3.8 2asnmianuiun 14 lun93ae
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R-12
- 3 - 2
[
oS
-0
2
£
= 4 , 6 1
- Fvaporator capacity: :--W-—
-~-a——— Compressor capeacit -——o-§
|

Enthalpy :kl/kg.

-l - - P = e
517 3.9 wunfiusaiu uazieunat) veanasi iilumide

3.7.1 agngeminuresgmInEus UL TUTIAY LazaUNIAL
o 4 == o (-3 o ar B e J - -l ar .x
PN 1892 learminmnuifiugnaAsunsaLiefin NN aiaRauiauaclusfilga
AVNNNUEAINTONIAM(Work of motor compressonVisias iLiganamefaauwsaitef 14
¥ ;
aun3n (8) Tunisunen
° ol ° & H e o v o qva o e
i 2 a3 lefeuaninaruiugmimaaiduusnilaeunonsiawiniinanimausa
° o 1 ' -l
hiaminanuiiuanmuaihuisamas geviutiamisonAtau¥eu(Heat rejection)gn
. g . O Al . .
tremeanldlaefannis? (2) Tuniawan e lum@Adeilidinduwionaelunmasiiu
od 5 a - [ - o Py | -
paudTe fFnNNdnAsweuTesF Wei azfigruugil And dvisenanaAsuaunef Weo

o ﬂl ar o . .
YW 3 094 Wunssaunautssamitauiulagld Thermostatic expansion valve

uszlndatiaunuguamnillefeusistnn(Superheat) luganssdiiugindas
° - & o o = H - o 9 -
WM 45 amitanuiuiianstiussanagnitusnilasuanufewinifians
- o :l’ 0 o & s »
wasnaeiiule qavinanuiiatuisnuAinnuauamnn lunImiANEhyRefrigeration
) o o 3 o . e Bt e o
capacity)ngnonem i i laedaunsi (6) Tunimwsn Iaelunsadeiildindheianans
¥ | & . X . oo ol .
Tumsusnuaeuaadeu Sainesnangainiidu Wwo azligruugil Anda wdigemn

ULE Wwi



20

o 4 [ -ll -i a‘ - et dv o ]
9w 2 el nneqed 6 uashinganigen 1 unsdeidleivinms Tugaansmaunuay
o [ -] g - x 44 173
amnsn umainandiin Ml gUuuuil azisuanTunsiin siaenizanniszluns
augasgainiiuy plunnmainenluanineiie lefeusessninaudu gnadaau
J - o ]
AN (Bypass valve)ilavidellaainmaniazuesszuy Winafioundusmavianige uazan
o o i - -« J -
nanivleamianudunesnaingaduwiliiamed ndudhgranmssimefina iianimgu
. . 4. o oA 5
Aeaeaminanuiu Taole¥auniundinunn adbifounsulugeduniilinmef e

INUNGATAIABNINIALTDT UAZ NIFIMUNAUITUYATBINRIAILAN

3.7.2 amarmsynauresgavininiuitlglumsise
{hdu AT ARI 550/590-1998 AN mewil 2 Taeriasndaulssing a
Lflummﬂgﬂuu.ﬂ:ﬂmgﬁgm'lumﬁé’aﬁﬁ
- Saturated condensing temperature = 105 °F [40.6 °C] (Water-cooled condenser)
- Liquid refrigerant temperature = 98.6°F [ 36.6 °C]
- Saturated evaporating temperature = 38 °F [ 3.3 °C] (Evaporating temperature)

- Superheat temperature = 6K (factory setting)

- Suction temperature 65 °F[ 18.3 °C]

Warpiaruthuued 12 lnunsiwaod Bidaussiugdsluduie uas Winnedn
wWuwuulewuingln (Isentropic) ligainarudanaiallmdA s usemiasilaniy
(Enthalpy) S NUNUNRUINALLAZIEWNIAT (p-h diagram) Inedieldllsunsupeniowmeiuna
Coolpack [19] LﬂuTlJmnmﬂauﬁoLmafﬁ'l-ﬁ'ﬁmﬁ_ﬁmﬂ:ﬁqmauu‘ﬁﬂmmsﬁﬁmmLf‘iuﬁqﬁw
fannuanTRT89a1717ANLENRIN R.C.Downing. ASHRAE Transaction1974. Papar No.2313
[aaman UHUNHUNAUUAZIEWNIAT] (p-h diagram) HiTwAmmgnlunsinavisiely

IeAnanRvaisunsuaunsaiiousguuniidusa uaz qrmgi ﬂuﬁ’qnﬂsquﬁﬂ
ﬁﬂmm‘wj TATNTOMIAN UFTNIMIINNE (Specific volume) , WANWAAMINENIA (Enthalpy)

o X P e " ST
INZUN 3.10 UaZ7LN 3.11 UAAIAIANNIUALISETOUATNEATUITUMIATWAUNFARIN



One stage

Condenang tem perature

Evaporation temperature

Yalues at points in cvcle

Values at points 1-5,15 for the selected one stage cycle
Pomt T P v h s Z
sl lba] kgl |KAg  [WAkgK) =
1 3435 0053781 362733 15877
2 60499 9749 0020060 382657 15877
3 60499 9749 0020068 382657 15877
4 3B600 9749 N/A 235084 N/A
5 NZA 345 N/A 25034  N/A
3 18.300 345 0053779 362733 15877
15 N/A 9.743 N/A 235094  N/A
:_i'
& il »
o« | e | o |55

d ] r~9 o - o
51U 3.11 ArpruaniRvesssyinanuifiuaulae1dhsunsu Coolpack

L1
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AMAINgIUAINTRANNAFIM (3.7.2) AMNIOMIANANANTRUAZAIIMIAN

4 L
naNFaIN MU IAGT

d " o - "4 o
A151aN 3.3 mm?mmmmmLﬂﬂzumqummwﬂumm?gﬁu ARI

Item °C |Enthalpy(kJ/kg)| v(m’/kg)
1.Evaporating Temperature 3.3 = =
2.Evaporator outlet 9.3 hg =356.83 - superheated =6K
3.Suction Temperature 18.3 | h,=362.733 | 0.055781
4.Condensing Temperatﬁre 40.6 - -
5.Discharge Temperature 60.5 | h,=382.657 - Isentropic process
6.Liquid refrigerant inlet 36.6 | h,=235.094 - h,=h,
Power input ( kJ/kg) - 19.924 - = h,-h,
Evaporator capacity ( kJ/kg) - 147.563 - = hg-h,
Compressor capacity ( kJ/kg) - 127.639 - =h,-h,




RID s 2.2 Dot ASDAR bruavastoos 190 Iugas s 1303,

7000 {orm, —
000 | PR watwasd TR0
NGRS

W) Doy LIX

5000
2000

3000

200

1000~
Y
200
700
600
500

400
300

200

s=100 120 140
140 160 18 A0 200 20 60 28 30 3 34 360 3 40 00 M 40 & 0
Enthalpy [i/kg)

3.12 lLNLLQﬂﬂTﬂ UFIAU-LOUNIAT] mﬂmqumm'ﬂgm ARI

gaden AL 26i197 Lﬂuﬂuqﬁgm'lumﬁé'ﬂﬁqﬁ

- Saturated condensing temperature = 105 °F [40.6 °C] (Water-cooled condenser)
- Liquid refrigerant temperature = 98.6°F [ 36.6 °C]

- Saturated evaporating temperature = 39.7 °F [ 4.3°C] (Evaporating temperature)
- Superheat temperature = 6K (factory setting)

- Suction temperature = 65°F[18.3 °C]

Warpitmuduef 12 laenswaod Lifauswugodshudie uss Winnedn

= o X .
Wuuuylewuinstin (sentropic) ntgruauniisun]iinmefgauiiasainnisdeinglefeunn

nmadviege uasquagiinewdnaeumsasesliviu 65°F ldqavinaudanaaluusnds

Musiemdaenlaniu (Enthalpy) A nusuniusssuussiownatl (p-h diagram) Tneddeld

Tsunsumaunama e Coolpack
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Item °C |Enthalpy(kJ/kg)| v(m’/kg)
1.Evaporating Temperature 4.3 - -
2.Evaporator outlet 10.3 hg =357.270 - superheated =6K
3.Suction Temperature 18.3 | h,=362.356 | 0.051938
4.Condensing Temperature 40.6 & =
5.Discharge Temperature 59.309( h,=381.760 = Isentropic process
6.Liquid refrigerant inlet 36.6 [ h,=235.094 - h,=h,
Power input ( kJ/kg) - 19.404 % = h,-h,
Evaporator capacity ( kJ/kg) g 122.176 . =hg-h,
Compressor capacity ( kJ/kg) - 127.262 - =h,-h,

12 net 2000 vaing ASUAT B st 193, Ingwa 10,

7000 DT, Dnpurmmass - £ Bt gy Pugmssing |
6000 { ¢=0OcK).vainag In(C)
XJ. G o K7 Resn 414788
s00m
2.0
3000
2000
10.00
Y
T 300
g‘ 700
E 6.00
500
&
am
300
200
1.00
usu
080
070
060
050 i
=050
»=100 120 140
100 120 10 160 180 200 pz.i] %0 260 0 300 30 30 360 30 a0 420 44 40 420 500

Enthalpy [K/kg)

d - ar o
guU% 3.13 waunlinaw usadu-ieunnall assan1aznsinuan iy dnismounule¥eu
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3.7.3 msuFruifisuuasiiasizunguimuaunRgu

d o -
AN519N 3.5 'ﬁﬂl;]ﬂI.‘Lr?tll_llﬁﬂUﬂﬂQ?:UUﬂ']?ﬂﬂﬂ"ﬂﬂﬂ[’l?ﬂquuﬂ: ?:LI]JNNJJVIE']U

ltem °C |Enthalpy(kJ/kg)| v(m’/kg)

ARI standard: SST/SCT = +3.3/+40.6 °C , Suction temp. = 18.3 °C

Power input ( kJ/kg) - 19.924 0.053781 = h,-h,
Evaporator capacity ( kJ/kg) - 147.563 - = hg-h,
Compressor capacity (kJkg) | - 127.639 - =h,-h,

Bypass capacity control: SST/CST = +4.3/+40.6 °C, Suction temp. = 18.3 °C

Power input ( kJ/kg) - 19.404 0.051938 = h,-h,
Evaporator capacity ( kJ/kg) - 122.176 - = hgh,
Compressor capacity ( kJ/kg) - 127.262 - =h,-h,
Evaporator capacity ( kJ/kg) - 122.176 - =hg-h,

