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The study and development of air conditioning testing room as ISO 5151 using Balance

Ambient Room-Type Calorimeter

Nattaphon Taiwattanaporn
Pakpoom Chaweetong
Santi Chawayanan

Asst.Prof. Tawatchai Nakpipat, Advisor

ABSTRACT

The performance test of an air conditioner is one of the methods that indicates true performance
of the air conditioner. Consumers should definitely determine many important factors such as Energy
Efficiency Ratio (EER). If Energy Efficiency Ratio is a large number, the ratio of cooling capacity to
power input will be a large number and the consumers will decrease paying for the cost of electrical
power. Balance Ambient Room-Type Calorimeter is one of the methods, indicated the performance of the
air conditioner, using The Principal of Thermodynamics and Heat Transfer to obtain parameters such as
heat transfer rate of undertested air conditioner and electrical work, it has consumed. The developed

Balance Ambient Room-Type Calorimeter can be use efficiently after calibration of measuring devices.
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158 dmfuszuuinnubusiiadals msmhenududeiiudninveglugdvesnisivag
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2. hifluingsziiia

3. lifanseuTany
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5. mindsesaunsansenyde

6. munsamdumiaia iy

7. Wanidiamuduhigain

8. vazagluanmufadesdiadosnmasii

9. wazegluanmveunaideslvadiy

10. hifiuiluduanefuszuumisleasfimvilavouyud

11. fanumunniutles e W azaindunsaiuquuSum g
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b 4
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mshanuduiivmslsaaugmshanudufi i luilegiuniadiu 3 dszandsil
2.6.2.1 wiia hiszmofowas lidalv
Uszim 1 R-744
szian 2 R-11, R-12, R-30, R-113, R-114, R-115, R-152a, R-500,
R-502
2.6.2.2 ¥iiana I
szian 1 R-40, R-1130
Usziam 2 R-160, R-170, R-290, R-600, R-601, R-611
2.6.2.3 $UATTAIBIAD
Tuiailsziam R-764, R-717
TaeluTnssamiios 1 desimnudu r- 22 Tumsiinn
2.6.3 NIMANUEYU R-22 (CHCLF))
mphwnudu R-22 dumsinnudunguiges lsmfueuddlidiufy  muwes ¥
fuszuuhpnuduiigungidifinnuduusseimeaiigaden —40.8 osnaiFoa ludegiulg
fumdesfuomamsizindessan iuszuuiifivnadnnn
dodoufumsihnaudu R-12 1§ mshanudu R22 svhafinnuduganiuoz

@ o
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Idnnwduiiaumesnganiluvaizi ldmasvuniessaniiy

8
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doanmilennmsmanudu r-12 Ao 1Hin5essanidnniuileanniilsuassumezios
A
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daudeNdasennfe a15MIAnuEN R-12 T51adnd wazanuaulunioidadm

9 & = 9 1 2 A A ar ‘; 1
oz Wl lums i luaseiidosni saubegungiinueenvouniosdadiniide
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13NN NVEY R-22 ﬁ'lll'liﬂi'nlﬂ‘l]u'lllu'lﬁ %1i)::wulumummmmlmizuu (1]

d.

CY%
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zuoneannniuludunlesines guugiidmiumsuondniudiuegiusidauazsiSuainiui
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Haag lumsin oy
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OnO=0
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2.7 uNuMNANNAU-touF
TasUnazduun Inssadununinanudu-ousatvesmsimnubuseadionu uase
Y [ (Y 1 Y o o o o a o

Wunudu Ty ldmsizadaaun 19y urunmanudu-eusatlvesmshinnugusialvunee

o a o o ° 4 o d a A ¥
¥ lammzfumstinnudustiaiy ssldfuszuuhanuduildarsianudusiadulild
Y o o H é 1 ] 1

Tnsaareveuwunwaudu-leusall lduaasdagif 2-6 Fsaunsamiseamiiu 3 dau

o

4
U

b d v ¥ ¥
L3 ~ o =

' a A o 4 v v - -
1. dwithefianiwdudidsegasinany daufithoifianmiuveunandouiies
szmonsodoaldsuaoruziiule lumendusushorfidaauziiulonfoufiszndudnily
Youna?
[} Aa Ao' ] : a o & [ 9/ =] : P ﬂ
2. dauftigamgidinhianmveaiiwunaldudidiegmedudisiie thntiaauiily
YDUNAIDAA? (Subcooled)
' aa a ' o A o & ' y A2 a
3. dwuiligamgiigananmysnhon luaaiuz ledudr Fsegnieduvnveaien ¥l

anmzitfu'le (Superhearted)

-

A " : 13
ruihmiigungiifniinem

4.7 . e
thumhoejlurousdud

y .. e (oMM eHILAY)
veythwunaldud? (helu

anmduga) veanmathuin —»

ufmuveanas Y )
dufibniigungiigninhalu
3 »
' tozuftdud chordirouziiu
ifulfsvounaiouia qlofamifie)
Wl wiReduda |

31N 2-6 135398519 P-h Diagram

a . P
51002106 Ins 9§19 P-h Diagram uaaslagguli 2-7
g oy [ . a4
1. dunnwduauysaltimiioiiy psia Shuduiieglunuiuounnes
Y b4 []
2. dusasnidmuszniaihieunarduhofdiule TwiedluesiFuailuduldly

]
@

0 ' ' 2 o P o Jd A
ummmagclumunma (lﬁuﬂi:) Lmaznﬁu%zuafmqmmmﬂﬂswummmmanm”m
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fanmiuvouraindeufiezszme viameadiule lunnndudulofszndusuiiu

voumandudrwiogaihuduvoanarnuim druduiogungadiuduloduss
a

F 4
3. @ygamgiiimitedly vusuled duiduilse @ugangitieveglunuiveounmsi

a o o

k4 A o 4 & o o L 4 2
mmﬁﬁmwaummmums1$qmﬁgm$ﬁuwutinummﬂu uaz%zqwmﬁammﬁ

¥ @

a o A a aa ° 4 2 A
ﬂﬂ'lwlﬂuﬂlﬂ\uﬁ?nﬂuﬂ')ﬁgﬂuqm“guﬁﬂﬂﬂ')‘lﬂmﬁguﬂﬂﬂ? arsraadvoviIuy

anmidlulenanSeliquugiiganiguugiioud
v 1) [ 4
4. dwiousailnafl (Constant Enthalpy) fivaidodiu Bru/ib ihwduiteglunuins

= o -\ 1) = 3
5. 1&u1l51es§umz (Constant Volume) iy /e iWuduIfaluuniveudevu

v
A

dndlesegnisvanile Fsegludnftiungiiganivhniifianmiduledud

6. 1duouTnsiinafl (Constant Entropy) itiaeiiiu Baib-R Sudunusaglumneuen
funndulosuda ogludndifigungiganirledud duiluamamssasavesin
ffirnniuleWiaugugeiu Fullunaliiigumgigeiulaehiimsdwman

founazanudsaniu

. .2 . 4 y 4
iusandhusmussnhnhuumdmhnfdhuudt 10 % muInsilnan
: 1

a4
MIANMN

/

1ulfweunaldudn W WRufmduss

[

o o a 4 1= o
31/%1 2-7 Tasaa319 P-h Diagram uaaudunudunah gangiined Wsiasniiiuaziousa
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2.8 Ig9nsmal fiiAvesnsninalu (Actual Vapor Compression Refrigerating

Cycle)
] ° a A o Y 4
TuszuvviemsinnuBuseunsoniniubuazlinnuduan iesinaifanuga
1 A& o 4 d
AU IUTIBF e Aosaanseuialildinelims Inavesmsanudwiiuly 18 Tasazan

L4
Y

Msgeivvsannuauiing

=

a o 2 o A 9 [ 1 =] a T
Naunlesmeinaoumumes nioniudonon e isezNaIsuAaL
ARl
&, ' . . ° d Ay a I
1. anuauanluviena (Suction Line) annvsscmisiinnuduniduiudunlosines
2 5y 3 a o o d 1 a o
Yuegiuesfilsznouanqussduidesmes uazanimvesmstinnudunouwdduilosmes
o a a o ] (] ] - o o’ T 9
Mueudsifiu anuduanlunsgalusissznindunlesmesuaznsmns maesidiugisldv
4 A o 1 vy o w v o a wa 3
auanuduidineumsmresogluaninvesle ualidesivnoglaslundnifiia vuiavesre
° d a 1 o -] o A [Y ' '
mnhnnuuiinasennudu vinvs@nauduggiswiennuauanaseuszuin §114veTa
Qo \d o & A =y v 1 T Qo
anuaugaudoszlios ualiflesvdunaisiinisanfe minldviela arldsiwezuin Tawwdn
wsugeaainumsfeszass lfaugaseninnnuduggdonSsufisudvsinime Tusnies
o < Y o ) o a o
ManuBuanusugaieniennuauanaseufSsumsuAuUNsanaIveguNgll A2INANAN
Tureqaifigumirdunisanasvesgaugiliiiu 2 ssmmusuleddeiuiiumisesnuvudn
MZAY RINUHUAIHATINAU-UTATIR I wAUAn lunegana ludnuasmundupusallah &
a1 a A o o 4 13 A o o ]
Undviegasyiinuiufuiesivannusuiuminmousnseuviegauuiuldiuas-tarudu
do o A4 o
nhdsezidunioda
o [ . o {a o o o
2. AnuAuanluyiois (Discharge Line) ANWAUaninany Temsanuguieu nanin
o d o ' [P o o ey { o
Msi-ANuBugNdand AT 1ves N ININYIBT Y MNAUNUMNANUAL-PUTaTigaNinAuAn
awnilumadneuaumed  mafaanuduanivieswinadionnufuveanisaluniu
(Condensing Pressure) 1
3. anuauanluneveuna (Liquid Line) Tasvdnmsudinnuauanluroveunadfe
o o i @ a °
1IN NeBAYBIMSHIUBUMAINd U wvBInaURLIEeS DadImUgulSInamsiiny
d o 12 3 o F o < 12 9 1)
wu anuduilez lifinadendsnunnuieuvessyuuimnubu uatwdez lulinadonin
¥ o 9/ A ° d : ¥ a a ) 3
vaadw ldoret dszvmnTesiinusuiuvdouszdnininas  nsizanuduluve
4 4 A a o o o { o
voamarhanaufuaunanilanmidiialovensi (Flash Gas) vosmsimnuidunediaa
=) o [ A o o a
auguifinamsinmby Semgidiniuguansinnudussnuuundmsumnizash

4 - Y ' o d ¥ 1o 0 d a1 0 o
anuidumal il Tessednusglumsinnu-bu sz ldfSinamshnnuduidaiud
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a ° 4 Ao v ° 1 a 4
muguisinamshnnusuiiduuligndedlasdininSnaldnuvesssuy demgiinms
Mszuwhpruduliquugiivesmsiinnuiulussuaure sanigungiveunaidud
(Subcooled Liquid) Suiludasuiu

[y = o o v A 9

4. anuduanludunleiswesuazeuaues msanasvesnnuauiinaldaniuzms
' Aa s = ¢ 2 o ' o
ammanudeundunlesmesiazinewauesilaeulil soutedasidiunisdadae Tamanie
ptndaimnanuduninasuauesanuiuhl anuduimdegarnugnlSinamsina
Bue1e hinanefiszi iddimuguiuaunlng 14

5. gamgiivesmstianutulusswauaeignilddiniguugliveunaidud

1 { 1 'd LY § o 1 (3
(Subcooled Liquid) pounvzr1ug 111una o187 (Expansion valve) ioyi 1¥aimsinay
o . . ] ' ° a 2
16U (Refrigerating Effect, R.E.) A0 UI0UQYDIA I NUSUNY
o a o 1 o
6. Tovosmsmanudusziiuledounatinoudineums sesifumsi Idmimsi

o 1 ] o 1
mmwuwa‘nmtm’Jamimmwtﬁumwuﬁn

2.9 auMSNIF UM IATHIN

P (psi)

DI VBIgII YiduiTen

o®

h (BTUb)

117 2-8 upuginnusuiazusatifSsuisy iginsveunataudanudinve umaIoudd
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ADUINIAIWBS (Compressor) fdanunlFvesnoums awasannsam 1dein
w=(h,-h) (2.2)

e  w fo Masnunlfussnoumsaves Twieilu Bou/min
= |

o ° o 1 P 1Y) S a ]
h3 f19 li’)u‘ﬁa1]‘1]0\1ﬁ]iVnﬂ’nﬂlﬂuﬂﬂuﬂﬂzl‘lnﬂi’)lll?ﬁﬁl“lfﬂi Uﬁu'lﬂlﬂu

Btw/lb
] @ o Qo d 4 - | ]
h4 9 li’)‘l-l'ﬁﬁll‘llﬂQﬁ1iﬂ1ﬂ'ﬂﬁJlﬂu°ﬂﬂﬂﬂﬂ1ﬂﬂi‘)1ll°ﬂ5ﬁl°lf’t)i uﬁuam‘ﬂu

Btw/lb

ABUIAUEDS (Condenser) USinan1udoungomesninoumuesnii1dein
g =mh,~h) .. (23)

& A P o o o o vod A
we g, fe amwdeuinlevesmshnnusunisldiudnarmmaetulumio
nouAuref Twiioilu Ba/min
o o 4 4 v
B fepuiaillvesmnshnubuiicenninnewauaed fiviiedly Brwb

A o d ] T .
m  fle wavesnmhanudunesniinaoumuaesintieiiu tb/min
a o 1 o d Ada o
Bunloisaes (Evaporator) MAsiinnuiunditasinesm 1dnn
RE.=(h~h) .. (24)
A . . & ° d e
({l® Refrigeration Effect fin AN13M1A1138u ivuideily Buwhr

h, #ewutatlvesmnsinnubutouddunlomees iviieiu Buib

h fio vutatlvesasmhanubuiosnnndinlemnes Inviuiiy Bu/b
2



ANOMANDNY NITRoHINIMANTSIR

a a ' q
szantnmusimsiinnubu

=y L : [-] - i QF A o
C.0.P. = suamanudunii g / ndanunlédumsosa

rECEY
cop=—pbr (25)
Btu
w (=)
hr

a5 18U UIZENTNMNAU (Energy Efficiency Ratio)

EER =Sunamanuduin g/ saa i finsossa

REE

hr
FER= ——-— =~ . 2.6
Wart (26)

wanmsulaous C.O.P. slu EER

0.293Btu
hr

=1 Watt

WsERsuy 1 Btu/hr =3.412

CO.P.= Bt%" = Bt%r _ EER

oL 22RO (2.7)
Bt
%r 3412 3412
Btz/
EER=—ZIr _(cop)3412) .. (28)
Watt

81779

17
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d .
2.10 gurinafaAas3 (Thermodynamics)
-~ G4 o [l G4 P o
nnedalsngmsalveandsnuwaisgesn lasmmizlsingnmsaivesnsn/asunasy
anudeuilundsnvesndunienldsundinusugdundsauanuion
2.10,1 52U (System)
A4 2 A da a & °
Tuftinunedadantveuwanneziiluveuwalusuaums Fansdmua
o { ‘g 1o \J QI i
vouwmzfmuai lnuildduegiuymlszan neAnyquanidlaigalvu
A Ay 1 = & a -
1. szuvila fie sevuf lufims lvaveawia nanets TuvazfiBanisnlfsuuas
-4 o A L 1] : é Q A A
silvemdinusiaulammzinannegluveuwavesszuuwiniu diovezlindanundoun
y E
iWmSeennnnszuuf1d uanialuszuuezdesnsii 119195052 113191 Control Mass System
- Ad d' o o/
2. szvudla Aeszuuntivinamsnlasumlasgiveanaanu wamsvesdiinaa
- A A o A A v Ad o ~
wiimsnaouNMuYBUINAYDITUDAIUATININYT B Linshn 1R uasnasnuseeiing
A 5 1] ﬂ’l L3
AU HuveLAYDsTuLA 14 1519195832111 s2UURILRUITIAS (Control Volume
v S
System ) seunilamiseaniily 2 wiiafie
e 5 < a da
- szuuniims 1vadliuaue ( Steady Flow System ) ¥ szuuilawiianliula
o 4 1 é ' Qs S Q ﬂ' 1
yoarsaInaniiduazeenyInszuy lusrnmviauiiiuy uag luszuuiindsnunaz auey
awluszuulindswnlas
- szuufiins Ina liasineue (Unsteady Flow System ) viunga sevuilasiian
~ o A ¥ (] é [ - td’d
fiuavasmsdananidhuazesnnnszuy lusramila limidu uasluszuviifing
nlasumlandnunazauegniluszuy
2.10.2 ﬂ{]i’fﬂﬁl ﬂaaqmﬂwnmmi ( The first Law of Thermodynamics )
i 4
Aounihilis143snsunnudou ( Heat ) 914 ( Work ) nagndanunnudou ( Total
o L] ; o/ LY o ' Q’l {
Energy ) fiunwd devinflisesyadannudouduiuisuvessmmuy ngdeill veagavna
fans ( The first Law of Thermodynamics ) #30/50nd418971 AgNIINA1 ( Conservation of
é A\l A o 1] ] 5
Energy ) 3anaimasany liamnsaaiansehate usensonldeunlasgl/14

dmiuszuuila w3o auquuiasy 141

=) o a v A A J =) P}
HATIUGNTVDINAINUND N ANIAUVUGYNS (WJ90m03)

dazvnlugivesnindeunazndanu YBINTINUTINYDITSUY
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Y EL) Q-W=AE . (2.9)
Q= msmemanuiounuvoue (=0, —-20..)
W =awamsiteulisuszuy mogiluuw) (= 5w, - W)

AE = manfasunlaagnivoandnuiueesssuy (= E, - E)

A a a ] ]
vIngunsnedy WensanglvealSuudenda udez1dn
g—w=Ae [kIkgl .. (2.10)

& = = v v
nnaumsddu deRnsanglveslSinadenar udrnglan

Q—W=(fi—lf kW1 (2.11)

»
vinprwidesdih liismui ndsnuseesszuy (£ ) aunseutisenn 1dilu 3
dudetufio Na1unwlu (Intemal Energy : U ), W&da911903 ( Kinetic Energy : KE ) 1o
} 4 [
NA9UFNE ( Potential Energy : PE ) fasiunisulasunaandsnuneluvesszuyluvuums

gumsuaasld laswaswsosmnnldsuuilas T veandannely, ndsnusai tasndanu

o/

find

AE=AU+AKE+APE .. (212)
unuanms (2.12) asluaums (2.9) 214

O-W =AU +AKE+APE [W] .. (2.13)
4 AU =m(u, —u,)

AKE = —;—rh(vg -v?)

APE = mg(z, - z,)
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1 1 11 1 A \ K ls' et
suu TasduIngiuds szuvllalasdm Ingziiussuufegiufi (Stationary) vz laili
P o [ & ) - o @ o Y
asufasumlasnnusuaszaunnuge Faeelahmsn/fsunlasveandanudnd uazndu
varliimegunnsudondacenld uazezildngdon 1 angilinde
o-w=AU .. (2.14)

4
2.11 tou5a1 ( Enthalpy )
QI L A - \J L4 Ql
Aofuanifodiavilavesasmgurnamans Tnfunasivveandsnumeluuag

o 4
nasuilenInms'lua
H=Uu+P¥V .. (2.15)

uagennsolouIdegluglvesmsnAounasvemdsnumely uazndsauiiosnn

msma'ldde
AH = H -H, =(U2 +P2V2)_(U1 +P1V1)
AH = AU + APV
k) dH = dU +dPV
wArdam 1490
H=mCAT . (2.16)
wiolugnomaesla
AH = mC,AT

dH = mC,dT
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2.12 MagAuNaA (Ideal Gas )

T¥ei3uniuBnotanilad Perfect Gas nu1ods Mawiiade dnivlumanguorne
T&dumagaund uad lumalfiadeh omadlufagaundsianis Maanaeimiudy
ﬁwqauﬂﬁﬁdmﬁo qmwgﬁmmﬁwvﬁm‘futhqmwgﬁﬁqmﬁaﬂmnq "lmfwzﬁmi‘luﬁﬁmqau

ad 4 LY o o t 0
ﬂﬂﬂﬂﬂ!ﬁﬂﬂ01ﬂﬂu1ﬂglﬁﬂ~1ﬂ‘ljﬂ']'mﬂuﬁi5U1ﬂ'lﬁ uazﬁmmwmuuum

QA =4 . .
2.13 Aatauiinvese N Aiun (Moist Air Properties)
pimaluussomeiallszdlumsnaususeningeimeausia (Dry Air) saududifule
11 luduyesomauaezifiannmssiudaduveamaaiee wu Tulasnu sondiau e15neu
9 » b4
uaz msveulavenlad dinsuludiuvedlethlueimeezausaiisanvesloritlddua
o M) a P -1 o o 1 P o
qud lilsunszianniganemeadiuisell1d o gunglivazanuduveseiniayadisq iiinms
~ A o - T Q‘ -7
wosan FalunsainasiionniSond1 010 AdUAT ( Saturated Air )
2.13.1 gumgiinszithzua (dry bulb temperature, DB)
winedgumgiinemeinmes Tuiiwesnszuhzuds lunisdazdedlinsznweglun
v A A o ' da ta
amAaemazaIn e 1dmne 1 idgndewazilesdumnianaiasinmsunsed
2.13.2 gamgiinszithzitlun (wet bulb temperature, WB)
2 ad o a P 'Y v A4 a Aa
nuefaguuginsunmes luiimesinszuhedudrsdingu Taslinszuaaunil
o 1 1 a @
ANUGITTUIN 5 wag 10 wasapInfinarunsenhe
= 4 a A Y
2.13.3 Qv gAViIA1a ( Dew Point Temperature ) ABgUNININEIDNMINAUA?

a & o < o g {
(Havu nigneImeagnIfaIIBY & A IdUIEZAINFUAT

2.14 v“huﬂsm?uﬁugm ( Fundamental Parameters )
ANUAUYDIDIMARIEN ( Total Pressure of Moist Air ) 1D #asW¥IRIWAUA U

pmuaazduniiiulei
P=P +P, (2,17

b4 E 4 F 4
A FUTUYIl ( Absolute Humidity : @) n3oluuanseSsnii avdusumz

j 4
( Specific Humidity ) fiedns1dulasuaveslei (m,) aeoinAurs (m,)
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2 (2.18)

ANUFUTURNT ( Relative Humidity : ¢) Aodaiiaulaslua (Mole fraction ) ¥4l luenms

[ d 3 )
dlsn (Xx,) Aewrnveslethlueimadud (X,) Ngamgiuazniudueiniu

X
X

g

\4

¢=

.,P

& o o a Ay ' Y ' s o A
Wﬂﬁ'lﬂillﬂ'l"]duqaﬂﬂﬂ Tuaﬂzl'ﬂ1ﬂ1lﬂﬂi'lfrJuﬂTluﬂuﬂﬂﬂﬂﬂﬂllﬂazﬂ‘iﬂﬂ53ﬂﬂ'ﬂ HUAD

P

XV='7;- ..... (2190)
P

Xg=—;— ..... (2.19b)

E 4
o

J o/ o/ [ 9 L
anfuanuuduiniaunsadalfeglugl

P

\ 4

¢=

glgp

-4 a L o o &4 o
TasngMagaunn ( Perfect Gas Law ) aN3omIANNuduims uazmmwampm"lé’

moPY_PPM, .
RT RT
o _EV _EVM, f(2.22)

ma
RT RT
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ee
<
o

A1 o=—2 223
M P, ( )
A - v Y
FISUAUNIAY
P,
0=062192~ (2.23a)
Pa
P
o=06219—H— . (2.23b)
P-P

v
n’: @ o o 1 A’ v @& o A’ o C4
mszaztiuey ldanuduiussgninanuiuduinsuasanududuysel

P

¢= (0.6219+w)P,

v

pusatlvesoinmailon Wuwasiuvesputailvedletiuazoimauds Mouduylavesoinia
U

h=h,+oh, .. (2.25)
A L= <o aa 1 = o 1Y [ s
Fennousatlwdufenfuroiguugiifivsetiudor hliaunsodaglvesouiativosems
Aenluiily

h=CT+oh, .. (2.26)

Taon C, Apinnuiousuniz (Specific heat ) MU INMAILUA 1.005 k/kg.C

2.15 uwnugilsIns1ua3n (Psychrometric chart)
gl la TaswaSaduns M waasqaanidvsseinia uaalugyl difidimualu
uwnugiidumi Innememnasgnnsiinnunaduvesussnns
mangilii 2.0 dumsuaadiiduialassadionn TiveswugdleTaswasn uaz
AueuTARUgMEE B0 N
1. dulusndwouwugiidludugungd DB asdi
2. @ulunnsuihudugungdl Dp A uasdasd A
3. dufimmusayy dhidugamgdl wa asit

4. @uiawlunRtuadsawmisdmernduduilSumssunizash
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Wulfanannndmardhede ludsdmsmnlouunmigiifudunuyuduing
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2.16 n3zUIUM3U5V01M1a (Air conditioning Process )

2.16.1 dandIuaNueuduia (Sensible Heat Factor : SHF )
2 = ot @ W . A
U909 AY5TaNYRDUIUBIS MBS IUn1sannuiouduia ( Sensible Heat ) 1o
=) o -4 = o’: Y a
nfSsumesudvaussouzlumsimnubuvedunlosmesnig Tasmsangungiasvesoina
A 1 G 5 -7 o o o § d' Y o :
feglunSnanzlSuemaduinssuanudulueimsa ﬁ"wmqmmﬂmmmmﬂmmﬂmm
= dy d' Vv o yd' 1 Vv [ [- Y : d' '
gangiiuazanusuie IimmnzaududneglueslSueima duiuanudeunawimesnain
HosdeRodinnudouduiniuazanuiounds Tasminldgunglivesermaanasumiiniily
o o = LY. 4 . 19 A =Y ~
pmadafiviuay Wumsaannuieuduwing (Sensible Heat ) uadomaigaingivessiniaiing
1 o o : ¥ ; a : - o o : ’ Y
desuiiathlueima Srgamglioanssudagmiig ( Dew Point ) s lueimmzsauds
o y . s .
fudunemi anwdoulueimaszgnarom lugrsiiszifluniudouusl ( Latent Heat ) nd1
=y a oy =y 1 Y j
Tavaql emafignangaingiietia@euiiumsswmainudouduia mmdumsaannuiulu
01n1ﬁiﬂuqmngﬁﬁqmnﬁmﬂunﬁdwmmm%'aumh aaiumndunlaswmesiaussouslums
° d Y Y] T o o T
Mnbu 1 @4 ( 12,000 Btw/hr ) uazilionsiaiuauisududa 0.85 vureanud durtles
wastanumuiselumsmemanudoududa 10200 Buwhr ( 85% 84 12,000 Buwhr ) uasl
anuansalumsaremanudonur 1,800 Btuhr ( 12,000-10,200 ) UnAnsMmruadasidiu
o 1% 3 o/
vounnudouduRaIuOgAUANMLAZABININYOIDIMA
2.16.2 sz IUMIMANITounIemANUTHYSI01MA ( Heating or Cooling of Moist
Air)
A A ¥ A o qud 1o - a & X a
Weeimagnuanuiounienildiduas Taslilimsgadeniomuiuve s
¥
anu¥ulueima luunugilslnswadnnszuauniswduiududuasiminuuiven
A J Qs 5 l g _ J A
ipannianwsuduyssinsfinasanszuiums nszurumsisuilawnsafadudiosiniailon

