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# # 6170382021 : MAJOR MECHANICAL ENGINEERING
KEYWORD: Photovoltaic; Evaporative cooling; Theoretical model
Bannaphong Gleebpratum : Development of heat transfer model of fabric evaporative cooling on flat plate

for photovoltaic application. Advisor: Asst. Prof. SARAN SALAKLJ, Ph.D.

Photovoltaic panel has been widely used for producing an electricity because it is a renewable energy and
zero emission. Some researchers found that an electrical efficiency of the panel depends on many factors. The most
factor effects to the efficiency is temperature. Therefore, cooling of photovoltaic panel is required to maintain its
efficiency. This research presents theoretical models for evaporative cooling by fabric to predict a flat plate temperature
and use them as a design tool on an actual photovoltaic panel. The models are divided in three cases; (i) common flat
plate, (i) flat plate attached a wetted fabric, and (iii) flat plate attached a wetted fabric and installing a reservoir. For
both case (i) and (ii) are validated from an experiment by using a model, which made from a flat plate aluminum
attached with a silicone heater. The experiment is tested in the controlled condition room. The results found that
attached a wetted fabric can decrease the temperature by 24.5 Celsius, and theoretical model can nearly predict the
temperature compared with the experimental data. Thus, these theoretical models are possibly used as a design tool for
cooling an actual photovoltaic panel. Limitation of attached only wetted fabric is cannot reduce the temperature all the
time, because the temperature would rise up and the panel efficiency would drop again when the fabric is dry. To
resolve this problem, thicker fabric or higher porous fabric should be chosen to extend the cooling period. For case (iii), a
reservoir is installed as a water supply system for fabric such that evaporative cooling can be maintained all the time. To
use this method, it is important to consider for an optimum wick height installation between the top of the flat plate
and reservoir that can reduce the temperature all the time while minimize the rate of water loss. This case is studied
based on the theoretical model. The result shows that the optimum wick height installation is 11.9 cm. Moreover, it
found that ambient affects the cooling capability. If the air temperature rises or relative humidity is lower, the fabric can
evaporate better and decrease the flat plate temperature more. Last, this research has developed the theoretical model
to apply on an actual photovoltaic panel to simulate in a real ambient condition for 1 year. This simulation varies wick
height installation and fabric thickness to estimate an energy production from the observed photovoltaic panel, water
usage and rate of water loss which it can be used to analyze the appropriate wick height installation and fabric thickness.
The simulation result shows that 3-time-fabric thickness with 10 cm wick height and 4-time-fabric thickness with 12.5 cm
wick height are the optimum designs, because they can highly increase an energy production and rate of water loss is

less than 10 percent compared with the annual water usage.

Field of Study: Mechanical Engineering Student's Signature .........cocceevreeneenes

Academic Year: 2019 Advisor's Signature .........ccccvceeeerreeen.
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2.2.1.2 msangaumiivesvaduaseiinglagldainie (Air Active Cooling)
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A1511AU58U (Conduction) N1SW1AINSU (Convection) WAy N1SHESIAAINUSDY
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3.1.1 NNSUIANUSDUVUAALEID17IMY (Heat Conduction)
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of heat conduction)

. oT
Qcona = _kAconda (3.1)

W9 Qeong MO 9MI1N19078MAIIUTOUIINAITUIAITINTOU

KIUAINAN (W)

1o

k Ao AduUTEANSNISUIANNSDUTRIEINA1S (W/m.K)

2 & A ° v 2
Aiong A fiunlumstnanuiou (m?)

oT a 2 2 o
on o insihuvesgumy MAnTulufiIna1s (K)
x 9
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3.1.2 MINIANUSIUV UL AALEIDNRE (Heat Convection)
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winudoussnludae AsfivhldiAnnisindeufivesniiudeudieiznisniaiiueutiv
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ANuSouazgnuuseandu 3 Uszan laun n1swiainueunuunisUady (Forced Heat

Convection) N1SWIAIINSBULUUNIUGTSUVIR (Natural Heat Convection) wae
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ASNIANUSDULUUNEN (Mixed Convection) 198N1SNIAINNSDURUUTIAYU AB N1SARBUN