SST = Saturated suction temperature , SCT = Saturated condensing temperature

-4 L3 ol J x 4 - :’« -
s ius Wity Ussdvisnminsuulugondade Iasuiudoauyigm
: 1 - 1 -‘ o ¥
v Teedinsldwdandmsnas  udamisiaenisaaniszniminanuwuyldleFausinumng
4 - " -3 o - J L & ‘J,}
fugn TwwaandaariuAnBnasimizesslasnitanuduneudreumssined Misuag

uam liiugn AeuwsamesFuNsslundmlegrmnanuthinsag

s 2 ' o ['4
3.8 nqsm-dﬁﬂﬂﬂﬂﬂﬁuﬁﬁuﬂ'ﬂﬂﬂ?
- [ i | o o o -y
nsfudalugiuesiayauasaniazsine lugarresninanuiiu Twdisysidienimeu
Wuldun guamnll | useiu Sernisiusasanainanuiiu uaz ANTENANU Tnerasing
g -’i’ 7 - - : : l'l-J -'
WAt ldnfAinmsiana ety e lilunnauandanugUnsniuin
- - ¢ e Py ae o = 4 v o
winldandiae  lesanAsulsdiasnimeulunmadeill SuataAdawismsunFen]ivl
ey usssinsinmadalindimiunumsdiauaslalefousesaavinanmduiinauls
% o - - - -« A:lI o = i ] -l
wnzan Abhinssiureniameiuachsunsupssiame fuweiunnAwina e eazidum

v 5 il 48 9 (0. { o ot
ﬂﬂdTﬂ?ﬁﬂ?’l\‘!ﬂﬂQﬂ’]?’]ﬂLlﬂ:UUVIﬂﬂ']VnQ']NﬂQu
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Sensors f

Control valve

Computer | -~ Tranariitior E =

module

U 3.14 mavianssgeiudedoya

3.8.1 MSIAGUNYH UKL NAIAMAN

3.8.1.1 MaiaFgoum)il in2iRFRINH9YieY899R318981 AN
Wuuasfuauaulugeiifaanisdaietlieaiunansznuainguyfiussene
uasdnrnmeiedfulaenstiiainidudalasnmnehwioiidu - 9o

e
-l

BN INIIANGIMY TG

Wei Weo

Flow

Bypass valve

Wwo wa
517 3.15 qadamAgrumgil

1.1 Suction temperature: T, daArgruugiiarmvinnnuidunsudnaeumsainesd Qs

niiaviaIndriuandatlnsnuge (Suction shut-off valve)
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. [ i - o & ‘J -
1.2 Discharge temperature: T, liiamAgnmniiaisiauidunasnainasumsaisaign
v
- ar JA 1 1 o 4 . “<a
Ansanfavie Indvineanasatladiane (Suction shut-off valve) 1szunnd 10 loudtims mu
AUTINIENHARASNINTALTET [21 ]
. . - ] - o & ‘J -« - : -‘
1.3 Liquid temperature: T, idamaAgruugiasminanuitunesnsnAsumutefgnAneIn
o : o cd i o
HIYIENNNBANUNIAITIIANIEUN ADALITETINGUIAT UBANABNA (Subcooled)
a - i - - & - :’ ala , -
1.4 Evaporating temperature: T, 1iaAguunlinesdifiu gniinsaniavieimieesntes
L o i . = -l o o ala
MAIRAANAL (Thermostatic expansion valve) BatuganarmiAuEundsniiivees
warszmanaeithilaarminamugu
- i ‘J L] Y 4
1.5 Evaporating outlet temperature: T, ‘lddaArgrumgiimesenaeediii iieunen aedle
Fautmtia(Superheat)
[ I --J -
1.6 hot gas outlet temperature: T, iFamArguamginveenuesndiniunulefou
. . ar ' - ‘o’ aJ ar ] -4 g o
1.7 Chiller inlet:: W,, AvArgruugiinindudiesesiniigu
. -t J - ’Q’ A J o x
1.8 Chiller outlet:: W,,, JamAngompiiunvisanainisireainingiu
g ar ' - H - i 14
1.9 Condenser inlet:: W,, damerguumgiiniidnunszunsanuiaunneuauies
3.8.1.2 MdamuAla¥eurnssvinnauiiiu
AN lafautssaminAaEiu IFeanuuLmnatenfmNA
L] L - o« 2 " -i‘ ' % -
wunivasdanneuwsaimef [22] Wirunevievsiedenvessunelafeues
araaufulifisunaiinndiviesesansvinaaufiusuant(Discharge
line) 1 T 2 Ma Tasmnaviad s eresganaas iR vwRE NI
na 3/8 T vide 9.52 Nadms HdudadenuunalleFaununaiduring

AWENAN 1/4 112 Y38 6.35 NARLIAT

[ 3 |
3.9 NMFAILANNTIINIULRINRIAILANRIBY
- - | ° o : '
Hesnnsiduiifeanslidinnsaounulefourasaininanuidulnenisdaaueting
' 4 - - o o ar  ar ar J ar
piaiassnlusunsunsniomef fiduRadangavinenaiewduuaziNessianmn 19U (Direct

J £ ]
actuator) 818 VEXTA 7U PK 245 -01A-C82
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==""="1

STEP MOTOR

valve open

valve close

=l - o
g% 3.16 Anwuznninnuresndmuguleiou

3.9.1 assmenaupumaitinuacTlnvesndaniunulafou
sawafinadmuguiiuadiuamed wugiing 523] Adnunzmninsinued
veweTAaR 17 Faiimatutason 2 s nusissfauimdneaammed winzsauriath 2 w
8 munemeRinazil 4 i Ae wia 12,3 uaz 4 immiesesninantnrIALsiazIALRe

e IR M Tilane iin 6 1&u 815 U AenssiesanWiBeIRaIR

P1 P1
+V
p2— P2
!
+V
+V
P3 . P4 P3 P4
uuu 5 #e 4 iniw WU 6 M8 4 (N

= X Is < Y .
guUn 3.17 TanaFranugnussasiluawmeiuuugiiingn?
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v I'a J -J o ] 0 ar
nsnszguuazmuAumMaulinewmefinfeuvinldlaanisanenid

AN U108 AR ZUALLAIALANF ANNNITNITVINIL AIAITN

sl 3.6 pluiunsiuaduawmefinnmgail 2 ma

ARL7 a1 e 2 a3 a4
1 NN NN - -
2 . NN MU -
3 - = MU YU
4 NN A - MU

madlaandvin i laetiaudyonndWilmusdil? 1,23 uar 4 anu
§90 daunianduman etlanndinlaetieudtyyndWlunuadii 432 uaz 1
madniy TnenemeduiiiAnuazBoalunmmnm 7.5 ssrvesdi faruazdonluns
wuNaRTTL 48 fumd dasannmesesasiuiewininawmaiiadimnld 2 seu
maienaite 96 Funk e &l Susuailunistlieudynnadn e lndadled
Frumdandraiign

winsasi R Whiuwsdnispldmiunmsiuadiluemes
uLLgTWANT douBumn 7idenseriuwefmmumyssneuRames madensienie’luldeey W)
waflunistnenesdyryind ALANTEINSTUETATU EX-05 uﬂm’lugﬂﬁ 18 Atyrynddunnan
naedioyn (Data bus)ideuse P-Board (ﬁqz}ﬁé’m:ﬂ‘ﬁmﬂ'luﬁq‘ﬁﬂﬁm'lﬂ) udadaldu LED
Burrsndangnelusel Wdules 1C501-1C504 Tnerusasinmm R501-R504 (waf BD139
Wetunemefidaimstioussdn “1* WitueedWdlules axvini LEDmeluee Wdlnlef
nezduliWlinenSamedinem  Maussdusinsidum doudhirussemendames
il BD-139 vhnszua ailouinuasondumilsieainaimi Aenszusluatinanaan inlb

- -l’ -3 .w’l} [T "‘I ar “‘I '
MAN WL Mavussiuame Auegiudeyantloudmnanuidiaiuugs
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R501
510
1CS01
4N2S
K501
DATA BUS
(uIc-10)
:—l é—0+5\f
DO D1 RSO2
D2 gg‘ 510
oo 1 H o
o0 1N4001
1IC502 - L
AN2S ) RS08 lo|+v
: 1k Qs02 L—olrm
2 4 BD139 P2
* RS07 3
1k —4o|r
K502
STEPPER
MOTOR
1N400L
=1E AR
1k
_j__ % '%s:);l’
EX-05 2 ' &
Stepper motor driver board fl‘LI

<l Ly o ar & o« - ¥
1% 3.18 299saNyIOiIEN EX-05 vefadusiuamefuigiiingns

3.10 ﬁﬁdaeiwi'aga ( Transmitter module )
padaimidiayalsznaudoe 'qmw?muqumﬁlmuﬁ:Lﬂmmma'qmuqu'lﬂ
¥au9981IM1ANIEIU(Board, EX-05) ‘qmt’ﬁ'ﬂurfiaﬁruru'imﬁmﬂuﬁoLmﬂf(P-board)ua:
guUnsniFudyyusnsiaingumnil (temperature sensor) sUuuuNvnauLed qmmur}uwr’q

anuasunefisall
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. Temperature
——1—P Transmitter [« oo

8 points
Computer  |il— o oo

-z

Bypass valve

A [l 1 - o L 3
1% 3.19 -qmmmuﬁﬂqﬁua:d’rutmmmuqm:mﬂmaummammﬂn&m

gadensiedtyniiunesiowmai(P-board) ynuihiThugaiudyginendn
mqmuquﬂﬂﬁmmwmumu'lﬂﬂﬂLﬂaﬂuuﬂmmﬂqmuquLﬂauu'h_lmummwrdq
HmaeadtyendTemperature Transmitter) Wiag luguasdnyo1ns 0 B4 5 Toadf e
ANTNHUUNTENIN 0 fla 80 svAmadiua (Analog signal) ArANATY AN
ﬂaaﬁofi’mqmuqﬁq:gnﬁﬁu1tﬂurhqtuvlqﬁ#’l‘h’tﬂuﬁaéﬁ’mm?ﬁﬁﬂu vie  dung

Usmanansnmminauussndacunlefeusiall

3.11 TlsunsulflunsinAraungALazAILANNSELIUMS
fRduideingldlsunsilnlnsnewisoa@n (Microsoft visual basic)AnsaHIUNe iR
ﬂmwﬂanﬂuw“ome‘tﬁﬂ%’uri'\qquﬁmumq P-board  UAZANATYUIUAILANINARIHIINN
board EX-05 TagTlsunsuifiu 4 dau Ae douuanaAgomni mmﬁ’m'\qmﬂqﬁtﬁﬂmmu :
doumavinausahaFuasdoutiesiunsfianan , dauiudeyedaund fieasiBundis
3.11.182nudmrguuil (Temperature monitoring)

+ Suction temperature : FaginANNEnouinAe: waded

+ Discharge temperature : 3A8NYINAMNITLMAIABNINTA IO FHAUATINAUGIUAT

+ Liquid line leaving temperature : SaanmnAnufiunesnanAsuAuTeF

+ Evaporating temperature : Fagruuniinauiiu

+ Water leaving chiller : Fonin Lﬁuﬁﬂﬂnmnm‘%“m'fnﬁmﬁu

R T
+ Water entering chiller : dminFaumidniaromininieu
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+ Evaporator outlet temperature : in@1MinAMNITIUNNAINABAEILEIL

+ Cool-gas bypass leaving bypass valve : JA&1IN1ANEILNEANAININAIATLIAN

= Refrigeration Master Thesis

Fles Datalogger ControlValve Process Help

= Deqree celcius -

Process Setpont

Suction temperature

186
LEE

Discharge gas temperature
Liquid line leaving condenser

Evaporating temperature

=~J
ro

Water leaving chiller
Water entering chiller

Evaporator outlet temperature

=
m
m

Cool-gas leaving bypass valve

Manual conlrol

% Times :: Tsuc - Tdis - Thg - Tevp - Wley - Went - Teoh - Thyp - Mass - Watt
Bypass valve open “ | WA i i Y B

24048 =165 :
340:58 2165 :
%4108 = 16.5
341:18 =165 :
4128 =165
F41:38 = 16.5

Mass Flow m Kg:min. J:41:48 :: 16.5 :66.1 :

valve open

Yalve close

<l o
gU# 3.20 TsunsuALANNI TN

o o o e A oy & < ga o : '
AuanNauULSA T aalsunsaumn - 3eRdeoud s lunisenu

AgIAMNIYINT 1 W7 agluges Process 184 control HATupIATA DA



T )
l

Reading 8 Temperature

Sensors.

