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dauyiseivieg 45 °C IAdndimyseanan1mmngsnu (EER) 3.41 kWy/kW, gailagenindy

AuSaukuUsTINAlga N AT glid Y sEmeNdan EER 9871 2.37 kW /KW,

dudt 2 Wuniseaevaussausnsliinazaufouresuwnananiniuayin
Zoundaunaofing (Solar PV/T) vunn 330 W fidinsszunsninudousistiiuuuse
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ASHRAE STANDARD 93-2003 9131 n15AA#anapstindundsunadaussausniaduaing
LouilAn FA(T ). wazAn FU, WAy 0.4018 way 10.466 W/m?x°C auardu Tunaed
UszAnsamnsnanluiinvesune Solar PV/T fid1iade 44.22% eﬁqgmdwmzﬁamammm

AUNAILES Solar PV/T

AN 3 NAINNTANFRITTUURNANUNSaUNNULANNSDUMIESEUUNAR LT LAz
FOUNFNULAITIAE (Solar PV/T Boosted Heat Pump) La1viin1sAnusnsinisinaves

uWukasnminzanlunisldnuass insiiuteyanisudmirfeuainszuulaeddeululy



nsndnih¥eutiinm 100 L 1¥ldenmgfi 65 °C anmaiiudeyanaaou wuth #dnsinis
yauisiuuns Solar PV/T 2.25 LPM inzaslunisldnuanniian Taefidn EER gaaaminfu
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Younuuliu Wlolrsgiaudurmsnuasygmans Tagliluudiasmmandamans ain
N1SANBINUIT 58UV Solar PV/T Boosted Heat Pump @1unsaannistanasaulniiacls
285.80 kWh/year Aniduiiufiuszndald 1,303.26 Baht/year n30anad 63.25% iiie
Wisuileuivszuuia tneldduamu 10,500 Baht AniduszeziianAuyu 8.06 year 18031

NaRauLnU 9.01%
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ABSTRACT

This research is to study the performance enhancement of heat pump by
solar photovoltaic thermal system (Solar PV/T) and evaluates the economics of this

system. The study was divided into 3 parts as follows:

Part 1 is the performance test a 0.5 kW of heat pump that used a working
fluid as R-22 and used air to exchange heat in the evaporator section, compared with
the use of hot water supplied to the evaporator section at a flow rate of 1.0 LPM, 2.0
LPM, 2.25 LPM and 3.0 LPM, respectively and control the hot water temperature
which supplied to the evaporator at 35°C, 40°C, 45°C, 50°C, 55°C, 60°C and 65°C,
respectively. The result found that at 2LPM of hot water flow rate and hot water
temperature to evaporator section about 45°C obtained the energy efficiency ratio
(EER) 3.41 kWy/kW, which was higher than a conventional heat pump with air was
supplied to the evaporator with an EER of 2.37 kW,/kW..

Part 2 is the electrical and thermal performance study of a solar PV/ T
panel of 330 Wp with water-cooled by copper tubes and a water box. From the
thermal performance test according to ASHRAE STANDARD 93-2003, it was found that
the installation of the water box behind the panel had the thermal performance of
FA(T Q). and FrU, of 0.4018 and 10.466 W/m?x°C, respectively, while the solar PV/T

power generation efficiency was an average of 44.22% , which was higher than the



case of installation of copper tubes behind the Solar PV/T panel.

Part 3 is an installation of a solar PV/T boosted heat pump system and
study the flow rate of water through the solar panel that is suitable for use. The data
was conditionally collected for producing hot water about 100 liters and a
temperature of 65 °C. From the test, it was found that the water flow rate through
the Solar PV/T panel of 2.25 LPM was a suitable value for use with the highest EER of
4.95 kWy/ kW, (with an average EER of 2.69 kWy/kW,). It was able to reduce an
electric power from grid line around 0.78 kWh/day or equal to a 46.14% reduction
compared with a conventional heat pump system. For economics analysis by
mathematical models use, the study found that the Solar PV/T boosted heat pump
system can reduce the electricity consumption by 285.80 kWh/year, representing a
savings of 1,303.26 Baht/ year, or a reduction of 63.25% compared with the
conventional system. The investment was equal to 10,500 Baht, representing a

payback period of 8.06 years and the internal rate of return of 9.01%.

Keywords :  Heat pump, Solar PV/T, Performance, Hot water
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AWM 96 ASsFRNTIng aauniiInaeN WardnIIN1TANEmMANTaUTEUY Solar PV/T (7

ORTIMTING 2.5 LPM)...ooecmcesec oottt 82
AN 97 gaungiitnTaunazauiounndnlavestduniuseu N9nsn1siva 2.0 LPM......83
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Sounvvramnliiiniesanisangn midedeuasinmsfndslidudou wiludndeds fe
nsudntnfeunnieiasinthfounuuliiidundn Fudugunsallwihdidiidsnigs Tned
Adslniuszana 3.5 - 4.5 kw ifun1siudemdnuegiann fafudeinnimdan
wasofinguldluntsndntndou Bend wdesinthioundsuuasending (Solar water

heating system) &sanunsaanuSunanisidndsnulninadluls widlymlutmgeumse



Fuiilifuanvilvigadiosldvnmnliiindugunsaindnnnufouady Gedsadddwdaamlain
ADUY9ElUYINIANINATY (NTURAUINGINUNALNURALBUSNENAIY, 2562)
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Adlunsuanindeu wazdnsldndinuliiindosniivnasaluiin 34 Wi wazawnse
uidgmludisggiuniedrsiianisdeoninddennld Tusongunsaiviintin Juamdou
(Heat pump) (Techato, 2012) minldunawaauasafing (Solar cell) uwdnlniuazaney
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whdmludn undvaad ansnsavilalnenisszuneaudousng enerseii Benin
s¥UU Solar PV/T &adnszureaudousiet uenanagsiiliuszansnmees Solar cell
Wintuwds mnthindeuiilalunanddeumnuteulsiudiuiszme (Evaporator) o Hu
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91819AU Compressor ¥8438UU Heat pump kazuiiouniiluszuigniuieouainssuuas
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ldtuaudeu (heat pump) fildansvihem R-22
T Solar PV/T wfla Poly Crystalline vuialsidiosnin 330 W
ldunesiwesvila Grid Tie Inverter

- USinauheuludauihfeusundszanm 75 liter/m? vinawiuiuaiuiou

Y A Y

_adoudlumnueu (Heat PumMp) ﬁwmiﬂ%'umqmmﬁﬁfﬁaw I19uIUBLIMDS
(T vap) FIU 30 — 65 °C LileAnwInafiAnTuRUAISAIIAINUTEANT A NN
W& (EER) wastumuou
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s a = A

1) waaukaseindsilandniaed (Mono Crystalline Cell) %3 (Single Crystalline

1% ]
a o0 Aa ¥ ¥ 1

Silicon) anwurazlJUNANWAUAIRUTNAIY LABZLAUTISNYAEAUILIN LaZkANTNdIY A

v 1

Uszdnsamgansziludfnouiiunssuiuaeudisdudou wazdieniulaganauid

1
o N a

a £ = vaa = A ! v v I~ a a
AU USans Juinliddneundnimeiiisinireudisganiuluiie Tngazduszdnsam

Useund 15-20% (FRABALANUAUNLUDILIANTAANT DIUAR LA ARE, 2557)

nndl 5 wadiasefingsiananiaea (Mono Crystalline Cell)

2) Wwaauate1indvdanannau (Poly Crystalline Cell) 138 (Multi Crystalline

Silicon) LUNANKNANNFALIANNTARBUVADN TdnwuzaU1kusaU wazNanvziainaaly
WilauAuZanaunaNAe JANUTEANSAINAAINI taziisiaInannIuAnfendntae i

Y

ANYULLAUUN LANFNINELIURNEINUT I LTAd WA NNg vRANazIUsEANTA T NUTE U0

13-16%

AT 6 iwaduasefindufinnanay (Poly Crystalline Cell)
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3) weanasoindviafatiueezueflawad (Amorphous Cell) %39 iufldu (Thin-

fitm) Wuladuiedauatuuiuieas meanuuensuaniieswinlreadstad a1u1s0
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gangu wazlasweld Jahluldivunddgarndenisauiangu wadylniisingnuasd
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AN 7 wadlaseindviailaduisezusilawaa (Amorphous Cell)

Uszinnszuunanlniindssundseniing
msuan i eweauaenduussanidu 3 uwuu
1. szvundslnihmewaduasorinduuudase (PV Stand Alone System) 1usyuue
ponuwuudmsuldanuluiunilidssvussuulnihnugiulni Feaunsondalui
wazdneliaUnsalauAuN1TUTEUUALADS kUALMDT wazgunsalidsulni

nszuansudunseuassu



Stand-alone PV system with battery storage powering DC and AC loads

Charge Controller DC Load

'nﬂ

Batterie
Inverter / Conditioner

Photovoltaics

A 8 szuuRdnlninsslraauase1inguuuddase (PV Stand Alone System)

2. mandnnszualiimewaduatorinduuudeiussuulninugiului (PV Grid

Connected System) {uszuuiigneenuuudmsundalnimiugunsaifiuaeulni

nszuanssdunszuaadu s mhedssuulniiugulnilaenss

Grid-connected PV system

Inverter / Conditioner

Photovoltaics Distribution Panel

Electric Utility

Al 9 nsuannszualnihmewaduaterfinduuunaiuszuulniniiugiulndi

(PV Grid Connected System)
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3. szuunanlnfinmemaauasfinduuunaunanu (PV Hybrid System) iussuuiingn

Insauivgunsalndalnihdu 9 wu ssuundaliiigaduasenindiundsuay

[ 901 I~4 ¥
LazwaNIutILdunu

Hybrid PV system

Charge Controller DC Load

=

Photovoltaics

AC Load

S

!&“

&
Generator, Wind Turbine or Grid Backup

AT 10 szUUNdnliAewadLaIe 1 RindwuURaNNEIU (PV Hybrid System)

AaANBaznIenIEua-Lsaulnive waduasaiing
dmfunisiansannuansaenenseua-ussnulniveuwaiuateing a1u1se
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NsauleanaunIsa 1 eadl

Po= I X Vi @11n159 1

de 1, Ae nszudliihgean (A)
Ve, fie ussdiulndihgean (v)
P Ao Matifgege (W) nuneiisaridelnihasanneiedenindannseny

wazaniivesdiuwaaiAmile Wethnsemelwihivanzausediiugaduaseiing

UszAnSnnuean1suannasaulndy auisasunulasad
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G 1, Ao UsedAvsnmuesaadiase1ing (%)

= L <]

Ac Ao NuNvasNusdEefing (m?)

A I v A a & v o8 va a s 2
I+ A9 ANTIFDINNYNANAIVUTTUIURNUTI@D NG (W/mM*?)
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[y v a a

feegslsfiany faudsiinanaziuegiuasedeniindiinnnssnunazgumngivas
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Y 1 LY

NUBILTAALEIDTRY Feiegrenmuanyurnanselatazisnuliwandunng 11

9

Cumrrent, A Power, W
3 T 60

Maximoom Power Point <

20

0 5 10 15 20
Yoltage, ¥V

AN 11 Aaudnwasnenszla-wsssuliivesraiuaseniing

N (@3 Ueyayrawns, 2548)

STUUNANUNISBUIINWAIIULEIDTINE

WENNSHANTNSEUIINNA S ULEIR NG

MsHaRSeuINNE UL Ting Wumaluladnsihaudouninuaeringun
Tuselominisvhingeu Gsnsvithdoundanuiasofingdunislindsenluguuuuay
You sedAuiedending (Solar Collector) Faufugunsaluaniuasuauiouddinim
Wasungsunasendliidundsnuanudou wazaremaudoulriuveslvanieluuny

Wusdinlivesivaninandaumgiindy wiwfusdnadesdianuainisoganiussa

waveindlaniinnsasasauseulatesinn uazanunsaaemanuseuniganiulinduves
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Inaldegnesings InevaluuduruiusduasenfindaiuunazBaliogiun dunilunig

iele WBeaduyy 18° (Latitude) vowinunisintey (d3175 Wadwes, 2547)

Y

1%
P

funuSederfindfivansvliauadenldiu fe
1. fuAuSede1finduuusinuas (Focusing Solar Collector) duanaluning 12 @9
wannsvinulaglivannissiusidniseniindmenisazviousnialasgumsluing

useen Wunvufiawnsondaindougamgiiaindn 100 °C wiendalih

ANA 12 dAvSideinduuusiunas (Focusing Solar Collector)

2. MAuSsdEefinduuunkuseu (Flat-plate Sorlar Collector) sanandluniny 13 4
2 vlinfo liadinszanie (Single Glazed) wazwdalifinszanda (Unglazed) 1lusa

Aussdofindimunziunisndnuiseungaumailigaunnlaguszuna 40-90 °C

Ad 13 fiAvSideinduuuuiuiseu (Flat-plate Solar Collector)
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3. fnuidenfinduuuviogeyay1nia (Evacuated Tube Solar Collector) fiananslu
i 16 Jusunusideniindilidnvauziluvasauwii angluadoudeaisganiu
q

SuazmnziununaesldonumaiadaeUszana 100-200 °C

Ml 14 funuisderinduuurasngeyay1na (Evacuated Tube Solar Collector)

AUTTAULVRIAAUTIFD IR

{ a

v B wa A ea v A v &l A
Aufussdofindian1izasiy (Steady state) Maale 9 Asederindiignaanduas
= a v a

wiriudnsauseumilulduselevd uazArdnsanusounanideainiigased Tunis

Y

4

v A

Jasizagasidiuauseuiliandifuideredluglaunsall (muafesh eshas
1591, 2537)
QColl =A [lT(T(x’)e - UL (TP y Ta )] FgUNTN 3

C
Wa Qe 9 ansianuSeuiilasuanduiusadanfing (W)

(TOL), fie wapUsyAvEnavesmdsiuwazgandusidenfindvesiunuideniing
U fe dudsgdvdnisagydernudeusinvesdiiuisdensindg (W/m2K)
To Ao gunniiwdevediiganaussdeniing (°0)

T,  fie gauugilenniAwingden (°C)
TumefiRgamgiingandussdiade (Tp) Talvigndedldendainldgumngiivesves

(%

Tavharuade (T,,) Al
QColl = ACF'[ |T (‘L'Ot)e - UL (Tf,i - Ta )] ﬁllﬂ'ﬁﬁ q
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e F Ao wilnmesusyansninvesdiiused (Collector Efficiency Factory) 1Ju

[

dnsdruvemasnuiildaindiiviideniingasmendsnuildilloaamgiiadaiidu
gaungivediva (Ty,) Fadnaglyen
(T, +T.)

fo

=— aun1sn 5
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QcOu = Ac[ FR(Ta)elT h FRUL(Tf,i - Ta )] ammiﬁ 6

fm

Fx AaALNNMBINISAIAINNSDU (Heat Removal Factor)
al o (=) a ! (% b4 [ Y v Q’lj
nstinansyihnulifinsdsuanugAmanuanuiouaunsaiwinlanadl
. =
Qe =M Cp (T, -T) dunisn 7
e M, fAe dnsnisiualunavesvediva (ke/s)
Cpr A AugANTaud NI 1zveeadiva (k/keC)
A a Y o < v a a 3 o
T, Ao aungiiveslvaviddunuisdeniing (°0)

A a v =2 o a a & o
Tro AD qqumaﬂuamaaﬂmmmaaamm Q)

- T

o Y] Av & oo a ¢ o
AIMNN 15 amqa‘wa\‘imuwmLﬂU‘NﬁEJWIG]EJLLU‘ULLNULiEJU

AUTEANS A ndnAUSEen gl usstnlduanANaIunsalunIsUASUNS 9 UN

[
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Neot = — " =F (TO0, -F U, 2 a7 8

Al Al |

cT

Q.. MmCp, (T, -T,) (T.-T)
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Tunnit 16 lnenFianuduveudufe A1 FU, diumfidaunuussdnsamaen £ (TO)_

MNeat
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AN 16 LAULEANANTIOULVDINANUINED VNG

aunandsnuludunuazauinou
szuuildvesuideusznause Uunyudsuinfidanudunusideing Weun

VYo 2/ PN { k% v @ v a a 4 1 1 13 [V T v a
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AUN15N 9 (MUALAYSA LN8SAASLSAY, 2537)
QColL = QS + QLoad + QLoss ﬂllﬂ'ﬁﬁ 9

W Qs Ao dnsiAnuSeuaraunduivarauindeu (kw)

% ¥

Quoad A 9RS1ANNSDUNRRDANSUAVAYANLNTOY (KW)

[y

Quss  AB 89T1AIUTBUALFBDBNANEITBY (KW)
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| | T, Type fluid
Storage <—|— —» \Water
tank Q

Loss l Solar radiation
o M » Heating

Ts —‘@—> Load

Flow meter

awi 17 auganaanuluduivasauifoulussuundniiSoundanuuaianding

lupsdlfidunuazanirFouiuawivedrsiuaslifinisihirfeululdou Fakifing
firsandnsimnseuiiieenainduivasautlsou (Q .y wazdnsnanuiougyidesen
NTIUITOU (Qosy) AIAUNITAIY

QColL = QS

t+At —Tt)

AR (TOU) 1 -RU (T - T )= (MC ) f
t

a = a o vo &
1NAUNITN 10 a']ll']iﬂL‘UEJusLugﬂsU@Qﬁilﬂ'ﬁLsﬁ\WnLasﬂlﬂ@\‘iu

aunnsn 10

At A At o
T =T R, (TQ), I, -F U, (T, - T)] Aun137 11
(MCp),
g T fio grumgiiveilufafvazauhioudinauasuly Q)

8 gaumglivesiludauivazauiFousudu ()

o
o))

At Ao NARNIANTIUNTAUIN (5)

(MCp)s fio HaRMUBuIakAANANTOUT LIz YRsvadlvaluds (k/°C)
wranAn W IuazANTaUNGIULEIRIng
LraRAR i ALagAINTPUNS I ULEIDTINg (Photovoltaic Thermal Hybrid Panel;

PV/T) anunsauanaldfianind 18 1uuneiignimuiuiainunagadiase1indinda i

LarFLAUS I NS LU ULN U SUTNAN U DU TN TULRILAEY TIN1TVIUVDILRINER
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Tihuwazanufoundsnuuaterindasldinuazonmadusgaduanudou IneJaguuung

nanlnALazauSounduLase1Aindastodldiuuvalas LU UL LS s UL AN T EY

Tunnslgauase

Inlet PV laminate
connaction

Outlet
connection

Flow Tubes Aluminium
absorber plate
Insulation : Black aluminium

frame

il 18 urandnliitlazanuspunasnuLaeing (PV/T)

w7 (Culprit design, 2018)
AUsEANS AN AR lWRILazANSaUNA I ULEIR TiIng

ANUSEANTAINVDILHINAR N AL AL AU D UNA I ULEID1ARE (W9 Solar PV/T)

wuadu 2 d2u lown Yseansaimnisanudaunazuszansannialnidn fesduinlaain

aun139 12 (10e Qpyr = Qe INAUNIIN 6)

+Q -
PV/T PV/T =
EE— aun1N 12

Noyr =

e M, Ao UseAnSamlagsinvesuss Solar PV/T

Poyr A asliadinanleannuns Solar PV/T (W)

2 9M51ANUSaUNTARINLKS Solar PV/T (W)

o))

Qpy/r

=) a

8 ANSIEDNINENANAIUUTEUIULKS Solar PV/T (W/m?)

o))

Iy
¥

Aoy Ao Sufiveus Solar PV/T (m?)
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szuulduAIUsau

Jndnsdalefiguuuunisidauey 2 Uszan fie nsienudu waznisiauiou

lngdrulsznaunanvedininsusenausieg datl (dgns lweai, 2562)

¥

1. n30nle ( Compressor) yiuthniinanusuliansyinuluanuglengaumglinnly

ﬁqmmmm mmmuawmm amalﬂmmmmmuu
2. Lﬂ%@ﬂﬂ'ﬂ‘ULLuu (Condenser) Vl'WﬁJ'W]'ﬁ ‘U']EJﬂ'J'lllia‘wﬂ'lﬂﬁ?'iﬂ/lN'WUVIﬂ’J’]lIG]ULLau

gumgiiganinnieuen sl sieudsuanusduvesvaridanudugsluald

Y

o

§9182ANU0 Y
3. M818AANAU (Expansion Valve) Yintnfianainuauvesasvinau wedeuliiu
LATDITELNY

4. \n3835Ene (Evaporator) MmthfnemLTouaInAIguanidngasiunusou

a15vnunANNulazgun)inInieunineuenILAIANUTOUNLUDN LAY

]

Wagwanuzdule
' Tcmd,c
Qcond Type fluid
—» Water
Condenser i
» Refrigerant
L]
Electricity
Fxpansion Valve Compressor Heating
|
| —— Liquid
|
-1 ™ Evaporator i —.—.  Mixture
——— \Vapour
OE\-ES

a v v o [ LY
AINN 19 'JQ‘\]ﬂiﬂ’ﬁVHﬂ’l’]@JLEJ‘LJLL‘U‘U@@IEJ
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INNMA 19 NEUUNITEN 9 AdaTuluigInsnisvinuresiginsdnlenungud]

D
Lo
he

1. nszuauns 1-2 Wunssuaunisealauuulowulnsdn (Isentropic Compression)
fdsnuiidoutueiosdnle auyfinhifnistemanuieu Analdanaunis
Weomp = m (h, -h,) aunnsi 13

2. As3UIUNTS 2-3 1UnsTUIUAISAIULLUTIAINRUALT (Isobaric Condensation)
Snsmsmemanudeuiiniosniuniy funaldainaunis
Q. =M (h,-h,) AN 14

3. nszuIuns 3-4 Junszuiunisieunialad (Isenthalpic Expansion) WaganAay
fuograienliflnundenisanemanudewinty azle
hs = hg

4. N3gUIUN1g 4-1 Lﬂuﬂizmumiizmaﬁm’mﬁumﬁ (Isobaric Expansion) 86151117
fempuSouditedesssive mualdanaunis

Q m (h, -h,) aunsi 15

Evap ~

ANduUsEaNsausIaurInIlumIuseu (Coefficient of Performance, COP) Aa i
LU LG ARIEUTTOULNTIINUYBITLUAUSOU TeleuNdadIuveanasanuni buly
Usglavtl (Output) wissmendsunteuliunszuu (Input) ArdulszandanssausuasUs

ANUSDUAILNTOMLARN

Q h _h d'
Cop,, = —d = 2 AUN1SN 16

h,-h

Comp 2 1

ARTIEINUTEENTAMN1INGI1UTBITNAIUTDU (Energy Efficiency Ratio, EER)
Aa UseanSninvaanistonasnulnininilaannsmnsidluveanisanemainuseununtuly

UsglewusamasluiAdeulriuduainusou aunsamlaain

Q

Cond __ , Cond,o
EER, = =

mC (T =T )

Cond,i

aunisn 17
. P
omp Comp
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[y

We M Ae 9nsnsiuauesdasving iy (kg/s)

hy Ao wumatuieenniasszie (kl/ke)

h, Ao wumatudiadesruuiiy (k/ke)

h, fio tounadvresnveuedeanuuiy (k/ke)
h, Ao LloualvIeenuesNa1veesa (ki/ke)

[y

m,  As 8nsIn1sivaveni (ke/s)

9 UL NI IATRIMIVLUY (°C)

o))}

TCond,I

9 gauunNNU1vIeNATRIMILLLY (°C)
f

o))

TCond,o

WComp
QCond

Qeap A8 BRTIANNTBUNENTILATDITEE (KW)

1Fsuntaueasenta (kW)

o))

Q]

(% 1% A PN d' I
9 9MI1ANUIDUNAYLNVILATBIAIULUY (KW)

o))

COPye AD AAUUSYENDANTIOULYRIUNAINSOUY

EERye  A® A19ATIEIUUSEEVSAINNINEI9IU8IUNAINTDU (KW,/KW,)

NSATUIUNIGLATYAENS

FTYLLIAAUNY

SrEELIANAUNUYRILATING (Payback Period) A9 syeghaiNanauwnuandayay

[
1Y

NNsAHuNulaAuyadlunsam i lasanislaniissegiatamugeiugad
v = o a aa a = = A
AUABINITE oanaunsadRunAuulyamulufianisdu q Feszegiandunu

ANU50AUIULAINANNTN 18

AT UNTAMUTIN i
i 1 gun1sn 18

FEULIAAUYU =
NanBULNUFYDavaNs18 U

waA1Uatuans (Net Present Value, NPV) Aig HauInvessneiuiavan waysieang
& A v A J9 v ' I A = ! LY a
auanlaainlasenis wedliiuilassmstuduniiaulalunisamu Fyartagduans

ANU50AUIULAINANNITNA 19

A R, -C, 5
NPV = ) L—-TiC aunnTi 19
n=1 (1+I)
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dlo R, Ao namouunuludil n (Baht)

C, Ao Aldsneluddi n (Baht)

N AD STUraURNlATINIg

[ Ao onTEIan (%)

TIC e duasuioun o na1ilagtu (Baht)
ansNanauwnunely

gnsmanauwnuniglu (Intermal rate of retum, IRR) A9 §ATIHANBULNUNTAIY
FafusnsAnan (Discount rate) fvhliadrtlagturessanouuuimuadayinfuyas,
Hagtuvesiunu Fsdmmnaneuuwuneluansadualdainaunisd 20
N L

Rﬂ n o
Z_n -TIC=0 aun1INn 20
n=1 (1 + I)

YNNIV

nMsAne Aupiiansaasuaddeiifedesfiansathuliusslomivesns
WannemATeleweteluil

Ji et al. (2008) lévhmsnadevanssauzvestunu SouES unS s uLasenfing 19
wwandalriuazifounuuldfinszandavuin 4.59 m? Wuniesssmevestuaudou 14
R22 WHuansieu SU'Nnmv‘hmiﬁﬂmu,awﬂaaﬂi%qmwgﬁsuaaﬁwLéﬂ’w%mmm%auﬁ 20°C
30°C 40°C 50°C snudndu Tuszeginan 4 Ju AflanmemailndlAssiunnigauinge

logmsnisinauesun 0.217 ke/s Wskaniudsuanudeuiuinissniunuuresluniusou

v a a L d’

A1Sedenindiadie 606 W/m” uarguniiuindeuiady 13.7 °C lagnan1snagaunuine

s
a a

dudsednsaussourvesduanuiouiasundsnunasorindiiAuinnitenduuseans
aussousvosluAuTounlidiuasy warluvaieiiuussansainnsudnliiivesuwnsly
1 (] & 1 v =t ! v a £ 7 k%4 q' | 1

awaangluuny Jerndulsedndaussauvvestuniuiouiladseguszuna 5.4 A
Usgavznnnisudaliiuaesdaliiiasinfoundsnuiasonfindndeegivseunm 13.4%
AduUTEAnTaussaurvasduaNuTauaSUNG W UkaTe Inda 16.1 uazAnafgagd

Useanm 8.3 §annd 20
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18
B
6 in COP,,
15 .‘,_-JL‘“"\ i o\ o T 20 Q,
= s “C\, o— T, 30T
55 W T, 40 C
12 > ——F . 60i"C
11 o ‘:F‘
0_210 — e
8 9 - 4 ! x u"“ﬂ

s | 2 ey

7 - “_,' ) v

6 - / 3 X

5 ot > =

4 Y Y

5 | -

2

1 T T T T T T T T T T T T T T T

9 14:56 10:29:56 11:44:56 12:59'56 14:14:56 15:29:56
Time

AT 20 ANANTIOULUDIUNAUTDULESUNSIULEIBTIRE

fa: Ji et al. (2008)

Fudholi et al. (2014) ﬂ/TwmﬁmeﬁamsaumaﬂLLMNE@iWﬁWLLasﬁ;ﬁau WA
wase17ing (Photovoltaic/Thermal; PV/T) Fefluwin 0.512 m? Arsadeniindsewing 500-
800 W/m? 1¥8msmslwavestinsswing 0.011-0.041 kg/s nagoudszansnmnisuantii
Usyansamnisnananudounazlssansaimsiuanunveung Solar PV/T nan1snaaes
wuin ASsduasending 800 W/m? uazdasinsinaveningi 0.041 ke/s TgUszansansauy
Fanunaug Solar PV/T 4980 66.82% UszAnsamnisudnlniligean 12.69% way

UszAnSnmnswanauseuasan 54.13% fanni 21

90 -

80 -

70 -
60 - .»."‘." =
3 sl SR X
E 30 -

20 A

10 - SO0 90000 ¢

0 T : - : 1
0 0.01 0.02 0.03 0.04 0.05
Mass flow rate (kg/s)
X Thermal ¢ PV WPVT

AT 21 951N antlnanausEaNnSAInuBawag PV/T

fi3n: Fudholi et al. (2014)



23

Nuntaphan et al. (2009) ¥1n153insshaussauzenaIomanindouseduaii
YoulTundsmunasening danind 22 Tasvihaunuunay TnsUssAnsnmyenioawdn
ih$eudetuaudeuaiundinuuasorfindldiusunsunissiaedlunisiinsesd dadu
wuushaosdmiuiunufeulasldasiauuuunandie R22 R124 R152a fignidendas
TUsunsunsaemuinssansnmasaniintuiidamdiuresinadio R22 7 20% R124 4
57% way R152a 71 23% AATIABNINTALLDS 20 RPM Wwazdnsnisinavesansvinaud
0.01 kg/s druArduUseAvdaussauzgsening 2.5 i1 5.0 uaNAINTAINAITIATIEVNS
wisvgaansnuiTnaihdeuilmnzarludafufe 400 kg warsrszinatfunudnsy

S¥UUTAD 2.3 U

P Foo
T"."-f : : T.'p_u Tu's.i
P Compressor I
Too (9 B
Storage Tank
Evaporator Condenser 7
Cj”-h- . *”S
P.,; Expansion Valve p iy
T N - T\-d..u' Tocai g?
P('.[.ﬂ‘ PL".' ] ?—\l.\' 0
Teo Texi Pump

AN 22 SEUULATDIVIUNSUNAINULEIDRg TN UTUAINLS U

a: Nuntaphan et al. (2009)

Hawlader et al. (2001) lavin153tAsesinasnaaesssuuNdnitsoutuanuiau
a 9 A s AMYY & v a ¢ — Ao a o v A& dt'

i usasenfing lddunuTideinduuunsussunldinszanUavimindunios
FEMEIWIN 1.5 m? S1uiudeursioaunsuiu Tdansvieny R13da Feszuuaenanilasunis
sankuukazaiunInelagnmuindeululseinadsalus nan1sfnwinuiniiegumgd
Yol uAToIIUMIUTRNTWINLNA ArduUseantaussouziiuTuuiuLayUssdnsam
Fufusideniindaranas AmdulszAvdaussauzegissana 4 69 9 uarUszansnmuesdy
@ v A a & s ! ° [ a g 5 oA ' [
WuSsdenindnuindensening 40-75% dwiugamgivesdiluiaiesniuiuununndiany
5¥M319 30 °C wag 50 °C wuudnaegniauuinedingenuseaniamideninuseuves

IS g d‘ g o w U saq v dyl a a 49( v
SLUUHiNIIARRAMLaUD SEUMLUTAAY nadnslauiiUseansamuasseuuuny

¥
% [ a s

UFLAUSIEe7Ing AUISITOUTV ATl LazANSIELaIRTng AINTNT 23

=)



24

10 T T T T T T T 1T T 1T T T T 1T T 1T T T T T T T T ]
9 5 —&— Collector Area, 3m > _ ]
g - —B— Collector Area, 1.5m ~ ]
7F __
-~ 6 B N
S5t ]
4 L _
3 - ]
> __
1 - _
ol v vy a1 ]
840 900 960 1020 1080 1140 1200 1260 1320 1380 1440 1500 1560
Speed of the Compressor, RPM

AT 23 ANUFURUTTENINAALUTEANT AT IOULVIULAINUSDULES LN I ULEID1TINE
ANULSIVDUATDITALD LaziunFLAUSId ing

f11: Hawlader et al. (2001)

WUSA ASEY Uag I 89938y (2556)N15AN®IaNTIOUs YR IMNINGR WAz

I v a

FOUNSIULEID17IAY (Photovoltaic/Thermal; PV/T) wuu Amorphous Silicon fdaunn

v '
) ]

WUNVDIUHG 0.97 m? Aaslnil 40 Wp Usunaudlunisneasu 80 L 8as1n1stnauasinigi
Weg 1.2 L/min Tunisveaaultiian 10 du Ima’tﬁw%uﬁu%’ayjaé’mluﬁa FUNTIATIZIIUN

' 1Y

mwamuiﬂﬂwﬂ%&ﬁamﬂamsmaﬁﬁmLmﬁ’ulw%LLazmzLLaIWﬂwmmwmLmaé PRI Au
ffumuriinlifindiiemidslaii udgaiunaififeuszgoenanuunneiazlidy
wdsulvin 91nn1sVadeUNUIILNT Solar PV/T fuszansnmvnisainudeusiouaded
40.9% Uszansnmnisudalniihsefuaded 3% warUszansnmsmsefueded 43.9%
waziileliteyararmidussduasending wazonmaiiennialull 2553 anunsnviiuneszuy
Solar PV/T aunsandandasuluile 78 wh/day wasndsauanudeuadsls 1,181
Wh/day Fsfigumniiadsvesiiiou 41.7 °C

AEIIIA Funzyad uay nuaised Heshasisad (2550) lavinisnaaeuaussauy
ideaintdouildtuaudouasundnunaienindlngldiufuSduasoinduruSoud
Lifinszandaawin 2.09 m? 1Wuedesssime I%Lﬂ‘%l@ﬂﬁ@l@LLUUQﬂ&jU”fJJU@WJ’JEJNEJLGIEJﬂWﬂW 0.25
Hp T &ufutZausuin 200 L 19ansvineu R22 Wuasviau ldvinnisnaadeudasinan

[

10.00-14.00 w. mgldan1izniienniauazAFaduatofingvesdnindedl nan1smaaey

wugamgiiveshluduiviniouszaey s WnTunussesnaivinnismageu lnedioamgl

WNTURIN 26.9-53.2 °C lauA3sdiae1fingasinasioaussousvoaszuulutiansnguedns
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NAday NTuELSIAuTYRIsEUVIEi U lTianaminss ez nanfivhnsageu Wosain
qmmﬁmaaﬁﬂuﬁ’aLﬁuﬁﬁauﬁqasﬁu dedld3sudioutiunisuaniifounnaiosing
Southluiwuiausausendandsaulannii

Huang et al. (2005) AnwinsldvethanudeuiiefinUssansamusstiunuseu

Faszuussnanidusyuuildunasenuseunugiuluseninduanudou wagvetnnuiou

[

nIadNAUSIA17ng Tnsduainusouldansyineu R134a vunadAussdening 1.21 m?

&V '
| v a

& o 1 aa A v o o A a ¢ =
iS‘U‘UUﬁWN'ﬁﬂVYN']UVL@ﬁaQﬂ3@!@@ ﬂﬁm‘VﬂSUL‘WENLLﬂ{jQJﬂUWNi@‘ULN@‘lN WD INOY LLaznNItd

=)

1
a

TaduAusauLasuriatiAusauLlalisedn1ing D1nANSIBAngNnasssuutalusadl

Y

D

£

Usganiarmmiandeanugs dmsunisvaasulunaiaudsvesssuuiinudl Adulsedns

Doy

AUTIOULVDIVUAINUSDUES UV BUIAINSBULRAEN 3.32 TnedUseaNTAINTLALTY 28.7%

WaeununsUNAUS UL ANEUUSLANTANTIOULT 2.58 A9NINT 24

Initial water temperature T; =21°C | Final water temperatur T, =55°C

45 | O Heat pump mode

A Hybrid mode

cop

o

0 200 400 600 800 1000

Heat input densityq i, (W/m?)

AN 24 NsiUSeuRsuAEuUSEANTANTITOUE ST uATLAILS DU
WAL lUATUNAINUSDUESUVID U5 DU

fi111: Huang et al. (2005)

e YUseasy wag InAu weaiies (2012) yinsAnyinssuiunsiiUseansnm

Y sl

¥ o

ANSENAIU AI8N15UIANNSTaUUaBETI99INTTUUUSUBINAYNIUSIAUULANUS DU D

WanUrToudinmi 25 lngrinisatuansnsinisivavesinlualdiaIsswaniudeuaiiy

| =

Fou WemAnNduTusTdmatUSunaLaza v Taunnanld FwaInn1svaass

[y

! A a a S v o o ::4' o & o
WU LU G]i']ﬂ'ﬁl%allﬂf]aﬂaﬂ Qm‘lﬁqmu’]i@uuagﬂqaﬂvl,w%'m@QL@?@\T@@VL@?J@Q{]QJ?W'J']N?@U

a0 Q‘ -dy U ¥ -dl U a1 QI é’ a g(‘)’ ¥ o
rdaniindy Tumansatudiudednsinisivadaniiuduy guvgiliiseunazmasiniives
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\w3esenlovesduaueulriAtanat AsluguniivesouliuegiudnsInNIsivaredul
wareAduUseansaussausvasluAuSaullAwiLTuN 5.01 LU 6.39 6.77 7.21 7.56 waz
7.66 AaLdu 27.5% 35.1% 43.9% 50.9% waz 52.9% N9RIIN15avesunsouingu 4 6 8

10 12 w@y 15.5 LPM snudsu §an1nd 26

Chilled water supply Expansion Valve
o A 1 <+
Ambient

BT

1
5

|
AHU Heater
10 I:> § I:>
\\@ § é Condense E\pan?;%lI Valve

31
Shell & Tube 9 Heat Recovery
% Unit

NN

Evaporator Heat Exchanger
6 — ; 13
! 1 } + ? =
Chilled water retum Fﬁ:l Compressor Fﬁ:l Heat pump Compressor

(%
o

AT 25 STUURAMUNSBUIINANSIUUARETNTINAUNSITUNAIILSOU

(3

;g yUseiaty wae InAu uneiies (2012)

10.0
8o o] B
6.0 &
o
(@]
S &
0 o s N 8 A
2.0
0.0
0 2 4 6 8 10 12 14 16 18
fnsnnsluateanin (Vmin)
o Lidlnwaaaeauieu (szuuinaaudiv) 0O Tmeeaaaaciu$eu 1 9m (SULVinAIMLE)
A dlauaaapanidiou 2 aa (szuumanuiig - = hidlaseaassndiou (szuuaniiy)
¥ Alnanaonprufou 1 am (szuudniy) O dlnarapaniuFaun 2 am (sruvdaiiy)

AN 26 DRSINSIavRINRiNasaAduUsEANSaNTIaULYRIULAMLS U

M1: IRy YUsziaty and Indiu unaiies (2012)
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PRI ULAIDTRNE

Fudholi et al.