[y [y

Y94A1UTBUTENINRTVINgAUvelauTInTeu 9 Fwedlnavvgnisduliadounlududaniy
Aavesinglaenisendenalnaieuen wu Weau wesauin Wudu nsmanuiounuuaiy
SITUVIR AB N1TARBUTIVEIANNTOUTENIRIVEINgAuYesiva Inefilidinalnaleuenun

L [ =

ilvivedlvandoud uwiveslvafieglnaiuiivesingienamdeunlariowsiaosfiivedves

9

¥

Inates FaussanediiiinanauLAnmA1een UL ILLLYaadaLilaIinALLAN19
vosgunnilutuvevetladu LagnsnanuiouwuuNEd Ao N1SAANITNIAINTOULUY

TIAUNUNITNIAIIUSDUBUUAIUITTTUYRVUNS DU

S &

nswAuSeuiinuuasuaindtuduldninisniaudeunu Uiy ns
WIAUFOULUUAINSTTUYIR LaznIsnIALSeuLuUnay Tnetinniswiadnudouduia
FUNTLa SIS IV TARUAsEITNES FeN1TaRILIAMISRTINSENEIWAINSOUIINNTS
wipFeuiiogluguvesngnisidusivesiiafiu (Newton’s Law of Cooling) Fatliuluny

A1N15N 3.2

QCOTI.U & hconvAconv(Ts - Tamb) (32)

o Qeonp AR SATINITEIRIWMATILSOUIINAITNIAINSTOU (W)
Reonp A® ANduUIZANSNITNIANTOU (W/m?K)
A conp A9 Nuilunsnianiou (m?)

Ty Ao gumgiidivesinaedidudadiuennia (K)
Tomp 7o 20019fv0901MA Q4 @n13zkInaey (K)

a =€ @ 1 d' % 1 Y] d' [~ a
RINNAITUINIAILLUITHS qiumﬂaumi‘m 3.3 a7 WU UIMUUgUNL W

1 '
A A =

ARne 9 wisefiunlunisuaniasuniiuseuainnsadaiienialalnense uaduusmiy

>

Y [

AFNUTZANSN1TNIAILTOU (Repny,) Hulausaniliainnisnsiadn detuiesoswi

ANSANUIUMINIING LAY Nusselt A9aunIsi 3.3
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Wo  Nuy @9 fae Nusselt

L. @9 adruegnidnvaziantzuasfnuinlrlunng

A18wmANNSaY (M)

NSLUISNBaIzUINITNIANLSaLTuEL TaLUs A laglEgnTdIuTe s TR v
vo9lua (Buoyancy) saanutautdeulunisiuna (Flow shear) @msulssasusivosunslina
Aa ftav Grashof (G1y) Fadudnsrdruvesusiaseimvesvedlnansusmilavesvasina

111507 l91nNaNIN1SA 3.4

N 3
GTL L 9B(Ts 19T2amb)L (3.4)

We g Ao ArALsltuasvedlan dAuvidu 9.81 m/s?

LY

2 duUs=AN5n159818A71999ANNTUTIUTIINT (KP)

=
o)

o

8 dulsyansanuniinaay (m%/s)

o))

V)

wazAuAudeulunislva fie fa Reynolds (Rep) Fuludnsdiuvesissien

(Inertia) mawsanile (Viscosity) @nansamlaainaunisn 3.5

VL
Re, = 2= (3.5)
u
e p A AruruLUuYesuelva (kg/m?)
% e musmewwedlua (m/s)

U A Aunllanainsvesvesiva (kg/m.s)
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nsaifimSnduesaesivewedlvassrududeulunisiva (G—:L) iAoy

L
N1 1 47 9 srfiodnnismianudeuiiinuvuiaduatonfinddudunisnininudeu
wuudadu negusuunisivassuuseanilu 2 Ussian fie n1sluawuusiuieu (Laminar)
fu mslmawvuiiugiu (Turbulent) Fegunuvvesnisivaazuusldaindiiay Reynolds
naAe 818318 Reynolds A1tesnin 10° avdieindunisinawuusiuseu wadinin
Faaw Reynolds JAunnnda 5x10° asderndunisivauuuiutou dmsueidas Nusselt