Yes

Delay time 1 Seec.

-
Commn

<l - o ° ' ' -
g 3.21 uamadrmmmninaunsauAiguaMga

3.11.2 dfauﬁqri’:qmuqﬁl.ﬂﬂmuqu (Standard setpoint)

-l : ' ° <
AN 3.7 nMasaa wllsunsumauapunainAuLEY

General Items Setpoint | Cut-off | @uAMIENIANMSYNY
°C °Cc
1.Suction temperature (Tsuc) 183 | 183 | grugiineudhaensguiuhl
2. Discharge temperature (T dis) 120 120 gruugRduasgaiuhl
3.Evaporating temperature (Tevap) 3.3 0 pogefuhaiua
Items for control valve Setpoint | Cut-in FUNAMSVINY
1.Water leaving chiller (Wwo) 7.2 7.2 ﬂmﬂgﬁﬁ’] sl

33
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ANENT 3.6 90 cut-off AngandalrigUnsafinstiiongeyinam | cutin Ao
=l ; L4 . - o
qandalvigunsniuneniiangamnam
i dJlJ-v v o . ] ' . .
mmpw‘lmn'mumlﬁu setpoint 1TW A1 Suction temperature ,Discharge
temperature  fAdt 1A mIgunesrAnnoumeaimed (1], Tudouvesrn
Evaporating temperature £3dt/ W ldummgnaesiuanianed [24] Water leaving

chiller fadt I ldumagues ARI [2]
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Read temperaure sensors.

L Wwo<72¢C

g‘ T dis <120 ¢

Ta— Tsue<183C
h J
Bypass valve fully closed Valve open working

Push End

i

=l - - o - -
1% 3.22 usmindgaminiriaullsunsunennowes
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3.11.3 €N mMuEnleis
ﬂ’]TﬂQUF]LI'J’]ﬁ"]U’]ﬂWWﬂ1ﬂ¥ﬂuﬂﬂdﬂW?ﬁ’lﬂ’l’mLQHQZL?:N‘;I’NWU?]HN
sohuTdledeliUsunninam taginds Enable 7 Control valve
Tsunsupaniame A4t IdenuuuilaaiuuaznmaaeunI U
gaendanuaummnendlefeulasuandudnenizrsanlofinusininitlauas
TJmfmﬁ'fﬁmﬂ'l'ﬁ'ﬁ’rg:mmma‘tﬂmuﬂ:ﬁmfnéqLﬂummﬂummﬂno‘hLmuwm
nfapaunn e il Tmua"ﬁiuﬂmaﬂﬁmqmnmﬂuqnmﬁuﬁ
mﬂmﬁdq'lﬂmur}mﬂﬁqﬁ’ﬂé"mﬁum"ﬂumiqmﬂﬁﬂuﬁ'nmﬂmﬂmmﬁuﬁ\lm WAL
fdedinsenAm Banumswaesgmiaranfiu uaz Amsindsamiie
Wudayaliimmoisatl Tnsndafumdamsdanniign 240 awil ety
doummruifusdinadandifiszasifedianndy  uazaziinims

aauswniaietlasnmmsfauienaing dangnmi 3.24

Manual control

0‘_.
Bypass valve open m

Yalve open

valve close

Mass Flow m Kg/min.

d L - - -
5% 3.23 uasansulefimwsinatinnganuny
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Close valve N step " N g Open valve 1 step

N =0step

No

Cmeas

=l P o - Ly
517l 3.24 usmidrmmmMninllsunsnsiRameinILRNIAY
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3.11.4 gadinudiayatiounds (Data logger)
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TWsunsumaupuaunsominuaea I hawasvlslag14an

&7 Data logger Fumminaulasldfideaniv (Start) usziiimindoyalier

Tugtlues Text file ( *.txt) Teawnsmindeyanlsluairansmlddnsian

Control Panel

Items

Suction temperature

Discharge gas temperature

Liquid line leaving condenser

Evaporating temperature

Water leaving chiller

Water entering chiller

Evaporator outlet temperature

Cool-gas leaving bypass valve

Times :: Tsuc - Tdis - Tlig - Tevp - Wlev - Went - Teoh - Tbyp - Mass - Watt

13:41:38 = 16.5 :
3:41:48 =165 :
13:41:58 1 16.5 :
13:42:08 : 16.5 :
13:42:18 = 16.5 :
3:42:28 = 16.5 :
3:42:38 :: 16.5 :

3.25 uamsdiaysngniuin

1334 :33 :74 :
:33
3.5
3.3
3.3
: 3.3

:334
334
1334
1334
:33.4

: 7.4
-
: 74 :
: 74 @
: 7.4

= Degree celcius =

Process

Setpoint

| LEELEE
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nmassalsz@ninmlunisaiugunisinacdulutomniszauieu
L 73 P J - 0 ¥ o -3 -‘ o -
1rTULYREaY AR eAMNfauInTuLiAisandINITIIAMNIERTBNATE NI A NI
-4 : -3 a ° s - : - -«
gruuingminiaciAamadllanian  dndummeseansidllsunsuasuiamedamununis
x - " . 3 > . o
manuiulatdiunewaleanminacin  IHjaivlinazaaununinitaudulugom
o - . o -3 J )
mezmavinanuifwiasniianuamnsalumamiiauiuesniey aldwiinmeseuiiu
4 R
3 pluvuineviaseuuss B lss&nsnw Ae
P .4
1. MIMASBLIATENNTUAAN1IZNIRIFIU AR
2. mmeasa ludaamszanuiausassintAuANANITINBIRe
3. mmassalutaaniszanufeusaasiatldlsunsuasuiame faruAuNIMINa

2999789 lea1IiANLE

o
4.2 gunsoinldlunismases
goanagounsidlisunsuasnuiawmefiinauaumniautulagldnisune
o o o - - o ? o P '
wislearsvinauidn  gadeldifaniaieindidunnman lessingusounn
4 & k2 U -‘ %3 J <M
ANANNNTR MM IANAEY  hendiema Teganaseulszneusis  1ATase
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o e P
FUM 4.1 JaMARDLIATHMNEY

<l s /B & ° 3 H
421 gunsalluiAsasviningiu  uonifuasessminaaufuiazosaniudu

TasasarmmANIbugLInTalasl

T,

2¢

[de]

Open type reciprocating compressor with 3 phase Induction motor 1hp
Shell and tube water condenser , Shell and tube water chiller
Refrigerant receiver tank

Refrigerant flow meter

Refrigerant stop valve

Thermostatic expansion valve

Insulation , pressure gauge panel Temperature sensor panel

Chiller & condenser water pump

Chiller storage & expansion tank



d = } ¥ L2
1971490 4.1 llﬂmd‘j"}f;!ﬂzEﬂﬂ@‘ﬂﬂ!ﬂﬂﬂﬂwm?m’ﬂﬂ? (Tecumseh — CE2300)

General Items

Description

Type Reciprocating 2 cylinder
Bore 1-1/2 inch
Stroke 1-7/16 inch
Displacement volume (415 rpm) 2.07 m’/h
Suction valve connection 1/2 inch
Discharge valve connection 3/8 inch
Pulley compressor 8-1/2 inch. 1B
Pulley motor 2-1/2 inch
Refrigerant 12

< cal Y
51U 4.2 ppunwsanain I lugavinaTa iy
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General Items

Description

Shell and tube water condenser / pump

water flow 3.434 gpm. , water 32/37 °C

Shell and tube water chiller/ pump

water flow 1.849 gpm. , water 8.5/7 °C

Thermostatic expansion valve

Danfoss TEF2 orifice no.03

Flow meter

ABB range 0.25 to 2.7 kg/min

Liguid line Filter drier

ALCO connection port 1/4 inch.

Liquid line Sight glass

Sporian connection port 1/4 inch.

< Co o o <
gﬂ“ 43 LLﬂﬁN'QLIﬂi‘tu'Jb‘l'E][ili'ﬂMﬂ'llﬂdﬂ’]’m’lﬂ‘)’mLﬂuﬂnﬁu:ﬂﬂﬂuﬁq
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<l S a & ¢ o -
U 4.4 uananefnawinentuuiiuigg

v
ar a1

feeRdeldrnnasgueslanunan Addnlefeunanila (Superheat) N6 K

< ' o o o adal -
519 4.5 uansAusiurssaniANIduBu I Inmes

AusssudwLtinmes anunsnguldansadamnusumniesnseasnduuduaign

i @ - ° G =a = o = o - B Y
fafluasiansinanuifiuiiduilanusitussanss naroiiiule Ay Ausa
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) ) -J
ALTIRUAUIALITESF aunsnguldRndiadnausuIneenTaIAslINIALTes AN

{3 ARI [1]

4.2.2 gunsallwfuaz mednsrinadlnn  fag 2 sfia W lummeaes

Aa Watt panel meter lunisianszuanawmes uy 3 wa 380 Taast uas Fin1l51Annd I
(Inverter)

vamedwih Aldduneumssmes e MITSUBISHI model SF-JR 3 phase , 1 hp.
380 volt , 2 Amp., Frame 80M , Insulation CLASS B

Bunefinef A luMaFAMGITeUMTaeIRaFAsNNsaITeF SfaNovem
model NSI-4-001 1 H.P. 380 volt 3.5 Amp.

weimes dufluginsniiamsldwaanilwin Whnioedhy Jasf fiv¥a SAGI model SG-
96 range 0 — 3 kW.