' A =
vl"ﬁN‘lulﬂia\ulﬁﬂlﬂﬁﬂuﬂ'nllgﬂu (Heat Exchanger)

[Y
4 o_ ¥

2 d ada ' ' a
Tumsmivanudu Srgungiiie ( Surface Temperature ) Hfosndngungiingatima

. 'y e . a &
( Dew Point Temperature ) voammailontdl M3aanu¥u ( Dehumidification ) ¥21HAvY

TaslSunannudeunmunisanaiueanszuIuMIaINITan ldanaums

g=mC,(L,-T)) .. (2.27)
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oime iiedpants IWanudoumeivgamgiiiussuy

2163 AszuuMsMANSN0zaAAI 13 YB181MA ( Cooling and Debumidifying of
Moist Air)

ieoniagniiildiBuaa wqmwgﬁé’imhqmﬁqﬁquﬁn ( Dew Point Temperature ) 'lo

: H Y é ] :
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MuFilavoIfuNAI ungiinal uazdasims Ivaualudiuvesniseismulauazna sy
ANNTONNITANUANIAA W U8301Me 14 2 gad 183 udegasuduuazyagaiie

anudoui19lunszuiumsil flunasiuvesdrunisoromanuiouduia ( Sensible

- - — . . _' A, _ 1 . _ o Qo :' 4 _ - .
Heat : ¢, ) WasATIoUUAT ( Latent Heat : g,) M¥sntsdiomatmisududaiumioidesionts
anguuglinavesgunglinsznlizuds uaznsaremanudeundeszifendesiumsannsves
&’ as o o
anuyuduysal aunsafmualay
g, =mC,L-T) .. (2.28)

uag ¢ =m,(®,-o,)h, . (2.29)

¥
uonINtUN Ssrunsat muasvesnnuioudurauazanudounds’ld uazdagil1a

Tnaiilu
g, =m,(h,-h) L. (2.30)
G =m,(h —h,) we(231)
2 4 : 9
“lﬁﬂﬁi’Jll‘ilf]\]ﬂ’nlﬁﬂuﬂ\]ﬁllﬂﬂ'lvlﬂ%'lﬂ

q=qs_ql
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= tir, (h, —h,) wenl(2.32)

ABATIAIUNTSE ( Sensible Heat Factor : SHF ) Andasiaduanuisuduiadennuiousiy

NI LA

SHF =—% (2.33)
q.\' +ql
INAUNIT ( 2.29 ) Has (2.32 )
C (T, -T.
SHF = ¢c4-n (2.34)
h] - h2

[y o o § 4 a 3 a ' 9
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4 4 | 3 9 v o : 4 wy
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i = ol (235)

- A ~ -y
vinpisAnIsaMsaugauanuinamaudaznweenIINTTLY AunseRMTAIN
v ¥
wialudmfidiulovnazemealade

m,=m,(o,-®,) .. (2.36)

2.16.4 P3ZUIUMIMANNTOUUAZIAUAINFU( Heating and Humidifying of Moist Air )
A 2 A o o 2o 9 A =
pImAvzgniRutIn N doutazanuFuduing ldgamgiinssnhedlonuaznsznhy
g A { A a o Y
uagau esvnawdeuiiinlfscuuszfuinnuioudninsuazauiouuds
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2.17.2 vieaTannuieunvvaeufisy (Calibrated Room Type Calorimeter) 11n3aidl
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g ' dl -] [y
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1nnsMInINvesdesgaduatesas sgnuhanmeimanislufesegmelfeulvves
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é o d’ =y
Fazilingden 1 veswgqangiimans aagiindeifiss

Q-W=0
uay o-w=0 . (2.28)

] F 4
#nsaniganiuguanudusznuiiannsaseanudeuldfussuuiiug o

q, =C,AT
VEL) Q, =mC AT
2
%9 Ah=C AT
21dn Q,=mM L (2.29)
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.

Qch = mchAhch ..... (2.30)

& A ¥ 3 @ = ' g Ay S 4 S 4 o o d
Y3 Ahep ﬂﬂNaﬂ’]\iiz'ﬂ'nqlﬂuﬁaﬂiz“'ﬂquﬂlﬂlﬂn%ﬂuﬂlwu HAZINIDNINFAN U UL U

2.19 NQEHNIAIN

NAUMS (2.13) Q-W =AU + AKE + APE

nindoulvdhadu AU =0,AKE =0,APE =0
<18 O-W=0

%30 O-W=0
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NAUNT (2.29) unum Iuaums (2.31)
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(Qc - Qp + Qm,c - Qch) - (_(WE,c + WE, fa,c + WE,he,c + WE,hu,c )) =0 .. (2.33)

INAUNS (2.29) unum luaums (2.32)

el

0. =0,~1 (h, ~h,)+n,(hy, +hy )V -Wy ~Wy o =W =W n(2.34)

] ¥ ¥
nsasmsaemanudoundrulaldnindeanaeatiu awsathundiuiavim

Sas10u3EAnEnINNE99U (Energy Efficiency Ratio: EER) Tassih EER finiheiiu E;—u,—/—:—r—
a
331U gAINISMI EER Aailfie
EER = i— x3.412 [Bwhrw] ... (2.35)
asrcond
&
kA Waircond = WE K + WE K [kW]
2.20 nqunugnmalithvesiamumusun
vInguosloviy
v=IR (2.36)
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2.23 I Mdsaestioagaie1aunsIduUA s ( Least-Squares Fit of a Straight Line)

A 4 L [-] Qr dw
ooz auas b n3zilanail
oSr

) —a-
= > (y,—a-bx)
uay Q:b—r=——22[(y,—a-—bx,)x,]

0=Zy,—Za—be,. ;Za=na
0=Zy,x, —Zax, —be,2

wld na+x =%y, . (2.38)
(Zx,k+(2x,2y)=2xiy, ..... (2.39)
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Y &
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< 3 o
doans Falunmshrassszuuiiezldmsaugandsa
AUUATIY
1. exmaludemaneuaunsagnifialdidlufugaunald

2. Msnugandsaungaglnsainnya Wunszurumsanzms lvansda (Steady-State

Steady-Flow)

|4 ‘ ¥ I L
3. dmfumeyu flodnfovunilesnn manuuandnsznnmamda ¥, uas ¥,

(sz - Vlz)
2

araiu i 45 /s

Qv L i § \J 13
4. dmiumey gZ, - gZ, fodnlotymiloanin MANMIANANITHINAIING Z, uoe Z,

aetu'lyne 102 m.

a a 4 o M4 19
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dofmun
1. anwduludesdunuduussoime
' A o 4 o N
2. in3enlSuomedldnaaeuiiviia 18,000 BaHr n3e 5275.5 3ad (§,,,)

t 4
o -

asfassszruasmahnuglnsalmunsoutnsinsenidid 2 nsd Asfifle
0 d A' -< a
31 fn‘x01“0\1131“]“03ﬂ‘liﬁ‘l@luq‘lﬂfﬂl ﬂﬁla’oﬂ“ﬂﬂﬂﬁ‘“ﬁuﬂQﬂﬂT&"“ﬁaQﬂ'ﬁ

a v a o 1 7] t
Tasfissamimnuieundesldanyantugugungil unzganruguanudu edlu

fadaniFluminaaeusss

3.1.1 aamziiqamginsznhutannand 27°C uargamgiinsznhedlamnandy 19°C

Hamidity Ratio

Temperature
A o 4 P o 3 °
119 3-1 nszvaumslivaniizen 14 deannziigungiinssnhsutannni 27°C
uazgamgiinsznheilonnnni 19°C
o d 4 ] ¢ o o
AITUIUMST 1-2 NTZV/UMINIAMUBULBT AR NUFULDDINIMHILABEAMINIIBY
fmuald

4 : a . -
NN 1 mmmﬁ'wﬁﬂomfﬁmamtﬁuﬁqmuQun:ztﬂwuﬁ'a 30°C uaziiguugiiniznhe

dlon 21°C

5 A o ° =
aneil 2 e resnsInyansutnIBUTIigamginsznhzuds 13°C uaziigungdl

nsenheilen 12°C



onunugll v-1 (lumnmuan v,)
h, = 61 kJ/kg dry air , = 0.0118 kg/kg dry air
, = 34.2 ki/kg dry air @, = 0.0086 kg/kg dry air

- A 1]
8931015 Inavesemmtsirunssdin by

qwtal
m o o=—la
ol hl "hz
5.2755
=220 0197
Mool = 61342 ke/s

SanmInumivvenilueme
My con =My ey (@) — @)
m, .n = 0.197(0.0118 - 0.0086) = 0.0006304 kg/s
AITIAUMS 2-3 nasuauniunudouiiooimeiuinmes
sanniswmanuioudninmes O, = (b -h,)
nididladmaed 1000 w; 1=0.197(h, —34.2)
h; =39.28 kJ/kg dry air
VInNuEUgLl -1 (lumasuan v.) i h; =39.28 ki/kg dry air WaS @, = 0.0086 kg/kg dry air
A T, =18C
nydilaamaes 2000 w: 2=0.197(h, - 34.2)
h, = 44.35 kJ/kg dry air
mnuﬂuqﬁ v-1 (lumanuan v. )ﬁ h, =44.35 kJ/kg dry air Wag @, = 0.0086 kg/kg dry air

T,=225C

41
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d a \ § 4
anmzn 3 mmﬂoaﬂinﬂqﬂamnaﬁ%qqﬂmuqummiun @, = 0.0086 kg/kg dry air

4 1 4 - o -
annzh 4 eiMmAsenINYARILRUANUTUNgungnIznheute 27°C uns qunglinsznhy

alen 19°C
Vnurul v-1 (lunewuan v.) @, = 0.0106 kg/kg dry air
NITUMMIT 34 nszmumsnﬁummi'auuaztﬁumm‘fmfiammmhmgﬂmuqumm‘fu
59\51mﬁtiwmﬂ'nué'amhmzﬂmuqumméu YNAuMST (2.27)
n3difi 1 qnmqﬁﬁaam1n§'mnas'uﬁ'1ij‘xzamuqumwguﬁ 18°C
O, = 0.197[1.005(27 —18) + 0.0106(2439.57) + 0.0086(113.13 - 2534.42)]
Q,, =2.774 W
davinsthemmawdousw; 9., =0, +Q,, =1+2.774=3.774 iw
nadii 2 qmnqﬁ’v‘maﬂmﬂﬁnmafuﬁﬁdqnmuqun'nuéuﬁ 22.5°C
0, = 0.197[1.005(27 - 22.5) + 0.0106(2439.57) +0.0086(113.13 - 2542.65)]
Q,, =1.8675kw
sasnscemanuiousw; 9, =0, +0,, =2+1.8675 =3.8675 kW

namsfa winannziudulndfissiuanizdidiedis anseanudounnygs

- Z wye 3
mugueunginasyanuguanuiulfdsil fie

= - ¢ a

n3din 1 Wanudoulaeinmes ninyaniuguguingd 1 iw
4
UBSINYARILAUAINAY 2.774 kW

ad a o a

n3din 2 Wdnudoulavnmesningamuqueungii 2 kv

P 1
LUASNNYARIUAUA1UYU 1.8675 kW



wnanstiuenansianubidmiunslsnuiionisfnwiniiu lweygslnilulsysslosuaiunisen

lunsdllag vedu Bnnsnudludnutadiion uasneendidaaivesenalsynasiniinisuiluly



3.1.2 amaziigemgiinznhutanan 27°C unzqamgiinznheitlonnhiy 19°C

Humidity Ratie

Temperature

11 34 nszunmfuanzen 14 Weanneigamginszuhauiannnh 27°C
uazgaungiinsznheilenvindy 19°C
nszaUMs 12 nszwaunahmmuduezaammdudeermmhunsudin by
fmuald

: 03 J o ° =
an12zN 1 mmm'ﬁ'wnﬂauﬁ"n1m1m§unqmngunmﬂ1zuﬁ’a 30°C unsiigungiinszithe

don 19°C

[ 4 ) a . a
a1zl 2 e eeennnyanssdhn mBuiigungiinszuhzuda 13°C uazliqungil

nsenhedlon 12°C
Uil v-1 (lumasuan v.)
h, = 54.02 kJ/kg dry air o, = 0.0094 kg/kg dry air
h, = 34.2 kJ/kg dry air @, = 0.0086 kg/kg dry air
sams mavesomauwiafirunssdhanudu

il

5.2755

2219 42662
Macol = 54 00 —34.2 kefs
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sanmsmumivveailueme
M, coit =M oot (O — @)
m, . = 0.2662(0.0094 - 0.0086) = 0.000213 kg/s
ASZUIUMT 2-3 AszuaumsiinanudoudenmeariiBnmed
Sanmstemanufourndnmes O, =i, (h, - h,)
nidiiladnaes 1000 w; 1=0.2662(h, —34.2)
h, = 37.96 kJ/kg dry air
mmmuqﬁ v-1 (lumamun v, )‘V‘; h, = 37.96 kJ/kg dry air Wa¥ @, = 0.0086 kg/kg dry air
214 T, =16.5°C
n3diitlagnmes 2000 w; 2 = 0.2662(h, - 34.2)
h, = 41.71 kJ/kg dry air
kUi v-1 (lumnpuan v, Wi h, = 41.71 kifkg dry air U0z @, = 0.0086 kg/kg dry air
T,=19.5"C
a3 mmﬂoom1nqﬁ‘émnai’&njqamuqumm%uﬁ @, = 0.0086 kg/kg dry air

anzh 4 mmﬂoaﬂ'n1ﬂ‘mﬂ'mqummiuﬁqmnqﬁnsznﬂwuﬁe 27°C uay gungiinsznhe

iwen 19°C
IR -1 (lumamuan v.) o, = 0.0106 kg/kg dry air

| 4 < ) ! é’u
AIZUMMIN 3-4 pszuMaREA L sutazuA LD BN AR IUYAN LAY
o ' ' 4 o
sanmsdwmanuouruganIuguANN¥Y INauNISh (2.27)

N3N 1 qmngﬂﬁoenmnﬁmno%'n‘hq'qﬁmuqumm#uﬁ 16.5°C



0, =0.2662[1.005(27 - 16.5) +0.0106(2439.57) + 0.0086(113.13 - 2531.66)]
Q,, = 4156 kw
sasmnschomaamiousw; 9 ., =0, +Q,, =1+4.156 =5.156 kW

natif 2 quugifieennngmmedidrdyanuquanuiui1e.5:C
Q,, = 0.2662[1.005(27 -19.5) + 0.0106(2439.57) + 0.0086(113.13 — 2537.18)]
Q,, =3.341kw
sasmscomamious; 9, =0, +Q,, =2+3.341=5.341kw

vinmsfina winaanzisudulndifisstuanzdiiedi sunselianuiousings

= 1 o :‘
nuRugungiinazyanugquat1Ade fie
n3tin 1 Wamdoulasnmesnnyaniunugamgii 7 k7
2
UAZNINYARILAUAIINIY 4.156 kW
n3difi 2 Wnnudeulasinmes vinyaniugugaingd 2 kw

nmzmm(ﬂmuqummgu 3.341 kW
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3.3 aanaitgamgiinsznhzwlarhify 27°C uazgamgiinsznhzilomnand 19°C

Humidity Ratio

o

2 3

Temperature

i o A o a "W o
31 37 nszuaumsiSuaaaznn 1-4 dieannzigungiinssuhsudendy 27°C
uazquugiinsznheiisnunnnh 19°C
o d 4 A . ¢ o o
ASTLIUMS 12 AssIuMIManuBuLazaanNNTURioe A IuRBsR N DY
fmuald

J ﬂ' - o ~ -
a1z 1 exmmdhgansumhaulungungiinsznheuts 27°C unsligumnginsznhe

alen 22°C

anazii 2 ermreenninyanesihinduiigungiinsznheud 13°C uasiiqungi

nsznhedlon 12°C

Inunugil v-1 (luainmuan v.)
h, = 64.7 kJ/kg dry air o, = 0.015 kg/kg dry air
h, = 34.2 ki/kg dry air o, = 0.0086 kg/kg dry air

o a L4 [- ]
flﬂf'lﬂ'ls‘l'ﬂﬂﬂfl’@ﬂ'lﬂ'lﬂll'ﬁi"ﬂ‘luﬂﬂﬂﬂ"hﬂ')‘lﬂwu

Qtotal

r——

hl"'hz

5.2755
ma,coll =
64.7-34.2

ma,coil =

=0.173 kghs

48
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sasnmmuniuvoniluenn
My ot =My i (O — @)
i, oy = 0.173(0.015 - 0.0086) = 0.001107 kg/s
AsTIINMS 2-3 nszumsinnIndeuiioeimashuiniaed
sanmcomarwiourdnme O, =, (b, —h,)
nsdidlagnines 1000 w: 1=0.173(h, - 34.2)
h, = 39.98 k/kg dry air
mnuwuqﬁ v-1 (lunnnuan v. )7; h, = 39.98 kJ/kg dry air W @, = 0.0086 kg/kg dry air
214 T, =18.5°C
nsdidasnmes 2000 w; 2=0.173(h, -34.2)
h,=45.76 kJ/kg dry air
mmmuqﬁ v-1 (lupnnuan v, )ﬁ h, = 45.76 kJ/kg dry air W0S @, = 0.0086 kg/kg dry air
T, =20.6"C
anzi 3 a1mﬂannmnqnﬁmmi’tﬁﬁqnﬂ'mf]ummfuﬁ' @, = 0.0086 kg/kg dry air

i 4 4 a . -
AN 4 mmﬂaanﬂ1mzﬁﬂ'mﬂnﬂ11u$uﬂqmnqnﬂsztﬂ1zuﬁq 27°C stazqmﬂquﬂsztﬂw

dlon 19°C
2InuRugil v-1 (luninkuan v.) o, = 0.0106 kg/kg dry air

4 <4 - L 4 ' #u
A32UUNISA 3-4 NIZVIUMIRNAMN BULALIRUA N IMAKIUYARILIAUA I
o . v é’ 4
SasnstumanuiourugAnUqUAMTY 1INANNITNA (2.27)

A38IN 1 qamqﬁﬁaaﬂn1ﬂ‘§mﬂa§tﬂ1tjqﬂmuqumm{uﬁ 18.5°C
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0,, =0.173[1.005(27 - 18.5) + 0.0106(2439.57) + 0.0086(113.13 — 2535.34)]
Q,, =2.348 kW
danmsaemanuiousw; 9, =0, +0,, =1+2.348=3.348 kW

nsdif 2 qmnqﬁﬁaafw1n§'mﬂas'n%tjsgnmuquﬂmm‘fuﬁ 20.6°C
0,, = 0.173[1.005(27 - 20.6) + 0.0106(2439.57) + 0.0086(113.13 — 2539.192)]
Q,, =1.977 kW
sasmscemanmdous; O, =0, +Q,, =2+1.977=3.977kw

nnnsfinra minaanzsuduindifsstuannzadiedis aunsaiauisuninga

- ‘: o ;-l
nILRuguUMglitasyanuRuAINEY 18RS A

n3din 1 Waawdeulasinmefninyanrunueamad 1 4w
HASYINYARIURNATINTY 2.348 kW
ad a a
nrdif 2 Idanudeulasinmesvinganiuqugaingd 2 iw

unzmmmmuqummifu 1.977 kW
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3.14 am1:‘7;qmﬂqﬁmznﬂwuﬁmﬁ1ﬁ’u 27°C wazquwgiinsznhzitleniesn 19°C

Humidity Ratio

Temperature
51/ 3-10 pszvIuMslTuEn TN 14 disannsfiguugiinszuhsudauiny 27°C
uazguugiinsznhzdlsmisonii 19°C
4 ) ' % d
AIZUUNS 12 AsTIIuMshatuuazasn U uiiseMmhuassihin by
fmuald

aneh | ommdganesdimnubuiigamgiinsznhzuds 27°C uaziigungiinszinhe

ilon 18°C

= L& 4 4 a ° - a
anmzh 2 exmAsenInganssdaNuduNgunglinsznhuds 13°C uasiiqgungi

nsznhedlon 12°C
INuNUQ -1 (lumarRuIn .)
h, = 51 kJ/kg dry air @, = 0.0092 kg/kg dry air
h, = 34.2 kJ/kg dry air @, = 0.0086 kg/kg dry air
Sas1n1s navesermmiafifunesdin iy

m = qmral

a,coil h] _ h2
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5.2755

=22 0314
Mool =51 "342 ks

gannsmumivveaiiene
My ot =M g oy (@) — @7)
m, .a = 0.314(0.0092 - 0.0086) = 0.0001884 kg/s
ATZUINAS 2-3 prsuaumsiivmdoudisemaiEnnes
sasnmemmudoudndnwes O, =, (b —h,)
niditindnnes 1000 w; 1=0.314(h, —34.2)
h, = 37.38 kJ/kg dry air
Vinurund 41 (unaruIn 4. f b, = 37.38 kifkg dry air U0E o, = 0.0086 kg/kg dry air
wld T, =154°C
nidilagnines 2000 w; 2=0.314(h, - 34.2)
h, = 40.57 kJ/kg dry air
mmmuqﬁ v-1 (lunianuan w. )ﬁ hy = 40.57 kJ/kg dry air W82 @, = 0.0086 kg/kg dry air
T,=19"C

] ' : )
annef 3 exmreonnyadnmesidhgyanIuguAIYUR o, = 0.0086 kg/kg dry air
< P o o a
an1zh 4 emdsennngamquANuFUigungiinszuhsuis 27°C uas ganglinssnhe

idlon 19°C
NURUGI (M) o, = 0.0106 kg/kg dry air

e a P 4 A ' é’
nIzUUMsf 3-4 nszuaumaiuanuisuuaziiun oo N AR AN TURNAIEY

ﬁ'm1msdwmmm%’amhuqamuqummiu NNaunsN (227 )
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A3 1 qnmQﬁﬁaanmnﬁmnas"ﬂ‘hdqamuqumm#uﬁ 154°C
0,, =0.314[1.005(27 —15.4) + 0.0106(2439.57) + 0.0086(113.13 - 2529.636)]
Q,, =5.255 kw
sasntemaadeousou; Q. =0, +0,, =1+5255=6.255 kW

n3difi 2 qmnqﬁﬁaanmnﬁnmaﬁ%’1zj1anmf]un'nu#uﬁ 19°C
0,, = 0.314[1.005(27 - 19) +0.0106(2439.57) + 0.0086(113.13 - 2536.26)]
0,, =4.10 kw
sarmstomanudous; Q. =0, +0,, =2+4.10=6.10 kW

snnsfde minaanzisudulndifissiuaniizdsiieds aunsoliauiounnya

o A’ [ 4 : -
augugungiinazyanuguaudulddil fe
asdin 1 Wanudeulnsdnmesnnyaniunugamgl 1 kw
2
HASVINYANIVAUANNIY 5.255 kW
n3din 2 Manufoulavinmeinnyantunugang 2 kW

| 4
HRSYINYARILANADINEY 4.10 kW
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3.1.5 aaariigumgiinsznhzudatesnd 27°C uazqamgiinaznhzilumnnn 19°C

Humidity Ratio

o

Temperature

o » 4 4 - v
511 3-13 pszuaumsiiuannzen 1-4 disannzigumginiznhsuiniosndt 27°C
uazguugiinszuheilenunnnd 19°C
o 4 4 ' ¢ o
ATSUINMT 1-2 AITIUMIThANduLazaRf NP MMM INABEAT IR B

fmuald

P [ o ) ° - o
annzi 1 omadhyaassdmanuibuiiguugiinssnhznta 25°C uasligungiinsznhe

den 23°C

anei 2 emAesennyanssdinBuiigungiinssnheuds 13°C uasiiqumgi

nszinhedlen 12°C
Lnunugil v-1 (lumnsuan v.)
h, = 68.9 kJ/kg dry air @, = 0.018 kg/kg dry air
h, = 34.2 k/kg dry air w, = 0.0086 kg/kg dry air
o o 14 d
oa31m3 Tnavesemmtsirunssdhnnuby

fh — qtolal
a,coil — —h
h —h,

5.2755

22755 o150
Macol = 680342 gs
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gasnsmumivveniluene
My ot =M g ooy (@) ~ @)
th,, oy = 0.152(0.018 - 0.0086) = 0.001429 kgs
AITUINMS 2-3 pszuaumamundeuiieeniuEnmed
sannutomanuieudn@nmes O, =, (h, —h,)
nidiiladnmes 1000 w: 1=0.152(h, - 34.2)
h, = 40.78 kJ/kg dry air
vinurugd 41 (\unaeuan v )R &, = 40.78 kg dry air U0z o, = 0.0086 kg/kg dry air
wld T,=19.2°C
nididladnnes 2000 w; 2 =0.152(h, -34.2)
h, = 47.36 kJ/kg dry air
gl ¥-1 (IUMARWIN 9.7 by = 47.36 Kikg dry air 1D @, = 0.0086 ke/kg dry air
T,=25°C
aneit 3 a1nmaan111mga§"nmas’n%dmmnqummﬁuﬁ @, = 0.0086 kg/kg dry air

] k4 ]
a1z 4 mmﬂaam1mgﬁmuqummiuﬁqmm_mmztmzuﬁq 27°C woz guugunsznhe

dlen 19°C
VInurugll v-1 (lumanuan v.) @, = 0.0106 kg/kg dry air

4 2 2 4 4 \ |
ATEUIUMSIN 3-4 NIzUIUMIIRNA N IouLREIIUA I s o MAH NYARILANA LY
v . : 2 4
sasmsaemanudourduganiuguauiu ninaumsi (2.27)

a ] ' b 4 1 R
n3din 1 guugiinesnunnmesidigyamuquanuiiui 19.2°C
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O, =0.152{1.005(27 —19.2) + 0.0106(2439.57) + 0.0086(113.13 — 2536.628)]
Q,, = 1954 kW
dasmsaemanuiousw; 9, =0, +0,, = 1+1.954 = 2.95¢ kW
n3dif 2 anqﬁﬁaanmnﬁwmaé’nﬁwj&mmnquﬂ'nm"}’u"v'; 25°C
0, = 0.152]1.005(27 - 25) + 0.0106(2439.57) + 0.0086(113.13 — 2547.2)]
Q,, = 1054 kW
sannmemaniousw; 9, =0, +Q,, =2+ 1.054 = 3.054 kW

nnMItam moaazEuduindifissiuanizdsdiedi annselinnudeusinga

. y
nugugungiliasyanunuauiu1ddsi fe
nsdif 1 WarudouTasinmesnnyaniugugangd 7 kw
MRS NYARILANAIIITY 1.954 kW
n3tifi 2 Warudeu Tavdninedanyaniuqugamgd 2 kw

uazmnqnmuqm1’:m§u 1.054 kW
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3.1.6 annziigamgiinsznhsuiaiesnd 27°C wazqamgiinsznhzilaniiv 19°C