Ya9I 2 suuuumslnaaansadunildanaunisi 3.6 uazaunsi 3.7 auadu
nslvaluusuiseu (Laminar)

Nuy forceq = 0.664Pr/3Rel> (3.6)
mslawuututau (Turbulent)

Nuy forceq = 0.037Pr*/3Rel® (3.7)

1a8 A1 Prandtl Number (P7) Wudnsidiuvealaiguduniswns (Momentum
Diffusivity) Uauadlnanon1sunsaauiou (Thermal Diffusivity) aesadlua anuisanila

INAUNSN 3.8

pr=2 (3.8)
(04

W 9 Ao ANUNLAAL (M?/s)

[y |

] A o ! YA GTL
fﬂEJM’]IUﬂimV]ﬂW@Gﬁ’]ﬁ'Ju‘U@QLLiQﬁ@U@TW@\?‘U@QIVT@W@@?WNLQULQ@‘UIUﬂ']{LMa (R_)
er

fiAw1nnan 1 u1n 9 agiieinsuiauisuiineluvuwasuasefingidunsnianuiou
WUUAINETINYF F9a3NT0AUINNIAILATY Nusselt THFULUUTRIANNTIRNIZIOANY

WU bPNANNITA 3.9

mL,natural = CRaf (3.9)

[
= 1

lngan C wag n wduegiudnuyuy Us vk dUlawa JULUUYRINISIVE F9aunsom

TAanaun1Tig o Nuandlunisned 3.1
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A197197 3.1 WEARANNITNIATGLAY Nusselt @19SUNITNIANNTDULUUAINTTTUYA

SULUURN 9
Y

anwusguINg L. 999 Ra;, Nu;

T 11 ~ 1/4

9 = L J— 1/3
10783 10 Nuy natural = 0-1RaL/

WNULSEUINA L
1/6 2
; a4__ .387Ra
Entire range  Nu ={0.825 + 0-387Ka;
Lnatural [1+(0.492/Pr)9/16]8/27
WNULS8UI9LD89YI TN TUN LIS BUINANATUIM LaZUNUAT g
o a L 4 1Y ° o
3U 6 AULUIAY MY gcosd d@1isu 0°< 6 <60°
] a 4 0 7 A S
wHussUely ) 10°8010" N, ngrurar = 0.59Ra*
WUIUBU ?S
vy s 10" fs 10" Nu = 1/4
(MuSousgiuun) Ny naturar = 0-59Ra,
ANCHTPRNIY
Ag 5 anll —— 1/4
LUIUDU ¥ 10° 99 10 Nu; natural = 0.27Ra;
(PuFousgaTua1)
d1usla Rayleigh (Ray) anunsamilaainaunisy 3.10
Ra; = Gr Pr (3.10)

MNRATUNANAY Grashof (GTy) Tuaunnsh 3.10 wuandaa Grashof Wumudsi
1%&%54@LLUUmﬂwamawaﬁmiauﬂﬁmqa"m%’umi‘wwmm%auqummﬁismmﬁ
| = Y @ a0 ¥ 1 9 = 1 a o I
NANIABAF2LaY Grashof HAUaYNIN 10 f\]zaa’ngmwumﬂwamamﬂmiaummqLﬂu
WUUSIULSEU ADIUINAT Grashof fAunN31 10° ﬁ]zﬁadwgﬂLLUUﬂﬂ{LwaﬁzJaaﬁszvaaiauﬁa

Taguluwuuiutau
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o o 4w . o . v Gry,
mm‘umamﬁmummLLiqaaEJmsuaaﬁuaﬂiuamammmmaauiumﬂma (R_)
er

FA1Us2UIUNTWINAU 1 920971N15NIANNS B UTAATUUULTARWAIDIAASLTUNITNA
ANMUSULUUNEY (Mixed Convection) H9a11150AIWIMMIAIRLEY Nusselt tnannaunisi

3.11 [26]