Ammefuvia 1M 1,500 A0 uar guUnsainnlfuacinfeu(Heater dimmer)
qﬂnmi?i'l'ﬁ‘lumm%‘wm?:mmﬁu’lﬁﬁum‘a‘mﬁﬂﬁﬂtﬁu WNTELLIFBINITAANTE AN TR

o Ly ar ar (] -J ar
M ilne MaUnsainalfinanFeu Usuusiwgunsadliigm

4.3 MIAUTRYA LUNMTNARDI

431 msUfuAineInATNAY URTAAIRUNYH

ilasaniinisldimute manesdaissinomfumeyIifianouwivgnnn
e Tnemafuifieuinanudsinlasnduuds  dewinmsingnyinealusz
Fawnuty usesihudivie winfuusesidluussennia (0 psig) FasnnsFAFNS
q:ﬁﬂuﬂi‘uquﬂ”lﬁmmﬁuﬁ’uvgnﬁ'oﬁrhﬁquéwi'lﬁuﬁ’\mum miulhinmmasey
madalaesalulanaudinszin Wemmesoudbiimeiuds Wilsesaumiuriowin
fiuARELNa (0 psig) AnAruitoURR e g A

Faingnungilihusiia PTC (Positive temperature coefficient) AeANAMMN
‘lﬂ'}hn‘i‘uu'fiﬂqmuqﬁﬁﬁﬁmmﬁu?’m amnsninen 9o —20 i +80 °C TneAmuaTR
19IANF LA RN FAdeRalshiAAINa1 wwlsaihudeyoyndiiie

] - > > e - ) : '
wasrnflugougil Tneiimsu Feufsuiunzesingrauniluinmgm i Dixell fu
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' L 1 “n J (=) ] '8
XR 100C 341 PTC sensor fuitariudnsnqagneda 710 fia +70 °C rhuguinsafinas
v ] J " - J
&tycyntu Transmitter fifa Asahi 14 TZ-6B-1eurlaarnithy doyoyod 1014 5 Tansiive

Whudtyrynslunnlssuansithigoamgiisialy

Constant Voltage Circuit
0utput/Clrcunt Output

Span Zero - .
E"éj:ﬁg

Isolated .7
Amplifier E I %czw
; :

Input Circuit Power Circuit

- - ¥ o o -
5% 4.6 uananaIMsinAInIiIRgnMOH

nafisunmeguidaguugivinlastleudygind Input i 0%(0°C) 194
Input Range 1f1Ju “ZERO” W11 Analog Output HFAGINEALHY Output Rangeufa
taudtyoy o Input # 100% (+70°C)¥94 Input Range Un]u “SPAN"I I Analog

Output HF18EATEY Output Range (1 to 5 volt)

4.3.2 NMEBTUAIAMNAUIBIRITVIIANNLEY (barg.)

Auiutun/linmes (Evaporating pressure) 8711RMNINAIAAINN
o : - :
fummesnuaadndu udunds  Anusuanasenluduniismed (Pressure drop)
] ar o -d' b - 2 1
fuaINnadausimesntesdwliinmed ANduga (Suction pressure) 81U

o o oo ' ' - a ' o

annafanNAuRsuuLsneuidinAensaLIe s, A NAUATUE 8 (Discharge
pressure or Condensing temperature) SIUAININATAAINAUMIAILMUEINWOAN
ﬂﬂmwmmaﬁﬂnﬁqﬁ’umaL-Fi'mﬂumumﬂ§,m'mrﬁ’umnﬂéﬂu'luﬂaumuvnﬂ§

: & sl . e
(Pressure drop) 811 NINAIAAMNALINNEaNIBIAEULWEeT e AT el
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-l <l o e ' o« | s ) ¥
faadsmuuiinnlfusetinaunaduds  vielateumacBNFENWIBNEIMET

uszilAnresgraugluasanusuiiAadiunan

433 mashusmguugil use dnaluavesssianuiy
Angnaniduanseglullisunsupesiomeiuds anunzmiufinanagos

4 | L o -
e ReIn s ld wirndnm narssgnminanuifiuaniuindnaeanan lulsunsy

4.3.4 MTBIUATMS LENAINY
: : e v
AT dng s ewsmessnldaninstime M dRasaly

<l o 3 B a
4.4 ﬂ'li'?lﬂiﬁ‘l]Lﬁ‘i’ﬁ‘ﬁl'“hLﬂ\l‘l’lﬂn'l‘izl«l'lﬂiﬁ'lu ARI
QnAmIMIgIALATENIMIE ARI 550/590-1998 UAS Fi’lmms'gm'qmm"fmé'm
launugngu ARI 540/1999 AN 1 ey 2 mude gadaliinnlfidugadwdalunis

v
yemesganaseuTatanInzMmIsgavaaeUiinal

-l - 3'=% o
ANFI9N 4.3 ﬂﬂ']’l:ﬂ']mﬂﬂﬂ'l_llﬂ?ﬂQﬂqU"lléuﬂﬂﬂqqzuqm?squ ARI

ITEMS Setpoint
Evaporating temperature +3.3°C
Condensing temperature +40.6 °C
Water outlet chiller +6.7 °C
Water inlet chiller +12.8°C
water chiller flow 2.4 gpm/ton
water condenser flow 3 gpm/ton

A s - - - i
maALANMIzANNFauTendfiu AB wingampiiifundindase e
v L 7N - ‘o’ -1 -J - ol J
ARAINITEANNTOURRARY dqua'lumqnmqumLﬂmnﬂam'm-namﬂmmammmu‘lﬂﬁfmmm
o o H lﬂl - o J o ‘O’ [~ 1
ANADNINIALTEMINNUNANTIIZAN  NINARBITNAZITINTAINANITNILIBAATEINTU UL
; ¥ X L d et E g
AimsuAeusnesgaamgivnduieananiiresiningu +6.7 fia 8.3°C viin+a4 s 47°F

v ¥ ¥ Lt
Tnefhinaiuindnguniivnifuinisuasuwlsmng 1°F mmessutidhimafiudieyeves
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34 -
1!

- -‘ o (-1 -I ] <4 -
Usz@ninmiaresinanuiduininamlugeaniszannfoutesssuusnss Ae gruupiidindy

J o - u.
deraainanufuiliguuugiinngs

o o
TumaUNIIMARBLNAIN

LS AR

Dalusunsupeniamedifie Wlunniufindnguugivigasna wedens
Haadndirvasnenmeaes Whinnuiinaiini 50 Hz.
Tnenniiidieseminindilugoousn 7 aziigrumgiigatlszann +30 °C
ileguunnivifiunssinaamie +8.3 °C (+47°F) AU AT , qruugi |
ananslua uas meldwaaanu

dundnn asessminaaiy , fanivaveninduilesnanianes
Uiupnuseunasdmmesiianaaieiiunsannsz Wiz

Wiudioya ANAY , gaamndl , Smenasiue uaz nslindaau dainfieananda

L8NNIl +7.7°C(+46°F) , +7.2°C(+45°F) , +6.7°C(+44°F) mNRsL

@
4.5 manasaslutaamszanudauansilngrIuaNANUTIBIAeS

v
-l
mmaseatinuANATrswemeiaumweameflutonszanTouan

v ¥
avAn gruuniinifusassstivroiias ndnnsauAxANEeUTeNawesIifawlsung

o - =
ALANAD N3ArLANLTILBLN Tlsmeslinm (Constant evaporating pressure) IntiALIAN

§m9 lnanesarsvinauifiulaumsliuanuiresmefrenmsasaF N aniunge

A - - H 4 o -
AnuFau lunmesasinanis Wdunefimefaannuin Wi ndhueme fasunsates lae

-. o J - z .-J 1 o :’ =l o
Guvinnimageuifieguumiiitunsanainiaiediniiduiia +7.2°C (50Hz.)

> v
TUROUNINARBLTAIT

1.

2
3.
4

Datsunsupeniamesite 4 lunniufindrgumgiiniqasing
Dagntfiruesneumsased Whinauiimaiinii 50 Hz.
TnenInfinAdedesiningiulugaausn 7 aziigrungiigalszanns +30 °C
u‘jﬂqmuqﬁu?'uﬁumﬁﬂmmﬁﬂ +7.2°C (+45°F) AaFuifiudn Aoy ouMnH
finsnTgiue uas MW

i ' ' o =3 o ‘; A - -
fruAR InaesaI AL ; s vareaatifiunaanaIndainad
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P o
Usuau¥eusasdnmefianaaieiiunisannes IWiussuy
[ -‘ : 9 ﬂ. J J
Ufupruduedliinlienaeniaas 1 Hz.auil 47Hz. Jafhuarudaseusniigand

naRLURN 1

o v o -

- & 4 -
Wiudieys A |, gouugll , ansnigive uar Mlindsu  Ngnuugiiness

o =l

ulAWINNAL +3.3°C

4.6 manaasslutriamszanuiauanasineldlisunsunaufianadauny
msinurenaaladeu

J L7 o - ‘0‘ J - J o : -3 1]
Tugnmszanufouanssnn qmuqnu'mnam'ﬁﬁ WATEIMIUIIEIUAARNDEN

' J < T v b4 1 -
roiies  Tsunsupenamaiazazdanuly lafoursssninanuiudnusts nduunduge

- A= el - - ' ' o -
1pnunTaefinaaulaaigunaanaIniaend TAAARININNTT +7.2°C  UATINAY

dJlo‘ o al - ¢ = ' o - ' <l 3
astllunsiiminfiufesnaindaieef fdwnndn +7.2°C |, quungiduseiiAmInngn

+120°C, paadifufhuiuds vie gampiisunilisnefliAisendt 0°C uaz, grumniinewdn

AONINTALTBFIAININNTY +18.3°C MNNINTIIU ARI UAZENARABNINTALTET

v ol
TURBUNIIVAAB LA

-—

AN

) -« J | o <R i -4 0
. Walusunsuponiamefine 14 lum s unnAguuuRnqasnee .

gUuuunisinangnlui (control valve enable)
Tnaand i vesneumssises Iinauiianud Wi 50 Hz.
Tenindinfidneteninidiulugousn 1 axlignmgigalszanm +30 °C
Lﬂaqmun“ﬁﬁmﬁuamﬁ'\mmﬁa +7.2°C (+45°F) RaFuifiudn Aaaes | qomndl
fmrn1sva uas N7 ldwaNu

snuFngninarass Ay , fnninsteninduiisananiaiees
VAupusousednmesiiansaitahimssanss Wiz

Wudieya Awd |, guugll | Snsnsiue uaz Msldwdaanu Aqomgiineud
dhutAiauniine 1°C sunmsfaimdmuaumsnewialefoudni@nms

° - Y 0 o mtas o HYy T e
NI LUSI[IN 'l!ﬂ"l'mﬂﬂu‘)‘iﬂﬂd'h 'ﬂﬂlﬂﬂﬂ“uﬁlnﬂ'ﬂu
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4.7 MmahaTzianagnsauazlssangamnisianugy
Amsaeuuaseagaamnil , Anudi , Sanisteasnitaanadu me
Inareaingiy uaznTdwdsmulni asnsoinmd AAuAIILA s BB N MIATe
v lummeseuldlaens  winnasinmnuntisbueiesiaruduitinnm
A A nduAed i limmeses  awnsomAnldian  ms
Anmsilaeldugiaausuuaziewnall Fea WA masmiAnser s Anwlnanw

NANNITNEMAINTEU 1 Nlanu

- s - | . §
471 ﬂ']?'llﬂﬂ:‘cﬂﬂ'i’lNﬂﬂ”’l?ﬂuﬂzﬂﬁaﬂﬁm“lﬂiﬂ\iﬂ'\uﬂlﬁu

1 4‘ o : (-3 GJ
1. ANANANNINTRAATENIIEUEIRN M IAAIN aNnT9N (9)
Chiller capacity = [gpm x (Tin — Tout)] /24
el Chiller capacity = Refrigerating capacity fmdatiiusii nMavinauu
gpm = frivarenit Snbafhunsasusoui
< W)\ by 2 8 Z
Tin, Tout = gupiindhuszesnangawsasinindiunuai Smdooidhs °F
2. Mnlsz@ninmiATaaininiiu Coefficient of Performance [1]

COP = [kW refrigeration effect] / [ kW. Input ]

A o ’ﬂ’ & 1 b ot a
ATUINUDIATEINIUN (fudivdog i ladne

Il

el kw. Refrigeration

kW. Input A na IR Iamame faaNwsaLTa FlmdoenTun ladmet
4.7.2 maaasilaglfunuginnuauuaziaunall