Humidity Ratio

Temperatare

; o & 4 - Comme
51/ 3-16 pszuumsliuanigen 14 dieanzigaugiinsznhsudalesnd 27°C
wazgamgiinszithelloniiy 19°C
o [ A A [ <o d
ASZUIUMS 1-2 NIZUIMINANUBUIRLAANIFUIIBDINMANUABIATIAUEY
fmuald

anzi 1 ommdganssdhniuiduiigungiinssnheuds 25°C uasligungiinsznhe

ien 19°C

anneh 2 emseeninyanssmimBunigamgiinsznheude 13°C uasliguugi

nsznhzdlen 12°C
Inunugl v-1 (lumanuan v.)
h, = 54.02 kJ/kg dry air o, = 0.0114 kg/kg dry air
h, = 34.2 kJ/kg dry air @, = 0.0086 kg/kg dry air
sasms navesormmiafifunoedvinamuiy

: q total
m =
a,coil h| _ hz

5.2755

2 = 5215 _ o6
Macol = 52 00-342 ks
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Fanmanunivvenihluenn
My ot =M oy (O — @)
1t oy = 0.2662(0.0114 - 0.0086) = 0.000745 kgs
AIZUINAS 23 pszuaumIinnIdeudiooneruEnnes
sanmacwmanudoudndnmed O, =n, (b, —h,)
nydiiladwnes 1000 w: 1=0.2662(h, —34.2)
h, = 37.96 ki/kg dry air
ninuwugll v-1 (lumasuan v, Wit b, =37.96 kifkg dry air W% @, = 0.0086 kg/kg dry air
w'ld T, =16.5°C
niditlagnand 2000 w; 2 =0.2662(h, ~34.2)
h,=41.71 kJ/kg dry air
TINUHUR -1 (TumaruIn 9. Yt h,=41.71 kifkgdry air WOE @, = 0.0086 kg/kg dry air
T, =19.5°C
a3 mmﬂaane1mm‘§'nmaﬁ%ﬁmmuqumm%ﬁ @, = 0.0086 kg/kg dry air

an1Izh 4 mmﬂﬂam1mgﬂmnqumm§uﬁqmnqﬁnszn]wuﬁ'a 27°C uaz gungiinseinhs

wen 19°C
nInueugi v-1 (lunianuan v.) o, = 0.0106 kg/kg dry air

o & < 4 4 v A
NI21IUNSN 34 pIsuumImundsutaziuANuFUeRIMIAHILYAR LA LAY
o L 1] l A
8ATINIAIIMANUFBUAIUEARILAUATINSY 1INTUMSH (2.27)

ad ad a . 4 4 .
TN 1 qamqu‘naaﬂ'n1ﬂa‘nma‘ftﬁmqﬁﬂ’mqummqmn 16.5°C



62

0,, =0.2662[1.005(27 ~16.5) + 0.0106(2439.57) +0.0086(113.13 - 2531.66)}
Q,, =4.156 kW
sasnmsdomaandousw; Q. =0, +Q,, =1 + 4.156 = 5.156 kW

A3 2 qmnqﬁﬁaaﬂmnﬁmnaﬂi’hdqﬂmuqummfuﬁ 19.5°C
0, = 0.2662{1.005(27 ~19.5) + 0.0106(2439.57) + 0.0086(113.13 —2537.18)]
Q,, =3.341 kW
sanmisemarwdousw; O, =0, +Q,, =2 + 3.341 = 5.341 kW

vinmsin mnaazsudulndifvsiuanizdadien museldnauiousinga

uRugungiinazyanLuRIAL 18RsT Ao
adii 1 WanudeuTasinmeinnyaniugueangi 1 kv
HAZVINYARLANA IR 4.156 kW
n3difi 2 WanufeuTavinmoivinganugugamgd 2 kw

ltﬂzﬂﬂ‘!{ﬁﬂ’)ﬁﬂﬂﬂ’ﬂﬂ#ﬂ 3.341 kW
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317 aanziigamginiznhaalesnd 27°C uargamgiinsznhsiisnennth 19°C

Hamidity Ratio

Temperature
7113-19 pszuwmsdiuanmzen 14 dieanzigungiinssuhsuiniosni 27°C
wazgungiinsznhedlenieuni 19°C
d i 4 " ¢ d
AIZUIUMS 1-2 AszUIUMIANUBuEZaanIUiBe N AR TUABA A MNEY
fmuald

anzi 1 eimmdhyansudinnubuiiqamgiinsznheuds 25°C uasligamgiinsznhe

den 17°C

anzi 2 exmeeennnyanesdmanuiuiigamgiinsznhants 13°C uasiiqungi

nsznheilen 12°C
INUHUGH v-1 (lumAnuIn 9.)
h, = 48 kJ/kg dry air @, = 0.0092 kg/kg dry air
h, = 34.2 kJ/kg dry air @, = 0.0086 kg/kg dry air
sasms navssonimiafidunssdinnudy

— q.tolal
a,coil =
b ~h,

. 5.2755
ma,coil =
48-34.2

m

=0.382 kg/s
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SannImumivveniluene
My ot =M oy (O — @)
1, oy = 0.382(0.0092 —0.0086) = 0.000229 kg/s
AITIINMS 23 nszumaiumdeuiioenmmuinaed
sanmswnanudourwinaed O, = (b, —h,)
nsdilladnaed 1000 w; 1=0.382(h, - 34.2)
h, = 36.82 kJ/kg dry air
VINuEUQ -1 (lunakuan v, Yt = 36.82 kifkg dry air WOZ @, = 0.0086 kg/kg dry air
214 T, =15.2°C
nsdidlasnaes 2000 w; 2 =0.382(h, -34.2)
h, = 39.44 kJ/kg dry air
inmmuqﬁ a-1 (lumanuan v, )ﬁ hy = 39.44 kJ/kg dry air W% o, = 0.0086 kg/kg dry air
T, =19°C
Az 3 a1mﬂaaﬂmmm‘émnaé'vﬁ'nq'smﬂmqumw#uﬁ @, = 0.0086 kg/kg dry air

' z : - ° [
an1i 4 mresnINyamURUANURNTigumgiinsznhzuds 27°C uaz gaimgiinssnhe

dlen 19°C
vInumUgi v-1 (lumanuan v.) o, = 0.0106 kg/kg dry air

4 < < 4 A ' A
AITUMMIN 34 pIzuunsRuANuisuLRzMun I Sudioe IMAFILYANLUAINNY
o ' 4 i
dasmscomanuouruganluguauiu nnaumsii (2.27)

-~

J [ 9 ] R
n3diN 1 gungiifieonsinsnmediingyanuguanuiun 152°C



0, =0.382]1.005(27 ~15.2) + 0.0106(2439.57) + 0.0086(113.13 - 2529.268)]
Q,, = 647 kW
sanmscomanndous; Q ., =0, +0,, =1 +647 =747 kW

nIfiN 2 qamgﬁ’v‘;aanmn‘éﬂmaﬂ‘i’;’njqaﬂmquﬂ'nm‘;u’v'; 19°C
0, = 0.382[1.005(27 ~19) + 0.0106(2439.57) + 0.0086(1 13.13 - 2536.26)]
0,, =4.989 kW
sanmamemaudous; O, =0, +0,, =2+ 4.989 = 6.989 kW

nnmsfaa winanzisudulndifssduanizdiiiedis swsaldndounnys

) i o :l'-l
AILAUGUNYILASYARILANAINEY 1A fie
nsdidi 1 Wnawfeulasdnmsininyamunugamgil 1 aw
2
HAZDINYARIUAUAIINNY 6.47 kW
n3din 2 anmudouTavinmodnnganiugugungli 2 kw

unzmnaganmﬂumméu 4.989 kW
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- C, (wa T, )"' wwbhfg,wb

VNAUMS 2.27 ()
hg,@ - h f.wh
o = 1.005(19 — 27) + (0.0139)(2456.46)
»® 2550.84 - 79.77

@, = 0.0105642 kg/kg dry air

NTUNTT 2.24

_ @, P
(0.6219+ w4 )P,

¢

4 = __(0.0105642)(101.325)
(0.6219+0.0105642)(3.5998)

¢ = 0.4702 = 47.02%
anqﬁquﬁn

Ty =Tsuar
P, = #P, 4 =04702x3.5998 = 1.6926 kPa
T, = Tou g eorcira = 14.87°C

anmaedi 2 quungiinszaheuds 13°C qungiinsznhedeon 12°C

INNUNIT 2.34

100527 -13)
54.02-34.2

=(.7099
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aums 2.35

SHF = %5 _
qs + ql
g, =(0.7099)(5.2755) =3.745 kW

q, =(5.2755-3.745) =1.531xw

5.2755

M, =20 =(0.2662 kgs
54.02-34.2

= ' @ v o’ P o A o ] ]
‘mmmmmamm'mu*uuvaaumnauﬂ'ﬁmquu mauﬂﬂ'lﬂumsﬁm’ammm EER ﬂﬂ‘hj

p) : - . -
iHinsenenneensInyansedhnuBuNguugiinsznhzudal13°C uasiiqumgiinszsnhy

ilen 12°C
nuwugil v-1 (lumanuan v, )eld

@ = 0.0086 kg/kg dry air

uazeg 1A
mh, = 0.2662(0.0105642 - 0.0086) = 0.0005229 kg/s
drqungiisonninyanuguaungdl (3mne? ) figungli T, =26°C
91numunl ¥-1 (lunmanuan 9.) #T,=26°C % h, =46.12 k/kg dry air
sanmssemamdournidnael O, =, (b —h,)
=0.2662(48.12 - 34.2)

0,. =3.706 kw
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v
o oM

amudoudifiannyganugqugaingll duanudouluduvesnadeuduiaisiie 3.706 kw
1 ; da
faiuarwfoududaduiinie (3.745-3.706 = 0.039 kW) wdunrwdeuduiaifiannya

muqummq{u é"efuﬂ'nu%’auﬁ;ﬁmmqﬂqunmmi’uez;ﬂuﬁei‘i"ﬁa
0,, =1.531+0.039 =1.57 kW
NN IR B anazasil
mswumfmzﬁaa‘lﬂ'mmi’auIﬁuqamuquqmnqﬁ 3.706 kW

4
unzszdnslinnudouTaogamunuanuiu 1.57 kw
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911 4-20 781 A e ludmmiaila 1781 B egludumisila

[ d
3. M¥dmiuldomalume ( Purging ) nieidesiwieenninszuumeduninudugs
[ d
187 A o ludumistla uazdr B egludwmiadla dlunsldihennnssuumedn

[ d [ d
anuaugslaomaluame nfedlunsdeninisesnsinlussuy

511 4-30 1781 A e ludumistia 18 B afludumisila

»
a. Wdmiwhgygmaszuy 1181 A uazndl B of ludwmiadlmiag mevienarsves
vuudedfuiluggopmn

3 »
317 4-31 2782 A 11872 B ogludumialaag
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4.2.2 MIMGYRIMAISVY ( Evacuating The System )

MMy INAszuY vishiToni Mstuany wwnszihimondninmsaseiszuuus

v a2 A o
Aeufissihudszuy msdhggameiiumisldinTesiluqayenin ( Vacuum Pump ) gatereinie

a v ﬂ N-] o o P é
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Tuvasimdshgygmaszuy snnusuvsaninnudud 1o n1ddndn o ouddos
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a3t nvezuaas Wntui lussvuduggenaedmnedeinnudu lussuuvasiiiesndy

ANUAUUITTHINA
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v : | 1 ‘ )
qugmemisiinnugavenlsenlnd 20 finlson nzligaideai 0 esrnviusuled anudud

mdoegluszuuezgnuldsuamus uazgngaoonin
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311 4-33 mahqggmassuy
4.2.3 M3%159110U132VY ( Charging The System )
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4.5 ssUunBEasesusTINaa i s ud s IMAnasAssdiduIhn bR

( Air Cooled Condenser Water Chilled Fancoil System )
4.5.1 Emnlfuuiandneulnsa

1. Bunnvieds ( Discharge ) isenenneumsmaes sxdssllandracnshniududilva
whereuimuedszineanudoudinh (mnoay 1) ues@landimshamduiinasensin
noumsaseiidgneumueisznoafoudueinia (nanoiay 1)

2. §mshanuBumaiiieensinneumuwed szdesdlandrmshanuduiilua
sonnnneuAUIRTszINen TR (mneiny 10) wazdlandrmshedui lnacenn
aouauiesszinsndeudwommiterdigines Tasasins Inavesasyhanudumneas 2)

3. Anileiiasasims navesmahnnudu R-22) seAeadlandimsinnudult
'lnm%dﬁmai’i’né’m1ms'lna11mmsﬁ1m1mﬁu Moy 3) uazilandamsmhanududiiva
20NNNABTIAOATINS Tna (Muuay 4) ( Sullandmunoay 3 uaz 4 mneanuiEIAeants
wowmie bl narm indesiasasms navesmshnnudu (R-22)

4. dugamuguashn by iden 18nsdiAo ums 11182901047 (Expansion Vatve) i
ansovhaus i uneudviniuBu (Water Chilled Fancoil) 183s¥udannme nd iy (Needle
Valve)

4.1 médmneay 7 e nuduszdh lifind udy (Needle Valve)
4.1.1 Jandmanuiay 5 NdMNo@Y 12 LS NFIMINLIAY 6
4.1.2 Alandminuas 7 fundamanomy 13

5. dauduvioga (Suction) seAvstlandmhnruduiiesnnndunlesmesidhg
AsuMIAITes(oiay 8) unzazReuTlandimshnruduiiesnsimnfesiniududhg
AU MY (MINBIAY 9)

4.5.2 M IARUNMIN11MY8A Switch Control

1. Yfuaindnoumumes lfidwmisszinonnud oudawe1n e (Air Cooled)

2. suaindaunleisimed g uvmismsiniuiu (Water Cooled)

3, ﬂ%’uaﬁniﬁnnuﬁ'lﬂ%"ﬂﬂaua’ﬂ’,nﬁu'lﬂﬁszﬁ'uqq (Hi)

4. Yueindaunlosmed lfdumismsiniudu (Evaporator Water) ABUINSTIL593 92
M Tasoa Tuianun

5. d5uaindneufiunes WA dumiaila (On) uazidoumedygna RS-232 iy
nouRuaed

4.5.3 MIANRUVUABHH ARG
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1. myAuvieenshin by
A o : a 4 o v o = ]
iisAndiganouRuFuazyaiunsodas szl Widuremah
d ] 3 ° o Vo 3 4
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d 4
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Q@ A & o 1 4
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° - 3 o ] U4 1 4
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4 @ o d o = 1 4 A
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auneudhyAnouAT 3541°C 24+0.5°C

a d = A ros oo
Fannumusadnnubusugniveunioshuuniniidng #ialdneludesyaury
s A = o o o a A L) oo
negaisnfSoufisufuianwaunsahmaudusgmiveussosfnnunniinig filald
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5.4 MIMUIAUMITVBIMIMIA MU

NNTUMSNMISMUMANUSBY

Q=UXHA (5.4)
) o \ A 1] L4
e = sanmimwmanuieuniriumiateudnn, (w)

A da o 2

A - NuNrINoUBNYOINIY, (m)
L4 o)\ Q( U >

u = fulsesansveamstomanudounavua, 7 / m*K)

AT = AMuuANANYBsgungiineuenuaznitly, (K)

& n" 3
aamidutlsednsvesmsaromanudou (U) aunsomlAnnaums

! L L —ﬁ-+ +—x-£'-+—1-+—!—

f;Cl.“CKl.Knaf;

& l 4 - | A: Y
io i anudumuvesiaun oy
1 g J 4 -] [ ’ -y ¥ -~
o mwdumuvesiaadssithuilo@urduniehifan mﬂ\fumqfum
1 L ﬂ' z =t i d' 1
< - anudnmuvesdmilszneufithuilo@oifudieg Taofis K sznauni
[ d
wuuiluil
1 '
- = AUATUNTUYOIYBIOIN A
a
k = Thermal Conductivity, (W / m-K) w30 (Btu/hr- fi*(CF per in.))
c = Thermal Conductance, (W / m* - K)vw3e (Btu/hr- fi* - F)

£ = 937 W/m*-K) wie 1.65 (Btu/hr- fi** F)dmivaniis
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A4 fia wiadddu + suaudunnuiou nu 75 lindwas
AS  fie  Wiadg MU 15 I9uANY
Aa - g -
A6 fis auuIndgimu i1 417 130 0.1016 A3
E
A7 A auwnIndgionu v 417 138 0.1016 (A3
A8 e mistudu + auaudunnuieou nut 75 indwas
- a a 2 a
A9 Ao auauIndyimu v 4 97 159 0.1016 1UAT
& o o ' ﬁ 4 o v
Juasun 1 mdudssintvesmacromanuiouvesiuimisludiudieg

LU, Taoft £ =937 W /m*-K, x, =0.1016 m. uoe k, =0.025 W /m-K

1
1 01016

e A e
937 0.025

U, =024 W/m-K
2. m U, Taft £ =1.65 (Bu/hr- fi*~ F),x, =1.125 in.,

k, =0.025 (Btu/hr- fi>(CF per in.)),m (l)ﬂmamuﬁumm%u= 11.54
¢

(hr- fi* < F)/Btu waz k., =1.10 (Btu/ hr- fi*(" F per in.))

1

ILELEE: S

.65 1.10

U, = =0.076 (Btu/hr-fi** F)

3.m U, Taoit £, =1.65 (Bru/hr- fi* =~ F),x, =5.906 in. uog
k, =5.0 (Btul hr- fi*(" F per in))

1
-1 5.906

165 5.0

U, =0.560 (Btu/hr- fi*° F)



a.m U, Tavil £ =1.65 (Btu/hr- fi* = F),fh(l)vammuﬁumm%'au =11.54
C

(hr - fi* * F)/ Btu, anumnbhtidds = 0.515 112 uag M & vesthiildy vy 3.30
(Btu/hr- fi*(CF per in.))

- 1 — 2.0
U,= i 0315 =0.0813 (Btu/hr- fi*~ F)
—+11.54 + ——
1.65 3.30

5.m U, Taoft £, =1.65 (Btu/hr- i * F), avnumuweswisdy (4) =41

1 _ 20
—~—5 =071 Bru/ hr- f* 2 F)

U, =

1
1.65 5.

6.m U, Tauft £, =937 W /m*-K, x, =0.1016 m. unz k, =0.025W /m-K

1
1 0.1016

U= =024 W Im* K

1.65 0.025

7.m U, Taof £ =937 W/m*-K, x, =0.1016 m. uaz k, = 0.025W /m-K

—_ 1 - 2 o
U7—w-—0.24W/m K
1.65 0.025

8.mU, Tl f, =1.65 (Btu/hr- fi* = F),fh(l)uammuﬁumm‘}'au= 11.54
[4

(hr - fi2 = F)/ Btu , anamunthildy = 0.515 112 uag a1 k vesthvdy miu 3.30
(Btul hr- 2 F per in))

1
=0.0813 (Btu/ hr- fi* ° F)
-—1——+11.54+—~—«—0'515
1.65 3.30

Ug =

Sumeud 2 measimsdomanudouvesiuiimicluduma 9
1. @ =U A AT =(0.244)(2.1m.x 2.15m.)(27.3°C -27°C) = 0.325 W .

2. Q, = U, 4,AT = (0.076)(5 fi x 7.167 f1)(81.14° F —80.6° F) =147 Btu/ hr.
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3. Q, =U, 4,AT = (0.559)(3 /i x13.33 f{)(81.14° F —80.6° F) =12.07 Btu/hr.
4. 0, =U,4,AT = (0.0813)(3 ft x13.33 fi)(81.14" F —80.6° F) = 2.44 Btu / hr.
5.0, =U,A,AT = (0.711)(5 fi x13.33 /1)(81.14" F —80.6° ) = 25.59 Bru/ hr.
6. O, = U, 4, AT = (0.244)(2.1m.x 2.15m.)(27.3°C - 27°C) = 0.325 W..

7. Q, =U, 4,AT = (0.244)(2.1m.x 4m.}(27.3°C = 27°C) = 0.6048 W

8. 0, = U, 4,AT = (0.0813)(5f1.x13.33 /i.)(81.14° F —80.6" F) = 2.93 Btu/ hr.

myzazii (O +0+0, +0,)+(0, +0, +0, + O, + Q) =(1.25 W)+ (44.§I;t;42/ hr)

= (1.25) + (13.04)

=1429 W.
sasmimemanuieurhumiveissdassannemelumidy 1429 w.
nMIsmnad IR saTIMstomanudsumumive s sssassanizaeludy

§ J
winuaash imsdwmanudeunnussemameuendngniluiesdrassanznslu

MINu14.29 W.

‘ [ 3 1 : : T 1] o
winamy : issnndasinmanmdeuruiuieniuiffinaniennn Side &1 hilidasims

[ ) J’ 9o
aomanudaurunuies
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H P! o a ' A d o ¥ '
VYUADUN 1 "1“”1]53“7””8\1“1501017"\11”%’0“116\1“““”“@1“ﬂ']uﬂ‘l\‘l‘]

LmU, Tavft £, =937 W /m* K, x, =0.1016 m. unz k, =0.025W /m-K

1
=71 0.1016

937 0.025

U, =024 W/m*-K

g d L r : A o ] )
VUADUN 2 111ﬂm1msmummm%’awmwummlumumq 9

4 ; 2 24 2 F vy da o
dlo A fle Mufvestearanun onuftuiivestownsufivesnisd i fiaatntes

$esaniznioly
Q = (UXAXAT)
=(0.24)(3x (4m.x2.15m.)) + (4m.x 4m.)X27.3 - 35)
= (0.24)(41.8X(-7.7)
=-7724W.
dasmsnemaudourumisiessassaaizaoueniiy —77.24 W,

ﬂnmsﬁmam'ﬁné’uwuiﬁm1msthumm1u§'amhuNﬁwaaﬁmimawm'xzmuuamﬂu

auuaasn Insmumaudeugussnnianisuenmiu 77.24 w.

r o ' I« Ay & aa 3 < a R
"lnﬂl"q : mm%‘lﬂﬂm1ﬂ‘liﬂ‘lﬂmﬂ1‘m‘}’ﬂuﬂ‘mwuﬂﬂﬂuuuﬂimﬂmDUII‘Iﬂ 1]\1“31&?11””0“7‘““5

] 1 1
aemanudeurdituies

5.4.3 M3snnamsanmiitamadeurinmtatuesdnssaniizmeuentiues

S1nesanIzmalu
"’ d [ 4 ¥ H L4 g
JuaouN 1 ﬂmnﬂszﬁﬂiﬂmmsmummm‘}’ﬂwmﬁuﬁﬂmnuﬁm

LM U laoft £=937W/m*-K, x=0.1016 m. un k=0.025W /m-K

1 2
U——i-—:m—024 W/m K

937 0.025
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6.1.1 nrmaasedun TaoflewusediIfhitvinanieq Kaun 0 - 250 V. (iaduitos 25 v.)