N — [7n3 N3 1/3
NuL,mixed - [NuL,forced + NuL,natural] (3.11)

v ¥

3.1.3 NITE9EAIIUSDU (Radiation)

[

nsuwiSsdauTou vunel nsTndanuAuseugnUasyeanunINing Nl

wiueu lneinguueiadurewds veuvaimseing Famdwuanudoungniassaenin
Y % v o i % i o A [

nTngazlddeserdedinaila g lunisaiginainusou udazordeaduuiimanivily

A1SANENAIINSOU

[
o

e (Black Body) e Tnguseniuiangnauufiduunlugauafgeiiniuaiuisaly

a v = Y

nsgandussdnnnsenulanmuanasiianuisalunisunsdlaunniandnimeiiiamieuiuin

9

MalU Fudsnasirunldusvenfisanuaiuisalunisunsedvesingmeo Ardudss dn

N13WNAIINTOU (Emissivity) FaliA1agsendng 0 Be 1 lnedngarsdarduuse@nsnisun

Y
ANuSauNNgawiiy 1 daudngniluasliandudssansnswsidainuseutosndn 1

v
= %/ = ¥ t4 Y

NNSLNSIAAINUS DUV ULTARLAIDNNATUUILLARNTUNIATUNL LA AU VD
WARWEIDNNAG LDIDINVIATUNLNLALATUNSIVDUTAAAIDNNIFUN AN UBINA F99inT9A
NANTLHTIEANTRUINNURIvRE 2 uludenniAlagsou 3a8nnsunsadnIuTou

a11150AUlANNANNISA 3.12

Qrad = €0Ayqq (Ts4 - T;mb) (3.12)

5%

Wo  Qrgg P9 993IMMUTOUIINNITUHTIE (W)

o X%

A 1 a Q‘ =
& ABD ANANUIEANTNITHNI A

o o ATAIN U89 Stafan-Boltzman & A 149 11 U

5.67x108 W/mZK*

1%
a

Arqq Ao Nunialunisunssdauiou (m?)
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3.2 NMsanauMnlnIeIsNssewmeves (Evaporative Cooling)

Y
A a ¢ a

INNTNENANUTOUMANTUV LA LAIDINNGNT 3 FULUUTIAU WUIQUNY3

Y

a0

AunaTaakatoIinddenlifigeed Jeazdwmaliiwaduaterindiiusedninnanas

W ItangungiisundveaduasorindadludniiiaviliUssdniainves

)}

AU

wagkasendfiainTy F935Nagvhuildlunisangumgiiundusaduasenindiuife

nMIangun)iameIsn1sszimevesnin (Evaporative Cooling) laeldiniUen

n135%we (Evaporation) nu1efie nszulunIsivennanlasuaniunatedule

\Hesnluianavesweavalindounegnasaiaitaziinnisvuiuies lnen1svunuviliie
1 [ é{ L a1 U = 1 ¥ o

N13EEMNANIUTY vnndsuliamnniusagaseninduanala azvilvlaiana

waneenuANRIntveasakaziUdeuanugnateule lnenssemeanunsaintula

a

lun1sanguninaunasvawgaduaIefingaieisnissemelagldidentdy

[ (%

U a s

]
a ° vy ) o v A % a PR ) &
2918237198 UUTABUN gzt MU nUIuIR A I NA UM IUD WY ARLAIDAR
= ° % A Y A Ty Y] I a ¢ A €
Feagyiiluanavesneguudnlenlasundenuainanuseunaginuueaduaaniing
dwaliluanavesildsuanuzanvesnainaeulouaziinnisszmeeenandlenly
Tnelun1952 eIt U IAAANSZUIUNISTII BN NISNINIAEIS (Mass Convection)