NAFDUANTIOULTNMUNLAURD
ssuuNaniniwazyinausou
PRI R G RGPV R

NAIULAIDNRAE

1 UIEn15A 12 A AN IO UL VD
wRIAR LA Lazd1ISauNg 19U

a 4 d' U d‘
LAIRINAE LNBNIDRIINT AT

WALNZAUADTTUU

Nunthaphan et al.

a '3

ATIERANTIOULVDILATO

£%
a o ¥

NARUNSBUAI8UNAINUSAU
VESUNAIULAI RS lne Ty

ANV UL UUNAY

J1ldAmseiiieas1anuuanasy
NNANRANEAT STUUTUANUTOUT
Tanwdsaulndranszuunan i

LALUNSDUNSITULEIDIANEG

Hawlader et al.

AATIELVRAZNITATUNNT
NAABITEUUNANUNSBUTY
ANNUSOULASUNAIINY
a ¢f aA§ Y o < o
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K398
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ansydnney
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dwumhldsezyndld

Haung et al.

AnwinsieviatnAusauLie
WuUszansnnvesduniny

Sou

P lUAeseiianssausvasUumIny
SaumsszuuNantniinazindou

WA ULAIDTINE

Iy wazInku

AN®INTLTUIUNITLA W
ULENTAMNS NS 1 1un Y
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U 3

¢ ad o a a v
qﬂnsmuamﬁmtuumm%

A15ANBINSIANANSIOULYRIUNANS U Tnen1s Y seuUUNANUS DU LT Na 19U
1910 szuunan N Twaz S o UNAIULEIDINNE TN1SAILRUNISANNY NAFDU WAL
n3793AA69 BaUsznouluaie iesasllonazgunsaldig o wieldlunisindsuaznsiadn

[

Toyalun1svaaag dfail

aunsaln1snasay

1. Yumaaudou

Juaudeuldansvinen r22 fdnifeusun 100 L lugunsaivinanudouiild
AoumsawesLuUAnfuAlfluTessuenmnfinruieuninenianisueniigumgs
Unfndadiemainufouliundi dgunsaiusenoudieaoumsaias (Compressor)
ADULAULEDS (Condenser) 1a2U18@3 (Expansion Valve) LAZIASBITEVY (Evaporator)

LAASAINING 27

AN 27 JUANUSaUNITLUaNUATE
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2. lugawadudaseiing

Tugawaduaseriindde gunsalflanansaasundsnunasenfinddundssnlaiin
?iﬂumu%%’aﬁ%Lﬁafﬂfﬁm@aLsuaéu,mmﬂmsj%ﬁmiwé‘ﬂ%aﬁalaﬂ Poly crystalline 8%e
Sunfree $u SPF330-24 sunardsindhgsan 330 W, fudl 1.88 m? $1uau 3 une Fanmd

28 198ANS 1AL UAVDILHIIARLAIDNNAY LAAIIUATITIN 2

e Solar PV/T wuwmeneums
PV/T Tube

awi 28 Tugawaduaseniingyila Poly Crystalline

M13199 2 Meadeavedugaaduae1indyin Poly Crystalline

EREAEGIL A9l
Poly Crystalline Silicon Solar Cell 330 W,
Operating Voltage (Vyp) 375V
Operating Current (I,,) 8.89 A
Open Circuit Voltage (V,) arov
Short Circuit Current (I 9.38 A
Panel Size 1,960 mm x 960 mm x 30 mm
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v & 3 v
3. 9NUUIIBU

v
v & o

ganudvwn 150 L 31uu 2 69 Tolunisvyuileuinsdugnssuiennuseuyenis

€

[

nagounaiusududesdidufuinfiannsaussyusinanilimunsauiuyinunnusoud
foen1sszue dunuideunldlunmmegeurinandasiduaumueaiietdosiunsiinaiy
v & Y

Ingfduuenvesdaivimiumeauuewdniedesiunsgadeninudouniiadaunuii fe

LAMIAININA 29

P v @ T v
AN 29 DILNUUITDU

a. ndesirszuneanuiaou

naetsEUIEAISauYIaIN TanwEN IR 0.95 M x 1.91 m WAADYATUNIVDY
unsaduaefindiitevnindlussusamiudouseninunaeaduasofing uansiand
30 Tnsfingastihszusnuieuldunsaduaseniindasldusiuiu (Buffer) ieauauude

JaAUNAN19INIS Mau9n LaAIRINING 31

AT 30 NABIUNTTUIEALSDURAAILALNILTARLAIDTRE
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AN 31 Aemnanistuavesirlundssszuieniusou

5. VianauaesTuIeAusau
vienoaITzUIeANTawINenewasuaduRgugnas 6.35 mm Juvie
Riser wazvie Header Yu1AdUHIAUENA1Y 15.87 mm £AABYATUNGTIVDIUNUYAH

Y

LAIDANINBLNUIN LUSEU18AIUS DU BNIINWHIALARLAIDINAE LARIFININA 32

YoruIA 144 inch 160 cm

10 cm

Wawum 58 inch

95cm

o <rm

5cm

AN 32 VIONDILAITEUNEAIIUS DURARI LA LNILYAALAIDINAE
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6. dULIBIMBS (Inverter)

a 11

Sunesinas (nverter) viniilunisilasuldnszuansaduludinssuaady dalu

NATelsidenldduesmesulianinlndduiosiwes (Grid Tie Inverter) 8v%a SUOER Ju

GTI-D600B wun 600W 24V ﬁﬂLLﬁﬂ\ﬂUﬂ’WW‘ﬁ 33

mi Parameter @

[Model (GT1-010008 [eTi-D6008 JeTI-D3008
lOutput Power 1000W Jooow poow
Solar Panel imp:35-39V,VoC 42-45V.

[Recommended Power Of 1000.1100w lsoursemw ':|00,40mv
[Solar Panel

IMPPT Voltage Range __[30-40V

IAC Voltage Range 190-260V

Volaige Frequency Range )

ot MV Power Network |0 1217

IPower factor >97 5%

IMPPT Efficiency >99%

Total Harmonic ox

Distortion(THD) i

Phase Shift <2%

[Conversion Efficiency >85% [86% Far%
[Maximum Efficiency >89% | P90°
(Operating Temperature _|-20°C-45°C

Waterproof Rate interior Design

(Cooling Mode intelligent design of the electric fan control system
Standby Power Loss___[-3W

Product Size 257°195'88.5mm __ |210°195'88.5mm_ [180°195°88.5mm

AT 33 DUNBTHBS

1 ’o’ a & b4
7. nassufidusEevasUnAuIou
1 T A 7 2/ o [ 13 o
ﬂﬁ@ﬁuqmﬁ’luizLMEJ‘UEN‘ﬂSJﬂ’J’]QJiE]UVI']@J’]ﬂ’JﬁQL‘Vifﬂﬂ‘U‘LJ'm 40 cm x 40 cm N1NIT

ARRIATAUAIUTEMETRIUNANNSaUiatUN S auN lUa1emAausauldiuansyinaIu fa

wanslunIng 34

= ' S A 4 %
AN 34 napsinaIusTTevestuANTIU
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8. Yuth

nMavsuisuiiundesihszuienudeu inrenemasruisaufounaziile
nafuaussouzvestunudeudniudeddiustundounenaifioddnsnisivavosil
WNNEEY asjwliﬁmmmmgmmwmaauLLm%’ULmeﬁmé (Solar collector) 3gld8ns1n1s
avoaindl 1.2 L/minm? feu Sudonlddud daunselisnsnsinageani 5.0 L/min

Toeduduidldussnulniinsenanss 12 V wagldmdslaia 18 W sananslunini 35

awi 35 Juvyudsuiibusyuy

9. vinun¥aunazIan

'
= 1

TusuidetiazidenldviourSoutszaniiiiens (80) @sgau1an Polypropylene

= va ¥ IS

= & a a =
Random Copolymer (80) #tUUNaEANAUAMNEITUANUINLAUSNURATULALILAZNIIAIN

q

ALNZANADNTTITNUNDUTZUILAZUNDUIZLANANN 9 falanslunnig 36

[] Model : SDR 6 (PN 20) high pressure class 29U ¥% i

[] 1§rufuszuurtetiuszun ssuusiotnfou ssuusie Chilled water 3o
syuUiodu

gaumgiinslday : gnmgdl 3-95 °C

ANGY (Working Pressure) : 20 U135

[y

sUdnwalneuen (&) : A0EuAU 4 1y

N N I

AIUANTIANINITIaYeIMEIaT PP-R vu1A 12 113
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a ] %’ b4 (3
A7l 36 Ve TounarIn
10. QUL
awug e lEiuludiuduiuin naesssuiganudeuldunagaduateriing i

Joasfiunsaayiduainuiou uanssianini 37

AEROFLEX

AEROFLEX

ﬂERoFLEX

AN 37 2UIUYIAN
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11. ndauvaslniln
niauUasinil Ju 5-120-12 Tduvasnszualnihainlninszuaadu 220 v 50/60

Hz T dunszudlilngs 12 v 10 A, wieldnudulumyuideuinlussuy wanadanindg 38

AC-DC POWER SUPPLY

MODEL:S-120-12
CQ\NPUT'.HOV 1220Vt15%

z-80Hz
QUTRUTAN -10A

29 38 visiouadlii

12. Speed Control PWM DC Motor
lQAaRIUANENIIAIINTIVDINBLABSNTTRANTY 12 - 40 V 10A LiialdUsudnsn
Ausnewesvasluuldiienyuisuinluszuuialilddasinisluavasuiniud

v o =i
FBINT LLEAIANNINN 39

P & ¢ Y o
AINN 39 INQ&@’J‘UQNF’YJ']QJLirJGU'E]\nJ'E]Lmaim@ﬂﬂmu’]ﬂiguamiﬂ
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\n3asliansiadauaziuiindaya

lun1snaaaulainnisinfaIesdionsITInaIuaeIe o NFeIn15HNA1Y RIS

WMaTuNYIINITIATIE AN ANYINGANITUVOITEUY

1. wiaensradamasiniia

Tunsnsanfadnusmalwinvesunasaduasefindldinies Solar PV Analyzer u
PROVA 210A (12 A, 60V) dailuiniesiiefianunsasuiinamisiiinlnesnlus@ wayds
ansalanendeyasenuiluguuuunsiule ﬁﬂ'”lmﬂmmmm?{amaqmamﬁmagjﬁ +1%

LAMIAINING 40

PV Analyzer

AN 40 LASDINTITANIAILNTAN

2. \nseeduiindaya (Data Logger 4 Channels)
wisstuiindeyadie Lutron Ju TM-1947SD @1u150ingauugiils 4 9a a1unsald
nulafuanewesludlla Type K, J, T, E, R, S, Pt100 wn3esdufindeyaaunsatuiindeya

a9 SD Card fanuusiugnegi £0.5 °C LanafanIni 41
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...  TM-1947SD TM-1947SD

i 41 m’%'aqﬁ’uﬁﬂ%’a;ga (Data Logger 4 Chanel)

3. 1AsasdlansinAnszudlniin (Clamp Meter)
iwseslleinAnsenalningie MASTECH Ju MS2203 Zsanunsainanseualuiilans
1935 1-phase WaE2435 3-phase Ain1sinAmdnudusintesiigans 0.5 A @111507AA

wasumuanlglulunteluswesgunsallnihialula uansdsnmg 42

ANA 42 1AseddlansiainAnsewalndn
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4. \p3esliansadadSedeniing
lumsmaaeuldiatesieinAriiderfingdvie Lutron U SPM-116SD Feaunsadne

Sedeniindlansus 0.0 - 2,000.0 W/m? 1a3esilansiainasadefindarunsatuiintoyaas
SD Card fiauusiugragi £10 W/m? uansfisnini 43

AN 43 L1AT93aRS19IRANSIFRNNRE
5. LASDIASIVINDATINTTVAVBIUN

141A329152910 05115 bMav e v dn Rotameter 8%0 Treaton §u Z-4001

a1nsaindnsinisivavestnlalugae 0.2-2 GPM w3 1-7.5 L/min virnulalugiagaumadl
40-80 °C uagiAmuUAULRENT 6 Bar ULaAIAINING 44

S SmmAREERERALANL .

AN 44 Lmaqmammamwmﬂ‘maﬁumm
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Y

6. 1AT093aNTIVINQUNYNTIINADY
Y

WIBInTIvingauuiinindende aunsalnldlunisingungiuindeulagldaeines

TuAuUa Type-K siavﬁwﬁ’um’%'aqﬁ’uﬁﬂ%aaga (Data Logger 4 Chanel) uansianInd 45

= = 9 aa v
NN 45 LATBINTIVINYUNNUEILINABU
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ASanduuIRY

UATYNSAENINITNNFNTTAULVRITUANUSBU tnen15hEszuulLANuSaunly

Na1uUlnNH11nszvUNAR A LA U SO UN S I ULAID RS TTUADUNITAITEUIIUITY

LARNIAININDA 46

Anwnged

Y

NAFOUALIIOULVIUNANNTOU

Y

NAFDUANITOULVOIHINER TN

LATUISDUNGIN UL AR TINE

Y

AAAITEUUNAN LIS DUINNTUANUSDUT

Tandsnulnihanszuuedaliway

Y13 DUNFINUREIDI NN E

v

NAFOUALTIOULVDITEUUAWNITUSU

RIS A a9 UK Solar PV/T

AATRLATYAENS

Y

a3u uarlAsea

NANTSANEN

= 5 o a
AN 46 TuneulunIsANTuUY

Fupaui 1 yinsfnwmgevannisvininuesseuutduaiuseu (Heat Pump) way

szyuNas liilazinsounasautasaniag (Solar PV/T)

YUADUN 2 AARILAZNAADUINTIEIUUTEANTNINN WA I UYDIVUAINUTOU (Heat

Pump) Inediaunndiaussguidsuans 100 L Aldansvinau R-22 Asnnit 47 Felavinnnsinsa

[%
o

nasstliiuaIuvinszive (Evaporator) vasluanuiouienazldlunisvagsu fanng 48
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Y
= o v

Jehfeuiildmamaasudugniivliludafvihfeudinuaugungide Banosiiefiasrili
pauvnditheglussiuasiiashiaue Tasvhnismageusndulssansnmmadanuyosa
arufeuiinmmslvavesifisnelfitudiwihssmed 1.0 LPM 2.0 LPM 2.25 LPM uag 3.0
LPM neldannizuesgamgininfouiitiegliiuaiurhssme (Evaporaton) vesiuaudoud
LANFNSAY RILA 35 °C, 40 °C, 45 °C, 50 °C, 55 °C, 60 °C wag 65 °C Tunsuanindou

Uszanad 100 L ngaungiiuseanns 35 °C aundnseulan 65 °C

AN 48 nassunRRafsluaIusEevIluAINLSDY
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< [

d‘l L U = ! L dl = dl
ﬂ?iLﬂU%@NﬂﬁIUﬂ’]iVIﬂﬁ@ULW@’J@ LASUUNNNAINAIT €] AINTNY 49 A9 AN 1

] [

Qe idIYINTEMY 907 2 gauuiiunfisandiwinseme a7 3 gaumgiinseuluds

(Condenser) 907 4 gauungiwinaey 3ai 5 Ianszualniluazusedulniindeuidn

9 9

AUNTALYRSVRaluAINNSDU wardnsIn1siravesiieunteulidiuvinszwme Tun1sidu

Tayatuldduiindmn q 5 wiil ieudeyanlaluiinseia1dnsidiulsednsaimmig

nasuvsluANusouluanumaly

Compressor

Storage 5
Tank

Evaporator
Condenser

R -

------- 09

I
P
Pump | i?'\_lj Expansion Valve
o
amp ata |4 _____.
Meter || Logger <

L

a o Y Y ::4'
AINN 49 ARTIVINAN 9 GUa('liglU'UV]{]llﬂ?qmﬁaumiﬁUﬂqimﬂa@U

(%
a (Y a

g’l a ’6’ b4 v a 6
JUNUN 3 AnnduarnadausruunanliiilazUrsoundsuLasefing (Solar

PV/T) 91u3u 2 sUlu lngiisuasiounsiail

= o a & a v Y =t v
FJULUUY 1 Y1N15AAAIYIBNEILAIUIIIUATUNAIYDIUHY Solar Cell ¥3Usznauniy

vio Header Wag Riser LaAIUANTIANINTT AT $1852188ALANIGRIFUN 50



a4q

o
Y

AN 50 VNDILAINRNAIUSIUUNAIURIES Solar Cell Tneltinlualuvie

JURUUT 2 vimsfindanaesdivu 1.2 mm USHaiunatueIukg Solar Cell uwag

Tdusiuny (Buffer) tiomuAuian1ansivavedn SeasiBenuwanifsgun 51

WA 51 weuny (Buffer) liteauauitanienistravesi

ANTNAFDUANITTOULVDILNG Solar PV/T 1AENAZOUNILUUDNDILAILAZLUUNEDY

ih s?fq%wmaaumummgmmaau ASHRAE Standard 93-2003 Tun1svien R (T, waz
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FeU, i0a13150vunemaaliilnaraiusouiiianantaannaunisi 5 wasliioAnlanning

(%
[ [

laussaugnangaluldlussuu lnedvuneudisil

1. yavedouunsdnliiuaziseundsnulaseindviuuwnsluneiinliuazideaingy
FEUUANNALAYATIAIVRIADIUNNAREY FINTAUUUYIDNDILALDLYY 18° kagnTal

wuunaesideayy 10°
2. NAdBULKIIDASIE@RAIRITAT = 790 W/m? £ 32 W/m?

3. AUANERIINSEYdeANTountuNlial IngldinauidruSiuninuaeian
AT URALTENIN 2.2-4.5 m/s

4. PIVANSNIINNT AV UIEUUAINAINIRSEIUN 0.02 ke/sm?

¥
o [ 1

5. aupuganiddunssgvaadnlilin lnggaumalininisnaaeusgf 35 °C, 40

°C, 45 °C, 50 °C, 55 °C, 60 °C Way 65 °C A1Ua1nU

v = vV

6. S¥UUILFRAgan1IeAsil (Steady state condition) Lievinnisiiunasduiindeya

Y

(% '
a o v a [ =

A9 9 WU QauMniwInaeN aaniiu1in-sen gauuaiiuntude ldesesdunindeya

Y Y

g = v

(Data logger) \Uustuiingamalisng o uwazA13ideiindntufinaie Pyranometer

AIbERIIUAINA 52

Tis }
— Y
&« — | |
& =
A
&
Storage \ Iq J
2 tank
@ —
7 1 (T.)
‘[ Js,
E(S Pump

Yy v %Y

-
-l Data loger o= <

AN 52 s3Uuntglunsnaasuans5a U aNINan A wazdn S o uNS I ULkaIR AR g
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~ o <@ v < 1 | o a (3 a
7. Wevhmanuteyaasa degasig 9 asgninlulmmeimaussousvoduaanan i
Y v 9 A ¢ o A A A a Y v
LAZUITOUNAITULAIDINGEY AININN 53 LWEJLaEJﬂL@WLLNQN@WIWWWLL&%UWi@U

o A eda aa & % g v o
Wa\NquLLENEJTV]G]E.Wlllall535]14!3G]V]?j@lvl,ﬂG]@GNELUigUU{]Nﬂjqmi@umi%WﬁﬂQqﬂlWﬂTﬂqﬂ

SEUUNAR LA TN S PUNEINULEID1TINE

( Start )

Y

/ Input: Az, I+ T, Tg; Teg /

h 4

Calculate: Qcat, MNeou

h 4

Qeou = M Cp(Teg- Tgy)
Necat = Qeant 7/ (r AQ) = FRITOe - FRU(Tg;i- TV e
Linear regression analysis between
MNcow and (Tg; - T/t

h 4

/ Output: Fr(TO). FRUL /

h 4

End

AN 53 TUNDUNAAB UANTTOULYDILHINAR I Laztn S uNaIULEIDRE

M1 ASHRAE Standard 93-2003

pA
o/

JUADUN 4 vin1snadauLranaalndLaziiSoundsuLae1ing (Solar PV/T)
AIFIAa1 9:00 — 16:00 U. MIENISUSUAIINTING IMaUDIUNINTEUIIAINUSIUINUIU 3 AAD

2.0 LPM 2.25 LPM uay 2.5 LPM fianansaviilildrmasaugnduosszuu (P,.) gegn

YUABUN 5 INNISANWILUUINABINNAIAFIEASIINDT180952 UUTUANUSDUN LY

pasuluinnszuURAn lWH LAz U1 5o UNE I ULAIDITNAY LHDMITIUIULASVUINVDY

o":l' r-ﬂl' v = o a 6’5 r-:l'r-:l (% r-:l' ct"
gunsaivsgay WeldvuinseuuiuinisinAsseuuniniseanwuussuuaslunIni 54
SEUUALUTENBUMY UNANSDUESY NANIUSausUIn 100 L wid Solar PV/T kuunasdin
(PV/T Box) 11u3u 1 uss Ndvuinmadslningean 330 Wp nann1svinauvesssuuduaiiy

1
o v [ a

SPULETUAYTEUUNAR AU S UNS I ULEIR MR UAN Wt lualusuay



ar

[

FouanunsdnlnfiuaviSeundenuuatofindvinliifigamgiiaadu wazdilunelinu
duvhssimeiiieiiewmanuieouliiuaisiinuvestuainuseu diunisinauvestuniig
fousuan ansvheuluaniuzlefousintsiieananniasesdaleluasenlidemanuiou
Tifuiandafvinfowiiesuanuiounisluniesnivwiu udaasnuazgnaAIuLLY

< 1 [ 3 v - a [y ' A d‘
nangiluvearaikayivadeludindiananudiu iieangungiuazauduneunazlvalui

druvissmenasuyudsuluites 9 duliiindalaanuaesdaliiwazdnfoundeanu

waee17ing (Solar PV/T) aggndauliifiu Compressor ¥a¢szuutumusay

Funaud 6 nismnasuuazivtuiindoya lunamaaeusruuiuaufoudld
ndsenulnihanszuundslniinazinfoundanuiaeifing fausiaan 9.00 - 16.00 u. 89
dusuArdasinisivavastihiiluaiuunsndnlniwazihdoundsnuuaseniindsuou 3
das1nnslua Ao 2.0 LPM 2.25 LPM waz 2.5 LPM iilewdnsinisivnaivinliianssousvos
szUuRiign uasshnstufindeyanismaaean 9 5 udt Tngldhnsindagansainsg 9

LAMIAININA 54

Expansion valve

It Tf,o ==
Heat pump
Solar PV/T
system
T Compressor

Y

Grid line

PComp

Pev/r

I::.Grid

L

] = ° ' Y & o a9 Y @ a
ATNN 54 5']8]&3L@EWW]']LLWUQC‘]?Q"U?fﬂsUaﬂsz‘U‘U{jﬂiﬂjqusau‘mimwa\mqu‘lWﬁq‘U']ﬂsx‘U‘UNam

T wazinSoundsuLaIaing
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g’ 1:' a 6 o 1 1 Q‘IQJ a [
YuABUN 7 AATziinanIsvadeu lasieainig 9 HialaluiieszRaussoures

(%

weawdnliiiuagi foundanuuaseniing (Photovoltaic Thermal Hybrid Efficiency; M, ;)
ARITIE@INUTEANTAIMNNIINGI1UTDITNAIUTOU (Energy Efficiency Ratio; EERyp) Way

AUIINULVDITEUY

uaauil 8 TLuuINaemeAdnAIansiiaunlUIeTIERUauan 1R ULAS USANEAS

Y %9

a o

' 44 i 19 ° Y A
LYU izﬂzmmﬂunu uﬂaﬂﬂﬁﬂquuaWﬁ amwa@’auLLVlumE’JELuI@EJmmmlmﬁlﬁﬂamﬂﬁﬂ/l 18-20

q
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un 4

NALALaNUIIUNANITNARDY

ndsglunsneasussuuduanuseuilanaaaulniiannssuunaslndwasi

[

SoundanuuaIfing ansawlin1sinsziuazasunanisnaaausanidu 3 diu fadl

6

1. ANausIaULVRIUNAINNTOU azwaaNdn lHHNLaz YT oUNAIULEIDITAE
2. NNSYAEBUALTIOULVDISTUUNANUNSaUMBUNAMUSUESUAIETEUUNAR A LA
13D UNAINULAIDINAGINDUITNTINIS INAVDIUNTZUIUAIIL S DUNTULAITALANN EL

LASEUU

3. MFIATIINAUATHFAERSVRITEUUTNANNS UM SEUUNGR LT waz i

S DUNFIULAIDANEY

NsNAdUaNsTaUzVRITNAIUSDU

AA99IUVDIADULNTHLTDS

TunsnaaevaussousvestuauiounuidslniiwesneumsawesiuUasuly
pudnsnsivauazanitzgumniinfeusine 4 Adelifuduissmevesduamindou a1n
At 55 Tunsdinedeuionsinisiaa 1.0 LPM nuin srdsluiihvespeumsaisedvesd
mnuFeulasuluusaziiananadseglutag 0.251 - 0.404 kw, lunsdiveaeuiisnsinisiva
2.0 LPM uanssan it 56 wuin masliivesneumsaweasvesdiurutouasumniingd
nageufisnsinislna 1.0 LPM ImaLwiaw"mna%a?iaagjiuﬁdm 0.235 - 0.379 kW, Tunsel
vadouisnsimsing 2.25 LPM udnsfanmit 57 wuin fdslilihvesmeumsawesa
AnudeuaiuganInsainaaeufisasnisiua 2.0 LPM Tasusasdisnanadvegluiag 0.243
- 0.383 kW, 9100107 58 lunsdinageufionsinislua 3.0 LPM wudn Aidslniinves
ABUNSALDSY0I AL SBULESUAINIINSEiNeaeuAiensIn1sIna 2.25 LPM Tnsusay
Panadsaglurig 0.238 - 0.399 KW, Turneiitdsluivosnoumsamefueaduany
Louuuusssumildunasennaludiuvinssimevestunnuouldmasluiinusyana 0.297 -

Y A

0.462 kW, lngnuin masundeulimeumsawesyissnasiinfunugungiinFaundng
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1% '
! v o ¥ a

Infudyissmenazaamiivesiludauiou gaumglivesansyiunieanaingduyinssive
FadiAnen danalvineumsaeidedldmdinulunisanloa1sinauasdu Mntuigwud
Joulvimeuinsawasaziuuililiiuiy ewngungiivesdiludeuiiSeuniiiuaduvinla

ADULNS AL DIADILTN 183U lUN159R e a5V ULANNINTY drun1deundouln

AansaweTvasduauiouluusIIATldLvasenaludiuvinszimvenandtng1zdn

gaungiveseniatuaInIgungivesfouivinlisesdindulunisdaleniiuatu
INNANIINAFRY WU MAtliivesreunsawesveslunuTounanizaumgiunfou
A9 9 Aaglrnudriszmevestuanuiou lunsdlvageusionsinisiva 2.0 LPM danan

figm oglutag 0.235 - 0.379 kw,

0.50 -
—m— 65°C
0.45
—e—060°C
0.40 4
—a—55°C
= 035 4 —_e50°C
2
$ 030 _5-45°C
&
—o—4a0°C
0.25 - p At
J —_~—35°C
0.20 | I T T T TI.Evap —o—Air
35 40 45 50 55 60 65
T, (°0)

1%

il 55 Adslnihwespeunsawes gumglivesluduivindeunazaamgiundidu

YMsewefonsInIstua 1.0 LPM wWisuieuiunsaildanniadngiuyinseine
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0.50

0.45

0.40

0.35

0.30

Power (kW)

0.25

0.20

35

40 45 50
T.(°0)

55

—m—65°C

—_e—60°C

—a—55°C

—e—50°C

- 45°C

——140°C

——35°C

—o—Air

il 56 Masinihvespeunsawes gumglivealuduivindeusazaamgiundiau

YMsEweonsINIsua 2.0 LPM wWisuisuiunsalldanniddngiuyinssine

0.50

0.45

0.40

0.35

0.30

Power (kW)

0.25

0.20

35

40 45 50
T, (0)

55

—m—65°C
— & 60°C
—a—55°C
—o—50°C
——45°C
——140°C
——35°C

—o—Air

il 57 ddslnihwespeunsawes sumglivesluduivindeusazaamgiundiau

YMsEweonsINIsiua 2.25 LPM wWisuisuiunsaildenniadngiuyinssine
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050 -
045 Tieny —M—65C
040 TI.Evap ¢ 60°C
TI.Evap & 55°C
s 035
‘% TI.Evap +50°C
g
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AINA 77 UanInTANA@aULKS Solar PV/T wuunaesdn (naaeuinyy 10°) lag
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AN 86 WARINTUNAADULKA Solar PV/T Wuuvianeduas (maaeufiyy 18°) lag
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9g#1 15.19% UszdnSnmdennuiouliaaieayil 17.88% wazUseAnsnmlagsiuuaduus
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NRIVINNAADUATUNSNIUANTUDITLUU (Prer) VIR Solar PV/T NhUUNABIUN
WAZYIBNDILAY AIENITUSUAITNIINITINATDIUNNTEUIEAMUSDUIIUIL 3 AT WUITLHY
Solar PV/T wuuNaadin N9nsin1sivia 2.25 LPM Useansnnlngsiuuadwia Solar PV/T 4

ANNTIER TedAviniu 44.22% $18a88UnLanIRIRTIeN 4

M13199 4 asunavessnsInsinavesivelssavznnlugaaduatefindindenaanneiu

gns1n1slva (L/min) 2.0 2.25 2.5
onmpilugaiwad LUUNEeIth 44.6 44.2 44.8
Leseniing (°0) wuuvienedns | 64.7 63.7 62.9
gnTINIELmMAIUTOUTRILUAA wuungdei 8.61 9.66 9.04
L%aéLLaamﬁmémaamﬁgﬁu (MJ) LUUYVIONDILA 6.00 6.19 6.29
- O AW T woungenh | 2602 | 2849 | 26.10
lugaiwaduase1ing (%) wuuvianawwes | 17.64 | 17.74 | 17.88
- ’ LUUN@eth 42.7 45.6 45.1
gamaiitfidaiuii (°0) .
Wuuvienedas | 39.1 40.0 40.7
el Alugaiad wounaestn | 2358 | 2471 | 2468
uaseindiiuamls (W) wuuvienewns | 2325 | 2369 | 237.7
UszavEnwnsudslnhues wundesh | 1546 | 1573 | 1570
lugaiaduase1ing (%) wuuvianawes | 15.38 | 15.31 15.19
W sugvBTetsELY woundestn | 1324 | 1451 | 1395
(MJ/day) wuuvieveuwas | 1070 | 11.07 | 1117
Uz AMBANIAYTINUD IR Luunaeai 41.18 44.22 41.80

Solar PV/T (%) wuuviensswas | 33.02 | 33.05 | 33.07
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MINASNAEOUNUIUE Solar PV/T uuunaesthilaussausfinninuuuviensuns 39
Iédenlddayauns Solar PV/T wuundesinfudoyandniieluiinsesifuuuuiaoms
AIAANERS LABNUITLKG Solar PV/T Aenanifian Fi(TO. WinAu 0.4018 wag FRU, iniu
10.666 W/m?K $3910@un1591 6 @unsaniaun1siuesnsinisaemainudeuldain
aunshi 23

Qpy/r = Apyr [(0.4018 I1) — (10.466 (Try — T))] aunsi 23
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Tovrsim = 1.0234 x (11%9928) x (T, 0172%) x (T, %%°") aunnsi 24
mMsvhweramaslniTinanldvesuns Solar PV/T @nansasunaldainaunisit 25
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ANSNAFBUANTTOULVBITEUUN AU UA8UNAMNSBULESUA 8 ST UUNAR IR LAz

LAUNAIULEIDNNEY
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van 11:55 u. Sanadowiadu 395.32 W wiedadundnuanuseudindnldds 10.08 MJ/
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Tunsdinnaeuvesdnginislva 2.5 LPM wudn fardmsnntsdnemanudounasiuniuion
a9an 1.396 kw fanade 0.894 kw dnarlunisudntifonaudsgaumnd 65 °C daeiaan

o =i

Uszann 4 h eenud WegnmgitludsSudndeamaiivssana 60 °C vilsiaudoudi

o

[
= a

a YN 1 a = o
Naﬁl@llﬂ']lﬁilaﬂaﬂ Lu@\%ﬂqﬂqmﬂ llu’ﬂuﬂﬁwaﬁsl]ul,l,auLsﬂqiﬂaaﬂﬁ/iﬂll 65 °C Vll@mﬂﬂ']@ﬁu‘v]ﬂil

Y

a1 Al LY

idosdiu Fevilkguugifidmuanidasunnusoulundssnivuduiidilndids sty
RUNNTVRIENTVINNU wazdINaraNan U I aLanUABuAINTRUTAANAILAL YN

Tinsuanausaureslnauiouliafanadisoy § F99NN1TVAGOUVRING 3 onsInTlna

a

azdunaiunlunisrirnulutgiawsn anuseunndnlaannduanusouasd 'W‘waﬂm@amﬂ

v

paumgithludenan uaviilogumgithlufudiugadulurisineassilianuieuiindnlsanas

1308 9)
TS = QCond
70 o ~ 16
65 X -~ 14
60 4 - 1.2
55 4
o - 1.0
= 50 - el 3 —
2 ﬂx’(w - 08 2
I a5 4 2
g L 06 O
S 40 T
[0
S, L 04
30 4 - 0.2
25 1 T T T T 1 1 0.0
9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time 2.0 LPM

Wi 97 gaumaiitiseunarauTeunndnlavesluauiou 18nsn1siva 2.0 LPM
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— T5 = QCond
70 o — 16
65 n b — 14
60 - )
55
;O 50 X 0
v | X 08 =
S =
B 45 ,A! =
g - 06
% 40 4
a5 ~ 0.4
30 4 - 0.2
25 0 T T T T ? ? 0.0
9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time 2.25 LPM

Wi 98 eamaiitSeunarauseunnanlivesluauiou Mensnsiva 2.25 LPM

TS = QCond
70 - ~ 16
65 1 b — 14
60 L 1.2
55
S 50 X F
v i X4 L 08 %
g 45 Yy P
g - 06 U
£ 40 4
F 35 | L 04
30 4 L 0.2
25 M [ [ [ [ T 1 O'O
9:00 10:00  11:00 12:00 1200  14:00 1500  16:00
Time 2.25 LPM

a

MW 99 gaungiitdeunazenuiauiingslavasduanuiou Ndnsinisiva 2.5 LPM

Y

INAINT 100 TUNTENAFDUVBITNTINTIAE 2.0 LPM wunandsbninideulsiu

(%
a1 v

wn3nssnlodafaususyann 0.282 - 0.399 kW Antduaadsvindu 0.196 kW uazld
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WEUINALUR 1,386 KWh daudn EER 9zdlendiaus 2.18 — 4.92 kW,/KW. fidade 2.66
KW, /KW, Tunsdinpaeurasdnsinisina 2.25 LPM fanndi 101 wuin fdslniihveseses
Salafldndaus 0.280 - 0.396 kW viediAadewintu 0.191 kw wazldndsnuli 1.354
KWh 198U EER SANRaus 2.25 — 4.95 KW,/KW. SA0A8WNAY 2.69 kW, /KW. 3900w
102 lunseinaaeuvesdnsinisiva 2.5 LPM wut fdslaihiideuldiuniessnlediinsus

0.283 - 0.404 kW Aetfuaadeingu 0.198 kW wazldngearulndrlus 1.401 kwh

(%
a1 W 1

d¥uen EER afifiandiaus 2.16 — 4.89 KWy /KW, wiofinnadewiniu 2.62 kW/kW,

mavegeutuAuSeuvesia 3 nsnisaszdunaiiuin lunisineuyiansnues
szuvazdiandnsdiszdnsnmmmdsuresuanuseuiigs ndinuuivzanadion 9
Tupauviny 1Hesnnnsiindusey 9 vesmaslniideulviasesdnle andeyanlanuing
9n3IN15a 2.25 LPM (8n51n13banum1u1nsgiu ASHRAE 93-2003) vinlvie EER Hn9
= A o w ! 1% v d' v A
g9N1gn J09R8UAD 2.0 LPM Uag 2.5 LPM audwiu drunssnunaanulniindeulineses

dalowiuinisnsinisiva 2.25 LPM limdanuiiesiian sesasnfe 2.0 LPM uay 2.5 LPM

ANUAINU
— PComp = EERH:'