1 4 4 o
anaassfifiumimansuiemaunisifuasidaanniminndssgna ldminszua v

A v da &4 v
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16/3/2008 9:35 0:01:00 Exporting
test 160308_1.5et:0104 | Drybulbcond. | °C 40 | 20 36 | -3.00E+38
test 160308_1.set:0105 | Wetbulbcond. | °C 30 | 10 | 245 | -3.00E+38
test 160308_1.5et:0106 | Dry bulb evap. C 30 | 10 28 | -3.00E+38
test 160308_1.5et:0107 | Wetbulbevap. | °C 30 | 10 195 | -3.00E+38
test 160308_1.5¢t:0108 B°‘}zfp"ap' ‘c | 200 o |3.008+38 | -3.008+38
test 160308_1.5¢:0109 |  Boiler Cond. “C__ ] 100 | 0 | 3.00E+38 | -3.00E+38
16/3/2008 7:01 327 21 | 178 | 120 | 348 276
16/3/2008 7:02 32.66 2215 | 1787]1297] 3524 27.67
16/3/2008 7:03 32.45 21 | 1797] 13 | 35.78 277
16/3/2008 7:04 31.78 2 | 1834 13 | 3664 271
16/3/2008 7:05 29.94 2089 | 1859 | 13.07] 3735 27.61
16/3/2008 7:06 2073 1966 | 1891 13.1 | 3872 275
16/3/2008 7-07 2971 1947 | 1927 | 13.24 | 39.59 27.55
16/372008 7:08 29.57 192 | 1988 | 13.44 | 4108 27.57
16/3/2008 7:09 20.48 1906 | 2025 | 13.59 | 422 27.55
16/3/2008 7:10 29.57 1886 | 20.57 | 13.77| 437 2753
16/3/2008 7-11 29.53 188 | 2088 | 1394 | 45.8 27.57
16/312008 7:12 29.55 1885 |21.19 | 14.11] 4628 276
16/372008 7:13 29.55 1887 | 21.54 | 1444 | 4828 2767
16/312008 7:14 295 1892 | 21.64 | 14.54| 4925 2172
16/3/2008 7:15 29.53 1891 | 2194 | 1477| 5121 278
16/3/2008 7:16 29.42 1882 | 22.06 | 14.84 | 5289 278
16/3/2008 7:17 2952 1883 |2232| 15 | s4.54 27.87
16/3/2008 7:18 20.62 1885 | 2247 1505 | 56.1 2792
16/3/2008 7-19 20.63 1888 | 2272 ]1527] 589 27.95
16/3/2008 7:20 296 1883 | 228 | 1537| 60.74 28
16/312008 7:21 2941 188 | 2306 | 1557 | 62.82 28.17
16/3/2008 7:22 29.03 1878 | 2332 | 1589 | 64.76 2847
16/312008 7:23 289 187 | 2347 16.19] 66388 28,69
16/3/2008 7:24 29.05 1872 | 236 | 1632 | 69.16 28.87
16/3/2008 7:25 29.08 1878 | 2372 | 1642 | 7085 289
16/3/2008 726 29 187 |2382] 165 | 732 289
16/312008 7:27 20,07 1877 | 2397 165 | 7555 2897
16/32008 7:28 29.12 1882 | 2408 | 165 | 77.83 2893
16/3/2008 7:29 29.17 1885 | 242 | 1652 | 80.01 2897
16/312008 730 2027 189 | 243 | 1658 | 81.22 28.98
16/3/2008 731 2935 1892 | 244 | 1657 | 8366 29.02
16/3/2008 7:32 2933 1895 | 245 | 1655 | 86.03 29.15
16/3/2008 7:33 293 1893 | 24.57 | 1653 | 8826 29.13
16/3/2008 7:34 2947 1892 | 2462 ] 1655 | 898 291
16/3/2008 7:35 20.69 19 | 248 | 166 | 9276 2925
16/3/2008 7:36 30,39 19 | 2493 | 1667 | 9425 2925
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16/3/2008 7:37 31.01 19.05 | 25.03 | 16.63 96.07 29.07
16/3/2008 7:38 31.81 19.41 2523 | 19.03 98.05 28.85
16/3/2008 7:39 32.21 19.6 2543 | 18.93 99.32 28.74
16/3/2008 7:40 32.58 19.75 |25.58 | 17.69 | 100.86 28.68
16/3/2008 7:41 3291 19.88 256 {1737 101.94 28.62
16/3/2008 7:42 33.27 20.01 2563 | 17.27 | 102.79 28.6
16/3/2008 7:43 33.51 20.2 2573} 17.2 103.65 28.65
16/3/2008 7:44 32.31 20.3 26.07 | 17.33 | 103.54 26.58
16/3/2008 7:45 30.92 2027 2672|1792 | 103.08 29.45
16/3/2008 7:46 30.72 20.05 2724 | 18.17 102.6 434
16/3/2008 7:47 31.59 20.03 274211959 | 102.65 50.23
16/3/2008 7:48 32.11 20.1 274 {1988 102.17 56.85
16/3/2008 7:49 32.52 2034 |[27.32] 199 102.18 62.25
16/3/2008 7:50 32.79 20.43 27221 19.79 102.1 67.49
16/3/2008 7:51 33.22 2066 |27.12]|19.46 | 102.28 74.81
16/3/2008 7:52 33.47 20.84 |27.02|19.23 | 10233 71.76
16/3/2008 7:53 33.86 21.16 27 1 18.92 1024 80.47
16/3/2008 7:54 34.1 2137 27 11879} 10242 83.46
16/3/2008 7:55 34.67 21.82 |27.03|1865| 102.48 86.45
16/3/2008 7:56 34.88 22.16 27.1 | 1862 102.4 88.43
16/3/2008 7:57 35.2 2247 127.02 (1849 102.86 89.14
16/3/2008 7:58 35.57 2282 |27.05] 184 103.87 89.6
16/3/2008 7:59 3594 2322 27 18.4 104.35 88.76
16/3/2008 8:00 36.05 2359 2697|1837 | 104.52 90.14
16/3/2008 8:01 35.08 23.54 269 | 183 104.64 90.78
16/3/2008 8:02 34.66 23.26 | 26.95] 18.35 104.9 91.63
16/3/2008 8:03 3424 23.04 269 (1822 | 105.14 92.28
16/3/2008 8:04 34.11 22.82 12692 | 18.22 106.1 92.73
16/3/2008 8:05 33.87 2257 ]26.83)18.13) 107.51 93.07
16/3/2008 8:06 33.69 2239 | 2693|1822 | 10845 92.96
16/3/2008 8:07 33.67 2237 27 |18.43| 10847 93
16/3/2008 8:08 33.8 2242 127121877} 108.53 93.2
16/3/2008 8:09 33.55 2232 1273711941 108.23 93.13
16/3/2008 8:10 33.5 2238 }27.57) 1983 ) 108.03 93.6
16/3/2008 8:11 33.35 2232 [27.63} 20.1 107.83 93.52
16/3/2008 8:12 32.82 22.38 27.7 | 20.2 107.72 93.85
16/3/2008 8:13 32.46 2223 27.7 {20.03 107.7 94.32
16/3/2008 8:14 32.45 222 27.7 | 1991 107.67 94.66
16/3/2008 8:15 3231 22.11 27.7 {1973} 10743 95.25
16/3/2008 8:16 32.18 22.1 27.61 | 19.58 | 107.35 95.43
16/3/2008 8:17 32.1 22.1 27.51] 19.24 | 107.23 95.71
16/3/2008 8:18 32.36 22.1 2741 {19.16 { 107.08 95.79
16/3/2008 8:19 33.53 223 2744 ] 19.1 106.95 95.75
16/3/2008 8:20 34.45 2276 |27.331] 18.93 107.6 95.11
16/3/2008 8:21 35.35 2327 2722} 189 108.51 94.5
16/3/2008 8:22 35.79 23.61 27.2 | 19.02 108.7 94.18
16/3/2008 8:23 36.07 23.81 272 | 19.21 108.7 93.95
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16/3/2008 8:24 36.37 24.17 12729 | 19.66 108.7 93.61
16/3/2008 8:25 36.57 2429 2739|1996 | 108.53 93.43
16/3/2008 8:26 36.73 2438 |27.4420.15] 10822 93.27
16/3/2008 8:27 36.89 24.55 2749 | 204 107.18 92.85
16/3/2008 8:28 36.9 24.58 27.6 | 2025 | 106.63 92.73
16/3/2008 8:29 36.9 24.61 27511 20 105.94 92.51
16/3/2008 8:30 36.98 24.6 275 | 1979 | 105.69 92.59
16/3/2008 8:31 36.83 24.64 27.5 | 19.58 | 105.49 92.56
16/3/2008 8:32 36.27 24.62 275 | 1942 | 10526 92.58
16/3/2008 8:33 35.9 2432 | 2741|1921 105.11 92.96
16/3/2008 8:34 35.72 24.17 274 {19.16 | 105.02 93.06
16/3/2008 8:35 35.66 2398 {27.36|19.06 | 105.69 93.28
16/3/2008 8:36 35.56 23.8 2726 | 1896 | 107.14 93.1

16/3/2008 8:37 35.5 23.71 27.11 | 18.72 | 108.85 93.19
16/3/2008 8:38 35.45 23.83 2723|1892 | 10931 93.29
16/3/2008 8:39 3541 239 27.3 19 109.31 93.39
16/3/2008 8:40 35.36 23.81 273 | 1939 | 109.26 93.43
16/3/2008 8:41 35.39 23.8 2739 | 19.79 109.2 93.6

16/3/2008 8:42 35.22 23.8 2749 1 20.07 ] 108.11 93.69
16/3/2008 8:43 35.2 23.84 27.5 12006} 10743 93.14
16/3/2008 8:44 35.25 23.86 27.5 [ 19.87 | 106.56 93.56
16/3/2008 8:45 35.16 23.8 27.5 { 19.72 | 106.19 93.5

16/3/2008 8:46 35.33 2385 2745|1947 | 105.86 93.68
16/3/2008 8:47 3522 2389 (27461936 | 106.36 92.59
16/3/2008 8:48 35.1 239 27.36 | 19.26 | 107.63 92.88
16/3/2008 8:49 35.15 2394 2739} 19.12| 108.71 93.54
16/3/2008 8:50 35.05 23.82 |2731}19.14{ 10793 92.69
16/3/2008 8:51 35.28 23.89 273 | 19.1 107.34 93.45
16/3/2008 8:52 35.21 239 273 | 19.06 | 107.03 93.04
16/3/2008 8:53 352 2395 |27.21] 1891 106.67 93.87
16/3/2008 8:54 3491 23.82 | 27.16 | 18.82 106.9 49.92
16/3/2008 8:55 35 23.66 |27.14 | 18.7 108.33 55.31
16/3/2008 8:56 35.04 23.51 27.16 | 18.7 109.52 61.92
16/3/2008 8:57 35.01 234 27.19 | 18.79 109.8 72.15
16/3/2008 8:58 35.09 23.26 27.2 | 19.07 109.8 76.32
16/3/2008 8:59 35.1 2325 |27.24]1947| 109.32 82.11
16/3/2008 9:00 35.01 23.29 273 [ 19.79 | 108.34 86.58
16/3/2008 9:01 35.09 23.21 27.39 | 19.61 107.56 89.32
16/3/2008 9:02 35.01 23.34 274 | 19.28 107 91.7

16/3/2008 9:03 35.04 234 2736 | 19.16 | 106.71 92.56
16/3/2008 9:04 3497 23.35 27.26 | 19.01 106.47 93.74
16/3/2008 9:05 35.08 2349 |27.29 | 1891 107.94 93.94
16/3/2008 9:06 35.01 2345 }27.25] 18.8 109.13 93.85
16/3/2008 9:07 35.14 23.59 272 | 18.89 | 110.09 93.89
16/3/2008 9:08 35.1 23.6 27.16 | 1899 | 110.05 93.95
16/3/2008 9:09 35.06 23.64 (27.15]19.24| 109.47 93.6

16/3/2008 9:10 35.04 23.66 | 27.25} 19.44 108.4 93.59
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16/3/2008 9:11 35.09 23.69 | 2725|1936 | 107.49 94.21
16/3/2008 9:12 35.15 23.7 273 11925 107.21 94.1
16/3/2008 9:13 35.19 23.84 27351 19.15| 10691 94.14
16/3/2008 9:14 35.2 23.81 2726 | 19.02 | 106.71 94.06
16/3/2008 9:15 35.25 23.75 272 | 1885 | 107.82 94.34
16/3/2008 9:16 35.29 23.7 272 | 18.8 109.1 94,35
16/3/2008 9:17 35.31 2375 | 27.15] 18.8 109.94 94.2
16/3/2008 9:18 35.2 23.75 272 119.04 110.15 94.29
16/3/2008 9:19 35.15 23.7 27251 19.24 | 110.05 94.31
16/3/2008 9:20 3549 238 273 { 19.5 110 94.3
16/3/2008 9:21 35.21 23.8 273 1 19.89 | 109.33 94.4
16/3/2008 9:22 35.29 23.8 274 11985 107.86 94.4
16/3/2008 9:23 354 23.85 275 | 19.8 107.17 94.4
16/3/2008 9:24 35.35 23.8 275 | 19.7 106.95 94.45
16/3/2008 9:25 354 239 274 11936 | 106.56 94.11
16/3/2008 9:26 35.35 23.9 2745 19.25 106.4 94.39
16/3/2008 9:27 353 2395 | 2745 19.2 106.35 94.55
16/3/2008 9:28 354 239 274 ) 1891 107.67 94.5
16/3/2008 9:29 354 23.85 273 | 189 109.68 94.55
16/3/2008 9:30 354 239 273 | 189 110 94.4
16/3/2008 9:31 35.3 239 273 | 189 109.9 94.2
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18/3/2008 21:14 0:01:00 | Exporting
test Dry bulb
180308 1.set:0104 cond. °C 40 20 36 -3.00E+38
test Wet bulb
180308 1.set:0105 |  cond. °C 30 10 24.5 -3.00E+38
test Dry bulb
180308 1.set:0106 |  evap. °C 30 20 28 -3.00E+38
test Wet bulb
180308 1.set:0107 |  evap. °C 20 18 19.5 -3.00E+38
Boiler
test Evap.
180308 1.set:0108 | Temp. °C 125 75 3.00E+38 | -3.00E+38
test Boiler
180308 1.se:0109 |  Cond. °C 100 0 3.00E+38 | -3.00E+38
Drybulb | Wetbulb | Drybulb | Wetbulb Boiler Boiler
Date & Time cond. cond. evap. evap. Evap. Cond.
18/3/2008 16:32 28.99 19.25 24.06 18.71 82.95 25.11
18/3/2008 16:33 29.24 19.44 24.14 18.41 82.67 36.08
18/3/2008 16:34 29.63 19.55 24.34 18.3 82.46 42.43
18/3/2008 16:35 29.9 19.7 24.4 18.3 82.2 51.79
18/3/2008 16:36 29.9 19.65 24.4 18.3 822 52.79
18/3/2008 16:37 30.14 19.85 24.4 18.2 82.77 63.05
18/3/2008 16:38 30.3 19.9 24.6 18.2 85.44 67.15
18/3/2008 16:39 30.45 20.05 24.8 18.15 87.94 73.87
18/3/2008 16:40 30.75 20.2 252 18.2 91.53 81.03
18/3/2008 16:41 30.85 20.3 25.55 18.3 93.08 84.72
18/3/2008 16:42 31 20.5 25.85 18.4 95.44 $8.33
18/3/2008 16:43 31.15 20.7 26.25 18.45 97.44 90.7
18/3/2008 16:44 31.45 20.95 26.9 18.65 99.93 95.08
18/3/2008 16:45 31.8 21.3 27.3 18.9 101.4 95.06
18/3/2008 16:46 31.7 21.4 27.6 19 101.91 98.69
18/3/2008 16:47 32.15 21.75 27.9 19.15 101.99 98.35
18/3/2008 16:48 32.56 22.1 27.95 19.45 101.49 98.65
18/3/2008 16:49 32.8 22.36 27.79 19.55 101.09 98.24
18/3/2008 16:50 3291 22.7 27.2 19.5 100.9 98.49
18/3/2008 16:51 33.3 23.05 26.95 19.4 101 97.7
18/3/2008 16:52 33.51 23.26 27.06 19.3 100.83 97.54
18/3/2008 16:53 33.76 23.56 27.31 19.3 100.33 97.51
18/3/2008 16:54 34 23.71 27.5 19.3 99.79 97.79
18/3/2008 16:55 34.24 24 27.55 19.4 99.33 97.03
18/3/2008 16:56 33.79 23.99 27.41 19.49 98.6 96.71
18/3/2008 16:57 33.5 23.69 27.6 19.4 98.57 96.82
18/3/2008 16:58 33.45 23.39 27.6 19.5 98.1 97.04
18/3/2008 16:59 33.29 23.19 27.6 19.5 98.04 97.07
18/3/2008 17:00 33.19 23.04 27.6 19.5 97.82 97.19
18/3/2008 17:01 33 22.8 27.6 19.5 97.37 97.02
18/3/2008 17:02 3291 22.8 27.6 19.5 96.72 97.49
18/3/2008 17:03 32.94 22.7 27.66 19.5 96.82 97.19
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18/3/2008 17:04 32.86 22.7 27.6 19.51 96.37 917.57
18/3/2008 17:05 33.04 22.64 27.64 19.54 96.08 97.64
18/3/2008 17:06 33.07 22.66 27.66 19.5 95.74 97.31
18/3/2008 17:07 33.72 22.77 271 19.5 95.57 97.71
18/3/2008 17:08 34.46 23.12 21.7 19.5 95.19 97.24
18/3/2008 17:09 34.74 23.53 27.7 19.56 94.78 97.43
18/3/2008 17:10 353 23.96 277 19.64 94.64 97

18/3/2008 17:11 35.32 24,07 27.65 19.6 94.48 96.84
18/3/2008 17:12 35.5 24.26 277 19.66 94.23 96.67
18/3/2008 17:13 35.5 24.37 27.65 19.7 93.94 96.53
18/3/2008 17:14 35.5 24.44 27.64 19.64 93.59 96.3
18/3/2008 17:15 35.44 244 27.6 19.6 93.3 96.36
18/3/2008 17:16 35.29 24.44 27.55 19.6 93.14 96.71
18/3/2008 17:17 34.6 24.29 27.59 19.59 93.26 96.38
18/3/2008 17:18 34.52 24 27.55 19.61 92.75 96.57
18/3/2008 17:19 34.27 23.68 27.5 19.6 92.85 96.85
18/3/2008 17:20 33.94 23.49 2749 19.59 92.27 96.88
18/3/2008 17:21 34.04 23.39 27.41 19.51 92.13 97.16
18/3/2008 17:22 34.28 23.31 27.5 19.59 91.91 97.3
18/3/2008 17:23 34.09 23.22 27.44 19.49 91.85 97.2
18/3/2008 17:24 33.99 23.11 2741 19.42 91.53 97.35
18/3/2008 17:25 33.96 23.2 27.56 19.6 91 86.56
18/3/2008 17:26 33.97 23.13 27.58 19.59 90.86 73.59
18/3/2008 17:27 34.14 22,94 27.46 19.5 90.51 71.37
18/3/2008 17:28 34.16 22.17 27.5 19.56 90.46 72.31
18/3/2008 17:29 34.14 22.7 27.56 19.6 89.94 75.7
18/3/2008 17:30 34.15 22,65 27.6 19.66 89.75 79.64
18/3/2008 17:31 34.1 22.64 27.66 19.7 89.71 85.56
18/3/2008 17:32 4.1 22.6 27.64 19.76 89.54 86.32
18/3/2008 17:33 34.2 22.66 27.63 19.74 89.17 88.27
18/3/2008 17:34 34.11 22.71 27.8 19.73 88.85 91.59
18/3/2008 17:35 34.24 22.8 27.19 19.89 88.45 94.44
18/3/2008 17:36 34.44 22.8 2717 19.86 88.1 96.42
18/3/2008 17:37 34.35 22.8 27.69 19.83 87.93 95.41
18/3/2008 17:38 34.42 22.83 27.61 19.8 87.57 96.63
18/3/2008 17:39 34.56 2294 271.7 19.86 87.53 96.42
18/3/2008 17:40 34.55 22.98 27.72 19.84 87.52 96.4
18/3/2008 17:41 34.63 23.1 27.74 19.81 87.27 96.95
18/3/2008 17:42 34.75 23.12 27.68 19.88 87.1 97.61
18/3/2008 17:43 34.55 23.2 27.57 19.82 86.63 97.58
18/3/2008 17:44 348 23.33 27.2 19.83 86.74 96.94
18/3/2008 17:45 347 23.3 26.78 19.72 86.75 96.69
18/3/2008 17:46 3477 23.38 26.42 19.58 86.95 96.82
18/3/2008 17:47 34.6 23.37 26.63 19.5 86.83 97.53
18/3/2008 17:48 34.65 23.35 26.72 19.37 86.65 96.83
18/3/2008 17:49 34.6 234 26.82 19.3 86.54 96.7
18/3/2008 17:50 34.62 234 26.9 19.3 86.03 96.81
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18/3/2008 17:51 34.7 234 26.97 19.37 85.83 96.83
18/3/2008 17:52 34.72 23.4 27 19.4 86.09 97.14
18/3/2008 17:53 34.76 2347 26.98 19.38 85.76 97.08
18/3/2008 17:54 34.7 23.45 26.94 19.39 85.6 97.56
18/3/2008 17:55 34.86 23.5 27.08 19.48 85.44 97.28
18/3/2008 17:56 34.67 23.57 27.05 194 85.15 96.9
18/3/2008 17:57 34.73 23.6 27.07 19.45 84.74 96.87
18/3/2008 17:58 34.72 23.6 27.1 19.42 85.04 97.12
18/3/2008 17:59 34.92 23.6 27.03 19.5 84.48 97.36
18/3/2008 18:00 34.76 23.6 27.07 19.5 84.2 97.05
18/3/2008 18:01 34.84 23.6 27.08 19.5 83.88 96.96
18/3/2008 18:02 349 23.53 27 19.5 83.81 97.16
18/3/2008 18:03 34.92 23.61 27 19.38 83.89 97.74
18/3/2008 18:04 3491 23.66 26.93 19.4 83.52 96.75
18/3/2008 18:05 34.86 23.64 26.92 19.4 82.92 96.76
18/3/2008 18:06 35 23.66 26.91 19.31 82.95 96.77
18/3/2008 18:07 35.12 23.62 26.8 19.2 82.96 96.9
18/3/2008 18:08 35.1 23.67 26.82 19.23 82.87 96.47
18/3/2008 18:09 35.22 23.8 26.9 19.14 82.77 96.97
18/3/2008 18:10 35.3 23.78 26.86 19.26 82.34 96.9
18/3/2008 18:11 35.32 23.79 26.7 19.12 82.14 96.8
18/3/2008 18:12 35.38 23.83 26.72 19.13 81.88 96.72
18/3/2008 18:13 3523 23.8 26.8 19.17 81.54 96.65
18/3/2008 18:14 35.32 23.87 26.75 19.13 814 96.93
18/3/2008 18:15 35.32 23.9 26.8 19.1 81.38 97.11
18/3/2008 18:16 354 239 26.8 19.1 81.3 96.75
18/3/2008 18:17 35.35 23.92 26.82 19.15 81.25 96.99
18/3/2008 18:18 3545 24 26.88 19.12 81.19 97.15
18/3/2008 18:19 35.55 23.98 26.8 19.2 82.1 97.07
18/3/2008 18:20 354 23.9 26.8 19.2 83.11 97.28
18/3/2008 18:21 35.32 239 26.65 19.1 84.55 97

18/3/2008 18:22 35.48 23.95 26.65 19 84.57 96.98
18/3/2008 18:23 35.43 239 26.6 19 84.9 97

18/3/2008 18:24 35.5 239 26.75 19.08 85.05 97.07
18/3/2008 18:25 35.37 23.93 26.8 19.07 85.07 96.9
18/3/2008 18:26 35.45 24 26.9 19.03 85.43 96.9
18/3/2008 18:27 35.17 24 27 19.1 85.27 97.1
18/3/2008 18:28 35.18 239 27 19.2 85.1 97.61
18/3/2008 18:29 35.25 23.85 27 19.33 84.9 97.61
18/3/2008 18:30 3537 23.97 27.03 194 84.57 98.04
18/3/2008 18:31 35.38 23.82 27.1 19.4 84.92 97.81
18/3/2008 18:32 35.32 23.88 26.94 19.48 85.18 97.8
18/3/2008 18:33 35.3 23.87 27.03 19.34 85.16 97.73
18/3/2008 18:34 35.04 23.8 27.1 19.38 84.51 98.21
18/3/2008 18:35 34.96 23.8 27.2 19.43 84.37 98.42
18/3/2008 18:36 35.28 23.8 27.17 19.55 84.61 98.3
18/3/2008 18:37 35.2 23.8 27.13 19.47 84.13 97.94
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18/3/2008 18:38 35.47 23.85 272 19.51 84.55 97.7
18/3/2008 18:39 35.57 23.93 27.25 19.6 84.8 97.97
18/3/2008 18:40 35.56 23.87 27.2 19.57 84.82 97.99
18/3/2008 18:41 35.59 23.83 27.17 19.55 84.98 97.89
18/3/2008 18:42 35.66 23.98 27.18 19.5 85.12 97.64
18/3/2008 18:43 35.7 23.92 27.2 19.58 85.23 97.16
18/3/2008 18:44 35.7 23.9 27.23 19.6 85.11 97.12
18/3/2008 18:45 3547 23.87 27.27 19.63 84.41 79.99
18/3/2008 18:46 34.99 23.66 27.17 19.62 84.16 45.56
18/3/2008 18:47 34.93 23.47 27.1 19.6 84.04 49.64
18/3/2008 18:48 34.84 23.32 27.1 19.55 84.04 53.5
18/3/2008 18:49 34.72 23.22 27.1 19.44 83.21 60.86
18/3/2008 18:50 34.67 23.09 27.08 19.45 83 65.02
18/3/2008 18:51 34.68 22.92 27.12 19.56 83.1 70.11
18/3/2008 18:52 347 22.95 27.15 19.6 83.15 69.99
18/3/2008 18:53 34.65 22,98 27.15 19.57 83.07 72.93
18/3/2008 18:54 34.33 22.92 27.15 19.63 82.82 76.7
18/3/2008 18:55 34.8 22.98 27.13 19.57 82.34 79.26
18/3/2008 18:56 34.87 23.03 27.17 19.5 82.17 81.66
18/3/2008 18:57 35 23.1 27.1 19.53 82.27 83.23
18/3/2008 18:58 35.02 23.05 27.13 19.6 81.88 84.95
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21/32008 18:16 | 0:01:00 | Exporting
210308 1.sct:0104 Dg::l P C 36 | 34 36| 300E+38
210308 180t:0105 w:;:?fb C 40 | 20 | 245 |5 60p5
210308 1560106 D:{':pu.lb C 3012 28 | 3008438
210308 1 86t0107 v%,:\t/:p‘flb C 22 | 18 | 195 | ;300p5g
210308 1 sct0108 Bogﬂap' C 90 | 70 |300E+38 | 5 op 5
210308 1560109 Wat(e:r?é%nd,) "C | 30 | 25 |3.00E+38 | 5 00p g
210308 1 3ct0110 Te:;tgut) C 30 | 20 | 3.00E+38 | 5 o0 30
210308 1 sct011] TeYn;t.e(rin) C 2 | 18 |00+ 3.00E+438
Date & Time Dg::lb W:;l:;lb bDurl}l; l?llxle; ?-33:;1- gﬁ?r ¥$ 'Yeﬁ;r
’ evap. | evap. | Temp. (Cond.) | (out (in)
21/3/2008 14:53 35.3 2455 | 276 | 1965| 8364 | 2685 | 242 | 2025
21/3/2008 14:54 3531 246 | 276 |1955| 83 | 2695 | 243 | 2025
21/3/2008 14:55 3545 247 |2765[1965| 83.14 27 | 2455 | 204
21/3/2008 14:56 35.5 247 | 276 | 197 8299 27 | 244 | 204
21/3/2008 14:57 35.5 2465 |2745|1955| 8254 | 2675 | 2435 | 2035
21/3/2008 14:58 354 246 | 215|194 822 2.8 | 244 | 203
21/3/2008 14:59 35.55 2465 | 215|195 | 82 2685 | 24.35 | 2025
21/3/2008 15:00 35.49 247 | 274 | 195| 8174 | 2686 | 2434 203
21/3/2008 15:01 35.24 2464 |2754(1945| 8148 | 271 | 242 | 2024
21/3/2008 15:02 35.14 2454 | 275|195 | 8108 | 2725 | 2424 | 2014
21/3/2008 15:03 34.81 243 | 275|194 | 8038 271 | 241 | 1991
21/3/2008 15:04 34.94 2429 |2755|1944| 8054 | 271 | 2400 | 20.1
21/3/2008 15:05 34.95 2424 |2765(1945| 8037 | 273 | 24.05 | 20.15
21/3/2008 15:06 349 21 | 277 | 194 799 272 | 241 | 202
21/3/2008 15:07 34,95 2405 |27.66|1945| 7961 | 2714 | 24.16 | 2026
21/3/2008 15:08 34.89 2409 (27691939 80.14 | 2714 | 2429 | 2029
21/3/2008 15:09 34.36 241 | 277|194 | 8092 | 2711 | 242 | 202
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21/3/2008 15:10 349 24.1 27.7 | 1946 | 81.27 272 24.26 | 20.26
21/3/2008 15:11 35.03 24.17 2771 | 19.56 | 81.64 27.1 2431 | 203
21/3/2008 15:12 35.19 24.34 | 27.74 ) 1949 82 27.14 24.46 | 20.24
21/3/2008 15:13 35.16 24.31 27.64 | 19.46 82 27.05 24.45 | 20.22
21/3/2008 15:14 35.26 244 27.72 1 19.56 | 81.94 27.18 24.56 | 203
21/3/2008 15:15 354 2441 27.8 | 196 81.92 26.92 2459 | 204
21/3/2008 15:16 3544 24.55 27.85 | 19.64 | 82.09 27.03 24.61 | 20.44
21/3/2008 15:17 35.36 24.54 27.8 | 195 81.96 26.86 24,71 | 20.46
21/3/2008 15:18 354 2441 278 | 1941 82.08 26.92 247 | 2041
21/3/2008 15:19 35.46 2452 1 27.75] 19.51 81.92 27.05 24.72 | 20.51
21/3/2008 15:20 35.51 24.69 27.8 | 19.59 82 27.11 249 | 206
21/3/2008 15:21 35.67 24.67 27.8 | 19.56 | 82.06 27.26 24.84 | 20.71
21/3/2008 15:22 35.79 2479 | 27.79 | 19.59 82.1 273 248 | 207
21/3/2008 15:23 35.66 24.64 277 | 19.5 82.04 27.18 2481 | 20.7
21/3/2008 15:24 35.68 24.66 27.7 | 195 82 27.1 249 | 20.64
21/3/2008 15:25 35.6 24.7 27.75 ) 19.5 82.05 27 24.89 | 20.6
21/3/2008 15:26 35.65 24.7 27.7 {1949 82.01 27.1 24.8 | 20.54
21/3/2008 15:27 35.66 252 27.7 | 19.46 82.1 27.16 24.8 | 205
21/3/2008 15:28 35.72 2528 | 27.75| 19.5 82.04 27.09 24.87 | 20.55
21/3/2008 15:29 35.78 249 27.7 1 195 82.06 27.1 24.94 | 20.62
21/3/2008 15:30 35.74 2494 278 {1955 | 82.13 27.16 2496 | 20.75
21/3/2008 15:31 35.61 24.8 27.71 1 19.5 81.93 27.2 2499 | 20.71
21/3/2008 15:32 35.75 2485 278 | 1956 | 82.06 27.25 2498 | 20.91
21/3/2008 15:33 35.71 24.81 27.81119.56 | 81.93 27.23 25.1 | 20.98
21/3/2008 15:34 35.84 2489 127841964 82.05 26.64 25.16 | 21.09
21/3/2008 15:35 35.73 24.83 27.81 | 19.61 82.01 26.1 25.23 | 21.01
21/3/2008 15:36 35.89 25 279 | 19.69 82.1 26.13 2539 | 21.11
21/3/2008 15:37 357 2493 27911 19.55| 81.86 26.38 25.17 | 20.99
21/3/2008 15:38 35.78 249 2799 ] 196 81.3 26.53 25.1 208
21/3/2008 15:39 35.72 2496 2798 19.66| 81.87 26.87 24.92 | 20.81
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21/3/2008 15:40 35.36 2494 | 280411975 | 8177 27.16 24.89 | 20.85
21/3/2008 15:41 352 249 28 [ 19.72 81.7 27.33 24.81 | 20.9
21/3/2008 15:42 35.13 249 28.07 | 19.8 81.63 277 249 | 209
21/3/2008 15:43 35.03 249 28.1 | 19.8 81.67 27.87 24.83 | 209
21/3/2008 15:44 34.93 249 28.1 [19.82 | 81.63 27.92 24.75 | 20.9
21/3/2008 15:45 34.82 24.88 | 28.15| 19.88 81.6 28.03 248 | 209
21/3/2008 15:46 34,78 24.82 28.18 | 19.88 { 81.57 28.32 24.88 | 20.98
21/3/2008 15:47 34.85 24.85 28.25 | 19.93 81.58 28.38 25 20.97
21/3/2008 15:48 347 24.83 28231 199 81.53 28.43 24.93 | 20.83
21/3/2008 15:49 34.67 24.82 282 | 199 81.43 28.47 2494 | 20.89
21/3/2008 15:50 34.77 249 2827 199 81.2 28.03 25.1 | 20.93
21/3/2008 15:51 34.78 24.95 28.01 | 19.85 81.1 27.89 25.11 | 20.98
21/3/2008 15:52 34.7 249 27.2 ] 2021 81.44 285 2497 | 2093
21/3/2008 15:53 34.61 24.81 27.07 | 20.21 81.72 28.65 24.88 | 20.86
21/3/2008 15:54 34.52 24.72 2696 |1 1994 | 82.02 28.66 24.92 | 20.82
21/3/2008 15:55 34.6 24.8 26.64 | 19.63 | 82.16 28.85 2505 | 209
21/3/2008 15:56 34.6 24.8 2644 | 19.54 1 82.38 289 2498 | 209
21/3/2008 15:57 34.53 24.73 262 | 193 82.09 28.97 2497 | 209
21/3/2008 15:58 34.55 24.75 2629 | 19.14| 81.98 29 25.09 | 20.92
21/3/2008 15:59 345 24.7 26.541 19 81.69 29 25.13 21