4dio3n Evaporating pressure , suction temperature , discharge
temperature , discharge pressure , liquid temperature UWAZ pressure drop Tuszuy

Wnairansw P-h diagram tWanIAn
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- augunsn lumaiauiveest o iswme fiamistmaamiay

1 1 kg. (kJ/kg) Tne/ldaunnsi(4)
Q. =(hgh,)
T Q, = Arudauiisnitrudugeliludunismef (kikg)

h, = umatussenianufuiewdiuniinmed i ki/kg)

o - J -« '
hy = ieumstissarniaufumesnantualiinmed Smdedhu (kg)

- mrlinfaurseirefraNnTaTe FHiaMiotNaRa1TIIAIE 1 kg.

e/ aunsi()
W, =(hsh,)

c

AT
Tag W, = unliuniaTesdn (ki/kg)

o - i A J - )

h, = umsthissahanufiuneunazdinaiesdaiimicedhs (kkg)
o 3 i 4 o ]

h, =wumatimearnimnuduissnaniezesdindivmioniiu (kJ/kg)

- famdaurssmunewialeansyinannuifiv By-pass ratio
X =mg/m,
¥ Energy and mass balance Tsninanusdinewaiunewdnasuwsamed
X =(hsh)/(hsh)
e X = famdouteanisuiawialasaminanaieu

me = analassveslesninanudulugemaunemisimieidiu (kg/s)

m = s lualasuaaveslearminanuifiuneudnasumsae fndsethu (kg/s)

1
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o -3 3 4 J o ]
= umatlrasaninausiuneunazdniaTasdaiimicetiu (kd/kg)

h1
o < - '

hy = sumstissmnitaomiduiisenanduliismed S (kkg)
o & 4 A ar [

h = pumativassninanuifiunssnanezesdaiiiceniu (kikg)

ArusTRrass At vadhaouwesmed
» o o & -‘ 5 [ 4
p = Amunnwindinzuesleianuduninadrenmwsaired
] -‘: .,nsJ ar ] o -3 U b
Taerntimndann ArusniRnamsussgumgizedlaaninaduiowdn
- - o -
porwsaes WineuFauien Fununsivatsusessmitanuidunanis

nmasesrine Sndaendu (kg/m’)
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5.1 n'lwﬂ‘ﬂ'ulﬁ?ﬁ@ﬂqu’llSUﬂ'nqqzu'\ﬂ?j'lu ARI

-l -J g -3 J o ’0’ di L
A1919N 5.1 uﬂﬁNNﬂﬂ']?ﬂﬂﬁﬂ\iﬂﬂ'ﬂmlﬂlﬂuﬂﬂﬂ‘ﬂﬂlﬂ?ﬂdﬂ']u']lﬁuﬂf}mﬂum%ﬂ

Items Water leaving Chiller
unit \ |/ 87°C | 7.2°%€ re 8.3°C
Evaporating pressure barg. 2.42 242 242 242
Evaporating temperature G 3.3 3.3 3.3 3.3
Pressure drop in evaporator barg. | -0.07 -0.07 -0.07 -0.07
Evaporating temperature outlet i 9.5 9.4 96 | 95
Suction temperature G 15.2 15.3 15.2 15.3
Pressure drop in suction line barg. -0.07 -0.07 -0.07 -0.07
Discharge pressure barg. 8.96 8.96 8.96 8.96
Condensing temperature = 41.60 45 60 41.60 41.60
Discharge temperature re 65.0 64.9 65.2 65.0
Pressure drop in condenser barg. -0.13 -0.13 -0.13 -0.13
Refrigerant outlet at condenser e 34.4 34.6 34.6 335
Refrigerant mass flow rate kg/s | 0.0083 | 0.0070 | 0.0067 0.0058
water entering chiller i 5 8.6 9.0 9.4 9.9
Water chiller flow gpm | 1.849 1.849 1.849 1.849
Chiller capacity Watt 948 867 813 786
Power input Watt 575 570 565 550
Coefficient of performance 1.65 1.52 1.44 1.43
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-l =
A1919N 5.2 HANTIARBIATUANAITH l?’luﬂwlﬂi"'lu‘ﬂ'N‘ﬁ'J\'m’l?:ﬂ"J’m?ﬂuﬂﬂm

53

ltems Frequency

unit 50Hz 49Hz 48Hz. 47Hz
Evaporating pressure barg. 242 242 2.42 2.42
Evaporating temperature G 3.3 3.3 3.3 3.3
Pressure drop in evaporator barg.r -0.07 -0.07 -0.07 -0.07
Evaporating temperature outlet & 9.5 9.6 9.6 9.7
Suction temperature G 15.2 15.5 15.5 15.6
Pressure drop in suction line barg. | 007 | -007 | -007 | -0.07
Discharge pressure barg. 8.96 8.96 8.96 8.96
Condensing temperature " 41.60 41.60 41.60 41.60
Discharge temperature G 65.0 65.7 65.5 65.4
Pressure drop in condenser barg. -0.13 -0.13 013 -0.13
Refrigerant outlet at condenser ¥, b 33.5 34.4 34.4 34.5
Refrigerant mass flow rate kals 0.0083 | 0.0078 | 0.0075 | 0.0067
Water leaving chiller o & 7.20 7.27 738 7.33
water entering chiller . 9.27 9.16 9.1 9.00
Water chiller flow gpm 1.849 1.849 1.849 1.849
Chiller capacity (Watt) 1,003 921 867 813
power input Watt 570 550 530 520
Coefficient of performance 1.76 1.68 1.64 1.56
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5.3 uansnaaasludramseanusauanasiagldliusunsuasaninednru
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Item Water leaving Chiller

unit | 7.16°C | 7.05°C | 6.94°C | 6.72°C
Evaporating pressure barg. | 2.42 255 2.55 2.68
Evaporating temperature o 3.3 4.4 4.4 5.5
Pressure drop in evaporator barg. | -0.07 -0.07 -0.07 -0.07
Evaporating temperature outlet = 9.5 10.6 10.6 10.9
Suction temperature A# 16.5 16.5 17.5 17.9
Pressure drop in suction line barg.| -0.07 -0.07 -0.07 -0.07
Discharge pressure barg.| 8.96 8.96 8.96 8.96
Condensing temperature °C | 4160 | 41.60 41.60 41.60
Discharge temperature < 65.5 65.7 66.5 67.7
Pressure drop in condenser barg.| -0.13 -0.13 -0.13 -0.13
Refrigerant outlet at condenser °C 34.4 338 33.3 32.7
Refrigerant mass flow rate kg/s | 0.0078 | 0.0070 | 0.0067 | 0.0062
Water leaving chiller © 7.16 7.05 6.94 6.72
Water entering chiller 1 9.38 9.16 8.72 8.27
Water chiller flow gpm | 1.849 1.849 1.849 1.849
Chiller capacity Watt | 1,084 975 867 759
Power input Watt 570 550 540 520
Coefficient of performance 1.90 1.77 1.61 1.46
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Items Water leaving Chiller
unit 87°C 72C 7re 8.3°C
Evaporator capacity kJ/kg | 124.61 124.34 124.47 125.50
Power input | kdkg | 25.01 | 2492 | 25.16 25.00
Specific density at suction line kg / m’| 18.46 18.45 18.46 18.45
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ltems Frequency
unit 50Hz 49Hz 48Hz. 47Hz
Evaporator capacity kJ/kg | 125.50 | 124.67 124.67 124.69
Power input kdJ/kg | 25.01 25.34 25.19 25.11
Specific density at suction line kg / m’| 18.46 18.43 18.43 18.42
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ltems Water leaving Chiller

unit 7.16°C 7.05°C 6.94°C 6.72°C

Evaporator capacity kJ/kg 124.61 125.69 126.18 126.73
Power input kd/kg 24.53 249 25.34 25.7
% By-pass flow (mg/m,) | 14.6345 | 15.6052 17.9339 18.0128

Specific density at suction line kg / m’ 18.35 19.08 18.99 19.71
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NANUIN N.

TusunsupanRamasnlgaruas (Microsoft Visual Basic version 6.0)

Option Explicit

Dim FrameCount(1 To 2) As Long 'Frame count for each animated GIF

Dim n, n1, n2, n3, n4, number, i, aa, C1, v, C2, C3, C4, C5, C6, C7, C8, c18, c19, c20, B,
times, count1 As Integer

Dim closed, opened As Boolean

Dim Data1, File1 As String

Dim Lefts, Rights As Boolean

Private Sub cmdToggle_Click()
tmrGIF1.Enabled = Not tmrGIF1.Enabled
End Sub

Private Sub Command4_Click() ' Fully close
Do
Text19.Text = v
If v<=0Then
v=0
Command2.Enabled = False
Command4.Enabled = False
End If
If v>0Then
Command?2.Enabled = True
Command4.Enabled = True
End If
Shape2.BackColor = QBColor(10) ' green
Shape1.BackColor = QBColor(12) ' red



Out &H378, 12

Shape2.BackColor = QBColor(10) ' green
Call delay

Shape2.BackColor = QBColor{15) ' white
Out &H378, 6

Shape2.BackColor = QBColor(10) ' green
Call delay

Shape2.BackColor = QBColor(15) ' white
Out &H378, 3

Shape2.BackColor = QBColor(10) ' green
Call delay

Shape2.BackColor = QBColor(15) ' white
Out &H378, 9

Shape2.BackColor = QBColor(10) ' green
Call delay

v=v-1

If v<=0Then

v=0

Text19.Text =v

End If

Loop Untilv =0
Command4.Enabled = False

End Sub

Private Sub Command5_Click()
Command1.Enabled = True

Command2.Enabled = True
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Command3.Enabled = True
Command4.Enabled = True
Command5.Enabled = True

End Sub

Private Sub Command6_Click() ' Fully open
Do
Text19.Text=v

If v >= 240 Then
v =240
Command1.Enabled = False
End Iif
if v>0Then
Command6.Enabled = True
Command4.Enabled = True
End If
Shape2.BackColor = QBColor(10) ' green
Shape1.BackColor = QBColor(12) ' red
Shape1.BackColor = QBColor(10) * green
Shape2.BackColor = QBColor(12) ' red
Out &H378, 9l
Call delay
Shape1.BackColor = QBColor(10) ' green
Out &H378, 3
Shape1.BackColor = QBColor(15) ' white
Call delay
Shape1.BackColor = QBColor(10) ' green
Out &H378, 6
Shape1.BackColor = QBColor(15) * white

7



Call delay
Shape1.BackColor = QBColor(10) ' green
Out &H378, 12

Call delay

v=v+1

If v >= 240 Then

v =240

Text19.Text = v

End If

Loop Until v = 240
Command4.Enabled = False

End Sub

Private Sub Exit_Click()
Unload Me
End Sub
Sub delaysuction()

times = Timer

Do

DoEvents
Loop Until Timer >= times + 0.05

End Sub

Private Sub Text1_Change()

"If (Text1.Text) > (Text9.Text) Then
'Command1.Enabled = False
'‘Command2.Enabled = False
'‘Command4.Enabled = True

‘Call Command4_Click
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'End If

If (Text1.Text) > 18.3 Then
'‘Command1.Enabled = True
'‘Command2.Enabled = True
'End If

End Sub

Private Sub Text19_Change()
If v=0Then
Command2.Enabled = False
Command4.Enabled = False
End If
End Sub