0.6 - ~ 50

05 L 40
0.4 T x 30 =
s il <
= =
2 03 - - 20 3
L i

0.2 L 10

Ol 1 [ [ [ [ 1 b OO

9:00 1000 11:00 12:00 1300 14:00 1500  16:00

Time 2.0 LPM

#1000 MdsludnazA1dnsdLUsEaNSAMManda T uTaIduANusau

LY

Fisnsnslea 2.0 LPM)
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- PComp e EERH:.
06 — , ~ 50
05 | L 4.0
x x -
04 x A - 30 =
= ¥ <
= £
. 4 z
$ 03 - 20 %
& 1 L
02 L 1.0
01 T i [ [ [ [ T T OO
9:00  10:00  11:00 12:00  13:00  14:00 1500  16:00
Time 2.25 LPM
A% 101 MaslfnLazAdRIIELUSEANT AN NS I UVRIUNANLS DU
(Fn51n15kva 2.25 LPM)
B PComp B EERI—P
06 - ~ 50
05 | L 40
x o
04 L 30 =
= "\ <
=3 I& k=
L ¥ z
$ 03 - 20 %
& ]
02 4 L 1.0
O'l T [ [ [ [ T T U'O
9:00  10:00 11:00 12:00  13:00  14:00 1500  16:00
Time 2.5 LPM

Ai 102 MasluinazA19mnsduUsEansAmmandsauvesduninusau

(Bms1n1stua 2.5 LPM)
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mMasininuaalaainszuunanliiitazinsounasaunasaing

NN 103 wanardsluiAndalalunsaldnsinisivaciuneg 2.0 LPM agwiulea
MidelAANEs Azl AN RLTULAZAARININATISI#D1Rg (1ISULAULIAY 9:00 — 16:00 1.)
Fandelniln (DO) asanfarursandnlaviniu 231.1 W fid1ade 181.8 W 1f19931n

q

Al fndnlsidunszuanssiadsaildudandunszuaadusiudunodines nuin
frdsaladi (ACQ) gegndilavinfu 198.8 W fiAiade 156.4 W msiuuszansammislyid
Y9353 UU Solar PV/T ile1gegn 15.76% dAade 15.36% 91namdl 104 uansidslliing
wanlilunsalsnnslasiouuss 2.25 LPM (Buifiunan 9:00 - 16:00 u.) wuinidalud
(D) gegaitanssandalsivintu 232.5 W fidiade 182.9 W ileuvasannliiinszuanss
Hulwihnssuaaduiudunefinosuds wuiidsnih (AQ) gegailavintu 199.9 w &
Aady 157.3 W mefudszansnmmislniiivesszuy Solar PV/T fldngaan 15.79% i
Anadowitfu 15.39% annmi 105 wansindsliindaladlusnsinisinasiiuume 2.5
LPM (Fatfiuraan 9:00 - 16:00 W) wudindsliin DC gegniinanlado 230.1 W fiaiade
180.5 W iiloudasannlifiinszuansudulniinnszuaaduiudunesinesuds wuin
A&aludi (AC) gegaitlévinfu 197.9 W fldades 155.3 W nadudszansaimnidladia
Y9333V Solar PV/T fingean 15.75% Jaads 15.38% azildiisnsnislvaazinase
UsgAnsnndinanlfuesszuy Solar PV/T lnenuinfidnsinisiva 2.25 LPM Suszdnsaw
n19lfinvesszuy Solar PV/T geiiga uuifiesnsiniglua 2.5 LPM uay 2.0 LPM

ANUAINU
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Efficiency (%)

™ Npyre o by == Pevioe =777 Peyrac

20 - ~ 900

800
z
18 700 5
2
600 2
16 =
500 g
T
400 =
14 5
300 2
z
12 200 =
100 &

10 I I I I I I I D

9:00  10:00 11:00  12:00 1300  14:00 1500  16:00

Time 2.0 LPM

AR 103 Adalnindinanlaannszuu Solar PV/T fidnsinisiva 2.0 LPM

Efficiency (%)

= MNpyre —>— b Povroc ===~ Peymac

20 - ~ 900
800 s
18 <
700 g
600 2
16 o
500 ‘g
T
a0 =
14 5
300 B
£
100 2

10 T T T T T T T O

9:00 1000 11:00  12:00  13:00 1400 1500  16:00

Time 2.25 LPM

AR 104 mdslnindinanlaannszuu Solar PV/T fignsinisiva 2.25 LPM
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= Mpyrre —— - Povroe === Peymac
20 - ~ 900
800 s
18 700 o
z
600 2
= 16 P
éi 500 €
(&)
g 400 =
< 14 5
& 300 B
]
12 200 -
100 8
10 T T T T T T T 0
9:00 10:00 11:00  12:00  13:00 1400  15:00  16:00
Time 2.5 LPM

ad 105 Maslndnindnlaainssuu Solar PV/T N9wsinisiva 2.5 LPM
masluinanszuunugy

0 106 Tunsdldnsnisiva 2.0 LPM wudrrdsliihiindsldainszuu Solar
PV/T anansandamdsiniiigegn 198.8 W iledndundanulifivioseunisudnie 1.108
kWh/seun1suan Faliiiisanasonistleundsnulniiliuissuu Solar PV/T Boosted Heat
Pump AlAM&dlnihgan 0.399 kw Andundaanulnituiiiy 1.387 kwh/seuniswan Jal
nsldngsnulniinnszuulihitugudiaifiuwindy 0.647 kwh/seuniswdn a1nami
107 n3dignsnisivia 2.25 LPM wudnsyuu Solar PV/T aansandamaaliilaasgn 199.9
W ssaRalunasulniidesounisndn 1.114 kWh/seunisuds wazldiiesnedonisldy
18355V Solar PV/T Boosted Heat Pump ildwdsanugaan 0.396 kw Anidundaay
Indiaseunisndamindu 1.354 kwh/seunisuda Jsinshandasnulninainssuulii
fugnuafis 0.625 kWh/seunisudn aanamil 108 nsddnmnsiva 2.5 LPM wudiszuu
Solar PV/T awnsandnrindalnfinligegn 197.9 W vi3efadundsuluiseseunisuin
1.100 kWh/99un13H@n wazliiisanesanisldauvedssuy Solar PV/T Boosted Heat
Pump Alin&sugsgn 0.404 kw Astundssuliliii 1.401 kwh/seunsuan Feiin1sis

nasulninszuulihiugiuadiu 0.666 kwh/seunisudn andeyailanuin idhs
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nsbna 2.25 LPM fdwiibinasldndsanuluianssuuluihiugiulacagn sesamniy

8M51N15Eva 2.0 LPM wag 2.5 LPM auaiau

05 - -

Power (kW)

0.0 M . : T I‘Lammaamaeazaee@—

Time

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

900
800
700
600
500
400
300
200
100
0

Solar radiation (W/m?)

2.0 LPM

%

it 106 dalihdindslduazanldluseuu Solar PV/T Boosted Heat Pump

Y

'
Y

(#A9ns1n1stva 2.0 LPM)

05 - -

Power (kW)

0.0 foomeccod . . . ;mﬂmmm—

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

900
800
700
600
500
400
300
200
100
0

Solar radiation (W/m?

Time 2.25 LPM

v

A it 107 dalihdindslduazanldlussuu Solar PV/T Boosted Heat Pump

Y

(#sns1nslya 2.25 LPM)
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—o— Pr P === Poyr —— Iy
05 o ~ 900
800
700
600 £
B 2
E 500 5
5 400
: 1
a 300
°
200 v
L 100
0.0 w ‘ | | e - 0
9:00  10:00 11:00 12:00  13:00 14:00 1500  16:00
Time 2.5 LPM

vV

A md 108 sl findalduazanldluseuu Solar PV/T Boosted Heat Pump

Y

(#sns1n1slva 2.5 LPM)
sasnslvadiiansauunssuy Solar PV/T Boosted Heat Pump

N1INAABUILUU Solar PV/T Boosted Heat Pump #28n15U5U8n 1015 nan1u
53UV Solar PV/T utseenilu 3 @1 fio 2.0 2.25 uay 2.5 LPM mn%’ayjaﬁlé’ndnm%’wﬁu
wui nsdldasinisiva 2.25 LPM udnsinisivaiiannsafinaussouzvesssuuligean
InedlAn EER g9gn 4.95 KWy/KW, fiAeaswinfu 2.69 kKWy/kW, sesauniesnsinisiva
2.25 uay 2.5 LPM fidaademinfiu 2.66 uay 2.62 kWy/KW. AMUEIfU Lanasisnind 109
dmsumslindsnulnihanszuu i fugiuduifisnui Sasnisiua 2.25 LPM finns
Tin&snulnifindnanainszuy Solar PV/T Wnantneaandarnulndilaedady 53.38%
Mnndauliiiianunvesszuu Solar PV/T Boosted Heat Pump 3eilaiiintsldndse
Iianssuulaiiugiudigamindy 46.14% anudaesnsinisiva 2.0 LPM Aol
46.62% wagdnan1slna 2.5 LPM Anuu 47.509% uamsdanndl 110 feudsaguldingng
nslmanIusEuL Solar PV/T fimngauiussuu Solar PV/T Boosted Heat Pump fig 8031
nslnadt 2.25 LPM iilesnnnilusasinisivafifindseansnmnisudandanuliivesssuy
Solar PV/T 3stauannislémdssulninnnszuulnitugiu wasidudnsnisinaiiy

ANTIOULVDITEUU Solar PV/T Boosted Heat Pump ladvianluiis 3 §nsinisiva
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AATEMATHFAENS

dlelduuusasmuadamansiiiosassdnvauznsldndsnulnihluwiazifounes
s3UU Solar PV/T Boosted Heat Pump lun1suantiifoulssann 100 L 99nguvad
Uszanas 35 °C qunantheuldd 65 °C dremsliuiidushunuvesasideuunduwalag
nduduanufeuildundinnudeulueinia nantndeunazldndamnulnia 1.24
kWh/day %38 451.87 kWh/year 9107 111 wansdnwasnisldndsnulnihvesszuy
Solar PV/T Boosted Heat Pump wuin ifeufiunauduioudildndanulnihanszuuludi
flugugean 16.64 kiWh/month dsuidoungainieuduieniildndanuluiisdgn
12.59 KWh/month Gannandunisidndsauluiiilu 1 Y wud szuu Solar PV/T Boosted
Heat Pump a¢ldndeeniliiin 166.07 kWhyear dlowSeusteuiuduamuounuuipaiild
wasrNSeudueinia azaunsnannslidndsnulniiniu 285.80 kwh/year Anduku
fiuszndnle 1,303.26 Baht/year WuU31352UU Solar PV/T Boosted Heat Pump @1u1350a0
nstindanulniiasla 63.25% lagldduasmuasieszuu 10,500 Baht Anduszeziafu
NUFD 8.06 year nsnanauwny (IRR) 9.01% war1dagiuans (NPV) 1,977.61 Baht

= o =
FNYALLDYUALLANINIRITINN 5

0 B P 2220 Proga ¥ Poy/r
a0 4 i : . 7
- - Z . 7 @ A U a |
Q 18U U U O U a0 U U O U U «
= % ’,/;’ %‘ . g ';f ,,,,,, % % %
S ETEErEeEee.
L BB EEEEEEES
- ey
S i EEEE Y
SO B B RElEEEEER
g IRl EEEEE
L BB EEBEEEE
5 B wEEEE
B EEE
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

A it 111 Sraeanislindanulniilussasiiow nsdlld Solar PV/T Boosted Heat Pump
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- - S¥UU Solar PV/T
NYaTLYMN LUULAMU
Boosted Heat Pump
w&auliiildade (kwh/day) 1.24 0.46
waaliildsied (kwh/year) 451.87 166.07
Aliinsenuly (Baht/kwh) 4.50
Ay (Baht/year) 2,060.53 757.27
nauseudale (KWh/year) 285.80

naUszundnle (Bath/year)

1,303.26 (ana3 63.25%)

(swIAnIngelne, 2564)

Wuasu (Bath) 10,500
SreEIRIAUYY (year) 8.06
NPV (Baht) Andmsmanide 6.22%

1,977.61

IRR

9.01%
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U 5

dyunansIvBuasdalauaLUL

d3UNaN33Y

ATt BunsAnunsiivaussausvesuanufeusiessuunanlniiuazindeu
NAUREIRITRG wazfnwiAnuduAmIssuAsEgAtans lnauuintsnegausenidu 3
dau fall

dudt 1 Wunismegevaussauzvesuaugeuvuin 0.5 kW Aldarsvinudu
R-22 uagldornialuuanasuanudeuludiuvhssmessudisuiunsldideusngliiu
drurhszmeiisnsnising 1.0 LPM 2.0 LPM 2.25 LPM wag 3.0 LPM LLaszqumm:ﬁﬁﬂ
Soudianglvidrvinszmediguugll 35 °C, 40 °C, 45 °C, 50 °C, 55 °C, 60 °C uay 65 °C 91
msfnwmu fsasmslvavesidoudiduyinsumne 2.0 LPM uazgungfithfeuiinnels
d1uvinszie 45 °C TR s1dIudss@nSn nnwaaau (EER) 3.41 KWi/KW, é?fqﬁmqqﬂdﬂ%u
AuSouLuUsTIumldonmadielidiurhssmediden EER agjﬁ 2.37 kWy/kW,

dud 2 Wunsvaaevanssauzmsliiiiuasaueuvesunsaanlniiuazindou
WU TIAS (Solar PV/T) auna 330 W Aiinnssyunsaudousistnuuuvienauns
LATLUUNADIU B U IUR 9INNIINAFDUANITAULAIUAIINTOUMINUINTFIU ASHRAE

STANDARD 93-2003 WU21 A1SAARINADIUIN UM ILNINANTIOULNIIN1UAINUSOUTIAN

FR(TO). WazAn FRUL iM1AvY 0.4018 wag 10.466 W/m?-°C a1ugdIsy TurauzUsEansnm
nsnanluvesuns Solar PV/T fidaiy 44.22% %aqmdwmaﬁ@mﬁwmLLméfﬂwé’mm
Solar PV/T

il 3 ndsnshndesruunantindeunniuaudeusesyuunanliiiuasinfou
WHNULEITARY (Solar PV/T Boosted Heat Pump) wEnsAnesnsnisluavesin
suwnsivzasluntsldansie shnmsiudeyanisiantihfeunnssuulneiideulaluns
wAmihdouUTIna 100 L Wldgumnd 65 °C amnnafuteyanagou wuih fidhanisluen
HUWHS Solar PV/T 2.25 LPM mmzaﬂumﬂﬁmummﬁq@ lawilAn EER gagaminiu 4.95
KWip/KW. (A7 EER 1088 2.69 kW /KW.) a’lmiaamwé’wwuvl,w%mﬂﬁzUU"LWﬁ']ﬁJugmaﬁﬁ
0.78 kWh/day wioandunaUszndafianas 46.14% dew3suiiisuiuszuutuaudou

WUULAY LDTATIERANNANAIMNIULATEgAERS laglduuuiiaemisadinaans 910
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N1SAN®INUIN 53UV Solar PV/T Boosted Heat Pump asnsaannistonasauluiiasls
285.80 kWh/year Aoiduiufiusendald 1,303.26 Baht/year nSoanas 63.25% iile
Wisuwieuiuszuuiy tngldiduasu 10,500 Baht Anluszeziianfunu 8.06 year fdns

NaRauLny 9.01%
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AARNUIN N.

A29819N15ATUIN

98



AAKUIN N.1 FI9E19NITAUINNTIATIEITOLAN AT YTAENS

99

a SJW b a -dl ¥ 1 ¥ ) a QOJ b
nsainslgtuanuseuluuannldurasnuseuduainialunisndniisou

nEauln il - 1.238
= 1.238 x 365

=451.87
nsalnslgszuu Solar PV/T Boosted Heat Pump

NSl Al = 0.455
= 0.455 x 365

= 166.07

nausendale = 451.87 - 166.07

= 285.80

nausendale = 285.80 x 4.56

= 1,303.26

WUAIMUSYUU Solar PV/T Boosted Heat Pump

10,500

JTYLLIAAUY
10,500 / 1,303.26

8.06

yaA1Uagdugns (NPV) Aviun i = 6.22%

N
R -C
NPV = > 0N _T|C
oo (10"
1,303.26  1,303.26 1,303.26
= + 2 + ...+ —15 -
(1+0.622) (1+0.622) (1+0.622)

=1,977.61 Baht

KWh/day

kWh/year

KWh/day

kWh/year

kKWh/year

Baht/year

Baht

Year

10,500
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dnsmanauLnunely (RR)

N
R -C
IRR= > -0 _TIC

o 1+ )"
1,303.26  1,303.26 1,303.26

= + 5 +...+—15-1O,500
(1+IRR)  (1+1IRR) (1+IRR)

=9.01%
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AIANUIN N.2 AIDYNNITAMUIUKUUIIADINNANAAIEATINOTI1A0955UU Solar
Boosted Heat Pump tilaiUSeuliisuiunisnaaey tngldvayauuuitaesasadenfinduay

9UNALINGOUVBITUNNAADUTI 1381 09:00 W. Fad |y = 800.5 W/m® T, = 26.7 °C 19

1% 1% '
a o a

g IUHIULNS Solar PV/T 13udufie 29.8 °C uagldgamgiiunsusuvedauiuinfouss

Y

[

35 °C f915718azLdunNI
1. MSYNUIYNIINITAILMAINSDUVBILET Solar PV/T

Qp\//‘r = Ap\//T [(04018 |T) - (10466 (Tﬁi - Ta))]
= 1.88 x [(0.4018 x 800.5) — (10.466 x (29.8 - 26.7))]
= 169.02 W

2. msvingauniluss Solar PV/T

Tovrsim = 1.0234 x (1,0.09286) 5 (T, OL7333) (Tf,i1'0357)
= 1.0234 x (800.5 %9928¢) x (26.7 %173%%) x (29.8 19%°7)
= 33.13°C

3. Mgl Wit Nnanlavuaaues Solar PV/T

PPV/T,Sim =1.170 x (|T0A99252) X (Ta—OA15381) % (TﬂiOA17826) X (TPV/T—OA38333)
= 1.1170 x (800.5 *¥%%) x (26.7 1*") x (29.8 *1"%) x
(33 13 —0.38333)
= 98.58 W

4. NSYNUIEANDATIAIUUTEANS AN NS IUYBITUANUSDUY

EERHP,Sim . 35723 - [00288 (TS - TI,Evap)]

3.5723 - [0.0288 (35 — 33.4)]
3.53 kWy/kW,
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5. MsynuemasliiAdeulruneisedntovaauninusay

Pcomp,sim = 0.2781 + [0.0042 (Ts — T gyap)]
= 0.2781 + [0.0042 (35 - 33.4)]
= 0.28 kW
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AMANUIN N.3 FI9ENNITAIUIUNITITNDIAN 9 VDI5EUU Solar PV/T Boosted
Heat Pump lngldensin1sivavesuiniuszuu Solar PV/T fig 2.25 LPM Useaunuinlugs

WU 100 L 4 1381 12:00 1. ve33uil 25 quanius 2563 daduiuiivhnismaaesssuy

1. NMIAIUIUDATINITAYWMAINLSDUNATDIAIULLL (Condenser) Ua9UuAINUSDU

Qcong = MCo(THAT/AL = 100 x 4.187 x (51.0-35.0) / 7200
= 0.930 kW

2. NSAUIUANDATIAIUUSEANS AN NS NUYBITUANUSDUY

Q 0.930
o = —=20d - T D 731 kWi /KW,

0.341

EER

|:)Comp
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ANANUIN V.

NAYIU LAZNITINYLNIIUIY



M13199 9.1 nageuaussauzvestuAuiou Ndnsnisiva 1.0 LPM gaumall

a

Y

105

159U 35 °C

At Ts v I | Tigvap | Topap | At Ts \% || Tigvap | Toevep

0 35 12345 1.6 | 351 | 30.8 | 7500 | 50 | 235.4 | 2.0 | 34.7 | 29.2
300 | 36 |234.2| 1.6 | 35.2 | 30.7 | 7800 | 51 | 234.0 | 20 | 35.0 | 29.4
600 | 37 | 2345 1.6 | 35.2 | 30.5 | 8100 | 52 | 2335 | 2.0 | 35.3 | 29.5
900 37 | 235.2| 1.6 | 35.2 | 30.4 | 8400 | 52 | 233.7 | 2.0 | 36.0 | 29.7
1200 | 38 | 235.1| 1.6 | 35.2 | 30.5 | 8700 | 53 | 234.6 | 2.0 | 36.0 | 30.0
1500 | 39 | 2335 1.7 | 35.2 | 30.1 9000 | 54 | 235.7 | 2.1 | 36.0 | 30.3
1800 | 39 | 233.7| 1.7 | 35.2 | 29.8 | 9300 | 54 | 235.7 | 2.1 | 35.3 | 29.9
2100 | 40 | 2327 1.7 | 35.1 | 29.8 | 9600 | 55 | 235.8 | 2.1 | 35,5 | 29.9
2400 | 41 | 2335 1.7 | 353 | 29.6 | 9900 | 56 | 235.2 | 2.1 | 35.4 | 29.9
2700 | 41 | 2337 | 1.7 | 358 | 29.4 | 10200 | 56 | 235.5 | 2.1 | 35,5 | 29.9
3000 | 42 | 233.5| 1.8 | 36.0 | 29.4 | 10500 | 57 | 235.4 | 2.1 | 34.9 | 29.8
3300 | 43 | 234.0| 1.8 | 36.0 | 29.7 | 10800 | 57 | 234.9 | 2.2 | 35.0 | 29.5
3600 | 44 | 234.2| 1.8 | 35.6 | 30.0 | 11100 | 58 | 235.1 | 2.2 | 35.1 | 29.7
3900 | 44 | 232.7| 1.8 | 35.1 | 29.6 | 11400 | 58 | 2354 | 2.2 | 34.9 | 29.4
4200 | 45 | 232.7| 1.8 | 35.0 | 29.5 | 11700 | 59 | 234.2 | 2.2 | 35.0 | 29.5
4500 | 45 | 233.4 | 1.8 | 35.1 | 29.5 | 12000 | 59 | 234.6 | 2.2 | 34.9 | 29.3
4800 | 46 |233.6| 1.8 | 35.1 | 29.4 | 12300 | 60 | 234.6 | 2.3 | 35.0 | 29.5
5100 | 46 | 23241 1.9 | 353 | 29.5 | 12600 | 61 | 2343 | 2.3 | 35.5 | 30.0
5400 | 47 | 2326 1.9 | 353 | 29.5 | 12900 | 62 | 234.1 | 2.3 | 36.0 | 30.0
5700 | 47 |233.4| 1.9 | 35.2 | 29.7 | 13200 | 62 | 234.0 | 2.3 | 36.0 | 30.1
6000 | 48 |232.4 | 1.9 | 34.7 | 29.3 | 13500 | 63 | 234.2 | 2.3 | 36.0 | 30.3
6300 | 48 |233.1| 1.9 | 34.8 | 29.3 | 13800 | 63 | 234.9 | 2.3 | 36.0 | 30.5
6600 | 49 |234.5| 1.9 | 34.4 | 29.0 | 14100 | 64 | 2343 | 2.4 | 358 | 30.4
6900 | 49 | 2342 | 1.9 | 34.7 | 29.6 | 14400 | 65 | 234.9 | 2.4 | 35.1 | 30.0
7200 | 50 | 235.5| 1.9 | 34.7 | 29.2




M13199 9.2 nageuaussauzvestuAuiou Ndnsnisiva 1.0 LPM gaumall

a

Y

106

1159U 40 °C

At Ts \% | | Tigvep | Topvap | At Ts \% | | Tigvap | Toevep

0 35 12322 1.6 | 40.6 | 36.7 | 6900 | 50 | 232.6 | 20 | 40.2 | 34.4
300 | 36 2309 1.6 | 40.5 | 36.6 | 7200 | 51 | 2325 | 2.0 | 40.4 | 34.2
600 | 37 | 231.5| 1.6 | 40.4 | 36.4 | 7500 | 52 | 233.6 | 2.0 | 40.4 | 34.5
900 38 | 2322 1.6 | 40.3 | 358 | 7800 | 52 | 232.2 | 2.1 | 40.4 | 34.4
1200 | 39 | 2319 | 1.7 | 40.4 | 355 | 8100 | 53 | 231.9 | 2.1 | 40.3 | 34.4
1500 | 40 | 232.2| 1.7 | 409 | 349 | 8400 | 54 | 232.7 | 2.1 | 40.2 | 34.4
1800 | 40 232 1.7 | 40.6 | 34.6 | 8700 | 54 | 232.9 | 2.1 | 40.2 | 34.4
2100 | 41 | 2327 | 1.7 | 41.0 | 34.8 | 9000 | 55 | 232.8 | 2.1 | 40.3 | 34.4
2400 | 41 | 2328 | 1.7 | 41.0 | 34.2 | 9300 | 56 | 233.3 | 2.1 | 40.3 | 34.4
2700 | 42 | 2319 1.8 | 41.0 | 34.5 | 9600 | 56 234 2.1 | 40.3 | 34.5
3000 | 42 |231.9| 1.8 | 41.0 | 35.2 | 9900 | 57 | 234.2 | 2.1 | 40.6 | 34.5
3300 | 43 | 232.1| 1.8 | 40.7 | 35.0 | 10200 | 57 | 234.3 | 2.2 | 41.0 | 34.7
3600 | 44 | 232.8| 1.8 | 40.5 | 34.4 | 10500 | 58 | 234.6 | 2.2 | 41.0 | 35.0
3900 | 44 | 232.2| 1.8 | 40.5 | 34.2 | 10800 | 59 | 235.1 | 2.2 | 41.0 | 35.2
4200 | 45 | 232.2| 1.9 | 40.6 | 34.5 | 11100 | 59 | 234.9 | 2.2 | 40.7 | 35.2
4500 | 45 | 232.8| 1.9 | 40.5 | 34.5 | 11400 | 60 | 235.5 | 2.3 | 40.2 | 34.7
4800 | 46 |231.6| 1.9 | 40.6 | 34.6 | 11700 | 61 | 233.1 | 2.3 | 40.0 | 34.3
5100 | 46 |231.8| 1.9 | 41.0 | 34.8 | 12000 | 61 | 231.2 | 2.3 | 40.3 | 34.6
5400 | 47 |232.1 | 1.9 | 40.5 | 34.6 | 12300 | 62 | 232.2 | 2.4 | 40.1 | 34.5
5700 | 47 |232.1| 1.9 | 40.6 | 34.5 | 12600 | 63 | 232.2 | 2.4 | 40.1 | 34.5
6000 | 48 | 231.5| 1.9 | 40.3 | 34.4 | 12900 | 63 | 232.1 | 2.4 | 40.1 | 34.6
6300 | 49 |231.8| 2.0 | 40.6 | 34.4 | 13200 | 64 | 231.3 | 2.4 | 40.2 | 34.6
6600 | 50 232 | 2.0 | 40.5 | 34.4 | 13500 | 65 | 2324 | 2.4 | 40.5 | 345




M13199 9.3 nageuaussaurvasluAuiou Ndnsnisiva 1.0 LPM gaumall

a

Y
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1150U 45 °C

At Ts \% | | Tigvep | Topvap | At Ts \% | | Tigvap | Toevep
0 35 | 2262 1.6 | 46.0 | 42.8 | 6900 | 49 | 223.2 | 2.0 | 459 | 38.7
300 | 36 | 2255 1.6 | 46.0 | 42.8 | 7200 | 49 | 223.2 | 2.0 | 45.8 | 39.7
600 | 36 |225.5| 1.6 | 46.0 | 41.9 | 7500 | 50 | 2235 | 2.1 | 45.6 | 40.0
900 37 | 226.2| 1.6 | 455 | 404 | 7800 | 50 | 226.1 | 2.1 | 45.7 | 40.0
1200 | 37 | 225.6| 1.6 | 45.1 | 39.6 | 8100 | 51 | 2259 | 2.1 | 45.3 | 39.7
1500 | 38 | 2259 | 1.7 | 45.1 | 39.1 8400 | 52 | 225.2 | 2.1 | 46.0 | 40.3
1800 | 38 | 225.6| 1.7 | 45.0 | 39.0 | 8700 | 53 | 225.8 | 2.1 | 46.0 | 40.0
2100 | 39 | 224.6| 1.7 | 45.2 | 39.0 | 9000 | 54 | 226.5 | 2.1 | 45.4 | 39.7
2400 | 39 | 224.7 | 1.7 | 45.4 | 39.1 9300 | 54 | 2245 | 2.2 | 45.1 | 39.4
2700 | 40 | 2243 | 1.7 | 45.6 | 39.2 | 9600 | 55 | 2235 | 2.2 | 45.1 | 39.0
3000 | 40 (2244 | 1.8 | 45.4 | 39.3 | 9900 | 56 | 225.2 | 2.2 | 45.0 | 38.9
3300 | 41 |225.2| 1.8 | 45.0 | 39.1 | 10200 | 56 | 224.9 | 2.2 | 45.0 | 39.0
3600 | 41 |225.2| 1.8 | 44,5 | 38.7 | 10500 | 57 | 224.7 | 2.2 | 45.0 | 38.6
3900 | 42 | 2247 | 1.8 | 44.6 | 38.5 | 10800 | 58 | 225.3 | 2.3 | 45.0 | 39.0
4200 | 43 | 2249 | 1.8 | 44.8 | 38.7 | 11100 | 59 | 2245 | 2.3 | 45.7 | 39.2
4500 | 43 [ 224.0| 19 | 44.4 | 38.7 | 11400 | 59 | 224.7 | 2.3 | 45.6 | 39.3
4800 | 44 |223.5| 19 | 44.6 | 38.8 | 11700 | 60 | 223.0 | 2.3 | 45.1 | 39.2
5100 | 45 | 224.0| 1.9 | 44.6 | 38.8 | 12000 | 61 | 224.6 | 2.3 | 449 | 39.4
5400 | 46 |224.1| 1.9 | 45.0 | 38.7 | 12300 | 62 | 223.8 | 2.4 | 44.3 | 39.5
5700 | 46 |224.4 | 1.9 | 45.1 | 38.8 | 12600 | 63 | 224.6 | 2.4 | 44.4 | 39.5
6000 | 47 |223.8| 2.0 | 45.7 | 39.3 | 12900 | 63 | 225.2 | 2.4 | 443 | 39.4
6300 | 47 |224.8| 2.0 | 45.6 | 38.8 | 13200 | 64 | 226.9 | 2.5 | 44.5 | 39.5
6600 | 48 |223.4 | 2.0 | 459 | 39.9 | 13500 | 65 | 225.2 | 2.5 | 44.8 | 40.2




M13199 9.4 naFeuaussaurvesluAuiou Nnsnisiva 1.0 LPM gaumall

a

Y

108

1159U 50 °C

At Ts \% | | Tievap | Togwap | At Ts \ || Tievap | Togvep

0 35 | 2339 | 1.6 | 49.1 | 43.6 | 6600 | 50 | 231.9 | 2.0 | 50.0 | 44.1
300 | 36 | 2336 | 1.6 | 49.1 | 43.6 | 6900 | 50 | 2323 | 2.0 | 49.8 | 43.9
600 | 36 | 2339 | 1.6 | 499 | 43,7 | 7200 | 51 | 233.6 | 2.0 | 49.6 | 43.8
900 37 | 2339 | 1.6 | 51.0 | 44.2 | 7500 | 52 | 234.8 | 2.1 | 49.7 | 43.7
1200 | 38 | 2233 | 1.7 | 51.0 | 43.6 | 7800 | 53 | 234.2 | 2.1 | 49.7 | 43.5
1500 | 38 | 234.0 | 1.7 | 51.0 | 45.7 | 8100 | 53 | 234.8 | 2.1 | 50.0 | 43.7
1800 | 39 | 234.2 | 1.7 | 51.0 | 46.4 | 8400 | 54 | 2349 | 2.1 | 50.1 | 44.0
2100 | 40 | 2324 | 1.7 | 51.0 | 46.4 | 8700 | 55 | 235.2 | 2.2 | 50.6 | 44.3
2400 | 40 | 234.9 | 1.7 | 509 | 45.7 | 9000 | 55 | 235.8 | 2.2 | 50.8 | 44.6
2700 | 41 | 234.4 | 1.8 | 50.5 | 45.0 | 9300 | 56 | 233.6 | 2.2 | 50.2 | 44.7
3000 | 42 | 234.6 | 1.8 | 50.0 | 44.6 | 9600 | 57 | 236.0 | 2.3 | 49.7 | 44.5
3300 | 42 | 2351 | 1.8 | 49.5 | 44.0 | 9900 | 58 | 235.5 | 2.3 | 50.0 | 44.3
3600 | 43 | 2352 | 1.8 | 49.3 | 43.6 | 10200 | 58 | 234.2 | 2.3 | 50.1 | 44.2
3900 | 43 | 2345 | 1.8 | 49.5 | 43.6 | 10500 | 59 | 234.2 | 2.4 | 494 | 44.0
4200 | 44 | 234.6 | 1.9 | 49.6 | 43.6 | 10800 | 60 | 234.6 | 2.4 | 49.0 | 43.1
4500 | 44 | 234.2 | 1.9 | 49.4 | 435 | 11100 | 61 | 234.5 | 2.4 | 49.3 | 43.3
4800 | 45 | 2339 | 1.9 | 49.7 | 435 | 11400 | 61 | 234.0 | 2.4 | 49.2 | 43.1
5100 | 46 | 2333 | 1.9 | 50.1 | 434 | 11700 | 62 | 2333 | 2.5 | 49.2 | 43.2
5400 | 47 | 234.0 | 1.9 | 50.3 | 43.7 | 12000 | 63 | 231.9 | 25 | 49.2 | 43.1
5700 | 47 | 2325 | 2.0 | 51.0 | 44.2 | 12300 | 63 | 231.3 | 2.5 | 49.6 | 43.6
6000 | 48 | 233.6 | 2.0 | 51.0 | 45.1 | 12600 | 64 | 229.8 | 2.6 | 49.6 | 43.6
6300 | 49 | 2337 | 2.0 | 50.7 | 44.6 | 12900 | 65 | 232.4 | 2.6 | 50.3 | 43.9




M13199 9.5 nageuaussauzvastuauiou Nnsinisiva 1.0 LPM gaumall

a

Y

109

1159U 55 °C

At Ts \% | | Tievap | Togwap | At Ts \ || Tievap | Togvep

0 35 | 228.2 | 1.6 | 55.4 | 50.9 | 6600 | 50 | 220.9 | 2.1 | 54.6 | 48.1
300 | 36 | 2283 | 1.6 | 553 | 50.7 | 6900 | 50 | 218.2 | 2.1 | 54.6 | 48.3
600 | 37 | 226.0 | 1.6 | 56.0 | 50.0 | 7200 | 51 | 217.5 | 2.1 | 54.8 | 48.7
900 37 | 2253 | 1.6 | 56.0 | 49.9 | 7500 | 52 | 219.5 | 2.1 | 55.0 | 48.9
1200 | 38 | 226.2 | 1.7 | 55.7 | 50.1 | 7800 | 52 | 213.3 | 2.2 | 55.7 | 49.3
1500 | 38 | 226.2 | 1.7 | 55.3 | 49.5 | 8100 | 53 | 222.1 | 2.2 | 56.0 | 49.3
1800 | 39 | 226.2 | 1.7 | 54.7 | 49.0 | 8400 | 54 | 216.4 | 2.2 | 56.0 | 49.2
2100 | 40 | 223.2 | 1.7 | 54.7 | 484 | 8700 | 54 | 218.3 | 2.2 | 56.0 | 50.0
2400 | 40 | 2229 | 1.8 | 54.7 | 48.3 | 9000 | 55 | 215.5 | 2.3 | 56.0 | 50.2
2700 | 41 | 223.2 | 1.8 | 54.7 | 48.2 | 9300 | 56 | 220.1 | 2.3 | 55.9 | 50.1
3000 | 41 | 221.7 | 1.8 | 54.7 | 48.3 | 9600 | 57 | 218.6 | 2.3 | 55.8 | 50.4
3300 | 42 | 222.1 | 1.8 | 54.7 | 48.2 | 9900 | 58 | 219.3 | 2.3 | 55.2 | 49.8
3600 | 43 | 2204 | 1.9 | 55.0 | 48.1 | 10200 | 58 | 216.5 | 2.4 | 55.0 | 49.2
3900 | 43 | 219.6 | 1.9 | 55.0 | 48.3 | 10500 | 59 | 218.1 | 2.4 | 54.8 | 49.0
4200 | 44 | 221.3 | 1.9 | 55.2 | 48.6 | 10800 | 60 | 215.6 | 2.4 | 55.0 | 49.0
4500 | 45 | 222.1 | 1.9 | 56.0 | 48.8 | 11100 | 60 | 214.2 | 2.4 | 54.9 | 48.7
4800 | 45 | 222.6 | 1.9 | 55.7 | 48.9 | 11400 | 61 | 215.6 | 2.5 | 55.1 | 48.6
5100 | 46 | 220.2 | 2.0 | 55.1 | 485 | 11700 | 62 | 212.1 | 2.5 | 54.8 | 48.8
5400 | 47 | 220.2 | 2.0 | 545 | 48.1 | 12000 | 63 | 215.5 | 2.5 | 54.2 | 48.5
5700 | 48 | 219.7 | 2.0 | 545 | 47.7 | 12300 | 64 | 2153 | 2.6 | 54.0 | 48.2
6000 | 48 | 220.2 | 2.0 | 54.4 | 479 | 12600 | 65 | 214.5 | 2.6 | 54.0 | 48.0
6300 | 49 | 218.7 | 2.1 | 54.5 | 47.9