21/3/2008 16:00 3443 2472 [ 26.78 | 18.98 | 81.37 29 25.12 | 20.98
21/3/2008 16:01 3444 26.01 26.98 | 18.9 81.18 29 25.16 | 20.9
21/3/2008 16:02 34,53 28.43 27.04 | 1894 | 81.03 29.03 25 20.85
21/3/2008 16:03 34.43 2559 |12737]19.08| 80.79 28.92 25.03 | 20.93
21/3/2008 16:04 34.37 2496 |2742]19.09! 80.61 29.02 2492 | 20.87
21/3/2008 16:05 345 24.76 27.5 | 19.13 80.5 29.1 25 209
21/3/2008 16:06 34.45 24.7 276 | 19.17 | 8043 29.12 25 209
21/3/2008 16:07 34.45 24.7 27.8 | 19.22 80.3 29.09 25 20.83
21/3/2008 16:08 34.32 2468 |27.881{1932| 8024 28.65 25 20.8
21/3/2008 16:09 344 24.74 27.8 | 194 80.4 28.43 25 20.8
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21/3/2008 16:10 344 24.73 278711947 80.25 284 2507 | 208
21/3/2008 16:11 344 2472 27924 19.5 80.24 284 25.05 | 20.82
21/3/2008 16:12 346 248 28.02 { 19.55( 80.35 28.45 25.1 | 20.92
21/3/2008 16:13 34.6 24.8 28.03 | 19.63 80.29 28.53 25.1 | 2093
21/3/2008 16:14 34.55 24.82 2802 1962 | 80.35 28.52 25.12 | 20.95
21/3/2008 16:15 34,53 24.83 2798 { 19.68 { 80.37 28.48 25.25 | 21.05
21/3/2008 16:16 345 24.8 27.73 | 1967 | 80.57 28.94 25.27 | 20.95
21/3/2008 16:17 34.57 24.82 27381 19.6 81.12 29.27 25.22 | 21.05
21/3/2008 16:18 34.53 24.83 27.13 | 19.57( 81.72 29.33 25.05 | 21.17
21/3/2008 16:19 34.55 24.8 27.07 | 19.45 81.9 29.38 25.13 | 21.12
21/3/2008 16:20 347 24.8 27 {1932 8172 294 253 | 21.02
21/3/2008 16:21 3475 24.85 27.08 { 19.35 81.7 29.45 25.2 | 21.13
21/3/2008 16:22 3444 24.67 272 119.17 | 8147 2948 2495 | 21.07
21/3/2008 16:23 34.45 24.58 273 1 19.28 81.2 29.42 25.18 21

21/3/2008 16:24 34.43 2447 27.17 ¢ 19.17 | 81.28 29.32 25.07 | 20.85
21/3/2008 16:25 344 245 27.28 | 19.28 81.3 29.38 2522 } 20.8
21/3/2008 16:26 34.37 244 27251 19.17} 8119 29.27 2494 | 20.74
21/3/2008 16:27 343 24.3 27.3 | 19.2 81.1 29.3 2491 | 20.63
21/3/2008 16:28 343 24.27 273 j19.17 81.1 29.3 25.26 | 20.73
21/3/2008 16:29 343 2425 2722 | 19.1 81.21 293 25.09 | 20.85
21/3/2008 16:30 343 2423 272 | 19.18 | 81.27 29.28 25.23 | 20.78
21/3/2008 16:31 3427 2422 127281 19.12 81.2 29.27 24.89 | 20.82
21/3/2008 16:32 34.23 24.23 273 | 19.13 81.2 29.3 24.82 | 20.83
21/3/2008 16:33 34.33 24.33 2725} 19.23 81.2 29.33 24.61 | 2098
21/3/2008 16:34 3432 24.32 27271 19.19 | 81.09 294 24.82 21

21/3/2008 16:35 34.27 24.27 272 | 19.1 81 29.37 24.67 21

21/3/2008 16:36 3428 24.28 27.36 { 19.18 81 293 25.17 | 21.08
21/3/2008 16:37 34.33 2435 274511923 81 29.11 25.15 | 21.1
21/3/2008 16:38 344 243 274 | 1927 80.94 29 25.17 | 21.07
21/3/2008 16:39 34.16 24.22 27321 19.2 80.8 28.84 25.14 | 20.92
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21/3/2008 16:40 34.13 24.18 | 27.331{19.23 80.3 28.67 25.29 | 20.98
21/3/2008 16:41 34.12 24,22 274 | 193 80.64 28.62 25.18 | 20.92
21/3/2008 16:42 34.15 24.25 2737 11924 | 80.81 28.73 249 | 20.94
21/3/2008 16:43 34.21 24.31 27.38 1 19.21 80.85 28.73 2492 | 2094
21/3/2008 16:44 34.27 2437 27341 193 80.83 28.74 2526 | 20.97
21/3/2008 16:45 34.15 2422 1272511922 | 80.85 28.63 2539 | 20.98
21/3/2008 16:46 34.17 24.23 2723119231 80.87 28.67 25.23 | 21.07
21/3/2008 16:47 34.1 2422 12722119.22| 80.88 28.6 2547 | 212
21/3/2008 16:48 3423 2428 | 272311927 80.9 28.88 2521 | 21.2
21/3/2008 16:49 3428 243 273 119321 80.82 29.3 25.48 | 21.12
21/3/2008 16:50 34.21 243 2722 (1922 80.72 29.3 2525 | 211
21/3/2008 16:51 342 2438 272511925 80.67 29.43 25.25 | 21.05
21/3/2008 16:52 34.12 24.32 272 | 19.2 80.6 294 25.02 | 211
21/3/2008 16:53 34.1 243 272 | 19.2 80.52 294 25.15 | 20.93
21/3/2008 16:54 34.18 24.23 2717 | 19.17 | 8047 29.35 25.06 | 20.93
21/3/2008 16:55 34.15 2418 127.13]19.13| 80.57 29.23 24.82 | 20.95
21/3/2008 16:56 34.16 242 27.16 | 19.16 | 80.56 29.16 25.16 | 20.96
21/3/2008 16:57 34.1 243 27.08 | 19.06 80.5 29.38 25.15 | 20.86
21/3/2008 16:58 34.06 242 26941 19 80.43 29.37 254 | 20.87
21/3/2008 16:59 34 24.16 27 19 80.37 29.46 25.36 21

21/3/2008 17:00 34.19 242 27.05 | 19.01 80.51 29.54 24.88 | 21.05
21/3/2008 17:01 34.1 24.14 | 27.04 | 18.94 80.4 29.5 25.06 21

21/3/2008 17:02 34.1 242 2706 | 19 80.49 29.5 24.83 | 21.05
21/3/2008 17:03 34.1 242 27 19 80.46 29.39 25.7 | 20.96
21/3/2008 17:04 34.16 24.21 2705 19 80.31 29.49 25.6 | 20.96
21/3/2008 17:05 34.08 2418 |27.04] 19 80.3 29.34 24.84 | 20.88
21/3/2008 17:06 34.06 24.16 |27.01] 1891 80.21 29.26 25 21

21/3/2008 17:07 34.14 2419 |27.04]1894 | 80.15 29.2 2474 | 20.95
21/3/2008 17:08 34.16 24.17 271 19 80.17 29.31 25.08 21

21/3/2008 17:09 34.05 24.01 27.051 19.04 [ 80.05 29.24 2422 21
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21/3/2008 17:10 34.19 24.09 27.1 { 19.01 80.09 293 2455 | 21.09
21/3/2008 17:11 34.29 24.28 27.1 { 19.18 80.1 29.39 2443 | 21.28
21/3/2008 17:12 34.07 2416 |27.05]19.15| 80.06 29.35 2541 | 21.07
21/3/2008 17:13 34.06 242 27.02 |1 19.12} 79.96 29.32 2568 | 21.1
21/3/2008 17:14 34.04 24.16 | 2699 19.04 | 7995 29.25 2448 | 21.01
21/3/2008 17:15 34.19 24.19 27 ] 19.01 79.9 29.2 24.75 | 21.09
21/3/2008 17:16 34.16 242 2696 19 79.95 29.16 24.68 | 21.1
21/3/2008 17:17 342 24.25 27.04 | 19.05 | 80.01 29.41 24.57 | 21.15
21/3/2008 17:18 34.18 24.16 2695 1895 79.81 29.36 24.81 | 21.02
21/3/2008 17:19 34.26 24.14 27 19 79.74 29.44 24.82 | 20.98
21/3/2008 17:20 34.16 24.16 27 19 79.72 29.46 2475 | 21.14
21/3/2008 17:21 34.1 24.19 27 19 79.78 29.31 24.58 | 21.2
21/3/2008 17:22 34.15 24.25 27.09 1 19.09 | 79.54 29.39 24.35 | 21.12
21/3/2008 17:23 34.05 24.25 27.1519.05 | 7948 29.31 24.74 | 21.04
21/3/2008 17:24 34.1 242 27.1 | 19.14 79.5 29.26 2479 | 21.1
21/3/2008 17:25 34.01 242 2701} 19.2 79.5 29.2 25.27 | 21.01
21/3/2008 17:26 34.18 2424 2704} 19.2 79.45 29.33 25.07 | 21.14
21/3/2008 17:27 34.02 2402 127.01| 19.2 79.41 29.49 24.25 | 20.92
21/3/2008 17:28 34.09 24.09 27 19.2 79.31 29.22 24.94 | 21.09
21/3/2008 17:29 3429 24.29 27 19.2 79.21 29.39 25 21.2
21/3/2008 17:30 34.26 2444 27.1 | 192 79.3 29.5 2475 | 213
21/3/2008 17:31 34.11 2431 27.01 ] 19.2 79.11 2941 2491 | 213
21/3/2008 17:32 34.15 24.35 27 | 19.16 | T79.06 29.3 249 | 21.34
21/3/2008 17:33 34.24 2448 |27.13| 19.14 79 29.3 25.09 | 21.35
21/3/2008 17:34 34.21 24.51 27.11 | 19.11 78.91 294 25.1 | 21.21
21/3/2008 17:35 34.25 24.45 27.05 | 19.29 78.9 29.35 24.88 | 21.39
21/3/2008 17:36 343 24.5 271 | 193 78.86 29.35 2478 | 21.5
21/3/2008 17:37 34.39 24.5 27.1 | 193 78.8 294 24.89 | 21.69
21/3/2008 17:38 34.26 244 272 | 194 78.66 29.3 25.1 | 21.56
21/3/2008 17:39 34.25 24.45 27.05 | 1945 78.6 29.21 24.98 | 21.36
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21/3/2008 17:40 343 24.5 272 | 194 78.7 29.39 2445 | 213
21/3/2008 17:41 343 24.45 27.06 | 19.35 78.7 29.3 246 | 21.11
21/3/2008 17:42 344 244 27 194 78.8 29.2 24.79 | 21.2
21/3/2008 17:43 34.35 24.35 27 194 78.8 29.15 249 | 21.05
21/312008 17:44 34.25 24.25 2695} 193 79 292 24.65 | 21.05
21/3/2008 17:45 342 24.1 269 | 193 78.8 29.15 24.71 | 20.95
21/3/2008 17:46 344 24.29 27 19.2 78.9 29.2 24.79 21

21/3/2008 17:47 343 24.1 26.85 | 19.15 78.9 29.1 247 | 21.15
21/3/2008 17:48 343 24.1 26.8 | 19.1 78.75 29.2 24.55 | 21.05
21/3/2008 17:49 344 242 268 | 19.1 78.9 29.3 249 | 211
21/3/2008 17:50 343 24 26.7 | 1895 78.75 29.05 24.6 21

21/3/2008 17:51 34.35 24.05 2675 19 78.65 29.1 24.65 | 21.05
21/3/2008 17:52 344 24 26.7 19 78.6 29.1 245 | 212
21/3/2008 17:53 343 24.1 268 | 19.1 78.7 29.1 243 | 212
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HeydnueinauwuiuanaeInuguiinai

1. A ( Air condition ) = 1n¥091/3ue AR 1¥naaey
2. B (Main Circuit Breaker ) #1is0omiju
2.1 B1 = Main Circuit Breaker 100 A f1m51U%09810098A1£01N N UON(Condensing Unit)
2.2 B2 = Main Circuit Breaker 100 A fmiudeosfrassan1izeninniolu ( Fan-coil Unit)
2.3 B3 = Main Circuit Breaker 63 A ﬁmﬁ"mﬂ?mmx{uﬁu, werear e wazindenluemeinld
Ao
3. BL ( Blower ) = Waaugaomadmiugagiinsaiquiesiuasiaay
4. CB ( Circuit Breaker )
4.1 CB1 uag CB3 fi0 Circuit Breaker 63 A
4.2 CB2,CBS wag CB4 fi® Circuit Breaker 32 A
4.3 CB6 fl8 Circuit Breaker 20 A
4.4 CB7 18 Circuit Breaker 16 A
5. CH (Air-Cooled Water Chiller ) Mntia insoavininduftszinonnudoudoerna
6. H1 — H9 fio aniany vi1a 1000 W 220V
7. H10, H12 uog H14 fie nined 411a 660 W 220V
8. H11, H13 uag H15 fiv dnaes yuna 340w 220V
9. HW fio Snand®in1 v1a 2000 W 220v
10. MB ( Main Breaker ) = Breaker 100A 380V. 3 Phase

11. VR (Voltage Regulator)
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m‘sviamut‘r’qm1wduq1umuiu%m§maa Fluke Hydra 2620A
msviamuﬁ'tyapwhqq‘lmuuiu’;m‘s’ﬁwssﬂmﬂuudazimﬁmtymﬁaﬁ’

Channel 1 : Shunt 100 A 60 mV ve3WB1A0IAN T IMAN I

Channel 2 : Shunt 100A 60 mV Y8 83$18836A1ILOINANIBUDA

Channel 3: Shunt 50 A 60 mV vounieulSueimafimdahmmadeoy

Channel 4: Thermocouple Type K ( gumgiinsznlizudsvssiossiassannnzomsaniouesn )

Channel 5: Thermocouple Type K ( gamgiinsziheilonvesdosdassanizemaniouen )

Channel 6: Thermocouple Type K ( gamgiinszinhzsudsvesiossiassannizomanalu)

Channel 7: Thermocouple Type K ( gaingiinsznhzilonvesdosinssannzoimanisly)

Channel 8: Thermocouple Type T ( qams_\ﬁ'nmtﬂ?mtﬁumm?;u“luﬁmimmannzmmﬂmu‘lu )

= ‘i A‘ z (-3
Channel 9: Thermocouple Type T ( gumgiivounTaununuduluiesinesaniizenmniouen)
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SYSTEM3
OFF OFF
AR WATER  WATER AR
COOLING COOUNG  COOLING COOLING
CONDENSER COULING EVAPORATOR COOLING
SELECTOR 561 FCTOR
H  MED s MED
SORELOE
WATER AR
OFF
EVAPORATOR Owen EVAPORATOR
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Foreword

ISO (the International Organization for Standardization) is a wvorldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normz!ly carriec out through {SO
technical ccmmittees. Each member body inteested in a subject for
which a tecnnical comriittee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaisor with ISO, also take part in the work. iSO
collaborates closely with the International Electroiechnical Commission
{IEC) o all matters of electrotechnical standerdization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 5151 was prepared by Technical Committee
ISO/TC 86, Refrigeration, Subcommittee SC 6, Factory-made air-con-
ditioning and heat pump units.

This first edition cancels and reolaces 1SO/R 8569:1968.

Annexes A, B and C form an integral part of this International Standard.
Annexes D, E, F and G are for information only.
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INTERNATIONAL STANDARD © ISO

ISO 5151:1994(E)

Non-ducted air conditioners and heat pumps —
Testing and rating for performance

1 Scope

1.1 This International Standard specifies the stan-
dard conditions on which the ratings of single-package
and split-system non-ducted air conditioners employ-
ing aii- and water-cooled condensers and heat pumps
employing air-cooled condenseis are based, and the
test methods to be applied for determinatior. of tne
various ratings. This International Standard is limited
to systems utilizing a single refrigeration circuit and
having one evaporator and one condenser.

NOTE 1 For the purposes of this !nternational Standard,
the term “equipmenrt” will be used to mean "non-ducted
air conditioners andfor non-ducted heat pumps”.

1.2 This International Standard also specifies the
test conditions and the corresponding test procedures
for determining various performance characteristics
of these non-ducted air conditioners and heat pumps.

1.3 it does not apply to the testing and rating of:
a) water-source he2* pumps;

b} multiple split-system" air conditioners anu heat
pumps;

c) units designed for use with additional ducting; or

d) mobie (windowless) units having a condenser
exhaust duct.

1.4 Clause 4 of this Internationa! Standard covers
the rating and testing conditions for non-ducted air
conditioners and heat pumps when used for cooling.

1) A unit having two or more indoor units connected to a single outdoor unit. ;0 S i o

2) To be published. {Revision of ISO 817:1974)

1.5 Clause 5 of this International Standard covers
the rating and testing conditions for non-ducted air
conditioners and heat pumps when used for heating.
The means for heating may be the heat pump re-
frigeration cycle or electrical resistance.

1.6 Annex A establishes testing procedures.
Annex B describes the test facilities for the calor-
imeter method. Annex C provides formulae for the
calculation of heating and cooling capacities.
Annex D describes instruments which can be used in
making measurements, and annex E describes
methods for measuring air-flow. Annex F describes
the outdoor air-enthaipy test method. Annex G gives
a list of symbols used in the annexes.

2 Normative reference

The fcllowing standard contains provisions which,
through reference in this text, constitute provisions
of this international Standard. At the time of publi-
cation, the edition indicaied was valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibilit,; o1 azpiying the most re-
cent ediion of the standard indicated beiow. Mem-
bers of IEC and ISO maintain registers of currently
valid International Standards.

ISO 817:—2, Refrigerants — Number designation.

3 Definitions

For the purposes of this International Standard, the
following definitions apply. Annex G lists the symbols
used to identify the terms contained in this Inter-
national Standard.
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3.1 non-ducted air conditioner: An encased as-
sernbiy or assemblies designed as a unit, primarity for
mounting in a window, or through a wall, or as a
console. It is designed primarily to provide free deliv-
ery of conditioned air to an enclosed space, room or
zone (conditioned space). It includes a prime source
of refrigeration for cooling and dehumidification and
may also include means for heating other than a heat
pump, and means for the circulation and the cleaning
of air. It may also include means for heating, humidi-
fying, ventilating or exhausting air Where such
equipment is provided in more than one assembly,
the separated assemblies (split-systems) are to be
designed to be used together, and the requirements
of rating outlined in this International Standard are
based on the use of matched assemblies.

3.2 non-ducted heat pump: An encased assembly
or assemblies designed as a unit, primarily for
mounting in a window, or through a wall, or as a
console. It is designed primarily to provide free deliv-
ery of conditioned air to an enclosed space, room or
zone (conditioned space). it includes a prime source
of refrigeration for heating which takes heat from a
heat source. It may be counstructed to remove heat
from the conditioned space and discharge it to a heat
sink if cooling and dehuinidification are desired from
the same equipment. It may also include means for
the circulation and the cleaning of air, humidifying,
ventilating or exhausting air.

3.3 standard air: Dry air at 20,0 °C, and at a stan-
dard barometric pressure of 101,325 kPa, having a
mass density of 1,204 kg/ma.

NOTE 2 The detfinitions given in 3.4 to 3.13 relating to
air-flow are illustrated in figure 1.

3.4 indocr discharge air-flow: Rate of flow of air
from the indoor-side outlet of the equipment into the
conditioned space.

3.5 indoor intake air-flovs: Rawc of flow of air into
the equipment from the conditioned space.

3.6 ventilation air-flow: Rate of flow of air intro-
duced to the conditioned space through the equip-
ment from the outside.

3.7 ouidoor Jdischarge air-flow. Discharge rate of
fiow of air from the outdoor side of the equipment to
the outdocrs.

3.8 outdoor intake air-flow: Rate of flow of air into
the eqipment from the outdoor side.

" 0180

3.9 exhaust air-flow: Rate of flow of air from the
indoor side through the eaouipment to the outdoor
side.

3.10 leakage air-flow: Rate of flow of air inter-
changed between the indoor side and outdoor side
through the equipment as a result of its constructicn
features and sealing techniques.

3.11 bypassed indoor air-flow. Flow of conditioned
air directly from the irndoor-side outlet to the indoor-
side in'et of the equipment.

3.12 bypassed outdoor air-fiow: Fiow of air di-
rectly from the outdoor-side outlet to the outdoor-side
inlet of the equipment.

3.13 equalizer opening air-flow: Rate oi flow of air
through the equalizer opening ir the partition wall of
a caiorimeter.

3.14 total cooling capacity: Amount of sensible
and latent heat that the equipment can remove from
the conditioned space in a defined interval of time.

3.15 heating capacity: Amount of heat that the
equipmeni can add to the conditioned space in a de-
fined interval of tirne.

3.16 latent cooling capacity; room dehumidifying
capacity: Amount of latent heat that the equipment
can reimove from the conditioned space in a defined
interval of time. -

3.17 sensible cooling capacity: Amount of sensible
heat that the equipment can remove from the con-
ditioned space in a defined intervat of time.

3.18 sensible heat ratio: Ratio of the sensible
cooling capacitv 1o tite toial cooling capacity.

3.19 rated voltage(s): Voltage(s) shown on the
nameplate of the equipment.

3.20 rated frequencylies): Frequencylies) shown
on the nameplate of the equipment.

3.21 energy efficiency ratio (EER}): Ratio of the
total cooling capacity to the effective power input at
any given set of rating conditions. (Where the EER is
stated without an indication of units, it shall be
uriderstood that it is derived from watts/watt.)
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Inoor side

Indoor discharge
{see 3.4)

DS

ISO 5151-39S4(E)

Outdoor side

Outdoor dischargz
(see 3.7)

Bypassed indoor
{see 3.11)

T /

Ventilation
isee 3.6)

Exhaust \

{see 3.9)

Leakage Bypasscd outdoor
{see 3.10) (see 3.12)

-

AN

indoor intake
{see 3.5)

AN

NN

N

Outdoor intake
{see 3.6)

- Equalizer opening
{see 3.13)

AR RSN

Figure 1 — Air-flow diagram illustrating definitions given in 3.4 to 3.13

3.22 coefticient of performance (COP): Ratio of
the heating capacity to the effective power input of
the device at anv given set of rating conditions.

3.23 effective power input (Pg): Average electrica!
power input to the equipment within a defined interva!
of time, obtained from:

— the power input for operation of the compressor
and any power input for defrosting, excluding ad-
ditional electrical heating devices not used for de-
frosting;

— the power inp.t ¢t all contre: and safety devices
of the equipment; and

— the power input of the conveying devices within
the equipment for heat transport media te.g. fan,
pump).