U LAZNITANYNANUTDUIINNITTENY (Evaporative Heat Transfer) Bnene

3.2.1 NMswuadns (Mass Convection)

NISNIIAAT N9 mim‘ﬁauﬁmmmamﬂﬂqjﬁsm 9 Tngo1Ausiina1aesasiu
nsirdeufiuaziieatesiunisive wWu nslnavesveslnanuiiui vionisinasewinves
wa 2 afiafilinausy (Immiscible Moving Fluids) s udu Feniswiuiaansuwusddidu 2
Uszian laun n1swiuakuudifu (Forced Mass Convection) Lazn1sWIN2auuuAIY
5550978 (Natural Mass Convection) %Qmammawuﬁﬂﬁu Ao ﬂismunﬁmimgauﬁ“ﬂm
walasedeiadeniouon W edestay voaumussmued Wusl muaNNTINY
18875 AIUNITNILIARUUAINSIIUINR Ao nszuIunsedeuiivesnalagliendedede
A1EUBN LwimﬁﬂﬁuiﬂamﬁammLmﬂemsuaqqmmﬁ AUNUILUY WIDAMUTUTUYD 9815

dmunisnulaaslunisangundaunaueaiuaie 1 indaigisn135e1evead1an



22

K U8ne1RAN1TNINIaE S IANILUUTIAU WAZWUUAINSITUYIR FIEUITOAIUIUNTS

Y S vy PN
WqﬂjaaqiﬂiaamiqﬂqiﬁzLWEJ‘U']I@Q']ﬂﬁllﬂ'ﬁ‘Vl 3.13

mevap = RmassPmixAs (Ww,s - Ww,amb) (3.13)

o Meygp AR ONTINMTTZMEVDMNA (ke/s)
Rmass A9 dulsz@vsniswiunaans (m/s)

Pmix A0 AUMUIMLUYOs N ANaURUlaU (kg/m?)

[ '
a

A e Nuianlrdmsuaelouwnaas (m?)

'
a o

Wy A9 lAwdulagniauesilnous

)

Wy amp P8 Lesdiulaginavesnifianizwinde

WINAATANEUNTA 3.13 LAINUIAENUTEANSN1INII8aT (R ges) t@mNs0
Taalalaenss AIUTIR0IINITATUININIAINAAY Sherwood (Sh) fsannsi 3.14

) |
Sh = -2 =< (3.14)

Dyp
Wa Sh @ ey Sherwood

o

D,p A9 AENUTEANENITUNIVDINIATENINUINUDINIA (M)

NAUNNTN 3.14 ArduUsEavdnmsunsvesia (D) WumNusuentednsnIsins

1
oA

Yo3uad1studinaile o ardaruisalseuisuladuardudszd@ndnisuininuiou

[
= 1

(Thermal Diffusivity ) #97UsgAUIUAVDITLUU EIUNAUVOITEUY WATANINLIAADUVD

Y
JEUU W Audukazaungll iusu tnedudszansnisunsvesansluaaiusinvaziian
WINAIIENUEVONMAT wazarsluanIugveunaltziiAuInninluan1izve s

ws1glanavetansluanusinetuausanfounlaendtan ugrounal wazluana

YBIAS IUANIULVDUNANARDUN A I8N INED UL VDT

ady [ L3

N13angUNYINAUTAIeLYadLaIe1inda1gIn1ssEevesulagldiLlen

Y

S v = ] v o ~
punhnEenasiasuaniusanvasrainatstulenas sywmeeaanllannidenmui
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naalitediu lnenissemevesledidavnunefsnisilediunsesenaind 1Jenlugenie
USIUTOU § AINUAILITARIAIFUUTEANTNITUNIVDINIATENINNUIAUDINALARN
A
#un1si 3.15
—10 TV%CWZ
DH20—air = 1.87x10 E (3.15)

o Dy,o—qir A® ANENUSEEANTNITUNIVOINIATENIN S

1%
o w

Y17UBINE (Mm?/s)
T, Ao ganiiveni (K)
= Y}
P,im A9 ANUAUUIIEINEA (atm)

NS IUAANUSLENTANSUNSVDILIATEUINUNNUINALED d@runsauaTld Tl
NITAIUINUIFIEY Schmidt (S¢) Gadudnsidruvasluiuudunisuns (Momentum

Diffusivity) # o duUSEaNTNITUNIVRINIATENINNUIAUDINIA (Mass Diffusivity)