M13199 9.6 NaFeuaNsTIaUrvesluANTou Nnsnisiva 1.0 LPM gaumall

a

Y

110

1159U 60 °C

At Ts \% | | Tievap | Togwap | At Ts \ || Tievap | Togvep

0 35 | 226.7 | 1.6 | 59.8 | 55.9 | 6600 | 50 | 221.3 | 2.0 | 59.9 | 53.1
300 | 36 | 222.1 | 1.6 | 59.6 | 55.8 | 6900 | 51 | 221.5 | 2.1 | 60.4 | 53.8
600 | 36 | 226.7 | 1.6 | 59.8 | 55.1 | 7200 | 51 | 2243 | 2.1 | 60.1 | 53.8
900 37 | 226.7 | 1.7 | 60.9 | 54.3 | 7500 | 52 | 222.6 | 2.1 | 59.6 | 53.5
1200 | 38 | 2249 | 1.7 | 61.0 | 54.2 | 7800 | 53 | 224.5 | 2.1 | 59.6 | 52.7
1500 | 38 | 226.2 | 1.7 | 61.0 | 54.4 | 8100 | 53 | 223.2 | 2.1 | 59.4 | 52.8
1800 | 39 | 225.2 | 1.7 | 61.0 | 54.6 | 8400 | 54 | 2243 | 2.2 | 59.3 | 52.4
2100 | 39 | 2229 | 1.8 | 60.9 | 54.5 | 8700 | 55 | 223.2 | 2.2 | 59.2 | 52.1
2400 | 40 | 224.8 | 1.8 | 60.3 | 54.4 | 9000 | 56 | 223.1 | 2.2 | 59.3 | 52.1
2700 | 40 | 223.1 | 1.8 | 599 | 53.8 | 9300 | 56 | 223.1 | 2.2 | 59.6 | 52.2
3000 | 41 | 223.7 | 1.8 | 599 | 53.6 | 9600 | 57 | 222.2 | 2.2 | 59.7 | 52.4
3300 | 42 | 2224 | 1.8 | 59.7 | 53.4 | 9900 | 58 | 221.2 | 2.3 | 60.1 | 52.6
3600 | 42 | 2225 | 1.9 | 59.6 | 53.2 | 10200 | 59 | 225.0 | 2.3 | 60.2 | 52.6
3900 | 43 | 221.6 | 1.9 | 60.0 | 53.4 | 10500 | 59 | 221.8 | 2.3 | 60.8 | 53.3
4200 | 44 | 222.6 | 1.9 | 59.3 | 53.3 | 10800 | 60 | 221.7 | 2.3 | 60.1 | 53.4
4500 | 45 | 2205 | 1.9 | 59.0 | 52.6 | 11100 | 61 | 220.7 | 2.4 | 59.9 | 53.1
4800 | 46 | 223.8 | 1.9 | 59.6 | 529 | 11400 | 62 | 223.3 | 2.4 | 59.7 | 52.5
5100 | 46 | 224.2 | 1.9 | 59.0 | 52.8 | 11700 | 63 | 221.6 | 2.4 | 59.8 | 52.5
5400 | 47 | 2235 | 2.0 | 59.0 | 524 | 12000 | 63 | 222.6 | 2.4 | 59.7 | 525
5700 | 47 | 221.3 | 2.0 | 59.0 | 52,5 | 12300 | 64 | 2249 | 2.5 | 59.6 | 52.8
6000 | 48 | 220.2 | 2.0 | 59.0 | 52.7 | 12600 | 65 | 224.6 | 2.5 | 60.0 | 52.7
6300 | 49 | 2219 | 2.0 | 59.3 | 529




M13199 9.7 nageuaussauzvastuauiou Nnsnisiva 1.0 LPM gaumall

a

Y

111

1159U 65 °C

At Ts \% | | Tievap | Togwap | At Ts \ || Tievap | Togvep

0 35 | 2325 | 1.6 | 64.0 | 59.8 | 6600 | 50 | 2325 | 2.1 | 64.9 | 58.0
300 | 36 | 229.7 | 1.6 | 64.0 | 59.7 | 6900 | 51 | 225.5 | 2.1 | 64.8 | 57.7
600 | 36 | 2325 | 1.6 | 64.1 | 59.0 | 7200 | 51 | 2249 | 2.1 | 64.9 | 57.8
900 37 | 230.4 | 1.7 | 64.2 | 58.7 | 7500 | 52 | 225.3 | 2.1 | 65.0 | 57.9
1200 | 37 | 229.8 | 1.7 | 64.2 | 58.3 | 7800 | 53 | 225.6 | 2.1 | 65.2 | 58.2
1500 | 38 | 227.1 | 1.7 | 64.2 | 58.2 | 8100 | 53 | 226.2 | 2.1 | 65.0 | 57.6
1800 | 39 | 231.2 | 1.7 | 64.3 | 58.7 | 8400 | 54 | 230.0 | 2.1 | 64.5 | 57.0
2100 | 39 | 229.7 | 1.8 | 64.2 | 58.2 | 8700 | 55 | 230.0 | 2.2 | 65.3 | 57.9
2400 | 40 | 227.9 | 1.8 | 64.2 | 58.1 | 9000 | 56 | 227.7 | 2.2 | 65.2 | 58.2
2700 | 40 | 2279 | 1.8 | 64.3 | 57.9 | 9300 | 56 | 228.6 | 2.2 | 64.6 | 58.0
3000 | 41 | 225.0 | 1.8 | 64.1 | 58.0 | 9600 | 57 | 230.9 | 2.3 | 64.3 | 57.7
3300 | 42 | 230.7 | 1.8 | 64.2 | 58.0 | 9900 | 58 | 231.0 | 2.3 | 64.3 | 57.6
3600 | 43 | 226.2 | 1.9 | 64.0 | 575 | 10200 | 59 | 229.5 | 23 | 64.3 | 57.4
3900 | 44 | 2314 | 1.9 | 64.2 | 57.7 | 10500 | 59 | 229.2 | 2.3 | 64.3 | 57.6
4200 | 44 | 231.0 | 1.9 | 64.3 | 57.9 | 10800 | 60 | 229.5 | 2.3 | 64.4 | 57.5
4500 | 45 | 234.8 | 1.9 | 64.4 | 57.8 | 11100 | 61 | 232.7 | 2.4 | 64.3 | 57.6
4800 | 46 | 2333 | 1.9 | 64.5 | 57.8 | 11400 | 62 | 229.7 | 2.4 | 64.6 | 57.7
5100 | 46 | 231.3 | 20 | 64.4 | 575 | 11700 | 62 | 232.4 | 2.4 | 65.4 | 58.2
5400 | 47 | 2323 | 2.0 | 64.8 | 57.9 | 12000 | 63 | 233.1 | 2.4 | 65.9 | 58.6
5700 | 48 | 2325 | 2.0 | 649 | 58.0 | 12300 | 64 | 231.9 | 2.4 | 66.0 | 59.0
6000 | 48 | 2325 | 2.0 | 64.8 | 58.0 | 12600 | 65 | 233.6 | 2.5 | 65.7 | 59.3
6300 | 49 | 232.0 | 2.0 | 649 | 58.0




M131991 9.8 nageuaNsTaurvasluAuiou Nnsnisiva 2.0 LPM gaumall

a

Y

112

150U 35 °C

At Ts \% | | Tievap | Togwap | At Ts \ || Tievap | Togvep

0 35 | 2328 | 1.6 | 35.6 | 33.5 | 6900 | 50 | 231.9 | 20 | 353 | 323
300 | 36 | 232.7 | 1.6 | 355 | 335 | 7200 | 50 | 232.4 | 2.0 | 35.7 | 32.2
600 | 36 | 232.7 | 1.6 | 35.5 | 33.2 | 7500 | 51 | 230.1 | 2.0 | 35.6 | 32.6
900 37 | 2328 | 1.6 | 35.2 | 32.6 | 7800 | 51 | 231.8 | 20 | 354 | 324
1200 | 38 | 232.2 | 1.7 | 35.0 | 32.2 | 8100 | 52 | 232.2 | 2.0 | 35.3 | 324
1500 | 39 | 232.2 | 1.7 | 353 | 32.2 | 8400 | 53 | 232.1 | 2.1 | 354 | 324
1800 | 39 | 233.7 | 1.7 | 351 | 31.9 | 8700 | 54 | 2319 | 2.1 | 35,5 | 32.2
2100 | 40 | 2333 | 1.7 | 35.1 | 31.6 | 9000 | 54 | 232.4 | 2.1 | 359 | 32.8
2400 | 40 | 233.1 | 1.7 | 353 | 32.1 | 9300 | 55 | 231.5 | 2.1 | 35,9 | 329
2700 | 41 | 233.1 | 1.8 | 35.2 | 323 | 9600 | 56 | 230.9 | 2.1 | 35.6 | 32.5
3000 | 42 | 232.8 | 1.8 | 35.2 | 32.3 | 9900 | 57 | 231.5 | 2.2 | 35,6 | 32.6
3300 | 42 | 233.1 | 1.8 | 34.8 | 32.0 | 10200 | 58 | 228.2 | 2.2 | 353 | 32.3
3600 | 43 | 233.1 | 1.8 | 34.7 | 31.6 | 10500 | 58 | 230.7 | 2.2 | 35.6 | 32.6
3900 | 44 | 233.1 | 1.8 | 34.8 | 31.8 | 10800 | 59 | 229.2 | 2.3 | 355 | 325
4200 | 44 | 232.7 | 1.8 | 35.2 | 324 | 11100 | 60 | 230.5 | 2.3 | 359 | 329
4500 | 45 | 232.2 | 1.9 | 35.6 | 325 | 11400 | 60 | 2279 | 2.3 | 35.9 | 32.8
4800 | 45 | 232.1 | 1.9 | 35.7 | 32.7 | 11700 | 61 | 230.2 | 2.3 | 35.6 | 32.6
5100 | 46 | 232.1 | 1.9 | 35.4 | 324 | 12000 | 62 | 228.6 | 2.3 | 354 | 324
5400 | 47 | 2319 | 1.9 | 35.4 | 32.1 | 12300 | 62 | 232.4 | 2.3 | 355 | 325
5700 | 47 | 231.8 | 1.9 | 35.2 | 32.2 | 12600 | 63 | 232.6 | 2.4 | 35.4 | 32.4
6000 | 48 | 2319 | 1.9 | 35.3 | 32.1 | 12900 | 64 | 231.9 | 24 | 329 | 32.7
6300 | 48 | 232.2 | 1.9 | 35.2 | 32.2 | 13200 | 65 | 233.1 | 24 | 354 | 324
6600 | 49 | 232.1 | 2.0 | 354 | 324




M13199 9.9 naFeuaussaurvasluAuiou Nnsnisiva 2.0 LPM gaumall

a

Y

113

1159U 40 °C

At Ts \% | | Tievap | Togwap | At Ts \ || Tievap | Togvep

0 35 | 2274 | 1.6 | 40.3 | 37.4 | 6600 | 50 | 226.7 | 2.1 | 39.9 | 35.8
300 | 36 | 227.0 | 1.6 | 40.1 | 374 | 6900 | 50 | 2273 | 2.1 | 40.3 | 359
600 | 36 | 2274 | 1.6 | 40.0 | 36.4 | 7200 | 51 | 228.7 | 2.1 | 40.3 | 36.3
900 37 | 2289 | 1.7 | 40.0 | 36.2 | 7500 | 52 | 227.9 | 2.1 | 39.8 | 36.1
1200 | 38 | 229.1 | 1.7 | 40.1 | 36.1 | 7800 | 53 | 229.4 | 2.2 | 39.7 | 35.8
1500 | 38 | 229.1 | 1.7 | 40.3 | 36.7 | 8100 | 54 | 228.3 | 2.2 | 39.5 | 35.6
1800 | 39 | 230.4 | 1.7 | 40.9 | 36.8 | 8400 | 55 | 229.1 | 2.2 | 39.6 | 35.5
2100 | 39 | 229.2 | 1.8 | 40.3 | 36.4 | 8700 | 55 | 227.0 | 2.2 | 39.7 | 354
2400 | 40 | 229.0 | 1.8 | 399 | 35.7 | 9000 | 56 | 226.7 | 2.3 | 39.9 | 35.6
2700 | 40 | 228.0 | 1.8 | 399 | 356 | 9300 | 57 | 227.6 | 23 | 41.2 | 36.2
3000 | 41 | 2255 | 1.8 | 399 | 357 | 9600 | 58 | 227.8 | 23 | 41.4 | 37.1
3300 | 42 | 2259 | 1.8 | 40.5 | 35.7 | 9900 | 59 | 2279 | 2.3 | 40.9 | 37.0
3600 | 42 | 227.3 | 1.9 | 40.3 | 36.0 | 10200 | 59 | 228.2 | 2.3 | 40.3 | 36.5
3900 | 43 | 2265 | 1.9 | 39.8 | 355 | 10500 | 60 | 228.6 | 2.4 | 40.1 | 36.2
4200 | 44 | 227.7 | 1.9 | 39.7 | 35.4 | 10800 | 60 | 225.5 | 2.4 | 40.1 | 36.1
4500 | 45 | 227.0 | 1.9 | 39.7 | 35.2 | 11100 | 61 | 225.5 | 2.4 | 40.0 | 36.0
4800 | 45 | 227.0 | 1.9 | 39.8 | 355 | 11400 | 62 | 225.0 | 2.5 | 40.1 | 36.2
5100 | 46 | 228.2 | 2.0 | 40.3 | 35.7 | 11700 | 63 | 224.0 | 2.5 | 41.0 | 36.4
5400 | 47 | 228.2 | 2.0 | 40.6 | 36.3 | 12000 | 64 | 225.1 | 2.5 | 40.6 | 36.8
5700 | 47 | 227.0 | 2.0 | 40.2 | 36.1 | 12300 | 64 | 226.0 | 2.5 | 40.4 | 36.5
6000 | 48 | 228.2 | 2.0 | 39.8 | 35.9 | 12600 | 65 | 224.0 | 2.5 | 40.4 | 36.5
6300 | 49 | 228.0 | 2.0 | 40.0 | 35.9




M19197 .10 NAFRUANTIUEYRIUNANTIU N9RTINSva 2.0 LPM 9aun

a

114

150U 45 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 231.0 | 1.6 | 44.2 | 41.7 6300 | 50 | 227.7 | 2.0 | 44.5 | 41.0
300 | 36 | 231.6 | 1.6 | 44.1 | 41.7 6600 | 51 | 230.3 | 2.0 | 44,5 | 41.1
600 | 37 | 231.2 | 1.6 | 44.2 | 41.5 6900 52 | 227.7 | 2.1 | 44.7 | 41.3
900 | 38 | 231.0 | 1.6 | 44.8 | 41.5 7200 53 1 229.2 | 21| 449 | 414
1200 | 39 | 2338 | 1.6 | 45.7 | 424 7500 54 | 2274 | 2.1 | 452 | 41.9
1500 | 39 | 2324 | 1.6 | 453 | 425 7800 54 | 226.2 | 2.1 | 45.0 | 41.9
1800 | 40 | 231.3 | 1.7 | 45.0 | 41.9 8100 | 55 | 226.5 | 2.1 | 45.1 | 41.9
2100 | 41 | 230.4 | 1.7 | 45.1 | 41.7 8400 56 | 228.1 | 2.1 | 44.7 | 41.6
2400 | 41 | 2295 | 1.7 | 45.6 | 42.2 8700 56 | 2274 | 2.1 | 445 | 414
2700 | 42 | 232.2 | 1.8 | 45.2 | 42.1 9000 57 | 227.0 | 22 | 44.4 | 41.2
3000 | 43 | 2325 | 1.8 | 45.1 | 41.8 9300 58 | 2249 | 2.2 | 445 | 41.2
3300 | 44 | 2328 | 1.8 | 45.4 | 42.1 9600 | 58 | 224.1 | 2.2 | 445 | 41.3
3600 | 44 | 230.0 | 1.8 | 45,5 | 42.2 9900 | 59 | 224.1 | 2.3 | 445 | 41.5
3900 | 45 | 230.0 | 1.8 | 45.0 | 41.8 | 10200 | 60 | 226.2 | 2.3 | 445 | 415
4200 | 46 | 230.1 | 1.9 | 44.7 | 41.2 | 10500 | 61 | 227.6 | 2.3 | 44.7 | 41.7
4500 | 46 | 232.1 | 1.9 | 445 | 41.3 | 10800 | 61 | 227.5 | 23 | 45.0 | 42.0
4800 | 47 | 2315 | 1.9 | 444 | 41.2 | 11100 | 62 | 225.0 | 2.4 | 449 | 41.8
5100 | 48 | 231.2 | 1.9 | 446 | 41.3 | 11400 | 63 | 227.1 | 2.4 | 45.1 | 42.0
5400 | 48 | 231.3 | 1.9 | 449 | 41.6 | 11700 | 64 | 2259 | 2.4 | 454 | 42.3
5700 | 49 | 228.2 | 2.0 | 44.5 | 41.1 | 12000 | 65 | 227.8 | 2.4 | 44.8 | 41.8
6000 | 50 | 230.3 | 2.0 | 444 | 41.2




M19197 .11 nAdeUaNTIaUEYaIlNANTaU N19nTINSiva 2.0 LPM 9aum

a

115

11594 50 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep
0 35 | 224.6 | 1.6 | 50.9 | 47.8 6300 | 50 | 224.3 | 2.1 | 49.0 | 45.5
300 | 36 | 2258 | 1.6 | 50.9 | 47.7 6600 | 51 | 2235 | 2.1 | 49.0 | 45.6
600 | 37 | 224.6 | 1.7 | 50.2 | 47.1 6900 | 51 | 2214 | 2.1 | 49.2 | 46.0
900 | 37 | 224.4 | 1.7 | 49.6 | 46.4 7200 52 | 221.0 | 2.2 | 49.0 | 45.3
1200 | 38 | 223.8 | 1.7 | 49.2 | 46.2 7500 53 | 2232 | 2.2 | 49.0 | 45.1
1500 | 39 | 2234 | 1.8 | 49.0 | 45.7 7800 54 | 223.2 | 2.2 | 49.0 | 45.3
1800 | 39 | 2235 | 1.8 | 49.3 | 45.8 8100 | 55 | 220.8 | 2.2 | 49.4 | 45.7
2100 | 40 | 221.0 | 1.8 | 49.4 | 46.0 8400 | 55 | 218.1 | 2.3 | 50.0 | 46.3
2400 | 40 | 2229 | 1.8 | 49.4 | 459 8700 56 | 221.6 | 23 | 50.8 | 46.7
2700 | 41 | 220.8 | 1.9 | 49.0 | 45.7 9000 57 | 221.0 | 23 | 50.0 | 46.8
3000 | 42 | 2228 | 1.9 | 49.2 | 45.9 9300 57 | 216.9 | 23 | 50.3 | 46.9
3300 | 43 | 2219 | 1.9 | 49.3 | 459 9600 | 58 | 218.6 | 2.4 | 50.4 | 47.0
3600 | 43 | 216.2 | 1.9 | 49.7 | 46.0 9900 | 59 | 222.8 | 2.4 | 50.0 | 46.5
3900 | 44 | 220.8 | 1.9 | 49.3 | 45.6 | 10200 | 60 | 221.1 | 2.4 | 49.7 | 46.6
4200 | 45 | 218.0 | 2.0 | 49.1 | 45,5 | 10500 | 61 | 220.7 | 2.4 | 49.7 | 46.5
4500 | 45 | 218.7 | 2.0 | 49.1 | 454 | 10800 | 61 | 220.1 | 2.4 | 49.9 | 46.4
4800 | 46 | 222.6 | 2.0 | 49.0 | 454 | 11100 | 62 | 221.1 | 2.4 | 49.6 | 46.5
5100 | 47 | 220.5 | 2.0 | 49.0 | 454 | 11400 | 63 | 216.2 | 2.5 | 49.6 | 46.4
5400 | 48 | 224.7 | 2.0 | 49.1 | 455 | 11700 | 63 | 217.0 | 2.5 | 49.7 | 46.9
5700 | 49 | 224.3 | 2.0 | 49.5 | 46.0 | 12000 | 64 | 220.7 | 2.5 | 49.7 | 46.4
6000 | 49 | 2219 | 2.1 | 49.0 | 45.8 | 12300 | 65 | 2204 | 2.5 | 49.8 | 46.4




a

116

11594 55 °C

91’15'1\1‘17; .12 M@ﬁ@UﬁMiiau%m%Nmm%u ﬁﬁm’i’lmﬂﬁa 2.0 LPM Qm‘ﬂﬂll

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 226.5 | 1.6 | 55.0 | 52.6 6600 | 50 | 227.1 | 2.1 | 54.1 | 50.1
300 | 36 | 226.6 | 1.6 | 55.0 | 51.9 6900 | 50 | 226.5 | 2.1 | 54.0 | 50.1
600 | 36 | 226.5 | 1.6 | 55.3 | 52.0 7200 | 51 | 226.7 | 2.1 | 54.1 | 50.2
900 | 36 | 226.4 | 1.6 | 55.3 | 52.3 7500 52 | 226.1 | 2.1 | 54.2 | 50.3
1200 | 37 | 226.5 | 1.7 | 55.2 | 52.6 7800 53 | 2259 | 2.2 | 54.2 | 50.4
1500 | 38 | 226.2 | 1.7 | 54.1 | 50.9 8100 53 | 225.0 | 2.2 | 54.9 | 511
1800 | 38 | 226.5 | 1.7 | 54.5 | 51.1 8400 | 54 | 223.2 | 2.2 | 55.1 | 51.6
2100 | 39 | 226.2 | 1.7 | 54.0 | 50.6 8700 | 55 | 2239 | 2.2 | 55.7 | 52.2
2400 | 39 | 2265 | 1.8 | 55.0 | 514 9000 55 | 226.0 | 2.2 | 55.8 | 51.9
2700 | 40 | 226.4 | 1.8 | 55.3 | 51.6 9300 56 | 223.4 | 23 | 55.0 | 51.1
3000 | 41 | 223.7 | 1.8 | 54.6 | 51.5 9600 57 | 222.4 | 23 | 54.3 | 50.8
3300 | 42 | 224.6 | 1.8 | 545 | 51.1 9900 | 58 | 2244 | 2.3 | 543 | 50.6
3600 | 42 | 226.2 | 1.8 | 54.3 | 50.9 | 10200 | 59 | 223.6 | 2.4 | 55.1 | 51.6
3900 | 43 | 226.8 | 1.9 | 54.7 | 51.4 | 10500 | 59 | 219.2 | 2.4 | 553 | 515
4200 | 43 | 2255 | 1.9 | 55.0 | 51.5 | 10800 | 60 | 217.5 | 2.4 | 559 | 52.0
4500 | 44 | 227.6 | 1.9 | 544 | 51.3 | 11100 | 61 | 223.8 | 2.4 | 55.3 | 51.5
4800 | 45 | 227.4 | 1.9 | 54.1 | 50.7 | 11400 | 62 | 220.5 | 25 | 55.0 | 514
5100 | 45 | 226.0 | 2.0 | 54.1 | 50.3 | 11700 | 63 | 218.6 | 2.5 | 55.2 | 51.6
5400 | 46 | 225.0 | 2.0 | 54.7 | 50.9 | 12000 | 63 | 218.9 | 25 | 553 | 514
5700 | 47 | 227.3 | 2.0 | 54.2 | 50.4 | 12300 | 64 | 223.5 | 2.5 | 555 | 51.7
6000 | 48 | 227.3 | 2.0 | 54.4 | 50.7 | 12600 | 65 | 223.2 | 2.5 | 55.7 | 52.1
6300 | 49 | 2273 | 2.0 | 54.2 | 50.7




M19197 .13 NAFeUANTIUEYRIUNANTEU N9nTINSva 2.0 LPM 9aun

a

117

11594 60 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 2259 | 1.6 | 59.2 | 56.5 6300 | 50 | 218.7 | 2.1 | 59.3 | 55.2
300 | 36 | 225.6 | 1.6 | 59.3 | 56.3 6600 | 51 | 2159 | 2.1 | 59.3 | 55.2
600 | 37 | 2249 | 1.6 | 60.8 | 58.2 6900 | 52 | 2214 | 2.2 | 59.7 | 55.3
900 | 37 | 219.5 | 1.7 | 60.5 | 57.5 7200 52 | 219.6 | 2.2 | 59.4 | 55.7
1200 | 38 | 2214 | 1.7 | 60.0 | 56.9 7500 53 | 2224 | 2.2 | 59.8 | 56.4
1500 | 39 | 221.6 | 1.7 | 59.5 | 56.0 7800 54 | 220.9 | 2.2 | 59.6 | 55.7
1800 | 39 | 221.1 | 1.7 | 59.6 | 56.2 8100 | 55 | 219.2 | 2.3 | 59.0 | 54.9
2100 | 40 | 2235 | 1.8 | 59.7 | 56.1 8400 | 56 | 2235 | 2.3 | 59.4 | 55.6
2400 | 41 | 221.2 | 1.8 | 59.2 | 55.7 8700 56 | 217.1 | 23 | 59.2 | 55.2
2700 | 42 | 221.2 | 1.8 | 60.1 | 55.8 9000 57 | 220.1 | 23 | 59.3 | 55.2
3000 | 43 | 2183 | 1.8 | 60.2 | 56.0 9300 58 | 2225 | 2.4 | 59.9 | 554
3300 | 43 | 223.3 | 1.8 | 60.1 | 56.1 9600 | 59 | 219.2 | 2.4 | 60.4 | 56.4
3600 | 44 | 221.3 | 1.9 | 59.9 | 55.6 9900 | 60 | 2214 | 2.4 | 60.1 | 56.4
3900 | 45 | 222.6 | 1.9 | 59.5 | 559 | 10200 | 60 | 218.9 | 2.5 | 60.1 | 55.8
4200 | 45 | 222.5 | 1.9 | 59.7 | 55.6 | 10500 | 61 | 218.9 | 2.5 | 59.7 | 55.6
4500 | 46 | 220.5 | 1.9 | 59.7 | 55.6 | 10800 | 62 | 220.4 | 2.5 | 59.7 | 56.0
4800 | 47 | 2178 | 2.0 | 60.0 | 56.0 | 11100 | 63 | 220.5 | 2.5 | 59.5 | 555
5100 | 47 | 218.1 | 2.0 | 59.4 | 55,7 | 11400 | 63 222 2.5 1 59.3 | 552
5400 | 48 | 222.1 | 2.0 | 59.4 | 55,3 | 11700 | 64 | 220.1 | 2.6 | 59.2 | 55.6
5700 | 49 | 217.0 | 2.1 | 59.6 | 55.1 | 12000 | 65 | 221.1 | 2.6 | 59.4 | 554
6000 | 49 | 2223 | 2.1 | 59.3 | 55.2




M19197 .14 nAFeUANTIUEYaIlNANTaU N19nTINSiva 2.0 LPM 9auu

a

118

11504 65 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep
0 35 | 2255 | 1.6 | 658 | 62.9 6300 | 50 | 221.1 | 2.1 | 64.2 | 60.3
300 | 36 | 225.2 | 1.6 | 658 | 62.7 6600 | 51 | 2225 | 2.1 | 64.2 | 60.2
600 | 36 | 2229 | 1.6 | 65.0 | 61.8 6900 | 52 | 2234 | 2.1 | 64.2 | 60.2
900 | 37 | 2243 | 1.7 | 64.8 | 61.2 7200 52 | 222.6 | 2.2 | 64.4 | 60.6
1200 | 38 | 223.8 | 1.7 | 65.1 | 61.2 7500 53 | 2234 | 2.2 | 64.8 | 60.4
1500 | 38 | 222.6 | 1.7 | 65.1 | 61.3 7800 54 | 223.0 | 2.2 | 65.0 | 60.6
1800 | 39 | 222.3 | 1.8 | 65.1 | 61.3 8100 | 55 | 2235 | 2.2 | 65.3 | 61.2
2100 | 40 | 220.8 | 1.8 | 64.4 | 60.6 8400 | 55 | 223.7 | 2.2 | 65.6 | 61.5
2400 | 40 | 223.2 | 1.8 | 64.3 | 60.6 8700 56 | 224.8 | 23 | 64.4 | 61.0
2700 | 41 | 223.1 | 1.8 | 64.5 | 60.9 9000 57 | 2249 | 23 | 64.3 | 60.3
3000 | 42 | 221.3 | 1.8 | 64.6 | 60.9 9300 58 | 2235 | 23 | 64.5 | 60.5
3300 | 43 | 2223 | 1.9 | 65.0 | 60.9 9600 | 58 | 222.5 | 2.3 | 64.7 | 61.0
3600 | 43 | 2228 | 1.9 | 65.0 | 61.3 9900 | 59 | 2238 | 2.3 | 64.7 | 60.5
3900 | 44 | 221.3 | 1.9 | 64.5 | 60.7 | 10200 | 60 | 223.8 | 2.4 | 64.9 | 60.9
4200 | 45 | 221.3 | 1.9 | 64.3 | 60.7 | 10500 | 61 | 223.5 | 2.4 | 64.8 | 61.0
4500 | 46 | 222.6 | 2.0 | 64.5 | 60.8 | 10800 | 62 | 226.1 | 2.4 | 64.8 | 60.9
4800 | 46 | 221.6 | 2.0 | 64.5 | 60.7 | 11100 | 63 | 223.0 | 2.5 | 64.9 | 61.1
5100 | 47 | 2225 | 2.0 | 649 | 60.8 | 11400 | 63 | 223.1 | 2.5 | 65.2 | 61.3
5400 | 48 | 2229 | 2.0 | 64.7 | 61.2 | 11700 | 64 | 222.6 | 2.5 | 65.0 | 61.6
5700 | 49 | 221.4 | 2.1 | 64.4 | 60.5 | 12000 | 65 | 221.9 | 2.5 | 64.3 | 60.7
6000 | 49 | 221.5 | 2.1 | 64.4 | 60.8
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M13199 ¥.15 nadevauTIaurveslALeu N9nT1n1siva 2.25 LPM gaumgilinsau 35°C

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 230.5 | 1.6 | 353 | 32.6 6300 | 49 | 228.0 | 2.0 | 35.0 | 30.9
300 | 36 | 230.5 | 1.6 | 35.1 | 324 6600 | 50 | 226.7 | 2.0 | 349 | 30.8
600 | 36 | 229.4 | 1.6 | 35.0 | 31.4 6900 | 50 | 227.3 | 2.1 | 35.3 | 30.9
900 | 37 | 228.9 | 1.6 | 35.0 | 31.2 7200 51 | 228.7 | 2.1 | 35.3 | 31.3
1200 | 38 | 229.1 | 1.6 | 35.1 | 31.1 7500 52 | 2279 | 2.1 | 34.8 | 31.1
1500 | 38 | 229.1 | 1.7 | 36.3 | 31.7 7800 53 | 229.4 | 2.1 | 34.7 | 30.8
1800 | 39 | 230.4 | 1.7 | 35.9 | 31.8 8100 | 54 | 228.3 | 2.1 | 34.5 | 30.6
2100 | 40 | 229.2 | 1.7 | 35.3 | 314 8400 | 55 | 229.1 | 2.2 | 34.6 | 30.5
2400 | 40 | 229.0 | 1.7 | 349 | 30.7 8700 56 | 227.0 | 2.2 | 34.7 | 30.4
2700 | 41 | 228.0 | 1.7 | 349 | 30.6 9000 56 | 226.7 | 2.2 | 34.9 | 30.6
3000 | 41 | 225.5 | 1.8 | 349 | 30.7 9300 57 | 227.6 | 2.2 | 36.2 | 31.2
3300 | 42 | 2259 | 1.8 | 35.5 | 30.7 9600 | 58 | 227.8 | 2.3 | 36.4 | 32.1
3600 | 43 | 2273 | 1.8 | 35.3 | 31.0 9900 | 59 | 2279 | 23 | 359 | 32.0
3900 | 43 | 226.5 | 1.8 | 34.8 | 30.5 | 10200 | 59 | 228.2 | 2.3 | 353 | 315
4200 | 44 | 227.7 | 1.9 | 34.7 | 30.4 | 10500 | 60 | 228.6 | 2.3 | 35.1 | 31.2
4500 | 45 | 227.0 | 1.9 | 34.7 | 30.2 | 10800 | 61 | 2255 | 2.4 | 35.1 | 31.1
4800 | 45 | 227.0 | 1.9 | 34.8 | 30.5 | 11100 | 62 | 225.5 | 2.4 | 35.0 | 31.0
5100 | 46 | 228.2 | 1.9 | 353 | 30.7 | 11400 | 62 | 225.0 | 2.4 | 35.1 | 31.2
5400 | 47 | 228.2 | 2.0 | 35.6 | 31.3 | 11700 | 63 | 224.0 | 2.5 | 36.0 | 314
5700 | 47 | 228.0 | 2.0 | 35.2 | 31.1 | 12000 | 64 | 225.1 | 2.5 | 35.6 | 31.8
6000 | 48 | 228.2 | 2.0 | 34.8 | 30.9 | 12300 | 65 | 226.0 | 25 | 35.4 | 315
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M131991 ¥.16 MAdeUaNTIaUTYRIlLANTEU NERTIN15Iva 2.25 LPM gaungilinseu 40°C

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 231.2 | 1.6 | 37.8 | 36.7 6000 | 49 | 234.3 | 2.0 | 39.6 | 36.5
300 | 36 | 230.2 | 1.6 | 39.7 | 36.6 6300 | 50 | 2334 | 2.0 | 39.5 | 36.3
600 | 36 | 230.2 | 1.6 | 39.9 | 37.0 6600 | 51 | 231.3 | 2.0 | 39.6 | 36.4
900 | 37 | 230.7 | 1.6 | 39.7 | 36.5 6900 52 | 233.1 | 2.1 | 39.1 | 36.0
1200 | 38 | 230.9 | 1.6 | 40.3 | 37.3 7200 52 | 230.1 | 2.1 | 40.3 | 37.0
1500 | 38 | 230.9 | 1.7 | 39.5 | 36.5 7500 53 | 232.2 | 2.1 | 40.5 | 37.5
1800 | 39 | 231.8 | 1.7 | 40.1 | 36.9 7800 | 54 | 2324 | 2.1 | 40.3 | 37.1
2100 | 40 | 231.8 | 1.7 | 40.2 | 37.2 8100 | 55 | 232.1 | 2.1 | 40.0 | 36.8
2400 | 40 | 2335 | 1.7 | 39.8 | 36.8 8400 56 | 231.9 | 2.2 | 40.1 | 37.1
2700 | 41 | 233.2 | 1.7 | 39.9 | 36.9 8700 57 | 229.6 | 2.2 | 39.9 | 36.7
3000 | 42 | 2325 | 1.8 | 39.8 | 36.7 9000 57 | 230.3 | 2.2 | 39.4 | 36.4
3300 | 42 | 2325 | 1.8 | 40.1 | 37.0 9300 | 58 | 2285 | 2.2 | 39.2 | 36.2
3600 | 43 | 2334 | 1.8 | 39.8 | 36.3 9600 | 59 | 228.8 | 2.3 | 40.2 | 37.0
3900 | 44 | 233.7 | 1.8 | 40.0 | 37.0 9900 | 60 | 230.6 | 2.3 | 40.4 | 37.2
4200 | 44 | 231.2 | 1.9 | 39.2 | 36.2 | 10200 | 60 | 229.1 | 2.3 | 40.7 | 37.6
4500 | 45 | 2328 | 1.9 | 39.4 | 36.5 | 10500 | 61 | 228.4 | 2.3 | 40.0 | 36.8
4800 | 46 | 2345 | 1.9 | 40.1 | 36.9 | 10800 | 62 | 231.2 | 2.4 | 39.7 | 36.6
5100 | 46 | 2345 | 1.9 | 39.6 | 36.5 | 11100 | 63 | 230.3 | 2.4 | 39.6 | 36.6
5400 | 47 | 2339 | 2.0 | 39.6 | 36.5 | 11400 | 64 | 230.7 | 2.4 | 39.5 | 36.3
5700 | 48 | 234.4 | 2.0 | 39.8 | 36.8 | 11700 | 65 | 227.9 | 2.5 | 39.7 | 36.7
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M13199 ¥.17 nadevauTIaurveslunLeu N9nT1n1siva 2.25 LPM gaumgilinseu 45°C

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 229.3 | 1.6 | 453 | 43.2 6000 | 52 | 232.6 | 2.2 | 44,7 | 41.4
300 | 36 | 230.1 | 1.6 | 45.2 | 43.1 6300 | 53 | 2325 | 2.2 | 45.0 | 41.7
600 | 37 | 232.0 | 1.7 | 44,7 | 42.2 6600 | 53 | 230.6 | 2.2 | 445 | 41.5
900 | 38 | 2329 | 1.7 | 449 | 42.0 6900 54 | 2333 | 22 | 44.6 | 41.4
1200 | 38 | 232.2 | 1.7 | 45.0 | 41.8 7200 55 | 2331 | 22 | 44.2 | 414
1500 | 39 | 2314 | 1.8 | 44.7 | 41.7 7500 55 | 232.0 | 23 | 444 | 41.0
1800 | 40 | 232.1 | 1.8 | 44.1 | 41.3 7800 | 56 | 232.1 | 2.3 | 44.2 | 40.9
2100 | 40 | 2314 | 1.8 | 443 | 41.5 8100 | 57 | 2309 | 2.3 | 44,1 | 41.2
2400 | 41 | 230.2 | 1.9 | 44.4 | 41.7 8400 57 | 230.3 | 23 | 44.2 | 41.3
2700 | 42 | 230.7 | 1.9 | 445 | 41.6 8700 58 | 230.1 | 23 | 445 | 414
3000 | 43 | 231.2 | 1.9 | 44.7 | 414 9000 59 | 2320 | 24 | 444 | 41.2
3300 | 44 | 2328 | 1.9 | 448 | 41.7 9300 | 60 | 230.7 | 2.4 | 44.1 | 41.0
3600 | 45 | 2324 | 2.0 | 449 | 41.8 9600 | 60 | 230.2 | 2.4 | 44,2 | 41.2
3900 | 46 | 230.3 | 2.0 | 44.1 | 40.5 9900 | 61 | 230.2 | 24 | 446 | 41.7
4200 | 47 | 230.4 | 2.0 | 44.8 | 41.4 | 10200 | 61 | 230.5 | 2.4 | 445 | 41.6
4500 | 48 | 230.5 | 2.0 | 45.6 | 42.2 | 10500 | 62 | 232.0 | 2.5 | 44.2 | 41.3
4800 | 49 | 232.1 | 2.1 | 45.8 | 42.3 | 10800 | 63 | 230.2 | 2.5 | 445 | 41.7
5100 | 50 | 232.1 | 2.1 | 448 | 42.0 | 11100 | 64 | 232.0 | 2.5 | 44.6 | 41.3
5400 | 51 | 231.8 | 2.1 | 444 | 41.2 | 11400 | 64 | 232.2 | 2.5 | 45.1 | 41.7
5700 | 51 | 230.3 | 2.1 | 443 | 41.0 | 11700 | 65 | 232.2 | 2.5 | 44.3 | 41.1
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M131991 9.18 MAdeUaNTIaUTYRIlLANTaU N9RT1N15lva 2.25 LPM gaungilinsau 50°C