3.24 total power input (£,): Power input to all
components of the equipment as delivered.

4 Cooling tests

4.1 Cooling capacity ratings

4.1.1 General conditions

All equipment within the scope of this International
Standard shall have the cooling capacities and energy
efficiency ratios determined in accordance with the
provicions of this International Standard and rated at
the cooling conattions specified in table 1.

4.1.2 Temperature conditions

4121 Test conditions stated in tableft,
columns T1, T2 and T3, shall be considered standard
rating conditions.

4

’
e
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4.1.2.2 Equipment manufactured for use in a mod-
erate climate similar to that specified in table 1, col-
umn T1 only, shall have a nameplate rating
determined by tests conducted at these specified
conditions and shall be designated iype T1 units.

4.1.2.3 Ecuipment manufactured for use in a cool
climate similar tc that specified in table 1, column T2
only, shall have a nameplate rating determined by
tests conducted at these specified conditions and
shall be designated type T2 units

4.1.2.4 Couipment manufactured for use in a hot
climate similar to that specified in table 1, column T3
only, shall have a nameplate rating determined by
tests conductea at these specified conditions and
shalf be designated type T3 units.

© SO

4.1.2.5 Eguipment manufactured for use in more
than one of thz types of climate defined in table 1,
columns T1, T2 and T3, shall have maiked on the
nameplate the designated type and rating determined
by tests for each of the specified conditions for which
they have been designated and tested.

4.1.3 Air-flow conditions

When determining air-flovy guantities for rating pur-
poses, tests shall be conducted at standard rating
conditions {see tabie 1) with 0 Pa static maintained at
the air discharge of the equipment and with the re-
frigeration means in operation and after condensate
equilibrium has been obtained. All air quantities shall
be expressed as metre cubed per second (m3/s) of
standard air as defined in 3.3.

Table 1 — Test conditions for the determination of cooling capacity

P Standard {est conditions
arameter
T1 T2 T3

Temperature of air entering indoor side {°C)

dry-bulb 27 21 29

wet-bulb 19 15 19
Temperature of air entering outdoor side {(°C)

dry-bulb 35 27 46

wet-bulb? 24 19 24
Condenser water tempesature?) {°C)

inlet . 30 22 30

outlet ) % | 27 35
Test frequency Rated frequency?!
Test voltage Rated voltage4)

T1 = Standard cooling capacity rating conditions for moderate climates
T2 = Standard cooling capacity rating conditions for cool climates
T3 = Standard cooling capacity rating conditions for hot climates

which do not evaporate the condensate.

1) Tha wet-bulb temgerature condition is not required when testing aircooied rondensars

2) Representative of equipment working with cooling towers. For equipment designec for
other uses, the manufacturer shall designate the condenser water inlet and outlet tem-
peratures or the water flowrates and the inlet water temperature in the ratings.

3) Equipment with dual-rated frequencies shall be tested at each frequency.

4) The test voltage on dual-rated voltage equipment shall be performz+ 2t hoth voltages
or at che lower of the two voltages if unly a single rating is pubi.shed.
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4.1.4 Test conditions

4.1.4.1 Preconditions

a) When using the calorimeter method, two simul-
taneous methods of determining capacities shall
be used. One method determines the capacity on
the indoor side, the other measures the capacity
on the outdoor side. These two simultaneous de-
terminations shall agres within 4 % of the value
obiained on the indoor side for the test to be valid.
in the case of non-ducted air conditioners vrith

_ water-cooled condensers, the heat-flow rejected
via the cooling water is measured instead of the
measurement in the outdoor-side compartment.

b) The test capacity shall include the determination
ot the serisible, latent or total cooling capacity as
determined in the indoor-side compartment.

c} Tests shall be conducted under the selected con-
ditions with no changes made in fan speed or
sysiem resisiance to correct for variations from
the standard barometric pressure (see 3.3).

d) Grille positions, damper positions, fan speeds,
etc. shall be set to result in maximum cooling ca-
pacity unless this is contrary to the manufac-
turer's instructions. When tests are made at other
settings, these shall be noted together with the
cooling capacity ratings.

e} Test conditions shall be maintained for not less
than 1 h before recording data for the capacity
test.

4.1.42 Duration of test

The test shall then be run for 30 min, recording data
every 5 min, providing seven sets of readings. Vari-
ations allowed in capacity test readings shall be in
accordance with tabie 12.

4.2 Maximum cooling test

4.2.1 General conditions

The conditions which shall be used during the maxi-
mum cooling test are given in table 2.

422 Temperature conditions

Tests shall be carried out under the conditions given
in column T1, T2 or T3 of table2, based on the in-

ISO 5151:1984(E)

tended use, as determined in 4.1.2. Equipment in-
tended for use under more than one set of operating
conditions shall have the highest relevant set of the
intended operating conditions applied for test pur-
poses. if maximum operating tempgarature conditions
for cooling are specified in the manufacturer's equip-
ment specification sheets, they shall be used in lieu
of those in table 2.

4.2.3 Air-flow conditions

The maximum cooling test shall be conducted with
an indoor-side air volume flowrate as determined un-
der 4.1.3.

4.2.4 Test conditions

4.2.4.1 Preconditions

The controls of the zquiprnent shali be set for maxi-
mum cooling and all ventilating air dampers and ex-
haust air dampers shall be closed. The equipment
shall be operated continuously for 1 h after the
specified air temperatures and the equilibrium con-
densate level have been established.

4.2.4.2 Duration of test

All power to the equipment shall be cut off for 3 min
and then restored for 1 h.

425 Performance requirements

4.25.1 During one entire test, the equipment shall
operate without any indication of damage.

4252 The motors of the equipment shall operate
continuously for the first hour of the test without
tripping »f the motor-overload protective devices.

4253 The motor-overload protective device may
trip only during the first 5 min of operation after the
shutdown period of 3 min. During the remainder of
that 1-h test period, no motor-overload protective de-
vice shall trip.

4.2 5.4 For these models =0 designed that resump-
tion of operation does not occur after the initial trip
within the first 5 min, the equipment may remain out
of operation for not longer than 30 min. It shall then
operate continuously for 1 h.

- X
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Table 2 — Maximum cooling test conditions

Standard test conditions

Parameter
T1 T2 13

Temperature of air entering indoor side (°C)

dry-bulb 32 27 32

wet-bulb 23 19 23
Temperature of air entering outdoor side (°C}

dry-bulb 43 35 52

wet-bulb® 26 24 31
Condenser water temperature (°C)

inlet2} 34 i 27 34

Test frequency

Rated frequency3)

Test voltage

1} 90 % and 170 % of rated voltage with
a single rameglate rating

2} 90 % of minimum voitage and 110 %
of maximum voltage for units with a dual
nameplate voltage

which do not evaporate the condensate.

allowed to operate normally.

1) The wet-oulb temperature condition is not required when testing air-cooled condensers

2) For equipment with water-cooled condensers, the water flowrate shall be the same as
that used in cooling capacity test (minimum flowrate for equipment with multiple cooling
capacity rating). For equipment incorporating a condenser water control valve, it shail be

3) Equipment with aual-rated frequencies shall be tested at each frequency.

4.3 Minimum cooling test

43.1 General conditions

The conditions which shall be used during the mini-
mum cooling test are given in table 3.

4.3.2 Temperature conditions

if minimum operating tempercture conditions cre
speciiied in the manufacturer's equipment specifi-
cation sheets, they shall be used in lieu of those given
in table 3.

4.3.3 Air-flow conditions

The controis, fan speads, dampers and grilles of the
equipment shall be set to produce the maximum
tendency to frost or ice the evaporator, providing such
settings are not contrary to the manufacturer's opar-
ating instructions.

—

4.3.4 Test conditions

4.3.4.1 Precoaditions

The equipment shall be started and operated until the
operating conditions have stabilized.

4.3.4.2 Duration of test

After the operating conditions have stabilized, the
eyuipme.i. chali be cperated for a period oi 4 h.

435 Performance requirements

4.3.5.1 After the end of the starting period of
10 min, no safety element shall cut off during the
4 h of operation.

4.35.2 At the end of 4 h, any accumulation ot ice
or frost on the evaporator shall not cover more than
50 % of the indoor-side face area of the evaporator
coil.
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Table 3 — Minimum cooling test conditions

Pzrameter

Standard test conditions

Temperature of air entering indoor side {°C)
dry-buib
wet-bulb

210
15

Temperature of air entering outdoor side

Lowest limit recommended by
manufactuier

Water temperature {°C)
inlet

10

Water flowrate

As specified by the manufacturer

Test frequency

Rated frequency?

Test voltage

Rated voltage3

will allow the equipment to operate.

1) 21 °C or the lowest temperature above 21 °C at which the reguiating {(control) device

2) Equipment with dual-rated frequencies shall be tested at each frequency.
3) Equipment with dual-rated voltages shall be tested at the higher voltage.

4.4 Enclosure sweat and condensate
disposal test

4.4.1 General conditions

Air-cooled equipment which rejects condensate to the
condenser air shell meet the requirements of this test.
The electrical conditions which shall be used during
the enclosure sweat and condensate disposal test are
given in table 4.

4.42 Temperature conditions

The temperature conditions which shall be used dur-
ing this test are given in table 4.

4.4.3 Air-flow conditions

The conrtrols, fans, dampers and grilles of the equip-
mem shall be set 1o produce the mz.iimun, tendency
to sweat, provided such settings are not contrary to
the manufacturer's operating instructions.

4.4.4 Test conditions

4.4.41 Preconditions

After establishment of the specified tempeiature
conditions, the equipment shall be started with its
condensate collection pan tilled to the overfiowing
point, and the equipment shall be run until the con-
densate flow has become uniform.

4.4.4.2 Duration of test

The equipment shall be operated for a period of 4 h.
4.45 Performance requirements

4.45.1 When operating under the test conditions
specified in table 4, no condensed water shall drip, run
or blow from the equipment.

4.45.2 Equipment which rejects condensate to the
cendenser air shall dispose all condensate and theie
shall be no dripping or blowing-cff of water from the
equipment such that the building or surroundings be-
come wet.

4.5 Freeze-up test

4.5.1 Ceneral conditions

The freeze-up tests (air blockage test and drip test)
may be conducted simultaneously with the minimum
cooling test. The electrical conditions shall be those
specified in tatle 5.

452 Temperature conditions

The temperature concitions for the freeze-up tests are
given in table 5.
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Table 4 — Enclosure sweat and condensate disposal test conditions

r Parameter Standard test conditions

Temperature of air entering indoor side (°C)

dry-bulb 27

wet-bulb 24
Temperature of air entering outdoor side (°C)

dry-bulb 27

wet-bulb 24
Condenser water temperature (°C)

outlet 27

Test frequency

Rated frequency?!

Test voltage

Rated voltage3!

which do not evaporate th2 condensate.

1) The wet-bulb temperature condition is not requirec \when testing air-cooled condensers

2} Equipment witn dual-rated frequencies shall be tested at each frequercy.
3) Egquipment with dua'-rated voltages shall be tested at the higher vohage.

Table 5 — Freeze-up test conditions

Standard test conditions

Parameter
T1and T3 T2

Temperature of air entering indoor side (°C)

dry-bulb 211 21

wet-bulb 15 - 15
Temgerature of air entering outdoor side {°C}

dry-bulb 21 10

wet-bulb - -
Condenser water temperature {°C)

outlet2) 21 10

Water flowrate

As specified by the manufacturer

Test trequency

Rated frequency3!

Test voltage

Rated vcliage®

will allow the equipment to operate.

then the highest flowrate shall be used.

1) 21 °C or the lowest temperature above 21 °C at which the regulating (control) device

2} For equipment with water-cooled condensers, the condenser water flowrate shall be
maintained at that established in table 1 except that, if more than one rating is provided,

3) Ekquipment with dual-rated frequencies shall be tested at ~ach fiequency.
4) Ecquipment with duat-rated voltages shail be tested at the higher voitage.
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4.5.3 Air-flow coaditions

4.5.3.1 Air blockage test

The controls of the equipment shail be set for maxi-
mum cooling and the fan speeds, dampers and grilles
shall be set to produce the maximum tendency to
frost or ice the evaporator, provided such settings are
not contrary to tne manufacturer's operating instruc-
tions.

45.3.2 Diip test

The air inlet shall be covered to block completely the
passage of air. so as to attempt to achieve comglete
blockage of the evaporator coil by frost.

45.4 Test conditions

4.5.4.1 Air blockage test

The test shall be continuous, with the equipment op-
erating on the cooling cycle for 4 h after establish-
ment of the specified temperature conditions.

45.4.2 Drip test

The equipment shall be operated for 6 h after which
the equipment shall be stopped and the air-inlet
covering removed until the accumulation of ice or
frost has melted. The equipment shall then be turned
on again, with the fans operating at the highest
speed, for 5 min.

455 Performance requirements

4.5.5.1 Air blockage test

At the end of 4 h of operation, any accumulation of ice
or frest on the evaporater shall not ccver more than
50 % of the indoor-side face area of the evaporator
coil.

4552 Drip test

Durirg the tos*, no ice shall drip from the c2il and no
wator shail drip o blo'w off the equipment on the in-
door side.

ISO 5151:1994(E)

5 Heating tests
5.1 Heating capacity ratings
5.1.1 General conditicns

All equipment within the scope of this International
Standard shall have the heating capacities and coef-
ficients of performance determined in accordance
with the provicions of this International Standard and
rated at the conditions spacified in table 6. The elec-
trical input values used for rating purposes shali be
measured during the heating capacity test.

5.1.2 Temperature conditions

5.1.2.1 Test conditions stated in table6 shall be
considered standard rating conditions.

5.1.2.2 If a manufacturer specifies that the equip-
ment is not suitable for operation under the extra-low
temperature test conditions, tests shall be made only
at the high and low temperatures specified in table 6.

5.1.3 Air-flow conditiors

5.1.3.1 Heating-only equipment shall use the air-flow
quantity specified by the manufacturer.

5.1.3.2 For equipment which provides bcth heating
and cooling, the test shall be conducted at the same
air-flowratie as for the cooling capacity rating test.

5.1.3.3 When determining air-flow quantities for rat-
ing purposes, tests shall be conducted under standard
rating conditions (see table 6) with the heating means
in operation with 0 Pa static maintained in the air dis-
charge of the equipment.

5.1.4 Test conditions
5.1.4.1 Precoanditions

5.1.4.1.1 When using the calorimeter method, two
simultaneous methods of determining capacities shall
be used. One method determines the capacity on the
indoor side, the other measures the capacity on the
outdnor side. Thesc two simultanecus determinations
shall agree within 4 % of the value chtained on the
indoor side for the test to be valid.
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Table 6 — Test conditions for determination of heating capacity

Paramet Standard test
er conditions
Temperature of air entering indoor side (°C)
dry-bulb 20
wet-bulb (maximum) 15
Temperature of air entering outdoor side (high!) (°C)
dry-oulb 7
wet-bulb 6
Temperaiure of air entering outdoor side (lowi) {°C)
dry-buib 2
wet-bulb 1
Temperature of air entering outdoor side (extra-low12} (°C}
dry-bulb -7
wet-bulb -8
Test frequency Rated frequency3!
Test voltage Rated voltage#4}

B.2 and C.3.3).

for operation under these conditions.

1) If defrosting occurs during the high, low, or extra-low heating capacity tests, testing
under these conditions shall be accomplished using the indoor air-enthalpy method (see

2) Test is to be conducted only if the manufacturer specifies that the equipment is suitabie
3} Equipment with dual-rated frequericies shall be tested at each frequency.

4) The test voltage on dual-rated voltage equipment shall be performed at both voitages
or at the lower of the two voltages if only a single rating is published.

5.1.4.1.2 Tests shall be conducted at the selected
conditions with no cnanges in fan speed or system
resistance made to correct for variations from the
standard barometric nressure (see 3.3).

5.1.4.1.3 The test room reconditioning apparatus
and the equipment under test shall be operated until
equilibrium conditions are attained, but for not iess
than 1 h, before test data are recorded.

5.1.4.2 Duration

Data shall then be recorded for 30 min at 5-min inter-
vals until seven consecutive sets of readings within
the tolerances specified in table 12 have been at-
tained

5.1.4.3 Frosting conditions

5.1.4.3.1 Under some conditions of heating, a small
amount of frost may accumulate on the outdoor cail
and a distinction needs to be made between non-
frosting and frosting operations for the test as a
whole. For the purposes of this International Stan-
dard, the test is to be considered non-frosting pro-

10

vided tne effect is such that the indoor and outdoor
leaving air temperatures remain within the operating
tolerances for non-frosting operation specified in
table 12. When the leaving air temperature exceeds
the permitted rarge because of frost, tha procedure
for the heating capacity test in the defrost region de-
scribed in A.4 of annex A shall be used.

5.1.4.3.2 If, under test conditions, defrost action is
expe.ienced within a 3-h pariod or the test tc'erances
of table12 are exceeded, then tne procecdure for
transient heating capacity tests (see B.2) shall be
used.

5.2 Maximum heating test

5.2.1 General conditions

The electrical conditions given in table 7 shall be used
during the maximum heating test. The determination
of maximum heating is not required under perform-
ance test conditions. The test voltages shall be main-
tained at the specified percentages under running
conditions.
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5.2.2 Temperature conditions

The temperature conditions given in table7 shall be
used during these tests unless the manufacturer
specifies other conditions in the manufacturer's
equipment specificaticn sheets.

5.2.3 Air-flow conditions
The controls of the equipment shall be set for maxi-

mum heating and all ventilating air dampers and ex-
haust air dampers shall be closed.

£.2.4 Test conditions

5.2.4.1 Preconditions
The equipment shall be operated continuously for

1 h after the specified air temperatures and the equi-
librium condensate level have been established.

5.2.4.2 Duration

All power to the equipment shall then be cut off for
3 min and then restored for 1 h.

5.2.5 Performance requirements

6.25.1 Heat pumps shall meet the following re-
guirements when operating under the conditions
specified in table 7:

— during one entire test, the heat pump shall operate
without indication of damage;

ISO 5151:1994(E)

— the heat pump motors shall operate continuously
for the first hour of the test without tripping of the
motor-overload protective devices.

5.2.5.2 The motor-overload protective device may
trip only during the first 5 min following the 3-min
cutoff of power. During the remainder of that 1-h test
period, no motor-overload protective device shall trip.

5.2.5.3 For equipment that is so designed that re-
sumption of operation does not occur after the initial
trip within the first 5 min, the equipment may remain
out of operaticn for rot longar than 30 m'n. It shall
then cperate continuously for 1 h.

5.3 Minimum heating test

5.3.1 General conditions

The clectrical conditions given in tablz § she!l be used
for this test. The voltages shall be maintained at the
specified percentages under running conditions

5.3.2 Temperature conditions

The temperature conditions for this test shall be as
given in table8, unless the manufacturer specifies
other conditions in the manufacturer's equipment
specification sheets.

5.3.3 Air-flow conditions

The controls of the equipment shall be set for maxi-
mum heating, and all ventilating air dampers and ex-
haust air dampers shall be closed.

Table 7 — Maximum heating test conditions

Parameter Standard test conditions
Temperature of air entering indoor side (°C)
dry-bulb 27
Temperature of air entering outdoo, side (°C)
dry-bulb 24
wet-bulb 18

Test frequency

Rated frequency

Test voltage

a) 90 % and 110 % of rated voltage
for equipment with a single nameplate
rating

b) 90 % of minimum voltage and
110 % of maximum voltage for equip-
ment with a duai nameplate voltage

1) Equipment with dual-rated frequencies shall be tested at each frequency.

Wi <)
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5.3.4 Test conditions
5.3.4.1 Preconditions

The equipment shall be operated for 1 h under the
temperature conditions and voltage specified in
table 8.

5.3.4.2 Duration

After the equipment has reached stable operating
conditions, these conditions shall be maintained for
4 h.

5.3.5 Performance requirements

The heat pump shall operatz throughout the test
without a cutoff by any safety contrcl.

5.4 Automatic defrost test
5.4.1 General conditions

The electrical conditions given in table 9 shall be usasd
during the automatic defrost test for heat pumps.

5.42 Temperature conditions
The temperature conditions given in tabie9 shail be

used during the automatic defrost test for heat
pumps.

5.4.3 Air-flow conditions

Unless prohibited by the manufacturer, the indoor-
side fan is to be adjusted to the highest speed and the
unit outdocr-side fan to the luwest speed, if separ-
ately adjustable.

5.4.4 Test conditions

5.4.4.1 Preconditions

The equipment snhali be operated until the tempera-
tures specified in table ¢ have been stabilized.

5.4.4.2 Duration

Tha heat pump shall remain in operation for two
complete defrosting periods or for 3 h, whichever is
the longar.

5.4.5 Performance requirements

During and directly after the defrosting periods, the
air temperature to the outdoor side shall not rise by
more than 5 °C. During the defrosting period, the
temperaturs of the air from the indoor side of the
equipment shall not be lower than 18 °C for longer
than 1 min. This may be accomplished, if necessary,
by using additional heating, provided and meunted in
the equipment, or specified for use by the manufac-
turer.

Table 8 — Mirimum heating test conditions

Parameter Standard test conditions
Temperature of air entering indoor side (°C)
dry-bulb 20
Temperature of air entering outdoor side (°C)
dry-bulb -
wet-bulb -6

Test frequency?

Rated frequency

Test voltage3

Rated voltage

1) Y the equipmenrt can be operated under the “extra-low” temperature condition, — 7 °C
dry-bu!b and — & °C wet-bulb temperatures shall be uscd.

2) Equipmcat with dual-ratec frequencies shall be tested at sach frequercy
3} Equipment with dual-rated voltages shail be tested at the higher voltage.

12
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Table 9 — Automatic defrost test conditions

Parameter

Standard test conditions

Temperature of air entering indoor side (°C)

dry-bulb 20

wet-bulb (maximum} 12
Temperature of air entering outdoor side (°C)

dry-bulb 2

wet-bulb

1

Test frequency

Rated frequency?

Test voltage

Rated voltage?

1) Equipment with dual-rated frequencies shall be tested at each frequency.

2) The test voltage on dual-rated voltage equipment shall be performed at both voltages
l or at the higher of the two voltages if onlv a single rating is published.

6 Test methods and uncertaintics of
measurements

6.1 Test methods

6.1.1 Capacity and performance tests of non-ducted
air conditioners and heat pumps are conducted using
eitner the room calorimeter method or the indoor air-
enthalny method. Both methods are permitted sub-
ject to the provision that the results are within the
limits of the uncertainties of measurement estab-
lished in 6.2.

6.1.2 The room calorimeter can be of either the
calibrated type or the balanced ambient type, as de-
scribed in annex B.

6.1.3 in the air-enthalpy method, heating or cooling
capacities are determined from measurements of en-
tering anc ieavinyg wet- and drv-hulb temperattires and
the associated air-flow.ate. This method can be em-
ployed for the indoor-side tests of all equipment.
Subject to the additional requirements of annex F,
this method may be used for the outdoor-side tests.
This method can be applied to water-cooled con-
densing equipment for which a secord determination
of the cooling capdcity from measurements cn the
water-side is possible.

6.2 Uncertainties cf measurement

The uncertainties of measurement shall not exceed
the values specified in table 10.

6.3 Variations in individual readings

The maximum allowable variations of indwvidual
readings from stated conditions in the performance
tests shall be as shown in table 11. The maximum
permissible variation of any observation during the
capacity test shall be as shown in table 12.

6.4 Test tolerances

6.4.1 The maximum permissible variation of any ob-
servation represents the greatest permissible differ-
ence between maximum ard minimum instrument
cobservations auring the test. When expressed as .
percentage, the maximum allowable variation is the
specified percentage of the arithmetical mean of the
observations.

6.4.2 The maximum permissible variations of the
mean of the test observations from the standard or
desirec test conditions are shown in table 12,
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Tablz 10 — Uncertainties of measurement of indicated values

Measured quantity Uncertainty of measurement?

Water

temperature + 0,1 °C

temperature difference +0,1°C

volume flow +5%

static pressure difference + 5 Pa
Air

dry-oulb temperature +0,2°C

wet-bulb temperature + 0,2 °C

volume flow +5%

static pressure difference + % Pa for pressure < 100 Pa
+ 5 % for pressure > 100 Pa
Electrical inputs + 05 %
Tiine +0.2 % )
Mass +10%
Speed +1.0%

1) Uncertainty of measurement is an estimate chardcterizing the range of values within
which the true value of a measurand lies (measurand is a quantity subject to measurement).

NOTE — Uncertainty of measurement ccmprises, in general, many components. Some of
these components may be estimated on the basis of the statistical distribution of the re-
sults of series of measurements and can be characterized by experimental standard devi-
ations. Estimates of other components can be based on experience or other information.

Table 11 — Variations allowed in performance test readings

Maximum aliowable variations in
Quantity measured individuai readings from stated
performance test conditions

For minimum operating conditions test

air temperatures +1°C

water temperatures +0,6 °C
For maximun, operating condiinns tes*

air temperatuies —i°C

water temperatures -0,6°C
For other tests

air temperatures +1°C

water temperatures + 0,6 °C
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Table 12 — Variations allowed in capacity test readings

Variations of Maximum variation
. arithmetical mean of individual reading
Readings values from specified from rating
test conditions conditions

Temperature of air entering indoor
side

dry-bulb +0,3°C +1,0°C

wet-bulb +0,2°C ! +05°C
Tem.perature of air enteiing outdoor
side

dry-bulb +0,3°C +1,0°C

wet-bulb +0,2°C +05°C
Temperature of air leaving outdoor
side

dry-bulb +1,0°C
Air volume flowrate +5% 4+ 10%
Voltage +1% +2%
Water temperature

inlet + 0,1 °C +0,2°C

outlet +0,1°C +0,2°C
Water volume flowrate +1% +2%
External resistance to air-flow + 5 Pa + 10 Pa

7 Test results

7.1 Capacity calculations

7.1.1 Genera!

The results of a capacity test snhall express quantitat-
ively the effects produced upon air by the equipment
tested. Fer given test conditicnhe, the capacity test
results shall include such of the foliowing auantities
as are applicable to cooling or heating and to tne type
of equipment tested.

a) total cooling capacity, in watts;

b} sensible cooling ~anacity, in wat's;
c) latent cooling capacity, in watts;
d) heating capacity, in watts;

¢} indoor-side air-flowrate, in cubic metres per sec-
ond of standard air;

f) external resistance to indoor air-flow, in pascals;

g) effective power input {0 the equipment or indi-
vidual power inputs 10 each of the electrical
equiprnent components, in vvatts.

7.1.2 Adjustments

Test results shall be used to determine capacities
without adjustment for permissible variations in test
conditions, except that air enthalpies, specific vol-
umes and isoharic specific heat capacitics shall be
correctea tor deviatinons from saturaticn temperaiure
and standard barometric pressure.