'Private Sub Text2_Change()
"If (Text2.Text) > (Text1 0.Text) Then
‘Command1.Enabled = False
'‘Command2.Enabled = False
'‘Command4.Enabled = True
'Call Command4_Click

'End If

"If (Text2.Text) < 120 Then
‘Command1.Enabled = True
'‘Command2.Enabled = True
'End If

'End Sub

Private Sub Timer10_Timer()
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Shape3.BackColor = QBColor(10) ' green
Shape3.BackColor = QBColor(1 5) ' white
End Sub

Private Sub Text18_Change()

If (Text18.Text) <= 0 Then
Text18.Text =0

End If

c20 = ((Text18.Text) / 745) * 100
Text20.Text = c20

Text20.Text = Round(c20, 1)
End Sub

Private Sub Text5_Change()
'If (Text5.Text) < 7.2 Then
'‘Command1.Enabled = True
'‘Command2.Enabled = True
‘End If

'End Sub

End Sub

Private Sub Text4_Change()
"If (Text4.Text) <= 0 Then
‘Command1.Enabled = True
'‘Command2.Enabled = True
'End If

'End Sub

Private Sub Timer7_Timer()
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if v <30 Then
Command1.Enabled = True

End If

End Sub

Private Sub Timer8_Timer()

If v>0 Then
Command2.Enabled = True
Command4.Enabled = True
End If

End Sub

Private Sub Timer9_Timer()

Ifv>0Then
Command2.Enabled = True
Command4.Enabled = True
End If

End Sub

Private Sub tmrGIF1_Timer()

Dim i As Long

If FrameCount(1) < TotalFrames1 Then
imgGIF1(FrameCount(1)).Visible = False
FrameCount(1) = FrameCount(1) + 1
imgGIF1(FrameCount(1)).Visible = True
tmrGIF1.Interval = CLng(imgGIF1(FrameCount(1)).Tag)

Else
FrameCount(1) = 0
Fori=1 To imgGIF1.Count - 1
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imgGIF1(i).Visible = False
Next i
imgGIF1(FrameCount(1)).Visible = True
tmrGIF1.Interval = CLng(imgGIF1(FrameCount(1 )).Tag)
End If
End Sub
Private Sub Form_Load()
'‘Datal =" Times" &" "&"Tsuc"&" "&'Tdis"&" "&'Tig"&" "&Te"&" "&
"Wo"&" "&"Wi"&" "&'Tsh"&" "&'Thg"&" "&"Capacity”
List1.Addltem Data1l
tmrGIF1.Enabled = False
If LoadGif("dvizi.gif", imgGIF1) Then
FrameCount(1) =0
tmrGIF1.Interval = CLng(imgGIF1(0).Tag)
tmrGIF1.Enabled = True
End If
End Sub

Private Sub Timer2_Timer()
Call 12CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H45)
Call Ack
Call 12CStop
Call I2CStart
Call Send8BIT(&H91)
Call Ack
C1 = (Read8Bit * 5) / 256



C1=(85.853118 * C1) - 243.02142
Text1.Text = Round(C1, 1)
Call MAck
C2 = (Read8Bit * 5) / 256
C2 = (85.853118 * C2) -243.02142
Text2.Text = Round(C2, 1)
Call MAck
C3 = (Read8Bit * 5) / 256
C3 =(85.853118 * C3) -243.02142
Text3.Text = Round(C3, 1)
Call MAck
C4 = (Read8Bit * 5) / 256
C4 = (85.853118 * C4) - 243.02142
Text4.Text = Round(C4, 1)
Call Ack
Call 12CStop
End Sub
Private Sub Timer3_Timer()
Call 12CStart
Call Send8BIT(&H98)
Call Ack
Call Send8BIT(&H45)
Call Ack
Call 12CStop
Call 12CStart
Call Send8BIT(&H99)
Call Ack
C5 = (Read8Bit * 5) / 256
C5 = (85.853118 * C5) - 243.02142



Text5.Text = Round(C5, 1)
Call MAck
C6 = (Read8Bit * 5) / 256
C6 = (85.853118 * C6) - 243.02142
Text6.Text = Round(C86, 1)
Call MAck
C7 = (Read8Bit * 5) / 256
C7 = (85.853118 * C7) - 243.02142
Text7.Text = Round(C7, 1)
Call MAck
C8 = (Read8Bit * 5) / 256
C8 = (85.853118 * C8) - 243.02142
Text8.Text = Round(C8, 1)
Call Ack
Call 12CStop
End Sub
Private Sub Text17_Change() 'VSD Signal
If Val(Text17.Text) > 5 Then Text17.Text =5
Call 12CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H44)
Call Ack
Call Send8BIT(Val(Text17.Text) * 51.2)
Call Ack
Call I2CStop
End Sub
Private Sub Timer4_Timer()
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‘Datatl = "Times" & " ‘S Teuc"8" *&'Tds"&" "&"Mig™&"  "&"IeT&" : "R
"Wo"&" "&'"Wi"&" "&"Tsh"&" "&'"Thg"&" "&"Capacity’

Datat = Format(Time, "h:mm:ss ") & Text1 &" :"&Text2&" :"& Text3 &" :" & Text4
&" :"&Text5&" :"&Text6&" :"&Text7 &" :"&Text8 &" :"& Text17 &" :" &
Text18&" :°

List1.AddItem Data1 ' Show Data & Times

List1.Listindex = List1.ListCount - 1 ' Show Last Data

count1 = count1 + 1

Print #1, List1.List(List1.ListCount - 1) * Save Data To Disk

End Sub

Private Sub NewMenu_Click()
CommonDialog1.ShowSave ' Select File To Save Data

File1 = CommonDialog1.FileName

If Filel =" Then ' If File Not Select Exit
Exit Sub

End If

Timer4.Enabled = True * Start Read Data

Open File1 For Qutput As #1 ' Open File To Save Data
NewMenu.Enabled = False ' Don't Use Any New File
End Sub

Private Sub auto_Click()

Command1.Enabled = True

Command2.Enabled = False

Command3.Enabled = True

Command4.Enabled = False

Timer10.Enabled = True

Timer11.Enabled = True

End Sub



Private Sub fc_Click()
Command1.Enabled = False
Command2.Enabled = False
‘Command3.Enabled = False
Command4.Enabled = False
Timer10.Enabled = False
Timer11.Enabled = False

End Sub

Private Sub Stop_Click()
Timer4.Enabled = Not Timer4.Enabled
End Sub
Private Sub Command1_Click() 'left
Text19.Text =v
If v < 240 Then
Command1.Enabled = True
Command4.Enabled = True
End If
Text19.Text = v
If v>240 Then
Command1.Enabled = False

End If

Shape1.BackColor = QBColor(10) ' green
Shape2.BackColor = QBColor(12) ' red
Out &H378, 12
Call delay
Shape1.BackColor = QBColor(10) ' green
Out &H378, 6

80



Shape1.BackColor = QBColor(15) ' white
Call delay
Shape1.BackColor = QBColor(10) ' green
Out &H378, 3
Shape1.BackColor = QBColor(15) ' white
Call delay
Shape1.BackColor = QBColor(10) ' green
Out &H378, 9
Call delay
v=v+1
If v>240 Then
Call Command6_Click
Text19.Text = v
End If
Text19.Text =v
End Sub

Private Sub Command2_Click() 'close
v=v-1
Text19.Text=v
Ifv=0Then
Command2.Enabled = False
Command4.Enabled = False
End If
If v=1Then
Command2.Enabled = True
End If
Shape2.BackColor = QBColor(10) ' green
Shape1.BackColor = QBColor(12) ' red
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Out &H378, 9
Shape2.BackColor = QBColor(10) * green
Call delay
Shape2.BackColor = QBColor(15) ' white
Out &H378, 3
Shape2.BackColor = QBColor(10) ' green
Call delay
Shape2.BackColor = QBColor(15) ' white
Out &H378, 6
Shape2.BackColor = QBColor(10) ' green
Call delay
Shape2.BackColor = QBColor(15) ' white
Out &H378, 12
Shape2.BackColor = QBColor(10) ' green
Call delay
If v=0Then
Command2.Enabled = False
Command4.Enabled = False
Text19.Text=v
End If
Ifv=1Then
Command2.Enabled = True
End If

End Sub

Private Sub Command3_Click() 'brake
Command1.Enabled = False
Command2.Enabled = False

Command3.Enabled = False
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Command4.Enabled = False
Command>5.Enabled = False
Timer10.Enabled = False
Timer11.Enabled = False

End Sub

Sub delay()
times = Timer
Do
DoEvents
Loop Until Timer >= times + 0.05

End Sub

' Can be open/closd and stop
Private Sub version_Click()

End Sub

83



NIANUIN 1.

1998
STANDARD for

AIR CONDITIONING &
REFRIGERATION
INSTITUTE

4301 NORTH FAIRFAX DRIVE

WATER
CHILLING
PACKAGES
USING THE
VAPOR

COMPRESSION
CYCLE

Standard 550/590

« ARLINGTON, VIRGINIA 22203

84



85

IMPORTANT

SAFETY RECOMMENDATIONS

It is strongly recommended that the product be designed, constructed, assembled and installed in accordance with
nationally recognized safety requirements appropriate for products covered by this standard.

ARI, as a manufacturers' trade association, uses its best efforts to develop standards employing state-of-the-art
and accepted industry practices. However, ARI does not certify or guarantee safety of any products, components
or systems designed, tested, rated, installed or operated in accordance with these standards or that any tests
conducted under its standards will be non-hazardous or free from nsk.

ARI CERTIFICATION PROGRAM PROVISIONS
Scope of the Certification Program
ARI 550 CERTIFICATION PROGRAM

All water-cooled centrifugal and rotary screw water-chilling packages with continuous unloading rated at or below
2000 tons at ARI Standard Rating Conditions, of the hermetic and open type, electric motor driven 60 Hz below 5000v,
as covered by this standard, are included in the Certification Program. Included are chillers with single bundle shells
(single water circuits or multiple condensers on a single water circuit are included).

ARI 590 CERTIFICATION PROGRAM

All positive displacement step unloading compressor and air-cooled rotary screw water chilling packages rated up to
1500 tons for water cooled condensers and up to 200 tons for air cooled condensers of the hermetic and open type,
electric motor driven 60 Hz, 208v, 230v, 380v, 460v and 575v as covered by this standard (single water circuits or
multiple condensers on a single water circuit are included).

Certified Ratings
The Certification Program ratings verified by test are:

1. Capacities, tons [kW],
Energy Efficiency, as applicable

«  Power Inputs per Ton, kW/ton [kW/kW]

«  Energy Efficiency Ratio (EER), Btw/W+h [W/W]

«  Coefficient of Performance (COP) [W/W]
3. Water Pressure Drops, psi or feet of water [kPa], all of the above at standard rating conditions (see
Section 5.1) and at application rating conditions (see Section 5.2) for both full and part loads (see
Section 5.3 for part load performance requirements),
Integrated Part Load Values (IPLV's) (see Section 5.3.1), and
5. Non-Standard Part Load Values (NPLV's) (see Section 5.3.2)*.

ea

*  Applies to ARI 550 certified products only.
Note:
This standard supersedes AR Standard 550-92 and all addendum thereto and ARI Standard 590-92 and addendum

thereto.