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 230.4 | 1.6 | 50.7 | 471.7 6000 | 49 | 234.3 | 2.0 | 48.8 | 45.7
300 | 36 | 233.1 | 1.6 | 50.7 | 47.6 6300 | 50 | 2334 | 2.0 | 48.8 | 454
600 | 36 | 230.1 | 1.6 | 50.0 | 47.0 6600 | 51 | 231.3 | 2.0 | 48.8 | 45.5
900 | 37 | 2322 | 1.6 | 49.4 | 46.3 6900 52 | 233.1 | 2.1 | 49.0 | 459
1200 | 38 | 2324 | 1.6 | 49.0 | 46.1 7200 52 | 230.1 | 2.1 | 48.8 | 45.2
1500 | 38 | 232.1 | 1.7 | 48.8 | 45.6 7500 53 | 232.2 | 2.1 | 48.8 | 45.0
1800 | 39 | 231.9 | 1.7 | 49.1 | 45.7 7800 | 54 | 2324 | 2.1 | 48.8 | 45.2
2100 | 40 | 229.6 | 1.7 | 49.2 | 45.9 8100 | 55 | 232.1 | 2.1 | 49.2 | 45.6
2400 | 40 | 230.3 | 1.7 | 49.2 | 45.8 8400 56 | 231.9 | 2.2 | 49.8 | 46.2
2700 | 41 | 233.2 | 1.7 | 48.8 | 45.6 8700 57 | 229.6 | 2.2 | 50.6 | 46.6
3000 | 41 | 2325 | 1.8 | 49.0 | 45.8 9000 57 | 230.3 | 2.2 | 49.8 | 46.7
3300 | 42 | 2325 | 1.8 | 49.1 | 458 9300 | 58 | 2285 | 2.2 | 50.1 | 46.8
3600 | 43 | 2334 | 1.8 | 49.5 | 45.9 9600 | 59 | 233.1 | 2.3 | 50.2 | 46.9
3900 | 43 | 233.7 | 1.8 | 49.1 | 45.5 9900 | 60 | 230.1 | 2.3 | 49.8 | 46.4
4200 | 44 | 231.2 | 1.9 | 489 | 45.4 | 10200 | 60 | 232.2 | 2.3 | 49.5 | 46.5
4500 | 45 | 2328 | 1.9 | 489 | 453 | 10500 | 61 | 232.4 | 23 | 49.5 | 46.4
4800 | 46 | 2345 | 1.9 | 48.8 | 45.3 | 10800 | 62 | 232.1 | 2.4 | 49.7 | 46.3
5100 | 46 | 2345 | 1.9 | 488 | 453 | 11100 | 63 | 231.9 | 2.4 | 494 | 46.4
5400 | 47 | 2339 | 2.0 | 489 | 45.4 | 11400 | 64 | 229.6 | 2.4 | 494 | 46.3
5700 | 48 | 234.4 | 2.0 | 49.3 | 459 | 11700 | 65 | 230.3 | 2.5 | 49.5 | 46.8
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M131991 ¥.19 MadevaNTIaUrYRIlANTaU NERTIN15lva 2.25 LPM gaungilinseu 55°C

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 231.5 | 1.6 | 55.0 | 50.9 6300 | 49 | 2328 | 2.0 | 544 | 47.8
300 | 36 | 232.7 | 1.6 | 55.2 | 50.6 6600 | 50 | 234.5 | 2.0 | 54.5 | 48.0
600 | 36 | 231.2 | 1.6 | 55.9 | 49.9 6900 | 51 | 2345 | 2.1 | 54,5 | 48.2
900 | 37 | 2328 | 1.6 | 55.9 | 49.8 7200 52 | 2339 | 2.1 | 54.7 | 48.6
1200 | 38 | 232.5 | 1.6 | 55.6 | 50.0 7500 53 | 234.4 | 2.1 | 54.9 | 48.8
1500 | 38 | 2325 | 1.7 | 55.2 | 494 7800 53 | 2343 | 2.1 | 55.6 | 49.2
1800 | 39 | 2329 | 1.7 | 54.6 | 48.9 8100 | 54 | 2334 | 2.2 | 55.9 | 49.2
2100 | 40 | 2324 | 1.7 | 54.6 | 48.3 8400 | 55 | 231.3 | 2.2 | 55.9 | 49.1
2400 | 40 | 2323 | 1.8 | 54.6 | 48.2 8700 56 | 233.7 | 2.2 | 55.9 | 49.9
2700 | 41 | 2334 | 1.8 | 54.6 | 48.1 9000 57 | 231.2 | 2.2 | 55.9 | 50.1
3000 | 42 | 231.3 | 1.8 | 54.6 | 48.2 9300 57 | 233.7 | 2.2 | 55.8 | 50.0
3300 | 42 | 2285 | 1.8 | 54.6 | 48.1 9600 | 58 | 231.2 | 2.3 | 55.7 | 50.3
3600 | 43 | 230.5 | 1.8 | 549 | 48.0 9900 | 59 | 2328 | 2.3 | 55.1 | 49.7
3900 | 44 | 230.3 | 1.9 | 549 | 48.2 | 10200 | 60 | 234.5 | 2.3 | 549 | 49.1
4200 | 45 | 229.8 | 1.9 | 55.1 | 48,5 | 10500 | 61 | 234.5 | 2.4 | 54.7 | 48.9
4500 | 45 | 230.0 | 1.9 | 55.9 | 48.7 | 10800 | 62 | 233.9 | 2.4 | 54.9 | 48.9
4800 | 46 | 230.7 | 1.9 | 55.6 | 48.8 | 11100 | 63 | 234.4 | 2.4 | 54.8 | 48.6
5100 | 46 | 230.3 | 1.9 | 55.0 | 48.4 | 11400 | 63 | 234.3 | 2.4 | 55.0 | 48.5
5400 | 47 | 2309 | 2.0 | 54.4 | 48.0 | 11700 | 64 | 233.4 | 2.5 | 54.7 | 48.7
5700 | 48 | 233.7 | 2.0 | 54.4 | 47.6 | 12000 | 65 | 231.3 | 25 | 54.1 | 48.4
6000 | 49 | 231.2 | 2.0 | 543 | 47.8
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M131991 9.20 nadevaNTIaUrYRIliANTaU N9nT1N15tva 2.25 LPM gaungilinseu 60°C

At | Ts v || Tigvap | Togvap | At Ts \ I | Tievap | Togvep

0 35| 2259 | 1.6 | 59.2 | 57.8 | 6300 51 2322 | 2.1 | 60.1 | 57.4
300 | 36 | 232.7 | 1.6 | 59.4 | 57.5 | 6600 52 232.1 | 2.1 | 59.8 | 57.4
600 | 36 | 232.7 | 1.6 | 59.4 | 57.3 | 6900 52 2319 | 2.1 | 59.4 | 57.0
900 | 37 | 232.8 | 1.7 | 59.8 | 57.5 | 7200 53 2324 | 2.2 | 59.6 | 57.1
1200 | 38 | 232.2 | 1.7 | 59.4 | 57.3 | 7500 54 230.1 | 2.2 | 60.0 | 57.3
1500 | 38 | 232.2 | 1.7 | 59.5 | 56.9 | 7800 55 231.8 | 2.2 | 59.5 | 56.9
1800 | 39 | 233.7 | 1.7 | 59.4 | 57.0 | 8100 55 232.2 | 2.2 | 59.6 | 57.1
2100 | 40 | 233.3 | 1.8 | 59.8 | 57.4 | 8400 56 232.1 | 23 | 60.0 | 574
2400 | 41 | 233.1 | 1.8 | 59.8 | 57.6 | 8700 57 2319 | 23 | 59.5 | 57.2
2700 | 41 | 233.1 | 1.8 | 59.4 | 57.0 | 9000 58 2324 | 2.3 | 59.7 | 57.1
3000 | 42 | 232.8 | 1.8 | 59.4 | 57.1 | 9300 58 2315 | 2.3 | 60.2 | 57.5
3300 | 43 | 233.1 | 1.8 | 59.8 | 57.3 | 9600 59 2309 | 2.4 | 59.7 | 57.6
3600 | 44 | 233.1 | 1.9 | 59.8 | 57.5 | 9900 60 2315 | 24 | 59.7 | 574
3900 | 44 | 233.1 | 1.9 | 59.5 | 57.1 | 10200 61 228.2 | 2.4 | 60.0 | 57.7
4200 | 45 | 232.7 | 1.9 | 59.7 | 57.3 | 10500 61 230.7 | 2.4 | 59.7 | 57.5
4500 | 46 | 232.2 | 1.9 | 59.6 | 57.5 | 10800 62 229.2 | 2.4 | 60.0 | 57.7
4800 | 47 | 232.1 | 2.0 | 59.4 | 56.9 | 11100 63 230.5 | 2.5 | 59.8 | 57.7
5100 | 48 | 232.1 | 2.0 | 59.7 | 57.1 | 11400 64 2279 | 2.5 | 59.7 | 57.6
5400 | 48 | 2319 | 2.0 | 59.7 | 57.3 | 11700 64 230.2 | 2.5 | 59.7 | 57.5
5700 | 49 | 231.8 | 2.0 | 59.4 | 56.9 | 12000 65 228.6 | 2.5 | 59.6 | 57.4
6000 | 50 | 231.9 | 2.1 | 59.6 | 56.9
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M13199 ¥.21 nadevaNTIaurYeIlANTeu N9nT1n1siva 2.25 LPM gaumngilinsau 65°C

At | Ts v I | Tievap | Topvap | At Ts v I | Tievap | Toevap

0 35 | 230.5 | 1.6 | 65.3 | 62.7 6000 | 50 | 230.3 | 2.1 | 64.6 | 61.7
300 | 36 | 2304 | 1.6 | 65.1 | 625 6300 | 51 | 230.3 | 2.2 | 649 | 61.9
600 | 36 | 231.2 | 1.6 | 64.8 | 62.3 6600 | 51 | 230.0 | 2.2 | 65.3 | 62.3
900 | 37 | 231.2 | 1.7 | 64.5 | 61.9 6900 52 | 230.6 | 2.2 | 64.7 | 62.1
1200 | 38 | 230.3 | 1.7 | 64.7 | 61.9 7200 53 | 230.4 | 2.2 | 64.6 | 61.6
1500 | 39 | 231.0 | 1.7 | 65.0 | 62.2 7500 54 | 230.2 | 23 | 65.3 | 62.0
1800 | 39 | 230.3 | 1.8 | 64.6 | 61.9 7800 | 55 | 230.5 | 2.3 | 645 | 61.6
2100 | 40 | 230.0 | 1.8 | 64.7 | 61.9 8100 | 55 | 228.6 | 2.3 | 64.5 | 61.2
2400 | 41 | 230.6 | 1.8 | 65.2 | 62.3 8400 56 | 228.4 | 23 | 64.7 | 61.6
2700 | 42 | 230.4 | 1.8 | 64.5 | 61.8 8700 57 | 228.0 | 23 | 65.3 | 62.1
3000 | 42 | 230.2 | 1.9 | 64.7 | 61.6 9000 58 | 230.0 | 23 | 64.5 | 61.8
3300 | 43 | 2305 | 1.9 | 649 | 61.8 9300 | 58 | 2304 | 2.4 | 64.7 | 61.6
3600 | 44 | 2309 | 1.9 | 65.4 | 62.2 9600 | 59 | 231.2 | 24 | 65.2 | 61.9
3900 | 45 | 230.4 | 1.9 | 65.5 | 62.6 9900 | 60 | 231.2 | 2.4 | 645 | 61.8
4200 | 45 | 230.0 | 2.0 | 64.5 | 61.8 | 10200 | 61 | 230.3 | 2.4 | 64.6 | 61.7
4500 | 46 | 230.4 | 2.0 | 64.8 | 61.9 | 10500 | 62 | 231.0 | 2.4 | 64.8 | 61.7
4800 | 47 | 230.6 | 2.0 | 65.0 | 62.1 | 10800 | 63 | 228.4 | 2.5 | 64.7 | 61.7
5100 | 48 | 230.4 | 2.0 | 64.7 | 61.7 | 11100 | 64 | 230.4 | 2.5 | 64.6 | 61.7
5400 | 48 | 2309 | 2.1 | 64.8 | 61.8 | 11400 | 64 | 230.5 | 2.5 | 64.5 | 61.6
5700 | 49 | 230.4 | 2.1 | 65.1 | 62.1 | 11700 | 65 | 231.2 | 25 | 64.5 | 61.5




M19197 .22 NAFRUANTIUEYRIUNANTU N9nTINSvia 3.0 LPM 9aun

a
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150U 35 °C

Of
At | Ts \% || Tigvap | Toevep | At Ts \% || Tievep | Togvep
0 35| 230.5 | 1.6 | 35.4 | 33.6 | 6300 50 2255 | 2.1 | 353 | 33.1
300 | 36 | 229.6 | 1.7 | 35.3 | 33.4 | 6600 51 228.,5 | 2.1 | 35.0 | 32.8
600 | 36 | 223.4 | 1.7 | 35.0 | 32.9 | 6900 51 228.8 | 2.1 | 35.0 | 32.8
900 | 37 | 225.5 | 1.7 | 35.1 | 32.8 | 7200 52 228.8 | 2.1 | 35.1 | 32.8
1200 | 38 | 230.5 | 1.8 | 34.8 | 32.6 | 7500 53 226.2 | 2.2 | 35.1 | 32.8
1500 | 39 | 229.3 | 1.8 | 35.3 | 32.7 | 7800 54 226.3 | 2.2 | 35,5 | 33.1
1800 | 39 | 227.9 | 1.8 | 349 | 32.6 | 8100 54 226.1 | 2.2 | 358 | 335
2100 | 40 | 230.0 | 1.8 | 34.8 | 32.4 | 8400 55 2258 | 2.3 | 35.6 | 334
2400 | 41 | 227.4 | 1.8 | 35.2 | 32.7 | 8700 56 224.6 | 2.3 | 35.3 | 33.2
2700 | 42 | 228.0 | 1.9 | 35.0 | 32.6 | 9000 57 2223 | 2.3 | 35.2 | 329
3000 | 42 | 228.3 | 1.9 | 35.3 | 32.8 | 9300 58 224.9 | 2.3 | 35,5 | 33.0
3300 | 43 | 228.8 | 1.9 | 35.1 | 32.9 | 9600 58 222.2 | 2.3 | 351 | 329
3600 | 44 | 226.4 | 1.9 | 35.0 | 32.6 | 9900 59 2245 | 2.3 | 35.1 | 33.0
3900 | 45 | 227.0 | 1.9 | 35.1 | 32.7 | 10200 | 60 2253 | 2.4 | 348 | 32.8
4200 | 45| 227.0 | 1.9 | 35.0 | 32.8 | 10500 | 60 2223 | 2.4 | 351 | 32.8
4500 | 46 | 227.1 | 2.0 | 34.8 | 32.7 | 10800 61 2233 | 2.4 | 353 | 33.1
4800 | 47 | 227.0 | 2.0 | 35.0 | 32.7 | 11100 62 223.2 | 2.5 | 35.0 | 33.0
5100 | 47 | 230.4 | 2.0 | 35.3 | 33.0 | 11400 | 63 222.5 | 25 | 352 | 33.0
5400 | 48 | 229.3 | 2.0 | 35.2 | 32.7 | 11700 | 64 2235 | 25 | 35.2 | 33.1
5700 | 49 | 228.6 | 2.1 | 35.0 | 32.8 | 12000 | 65 2232 | 2.5 | 349 | 329
6000 | 49 | 227.0 | 2.1 | 35.4 | 33.2




M19197 .23 VAR UANTIUEYRIUNANTEU N9RTINSvia 3.0 LPM 9aun

a

127

11594 40 °C

Of

At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep

0 35 | 231.2 | 1.6 | 40.8 | 38.1 6000 | 51 | 2274 | 2.1 | 40.1 | 37.6
300 | 36 | 229.0 | 1.7 | 40.8 | 38.0 6300 | 51 | 227.0 | 2.1 | 40.1 | 37.3
600 | 37 | 231.2 | 1.7 | 40.1 | 37.8 6600 | 52 | 2264 | 2.2 | 40.3 | 37.5
900 | 37 | 230.4 | 1.7 | 39.7 | 37.2 6900 53 | 2253 | 2.2 | 40.8 | 37.8
1200 | 38 | 226.6 | 1.8 | 39.8 | 36.9 7200 54 | 2255 | 2.2 | 40.9 | 37.7
1500 | 39 | 229.2 | 1.8 | 39.9 | 37.1 7500 55 | 228.8 | 2.2 | 40.9 | 37.8
1800 | 40 | 230.3 | 1.8 | 40.2 | 37.1 7800 | 55 | 229.1 | 2.2 | 409 | 37.8
2100 | 41 | 225.2 | 1.8 | 40.3 | 37.5 8100 | 56 | 227.2 | 2.2 | 40.6 | 37.5
2400 | 42 | 220.7 | 1.8 | 39.8 | 37.1 8400 57 | 230.0 | 23 | 40.1 | 37.2
2700 | 42 | 2234 | 1.9 | 39.5 | 36.8 8700 58 | 229.6 | 2.3 | 39.9 | 36.9
3000 | 43 | 223.0 | 1.9 | 39.7 | 36.7 9000 58 | 226.4 | 23 | 40.1 | 37.1
3300 | 44 | 222.8 | 1.9 | 39.6 | 36.7 9300 | 59 | 2285 | 2.3 | 40.0 | 37.1
3600 | 45 | 2249 | 1.9 | 39.8 | 36.6 9600 | 61 | 228.3 | 2.4 | 39.8 | 36.9
3900 | 45 | 2245 | 1.9 | 40.5 | 37.1 9900 | 61 | 228.6 | 2.4 | 40.1 | 36.9
4200 | 46 | 224.7 | 2.0 | 40.9 | 38.0 | 10200 | 62 | 230.5 | 2.4 | 40.2 | 36.9
4500 | 47 | 225.3 | 2.0 | 40.6 | 38.0 | 10500 | 63 | 228.0 | 2.5 | 39.7 | 36.8
4800 | 48 | 223.7 | 2.0 | 40.2 | 37.7 | 10800 | 64 | 229.3 | 2.5 | 39.8 | 36.7
5100 | 48 | 222.6 | 2.0 | 399 | 37.2 | 11100 | 64 | 228.0 | 2.5 | 40.3 | 36.8
5400 | 49 | 224.0 | 2.1 | 39.9 | 37.2 | 11400 | 65 | 227.4 | 2.5 | 40.2 | 37.1
5700 | 50 | 224.7 | 2.1 | 40.1 | 374




M19197 .24 VAFRUANTIUEYDIUNANTIU N9RTINSva 3.0 LPM 9aun

a
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150U 45 °C

Of
At | Ts \% || Tigvap | Toevep | At Ts \% || Tievep | Togvep
0 35| 229.3 | 1.6 | 45.0 | 42.9 | 6300 49 2293 | 2.1 | 450 | 425
300 | 36 | 229.5 | 1.7 | 44.7 | 42.6 | 6600 50 228.2 | 2.1 | 449 | 425
600 | 36 | 228.5 | 1.7 | 45.3 | 42.9 | 6900 51 226.7 | 2.1 | 448 | 42.3
900 | 36 | 228.0 | 1.7 | 45.9 | 43.3 | 7200 52 230.0 | 2.1 | 45.0 | 42.6
1200 | 37 | 227.9 | 1.7 | 45.5 | 43.6 | 7500 53 2274 | 2.2 | 44.8 | 424
1500 | 37 | 228.2 | 1.7 | 45.0 | 43.0 | 7800 54 228.0 | 2.2 | 45.1 | 42.6
1800 | 38 | 2249 | 1.8 | 44.8 | 42.6 | 8100 54 228.0 | 2.2 | 45.1 | 42.7
2100 | 39 | 2249 | 1.8 | 45.1 | 42.8 | 8400 55 2253 | 22 | 449 | 424
2400 | 40 | 228.2 | 1.8 | 45.6 | 43.0 | 8700 56 2263 | 2.3 | 44.9 | 425
2700 | 40 | 228.5 | 1.8 | 45.3 | 42.9 | 9000 57 2295 | 23 | 453 | 42.8
3000 | 41 | 228.2 | 1.8 | 44.8 | 42.4 | 9300 58 228.0 | 2.3 | 45.2 | 43.0
3300 | 42 | 225.0 | 1.9 | 44.5 | 41.9 | 9600 59 228.9 | 23 | 45.0 | 42.7
3600 | 42 | 224.7 | 1.9 | 44.7 | 42.1 9900 60 2247 | 2.4 | 44.6 | 42.3
3900 | 43 | 2255 | 1.9 | 45.3 | 42.6 | 10200 | 60 2237 | 25 | 444 | 421
4200 | 44 | 227.4 | 1.9 | 45.9 | 42.9 | 10500 61 2238 | 25 | 445 | 42.0
4500 | 45 | 229.8 | 1.9 | 45.9 | 42.9 | 10800 62 225.6 | 25 | 450 | 425
4800 | 45 | 227.1 | 2.0 | 45.9 | 43.4 | 11100 63 226.7 | 25 | 453 | 429
5100 | 46 | 227.6 | 2.0 | 45.8 | 43.4 | 11400 | 64 2283 | 2.6 | 44.8 | 42.6
5400 | 47 | 227.6 | 2.0 | 45.4 | 43.1 | 11700 64 22719 | 2.6 | 45.2 | 42.7
5700 | 48 | 228.8 | 2.0 | 45.1 | 42.8 | 12000 65 227.4 | 2.6 | 45.2 | 42.7
6000 | 49 | 226.2 | 2.1 | 44.8 | 42.4




M19197 .25 VAR UANTIUEYRIUNANTEU N9nTINSvia 3.0 LPM 9aun

a

129

11594 50 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep
0 35 | 2294 | 1.6 | 50.5 | 48.5 6000 | 50 | 228.0 | 2.1 | 49.6 | 47.0
300 | 36 | 229.6 | 1.7 | 504 | 48.5 6300 | 51 | 227.3 | 2.1 | 49.4 | 46.7
600 | 36 | 227.4 | 1.7 | 50.2 | 48.2 6600 | 52 | 225.6 | 2.1 | 49.5 | 46.6
900 | 37 | 225.0 | 1.7 | 49.7 | 47.5 6900 52 | 225.6 | 2.1 | 49.5 | 46.7
1200 | 38 | 226.1 | 1.7 | 49.6 | 47.2 7200 53 | 2244 | 2.2 | 50.0 | 47.2
1500 | 39 | 228.8 | 1.8 | 50.1 | 474 7500 54 | 225.8 | 2.2 | 50.1 | 47.6
1800 | 39 | 227.7 | 1.8 | 50.2 | 47.8 7800 | 55 | 2273 | 2.3 | 49.7 | 47.2
2100 | 40 | 2283 | 1.8 | 49.6 | 47.3 8100 | 56 | 227.8 | 2.3 | 49.6 | 47.1
2400 | 41 | 226.2 | 1.8 | 49.4 | 46.9 8400 56 | 226.7 | 23 | 50.0 | 47.4
2700 | 42 | 2264 | 1.9 | 49.4 | 47.0 8700 57 | 2274 | 23 | 49.9 | 47.5
3000 | 42 | 228.6 | 1.9 | 49.8 | 47.2 9000 58 | 227.0 | 2.4 | 49.5 | 47.2
3300 | 43 | 229.1 | 1.9 | 50.2 | 47.7 9300 | 58 | 227.1 | 2.4 | 49.7 | 47.1
3600 | 44 | 2294 | 1.9 | 49.7 | 474 9600 | 59 | 226.8 | 2.4 | 50.0 | 47.5
3900 | 45 | 2294 | 1.9 | 49.5 | 47.2 9900 | 60 | 2264 | 2.4 | 49.8 | 47.5
4200 | 45 | 228.0 | 1.9 | 49.5 | 47.1 | 10200 | 61 | 226.5 | 25 | 49.6 | 47.2
4500 | 46 | 2279 | 2.0 | 49.4 | 47.1 | 10500 | 62 | 225.9 | 25 | 49.7 | 47.2
4800 | 47 | 2289 | 2.0 | 49.6 | 47.3 | 10800 | 63 | 226.7 | 2.5 | 50.0 | 47.4
5100 | 48 | 229.1 | 2.0 | 49.5 | 47.1 | 11100 | 63 | 226.3 | 2.5 | 505 | 47.9
5400 | 48 | 227.0 | 2.0 | 49.5 | 47.2 | 11400 | 64 | 224.9 | 2.5 | 50.5 | 48.3
5700 | 49 | 2274 | 2.1 | 493 | 46.8 | 11700 | 65 | 225.3 | 2.5 | 504 | 48.0




M19197 .26 NAFRUANTINUEYDIUNANTIU N9NTINSva 3.0 LPM 9aun

a

130

11594 55 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep
0 35 | 229.5 | 1.6 | 54.9 | 52.9 6000 | 50 | 2244 | 2.1 | 55.0 | 51.9
300 | 36 | 229.6 | 1.7 | 54.7 | 52.8 6300 | 51 | 224.3 | 2.1 | 55.1 | 52.1
600 | 36 | 227.7 | 1.7 | 54.6 | 52.2 6600 | 52 | 225.0 | 2.2 | 549 | 52.0
900 | 37 | 227.0 | 1.7 | 54.9 | 52.6 6900 53 | 2259 | 2.2 | 54.7 | 51.7
1200 | 38 | 227.7 | 1.8 | 54.6 | 52.7 7200 53 12249 | 23 | 54.7 | 51.6
1500 | 39 | 226.1 | 1.8 | 54.6 | 524 7500 54 | 2235 | 23 | 548 | 51.8
1800 | 40 | 226.1 | 1.8 | 54.6 | 52.1 7800 | 55 | 2224 | 2.3 | 55.0 | 52.1
2100 | 41 | 2258 | 1.9 | 54.8 | 52.3 8100 | 56 | 2244 | 2.3 | 54.8 | 52.0
2400 | 41 | 227.1 | 1.9 | 548 | 52.1 8400 57 | 225.4 | 2.4 | 54.8 | 51.9
2700 | 42 | 2264 | 1.9 | 55.0 | 52.3 8700 58 | 2243 | 2.4 | 54.8 | 52.0
3000 | 43 | 226.2 | 1.9 | 54.7 | 52.1 9000 58 | 2249 | 2.4 | 55.1 | 52.2
3300 | 43 | 226.1 | 2.0 | 54.7 | 51.6 9300 | 59 | 2235 | 2.4 | 54,7 | 52.1
3600 | 44 | 227.2 | 2.0 | 54.8 | 51.7 9600 | 60 | 2244 | 2.5 | 54.6 | 51.8
3900 | 45 | 226.5 | 2.0 | 55.2 | 52.0 9900 | 61 | 2243 | 2.5 | 54.7 | 51.9
4200 | 45 | 225.5 | 2.0 | 54.9 | 52.0 | 10200 | 62 | 2255 | 2.5 | 549 | 52.1
4500 | 46 | 227.0 | 2.0 | 54.7 | 51.8 | 10500 | 62 | 225.0 | 2.5 | 55.1 | 52.2
4800 | 47 | 2255 | 2.0 | 54.8 | 51.9 | 10800 | 63 | 225.2 | 2.6 | 55.0 | 52.3
5100 | 48 | 225.2 | 2.1 | 54.7 | 51.8 | 11100 | 64 | 226.4 | 2.6 | 54.7 | 51.9
5400 | 49 | 2244 | 2.1 | 54.6 | 51.6 | 11400 | 65 | 225.0 | 2.6 | 54.7 | 52.0
5700 | 49 | 225.1 | 2.1 | 54.7 | 51.6




M19197 V.27 VAR UANTIUEYRIUNANTIU N9nTINSIvia 3.0 LPM 9aun

a

131

11594 60 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep
0 35 | 230.4 | 1.6 | 59.7 | 57.6 6000 | 50 | 229.2 | 2.2 | 59.6 | 57.0
300 | 36 | 229.8 | 1.7 | 594 | 57.5 6300 | 51 | 228.6 | 2.2 | 59.9 | 57.3
600 | 36 | 229.4 | 1.7 | 59.4 | 57.3 6600 | 52 | 2249 | 2.3 | 59.8 | 57.5
900 | 37 | 228.2 | 1.7 | 59.7 | 57.5 6900 53 | 223.7 | 23 | 59.4 | 57.1
1200 | 38 | 228.0 | 1.7 | 59.4 | 57.3 7200 54 | 226.2 | 23 | 59.5 | 57.0
1500 | 38 | 228.2 | 1.8 | 59.5 | 56.9 7500 54 | 226.8 | 2.4 | 60.0 | 57.2
1800 | 39 | 228.0 | 1.8 | 59.4 | 57.0 7800 | 55 | 225.0 | 2.4 | 59.6 | 57.1
2100 | 40 | 230.0 | 1.8 | 59.7 | 57.3 8100 | 56 | 225.7 | 2.4 | 59.6 | 57.0
2400 | 40 | 230.4 | 1.8 | 59.8 | 57.6 8400 57 | 226.7 | 2.4 | 60.0 | 57.3
2700 | 41 | 230.1 | 1.9 | 594 | 57.1 8700 58 | 224.8 | 25 | 59.5 | 57.2
3000 | 42 | 230.7 | 1.9 | 59.4 | 57.0 9000 58 | 227.6 | 25 | 59.6 | 57.1
3300 | 43 | 2309 | 2.0 | 59.7 | 57.2 9300 | 59 | 2273 | 25 | 59.9 | 574
3600 | 44 | 231.8 | 2.0 | 60.0 | 57.6 9600 | 60 | 226.0 | 2.5 | 59.8 | 57.6
3900 | 44 | 231.8 | 2.0 | 59.4 | 57.1 9900 | 61 | 226.5 | 2.5 | 59.7 | 57.5
4200 | 45 | 232.1 | 2.0 | 59.6 | 57.1 | 10200 | 62 | 226.5 | 2.5 | 60.0 | 57.7
4500 | 46 | 2319 | 2.1 | 59.9 | 57.3 | 10500 | 63 | 225.7 | 2.6 | 59.7 | 57.6
4800 | 47 | 2315 | 2.1 | 59.5 | 56.9 | 10800 | 63 | 225.8 | 2.6 | 60.0 | 57.7
5100 | 48 | 231.0 | 2.1 | 59.6 | 56.9 | 11100 | 64 | 226.2 | 2.7 | 59.9 | 57.9
5400 | 49 | 230.0 | 2.1 | 59.8 | 57.3 | 11400 | 65 | 226.5 | 2.7 | 59.7 | 57.6
5700 | 49 | 230.0 | 2.2 | 59.4 | 56.9




M19197 .28 NAFRUANTIUEYRIUNANTIU N9RTINSva 3.0 LPM 9aun

a
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11504 65 °C

Of
At Ts \ | | Tigvap | Topvap | At Ts \ | | Tigvap | Toevep
0 35 | 230.9 | 1.6 | 64.9 | 62.5 5400 | 49 | 230.9 | 2.1 | 64.8 | 61.8
300 | 36 | 229.8 | 1.7 | 65.0 | 624 5700 | 50 | 226.4 | 2.2 | 65.2 | 61.9
600 | 36 | 228.0 | 1.7 | 649 | 62.5 6000 | 51 | 230.6 | 2.2 | 64.6 | 61.9
900 | 37 | 228.6 | 1.7 | 64.6 | 61.8 6300 52 | 230.3 | 2.2 | 64.8 | 61.9
1200 | 38 | 227.7 | 1.8 | 64.7 | 62.0 6600 53 | 230.1 | 23 | 65.3 | 62.1
1500 | 38 | 227.3 | 1.8 | 65.0 | 62.2 6900 53 | 230.9 | 23 | 64.7 | 61.9
1800 | 39 | 227.1 | 1.8 | 64.5 | 61.9 7200 | 54 | 230.7 | 2.3 | 64.5 | 61.6
2100 | 40 | 227.6 | 1.9 | 64.8 | 62.0 7500 | 56 | 2284 | 2.3 | 65.0 | 61.8
2400 | 40 | 2309 | 1.9 | 65.2 | 624 7800 56 | 229.3 | 2.4 | 64.7 | 61.9
2700 | 42 | 228.2 | 1.9 | 64.5 | 61.8 8100 57 | 228.6 | 2.4 | 64.7 | 61.3
3000 | 42 | 2274 | 1.9 | 64.6 | 61.6 8400 58 | 2289 | 2.4 | 64.8 | 61.6
3300 | 43 | 2285 | 1.9 | 64.7 | 61.7 8700 | 59 | 227.7 | 2.5 | 65.3 | 62.0
3600 | 44 | 230.7 | 2.0 | 65.3 | 62.0 9000 | 60 | 229.7 | 2.5 | 64.7 | 61.9
3900 | 45 | 230.3 | 2.0 | 65.5 | 62.7 9300 | 61 | 2304 | 2.5 | 64.7 | 61.7
4200 | 46 | 226.7 | 2.0 | 64.8 | 62.0 9600 62 | 230.7 | 2.5 | 64.8 | 61.9
4500 | 47 | 230.0 | 2.0 | 64.8 | 61.9 9900 62 | 231.8 | 2.6 | 64.7 | 61.8
4800 | 47 | 227.4 | 2.1 | 65.2 | 62.2 | 10200 | 63 | 230.6 | 2.6 | 64.5 | 61.5
5100 | 48 | 2285 | 2.1 | 64.5 | 61.8 | 10500 | 65 | 231.0 | 2.6 | 64.8 | 61.7




A151991 9.29 NINAFDUANITOULNNNAMUTBUVDIULKS Solar PV/T wuunaesil
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T set m £ I Ta Tt Tto (Ter T I Nm
0.0376 | 835.67 31.7 34.9 38.6 0.0038 0.37
0.0376 | 836.08 31.8 35.0 38.7 0.0038 0.37
35 0.0376 | 835.40 31.8 35.1 38.8 0.0040 0.37
0.0376 | 834.05 31.6 35.3 39.1 0.0044 0.38
0.0376 | 835.28 31.6 35.4 39.1 0.0045 0.37
average | 0.0376 | 835.30 31.7 35.1 38.9 0.0041 0.37
0.0376 | 847.50 33.5 39.9 43.2 0.0076 0.33
0.0376 | 845.10 33.5 39.9 43.1 0.0076 0.32
a0 0.0376 | 846.50 33.8 40.1 43.3 0.0074 0.32
0.0376 | 848.20 33.7 40.2 43.5 0.0077 0.33
0.0376 | 849.80 33.6 40.4 43.6 0.0080 0.32
average | 0.0376 | 847.42 33.6 40.1 43.3 0.0076 0.32
0.0376 | 823.03 33.6 aa.7 a7.2 0.0135 0.25
0.0376 | 827.19 33.4 44.8 4ar.3 0.0138 0.25
a5 0.0376 | 822.42 £5.3 45.0 47.5 0.0142 0.25
0.0376 | 821.92 32.9 45.1 ar.7 0.0148 0.26
0.0376 | 820.90 32.8 45.2 47.8 0.0151 0.27
average | 0.0376 | 823.09 33.2 45.0 a7.5 0.0143 0.26
0.0376 | 838.26 33.4 49.8 51.5 0.0196 0.17
0.0376 | 838.97 33.4 49.8 51.5 0.0195 0.17
50 0.0376 | 839.66 33.6 49.9 51.6 0.0194 0.17
0.0376 | 838.11 33.5 50.0 51.8 0.0197 0.18
0.0376 | 839.40 33.4 50.0 51.7 0.0198 0.17
average | 0.0376 | 838.88 33.5 49.9 51.6 0.0196 0.17




A15197 .29 (e)
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T set m £ I Ta Tt Tto (Ter T I Nm
0.0376 | 831.76 33.2 54.9 56.1 0.0261 0.12
0.0376 | 843.13 32.9 55.0 56.2 0.0262 0.12
55 0.0376 | 842.20 32.7 54.9 56.1 0.0264 0.12
0.0376 | 841.55 32.7 54.9 56.1 0.0264 0.12
0.0376 | 828.90 32.5 54.8 55.9 0.0269 0.11
average | 0.0376 | 837.51 32.8 54.9 56.1 0.0264 0.12
0.0376 | 830.10 32.9 59.9 60.5 0.0325 0.06
0.0376 | 836.39 33.0 60.0 60.5 0.0323 0.05
60 0.0376 | 835.82 32.8 59.9 60.6 0.0324 0.07
0.0376 | 830.20 32.7 60.0 60.6 0.0329 0.06
0.0376 | 838.57 32.8 60.1 60.7 0.0326 0.06
average | 0.0376 | 834.21 32.8 60.0 60.6 0.0325 0.06
0.0376 | 824.60 32.8 64.8 64.9 0.0388 0.01
0.0376 | 823.03 32.7 64.8 64.8 0.0390 0.00
65 0.0376 | 827.81 £2.7 64.8 64.9 0.0388 0.01
0.0376 | 828.97 32.7 64.9 65.1 0.0388 0.02
0.0376 | 822.27 32.9 64.9 65.0 0.0389 0.01
average | 0.0376 | 825.34 32.8 64.8 64.9 0.0389 0.01