7.2 Data to be recorded

The data to be reccrded for the capacity tests are
given in tables 13 and 14 for the calorimeter test
method and in table 15 for the indoor air-enthalpy test
method. The tables identify the general information
required but are not intended to limit the data to be
obtained. Electrical input values used for rating pur-
poses shall be those measured during the capacity
tests.
——
’ . Fid
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7.3 Test report e} test supervisor;

f) test objective, type designation;
7.3.1 General information
g) reference to this International Standard.

As a minimum, the test report shall contain the fol-
lowing general information: 7.3.2 Additional information

a) date; The information given on the nameplate should be
noted on the test report.

b} test institute,
7.3.3 Rating test results

r}  test location;
The values given shall be the mean of the values

d) test method used (calorimeter or air enthalpy); taken over the test period.

Table 13 — Data {0 ke r=corded for czlaorimeter cooling capacity tests

No. Data
1 Date
2 Observers
3 Barometric pressure
4 Speed of equipiment cooling fan(s)
5 Applied voltage
6 Frequency
7 Total power input to equipment?
3 Total current input to equipment
9 Control dry-bulb and wet-bulb temperature of air {indoor-side calorimeter compartment)2)
10 Control dry-bulb and wet-bulb temperature of air (outdoor-side calorimeter compartment)2)
1" Average air temperature outside the calorimeter (calibrated room-type; see figure B.4)
12 Total power input to indoor-side and outdoor-side compartments
13 Quantity of water evaporated in humidifier
14 Temperature of humidifier water entering indoor-side and outdoor-side {if used} compartments or in humidifier
tank
15 Cooling water flowrate through outdoor-side compartment heat-rejection coil
16 Temperature of cooling water entering outdoor-side compartment, for heat-rejection coi
17 Temperature of cooinng water leaving outdoor-side compartment, from heat-rejection cuil
18 Cooling water flowrate through equipment concenser \water-cocled units unly)
19 Temperature of water entering equipment condenser {water-cooled units only)
20 Temperature of water leaving equipment condenser {water-cooled units only)
21 Mass of water from equipment which is conderised in the reconditioning equipment3!
22 Temperaturz of condensed water leaving outdoor-side compartment
23 Volume of air-ow through measuri.ig nozzie of separating partitior:
24 Air-static pressure difference across separating partition of calorimeter compartments
1) Total power input to the equipment, except if more than one external power connecion is provided on the
equipment; record input to each connection separately.
2) SeeB.1.7.
3) For equipment which evaporates condensate on the outdoor coil.

16
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Table 14 — Data to be recorded for calorimeter heating capacity tests

No. Data
A Date
2 Observers
3 Barometric pressure
4 Speed of equipment heating fan(s)
5 Applied voltace
6 Frequency
7 Total power input to equipment
8 Tetal current input to equipment
9 Control dry-bulb and wet-bulb temperature of air (indoor-side calorimeter compartment)2)
10 Control dry-bulb and wet-bulb temperature of air {outdoor-side calorimeter compartment)2!
11 Average air temperature outside the calonmeter (calibrated room-type; see figure B.4)
12 Total power input to indoor-side and outdoor-side compartments
13 Quantity of water evaporaied in humidifier
14 Temperature of humidifier water entering indooi-side and outdoor-side (if used) compartments or in humidifier
tank
15 Cooling water flowrate through outdoor-side compartment heat-rejection coil
16 Temperature of cocling water entering outdoor-side compartment, for heat-rejection coil
17 Temperature of cooling water ieaving outdoor-side compartment, from heat-rejection coil
18 Water condensed in indoor-side or outdoor-side compartment
19 Tamperature of condcnsed water leaving indoor-side compartment
20 Volume of air-flow through measuring nozzle of separating partition
21 Air-static pressure ditference across separating partition of calorimeter compartments
1} Total power input to the eauipment, except if more than one external power connection is provided on the
equipment; record input to each connection separately.
2) SeeB.1.7.

P e
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Table 15 — Data to be recorded during the indoor air-enthalpy capacity tests

No. Data
1 Date
2 Observers
3 Barometric pressure
4 Time of test
5 Power inputl)
8 Applied voltage(s)
7 Current
8 Frequency
S External resistance to air-flow
10 Fan spzed(s) (if adjustable)
1 Dry-bulb temperature of air entering equipment
12 Wet-bulb tempeiature o air entering aquipment
13 Dry-hulb temperature of air l2aving equipment
14 Wet-bulb temperature of air leaving equipment
15 Volume flowrate of air and all relevant measurements for its calculation

1) Total power input and, where required, input t0 equipment components.

8 Marking provisions g) heating capacity;
h} refrigerant designation ancd refrigerant mass
8.1 Nameplate requirements charge.
Each non-ducted air conditioner and heat pump shall 8.3 Refrigerant designation
have a nameplate, firmly attached and in a location
accessible for reading. Refrigerani designation shall be in accordance with
SO 817.

8.2 Nameplate information
8.4 Split systems

The nameplate shall carry the following minimum in- . . )
formation in addition to the information required by The infcrmation in a), b), c). d) and h} in 8.2 shali be
internatio.at safety standards: provided on each element of a sglit system.

a) manufacturer's name or trademark?; .. .
9 Publication of ratings

b} distinctive type or model designation and serial
number; 9.1 Standard ratings

~V rated voltcges);
\D 9.1.1 Standard ratir.gs sh.a!' be published for cooing

d) rated frequencylies): capacities (sensible, latent and total), heating capacity,
energy efficiency ratio and coefficient of performance,
e) climate application typel(s) (see 4.1}, as appiopriate, for each unit produced in conformance
to this International Standard. These ratings shall be
f) total cooling capacity®; based on data obtained at the established rating con-

3) The manufacturer is considered to be the firm whose name is on the nameplate.
4) For each rated voltage and frequency.

18
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ditions in accordance with the provisions of this
International Standard.

9.1.2 The values of the standard capacities shail be
expressed in kilowstts, rounded to the nearest
0,1 kW.

9.1.3 The values of energy efficiency ratios and
coefficients of performance shall be expressed in
muliiples of the nearest 0,05.

ISO 5151:1994(E)

9.1.4 Each capacity rating shall be followed by the
corresponding voltage and frequency rating.

9.2 Other ratings

Additional ratings may be published based on con-
ditions other than those specified as standard rating
conditions if they are clearly specified and the data are
determined by the methods specified in this Inter-
national Standard, or by analytical methods which are
verifiable by the *test methods specified in this inter-
national Standard.
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Annex A
(normative)

Test procedures

A1 General test room requirements

A.1.1 If an indoor-condition test room is required, it
shall be a room or space in which the desired test
conditions can be maintained within the specified tol-
erances. It is recommended that air velocities in the
vicinity of the equipment under test do not exceec
2,5 mfs.

A.1.2 If an outdoor-conditicn test room or space is
required, it shall be of sufficient volume and shall cir-
culate air in a manner such that it does not cihange the
normal air-circuiating pattern of the equipment under
test. It snall be of dimensions sucn that the distance
from any room surface to any equipment surface from
which air is discharged is not less than 1,8 m and the
distance from any other room surface to any other
equipment surface is not less than 0,9 m, except for
floor or wall relationships required for normal eqguip-
ment installation. The room conditioning appa:atus
should handie air at a rate not less than the outdoor
air-flowrate, ard preferably should take this air from
the direction of the equipment air discharge and re-
turn it at the desired conditions uniformly and at low
velocities.

A.2 Equipment installation

A.2.1 The equipment to be tested shall be installed
in accordance with the manufacturer's installation in-
stiuctions, using recomn.ended installation pro-
cedures and accessories. |f the equipment can be
installed in several locations, the tests shall be con-
ducted using the worst location. In all cases, the
manufacturer's recommendations with respect to
distances from adjacent walls, amount of extensions
through walls, etc., shall be followed.

A.2.2 No slterations to the equipment shall be
mada except for the attachment of required test ap-
pa:atus and instruments in the specified manner.

A.2.3 Where necessary, the equinment shall be
evacuated and charged with the type and amount of
refrigerant specified in the manufacturer's instruc-
tions.
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A.2.4 All standard ratings for equipment in which
the condenser and the evaporztor are two separate
assemblies shall be determined with the maximum
length of refrigerant tubing on each line, of a length
specified by the manufacturer, or 7,5 m, whichever is
the shorter. Such equipment in which the intercon-
necting tubing is furnished as an integral part of the
unit and rot recommended for cutting to length
should be tested with the complete length of tubing
furnished. Unless constrained bv the design, at least
halt of the interconnecting tuoing snzll be exposed to
the outdoor conditions with the rest of the tubing ex-
posed to indoor conditions. The line diameters, insu-
lation, details of installation, evacuation and chaiging
shall be in accordance with the manufacturer's pub-
lished recommendations.

A.3 Electrical supply requirements

The voltages specified shall be maintained within the
specified percentages under running conditions. The
electrical service supplied to the equipment's service
connection shall be such that the voltage will not rise
more than 3 % when the equipment is stopped. After
the service has been adjusted to accomplish this re-
sult, no subsequent adjustment shall be made during
the test.

A.4 Heating capacity test in the defrost
region

A.4.1 During the tests, a capacity determination
based only on indoor air-circuit measurements is per-
missible. During this test, any apparatus disturbing
normal outdoor air-flow through the equipment shall
not be connected. The indoor air-flow is to be allowed
to continue with no changes i, the cir-flow settings
far the test cquipment ¢ for the associated test ap-
paratus, except that if the deirost controls provide for
stopping the indoor fan, provision shall be made to
shut off the flow of air through the indoor coil from
the test apparatus while the indoor fan is stopped. An
integrating watt-hour meter shall be used for obtaining
electrical input to the equipment.
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A.4.2 The test room reconditioning apparatus and
the equipment under test shall be operated until
eyuilibrium conditions are attained, but for not less
than 1 h, except that normal variaticns due to oper-
ation of the defrost controls of the equipment may
occur. Under defrost conditions, the normal function-
ing of the test room reconditioning apparatus may be
disturbed. Because of this, the operational tolerances
shall be three times those specified in table 12.

A.4.3 The equipment shall be operated for a test
period of 3 h. If the equipment is in defrost at the end
of this test period, the cycle shall be completed. Data

ISO 5151:1994(E)

shall be recorded at normal 5-min intervals except
that, during the defrost cycle, data shall be recorded
at least every 10 s to establish accurately the start
and completion of the defrost cycle, the time-
temperature pattern of the indoor air stream (if the
indoor fan is running), and the electrica!l input to the
equipment.

A.4.4 Transient conditions and internal losses make
it impractical in many cases to obtain accurate simul-
taneous checks of measured heating capacity Hence,
the accuracy of the primary measurement equipment
is verified by means of a qualification iest proceduie.
as described in E.6 of 2annex F.
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Annex B
(normative)

Calorimeter test metihod

B.1 General

B.1.1 The calorimeter provides a methoc for deter-
mining capacity simultanedusly on both the indoor
side ana the outdoor sice. In the cooling mode, the
indoor-side capacity determination is made by balanc-
ing the cooling and dehumidfying effects wittc moas
ured heat and water inputs. The outdoor-side capacity
provides a confirming test of the cooling and de-
humidifying eifect by balancing the heat and water
rejection on the conderser side with a measured
amount of cooling.

B.1.2 The two calorimeter compartments, indoor
side and outdoor side, are separated by an insulated
partition having an opening into which the non-ducted
equipment is mounted. The equipment shall be in-
stalled in a manner similar to a normal installation. No
effort shall be made to seal tne internal construction
of the equipment to prevent air leakage from the
condenser side to the evaporator side or vice versa.
No connections or alterations shall ke made to the
equipment which might in any way alter its normal
operation.

B.1.3 A pressure-equalizing device es illustrated in
figure B.1 shall be provided in the partition wall be-
tween the indoor-side and the outdoor-side compart-
ments to maintain a balanced pressure between
these compartments and also to permit measurement
of leakaye, exhcust end ventilation air This device
consists of one or more no-zles of the type shown in
figure B.2, a discharge chamber equipped with an ex-
haust fan, and manometers for measuring compart-
ment and airflow pressures. A suggested
arrangement of components is shown in figure B.3.

Since the air-flow from one compartment to the other
may be in either direction, two such devices (nounted
in opposite directions, or a reversible device, shall be
used.

The manometer pressure pickup tubes shall be so lo-
cated as to be unaffected by air discharged from the
equipment or by the exhaust from the pressure-
equalizing device. The fan or blower which exhausts
air from the discharge chamber shall permit variation

oi its air-fiow by any suitable means, such as a vari-
able speed drive, or a damper as shown in figure B.3.
The exhaust from this fan or blower shall be such tha:
it will not affect the inlet air to the equipment.

The equalizing device shall be adjusted during calor-
imeter tests or air-fiow measurements so that the
siatic pressure difference betveeer. the indoor-side
and outdoor-side compartments is not greater than
1,25 Pa.

B.1.4 The size of the calorimeter shall be sufficient
to avoid any restriction to the intake or discharge
openings of the equipment. Perforated plates or other
suitable grilles shall be provided at the discharge
opening from the reconditioning equipment to avoid
face velocities exceeding 0,5 m/s. Sufficient space
shall be allowed in front of any inlet or discharge
grilles of the air conditioner 10 avoid interference with
the air-flow. Minimum distance from the equipment
to side walls or ceiling of the compartment(s) shall be
1 m, except for the back of console-type equipment,
which shall be in a normal relationship to the wall.
Table B.1 gives the suggested dimensions fcr the
calorimeter. To accommodate peculiar sizes of eguip-
ment, it may be necessary to a'ter the suggested di-
mensions to comply with the space requirements.

B.1.5 Each compartmznt shall be provided with re-
conditionirg equipment to ma‘ntain specifiea air-fiow
and specified conditions. Reconditioning apparatus for
the indoor-side compartment shall consist of heaters
to supply sensible heat and a humidifier to supply
moisture. Reconditioning apparatus for the outdoor-
side compartment shall provide cooling, dehumidi-
fication and humidification. The energy should be
controiled anc n.easured.

When calorimeters are used for heat pumps, they
shall have heating, humidifying and cooling capabili-
ties for both rooms (see figures B.4 and B.5) or other
means, such as rotating the equinment, may be used
as long as the rating conditions are maintained.
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Table B.1 — Sizes of caloriineter

Maximum rated cooling Suggested minimum inside dimensions of each
capacity of equipment? room of calorimeier
m
w
Width Height Length
3 000 2,4 2.1 1.8
6 000 2.4 2.1 2,4
9 000 2,7 2,4 3.0
12 000 3.0 2,4 3.7
1) All figures are round numbers.
Pressure-equalizing device
PHATIIIII SIS I I IS 7114 \ VST III IS ITIITYS 72227,
ALY AN Y
g \ g
Cooling coil —————= ﬂ ' N " - Cooling coil
g lﬂ A
2ating €oil ~— ——=fq] = ] = =un /]~ Heating coll
%
g v 7
2 Indoor-side ) #( Outdoor-side 2
Humidifier ————1} compartment % compartment [}~ Humidifier
=0 ;
'
% 2
Equipment . N
Fan - -1 oo under test OO U Fan
% S 4
%
Mixers ﬂ XXX XF =______BXX XX é Mixers
5 g q N o / ;
WILIISI SIS SIS LIS 2 PIII LIS EATELT ST ILIIL LIPS
111
oy )/ X

Air-sampling tubes

Figure B.4 — Typical calibrated room-type calorimeter
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Figure B.5 — Typical balanced ambient room-type calorimeter

B.1.6 Reconditioning apparatus for both compart-
rments shall be provided with fans of sufficient ca-
pacity to ensure air-flows of not less than twice the
quantity of air discharged by the equipment under test
in the calorimeter, and air velocities at the discharge
of the reconditioning apparatus of less than 1 m/s.
The calorimeter shall be equipped with means of
measuring or determining specified wet- and dry-bulb
temperatures in both calorimeter compartmenits.

B.1.7 It is racognized that in both the indoor-side
anc outdoorside compariments, t2mp-=rature gradi-
ants and air-flow patterns result from the interaction
of the reconditioning equipment and test apparatus.
Therefore, the resultant conditions are peculiar to and
dependent upon a given combination of compartment
size, arrangement and size of reconditioning appar-
atus, and *he arr discharge characteristics of the
equipment unugar test.

The point of measurement of specified test tempera-
tures, both wet- and dry-bulb, shall be such that the
following conditions are fulfilled.

a) The measured temperatures shall be represen-
tative of the temperature surrounding the equip-
ment, and shall simulate the conditions

encountered in an actual application for both in-
door and outdoor sides, as indicated above.

b) At the point of measurement, the temperature of
the air shall not be affected by air discharged from
the equipment. This makes it mandatory that the
temperatures are measured upstream of any re-
circulation produced by the equipment.

B.1.8 Interior surfaces of the calorimeter compart-
ments shall be of non-porous material with all joints
sec led agzinst air and nwisture leakage. The access
door shall be tightly sealed against air and moisture
leakage by use of gaskets or other suitable means.

R.2 Transient heating capacity test

B.2.1 The test room reconditioning apparatus and
the heat pump unczr tect shall be cperated under
specified rating conditions until “eguilibrium” con-
ditions are attained, but for not less than 1 h, except
that veriations due to operation of defrost controls
may occur. Under defrost conditions, the normal
functioning of the test room reconditioning apparatus
may be disturbed and the maximum allowable vari-
ation of air temperature readings from rating con-
ditions shall be three times those shown in table 12.
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B.2.2 |f defrost controls on the heat pump provide
for stopping the indoor air-flow, provision shall be
made to stop the test apparatus airflow to the
equipment on both the indoor and outdoor sides dur-
ing such a defrost period. If it is desirable to maintain
operation of the reconditioning apparatus during the
defrost period, provision may be made to bypass the
conditioned air around the equipment as long as as-
surance is provided that the conditioned air does not
aid in the defrosting. A watt-hour meter shall be used
for obtcining the integrated electrical irput to the
equipment under test.

B.2.3 The eguipment shall be operated for a mini-
mum test period complying with one of the following:

a) a minimum of three complete defrost cycles;

b} a minimum of 3 h, including one complete defrost
cycle;

¢) 8 h, if no defrosting occurs.

B.2.4 If the equipment is in defrost at the end of
this test period, the cycle shall be completed. A de-
frost cycle comprises one complete heating and de-
frosting interval. Data shall be recorded at not more
than 5-min intervals except that, during the defrost
cycle and recovery period, data sha!l be recorded at
sufficient frequency to establisih accurately the time-
temperature pattern of the indoor air stream (if the
indoor fan is running). and the electrical input to the
equipment under test.

B.3 Calibrated room-type calorimeter

B.3.1 The calibrated room-type calorimeter is
shown in figure B.4. Each calorimeter, including the
separating partition, shall be insulated to orevent heat
leakage (including radiation) in excess of 5 % ot the
capaciiy of (he equiprnent. An air space permitting
free circulation shall be provided under the calorimeter
floor.

B.3.2 Heat leakage may be determined in either the
indoor-side or outdoor-side compartment by the fol-
lowing method.

All openings shaii be closed. Either compartment may
be heated by electric heaters {0 a temperature of at
least 11 °C above the surrounding ambient tempera-
ture. The ambient temperature shall be maintained
constant within + 1 °C outside all six enveloping sur-
faces of the compartment, including the separating
partition. If the construction of the partition is identical
with that of the other walls, the heat leakage through

26

the partition may be determined on a proportional area
basis.

B.3.3 For calibrating the heat leakage throvgh the
separating partition alone, the following procedure
may be used.

A test is carried out as described above. Then the
temperature of the adjoining area on the other side
of the separating partition is raised to equal the tem-
perature in the heated compartment, thus eliminating
heat leakage through the partition, while the 11 °C
differential is maintained between the heated com-
partment and the surrounding amkbtient temperature
of the other five enveloping surfaces.

The difference in heat input between the firsi test and
second test will permit determination of the leakage
through the partition alone.

B.3.4 For the outdoor-side coinpartment equipped
with means ior cooling, an alternative means of cali-
bration may be to cool the ccmpartment to a tem-
perature at least 11°C below the ambient
temperature {on six sides) and carry out a similar
analysis.

B.35 As an alternative to the two-room simul-
taneous method of deterrnining capacities, the per-
formance of the indoor-side compartment shall be
verified at least every 6 months using an industrial
standard cooling cepacity calibrating device. A cali-
brating device may also be another equipment whose
performance has been measured by the simultaneous
indoor and outdoor measurement method at an ac-
credited national test laboratory as pan of an
industry-wide cooling capacity verification pro-
gramme.

B.4 Balanced ambient room-type
calorimeter

B.4.1 The balanced ambient room-type calorimeter
is shown in figure B.5 and is based on the principle
of maintaining the dry-bulb temperatures surrounding
the particular compartment equal to the dry-bulb
lemperatures maintained within that compartment. If
the ambient wet buip tempe.ature is a'so meintained
equai to that within the compartment, the vapour-
proofing provisions of B.1.8 are not required.

B.4.2 The floor, ceiling and walls of the calorimeter
compartments shall be spaced a sufficient distance
away from the floor, ceiling and walls of the controlled
areas in which the compartments are located in order
to provide a uniform air temperature in the intervening
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space. 't is recommended that this distance be at
least 0,3 m. Means shall be provided to circulate the
air within the surrounding space to prevent stratifi-
cation.

B.4.3 Heat leakage through the separating partition
shall be introduced into the heat balance calculation
and may be calibrated in accordance with B.3.3, or
may be calculated.

B.4.4 | is recommended that the flcor, ceiling and
walls of the calorimeter compartrnents be insulated
so as to limit heat leakage (including radiation; to no
more than 10 % of the test equipment's capacity,
with an 11 °C temperature difference, or 300 W for
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the same temperature difference, whichever is the
greater, as tested using the procedure given in B.3.2.

B.5 Calorimeter and auxiliary equipment
for water-cooled condenser tests

B.5.1 The indoor-side compartment of a room
calorimeter of either the calibrated or the balanced
ambient type shall be used.

B.5.2 Measuremants shall be made for determining
flow and temperature rise of the cordenser cooling
water. Water lines shall be insuiated between the
condenser and the temperature-measuring points.

e

o
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Annex C
(normative)

Heating and cooling capacity calculations

C.1 Cooling capacity calcuiations
(Calorimeter methad)

C.1.1 The total room-cooling effect on the indoor
side, as tosted in either the calibrated or balanced-
ambient room-type calorimeter {see figures B.4 and
B.E) is calculated as follows:

d".ci——ZPr'*' (hwa "hwz)wr""d)lp'*'d)lr . (C)
where
@, is the total cooling capacity, indoor-side

data, in watts;

ZP, is the sum of all power input to the
indoor-side compartment, in watts;

hyy is the specific enthalpy of waler or steam,
supplied to maintain humidity; if no water
is introduced during the test, 4, is taken
at the tempeiaiure of the water in the
humidifier tank of the reconditioning ap-
paratus, in kilojoules per kilogram;

h,, is the specific enthalpy of condensed
moisture leaving the indoor-side compart-
ment, since transfer of condensed moist-
ure from the indoorside to the
outdoor-side compartment usually takes
place within the test equinment; when it
is not praci.cal to reesure thic tempera-
ture, the temperature of the condensate
may be assumed to be at the measured,
or estimated, wet-bulb temperature of the
air leaving the test equipment, in kilojoules
per kilogram;

is the rate at which water vapour is co.r
densed by the equipment under test, in
grams per second; this is measured as the
amount of water, in grams per second,
evaporated into the indoor-side compart-
ment by the reconditioning to maintain the
required humidity;
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@, isthe heat leakage rate into the indoor-side
compartinent through the partition separ-
ating the indoor-side and outdonr-side
compartments, as determined from the
calibrating test {or may be based on calcu-
lation in the case of a balanced-ambient
room-type calorimeter), in watts;

@, is the heat leakage rate into the indoor-side
compartment through walls, floor and ceil-
ing (but not including the separating par-
tition) as determined from the calibrating
test, in watts.

C.1.2 The total cooling capacity on the outdoor side,
as tested in either the calibrated or balanced-ambient
room-type caiorimeter {see figures B.4 and B.E} is
calculated as follows:

¢tco=mc-ZP0_Pt+(hw3—hvﬂ)Wr+

+ Dy + Dy, ...(C.2)

where

@y, s the total cooling capacity as determined
on the outdoor-side compartment, in
watts;

@, is the heat removed by the cooling coil in
the outdoor-side compartment, in watts;

ZP, is the sum of all power input to coy
equipment, such as reheaters, circulating
fans, etc., in the outdoor-side compart-
ment, in watts;

P, is the total power input to the equipment
under test, in watts;

hy; is as definea in C.1.1;

hy is the specific enthalpy of the condensed
moisture removed by the air-treating coil
in the outdoor-side compartment recon-
ditioning apparatus, taken at the tempera-
ture at which the condensate leaves the
compartment, in kilojoules per kilogram;
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W,  is as defined in C.1.1;
®, isas defined in C.1.1;

NOTE 3 This quantity will be numerically
equal to that used in equation (C.1) (see C.1.1)
if, but only if, the area of the separatirg par-
tition cxposed to the outdoor side is equal to
the area exposed to the indoor-side compart-
ment.

d,, is the heat leakage from tne outdoor side
{but not including heat leakage through the
separating partition), as determined from
the calibrating test, in watts.

C.1.3 The total cooling capacity of a liquid (water)-
cooled ecuipment deductec from the condznser side
is calculated as follows:

Pio = Peo — ZPE

where

.(C.3)

&, is asdefinedinC.1.2;

1)

- IS the heat removed by the condenser coil

in the equipment, in watts;

IP: s tne effective power input to the equip-
ment, in watts.

C.1.4 The latent cooling capacity (room-
dehumidifying capacity) is calculated as follows:

Dy = KW, ... (C4)
where

[ is the latent cooling capacity, in watts;
K, is 2,460 kJ/kg;

W, is as aefined in C.1.1.

C.1.5 The sensible cooling capacity is calculated as
follows:

O =Dy, ~ Py ...(C5)
wheie
D, is the sensible cociing capacity, in watts;

is as defined in C.1.1;

®; is as defined in C:1.4.
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C.1.6 The sensible heat ratio (SHR) is calculated as
follows:

SHR = & /@, ...(C.6)

where
&, is as defined in C.1.5;

®,, is as definedin C.1.1.

C.2 Heating capacity calculations
(Calorimeter method)

C.2.1 Determination of the heating capacity by
measurement in the indocr-side compartment is cal-
culated as follows:

whl=¢lci+(‘bl+¢ll_Pl .(C‘-/)
where (as also in the case of split-systein equipment)

@, is the heating capacity as deiermined in
the indoor-side compartment, in watts;

@, s the heat-ilow removed from\the indoor-
side compartment, in watts;

D, is the heat-flow through the partition wall
from the indoor-side to the outdoor-side
cornpartment, in watts;

D, is the heat-flow through the remaining en-
veloping surfaces of the indoor-side com-
partment, in watts;

P, is the other power input to the indoor-side
compariment (2.g. illumination, electrical
and thermal power input to the compen-
sating device, heat balance of the humidi-
fication device), in watis.