Price $20.00 (M) $40.00 (NM) — ©Copyright 1998, by Air-Conditioning and Refrigeration Institute
. : M5 A y 2
Printed in U.S.A. e Registered United States Patent and Trademark Office
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ARI STANDARD 550/590-1998

WATER-CHILLING PACKAGES USING THE VAPOR
COMPRESSION CYCLE

Section 1. Purpose

1.1 Purpose. The purpose of this standard is to establish
for water-chilling packages using the vapor compression
cycle: definitions; requirements for testing and rating;
minimum data requirements for published ratings;
marking and nameplate data; and conformance conditions.

1.1.1 Intent. This standard is intended for the
guidance of the industry, including manufacturers,
engineers, installers, contractors and users.

1.1.2 Review and Amendment. This standard is
subject to review and amendment as the technology
advances.

Section 2. Scope

2.1 Scope. This standard applies to factory-designed and
prefabricated vapor compression refrigeration water
chilling packages including one or more hermetic or open
drive compressors (centrifugal, rotary screw, scroll,
reciprocating, or other types), equipped with either water-
cooled, air-cooled, evaporative-cooled condensers or
supplied without a condenser. This standard also covers
water chilling packages with air or water-cooled heat
reclaim condensers.

Section 3. Definitions

3.1 Definitions. All terms in this document will follow
the standard mdustry definitions in the current edition of
ASHRAE Terminology of Heating, Ventilation, Air
Conditioning and Refrigeration unless otherwise defined in
this section.

3.2 Air-Cooled Condenser. A refrigeration system
component which condenses refrigerant vapor by rejecting
heat to air mechanically circulated over its heat transfer
surface causing a rise in the air temperature.
Desuperheating and sub-cooling of the refrigerant may

occur as well.

3.3 Air-Cooled Heat Reclaim Condenser. A heat transfer
device which condenses refrigerant vapor, in the process of
rejecting the heat of condensation to air, causing a rise in
the air temperature. Desuperheating and/or sub-cooling of
the refrigerant may occur as well. This condenser may be

a separate condenser, the same as, or a portion of the air-
cooled condenser.

3.4 Bubble Point.  Refrigerant liquid saturation
temperature at a specified pressure.

3.5 Compressor Saturated Discharge Temperature. For
single component and azeotrope refrigerants, it is the
saturated temperature corresponding to the refrigerant
pressure at the compressor discharge. For zeotropic
refrigerants, it is the arithmetic average of the dew point
and bubble point temperatures corresponding to refrigerant
pressure at the compressor discharge. It is usually taken at
or immediately downstream of the compressor discharge
service valve (in either case on the downstream side of the
valve seat), where discharge valves are used.

3.6 Dew Point Refrigerant vapor saturation temperature
at a specified pressure.

3.7 Energy Efficiency, Cooling.

3.7.1 Coefficient of Performance (COP)[W/W]. A
ratio of the cooling capacity in Watts [W], to the total
power input in Watts [W] at any given set of rating
conditions.

3.7.2  Energy Efficiency Ratio (EER). A ratio of the
cooling capacity in Btwh [W] to the total power input
in watts [W] at any given set of rating conditions.

3.7.3  Power Input per Ton (kW/Ton). A ratio of the
total power iput to the umt, including controls, in kW
to the net refrigerating capacity in tons at any given set
of rating conditions.

3.8 Evaporatively-Cooled Condenser. A refrigeration
system component which condenses refrigerant vapor by
rejecting heat to a water and air mixture mechanically
circulated over its heat transfer surface, causing
evaporation of the water and an increase in the enthalpy of
the air. Desuperheating and sub-cooling of the refrigerant
may occur as well. i

3.9 Fouling Factor. The thermal resistance due to
fouling accumulated on the heat transfer surface.

3.9.1 Fouling Factor Allowance. Provision for
anticipated fouling during use specified in h - ft* -
°F/Btu [m? - °C/W).
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Table 1. Standard Rating Conditions '
Water-Cooled Evaporatively-Cooled Air-Cooled
Condenser Water
Entering 85°F [294°C]
Flow Rate 3.0 gpm/on [0.054 Lisper kW]
Condenser Fouling Factor Allowance
‘Water-Side 000025 h - f* - “F/B
[0.000044 o - °C/W]
0.000h - f* - °F/Bu 0000 h - f* - °F/B
Air-Side [0.000 o - °C/W] [0.000 m* - °C/W]
Entering Air
Dxy Bulb 95°F [35.0°C]
Wet Bulb 75°F [23.9°C]
Evaporator Water ;
Leaving 4°F [6.7°C]
Flow Rate 2.4 gpmé/on [0.043 L/s per kW]
Evaporator Fouling Factor Alowance
Water-Side 0.0001 h - f °F/Bm [ 0000018 nf - °C/W]
Condenserless
Water or Evaporatively Air Cooled
Cooled
Saturated Discharge 105°F [40.6°C] 125°F [51.7°C]
Liquid Refrigerant 98°F [36.6°C] 105°F [40.6°C]
Barometric Pressure - 29.92 in. of Hg [101 kPa]
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IMPORTANT
SAFETY RECOMMENDATIONS

It is strongly recommended that the product be designed, constructed, assembled and installed in accordance with
nationally recognized safety requirements appropriate for products covered by this standard.

ARI as a manufacturers' trade association, uses its best efforts to develop standards employing state-of-the-art
and accepted industry practices. However, ARI does not certify or guarantee safety of any products, components
or systems designed, tested, rated, installed or operated in accordance with these standards or that any tests
conducted under its standards will be non-hazardous or free from risk.

Note:

This standard supersedes ARI Standard 540-91.

Price $20.00 (M) $40.00 (NM) "F-ii' ©Copyright 1999, by Air-Conditioning and Refrigeration Institute
Printed in US.A. SZaem Registered United States Patent and Trademark Office

89



90

ARl ST ANDARD 540-1999

POSITIVE DISPLACEMENT REFRIGERANT
COMPRESSORS AND COMPRESSOR UNITS

Section 1. Purpose

1.1 Purpose. The purpose of this standard is to establish,
for positive displacement refrigerant compressors and
compressor units for refrigeration applications: definitions;
requirements for testing, rating and operating; minimum
data requirements for published ratings; marking and
nameplate data; and conformance conditions.

1.1.1 Inmtent. This standard is intended for the
guidance of the industry, including manufacturers,
engineers, installers, contractors and users.

1.1.2 Review and Amendment. This standard is
subject to review and amendment as technology
advances.

Section 2. Scope

2.1 Scope. This standard applies to electric motor driven,
single capacity positive displacement refrigerant compres-
sors and compressor units. This standard also applies to
the presentation of performance data for positive displace-
ment refrigerant compressors and compressor units.

2.2 Exclusions.

2.2.1 This standard does not apply to compressors

and compressor units employing ammonia, as covered - -

in ARI Standard 510.

2.2.2 This standard does not apply to compressors
and compressor units intended for use in:

a. Household refrigerators and freezers
b. Automotive air-conditioners
¢. Dehumidifiers

3.1 Definitions. All terms in this document will follow
the standard industry definitions in the current edition of
ASHRAE Terminology of Heating, Ventilation, Air Condi-
tioning and Refrigeration unless otherwise defined in this
section.

3.2 Compressor or Compressor Unit Efficiency.
1n=100mC (h,, -h) /P

where: m = mass flow of volatile refrigerant, Ib/hr

(ke/s]

specific enthalpy of refrigerant vapor enter-

ing the compressor or compressor umit,

Btu/Ib [kl/kg]

h,, = specific enthalpy of refrigerant vapor - at
discharge pressure, Ba/Ib [kJ/kg] and s is
the specific entropy of refrigerant vapor
entering the compressor or compressor
unit, Btu/lb - °F [kJ/kg - °C]

b,

C = 0.2931 W/Btwh, 1.0 [kW/kJ/s]
P = measured motor input power, W [kW]
n = compressor or compressor unit efficiency,

in percent

3.3 External-Drive Refrigerant Compressor. A compres-
sor with a shaft or other moving part extending through a
casing to be driven by an electric motor.

3.4 Positive Displacement Refrigerant Compressor Unit.
A positive displacement compressor mounted on a struc-
tural base with accessories, such as strainers, service valves,
check valves, suction filters, oil separators, receivers, etc.,
as provided by the manufacturer.
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3.5 Published Rating. A statement of the assigned values
of those performance characteristics, under stated rating
conditions, by which a unit may be chosen to fit its applica-
tion. These values apply to all units of like nominal size
and type (identification) produced by the same manufac-
turer. As used herein, the term "published rating" includes
the rating of all performance characteristics shown on the
unit or published in specifications, advertising or other
literature controlled by the manufacturer, at stated rating
conditions.

3.5.1 Standard Rating. A rating based on tests
performed at Standard Rating Conditions.

3.5.2 Application Rating. A rating based on tests
performed at application rating conditions (other than
Standard Rating Conditions).

3.6 "Shall," "Should," "Recommended" or "It is Recom-
mended”. "Shall," "should," "recommended" or "it is
recommended" shall be interpreted as follows:

3.6.1 Shall. Where "shall" or "shall not" is used for
a provision specified, that provision is mandatory if
compliance with the standard is claimed.

3.6.2  Should, Recommended or It Is Recommended.
"Should," "recommended" or "it is recommended” is
used to indicate provisions which are not mandatory
but which are desirable as good practice.

Section 4. Test Requirements

4.1 Testing Compressors and Compressor Units. All
standard ratings shall be verified by tests conducted in
accordance with ASHRAE Standard 23.

Section 5. Rating Requirements

3.1 Standard Ratings of Compressors and Compressor
Units. A Standard Rating of a compressor or compressor
unit consists of Standard Mass Flow Ratings, identified at
the Standard Rating Conditions, plus its associated power
mnput rating and efficiency rating when tested as specified
by the manufacturer.

5.1.1  Standard Rating of a Commercial Refrigera-
ing Compressor or Compressor Unit. The rating when
operated under one of the Standard Rating Conditions
presented in Table 1.

5.1.2 Standard Ratings of a Compressor and
Compressor Unit Used in an Air-Conditioner or Heat
Pump. The rating(s) when operated under one of the
Standard Rating Conditions presented in Table 2.

5.2 Application Ratings of Compressor and Compressor
Units. An application rating of a compressor or compressor
unit is a mass flow rating, and associated power input
rating when tested at completely stated conditions other
than those presented in Table 1 or 2, as specified by the
manufacturer.

5.3 Publication of Ratings. Wherever application ratings
are published or printed, they shall include, or be accompa-
nied by, the pertinent Standard Rating(s), clearly desig-
nated as such, and shall include a statement of the condi-
tions at which the ratings apply and the accessories in-
cluded in obtaining those ratings.

S.4  Tolerances on the Standard Ratings. To comply with
this standard, Standard Ratings shall be based on data
obtained in accordance with the provisions of this section,
and shall be such that any production unit, when tested
shall meet these ratings except for an allowance to cover
testing and manufacturing variations: 95% of rated values
tolerance for mass flow rate and efficiency. In addition, the
tolerance for power input shall be no more than 105% of
the rated value.