A151991 9.30 NIVNAFBUANITOULNNNAMUTDUVDIULKS Solar PV/T WUUNDNasas
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T set m £ I Ta Tt Tto (Ter T I Nm
0.0376 | 854.77 33.5 35.3 37.4 0.0021 0.21
0.0376 | 851.46 33.5 35.4 37.6 0.0022 0.22
35 0.0376 | 853.20 33.5 35.4 37.5 0.0022 0.21
0.0376 | 855.20 33.4 35.4 37.6 0.0023 0.22
0.0376 | 854.60 33.4 35.5 37.5 0.0025 0.20
average | 0.0376 | 853.85 33.5 35.4 37.5 0.0023 0.21
0.0376 | 864.33 32.4 40.1 41.8 0.0089 0.16
0.0376 | 863.20 32.5 40.2 42.0 0.0089 0.17
a0 0.0376 | 863.41 32.5 40.2 42.1 0.0089 0.18
0.0376 | 866.64 32.7 40.2 42.0 0.0087 0.17
0.0376 | 860.61 32.7 40.3 41.9 0.0088 0.16
average | 0.0376 | 863.64 32.6 40.2 42.0 0.0088 0.17
0.0376 | 850.42 33.6 45.4 ae.7 0.0139 0.13
0.0376 | 853.38 33.7 454 46.8 0.0137 0.14
a5 0.0376 | 856.89 33.6 45.5 47.0 0.0139 0.15
0.0376 | 852.90 33.6 45.5 46.9 0.0140 0.14
0.0376 | 855.48 33.7 45.6 46.9 0.0139 0.13
average | 0.0376 | 853.82 33.6 45.5 46.9 0.0139 0.14
0.0376 | 849.96 33.2 50.5 51.5 0.0204 0.10
0.0376 | 847.19 33.3 50.6 51.6 0.0204 0.10
50 0.0376 | 848.67 33.4 50.6 51.7 0.0203 0.11
0.0376 | 848.58 33.4 50.6 51.6 0.0203 0.10
0.0376 | 849.87 33.4 50.7 51.6 0.0204 0.09
average | 0.0376 | 848.85 33.3 50.6 51.6 0.0203 0.10




A15197 .30 (@)
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T set m £ I Ta Tt Tto (Ter T I Nm
0.0376 | 851.99 32.1 54.4 55.1 0.0262 0.07
0.0376 | 850.98 32.2 54.5 55.2 0.0262 0.07
55 0.0376 | 854.03 32.3 54.5 55.1 0.0260 0.06
0.0376 | 854.77 32.2 54.5 55.2 0.0261 0.07
0.0376 | 859.20 32.3 54.5 55.1 0.0258 0.06
average | 0.0376 | 854.19 32.2 54.5 55.1 0.0261 0.06
0.0376 | 840.91 33.0 60.3 60.6 0.0325 0.03
0.0376 | 843.59 33.0 60.3 60.6 0.0324 0.03
60 0.0376 | 844.51 33.0 60.4 60.8 0.0324 0.04
0.0376 | 843.68 32.9 60.4 60.7 0.0326 0.03
0.0376 | 838.14 33.1 60.4 60.7 0.0326 0.03
average | 0.0376 | 842.16 33.0 60.4 60.7 0.0325 0.03
0.0376 | 836.29 33.4 65.4 65.5 0.0383 0.01
0.0376 | 833.52 33.4 65.5 65.5 0.0385 0.00
65 0.0376 | 837.12 33.4 65.5 65.6 0.0383 0.01
0.0376 | 838.41 33.4 65.4 65.4 0.0382 0.00
0.0376 | 835.18 33.3 65.4 65.5 0.0384 0.01
average | 0.0376 | 836.10 33.4 65.4 65.5 0.0383 0.01
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1519 .31 NanAFDUALTIOUZURS Solar PV/T wuundesi 7isasnisiva 2.0 LPM
Time |T Ta Tﬁ Tf,o TS TP I:)P\//'I' Time IT Ta Tf,I Tf,o TS TP PPV/T
W/m? | °C | °C | °C | °C | °C | W W/m? | °C | °C | °C | °C | °C | W

9:00 | 460.0 | 24.8 | 29.1 | 30.8 | 29.2 | 38.6 | 149.6 | 11:25 | 804.6 | 30.6 | 34.0 | 37.5 | 34.1 | 41.6 | 233.0
9:05 | 472.1 | 243 | 29.2 | 30.9 | 29.3 | 38.7 | 1525 | 11:30 | 809.9 | 30.6 | 34.3 | 37.7 | 34.4 | 41.5 | 234.2
9:10 | 491.6 | 24.6 | 29.3 | 31.1 | 29.4 | 38.7 | 156.1 | 11:35 | 812.1 | 31.1 | 34.5 | 38.0 | 34.6 | 41.6 | 234.9
9:15 508.4 | 24.7 | 29.4 | 31.3 | 29.5 | 38.9 | 160.4 | 11:40 | 813.8 | 31.3 | 34.8 | 38.3 | 34.9 | 42.0 | 2355
9:20 | 525.2 | 25.0 | 29.5 | 31.6 | 29.6 | 39.0 | 164.4 | 11:45 | 818.4 | 31.1 | 35.0 | 38,5 | 35.1 | 41.5 | 2358
9:25 5439 | 252 | 29.7 | 31.8 | 29.8 | 38.8 | 169.3 | 11:50 | 821.2 | 31.1 | 35.1 | 38.6 | 35.2 | 43.2 | 231.7
9:30 | 552.4 | 25.4 | 29.8 | 32.0 | 29.9 | 38.9 | 170.6 | 11:55 | 816.0 | 31.4 | 35.4 | 38.8 | 355 | 43.5 | 234.6
9:35 562.7 | 25.6 | 29.9 | 32.2 | 30.0 | 39.2 | 172.0 | 12:00 | 826.2 | 31.4 | 35.6 | 39.1 | 35.7 | 43.1 | 233.9
9:40 | 585.8 | 25.8 | 30.1 | 32.5 | 30.1 | 39.1 | 178.2 | 12:05 | 822.2 | 31.7 | 35.8 | 39.3 | 35.9 | 43.3 | 235.1
9:45 604.7 | 26.1 | 30.2 | 32.7 | 30.3 | 39.3 | 185.0 | 12:10 | 825.5 | 32.0 | 36.1 | 39.6 | 36.2 | 44.2 | 234.9
9:50 | 618.4 | 26.2 | 30.2 | 32.8 | 30.3 | 39.2 | 189.4 | 12:15 | 823.3 | 32.1 | 36.3 | 39.8 | 36.4 | 43.8 | 233.9
9:55 | 631.4 | 26.6 | 30.4 | 32.8 | 30.5 | 39.4 | 193.5 | 12:20 | 821.7 | 32.1 | 36.6 | 40.0 | 36.7 | 43.4 | 234.1
10:00 | 646.7 | 26.5 | 30.6 | 33.0 | 30.7 | 39.5 | 196.9 | 12:25 | 823.9 | 32.3 | 36.8 | 40.2 | 36.9 | 45.7 | 232.2
10:05 | 660.0 | 26.8 | 30.8 | 33.3 | 30.9 | 39.6 | 199.9 | 12:30 | 815.5 | 32.7 | 37.0 | 40.4 | 37.1 | 45.6 | 230.3
10:10 | 670.5 | 26.9 | 31.0 | 33.5 | 31.1 | 39.6 | 202.4 | 1235 | 814.5 | 329 | 37.2 | 40.5 | 37.3 | 45.8 | 229.2
10:15 | 686.4 | 27.3 | 31.1 | 33.9 | 31.2 | 39.7 | 204.4 | 12:40 | 813.8 | 32.7 | 37.4 | 40.7 | 37.5 | 46.0 | 229.8
10:20 | 695.3 | 27.6 | 31.2 | 34.0 | 31.3 | 39.8 | 208.2 | 12:45 | 808.8 | 32.8 | 37.6 | 40.9 | 37.7 | 46.0 | 229.3
10:25 | 705.3 | 27.9 | 31.4 | 34.2 | 31.5 | 39.9 | 211.0 | 1250 | 807.9 | 32.9 | 37.9 | 41.1 | 38.0 | 46.3 | 229.2
10:30 | 716.3 | 28.4 | 31.7 | 34.5 | 31.8 | 39.8 | 214.6 | 1255 | 800.6 | 33.0 | 38.1 | 41.3 | 38.2 | 45.5 | 227.4
10:35 | 7309 | 28.7 | 31.9 | 34.8 | 32.0 | 39.8 | 218.4 | 13:00 | 794.1 | 33.2 | 38.3 | 41.5 | 38.4 | 47.7 | 224.1
10:40 | 738.3 | 29.1 | 32.1 | 35.1 | 32.2 | 40.0 | 219.7 | 13:05 | 787.2 | 33.0 | 38.5 | 41.6 | 38.6 | 47.7 | 222.1
10:45 | 744.8 | 29.0 | 32.3 | 353 | 32.4 | 40.1 | 220.7 | 12:10 | 778.9 | 33.0 | 38.7 | 41.8 | 38.8 | 47.9 | 218.8
10:50 | 758.8 | 29.3 | 32.4 | 35.7 | 325 | 40.0 | 222.6 | 1215 | 777.7 | 32.9 | 38.9 | 41.9 | 39.0 | 47.6 | 219.0
10:55 | 764.7 | 28.9 | 32.6 | 35.9 | 32.7 | 40.1 | 224.1 | 13:20 | 754.9 | 32.7 | 39.1 | 42.0 | 39.2 | 47.5 | 213.6
11:00 | 771.2 | 29.1 | 329 | 36.1 | 33.0 | 41.2 | 226.8 | 13:25 | 759.7 | 32.7 | 39.3 | 42.2 | 39.4 | 48.3 | 215.3
11:05 | 781.0 | 29.4 | 33.1 | 36.4 | 33.2 | 41.2 | 228.6 | 12:30 | 745.6 | 32.8 | 39.5 | 42.3 | 39.6 | 46.7 | 210.5
11:10 | 786.0 | 30.1 | 33.3 | 36.7 | 33.4 | 41.3 | 230.7 | 12:35 | 735.4 | 32.6 | 39.7 | 42.4 | 39.8 | 48.8 | 207.8
11:15 | 794.6 | 30.7 | 33.6 | 37.0 | 33.7 | 41.4 | 231.9 | 1240 | 721.3 | 32.6 | 39.9 | 42.5 | 40.0 | 49.0 | 203.3
11:20 | 801.9 | 31.0 | 33.8 | 37.3 | 33.9 | 41.7 | 231.7 | 1345 | 719.4 | 32.2 | 40.1 | 42.5 | 40.2 | 48.5 | 202.2
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A15197 ¥.31 (o)

: Iy Ta | T | Teo | Ts | Tp | Peur | Iy Ta | T | Teo | Ts | T | Peur
Time Time
W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W

13:50 | 719.4 | 325 | 40.2 | 42.7 | 40.3 | 48.5 | 201.8 | 15:00 | 498.1 | 33.2 | 42.0 | 43.3 | 42.1 | 49.5 | 1435

13:55 | 689.5 | 32.7 | 40.4 | 42.8 | 40.5 | 48.8 | 1955 | 15:05 | 483.4 | 32.8 | 42.1 | 43.3 | 42.2 | 49.6 | 139.8

14:00 | 671.9 | 32.8 | 40.6 | 42.8 | 40.7 | 48.8 | 190.1 | 15:10 | 465.7 | 325 | 42.2 | 43.2 | 42.4 | 48.7 | 135.0

14:05 | 671.1 | 31.9 | 40.7 | 42.8 | 40.8 | 48.1 | 188.4 | 15:15 | 452.5 | 32.4 | 42.2 | 43.2 | 42.5 | 48.9 | 130.9

14:10 | 655.9 | 31.9 | 40.9 | 42.9 | 41.0 | 49.7 | 183.7 | 15:20 | 439.8 | 32.2 | 42.3 | 43.2 | 425 | 49.5 | 126.8

14:15 | 657.6 | 31.6 | 41.0 | 43.0 | 41.1 | 49.5 | 185.2 | 15:25 | 424.6 | 31.8 | 42.4 | 43.1 | 42.6 | 49.4 | 122.6

14:20 | 645.0 | 31.7 | 41.1 | 43.1 | 41.2 | 49.6 | 181.3 | 15:30 | 396.6 | 31.6 | 42.4 | 43.0 | 42.7 | 48.9 | 114.2

14:25 | 618.0 | 31.1 | 41.3 | 43.1 | 41.4 | 48.8 | 176.2 | 15:35 | 378.9 | 32.2 | 42.4 | 43.0 | 42.7 | 49.1 | 110.6

14:30 | 605.9 | 31.4 | 41.4 | 43.1 | 41.5 | 49.4 | 172.7 | 15:40 | 357.2 | 32.2 | 42,5 | 42,9 | 42.8 | 49.0 | 103.2

14:35 | 597.3 | 32.1 | 41.5 | 43.2 | 41.6 | 48.6 | 167.7 | 15:45 | 339.5 | 32.0 | 42.5 | 42.9 | 42.8 | 48.8 | 97.7

14:40 | 579.9 | 329 | 41.6 | 43.3 | 41.7 | 48.6 | 162.6 | 1550 | 321.5 | 32.0 | 42.5 | 429 | 429 | 48.9 | 93.3

14:45 | 553.7 | 33.4 | 41.7 | 43.3 | 41.8 | 49.8 | 159.0 | 15:55 | 299.4 | 31.9 | 42.5 | 42.8 | 43.0 | 48.6 | 86.2

14:50 | 538.9 | 335 | 41.8 | 43.4 | 41.9 | 49.7 | 154.5 | 16:00 | 277.0 | 31.9 | 42.5 | 42.8 | 43.0 | 48.8 | 78.8

14:55 | 520.8 | 33.3 | 41.9 | 43.4 | 42.0 | 49.5 | 150.1
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A9 .32 NavAdpUALTIAUZURS Solar PV/T uuundeni figmsinisiua 2.25 LPM
Time |T Ta Tﬁ Tf,o TS TP I:)P\//'I' Time IT Ta Tf,I Tf,o TS TP PPV/T
W/m? | °C | °C | °C | °C | °C | W W/m? | °C | °C | °C | °C | °C | W

9:00 | 459.2 | 25.8 | 30.7 | 32.3 | 30.8 | 32.3 | 154.4 | 11:25 | 8255 | 31.0 | 36.0 | 39.2 | 36.1 | 41.7 | 244.2
9:05 | 4753 | 26.0 | 30.9 | 325 | 30.9 | 31.7 | 156.0 | 11:30 | 824.3 | 31.0 | 36.1 | 39.5 | 36.3 | 41.0 | 243.6
9:10 | 485.0 | 26.4 | 30.9 | 32.7 | 31.0 | 32.2 | 1615 | 11:35 | 831.9 | 31.3 | 36.5 | 39.7 | 36.6 | 43.8 | 246.7
9:15 502.6 | 26.6 | 31.1 | 329 | 31.1 | 32.7 | 165.1 | 11:40 | 838.2 | 31.6 | 36.6 | 40.0 | 36.8 | 43.3 | 244.6
9:20 | 518.6 | 269 | 31.2 | 33.2 | 31.3 | 33.1 | 1729 | 11:45 | 838.1 | 31.7 | 37.0 | 40.3 | 37.1 | 43.8 | 247.1
9:25 5515 | 27.0 | 31.4 | 33.5 | 31.4 | 34.2 | 179.2 | 11:50 | 845.5 | 31.8 | 37.0 | 40.4 | 37.2 | 43.8 | 244.3
9:30 | 562.0 | 27.0 | 31.4 | 33.7 | 31.5 | 33.9 | 183.3 | 11:55 | 839.2 | 31.9 | 37.4 | 40.7 | 37.5 | 43.1 | 2455
9:35 579.5 | 27.1 | 31.6 | 33.9 | 31.6 | 33.9 | 188.1 | 12:00 | 844.6 | 32.1 | 37.5 | 40.9 | 37.7 | 44.4 | 246.9
9:40 | 592.8 | 27.2 | 31.6 | 34.1 | 31.7 | 34.7 | 191.8 | 12:05 | 848.0 | 32.4 | 37.9 | 41.2 | 38.0 | 44.2 | 246.2
9:45 612.1 | 275 | 31.8 | 34.2 | 31.8 | 33.3 | 195.8 | 12:10 | 847.7 | 32.4 | 38.1 | 41.4 | 38.3 | 45.0 | 245.8
9:50 | 622.5 | 27.8 | 31.7 | 34.3 | 31.9 | 34.0 | 198.0 | 12:15 | 850.0 | 32.8 | 38.4 | 41.7 | 38.5 | 44.9 | 246.0
9:55 | 635.5 | 283 | 32.0 | 34.6 | 32.1 | 35.9 | 202.6 | 12:20 | 852.3 | 33.3 | 38.6 | 42.0 | 38.8 | 46.0 | 244.4
10:00 | 646.9 | 28.8 | 32.1 | 34.8 | 32.3 | 34.6 | 205.0 | 12:25 | 848.9 | 33.5 | 38.9 | 42.2 | 39.0 | 46.0 | 245.0
10:05 | 659.7 | 29.0 | 32.4 | 35.1 | 32.5 | 36.2 | 208.9 | 12:30 | 845.5 | 33.3 | 39.2 | 42.4 | 39.3 | 45.9 | 243.2
10:10 | 671.4 | 29.3 | 325 | 35.4 | 32.7 | 36.2 | 212.0 | 1235 | 843.8 | 33.4 | 39.3 | 42.6 | 39.4 | 46.7 | 241.4
10:15 | 688.6 | 29.2 | 32.7 | 355 | 32.8 | 37.1 | 216.2 | 12:40 | 838.7 | 33.3 | 39.6 | 42.7 | 39.7 | 46.9 | 241.1
10:20 | 700.4 | 29.4 | 32.8 | 35.8 | 33.0 | 37.5 | 217.6 | 12:45 | 835.6 | 33.7 | 39.8 | 43.0 | 39.9 | 47.7 | 240.5
10:25 | 708.9 | 29.7 | 33.2 | 36.1 | 33.3 | 37.1 | 220.1 | 12:50 | 837.2 | 33.9 | 40.1 | 43.2 | 40.2 | 47.3 | 239.5
10:30 | 718.6 | 29.7 | 33.3 | 36.3 | 33.5 | 38.7 | 223.2 | 1255 | 832.1 | 33.9 | 40.3 | 43.4 | 40.4 | 47.7 | 237.9
10:35 | 734.8 | 29.9 | 33.6 | 36.6 | 33.7 | 38.8 | 226.0 | 13:00 | 828.1 | 33.9 | 40.6 | 43.6 | 40.7 | 48.5 | 235.1
10:40 | 743.4 | 30.1 | 33.7 | 36.9 | 33.9 | 38.9 | 228.7 | 12:05 | 821.2 | 33.6 | 40.8 | 43.8 | 40.9 | 47.7 | 232.4
10:45 | 754.9 | 30.3 | 34.1 | 37.2 | 34.2 | 38.9 | 229.2 | 13:10 | 809.7 | 33.8 | 41.0 | 43.9 | 41.1 | 49.2 | 231.1
10:50 | 758.1 | 30.7 | 34.1 | 37.4 | 34.3 | 40.7 | 233.1 | 1%:15 | 802.6 | 33.7 | 41.2 | 44.1 | 41.3 | 48.3 | 226.5
10:55 | 769.5 | 30.5 | 34.5 | 37.6 | 34.6 | 40.4 | 233.2 | 13:20 | 791.2 | 34.0 | 41.5 | 44.3 | 41.6 | 49.4 | 223.3
11:00 | 776.9 | 30.6 | 34.6 | 37.9 | 34.8 | 39.2 | 236.0 | 13:25 | 780.7 | 34.3 | 41.7 | 44.4 | 41.8 | 49.0 | 223.9
11:05 | 790.5 | 30.9 | 34.9 | 38.2 | 35.0 | 41.6 | 238.9 | 12:30 | 779.5 | 34.0 | 41.9 | 44.6 | 42.0 | 49.4 | 223.2
11:10 | 797.2 | 31.1 | 35.1 | 385 | 353 | 41.3 | 2389 | 12:35 | 771.2 | 34.1 | 42.1 | 44.7 | 42.2 | 49.7 | 219.2
11:15 | 807.1 | 31.0 | 355 | 38.7 | 35.6 | 41.6 | 240.8 | 12:40 | 760.4 | 34.2 | 42.3 | 44.9 | 42.4 | 50.3 | 217.0
11:20 | 811.3 | 31.1 | 35.6 | 39.0 | 35.8 | 41.6 | 243.8 | 1345 | 754.2 | 34.3 | 425 | 45.0 | 42.6 | 49.3 | 213.8




A15197 ¥.32 (f0)

140

e lr To | T | Teo | Ts | Te | Peur e Iy To | T | Teo | Ts | Te | Peur

W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
13:50 | 742.8 | 34.2 | 42.7 | 45.1 | 42.8 | 49.5 | 209.5 | 15:00 | 552.8 | 33.9 | 44.6 | 45.8 | 44.7 | 50.7 | 155.7
13:55 | 725.7 | 34.1 | 429 | 45.2 | 43.0 | 49.1 | 206.3 | 15:05 | 534.1 | 33.8 | 44.8 | 45.8 | 44.8 | 51.4 | 149.8
14:00 | 715.8 | 34.1 | 43.1 | 45.3 | 43.2 | 50.2 | 203.1 | 15:10 | 512.6 | 33.7 | 44.8 | 45.9 | 44.9 | 49.3 | 143.6
14:05 | 702.2 | 34.0 | 43.2 | 45.4 | 43.3 | 51.4 | 200.1 | 15:15 | 492.2 | 33.8 | 44.8 | 459 | 45.0 | 49.3 | 138.2
14:10 | 694.6 | 33.9 | 43.4 | 45,5 | 435 | 49.7 | 195.4 | 15:20 | 473.0 | 33.8 | 45.0 | 459 | 45.1 | 50.8 | 134.4
14:15 | 678.8 | 33.8 | 43.6 | 45.5 | 43.7 | 50.9 | 192.7 | 15:25 | 453.7 | 33.8 | 45.1 | 45.9 | 45.1 | 48.9 | 128.9
14:20 | 671.6 | 33.9 | 43.7 | 45.6 | 43.8 | 51.5 | 190.0 | 15:30 | 439.5 | 33.9 | 45.1 | 45.9 | 45.2 | 49.0 | 123.9
14:25 | 651.0 | 33.7 | 439 | 45.7 | 44.0 | 51.2 | 186.2 | 15:35 | 417.5 | 339 | 45.2 | 46.0 | 45.3 | 49.4 | 117.1
14:30 | 644.0 | 33.8 | 44.0 | 45.8 | 44.1 | 50.3 | 182.7 | 15:40 | 400.8 | 33.9 | 453 | 46.0 | 45.3 | 49.4 | 112.1
14:35 | 628.5 | 33.8 | 44.1 | 45.8 | 44.2 | 49.5 | 176.7 | 15:45 | 380.1 | 33.9 | 453 | 46.0 | 45.4 | 49.9 | 107.1
14:40 | 610.8 | 33.9 | 44.2 | 45.8 | 44.3 | 50.3 | 173.5 | 15:50 | 366.5 | 34.0 | 45.4 | 46.0 | 45.5 | 50.1 | 102.2
14:45 | 596.8 | 33.9 | 44.3 | 45.8 | 44.4 | 51.0 | 171.1 | 15:55 | 342.6 | 33.9 | 45.5 | 46.0 | 45.6 | 50.1 | 95.8
14:50 | 589.4 | 33.8 | 44.4 | 45.8 | 44.5 | 51.5 | 166.6 | 16:00 | 327.7 | 33.7 | 45.5 | 46.0 | 45.6 | 50.8 | 91.3
14:55 | 570.9 | 33.7 | 445 | 45.8 | 44.6 | 50.2 | 161.5




141

AM519 9.33 NanAFDUALTIOUZURS Solar PV/T wuundesi 7isasnisiva 2.5 LPM
e b To | T | Teo | Ts | Te | Pevr e e To | To | Teo | Ts | T | Prur
W/m? | °C | °C | °C | °C | °C | W W/m? | °C | °C | °C | °C | °«C | W

9:00 | 465.4 | 25.6 | 29.1 | 30.5 | 29.1 | 31.4 | 150.6 | 11:25 | 823.9 | 31.7 | 35.4 | 38.,5 | 355 | 425 | 242
9:05 | 483.6 | 25.8 | 29.1 | 30.8 | 29.2 | 31.6 | 155.8 | 11:30 | 833.5 | 31.7 | 35.7 | 38.6 | 35.7 | 42.6 | 245.1
9:10 | 499.5 | 26.2 | 29.4 | 31.1 | 29.4 | 32.0 | 161.4 | 11:35 | 834.8 | 31.5 | 35.9 | 39.0 | 36.0 | 43.3 | 244.6
9:15 517.1 | 26.3 | 29.6 | 31.3 | 29.6 | 32.1 | 166.3 | 11:40 | 838.6 | 31.6 | 36.3 | 39.3 | 36.3 | 43.6 | 245.1
9:20 | 5354 | 26.8 | 29.6 | 31.5 | 29.7 | 32.5 | 171.9 | 11:45 | 840.4 | 32.0 | 36.6 | 39.6 | 36.6 | 43.7 | 243.9
9:25 551.6 | 27.1 | 29.8 | 31.7 | 29.9 | 33.1 | 176.6 | 11:50 | 843.6 | 32.3 | 36.7 | 39.8 | 36.8 | 44.3 | 245.2
9:30 | 566.7 | 27.3 | 30.0 | 32.0 | 30.0 | 33.7 | 179.9 | 11:55 | 849.2 | 32.6 | 37.0 | 40.1 | 37.1 | 44.6 | 245.4
9:35 581.3 | 27.4 | 30.1 | 32.2 | 30.2 | 33.8 | 183.8 | 12:00 | 850.1 | 32.8 | 37.3 | 40.3 | 37.3 | 45.1 | 245.3
9:40 | 600.3 | 27.5 | 30.5 | 325 | 30.5 | 34.4 | 189.0 | 12:05 | 851.3 | 32.5 | 37.5 | 40.5 | 37.6 | 45.4 | 244.9
9:45 611.8 | 27.4 | 30.7 | 32.7 | 30.7 | 34.7 | 193.2 | 12:10 | 854.3 | 32.0 | 37.9 | 40.7 | 37.9 | 45.9 | 246.1
9:50 | 627.8 | 27.5 | 30.7 | 32.9 | 30.8 | 35.0 | 196.8 | 12:15 | 856.1 | 32.4 | 38.2 | 41.1 | 38.2 | 46.2 | 246.8
9:55 | 641.4 | 27.9 | 30.9 | 33.1 | 31.0 | 355 | 200.7 | 12:20 | 854.9 | 32.9 | 38.4 | 41.4 | 38.5 | 46.5 | 246.0
10:00 | 648.1 | 27.7 | 31.2 | 33.3 | 31.2 | 36.0 | 203.9 | 12:25 | 854.6 | 33.3 | 38.7 | 41.7 | 38.8 | 46.8 | 245.5
10:05 | 668.9 | 27.8 | 31.3 | 335 | 31.4 | 36.1 | 207.7 | 12:30 | 853.5 | 33.7 | 39.0 | 41.9 | 39.0 | 46.7 | 244.5
10:10 | 678.6 | 28.3 | 31.6 | 33.8 | 31.6 | 36.8 | 210.2 | 12:35 | 850.9 | 33.1 | 39.1 | 41.9 | 39.2 | 47.2 | 244.2
10:15 | 694.1 | 28.9 | 31.8 | 34.1 | 31.8 | 37.1 | 2145 | 12:40 | 849.2 | 33.1 | 39.4 | 42.2 | 39.4 | 47.6 | 242.6
10:20 | 706.3 | 29.6 | 31.9 | 34.5 | 32.0 | 37.6 | 216.9 | 12:45 | 841.0 | 32.9 | 39.7 | 42.4 | 39.7 | 47.9 | 240.6
10:25 | 7175 | 29.8 | 32.2 | 34.8 | 323 | 37.8 | 219.4 | 12:50 | 835.8 | 32.8 | 39.9 | 42.6 | 40.0 | 48.1 | 239.3
10:30 | 726.6 | 30.2 | 325 | 35.0 | 325 | 38.1 | 222.3 | 12:55 | 833.3 | 33.1 | 40.2 | 42.8 | 40.3 | 48.4 | 238.1
10:35 | 739.9 | 30.6 | 32.7 | 35.4 | 32.8 | 38.6 | 225.3 | 13:00 | 830.1 | 33.4 | 40.4 | 43.0 | 40.4 | 48.7 | 237.3
10:40 | 753.6 | 31.1 | 33.0 | 35.8 | 33.0 | 39.0 | 228.3 | 13:05 | 826.2 | 33.8 | 40.6 | 43.2 | 40.7 | 48.9 | 235.6
10:45 | 760.6 | 31.7 | 33.3 | 36.1 | 33.3 | 39.3 | 229.9 | 13:10 | 809.6 | 34.3 | 40.9 | 43.4 | 40.9 | 49.3 | 2315
10:50 | 774.7 | 32.1 | 33.4 | 36.4 | 33.5 | 39.8 | 2329 | 13:15 | 804.7 | 34.2 | 41.2 | 43.6 | 41.2 | 49.1 | 229.8
10:55 | 783.2 | 32.1 | 33.7 | 36.8 | 33.8 | 40.2 | 235.1 | 13:20 | 805.6 | 34.2 | 41.3 | 43.8 | 41.4 | 49.5 | 230.3
11:00 | 793.2 | 31.3 | 34.1 | 37.0 | 34.1 | 40.4 | 237.3 | 13:25 | 800.5 | 33.5 | 41.6 | 43.9 | 41.7 | 49.8 | 2285
11:05 | 797.7 | 31.5 | 34.3 | 37.3 | 34.4 | 40.8 | 237.7 | 13:30 | 793.7 | 33.5 | 41.8 | 44.0 | 41.8 | 50.3 | 226.7
11:10 | 806.2 | 30.9 | 34.7 | 37.6 | 34.7 | 41.3 | 239.4 | 13:35 | 794.6 | 33.8 | 42.0 | 44.3 | 42.1 | 50.1 | 226.6
11:15 | 814.3 | 31.0 | 34.9 | 37.9 | 34.9 | 41.8 | 241.7 | 13:40 | 772.6 | 34.4 | 423 | 44.4 | 42.3 | 50.5 | 219.9
11:20 | 818.7 | 31.4 | 35.1 | 38.2 | 35.2 | 42.0 | 2415 | 1345 | 769.5 | 34.4 | 42.5 | 44.6 | 42.5 | 50.4 | 218.8




A15197 .33 (0)

142

e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur

W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
13:50 | 754.5 | 34.3 | 42.6 | 44.7 | 42.7 | 51.1 | 214.9 | 15:00 | 559.1 | 34.6 | 44.6 | 45.3 | 44.6 | 51.3 | 161.4
13:55 | 743.6 | 34.4 | 42.8 | 44.9 | 429 | 51.0 | 212.1 | 15:05 | 543.9 | 34.7 | 44.5 | 45.3 | 44.6 | 51.6 | 1574
14:00 | 726.8 | 33.9 | 43.0 | 44.9 | 43.0 | 51.1 | 207.7 | 15:10 | 522.4 | 34.9 | 44.7 | 45.3 | 44.7 | 51.5 | 1514
14:05 | 716.6 | 33.4 | 43.1 | 449 | 43.2 | 51.1 | 204.6 | 15:15 | 503.3 | 35.0 | 44.7 | 45.3 | 44.7 | 51.6 | 145.7
14:10 | 708.1 | 33.3 | 43.4 | 45.0 | 43.4 | 51.2 | 202.7 | 15:20 | 487.1 | 35.1 | 44.7 | 45.3 | 44.8 | 51.3 | 141.3
14:15 | 695.6 | 33.3 | 43.6 | 45.0 | 43.6 | 51.4 | 199.4 | 15:25 | 466.0 | 35.2 | 44.7 | 453 | 44.8 | 51.3 | 134.5
14:20 | 685.8 | 33.7 | 43.7 | 45.1 | 43.8 | 51.5 | 196.9 | 15:30 | 443.2 | 35.3 | 44.9 | 45.3 | 449 | 51.1 | 128.2
14:25 | 673.1 | 33.8 | 43.8 | 45.1 | 43.9 | 51.1 | 1928 | 15:35 | 4215 | 353 | 44.8 | 45.3 | 449 | 51.0 | 121.6
14:30 | 654.3 | 33.9 | 44.0 | 45.1 | 44.0 | 51.4 | 187.7 | 15:40 | 387.5 | 35.0 | 45.0 | 45.3 | 45.0 | 50.8 | 114.0
14:35 | 640.1 | 33.9 | 44.0 | 45.2 | 44.1 | 51.6 | 183.0 | 15:45 | 385.7 | 34.6 | 45.0 | 45.3 | 45.0 | 50.3 | 111.2
14:40 | 620.2 | 34.1 | 44.2 | 45.2 | 44.2 | 51.7 | 178.1 | 15:50 | 364.6 | 34.3 | 45.0 | 45.3 | 45.1 | 50.0 | 105.5
14:45 | 6035 | 34.2 | 44.4 | 452 | 44.4 | 51.2 | 173.2 | 15:55 | 349.3 | 34.0 | 45.0 | 45.3 | 45.1 | 49.8 | 101.0
14:50 | 604.5 | 34.3 | 44.4 | 45.2 | 44,5 | 51.5 | 173.7 | 16:00 | 327.3 | 33.9 | 45.1 | 453 | 45.1 | 49.6 | 94.4
14:55 | 580.1 | 34.4 | 44.5 | 45.2 | 44.6 | 51.8 | 165.2