NOTE 4 The transfer of energy by the equalizing air-flow
and by the leckage air-flow of the 1rt is a function oi the
respective 1est equipment and is not to be taksn into ac-
count when determining the capacity.

C.2.2 Determination of the heating capacity by
measurement of the heat-absorbing side is calculated
as follows for equipraent where the evaporator takes
the heart from an air-*lo'»

d)ho=Po+Pt""]wo(hwll—hws) + O+ P, .. (C.8)
where

®,, is the heating capacity as determined in
the outdoor-side compartment, in watts;
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P, is the total power input to the outdoor-side
compartment with the exception of the
power input to the equipment, in watts;

P, is as defined in C.1.2;

is the mass flowrate of water supplied to
the outside compartment to maintain the
test conditions, in grams per second;

h,, is the specific enthalpy of the water mass
flow supplied to the outdoor-side com-
partinent, in kilojoules per kilogram;

h,s is the specific enthalpy of the condensed
water (in the test condition, this is high)
and frost, respectively (in the test cor-
dition, this is low or extra-low) irn the
equipment, in kilojoules per kilograin;

<, is as defined in C 2.7,

®,, i< the heat-flow through the remaining en-
veloping surfaces into the outdoor-side
compartment, in watts.

NOTE 5 The transfer of ensrgy by the equalizing air-flow
and the leakage air-flow of the equipment is neglected.

C.3 Heating capacity calculations
(Air-enthalpy method)

C.3.1 The results of the test shall express quanti-
tatively the effect produced upon the air by the
equipment tested. The tast results shall include the
healing capacity, recirculating air-flow, and the total
energy input to the squipment.

C.3.2 During heating capacity and qualification
tests, the measuring apparatus (figure C.1) permits
some heat loss which must be determined by suitable
calibraticn techniques and credited to the overell
heating cacccit

C.3.3 The heating capacity based on indoor-side
data is calculated by the following equations"

o — ImiCpallez = fa1)
h VM +w)

. (C.9)
where
&, is as defined in C.2.1;

4w s the indoor air-flowrate at a measure-
ment point, in cubic metres per second;

ca IS the specific heat of dry air, in joules per
kilogram kelvin;

1y is the temperature of air leaving the indnor
side, in degrees Celsius;

is the temperature of air entering the in-
door side, in degrees Celsius;

v is the specific volume of air at point of
measurement of air-water vapour mixture,
in cubic metres per kilogram;

is the specitic humidity of air, in kilograms
per kilogram of dry air.

If ine loss corrections are to be made, they shall be
inciudad in the capacity calculations.

C.3.4 When moisture i1s deliberately added to the
indoor air ctream in order to provide humidification,
there is a significant change in moisture content be-
tween the indoor air entering and lezving, and the
following expression shall be used:

_ qml(haz - ha1)

o, = i) ...(C.10)

@, s as defined in C.2.1;
gmi 15 as defined in C3.3;

hy, is the enthalpy of air entering the indoor
side, in kilojoules per kilogram of dry air;

h,, is the enthalpy of air leaving the indoor
side, in kilojoules per kilogram of dry air;

v is as defined in C.3.3;

is as defined in C.3.3.

C.3.5 he wansient total heating capacity shau be
calculated as shown in C.3.4 and averaged with re-
spect to time for the entire test period. When the in-
coor airflow of the equipment stops during
defrosting, the capacity during this interval shall be
considered to be zero, but the elapsed time must be
inclucad in the total test p~riod for obtaining the mean
heating capacity.

C.3.6 Test results shall be used to determine ca-
pacity without adjustrnent for pernmissible variations in
test conditions.

5} Equation (C.9) does not provide allowances for heat leakage in the test equipment.
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C.4 Cooling capacity calculations where

(Air-enthalpy method) ®,, is as definedin C.1.1;

The total, sensjble and.!atent indoor ccoling capacities G Coar a1 @Nd 1, are as defined in C.3.3;
based on the indocr-side test data are calculated by
the following equations?: haq. hao, v’ @nd w, are as defined in C.3.4;
o = Gors(Ba1 = h2) €11 &, is the sensible cooling capacity, indoor-
v (T wy) T side data, in watts;
GnCratler = bh) c12 @ is the latent cooling capacity, indoor-side
Oy, = o Ew) - (€A2) data, In wats;
Cos =1 005 + 1 846w, Wy 'S the specific humidity of.air .entering the
indoor-side compartment, in kilograms per
2.47 x 106qm,(w,1 — W) 13 kilogram of dry air;
\ = ; PR .
: Vil + ) w, is the snecific humidity of air leaving
—h. - indoor-side compartment, in kilograms per
e T kilogram of dry air;
2,47 x 10° in equation (C.13) is the laient heat of
vaporization at 15 °C + 1 °C, in joules per kilogram.

6) Equations {C.11) and {C.12) do not provide allowances for heat leakage in the test equipment.
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Annex D
(informative)

Instruments

D.1 Temperature measuring
instruments

D.1.1 The smallest scale division of the
temperature-rneasuring instrument should not exceed
twice the specified accurecy. For example, for the
specif.ed accuracy of + 0,05 °C, the smallest scale
division should not exceed + 0,1 °C.

D.1.2 Where an instrument accurecy of + 0,05 °C
is specified, the instrument should be calibrated by
comparison with a thermometer certifiea by a recng-
nized authority, such as a national standards authority.

D.1.3 In all measurements of wet-bulb tempera-
ture, sufficient wetting should be provided and suf-
ficient time should be allowed for the state of
evaporative equilibrium to be attained. For mercury-
in-glass thermometers having a bulb diameter not
over 6,5 mm, temperatures should be read under
conditions which ensure a minimum air velocity of
5 m/s. For any other instrument, a sutficient air vel-
ocity should be provided to give the same equilibrium
conditions as those defined above.

D.1.4 Wherever possible, temperature-measuring
instruments used to measure the change in tempera-
ture should be arranged so that they can te readily
interchanged between inlet and outlet positions to
improve accuracy.

D.1.6 Temperatuies of fiuids within conduits should
be measured by inserting the temperature-measuring
instrument directly within the tiuid, or within a well
inserted into the fluid. If a glass thermometer is to be
inserted directily into the fluid, it should be calibraied
for the effect of pressure.

D.1.6 Temperature-measuring instruments should
be adequately chielded from radiation from any ad-
jacent heat sources.

D.1.7 The response time 1s the time reguired for
the instrumentation to obtain 63 % of the final
steady-state temperature difference when subjected
to a step change in temperature differerce of 7 °C or
more.

D.2 Fressure-measuring instruments

D.2.1 The maxirnum scale interval shou!d not be
greater than that isted tor the range of the
manometer given in table D.1.

Table D.1 — Range of manometer
Values in pascals

Range Maximum scale interval
From 1,25 to 25 1,25
Over 25 to 250 25
Over 250 tc 500 5.0
Over 500 25

D.2.2 For air-flowrate measurements, the minimum
pressure differential should be:

a) 25 Pa with an inclined-tube manometer or micro-
manometer;

b} 500 Pa with a vertical tube manometer.

D.2.3 Calibration standards should be:

a) for instrurnems with the range 1,25 Pa to 25 Pa,
a micromanometer accurate to + 0,25 Pa;

b) for instruments witn the range 25 Pa to 500 Pa,
a manometer accurate to + 2,5 Pa (hook gauge
or micromanometer);

¢) or instruments with the range 500 Pa and up-
wards, a manometer accurate to <+ 25 Pa
{vertical-tube manometer).

D.2.4 Barometric pressure should be measured by
a barometer having a scale marking permitting
readings to an accuracy of within + 0,1 %.
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D.3 Electrical instruments

D.3.1 Electrical measurements should be made
with either of the following instruments:

a) indicating;
b) integrating.
D.3.2 Instruments usad for measuring all electrical

inputs to the <calorimeter compartments should be
accurate to + 0,5 % of the quantitv measured.

D.4 Water-flow-measuring instruments
D.4.1 \wvaterflow measurements should he made

vwith either of tne following instruments having an
accuracy cf + 1,6 % of the quantity measured:

a} liquid gquantity meter, measuring either mass or
volume;

34

b) liquid flowmeter.

D.4.2 The liquid quantity meter should employ a
tank having a canarity sufficient to accumulate the
flow for at least 2 min.

D.5 Other instruments

D.5.1 Time interval measurements should be made
with instruments whose accuracy is + 0,2 % of the
quantity measured.

D.5.2 Mass measurement should be made with
apparatus whose accuracy is + 1,0 % of the quantity
m=asured.

D.5.3 Instruments for measuring rotating speed
should be of the remote-sensing type with an accu-
racy of + 1,0 % of the quantity measured.
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Annex E
(informative)

Air-flow measurement

E.1 Air-flow determination

E.1.1 The following air quantities may be measured
using the appaiatus and testing procedures given in
this ennex;

¢) irndoor-sidz discharge air-flow;

b} ventilation air-flow, if the non-ducted air con-
ditioner or heat pump is equipped to provide
same;

¢c) exhaust air-flow, if the non-ducted air conditioner
or heat pump is equipped to provide same;

d) leakage air-flow.

E.1.2 Airflow guantities are determined as mass
flowrates. I air-fiow quantities are tc be expressed for
rating ourposes in volume flowrates, such ratings
should state the conditions (pressure, temperature
and humidity) at which the specific volume is deter-
mined.

E.2 Nozzles

E.2.1 Nozzles should Le constructed in accordance
with figure B.2, and instailed in accordance with the
provisions of £.2.2 and E.2.3.

E.2.2 Nozzle discharge coefficients for the con-
struction shown in figure B.2 may be determinad by
use of the alignment chart (see figurs E.1).

Figure E.1 is the soiution of the following equations:
Cy = f(Re)

VDp
U

Re =
where

Cy  1s the discharge coefficient;

Re is the Reynolds number;

D is the nozzle diameter;

is the velocity;

P Is the dencsity;

u is the viscosity
and

V= p(h)

p_

=V (1)

E.2.3 No:zzles may also be constructed in accord-
ance with appropriate national standards, provided
they can be used ir, the upparatus described in figures
B.2 and 3.3 and resuit in eadivaiant accuracy.

T T T
| I

( o o . FUUUSU |
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Figure E.1 — Determination of nozzle discharge coefficient

E.3 Apparatus for room discharge
air-flow measurements

E.3.1 Room discharge airflow measurements
should be made with apparatus similar to that shown
in figu;es B.1 and B.3.

E.3.2 One or more nozzles constructed in accord-
ance with figures B.2 and B.3 should be fitted into
one wall of the receiving chamber, discharging into
the discharge chamber, and should be of such a size
that the throai velocity is not less than 15 m/s. Centre
distances betive 2n nozzles it use <hould ot be less
than three throat diameters, and the distance from the
centre of any nozzle to any of the four adjacent side
walls should be not less than 1,5 throat diameters. If
the nozzles are of different diameters, the distance
between axes should be based upon the average di-
ameter. Size and arrangement of the receiving cham-
ber should be sufficient to provide uniform approach
velocity to the nozzle(s) or have suitable diffusion
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baffles to accomplish this purpose. Nozzles so in-
stalled may be considered to require a negligible cor-
rection for approach velocity.

E.3.3 To establish a zero static pressure with re-
spact o the test room at the discharge of ths air
conditior,er or hea: pump in the receiving ¢cnamber, a
manometer should have one side connected to one
or more static pressure connections located flush with
the inner wall of the receiving charnber.

E.3.4 Size and arrangement of the discharge cham-
ber should be such that the dictance from the centre
oi any nozzle to the adjacent s.de wall is not iass than
1,5 throat dianieters and not less than 5 throat diam-
eters to the next obstruction, unless suitable diffusion
baffles are used.

E.3.5 An exhaust fan should be connected to the
discharge chamber to overcome the resistance of the
chamber, nozzle(s) and diffusion baffies.
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E.3.6 The manometer(s) used to measure the
pressure drop across the nozzle(s) should have one
side connected to one or more static pressure con-
riections located flush with the inner wall of the re-
ceiving chamber. The other side of the manometer(s)
should be connected in a similar manner to one or
more static pressure connections in the wall of the
discharge chamber. Static pressure connections
should be located so as not to be affected by air-flow.
If desired, the veiocity head of the air stream leaving
the nozzle(s} may be measured by a pitot tube, but
when more then one nozzle is In use, the pitot tube
reading is determined for each nozzle. Temperature
readings at the nczzle(s) should be uszd only for de-
termining air density.

E.4 !ndoor-side discharge air-flow
measurement

E.4.1 Indoor-side discharge air-flow should be
measured with apparatus similar to that illustrated in
figure B.3.

E.4.2 The outlet or outlets of the equipment tinder
test should be connected to the receiving chamber
by adapter ducting of negligible air resistance.

E.4.3 The exheust fan chould ke adjusied to yive
zero static pressure at the discharge of the equipment
in the receiving chamber.

E.4.4 The following readings should be taken:
a) barometric pressure;

b} nozzle dry- and wet-bulb temperatures or dew
point temperatures;

¢} nozzle velocity pressure.

E.45 Air mass flowrate through a single nozzle is
determined as follows:

Dy

Vl

dm = K3CqA ..(ED

n

Air volume flowrate through a single nozzie is deiar-
mired as fol'lows:

G, = K;,C4A\/ 1 000p, v, ...(E2)
PaVn
= ———— ... (E.
T a1 W) €

ISO 5151:1994(E)
where

dn s the air mass flowrate, in kilograms per
second;

™ is the air volume flowrate, In cubic metres
per second;

K, is 1414;

Cqy s the rnozzle discharge coefficient (see
E.2.2);

A is the nozzie area, in square metres;

Dy is the static pressure difference, in

pascals, across the nozzle, or the velocity
pressure of the nozzle throat, in pascals,
tne approach velocity being considereu
negligible;

v/, s the specific volume of zair at the nozzle
inlet, in cubic metres per kilogram of the
air-water vapour mixture;

Da is the standard barometric pressure
= 101,325 kPa;
Dq is the barometric pressure at nozzle inlet,

in kilopascals;

Wy is thne specific humidity at nozzle inlet, in
kilograms per kilogram of dry air;

is the specific volume of humid air at dry-
and wet-bulb temperature conditions
existing at the nozzle inlet but at standard
barometric pressure, in cubic metres per
kilogram.

NOTE6 Where the barometric pressure deviates from
the standard barometric pressure by not more than 3 kPa,
v, may, for simplicity, be considered equal to v,

E.4.6 Air-flow thrcugh muluple nozzles may be cal-
culated in accordance with E.4.5, except that the total
flowrate will be the sum of the g, values for each
nozzle used.

E.5 Ventilation, exhaust and leakage
air-flow mezsurenients

E.5.1 Ventilation, exhaust and leakage air-flcws
should be measured using apnaratus similar to that
illustrated in figure B.3 with the refrigeration system
in operation and after condensate equilibrium has
been obtained.
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E.5.2 With the equalizing device adjusted for a
maximum static pressure differential between the
indoor-side and outdoor-side compartiments of 1 Pa,
the following readings shou'd be taken:

a) barometric pressure;
b) nozzle wet- and dry-bulb temperatures;

c) nozzle velocity pressure.

€53 An-flov values should be calculated in ac-
cordance with E.4.5.

E 6 Test apparatus calibration
(Air-enthalpy method)

E.6.1 In order to fulfii the requirements of this
International Standard, the test apparatus should be
periodically calibrated under conditions similar to the
equipment test conditions. The calibration test
method involves the introduction ot electric resistance
heat into the measuring apparatus at a point as r.ear
as practical to the point of attachment of the equip-
ment being tested (see figure C.1).

E.6.2 Calibration tests should be performed at least
every 6 imontns ana whenever changes are made to
the test apparatus.
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E.6.3 During the calibration test, the air-flow, the
inlet temperature, and the outlet temperature should
agree with the values measured during the test of the
equipment, within the tolerances given in table 11,
The electrical input to the resistance heater should be
adjusted to provide the equivalent test conditions.

E.6.4 The nheat input of the resistance heater is cal-
culated as follows:

@, =P, ... (E.4)
where
@, is the total heating capacity of the resist-
arce heater, in watts;
P, is the power input to the resistance heater,

in watts.

E.6.5 The net heating capacity output of the cali-
bration apparatus is calculated as described in C.3.3.

E.6.6 The test apparatus is considered satisfactorily
calibrated if the heat input of the qualification resist-
ance heater (E.6.4) agrees with the measured hest
output (E.6.5) to within 4 %.
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Annex F
(informative)

Outdoor air-enthalpy test method

F.1 Generai

F.1.1 In the air-enthalpy method, capacities are ae-
termined from measurements of entering and leaving
wet- and dry-bulb temperatures and the associated
air-flowrate.

F.1.2 Outdoor air-enthalpy tests are subject to the
apparatus arrangement limitations specified in F.2.1,
if the compressor is independently ventilated, and to
the line loss adjustments permittea by C.3.3 and
F.4 3, if the equipment employs remote outdoor coils.

F.2 Test room requiremernts

F.2.1 When the air-enthalpy method is employed
for outdoor tests, it is necessary to ascertain whether
the attaciment of the airflow measuring device
changes the performance of the equipment being
tested and, if so, to correct for this change. To ac-
complish this, the equipment siiould have thermo-
couples soldered to return bends at approximately the
midpoints of each indoor coil and outdoor coil circuit.
Equipment not sensitive o refrigerant charge may,
alternatively, be provided with pressure gauges con-
nected to access valves or tapped into the suction and
discharge lines. The equipment should then be oper-
ated under the desired conditions, with the indoor-
side test apparatus connected but not the
outdoor-side apgaratus. Data should be recorcded at
5-min inte~vals for a perod ct not less thar, 30 min
after equilibrium has been attained. The outdoor-side
test apparatus should then be connected to the
equipment and the pressure or temperatures indi-
cated by the aforementioned gauges or thermo-
couples should oe noted. If, after equilibrium is again
attained, these do not average 1o within + 0,3 °C or
1ts pressure eauivalent of the aver.ges ohservad dur-
ing the preiiminary test, the outdoor air-flowrate
should be adjusted until the specified agreement is
attained. The test should be continued for a period of
30 min after attainment of equilibrium under the
proper conditions with the outdoor-side test apparatus

connected, and the indoor-side test results during this
intervai should agree tc within + 2,0 % of the results
obtained during the preliminary test period. This ap-
plies fcr both the cooling and the heating cycle, but
needs to be done under any one condition for each.

F.2.2 For equipment in wnich the compressor is
ventilated independently of the outdoor air stream,
the calorimeter airenthalpy method arrangement
shoulc be em.ployed tc take irto account compressor
heat radiation {see figure F.1).

F.2.3 When the outdoor air-flow is adjusted as de-
scribed in F.2.1, the adjusted air-flowrate is used in
the capacity calculation. In such cases, however, the
outdoor fan power input observed during the prelimi-
nary tests should be used for rating purposes.

F.3 Test conditions

When the outdoor air-enthalpy method is used, the
requirements given in A.4.1 and A.4.2 apply to both
the preliminary test (see F.2) and the regular equip-
ment test.

F.4 Calculations

F.4.1 The total cooling capacity based on outdoor-
side data is calculated by one of the foliowing
equations”;

_ Qmo(hat& - ha3)

Dy = - P ... (FA
tco V'n(1 +wn) t ( )

or, for air-cooled equipment which does not re-
evaporate:

Qmucpa(tad - a3)

Pieo = - P, R

tco V,n(1 + Wn) t ( }
where

o, is the total cooling capacity based on

outdoor-side data, in watts;

7} Equations (F.1) and (F.2) do not provide allowances for heat leakage in the test equipment.

——————— e
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dmo is the air mass flowrate on the outdoor
side, in cubic metres per second;

h,, is the specific enthalpy of air leaving the
outdoor side, in joules per kilogram of dry
air;

hs is the specific enthalpy of air entering the
outdoor side, in joules per kilogram of dry

air

Cpa is the specitic heat of dry air, in joules par
kilogram kelvin;

Lo is the temperature of air leaving the out-
door side, in degrees Celsius;

I3 is tne temperature of ai entering the out-
door sice, in degiees Celsius;

v/, is the specific vclume of air at point of

measurement, in cubic metres per kilo-
gram of the air-water vapour mixture;

Wi is the specific humidity at the nozzle, in
kitograms per kilogram of dry air;

P, is the total power to equipment, in watts.

F.4.2 The total heating capacity based on outdoor-

side data is calculated oy one of the fuliowing

equations®:
Qmo(had—has)

Dy, =————"—+ P
tho V’n(1 + W) '

... (F3)
or, for air-cooled equipment which does not re-
evaporate:

9moCpa (tag — 1,3)

P, ... (F.
V’n(1 +wn) + t ( 4)

Do =

©ISO

where

®,, is the total heating capacity based on
outdoor-side data, in watts, and the other
symtols are as defined in F.4.1.

F.4.3 If line loss corrections are to be made, they
should be included in the capacity calculations. Al-
lowance should be made as follows.

a) For bare copper tube
®_= 0,605 7 + 0,005 316(D,)*"°(ar)"*® +

+79,8DAIL ... (F5)

b} rtor insulated lines
®_=0,615 4 + 0,309 2(T) ™ *3(D)*"5(ar) %L
...(F.6)

®_ s the line heat loss in the interconnecting
tubing, in watts;

D, is the outside diameter of refrigerant tub-
ing, in millimetres;

At is the average temperature difference, i
degrees Celsius, between the refrigerant
and the surrounding ambient;

L is the length of refrigerant tubing, in me-
tres;
T is the insulation thickness, interconnecting

tubing, in millimetres.

The line loss correction should be added algebraically a

to tne outdoor-side capacity.

8) Equations (F.3) and (F.4) do not provide allowances for heat leakage in the test equipment.
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Indoor-side reconditionning apparatus

. |
Ay ez Lerzz AL
s — Manometer
/ \\ M f—“
1
% om
’ Air-flow measuring apparatus §
Zg_ Air-flow \
v < |
/ |
| g
— [
’ 9 i I
1 g
Temperature-measuring /“'f’/ of 9
instruments ; Test unit o .A'r
g 7 3 intet 7
? 7 :
4 4
Indoor-side test room
Enclosure
[
(L i 2 LLLL L L L
Figure F.1 — Calorimeter: Air-enthalpy test method arrangement
R - > i
" !
' !
"7

41



° 1SO 5151:1994(E)

Annex G
(informative)

List of symbols

© SO

Symbol Description Unit
A area of nozzle m?
Cy nozzle discharge coefficient —_
C specific heat of dry air kikgK |
D, outside diameter of reirigerant tuhing mm
by specific enthalpy of wet air entering indocr-side compartnment kJ/kg of ary air
by specific enthalpy of air leaving indoor-side cecmpartment kJ/kg of dry air
i hys specific enthalpy of air entering outdoor-s:de compartment JIkg of dry air
h,y specific enthalpy of air leaving cutdoor-side compartment Jikg of dry air
. specific enthalpy of water or steam suppiied to indoor-side compartment kJ/kg
F‘ ho» specific enthalpy of condenser moisture leaving indoor-side compartment kJ/kg
hos specific enthalpy of condensate removed by air-treating coil in the outdoor-side corn- kJ/kg
partment reconditioning equipment
b specific enthalpy of the water supplied to the outdoor-side compartment kJ/kg
hs specific enthalpy of the condensed water (in the test condition, this is high) and the | JIkg B
fiost, respectively (in the test condition, this is fow or extra-low) in the equipment
K, constant (= 2 460) Jikg
K, constant (=1 414) —
i L fength of refrigerant tubing m
@, heat leakage into indoor side compartment through partition separating indoor side from W-
outdoor side
D, heat leakage into indoor-side compartment through walls, floor and ceiling W
o, heat removed by cooling coil in the outdoor-side compartment W
®, heat removed by the condenser coil W
@, fatent cooling capacity (dehumidifying) T W
o, heating capacity, indoor-side compartment W
1 neating capacity, outdoor-side compartment w
L1 line heat loss in interconnecting tubing W
o, heat removed from indoor-side compa.tment W
&, 1 et flow throuch the remaininyg enveloping surfaces of the indoor-side compartment W
[ Do heat leakage out of or into the outdoor-side compaitment, not including the heat w
leakage through the partition
o, total heating capacity of resistance heater w
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Symbol Description Unit
@ sensible cooling capacity W
D, sensible cooling capacity, indoor-side data W
@, heat fiow through partition wall w
Dy, total cooling capacity, indoor-side data w
Do total cooling capacity, outdoor-side data w
Dy, total heating capacity, indoor-side data w
o total heating capacity, outdcor-side daia W
Pa standard barometric pressure { = 101,325) | kPa
Pn barometric pressure at the nozzle inlet B kPa
Py static pressure difference across nozzle Pa
Py effective vower input w
P, other povver input to the incoor-sizie compartment {e.g., ilumination, eiectrical and W

thermai power input to the compensating device, heat balence of the humidification

. device

P, total power input to the outdoor-sice compartment with the exception of the power w
input to the equipment

P, power input to the resistance neater W
P, total power input to equipment w
ZP, sum of all power input to any equipment in the outdoor-side compartment (e.g. re- W
heaters, fans, etc.)
P, sum of all power input to indoor-side compartment W
9m air mass ficwrate ka/s
G indoor air-flowrate m3/s
a air volume flowrate m®/s
Guro mass flowrate of water supplied tc the outside compartment to maintain test conditions als
SHR sensible heat ratio —
t temperature °C
1 temperature of air entering indoor-side compartment °C
e 1o temperature of air leaving indoor-side compartment °C
la temperature of air entering outdoor-side compartment °C
Ly tem.perature of air leaving cutdoor-side compartmeni "C____
T insulation thickness, interconnecting tubing - o mm
v, specific volume of air at wet- and dry-bulb temperature conditions existing at nozzle m°/kg of dry air
inlet but at standard barometric pressure
v, specific volume of air at air-flow measurirg device m?/kg of air-water
vapour mixture
Wi specific humidity of air entering indoor-side cc.npartment kg/kg of dry air
Wy specific humidm)f;r leaving indoor-side compartment A kg/kg of dry air
w, specific humidity at the nozzle inlet kg/kg
W, rate at which water vapour is condensed by the equipment afs
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Abstract

The performance test of an air conditioner is one of the methods that indicates true performance of the air conditioner.
Consumers should definitely determine many important factors such as Energy Efficiency Ratio (EER). If Energy Efficiency
Ratio is a large number, the ratio of cooling capacity to power input will be a large number and the consumers will decrease
paying for the cost of electrical power. Balance Ambient Room-Type Calorimeter is one of the methods, indicated the
performance of the air conditioner, using The Principal of Thermodynamics and Heat Transfer to obtain parameters such as
heat transfer rate of undertested air conditioner and electrical work, it has consumed. The developed Balance Ambient Room-

Type Calorimeter can be use efficiently after calibration of measuring devices.

2007 Department of Mechanical Engineering, KMITL. All rights reserved
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