Section 6. Minimum Data Requirements for
Published Ratings

6.1 Tabular Data. General performance data, covering
the operational spectrum of the equipment, shall be pre-
sented in tabular form within defined accuracies and ranges
of operation. The tables shall include:

Suction dew point temperature range, °F [°C]

Discharge dew point temperature range, °F [°C]

Applicable superheat, °F[°C]

Input watts, W [W]

Compressor or Compressor Unit Efficiency, per-

cent

Refrigerant mass flow rate, Ibs/hr [kg/hr]

. Current, A [A]

h. Refrigerant designation per ASHRAE Standard 34
t

The manufacturer's tabular data shall be based on data
obtained from tests performed or calculated by whatever
means or methods deemed necessary at conditions within
the range of application usage specified in 6.2.1, 6.2.2,
6.230r6.24.

LU =S T~

m ™
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6.2 Data to be Reported. The tabular data shall be
reported at the following conditions for the compressor or
compressor unit application usage intended. The extreme
ends of the tabular data may be omitted and not reported
due to limits of acceptable operation of the compressor or
compressor unit as determined by the manufacturer.
6.2.1 Air-Conditioning (including heat pumps).
» -10°F to 55°F [-25°C to 12.5°C] Suction Dew
Point Temperature (5°F [2.5°C] increments)
» 80°Fto 140°F [25°C to 60°C] Discharge Dew
Point Temperature (10°F [5%C] increments)
« 20 °F [11.1°C] Superheat

6.2.2 High Temperature (water coolers and walk-in
coolers, for example).

» 20°F to 50°F [-7.5°C to 10°C] Suction Dew
Point Temperature (5°F [2.5°C] increments)
» 80°F to 140°F [25°C to 60°C] Discharge Dew
Point Temperature (10°F [5°C] increments)
« Superheat per Table 1

6.2.3 Medium Temperature (display cases, for
example).

e -10°F to 32°F [-25°C to 0°C] Suction Dew
Point Temperature (5°F [2.5°C] increments)

« 80°F to 140°F [25°C to 60°C] Discharge Dew
Point Temperature (10°F [5°C] increments)
« Superheat per Table 1

6.2.4 Low Temperature (freezer cases, for example).
« -40°F to 10°F [40°C to 12.5°C] Suction Dew
Point Temperature (5°F [2.5°C] increments)
« 80°F to 140°F [25°C to 60°C] Discharge Dew
Point Temperature (10°F [5°C] increments)
« Superheat per Table 1

6.3 Pobmomial Equation. The polynomial equation that
shall be used to represent the tabular data is a third degree
equation of ten coefficients in the form of;

X=C1+C2* (S)+C3 * D+C4 * (S +C5 * (S*D)
+C6* (D°) +C7 * (S7) +C8 * (D*SH) +C9 * (S*D?)
+C10* (D)

where:

C = Equation Coefficient, represents compressor
performance

S = Suction Dew Point Temperature, °F [°C]

D = Discharge Dew Point Temperature, °F [°C]

Table 1. Standard Rating Conditions for Compressors and Compressor Units for Commercial
Refrigeration Applications (Based on 95°F [35°C] Ambient Temperature)

Suction Dew Point Tem- Discharge Dew Point Tem-

perature Compressor Type perature Return Gas Temperature
F e =) FC ¥ 0
45 12 All 130 54.4 65 18.3
20 6.7 All* 120 48.9 40/65* 4.4/18.3*
-10 -23.3 Hermetic 120 48.9 40 4.4
-25 -31.7 All* 105 40.6 40/65* 4.4/18.3*
-40 -40 All* 105 40.6 40/65* 4.4/18.3*

used.

If air flow across the compressor is used to determine ratings, it shall be specified by the campressor manufacturer.
* For hermetic type compressors 40°F [4.4°C] return gas temperature shall be used.
For external drive and accessible hermetic type compressors 65°F [18.3°C] return gas temperature shall be
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Table 2. Standard Rating Conditions for Compressor(s) and Compressor Unit(s) Used In Air
Conditioners and Heat Pumps (Based on 95°F [35°C] Ambient Temperature)
Suction Dew Point Tem- Discharge Dew Point
Application Test Points perature Temperature Return Gas Temperature
I’JF OC DF ﬂC OF ﬂc
Air Source (Cooling) 45 7.2 130 54.4 65 18.3
Air Source (Heating - 30 -1.1 110 433 50 4.4
High Temp.)
Air Source (Heating - 3 -15 95 35 25 -3.9
Low Temp.)
Water Source Cooling & 45 7.2 120 48.9 65 18.3
Heating
If air flow across the compressor is used to determine ratings, it shall be specified by the compressor manufacturer.

X represents (as designated)

Power input, W or kW [W]
e  Mass flow rate, Ibs/hr [kg/hr]
e Current, A [A]
o Compressor or Compressor Unit efficiency

6.3.1 To establish the coefficients to be used n the
equation above, the method of “Least Squares” shall be

used (Appendix C illustrates one acceptable computer
program for establishing the coefficients).

To establish the coefficients, sufficient test data needs
to be entered into the computer program. For those
conditions where the tabular data cannot be published
due to the operating limits of the compressor, the
compressor manufacturer will use test data or extrapo-
lated values for the omitted points inside the range(s)
specified in 6.2 so that the calculation may be com-
pleted and generate the coefficients to be used in the

equation (6.3) specified.

6.3.2 The polynomial equation (6.3) shall not be
used to extrapolate beyond the range of data specified
m 6.2

6.4 Superheat Corrections.

6.4.1  Superheat Range. For superheat, other than
that specified, correction values will be provided, upon
request of the user, for the following applications and
ranges:

6.4.1.1 Air-Conditioning (see 6.2.1)...15°F to
30°F, [8.3°C to 16.7°C] superheat.

6.4.1.2 High Temperature (see 6.2.2)...15°F to
45°F, [8.3°C to 25°C] superheat.

6.4.1.3 Med. Temperature (see 6.2.3)...15°F to
75°F, [8.3°C to 41.7°C] superheat.

6.4.1.4 Low Temperature (see 6.2.4)...15°F to
105°F, [8.3°C to 58.3°C] superheat.

6.5 Values Calculated Using the Equation of 6.3. Values
of the same performance characteristics calculated from the
ten coefficient third order equation and the coefficients
provided by the compressor manufacturer shall agree with
the tabular values within = 1%. In the event that the
compressor manufacturer determines that the values
calculated from the ten coefficient equation may differ by
more than 1% from the tabulated values in portions of the
operating range, the compressor manufacturer will indicate
this by shading, cross-hatching or otherwise identifying
those affected data points in the table.

Section 7. Operating Requirements

7.1 Loading Requirements. The compressor or compres-
sor unit shall be capable of operating continuously at the
stated maximum loading conditions of 7.2 for a minimum
period of two hours at minimum and maximum utilization
voltage as described in ARI Standard 110, Table 1.

7.2 Maximum Loading Conditions. The maximum
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suction dew point temperature limit shall be published.
This limit shall be established with the compressor operat-
ing at conditions described below:

a. Ambient temperature surrounding the compressor
of 115°F [46.1°C] dry bulb for all types.

b. 145°F [62.8°C] discharge dew point temperature
for compressors or compressor units for air cooled
applications; 120°F [48.9°C] discharge dew point
temperature for compressors and compressor units
for water cooled applications.

¢. Superheated return gas temperature shall be no
lower than 65 °F [18.3°C].

Section 8. Marking and Nameplate Data

8.1 Compressor Electrical Marking. The voltage, phase,
frequency, and locked-rotor current of all motors furnished
as part of the compressor shall be clearly marked on a

nameplate.

Recommended nameplate voltages for 60 Hertz systems
shall inchude one or more of the utilization voltages shown
in Table 1 of ARI Standard 110. Recommended nameplate
voltages for 50 Hertz systems shall include one or more of
the equipment nameplate voltages shown in Table 1 of IEC
Standard Publication 38.

8.2 Compressor Unit Nameplate Marking. Each com-
pressor unit should carry a nameplate, affixed to its housing
or base, on which at least the following information should
be marked, in addition to that required under 8.1:

Manufacturer's name and/or symbol
Model number

Refrigerant designation

Input voltage and frequency (Hz)
Rated-load current (where applicable)

opoom

Section 9. Voluntary Conformance

9.1 Conformance. While conformance with this standard
is voluntary, conformance shall not be claimed or implied
for products or equipment within its Purpose (Section 1)
and Scope (Section 2) unless such claims meet all of the
requirements of the standard.
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Refrigeration Controlling by Refrigerant Vapor By-pass
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Abstract
The Refrigeration Controling in present Normally
thermostats were used to control a proper refrigerating
temperature by stop and start the compressor . A lot of
energy consumption was used. Inverter was introduced to
solve this problem. Good results are obtained but at low
speed of compressor revolution , it still has low lubrication.
The refrigerant by-pass method is the other way to control
refrigerating temperature . Under manual control can

maintain a proper temperature by low fluxturate
temperature different . Also the highest performance is

obtained without low lubricant problem.
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3. inFaniAMuEunldlunmanes

- Open Type Reciprocating Compressor 1 -1/2 hp
- Shell and Tube Condenser

- Enter Water Temp 90 °F , Leaving Water Temp 100 °F
- Shell and Coil Chiller Capacity 9000 btu/hr

- Chiller Water INJOUT  90/83 °F

- Chilled Water Flow 1.8 GPM.

- Needle Valve For By-Pass OD. Sizing % inch.

- Rotameter Flow Meter Range 0-2.4 Kg/min.

- Working Fluid Refrigerant CFC 12

- Evap : 20 psig , Cond : 120 psig

- Low and High Pressure Gage

- Heater and Dimmer 3000 Watt

- Panel Watt Meter 0-3 Kw

EVAP.
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Load Wc Pe Pc m

[°F] [Watt] [psig] [psigl | [ kg/min]
94 1030 24 120 0.80
92 950 25 120 0.75
91 910 26 120 0.73
89 850 27 120 0.70
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Qe We EER RE.
[Btu/hr] [Watt] [Btu/hr/Watt] [Btu/ib]
5994 1030 5.82 56.7
5575 950 5.86 56.6
5460 | 910 601 56.5
5110 850 6.01 55.7

Qe A ANMAWNT TunninAMaiiy Fviaedu [Btunr)

Qe = mxRE .[Bluhr] 8)

5.2 suudunefined
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Load Wc Pe Pc m pm
[°F] [Watt] | [psig] | [psig] | [kg/min]
95 1010 23 130 0.83 682
93 950 235 | 130 0.79 675
91 900 24 127 0.77 645
89 830 25 127 0.75 633
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Qe Wc EER R.E.
[Btu/hr] [Watt] [Btuhr/Watt] [Btub]
6433 1010 6.37 55.3
6051 950 6.50 55.1
6016 920 6.54 55.0
5486 830 6.64 54.8
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Load Wc Pe Pe m
[°F] [Watt] | [psig] | [psig] | [kg/min]
96 1100 23.0 140 0.975
94 960 235 135 0.970
92 920 24.0 130 0.875
91 870 245 130 0.850

< o -
AITNN 6 uﬂnmnnﬂtmmmatmuﬁ'ﬂ'mmmtmm

Qe We EER RE.
[Btuwhr) [Watt] | [BtuhrWatt) (Btu/b)
7480 1100 6.80 585
6192 960 6.45 58.0
5796 920 6.30 57.5
5438 870 6.25 57.0
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