A151991 ¥.34 NANAADUANTIOULING Solar PV/T LuUianedund N9

1Y

143

$9M15ka 2.0 LPM

e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur
W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
9:00 477.0 | 24.8 | 29.1 | 30.1 | 29.1 | 49.8 | 154.1 | 11:25 | 834.3 | 30.6 | 32.6 | 34.9 | 32.7 | 69.6 | 229.9
9:05 489.5 | 24.3 | 29.1 | 30.2 | 29.1 | 50.4 | 157.4 | 11:30 | 839.8 | 30.6 | 32.8 | 35.1 | 32.8 | 70.7 | 229.1
9:10 509.7 | 24.6 | 29.2 | 30.3 | 29.3 | 51.3 | 162.6 | 11:35 | 842.1 | 31.1 | 32,9 | 35.3 | 33.0 | 71.5 | 228.9
9:15 527.2 | 24.7 | 29.3 | 30.5 | 29.3 | 52.4 | 166.4 | 11:40 | 843.9 | 31.3 | 33.1 | 35.4 | 33.2 | 71.7 | 229.0
9:20 544.6 | 25.0 | 29.4 | 30.6 | 29.4 | 53.3 | 170.6 | 11:45 | 848.6 | 31.1 | 33.3 | 35.6 | 33.3 | 71.4 | 230.3
9:25 563.9 | 25.2 | 29.5 | 30.8 | 29.5 | 54.2 | 174.9 | 11:50 | 851.5 | 31.1 | 33.4 | 35.8 | 335 | 71.8 | 231.7
9:30 5728 | 25.4 | 29.5 | 30.9 | 29.6 | 55.1 | 176.3 | 11:55 | 846.1 | 31.4 | 33.6 | 35.9 | 33.7 | 72.0 | 228.0
9:35 583.5 | 25.6 | 29.6 | 31.0 | 29.7 | 55.7 | 176.5 | 12:00 | 856.7 | 31.4 | 33.8 | 36.1 | 33.8 | 72.2 | 232.5
9:40 607.4 | 25.8 | 29.7 | 31.2 | 29.8 | 56.8 | 185.1 | 12:05 | 852.5 | 31.7 | 33.9 | 36.3 | 34.0 | 73.1 | 229.6
9:45 627.0 | 26.1 | 29.8 | 31.4 | 29.9 | 57.7 | 189.8 | 12:10 | 856.0 | 32.0 | 34.1 | 36.4 | 34.2 | 73.1 | 230.0
9:50 641.3 | 26.2 | 30.0 | 31.5 | 30.0 | 58.7 | 192.7 | 12:15 | 853.7 | 32.1 | 34.3 | 36.6 | 34.3 | 72.9 | 229.6
9:55 654.6 | 26.6 | 30.1 | 31.7 | 30.1 | 59.7 | 195.4 | 12:20 | 852.0 | 32.1 | 34.4 | 36.7 | 34.5 | 73.0 | 229.5
10:00 | 670.5 | 26.5 | 30.2 | 31.9 | 30.2 | 60.2 | 198.8 | 12:25 | 854.3 | 32.3 | 34.6 | 36.9 | 34.6 | 73.0 | 230.3
10:05 | 684.4 | 26.8 | 30.3 | 32.0 | 30.4 | 61.4 | 201.4 | 12:30 | 845.6 | 32.7 | 34.8 | 37.1 | 34.8 | 73.1 | 227.9
10:10 | 695.2 | 26.9 | 30.4 | 32.2 | 30.5 | 62.1 | 204.7 | 12:35 | 844.6 | 329 | 34.9 | 37.2 | 35.0 | 73.1 | 227.4
10:15 | 711.7 | 27.3 | 30.6 | 32.4 | 30.6 | 62.8 | 206.8 | 12:40 | 843.9 | 32.7 | 35.1 | 37.4 | 35.1 | 73.1 | 227.4
10:20 | 721.0 | 27.6 | 30.7 | 32.6 | 30.7 | 63.5 | 209.4 | 12:45 | 838.6 | 32.8 | 35.3 | 37.5 | 353 | 72.8 | 227.1
10:25 | 731.3 | 27.9 | 30.8 | 32.7 | 30.9 | 65.0 | 210.4 | 12:50 | 837.7 | 32.9 | 35.4 | 37.7 | 355 | 72.7 | 226.9
10:30 | 742.7 | 28.4 | 31.0 | 329 | 31.0 | 65.0 | 213.4 | 12:55 | 830.1 | 33.0 | 35.6 | 37.8 | 35.6 | 73.0 | 226.3
10:35 | 757.8 | 28.7 | 31.1 | 33.1 | 31.1 | 65.3 | 215.7 | 13:00 | 823.4 | 33.2 | 35.7 | 37.9 | 35.8 | 729 | 224.1
10:40 | 765.5 | 29.1 | 31.2 | 33.3 | 31.3 | 66.1 | 218.0 | 13:05 | 816.2 | 33.0 | 35.9 | 38.1 | 359 | 72.4 | 222.9
10:45 | 7723 | 29.0 | 31.4 | 335 | 31.4 | 66.4 | 219.8 | 13:10 | 807.6 | 33.0 | 36.0 | 38.2 | 36.1 | 71.7 | 220.8
10:50 | 786.8 | 29.3 | 31.5 | 33.7 | 31.6 | 67.1 | 2225 | 13:15 | 806.4 | 32.9 | 36.2 | 38.3 | 36.2 | 71.4 | 221.6
10:55 | 793.0 | 28.9 | 31.7 | 33.8 | 31.7 | 67.4 | 2233 | 13:20 | 782.8 | 32.7 | 36.5 | 38.5 | 36,5 | 71.3 | 216.3
11:00 | 799.6 | 29.1 | 31.8 | 34.0 | 31.9 | 67.6 | 225.0 | 13:25 | 787.7 | 32.7 | 36.6 | 38.6 | 36.7 | 71.3 | 215.9
11:05 | 809.8 | 29.4 | 32.0 | 34.2 | 32.0 | 68.6 | 224.5 | 13:30 | 773.1 | 32.8 | 36.8 | 38.7 | 36.8 | 70.5 | 213.0
11:10 | 815.0 | 30.1 | 32.1 | 34.4 | 32.2 | 69.1 | 226.3 | 13:35 | 762.6 | 32.6 | 36.9 | 38.8 | 37.0 | 69.7 | 211.3
11:15 | 823.9 | 30.7 | 32.3 | 34.6 | 323 | 69.5 | 227.8 | 13:40 | 7479 | 32.6 | 37.0 | 38.8 | 37.1 | 69.6 | 208.8
11:20 | 831.5 | 31.0 | 32.5 | 34.8 | 325 | 70.0 | 229.3 | 13:45 | 7459 | 32.2 | 37.2 | 39.0 | 37.2 | 69.6 | 207.6




A15197 .34 (e)

144

e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur

W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
13:50 | 745.9 | 32,5 | 37.3 | 39.0 | 37.3 | 69.8 | 207.3 | 15:00 | 516.5 | 33.2 | 38,5 | 39.5 | 385 | 59.6 | 156.3
13:55 | 715.0 | 32.7 | 37.3 | 39.0 | 37.4 | 69.7 | 201.7 | 15:05 | 501.2 | 32.8 | 38.5 | 39.4 | 38,5 | 58.8 | 153.0
14:00 | 696.7 | 32.8 | 37.4 | 39.0 | 37.5 | 69.1 | 196.3 | 15:10 | 4829 | 32.5 | 38.5 | 39.4 | 38.6 | 58.4 | 148.1
14:05 | 695.9 | 31.9 | 37.6 | 39.1 | 37.6 | 68.0 | 196.3 | 15:15 | 469.2 | 32.4 | 38.7 | 39.5 | 38.7 | 58.6 | 143.6
14:10 | 680.1 | 31.9 | 37.7 | 39.2 | 37.7 | 67.3 | 191.0 | 15:20 | 456.0 | 32.2 | 38.7 | 39.4 | 38.7 | 58.6 | 139.9
14:15 | 681.9 | 31.6 | 37.8 | 39.2 | 37.8 | 66.6 | 192.3 | 15:25 | 440.3 | 31.8 | 36.5 | 38.5 | 36.5 | 58.2 | 136.4
14:20 | 668.8 | 31.7 | 37.9 | 39.2 | 37.9 | 65.3 | 193.4 | 15:30 | 411.2 | 31.6 | 38.7 | 39.3 | 38.8 | 57.0 | 128.8
14:25 | 640.8 | 31.1 | 38.0 | 39.3 | 38.0 | 62.4 | 187.5 | 15:35 | 3929 | 32.2 | 38.8 | 39.4 | 38.8 | 55.9 | 124.9
14:30 | 628.2 | 31.4 | 38.1 | 39.4 | 38.1 | 61.7 | 183.9 | 15:40 | 370.4 | 32.2 | 38.9 | 39.5 | 38.9 | 55.4 | 116.9
14:35 | 619.4 | 32.1 | 38.2 | 39.5 | 38.2 | 62.4 | 178.6 | 15:45 | 352.1 | 32.0 | 38.9 | 39.4 | 39.0 | 55.1 | 112.3
14:40 | 601.2 | 32,9 | 38.2 | 39.5 | 38.2 | 60.9 | 174.2 | 15:50 | 333.3 | 32.0 | 39.0 | 39.4 | 39.0 | 54.9 | 106.9
14:45 | 574.1 | 33.4 | 38.2 | 39.5 | 383 | 61.0 | 168.4 | 15:55 | 310.5 | 31.9 | 39.0 | 39.3 | 39.1 | 54.7 | 100.2
14:50 | 558.7 | 33.5 | 38.3 | 39.5 | 38.4 | 60.8 | 164.9 | 16:00 | 287.2 | 31.9 | 39.0 | 39.3 | 39.1 | 54.5 | 93.2
14:55 | 540.0 | 33.3 | 38.3 | 39.4 | 38.4 | 60.4 | 160.9




A151991 9.35 NANAADUANTIOULING Solar PV/T LuUVianedund N9

1Y

145

$9M15a 2.25 LPM

e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur
W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
9:00 476.2 | 25.8 | 29.9 | 30.8 | 29.9 | 46.4 | 154.5 | 11:25 | 856.0 | 31.0 | 33.5 | 35.6 | 33.6 | 67.8 | 234.9
9:05 4929 | 26.0 | 29.8 | 30.9 | 29.9 | 46.8 | 158.8 | 11:30 | 854.8 | 31.0 | 33.7 | 35.7 | 33.7 | 68.7 | 234.5
9:10 502.9 | 26.4 | 30.0 | 31.1 | 30.0 | 48.1 | 161.1 | 11:35 | 862.6 | 31.3 | 33.8 | 35.9 | 33.9 | 69.4 | 234.4
9:15 521.1 | 26.6 | 30.1 | 31.2 | 30.1 | 49.0 | 165.3 | 11:40 | 869.1 | 31.6 | 33.9 | 36.1 | 34.0 | 69.6 | 236.9
9:20 537.8 | 26.9 | 30.1 | 31.4 | 30.2 | 50.1 | 167.6 | 11:45 | 869.0 | 31.7 | 34.2 | 36.3 | 34.2 | 70.1 | 234.7
9:25 5719 | 27.0 | 30.2 | 31.5 | 30.3 | 51.5 | 177.2 | 11:50 | 876.7 | 31.8 | 34.3 | 36.5 | 34.4 | 70.5 | 236.7
9:30 582.8 | 27.0 | 30.3 | 31.7 | 30.4 | 52.8 | 179.9 | 11:55 | 870.2 | 31.9 | 34.4 | 36.6 | 34.5 | 70.5 | 234.6
9:35 600.9 | 27.1 | 30.5 | 31.8 | 30.5 | 54.0 | 184.1 | 12:00 | 875.7 | 32.1 | 34.6 | 36.8 | 34.7 | 70.9 | 235.6
9:40 614.6 | 27.2 | 30.5 | 31.9 | 30.6 | 55.1 | 188.0 | 12:05 | 879.3 | 32.4 | 34.9 | 37.0 | 349 | 71.3 | 236.5
9:45 634.7 | 27.5 | 30.6 | 32.1 | 30.7 | 55.8 | 190.9 | 12:10 | 879.0 | 32.4 | 35.0 | 37.1 | 35.0 | 71.2 | 236.2
9:50 6455 | 27.8 | 30.8 | 32.3 | 30.8 | 57.0 | 193.3 | 12:15 | 881.4 | 32.8 | 35.1 | 37.3 | 35.2 | 71.8 | 2355
9:55 659.0 | 28.3 | 30.8 | 32.5 | 30.9 | 58.0 | 195.9 | 12:20 | 883.8 | 33.3 | 35.3 | 37.5 | 35.4 | 723 | 235.6
10:00 | 670.8 | 28.8 | 30.9 | 32.6 | 31.0 | 58.4 | 199.7 | 12:25 | 880.2 | 33.5 | 35,5 | 37.7 | 35.6 | 72.0 | 235.8
10:05 | 684.0 | 29.0 | 31.2 | 32.8 | 31.2 | 59.4 | 201.2 | 12:30 | 876.7 | 33.3 | 35.7 | 37.8 | 35.7 | 72.0 | 235.7
10:10 | 696.2 | 29.3 | 31.2 | 33.0 | 31.3 | 60.1 | 205.0 | 12:35 | 874.9 | 33.4 | 35.8 | 38.0 | 35.9 | 723 | 234.5
10:15 | 714.1 | 29.2 | 31.3 | 33.1 | 31.4 | 60.6 | 207.6 | 12:40 | 869.6 | 33.3 | 36.0 | 38.1 | 36.1 | 72.2 | 233.4
10:20 | 726.3 | 29.4 | 31.5 | 333 | 31.6 | 61.6 | 210.7 | 12:45 | 866.4 | 33.7 | 36.2 | 38.3 | 36.2 | 72.1 | 233.1
10:25 | 735.0 | 29.7 | 31.7 | 335 | 31.7 | 62.1 | 212.0 | 12:50 | 868.1 | 33.9 | 36.3 | 385 | 36.4 | 72.1 | 232.6
10:30 | 745.1 | 29.7 | 31.8 | 33.6 | 31.9 | 63.0 | 2135 | 12:55 | 862.8 | 33.9 | 36.4 | 38.5 | 36,5 | 723 | 230.8
10:35 | 761.9 | 29.9 | 31.9 | 33.8 | 32.0 | 63.3 | 217.0 | 13:00 | 858.6 | 33.9 | 36.7 | 38.7 | 36.6 | 72.1 | 230.3
10:40 | 770.9 | 30.1 | 32.1 | 34.0 | 32.1 | 63.9 | 218.8 | 13:05 | 851.5 | 33.6 | 36.7 | 38.8 | 36.8 | 72.2 | 228.6
10:45 | 782.8 | 30.3 | 32.2 | 34.2 | 323 | 64.8 | 221.2 | 13:10 | 839.6 | 33.8 | 36.8 | 38.8 | 36.9 | 71.7 | 227.0
10:50 | 786.0 | 30.7 | 32.3 | 34.4 | 32.4 | 65.0 | 221.6 | 13:15 | 832.2 | 33.7 | 36.9 | 38.9 | 37.0 | 71.1 | 226.4
10:55 | 797.9 | 30.5 | 32.6 | 345 | 32.6 | 65.6 | 224.1 | 13:20 | 820.4 | 34.0 | 37.1 | 38.9 | 37.1 | 71.3 | 220.8
11:00 | 805.6 | 30.6 | 32.7 | 34.7 | 32.8 | 66.4 | 2255 | 13:25 | 809.5 | 34.3 | 37.2 | 39.0 | 37.2 | 70.5 | 218.9
11:05 | 819.7 | 30.9 | 32.8 | 34.9 | 329 | 67.0 | 227.3 | 13:30 | 808.3 | 34.0 | 37.3 | 39.1 | 37.4 | 69.9 | 222.1
11:10 | 826.6 | 31.1 | 33.0 | 35.1 | 33.1 | 67.4 | 229.9 | 13:35 | 799.6 | 34.1 | 37.5 | 39.2 | 37.6 | 70.1 | 220.5
11:15 | 836.8 | 31.0 | 33.2 | 35.2 | 33.2 | 67.5 | 230.2 | 13:40 | 788.4 | 34.2 | 37.6 | 39.3 | 37.7 | 69.9 | 217.5
11:20 | 841.3 | 31.1 | 33.3 | 35.4 | 33.4 | 68.0 | 230.8 | 13:45 | 782.1 | 34.3 | 37.8 | 39.3 | 37.8 | 69.3 | 216.1
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e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur

W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
13:50 | 770.2 | 34.2 | 37.9 | 39.4 | 37.9 | 69.2 | 213.1 | 15:00 | 573.2 | 33.9 | 39.4 | 40.1 | 39.4 | 61.8 | 169.6
13:55 | 7525 | 34.1 | 37.9 | 39.4 | 38.0 | 69.1 | 209.9 | 15:05 | 553.8 | 33.8 | 39.4 | 40.1 | 39.4 | 60.7 | 165.8
14:00 | 742.2 | 34.1 | 38.1 | 39.4 | 38.1 | 68.5 | 207.6 | 15:10 | 531.5 | 33.7 | 39.4 | 40.1 | 39.5 | 60.1 | 159.6
14:05 | 728.1 | 34.0 | 38.1 | 39.5 | 38.2 | 68.2 | 204.9 | 15:15 | 510.3 | 33.8 | 39.6 | 40.2 | 39.6 | 59.4 | 155.7
14:10 | 720.2 | 33.9 | 38.3 | 39.6 | 38.4 | 67.3 | 203.3 | 15:20 | 490.5 | 33.8 | 39.5 | 40.2 | 39.6 | 58.2 | 150.8
14:15 | 703.9 | 33.8 | 385 | 39.7 | 38,5 | 67.0 | 199.5 | 15:25 | 470.4 | 33.8 | 39.6 | 40.2 | 39.7 | 57.6 | 147.1
14:20 | 696.4 | 33.9 | 385 | 39.8 | 38.6 | 65.8 | 196.4 | 15:30 | 455.7 | 33.9 | 39.7 | 40.3 | 39.8 | 56.5 | 142.2
14:25 | 675.0 | 33.7 | 38.6 | 39.8 | 38.7 | 64.0 | 194.6 | 15:35 | 4329 | 33.9 | 39.7 | 40.3 | 39.8 | 55.8 | 135.6
14:30 | 667.8 | 33.8 | 38.7 | 39.9 | 38.8 | 62.9 | 193.2 | 15:40 | 415.6 | 33.9 | 39.9 | 40.4 | 39.9 | 55.0 | 130.5
14:35 | 651.7 | 33.8 | 38.9 | 39.9 | 38.9 | 62.4 | 189.7 | 15:45 | 394.1 | 33.9 | 39.8 | 40.4 | 39.9 | 53.9 | 125.7
14:40 | 633.3 | 33.9 | 39.0 | 39.9 | 39.0 | 62.5 | 184.1 | 15:50 | 380.0 | 34.0 | 39.9 | 40.4 | 39.9 | 52.8 | 121.6
14:45 | 618.8 | 33.9 | 39.0 | 39.9 | 39.1 | 62.0 | 181.4 | 15:55 | 355.2 | 33.9 | 40.0 | 40.4 | 40.0 | 51.8 | 113.9
14:50 | 611.1 | 33.8 | 39.2 | 40.0 | 39.2 | 61.9 | 179.3 | 16:00 | 339.8 | 33.7 | 39.9 | 40.4 | 40.0 | 50.8 | 109.6
14:55 | 591.9 | 33.7 | 39.2 | 40.0 | 39.3 | 62.0 | 175.1
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9M15ka 2.5 LPM

e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur
W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
9:00 482.6 | 25.6 | 30.8 | 31.6 | 30.8 | 45.8 | 155.5 | 11:25 | 854.3 | 31.7 | 34.3 | 36.2 | 34.4 | 67.6 | 232.8
9:05 501.5 | 25.8 | 30.7 | 31.7 | 30.8 | 47.1 | 160.7 | 11:30 | 864.3 | 31.7 | 34.6 | 36.4 | 34.6 | 67.9 | 235.6
9:10 5179 | 26.2 | 30.9 | 31.8 | 30.9 | 48.1 | 165.1 | 11:35 | 865.6 | 31.5 | 34.6 | 36.5 | 34.7 | 685 | 234.4
9:15 536.2 | 26.3 | 30.9 | 31.9 | 31.0 | 49.0 | 169.7 | 11:40 | 869.5 | 31.6 | 34.9 | 36.7 | 34.9 | 69.3 | 234.6
9:20 555.1 | 26.8 | 31.1 | 32.1 | 31.1 | 50.2 | 174.0 | 11:45 | 871.4 | 32.0 | 35.0 | 36.9 | 35.0 | 69.5 | 233.4
9:25 572.0 | 27.1 | 31.2 | 32.2 | 31.2 | 51.2 | 177.7 | 11:50 | 874.7 | 32.3 | 35.1 | 37.1 | 35.2 | 69.4 | 235.8
9:30 587.6 | 27.3 | 31.2 | 32.4 | 31.3 | 52.2 | 181.4 | 11:55 | 880.5 | 32.6 | 35.4 | 37.3 | 35.4 | 70.1 | 234.8
9:35 602.7 | 27.4 | 31.4 | 325 | 31.4 | 53.0 | 184.4 | 12:00 | 881.5 | 32.8 | 35.4 | 37.4 | 355 | 70.3 | 235.2
9:40 622.4 | 27.5 | 31.4 | 32.7 | 31.5 | 53.9 | 189.5 | 12:05 | 882.7 | 325 | 35.7 | 37.6 | 35.7 | 69.1 | 236.8
9:45 634.4 | 27.4 | 31.6 | 32.8 | 31.6 | 54.8 | 193.1 | 12:10 | 885.8 | 32.0 | 35.8 | 37.7 | 359 | 69.4 | 237.7
9:50 651.0 | 27.5 | 31.6 | 32.9 | 31.7 | 55.6 | 195.7 | 12:15 | 887.7 | 32.4 | 36.0 | 37.9 | 36.0 | 70.0 | 237.6
9:55 665.1 | 27.9 | 31.8 | 33.1 | 31.8 | 56.5 | 199.1 | 12:20 | 886.5 | 32.9 | 36.2 | 38.1 | 36.2 | 70.3 | 236.1
10:00 | 672.0 | 27.7 | 31.9 | 33.2 | 31.9 | 57.1 | 202.2 | 12:25 | 886.1 | 33.3 | 36.3 | 38.3 | 36.4 | 70.7 | 236.8
10:05 | 693.5 | 27.8 | 31.9 | 33.4 | 32.0 | 57.9 | 205.3 | 12:30 | 885.0 | 33.7 | 36.5 | 38.4 | 36.5 | 71.4 | 235.3
10:10 | 703.6 | 28.3 | 32.1 | 33.6 | 32.1 | 59.0 | 206.7 | 12:35 | 882.3 | 33.1 | 36.6 | 38.5 | 36.7 | 70.9 | 236.4
10:15 | 719.7 | 28.9 | 32.2 | 33.7 | 323 | 60.1 | 210.1 | 12:40 | 880.5 | 33.1 | 36.9 | 38.7 | 36.9 | 71.2 | 234.7
10:20 | 7323 | 29.6 | 32.4 | 339 | 32.4 | 60.9 | 210.3 | 12:45 | 872.0 | 32.9 | 36.9 | 38.8 | 37.0 | 70.5 | 232.4
10:25 | 744.0 | 29.8 | 32.4 | 34.1 | 325 | 61.3 | 213.8 | 12:50 | 866.6 | 32.8 | 37.2 | 38.9 | 37.2 | 70.6 | 231.4
10:30 | 753.4 | 30.2 | 32.7 | 34.3 | 32.7 | 62.2 | 215.6 | 12:55 | 864.0 | 33.1 | 37.3 | 39.1 | 37.3 | 70.6 | 231.4
10:35 | 767.2 | 30.6 | 32.8 | 34.5 | 32.8 | 62.7 | 217.8 | 13:00 | 860.8 | 33.4 | 37.4 | 39.3 | 37.5 | 71.1 | 230.7
10:40 | 781.4 | 31.1 | 32.9 | 34.7 | 33.0 | 63.5 | 220.6 | 13:05 | 856.7 | 33.8 | 37.7 | 39.4 | 37.7 | 71.4 | 228.2
10:45 | 788.7 | 31.7 | 33.1 | 34.9 | 33.1 | 64.4 | 221.5 | 13:10 | 839.5 | 34.3 | 37.7 | 39.6 | 37.8 | 71.4 | 225.2
10:50 | 803.3 | 32.1 | 33.2 | 35.1 | 33.3 | 65.1 | 224.1 | 13:15 | 834.4 | 34.2 | 38.0 | 39.7 | 38.0 | 69.5 | 225.4
10:55 | 812.1 | 32.1 | 33.4 | 353 | 33.4 | 65.5 | 226.3 | 13:20 | 835.4 | 34.2 | 38.0 | 39.8 | 38.1 | 70.1 | 226.6
11:00 | 822.4 | 31.3 | 33.5 | 35.4 | 33.6 | 65.7 | 2285 | 13:25 | 830.0 | 33.5 | 38.2 | 39.8 | 38.2 | 69.8 | 225.2
11:05 | 827.1 | 31.5 | 33.8 | 35.6 | 33.8 | 66.3 | 228.7 | 13:30 | 823.0 | 33.5 | 38.3 | 39.9 | 38.3 | 70.2 | 224.1
11:10 | 835.9 | 30.9 | 33.9 | 357 | 33.9 | 66.1 | 230.7 | 13:35 | 823.9 | 33.8 | 38.3 | 40.0 | 38.4 | 69.9 | 222.3
11:15 | 844.3 | 31.0 | 34.0 | 359 | 34.1 | 66.7 | 232.3 | 13:40 | 801.1 | 34.4 | 385 | 40.1 | 385 | 69.9 | 218.3
11:20 | 848.9 | 31.4 | 34.2 | 36.0 | 34.2 | 67.3 | 2328 | 13:45 | 797.9 | 34.4 | 38,5 | 40.2 | 38.6 | 69.0 | 218.0
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e Iy To | To | Teo | Ts | Te | Peur e Iy To | Ta | Teo | Ts | Te | Peur

W/m? | °C °C °C °C °C W W/m? | °C °C °C °C °C W
13:50 | 782.3 | 34.3 | 38.7 | 40.2 | 38.7 | 68.7 | 215.2 | 15:00 | 579.7 | 34.6 | 40.0 | 40.8 | 40.0 | 60.6 | 171.6
13:55 | 771.1 | 34.4 | 38.7 | 40.3 | 38.8 | 68.9 | 212.4 | 15:05 | 563.9 | 34.7 | 40.0 | 40.8 | 40.1 | 60.0 | 166.6
14:00 | 753.6 | 33.9 | 38.9 | 40.3 | 38.9 | 68.0 | 210.2 | 15:10 | 541.7 | 34.9 | 40.1 | 40.9 | 40.1 | 58.9 | 162.0
14:05 | 743.1 | 33.4 | 39.0 | 40.4 | 39.0 | 66.5 | 207.7 | 15:15 | 521.9 | 35.0 | 40.2 | 40.9 | 40.2 | 57.5 | 156.4
14:10 | 734.2 | 33.3 | 39.0 | 40.5 | 39.1 | 64.8 | 207.1 | 15:20 | 505.1 | 35.1 | 40.2 | 40.9 | 40.3 | 56.7 | 152.3
14:15 | 721.3 | 33.3 | 39.2 | 40.5 | 39.2 | 64.7 | 203.5 | 15:25 | 483.2 | 35.2 | 40.4 | 40.9 | 40.4 | 56.4 | 1459
14:20 | 711.1 | 33.7 | 39.2 | 40.6 | 39.3 | 65.0 | 202.4 | 15:30 | 459.5 | 35.3 | 40.3 | 41.0 | 40.4 | 55.6 | 139.1
14:25 | 698.0 | 33.8 | 39.4 | 40.6 | 39.4 | 64.5 | 198.6 | 15:35 | 437.1 | 353 | 40.5 | 41.0 | 40.5 | 54.9 | 1324
14:30 | 678.4 | 33.9 | 39.4 | 40.6 | 39.5 | 63.8 | 195.0 | 15:40 | 401.8 | 35.0 | 40.4 | 41.0 | 40.5 | 54.9 | 121.9
14:35 | 663.7 | 33.9 | 39.6 | 40.7 | 39.6 | 63.7 | 190.3 | 15:45 | 399.9 | 34.6 | 40.6 | 41.0 | 40.6 | 52.8 | 121.4
14:40 | 643.1 | 34.1 | 39.7 | 40.7 | 39.7 | 63.9 | 186.4 | 15:50 | 378.0 | 34.3 | 40.6 | 41.1 | 40.6 | 51.5 | 1155
14:45 | 625.7 | 34.2 | 39.7 | 40.7 | 39.8 | 63.4 | 181.4 | 15:55 | 362.2 | 34.0 | 40.6 | 41.1 | 40.7 | 50.8 | 111.2
14:50 | 626.8 | 34.3 | 39.9 | 40.8 | 39.9 | 62.4 | 182.7 | 16:00 | 339.4 | 33.9 | 40.7 | 41.1 | 40.7 | 50.6 | 106.1
14:55 | 601.5 | 34.4 | 39.8 | 40.8 | 39.9 | 61.6 | 173.7
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A15719% 9.37 WanN1IAEEUTEUU Solar PV/T Boosted Heat Pump (851015t 1aveauiniu

S¥UU Solar PV/T 2.0 LPM)

e It Ta Tt Tto | Tewr | Peuroc | Pevmac | Peomp | Teond
W/m? | °C °C °C °C W W W °C
9:00 | 302.5 | 26.3 29.0 30.3 34.7 88.53 | 76.13 0.00 35.0
9:05 | 313.2 | 26.4 29.1 30.4 34,9 | 91.80 | 78.94 0.00 35.0
9:10 | 328.1 | 26.5 29.1 30.6 35.1 96.35 | 82.86 0.00 35.0
9:15 | 344.2 | 26.5 29.3 30.8 35.4 | 101.29 | 87.10 0.00 35.0
9:20 | 354.5 | 26.6 29.4 30.9 35,5 | 104.41 | 89.79 0.00 35.0
9:25 | 376.2 | 26.7 29.4 31.2 35.8 | 111.02 | 95.47 0.00 35.0
9:30 | 403.1 | 26.8 29.7 31.4 36.2 | 119.19 | 102.50 | 0.00 35.0
9:35 | 429.3 | 26.9 29.7 Bl 36.5 | 127.08 | 109.28 | 0.00 35.0
9:40 | 450.2 | 27.0 29.9 31.9 36.8 | 133.36 | 114.68 | 0.00 35.0
9:45 | 449.4 | 27.1 30.0 32.1 36.9 | 132.99 | 114.37 | 0.00 35.0
9:50 | 471.0 | 27.2 30.2 32.3 37.2 |139.431119.90 | 0.00 35.0
9:55 | 487.4 | 27.3 30.4 32.6 37.5 | 144.26 | 124.06 | 0.00 35.0
10:00 | 531.4 | 27.3 30.4 32.9 379 | 157.46 | 135.41 | 281.60 | 35.0
10:05 | 536.1 | 27.4 30.6 33.0 38.0 | 158.71 | 136.49 | 283.45 | 36.0
10:10 | 534.8 | 27.5 30.6 33.1 38.1 | 158.16 | 136.01 | 285.43 | 36.0
10:15 | 557.6 | 27.6 30.7 33.3 38.3 | 164.85 | 141.77 | 289.84 | 37.0
10:20 | 580.9 | 271.7 30.7 33.5 38.5 | 171.65 | 147.61 | 291.20 | 37.0
10:25 | 591.4 | 27.8 30.9 33.7 38.6 | 174.61 | 150.16 | 292.82 | 38.0
10:30 | 614.7 | 27.9 31.0 33.9 38.8 | 181.37 | 155.97 | 297.12 | 39.0
10:35 | 628.0 | 27.9 31.0 34.0 39.0 | 185.18 | 159.25 | 298.68 | 39.0
10:40 | 636.1 | 28.0 31.2 34.2 39.1 | 187.36 | 161.12 | 300.27 | 40.0
10:45 | 653.0 | 28.1 31.2 34.3 39.3 | 192.17 | 165.26 | 304.64 | 40.0
10:50 | 671.5 | 28.2 31.3 34.5 39.5 | 197.44 | 169.79 | 305.94 | 41.0
10:55 | 686.4 | 28.3 31.4 34.7 39.7 | 201.61 | 173.38 | 307.30 | 42.0
11:00 | 705.6 | 28.3 31.5 34.9 39.9 | 207.10 | 178.10 | 311.59 | 43.0
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Time Iy Ta Tf,i Tf,o Tyt PPV/T,DC PPV/T,AC PComp Tcond

W/m? | °C o o °C W W w o
11:05 | 721.2 | 28.4 | 31.7 | 351 | 40.1 |211.45]|181.84 | 312.88 | 43.0
11:10 | 724.0 | 285 | 31.7 | 35.2 | 40.2 |212.01 |182.32|314.43 | 44.0
11:15 | 726.7 | 28.6 | 31.9 | 35.3 | 40.3 |212.55|182.79 | 318.97 | 44.0
11:20 | 748.6 | 28.6 | 31.9 | 355 | 40.5 |218.78 | 188.15|320.12 | 45.0
11:25 | 752.8 | 28.7 | 32.1 | 35.7 | 40.6 |219.77 | 189.00 | 321.59 | 46.0
11:30 | 756.0 | 28.8 | 32.1 | 35.8 | 40.7 |220.43 | 189.56 | 326.07 | 47.0
11:35 | 761.2 | 28.9 | 32.3 | 359 | 40.9 |221.71|190.67 | 327.48 | 48.0
11:40 | 762.1 | 28.9 | 32.4 | 36.0 | 41.0 |221.80 | 190.74 | 329.04 | 48.0
11:45 | 764.2 | 29.0 | 32.4 | 36.1 | 41.1 |222.15|191.04 | 333.51 | 49.0
11:50 | 777.7 | 29.1 | 32.6 | 36.3 | 41.3 |225.82|194.20 | 334.70 | 50.0
11:55 | 794.7 | 29.1 | 32.6 | 36.5 | 41.5 |230.57 | 198.29 | 335.85 | 50.0
12:00 | 796.5 | 29.2 | 32.8 | 36.6 | 41.6 |230.85|198.53 | 340.26 | 51.0
12:05 | 787.8 | 29.3 | 32.8 | 36.6 | 41.6 |228.06 |196.13 | 341.90 | 52.0
12:10 | 786.6 | 29.3 | 33.0 | 36.7 | 41.8 |227.57 | 195.71 | 343.43 | 52.0
12:15 | 791.9 | 29.4 | 33.1 | 36.9 | 41.9 |228.85|196.81 | 347.74 | 53.0
12:20 | 790.6 | 29.4 | 33.1 | 36.9 | 42.0 |228.31|196.34 | 349.25 | 53.0
12:25 | 789.4 | 29.5 | 33.3 | 37.0 | 42.1 |227.73|195.84 | 350.69 | 54.0
12:30 | 793.6 | 29.6 | 33.3 | 37.1 | 42.2 |228.70 | 196.68 | 355.00 | 55.0
12:35 | 795.6 | 29.6 | 33.5 | 37.2 | 42.3 |229.13 | 197.05 | 356.41 | 55.0
12:40 | 798.6 | 29.7 | 335 | 37.3 | 42.4 |229.76 | 197.59 | 357.72 | 56.0
12:45 | 804.6 | 29.7 | 33.6 | 37.4 | 425 |230.51 |198.23 | 362.08 | 56.0
12:50 | 801.7 | 29.8 | 33.7 | 37.5 | 42.6 |231.11 |198.75|363.37 | 57.0
12:55 | 788.6 | 29.8 | 33.7 | 37.5 | 42.6 |226.38 | 194.68 | 365.13 | 58.0
13:00 | 789.1 | 29.9 | 33.9 | 37.6 | 42.7 |226.33| 194.64 | 369.47 | 58.0
13:05 | 780.3 | 29.9 | 33.9 | 37.6 | 42.8 |223.69 |192.37 | 371.07 | 59.0
13:10 | 777.9 | 29.9 | 34.0 | 37.7 | 42.8 |222.85|191.65|372.53 | 59.0
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Time |T Ta Tf,i Tf,o TPV/T I:)PV/T ,0C I:)PV/T LAC I:)Comp TCond

W/m? | °C o o °C W W w o
13:15 | 771.5 | 30.0 | 34.0 | 37.7 | 42.9 |220.84 | 189.92 | 377.01 | 60.0
13:20 | 7723 | 30.0 | 34.2 | 37.8 | 429 |220.96 | 190.02 | 378.37 | 61.0
13:25 | 762.7 | 30.1 | 34.3 | 37.8 | 43.0 |218.03 | 187.50 | 379.91 | 61.0
13:30 | 768.5 | 30.1 | 34.2 | 37.9 | 43.1 |219.59 | 188.84 | 384.15 | 62.0
13:35 | 764.3 | 30.1 | 34.4 | 37.9 | 43.1 |218.28 | 187.72 | 385.60 | 62.0
13:40 | 761.0 | 30.2 | 34.3 | 38.0 | 43.2 |217.19 | 186.78 | 386.97 | 63.0
13:45 | 750.6 | 30.2 | 34.5 | 38.0 | 43.2 |214.11 | 184.13 | 391.55 | 63.0
13:50 | 745.0 | 30.2 | 34.5 | 38.0 | 43.2 |212.41 | 182.67 | 393.03 | 64.0
13:55 | 739.8 | 30.2 | 34.6 | 38.0 | 43.2 |210.85 | 181.33 | 394.48 | 64.0
14:00 | 708.4 | 30.3 | 34.7 | 37.9 | 43.1 |201.74 | 173.49 | 399.47 | 65.0
14:05 | 691.5 | 30.3 | 34.6 | 37.8 | 43.1 |196.84 |169.28 | 0.00 | 65.0
14:10 | 675.5 | 30.3 | 34.9 | 37.9 | 43.0 |192.21 [ 165.30 | 0.00 | 65.0
14:15 | 662.8 | 30.3 | 35.0 | 38.0 | 43.0 |188.51 | 162.11| 0.00 | 65.0
14:20 | 654.3 | 30.3 | 353 | 38.2 | 43.0 |186.03 | 159.98 | 0.00 | 65.0
14:25 | 647.0 | 30.4 | 355 | 383 | 429 |183.84 |158.10| 0.00 | 65.0
14:30 | 640.8 | 30.4 | 357 | 38.5 | 429 |182.03 |156.54 | 0.00 | 65.0
14:35 | 633.1 | 30.4 | 359 | 38.6 | 42.9 |179.80 | 154.62 | 0.00 | 65.0
14:40 | 625.2 | 30.4 | 36.0 | 38.7 | 429 |177.49 | 152.64 | 0.00 | 65.0
14:45 | 624.5 | 30.4 | 36.3 | 389 | 429 |177.28 | 152.46 | 0.00 | 65.0
14:50 | 608.3 | 30.4 | 36.4 | 389 | 42.8 | 172.62|148.45| 0.00 | 65.0
14:55 | 591.8 | 30.4 | 36.7 | 39.0 | 42.7 | 167.85|144.35| 0.00 | 65.0
15:00 | 586.5 | 30.4 | 36.7 | 39.1 | 42.7 | 166.32|143.03| 0.00 | 65.0
15:05 | 561.9 | 30.4 | 37.0 | 39.1 | 42.5 | 159.23 | 136.93| 0.00 | 65.0
15:10 | 534.3 | 30.4 | 37.1 | 39.1 | 42.3 | 151.26 | 130.08 | 0.00 | 65.0
15:15 | 524.9 | 30.4 | 37.2 | 39.1 | 423 |148.54 | 127.74 | 0.00 | 65.0
15:20 | 507.6 | 30.4 | 37.4 | 39.2 | 42.1 |143.55|123.45| 0.00 | 65.0
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Time IT Ta Tf,i Tf,o TPV/T I:)PV/T ,0C I:)PV/T LAC PComp TCond

W/m? | °C °C o o W W W o
15:25 | 498.7 | 30.4 | 37.4 | 39.2 | 42.0 |140.99 | 121.25| 0.00 | 65.0
15:30 | 470.0 | 30.4 | 37.6 | 39.2 | 41.8 | 132.66 | 114.08 | 0.00 | 65.0
15:35 | 4433 | 30.4 | 37.7 | 39.1 | 41.6 |124.91|107.42 | 0.00 | 65.0
15:40 | 426.6 | 30.3 | 37.9 | 39.1 | 41.4 |120.10 | 103.28 | 0.00 | 65.0
15:45 | 415.6 | 30.3 | 37.9 | 39.1 | 41.3 | 116.91 | 100.54 | 0.00 | 65.0
15:50 | 403.3 | 30.3 | 37.9 | 39.1 | 41.1 |113.34| 97.47 | 0.00 | 65.0
15:55 | 385.5 | 30.3 | 38.1 | 39.1 | 40.9 |108.14 | 93.00 | 0.00 | 65.0
16:00 | 376.5 | 30.3 | 38.1 | 39.1 | 40.8 | 105.53 | 90.75 | 0.00 | 65.0
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A15719% 9.38 WaN1IVAEEUTEUU Solar PV/T Boosted Heat Pump (8n51n15kraveauiniu

J¥UU Solar PV/T 2.25 LPM)

e It Ta Tt Tto | Tewr | Peuroc | Pevmac | Peomp | Teond
W/m? | °C °C °C °C W W W °C
9:00 | 304.5 | 26.7 29.7 30.8 33.1 89.58 | 77.03 0.00 35.0
9:05 | 315.2 | 26.8 29.8 31.0 333 | 92.84 | 79.84 0.00 35.0
9:10 | 330.1 | 26.9 29.8 31.1 335 | 97.38 | 83.74 0.00 35.0
9:15 | 346.1 | 27.0 30.0 31.3 33.7 | 102.24 | 87.92 0.00 35.0
9:20 | 356.5 | 27.1 30.1 31.5 33.9 | 105.37 | 90.61 0.00 35.0
9:25 | 378.2 | 21.2 30.1 31.7 34.2 | 111.95| 96.27 0.00 35.0
9:30 | 405.1 | 27.3 30.3 31.9 34.5 | 120.09 | 103.27 | 0.00 35.0
9:35 | 431.2 | 27.4 30.4 32.2 349 |127.94 | 110.02 | 0.00 35.0
9:40 | 452.2 | 271.5 30.6 32.4 35.2 | 134.21 | 115.42 | 0.00 35.0
9:45 | 451.4 | 27.6 30.6 B35 35,3 | 133.86 | 115.11 | 0.00 35.0
9:50 | 473.0 | 27.7 30.9 32.8 35.6 | 140.28 | 120.64 | 0.00 35.0
9:55 | 489.3 | 27.8 31.0 05:0) 35.9 | 145.07 | 124.76 | 0.00 35.0
10:00 | 535.3 | 27.9 31.1 33.3 36.3 | 158.77 | 136.54 | 279.83 | 35.0
10:05 | 540.0 | 28.0 .2 33.4 36.4 | 160.03 | 137.62 | 281.79 | 36.0
10:10 | 538.7 | 28.1 31.2 33.5 36.5 | 159.49 | 137.16 | 283.84 | 36.0
10:15 | 561.6 | 28.2 31.4 33.7 36.6 | 166.19 | 142.92 | 288.39 | 37.0
10:20 | 584.8 | 28.3 31.3 33.8 36.8 | 17294 | 148.72 | 289.90 | 37.0
10:25 | 595.4 | 28.4 31.5 34.0 37.0 | 17593 | 151.29 | 291.62 | 38.0
10:30 | 618.7 | 28.5 31.6 34.1 37.1 | 182.67 | 157.09 | 296.06 | 38.0
10:35 | 632.0 | 28.5 31.5 34.3 37.3 | 186.48 | 160.37 | 297.72 | 39.0
10:40 | 640.0 | 28.6 31.7 34.4 37.4 | 188.65 | 162.23 | 299.40 | 40.0
10:45 | 656.9 | 28.7 31.7 34.6 37.6 | 193.45 | 166.36 | 303.89 | 41.0
10:50 | 675.5 | 28.8 31.9 34,7 37.8 | 198.73 | 170.90 | 305.31 | 41.0
10:55 | 690.4 | 28.9 31.8 34.9 37.9 | 20290 | 174.49 | 306.78 | 42.0
11:00 | 707.6 | 29.0 32.0 35.0 38.1 | 207.72 | 178.63 | 311.17 | 43.0
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Time |T Ta Tf,i Tf,o TPV/T I:)PV/T ,0C I:)PV/T LAC I:)Comp TCond

W/m? | °C o o °C W W w o
11:05 | 723.2 | 29.1 | 32.1 | 352 | 38.2 |212.07 | 182.38 | 312.56 | 43.0
11:10 | 725.9 | 29.2 | 32.1 | 35.3 | 38.3 |212.63|182.86 | 314.19 | 44.0
11:15 | 728.6 | 29.3 | 32.3 | 35.4 | 38.4 |213.19 |183.34 | 318.81 | 45.0
11:20 | 750.5 | 29.3 | 32.3 | 35.6 | 38.7 |219.41 | 188.69 | 320.07 | 46.0
11:25 | 754.8 | 29.4 | 325 | 35.7 | 38.8 |220.42 | 189.56 | 321.61 | 46.0
11:30 | 757.9 | 29.5 | 325 | 35.8 | 38.9 |221.09 | 190.13 | 326.16 | 47.0
11:35 | 763.2 | 29.6 | 32.7 | 35.9 | 39.0 |222.40 |191.26 | 327.65 | 48.0
11:40 | 764.1 | 29.7 | 32.8 | 36.0 | 39.1 |222.42|191.28 | 329.21 | 48.0
11:45 | 766.1 | 29.8 | 32.7 | 36.1 | 39.2 |222.77 | 191.58 | 333.74 | 49.0
11:50 | 779.6 | 29.8 | 32.9 | 36.3 | 39.4 |226.52|194.80 | 335.07 | 50.0
11:55 | 796.6 | 29.9 | 32.9 | 36.5 | 39.5 |231.20 | 198.83 | 336.26 | 50.0
12:00 | 800.5 | 30.0 | 33.1 | 36.6 | 39.6 |232.08|199.58 | 340.69 | 51.0
12:05 | 791.7 | 30.1 | 33.1 | 36.6 | 39.7 |229.31 | 197.20 | 342.36 | 52.0
12:10 | 790.6 | 30.1 | 33.3 | 36.7 | 39.8 |228.84|196.80 | 343.93 | 52.0
12:15 | 795.9 | 30.2 | 33.4 | 36.8 | 39.9 |230.14 | 197.92 | 348.30 | 53.0
12:20 | 794.6 | 30.3 | 33.4 | 36.9 | 40.0 |229.54 |197.40 | 349.80 | 54.0
12:25 | 793.4 | 30.3 | 33.5 | 36.9 | 40.1 |229.05|196.98 | 351.33 | 54.0
12:30 | 797.5 | 30.4 | 33.5 | 37.0 | 40.2 |230.02|197.81 | 355.70 | 55.0
12:35 | 799.6 | 30.4 | 33.7 | 37.1 | 40.3 |230.47 | 198.20 | 357.15 | 55.0
12:40 | 802.5 | 30.5 | 33.7 | 37.2 | 40.3 |231.10 | 198.74 | 358.52 | 56.0
12:45 | 805.7 | 30.6 | 33.9 | 37.3 | 40.4 |231.81|199.35|362.86 | 57.0
12:50 | 808.5 | 30.6 | 33.9 | 37.4 | 40.5 |232.47|199.92 | 364.26 | 57.0
12:55 | 792.5 | 30.7 | 33.9 | 37.4 | 40.5 |227.70 | 195.82 | 365.97 | 58.0
13:00 | 791.1 | 30.7 | 34.1 | 37.5 | 40.6 |227.17 | 195.36 | 370.44 | 58.0
13:05 | 782.3 | 30.8 | 34.0 | 37.5 | 40.6 |224.47|193.04 | 372.00 | 59.0
13:10 | 779.8 | 30.8 | 34.2 | 37.5 | 40.7 |223.65|192.33 | 373.48 | 60.0
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Time |T Ta Tf,i Tf,o TPV/T I:)PV/T ,0C I:)PV/T LAC I:)Comp TCond

W/m? | °C o o °C W W w o
13:15 | 773.4 | 309 | 34.2 | 37.6 | 40.7 |221.65]|190.61 | 377.99 | 60.0
13:20 | 7743 | 309 | 343 | 37.6 | 40.8 |221.81 | 190.75 | 379.39 | 61.0
13:25 | 764.7 | 31.0 | 34.4 | 37.6 | 40.8 |218.90 | 188.25 | 380.94 | 61.0
13:30 | 770.5 | 31.0 | 34.3 | 37.7 | 40.9 |220.46 | 189.59 | 385.23 | 62.0
13:35 | 766.2 | 31.1 | 34.5 | 37.8 | 40.9 |219.08 | 188.40 | 386.65 | 62.0
13:40 | 763.0 | 31.1 | 34.5 | 37.8 | 41.0 |218.08 | 187.54 | 388.09 | 63.0
13:45 | 752.5 | 31.1 | 34.6 | 37.8 | 41.0 | 215.01 | 184.90 | 392.68 | 64.0
13:50 | 746.9 | 31.2 | 34.6 | 37.8 | 41.0 |213.27 | 183.41 | 394.11 | 64.0
13:55 | 741.7 | 31.2 | 34.7 | 37.8 | 41.0 |211.71 | 182.07 | 395.58 | 65.0
14:00 | 7123 | 31.2 | 34.7 | 37.7 | 40.9 |203.27 |174.81| 0.00 | 65.0
14:05 | 695.4 | 31.2 | 34.9 | 37.8 | 41.1 |198.39 [ 170.61 | 0.00 | 65.0
14:10 | 679.5 | 31.3 | 352 | 38.0 | 41.3 | 193.75|166.62 | 0.00 | 65.0
14:15 | 666.7 | 31.3 | 353 | 38.1 | 41.5 | 190.05 | 163.44 | 0.00 | 65.0
14:20 | 658.2 | 31.3 | 35.6 | 383 | 41.7 |187.59 [ 161.32| 0.00 | 65.0
14:25 | 650.9 | 31.3 | 35.8 | 38.4 | 41.9 |185.47 [159.50 | 0.00 | 65.0
14:30 | 644.7 | 31.4 | 36.1 | 38.6 | 42.1 |183.62|157.91| 0.00 | 65.0
14:35 | 637.0 | 31.4 | 36.3 | 38.7 | 423 | 181.39 [ 155.99 | 0.00 | 65.0
14:40 | 629.1 | 31.4 | 36.4 | 38.8 | 425 |179.11 | 154.03 | 0.00 | 65.0
14:45 | 628.5 | 31.4 | 36.6 | 39.0 | 42.7 |178.92|153.87 | 0.00 | 65.0
14:50 | 6123 | 31.4 | 36.7 | 39.1 | 42.8 | 174.26 | 149.86 | 0.00 | 65.0
14:55 | 595.7 | 31.4 | 37.0 | 39.2 | 42.9 |169.49 | 14576 | 0.00 | 65.0
15:00 | 590.5 | 31.4 | 37.1 | 39.3 | 43.1 | 167.99 | 144.47 | 0.00 | 65.0
15:05 | 563.9 | 31.4 | 37.4 | 39.3 | 43.1 | 160.35|137.90 | 0.00 | 65.0
15:10 | 536.3 | 31.4 | 37.5 | 39.3 | 43.1 |152.41|131.07| 0.00 | 65.0
15:15 | 526.8 | 31.4 | 37.6 | 39.4 | 43.2 | 149.68 | 128.72| 0.00 | 65.0
15:20 | 509.6 | 31.4 | 37.8 | 39.4 | 43.2 | 144,73 |124.46 | 0.00 | 65.0
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Time It Ta T Tro Tevr | Peuroc | Prurac PCOI’np Tcond

W/m? | °C °C o o W W W o
15:25 | 500.7 | 31.4 | 37.8 | 39.5 | 43.3 |142.17 | 122.26 | 0.00 | 65.0
15:30 | 472.0 | 31.4 | 38.0 | 39.5 | 43.2 |133.88 | 115.13 | 0.00 | 65.0
15:35 | 4453 | 31.4 | 38.1 | 39.5 | 43.1 |126.15|108.48 | 0.00 | 65.0
15:40 | 428.5 | 31.4 | 383 | 39.5 | 43.1 |121.29 | 104.30 | 0.00 | 65.0
15:45 | 417.5 | 31.3 | 384 | 39.5 | 43.1 |118.15|101.60 | 0.00 | 65.0
15:50 | 405.3 | 31.3 | 38.4 | 39.5 | 43.1 |114.62| 98.57 | 0.00 | 65.0
15:55 | 387.4 | 31.3 | 385 | 39.5 | 43.0 | 109.41 | 94.09 | 0.00 | 65.0
16:00 | 3785 | 31.3 | 385 | 39.5 | 43.0 | 106.84 | 91.88 | 0.00 | 65.0
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A15719% 9.39 WanN1IAEEUTEUU Solar PV/T Boosted Heat Pump (851015t 1aveauiniu

S¥UU Solar PV/T 2.5 LPM)

e It Ta Tt Tto | Tewr | Peuroc | Pevmac | Peomp | Teond
W/m? | °C °C °C °C W W W °C
9:00 | 297.0 | 26.5 29.1 30.1 34.4 | 86.75 | 74.60 0.00 35.0
9:05 | 307.7 | 26.6 29.2 30.3 34,5 | 90.03 | 77.42 0.00 35.0
9:10 | 322.6 | 26.7 29.2 30.4 34.8 | 94.58 | 81.34 0.00 35.0
9:15 | 338.7 | 26.8 29.4 30.6 35.0 | 99.50 | 85.57 0.00 35.0
9:20 | 349.0 | 26.9 29.5 30.7 35.2 | 102.62 | 88.25 0.00 35.0
9:25 | 370.7 | 27.0 29.5 30.9 35.5 | 109.23 | 93.94 0.00 35.0
9:30 | 397.6 | 27.1 29.8 31.2 35.8 |117.41 | 100.97 | 0.00 35.0
9:35 | 423.8 | 27.2 29.8 31.4 36.2 | 125.31 | 107.77 | 0.00 35.0
9:40 | 444.7 | 27.3 30.0 31.6 36.5 | 131.60 | 113.17 | 0.00 35.0
9:45 | 4439 | 27.3 30.1 31.8 36.6 | 131.27 | 112.90 | 0.00 35.0
9:50 | 465.5 | 27.4 30.3 32.0 36.9 | 137.73|118.45| 0.00 35.0
9:55 | 481.9 | 27.5 30.4 32.2 37.2 | 142,57 | 122.61 | 0.00 35.0
10:00 | 526.9 | 27.6 30.5 32.5 37.6 | 156.03 | 134.19 | 283.22 | 35.0
10:05 | 531.6 | 27.7 30.7 32.6 37.7 | 157.30 | 135.28 | 285.16 | 36.0
10:10 | 530.3 | 27.8 30.6 32.7 37.8 | 156.76 | 134.81 | 287.18 | 36.0
10:15 | 553.1 | 27.9 30.8 32.9 38.0 | 163.46 | 140.57 | 291.76 | 37.0
10:20 | 576.4 | 28.0 30.7 33.0 38.2 | 170.27 | 146.43 | 293.28 | 37.0
10:25 | 586.9 | 28.1 30.9 33.1 38.3 | 173.25 | 148.99 | 295.00 | 38.0
10:30 | 610.2 | 28.2 31.0 33.3 38.5 | 180.01 | 154.81 | 299.47 | 38.0
10:35 | 623.5 | 28.3 31.0 33.5 38.6 | 183.78 | 158.05 | 301.08 | 39.0
10:40 | 631.6 | 28.4 31.1 33.6 38.7 | 185.98 | 159.94 | 302.76 | 39.0
10:45 | 648.5 | 28.5 31.1 33.7 38.9 | 190.80 | 164.08 | 307.25 | 40.0
10:50 | 667.0 | 28.5 31.3 33.9 39.1 | 196.15 | 168.69 | 308.74 | 41.0
10:55 | 681.9 | 28.6 31.3 34.0 39.2 | 200.33 | 172.28 | 310.21 | 42.0
11:00 | 700.1 | 28.7 31.5 34.2 39.4 | 205.48 | 176.71 | 314.61 | 43.0
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Time I Ta Tt Tro Tevr | Pevroc | Peumac PComp Tcond

W/m? | °C o o °C W W w o
11:05 | 715.7 | 28.8 | 31.6 | 34.3 | 39.6 |209.84 | 180.47 | 316.01 | 44.0
11:10 | 7185 | 28.9 | 31.6 | 34.4 | 39.7 |210.43 | 180.97 | 317.63 | 44.0
11:15 | 721.2 | 29.0 | 31.7 | 34.6 | 39.8 |210.98 | 181.44 | 322.24 | 45.0
11:20 | 743.1 | 29.0 | 31.7 | 34.7 | 40.0 |217.23 |186.82 | 323.52 | 46.0
11:25 | 7473 | 29.1 | 31.9 | 34.8 | 40.1 |218.24 | 187.68 | 325.06 | 46.0
11:30 | 750.5 | 29.2 | 31.9 | 349 | 40.2 |218.92 | 188.27 | 329.60 | 47.0
11:35 | 755.7 | 29.3 | 32.1 | 35.1 | 40.3 | 220.22 | 189.39 | 331.09 | 48.0
11:40 | 756.6 | 29.3 | 32.2 | 35.1 | 40.4 |220.33 |189.48 | 332.68 | 48.0
11:45 | 758.7 | 29.4 | 32.2 | 352 | 40.5 |220.69 | 189.79 | 337.21 | 49.0
11:50 | 772.2 | 29.5 | 32.4 | 354 | 40.7 |224.38|192.97 | 338.51 | 50.0
11:55 | 789.2 | 29.6 | 32.4 | 355 | 40.9 |229.08 |197.01 | 339.72 | 50.0
12:00 | 792.0 | 29.6 | 32.5 | 35.6 | 41.0 |229.74 | 197.58 | 344.22 | 51.0
12:05 | 7833 | 29.7 | 325 | 357 | 41.0 |226.97 | 195.19 | 345.86 | 52.0
12:10 | 782.1 | 29.8 | 32.7 | 358 | 41.1 |226.42|194.72 | 347.37 | 52.0
12:15 | 787.4 | 29.8 | 32.8 | 359 | 41.2 |227.80 | 195.90 | 351.80 | 53.0
12:20 | 786.1 | 29.9 | 32.8 | 359 | 41.3 | 227.20 | 195.39 | 353.29 | 53.0
12:25 | 784.9 | 30.0 | 33.0 | 36.0 | 41.4 |226.64 | 194.91 | 354.77 | 54.0
12:30 | 789.1 | 30.0 | 329 | 36.1 | 41.5 | 227.70 | 195.82 | 359.18 | 55.0
12:35 | 791.1 | 30.1 | 33.1 | 36.2 | 41.6 | 228.08 | 196.15 | 360.58 | 55.0
12:40 | 794.1 | 30.1 | 33.1 | 36.3 | 41.7 | 228.79 | 196.76 | 362.00 | 56.0
12:45 | 800.1 | 30.2 | 33.3 | 36.4 | 41.8 |229.49 | 197.36 | 366.35 | 56.0
12:50 | 797.2 | 30.3 | 33.3 | 36.5 | 41.8 |230.12 | 197.90 | 367.70 | 57.0
12:55 | 784.1 | 30.3 | 33.3 | 36.5 | 41.9 | 22539 | 193.84 | 369.42 | 58.0
13:00 | 783.6 | 30.4 | 33.5 | 36.5 | 41.9 |225.08|193.56 | 373.82 | 58.0
13:05 | 774.8 | 30.4 | 33.5 | 36.5 | 42.0 |222.44 |191.30 | 375.41 | 59.0
13:10 | 772.4 | 30.5 | 33.6 | 36.6 | 42.0 |221.55|190.53 | 376.83 | 59.0
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Time |T Ta Tf,i Tf,o TPV/T I:)PV/T ,0C I:)PV/T LAC I:)Comp TCond

W/m? | °C o o °C W W w o
13:15 | 766.0 | 30.5 | 33.6 | 36.6 | 42.0 |219.62 | 188.87 | 381.36 | 60.0
13:20 | 766.8 | 30.5 | 33.7 | 36.7 | 42.1 |219.76 | 188.99 | 382.76 | 61.0
13:25 | 757.2 | 30.6 | 33.8 | 36.7 | 42.1 |216.84 | 186.49 | 384.29 | 61.0
13:30 | 763.0 | 30.6 | 33.7 | 36.8 | 42.2 |218.42 | 187.84 | 388.59 | 62.0
13:35 | 758.8 | 30.7 | 33.9 | 36.8 | 42.2 | 217.05 | 186.66 | 390.00 | 62.0
13:40 | 755.5 | 30.7 | 33.8 | 36.8 | 42.3 |216.04 | 185.79 | 391.44 | 63.0
13:45 | 745.1 | 30.7 | 34.0 | 36.8 | 423 |212.97 | 183.15 | 396.00 | 63.0
13:50 | 739.5 | 30.8 | 33.9 | 36.9 | 42.3 |211.22 | 181.65 | 397.42 | 64.0
13:55 | 734.3 | 30.8 | 34.1 | 36.9 | 42.3 | 209.67 | 180.32 | 398.87 | 64.0
14:00 | 703.9 | 30.8 | 34.1 | 36.8 | 42.2 |200.90 | 172.77 | 403.78 | 65.0
14:05 | 687.0 | 30.9 | 34.0 | 36.8 | 42.1 |195.94 |168.51| 0.00 | 65.0
14:10 | 671.0 | 30.9 | 34.4 | 36.9 | 423 |191.31 | 164.52 | 0.00 | 65.0
14:15 | 658.3 | 30.9 | 34.5 | 37.0 | 425 |187.61 | 161.34| 0.00 | 65.0
14:20 | 649.8 | 30.9 | 34.8 | 37.2 | 42.7 |185.14 |159.22 | 0.00 | 65.0
14:25 | 642.5 | 30.9 | 34.9 | 37.3 | 429 |183.01 [157.39 | 0.00 | 65.0
14:30 | 636.3 | 31.0 | 35.2 | 37.5 | 43.1 |181.16 [ 155.79 | 0.00 | 65.0
14:35 | 628.6 | 31.0 | 35.4 | 37.7 | 43.3 |178.93|153.88| 0.00 | 65.0
14:40 | 620.7 | 31.0 | 355 | 37.8 | 435 |176.62 |151.90 | 0.00 | 65.0
14:45 | 620.0 | 31.0 | 35.8 | 38.0 | 43.7 |176.42 | 151.72| 0.00 | 65.0
14:50 | 603.8 | 31.0 | 359 | 38.1 | 439 |171.75|147.71| 0.00 | 65.0
14:55 | 587.3 | 31.0 | 36.2 | 38.1 | 44.0 | 166.98 | 143.60 | 0.00 | 65.0
15:00 | 581.0 | 31.0 | 36.3 | 38.3 | 44.1 | 165.16 | 142.04 | 0.00 | 65.0
15:05 | 556.4 | 31.0 | 36.5 | 38.3 | 44.2 | 158.06 | 135.93 | 0.00 | 65.0
15:10 | 528.8 | 31.0 | 36.7 | 38.3 | 44.2 | 150.07 | 129.06 | 0.00 | 65.0
15:15 | 519.4 | 31.0 | 36.7 | 38.4 | 443 |147.35|126.72| 0.00 | 65.0
15:20 | 502.1 | 31.0 | 37.0 | 38.5 | 443 | 142.35|122.42| 0.00 | 65.0
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Time It Ta T Tro Tevr | Peuroc | Prurac PCOI’np Tcond

W/m? | °C °C o o W W W o
15:25 | 493.2 | 31.0 | 37.0 | 38.6 | 44.4 |139.79 | 120.22 | 0.00 | 65.0
15:30 | 464.5 | 31.0 | 37.2 | 385 | 443 | 131.44 | 113.04 | 0.00 | 65.0
15:35 | 437.8 | 31.0 | 37.3 | 385 | 44.2 |123.67 | 106.36 | 0.00 | 65.0
15:40 | 421.1 | 31.0 | 37.5 | 385 | 44.2 |118.80 | 102.17 | 0.00 | 65.0
15:45 | 410.1 | 30.9 | 37.6 | 38.6 | 44.2 | 115.64 | 99.45 | 0.00 | 65.0
15:50 | 397.8 | 30.9 | 37.5 | 38.6 | 44.2 |112.07 | 96.38 | 0.00 | 65.0
15:55 | 380.0 | 30.9 | 37.7 | 38.6 | 44.1 |106.85| 91.89 | 0.00 | 65.0
16:00 | 371.0 | 30.9 | 37.7 | 38.6 | 44.1 |104.24 | 89.65 | 0.00 | 65.0
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The investigation of mass flow rate and inlet fluid temperature effect on
the boosted heat pump performance

Piyaphone Mungkhaly and Sulaksana Mongkon"

School of Renewable Energy, Maejo University, Chiang Mai, Thailand
*Corresponding author, E-mail: s_mongkon@hotmail.com

Abstract

The aim of this research is to study the mass flow rate and inlet water temperature effect of hot water that fed
to evaporator section of the boosted heat pump comparing the case study of using air source. Both heat pumps were test
under the hot water temperature condition of 35-65 °C that produced hot water of 100 liter storage tank. For
methodology, the boosted heat pump was adapted with the water box installed at the evaporator section and the
variation of hot water temperature was controlled by the electric heater and then fed the hot water into the evaporator
section at the mass flow rate of 1 kg/min, 2 kg/min, and 3 kg/min under the inlet temperature variation of 35 °C, 40 °C,
45 °C, 50 °C, 55 °C, 60 °C, and 65 °C, respectively. While the ional heat pump, the fan blown the ambient air
into evaporator section. The coefficient of performance (COP) of both heat pumps were calculated and it was found
COP of the boosted heat pump was higher than the conventional heat pump at every the mass flow rate, moreover, COP
would be decreased when the water temperature in storage tank increased because the power of heat pump increased.
The suitable of mass flow rate was clearly at 2 kg/min and the hot water temperature that fed to the evaporation section
of boosted heat pump was equal to 45 °C. COP of boosted heat pump could be raise the highest value of 3.69 while
COP of conventional heat pump was equal to 2.51.

Keywords: Boosted heat pump, Hot water mass flow rate, Cofficient of Performance (COP).

1. Introduction

Currently, the demand of hot water using in residence home, hotels, hospitals and various
industrial sectors is growing. The conventional hot water production is commonly used the electric heater
because its investment is cheap and easy installation. However, the disadvantage of electric hot water heater
is mainly to use a high power consumption about 3.5-4.5 kW, which is a huge waste of energy. Heat pump
is an alternative method for hot water production instead of electric heater using that uses an electricity less
than electric heater about 3-4 times (Techato, 2012). The coefficient of performance (COP) the heat pump
is approximately 3.00. Heat pump can classify of four types such as Ground Source Heat Pumps (GSHPs),
Air Source Heat Pumps (ASHPs), Solar Assisted HPs (SAHP) and Gas-Engine Driven Heat Pumps
(GEHPs). The heat resource for evaporator of each type is different for example; ground source, ambient
air, solar heat source, and gas source while the condenser of all type is the hot water storage tank (Hepbasli
& Kalinci, 2009). The efficient improvement of heat pump systems, together with the their cost reduction,
has led to publish not only use in air-conditioning , but also widely uses in other applications such as drying
or hot water production (Daghigh, Ruslan, Sulaiman, Sopian et al, 2010). During the whole heating process,
it noted that the condensation temperature of heat pump unit varied with the change of water temp e in
the water tank load (Shiyu et al, 2007). Heat pump performance is studied in many case studies. (Morrison,
Anderson, Behnia, 2004) studied Seasonal performance rating of heat pump water heaters in Sydney,
Australia. The results found that the coefficient of performance (COP) was 2.3 for a heat pump system in a
laboratory situation with an integral condenser and COP of 1.8 for systems with an external condenser.
(Pramote, 1999) studied the hot water system of vapor compression heat pump, which the system had the
highest COP value about 4.0-4.2 and was able to produce the hot water with a maximum temperature of
41.7 °C at the mass flow rate of 3 kg/min. (Huang & Lin, 1997) studied the hot water heater production by
using a small heat pump that used R22 as a working fluid and 100 liters of hot water tank. The hot water
temperature was up to 54 °C, which COP was in the range of 2.0-3.0. (Wang et al, 2017) studied the
coefficient of performance (COP) of air source heat pump by using R22 as a working fluid. The hot water
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of 300 liters was produced from 30-54.2 °C under the variation of ambient air temperature at -7 °C, 2 °C, 7
°C, 20 °C, and 30 °C, respectively. The experimental results investigated that when the water temperature
increased, the power consumption would be increased of 56 %, 48 %, 42 %, 39%, and 34% respectively
and the COP decreased 43 %, 48 %, 51 %, 64 %, 48 %, respectively.

From the previous research, that shows heat pump systems can work with solar heat from solar hot
water production. Anyway, the effect mass flow rate is lack therefore in this study need to investigate the
effect from the hot water mass flow rate in evaporator section of the boosted heat pump comparing with the
conventional heat pump (an air source heat pump type) by using R22 as a working fluid. The both heat
pumps was test under the condition of hot water temperature in the 100 liters storage tank from 35 °C to 65
°C, By changing the flow rate of 3 values under the inlet temperature condition evaporator of 35 °C, 40 °C,
45 °C, 50 °C, 55 °C, 60 °C, and 65 °C, respectively.

2. Objectives
To study the effect of hot water mass flow rate and inlet water temperature on boosted heat pump
performance.

3. Materials and Methods
3.1 Boosted heat pump concept

The boosted heat pump has the similar equipment like a conventional heat pump. The equipment
consists of compressor, condenser, expansion valve and evaporator. But inside the evaporator section will
feed the hot water instead of air. The boosted heat pump working principle is shown in Figure 1. At the
evaporator section, the refrigerant R22 (a working fluid) absorbs heat from the hot water and change from
fluid to vapor, then the refrigerant vapor will flow to the compressor and is pressed up to high temperature
and pressure before high pressure vapor transfers to condenser section. At this section, the high pressure
vapor is reduced temperature so the vapor reforms to liquid and flows to the expansion valve. When the
refrigerant liquid passes through the expansion valve, the pressure is reduced and the state of refrigerant is a
mixture between liquid and vapor and then be continue to receive heat at the evaporator, (Pramote, 1999).

Compressor

Condenser

Figure 1 Boosted heat pump working principle
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3.2 Experiment Method

In Figure 2(a) shows the boosted heat pump experiment setting. The boosted heat pump by using
R22 as a working fluid was adapted with the water box that installed at the evaporator section as shown in
Figure 2(b). The flow rate variation of hot water temperature was controlled by the electric heater and fed
the hot water into the evaporator section at the mass flow rate of 1 kg/min, 2 kg/min, and 3 kg/min under
the inlet temperature condition of 35 °C, 40 °C, 45 °C, 50 °C, 55 °C, 60 °C, and 65 °C, respectively. Hot
water would be supplied to the evaporator using water pump Green-03 DC 12 V. The experiment consisted
of two cases; using hot water in evaporator and using air source (a conventional heat pump).

um—..msd

(a) Boosted heat pump (b) The water box that installed at the evaporator section

For data collection, thermocouples type K were used to measure temperature in various points as
shown in Figure 1, namely point 1 the inlet water temperature to evaporator, point 2 the outlet water
temperature to evaporator, point 3 the temperature of hot water in a condenser tank, point 4 the ambient

p e. All of d p were recorded in the multi-channel data logger (Model; Lutron
TM-1947SD). For the compressor power of heat pump (point 5) was used clamp meter (Model; Mastech
MS2203). The mass flow rate of hot water was measured by flow meter (Model; Treaton Z-4001). After
that, the test was conducted to collect data every 5 minutes for coefficient performance (COP) that can be
calculated following equation (1) and equation (2).

Coefficient of performance (COP) of heat pump can be calculated from the useful heat from the
condenser divided by the power input the compressor.

COP,,, Qs 1)

pump —
W comp

Where COPpeapump is coefficient of performance of heat pump. Qcond is useful heat from the
condenser. W camp is power consumption of compressor.
The heat removal from condenser, can be calculated from the equation (2)

. MsCP(Ts“Al 'Ts)

Cond = At (2
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Where Ms is the amount of water in the hot water tank (kg). Cp is specific heat capacity of water
(J/kg-K). Ts"** is the water temperature in the hot water tank when the time is changing (°C). Ts is the water
temperature in the hot water storage tank (°C) and At is time (s).

4. Results and Discussion
4.1 Compresser Power

Figure 3, shows the changing compressor power at various mass flow rate and various hot water
temperatures condition that supplied to the evaporator section. At the mass flow rate of 1 kg/min, 2 kg/min
and 3 kg/min, the compressor power of boosted heat pump in each average period was in the range of 0.251
- 0.404 kW,, 0.235 - 0.379 kW, and 0.238 - 0.399 kW, respectively. While the compressor of conventional
heat pump that used air source in evaporator section use the power approximately 0.297 - 0.462 kW..
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Figure 3 The variation of compressor power at various mass flow rate
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3.2 The useful heat form condenser

1 MAY 2020

From the Figure 4 shows the variation of useful heat from the condenser (Qcona) of the heat pump
that used the hot water boosted inside evaporator section of heat pump at various mass flow rate of 1
kg/min, 2 kg/min and 3 kg/min, respectively. It was found that the heat pump compressor would use more
electric power, and made the useful heat from condenser decreased. The useful heat from the condenser in
each mass flow rate was in the range of 0.558 — 1.396 kW, 0.698 - 1.396 kW and 0.698 - 1.196 kW,
respectively. While the compressor of conventional heat pump that used air source in evaporator section

consumed the electric power in the range of 0.465 — 1.396 kW.

() At mass flow rate of 3 kg/min

Figure 4 The variation of useful heat from condenser at various mass flow rate
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3.3 Cofficient of performance (COP)

Figure 5 shows the coefficient of performance a heat pumps. COP of the boosted heat pump
obtained in the range of 2.85-3.36. The optimum hot water temperature at the flow rate of 1 kg/min was at
40 °C, which could raise the highest coefficient of performance (COP) of 3.36. For the coefficient of
performance (COP) of the conventional heat pump (air source type) was equal to 2.51. For the mass flow
rate of 2 kg/min, COP was higher than the results of mass flow rate 1 kg/min with a value between 2.95-
3.69. The optimum hot water temperature at the flow rate of 2 kg/min was 45 °C, while the coefficient of
performance (COP) of the conventional heat pump was equal to 2.51. Finally, at the mass flow rate of 3
kg/min. The coefficient of performance (COP) was in the range of 2.97-3.63 while the coefficient of
performance (COP) of the conventional heat pump was equal to 2.51. From the experiments, could increase
higher than with the conventional heat pump (an air source heat pump type) the coefficient of performance
(COP) of the boosted heat pump a value between 2.97 to 3.63.
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Figure 5 Coefficient of performance (COP) of heat pump at various mass flow rate
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3.4 Experimental summary

From Table 1. shows the summarize of the coefficient of performance (COP) of boosted heat
pump and it was found the coefficient of performance (COP) of the boosted heat pump could increase
higher than the conventional heat pump at every mass flow rate. Moreover, the coeficient of performance
(COP) would be decreased when the water temperature in the storage tank increased because the power
using of the heat pump was increased. The optimum mass flow rate was clear that at 2 kg/min provided the
highest COP of 3.69 and the suitable hot water temperature that supplied to the evaporation section was
equal to 45 °C.

Table 1 Coefficient of perft of boosted heat pump
Coefficient of Performance (COP)
> 35°C 40 °C 45 °C 50 °C 55°C 60 °C 65 °C
1 kg/min 3.11 3.36 2.85 3.04 324 3.16 3.05
2 kg/min 3.10 3.07 3.69 3.36 2.95 3.51 3.31
3 kg/min 3:29 3.63 297 3.36 3.40 3.21 3.35

5. Conclusion

This research studied the effect study of hot water mass flow rate and inlet water temperature on
boosted heat pump performance comparing with the conventional heat pump. The results showed that COP
of the boosted heat pump was higher than the conventional heat pump at every mass flow rate, moreover,
COP would be decreased when the water temperature in storage tank increased because the power
consumption of heat pump increased. The suitable of mass flow rate was clearly at 2 kg/min and the hot
water temperature that fed to the evaporation section of boosted heat pump was equal to 45 °C. The boosted
heat pump could be reached the highest COP of 3.69 while COP of conventional heat pump was equal to
2.51.
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Abstract

Kai Nakorn Hotel, Vientiane Captital, Laos PDR has a hot water demand with a temperature of 60-65 °C,
amount of 2,000 L/day for consumption. In the hot water production, a 20 kW heater coil was used, resulting
95.54 kWhvday of electricity consumption caused a lot of electric energy use. Therefore, this research has an
idea to study an optimum size of the hot water production system from Solar PV, T Boosted Heat Pump for
hot water use in the Kai Nakorn Hotel for reducing the amount of electricity consumption. The first part is
testing of the electrical and thermal performance of Solar PV/T following to ASHRAE Standard 93-2003 to
simulate a performance prediction equation of a 330 Wp Solar PV/T. The results found that the thermal
performance of Solar PV/T panels obtained Fr(ta). and FrUL equal to 0.4018 and 10.466 W/m?°C,
respectively. While the averaged power generation efficiency of solar PV/T panel was 16.00% and got an
empirical equation for prediction performance of hot water generation with Solar PV/T Boosted Heat Pump.
For the second part of the study, the equations that obtained from the first part study was used to create a
mathematical model to design an optimized system and analyzed the economic for choosing the appropriate
size of the hot water use in hotel. The conventional hot water production system used an electric heater of 20
kW to produce hot water at a temperature of 60-65 °C, with an amount of 2,000 L/day. The results found that
an optimized system was used the 330 W, solar PV, T with 12 panels together with a 17.8 kW heat pump.
The electricity consumption was able to reduce by 28,072.71 kWhsyear, or equivalent the electricity costs
when compared to use heater equal to 86,952.84 Bahtyear, with an investment of 604,180 Baht and a payback
period was equal to 7.13 years.

Keyword : Performance, Solar panel, Hot water, Heat pump, Solar PV/T Boosted Heat Pump.
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