AIFUNITN 3.16

9
Sc=—— (3.16)
Dy, o0-air

Wa  Sc fe fkav Schmit

sioxndsthAdian Schmidt Tldlumsananiiondiay Sherwood Faunsiild
Tuniseuiaazfinnsananyssianveanisniulaalsigauvsesnidu 2 Uszian e
N1ININIAATUUUTIAY AUNITNINIAATUUUALTTIUYIR LAgNITNINIRATUUUTIAUIY
wiseamdu 2 sUuvuuieatudunisniaufeusuudedu liun n1sniuaaans
wusUEe funtsimaaaisuuudutau dusudidaiay Sherwood wastia 2 sUkUU

ASARANNNSAAIUIULAINALNIST 3.17 WALANNISA 3.18 ANUATGU
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ANSILIBEITUUUI VLTI (Laminar)

SRorcea = 0.664Sc/3Ref (3.17)
mMsnnaasiuututiu (Turbulent)
SRtorcea = 0.037Sc/3Re® (3.18)

AIUNITNIUIAAITHUUAIUTITUYIA NITAIUIUAINILAY Sherwood AL WUIRIY

anwrgUIeveding Uandwanngein 3.2

M5V 3.2 UAASANNITMNAIAY Sherwood FULUURANG 9

anwzgUsng fUNTT Roule
" g Sh = 0.59(GrSc)/* 10°< GrSc <10’
WRULTIUINLUIAT nafybal ( ) ; ;
Shogtura = 0.10(GrSc)/3 10°< GrSc <10
wrLLSsUMSluLUILeY Shyatural = 0.54(GrSc)Y/* 10*< GrSc <10’
(FueUBgAUUL) Shyaturar = 0.15(GrSc)'/3 10'< GrSc <10"

WUl UL LU

(AUSDUBLATUE) Shnaurar = 0'27(G7”SC)1/4 10°< GrSc <10"

= o w

aavingdadaay Sherwood AdudlaunldieniArdudssansnisniuiaans

(AUNTSN 3.14) WALINSTINITILMBUIANEN (FUNTSN 3.13) lenudnsu

3.2.2 MIAUWMANTDUNAAIINATTEMEVDIUN (Evaporative Heat Transfer)

dmiunisangungiivenvaduatofindaiedsnisseivelaelddteniuy
nluanugaeunalflasunasmnuiouszsivasuanugnatalule Sunwasaausounivinli
% = & % & v &
wnvdsuantuzanveuuallviluleuniin aanuisuunsvesnisnatslule
(Heat of Vaporization) Wadinnissemeeanlvaindnlenfaviiainuieuuisdiueenld
pe lapazlsunAUsaUtan AMUSEUIINAITIZINE (Evaporative Heat Transfer) #9a1u150

AuaalaNaNN1SA 3.19
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Qevap = mevaphfg (3.19)
Wo  Qepgp M® SNTIANUTBUNANTUIINMTIZWEY (W)

heg @ Audpuusladnmg (J/ke)

3.3 nalan1sgaduinvasdn (Wicking Mechanism)
Wensuiednsinissemeniavesiudrdnludesidedadnnisgauivesdinlen

(%
YY1 L o

NUNA Weliiingnsnisgaunveiileniiganededn s sssmeninavasiivielyl

FansrurunIsiianisaaduiivesdituazdsgneuniey 2 nszulunis Ae n1silenin

(Wetting) LLasmstﬁ’] (Wicking)

3.3.1 msiWenthwesin (Wetting)

n1senidn mneda Ysingnisawsniiisvudetinluduidaduun Tneanuaiunse
Tun1sWenun (Wettability) Yuagduivaunaszninaussgamiled (Adhesion) iy
wsuFauuuu (Cohesion) lnsussdainiledfe usemindusenitduanavesiriveynia

VYBIN AIULTUTRUUUUAD USINARTUSEUIlIENavetiu

Yududa vuneds yuininainnsdudanuseninesegnavesui-a1n1a
(Liquid-Vapor Interface) 71U 508# U8 1-U (Fiber-Liquid Interface) A43U% 3.1
TngaunsaAurumayuduialaainaunis Young-Dupre daluaunausfesianvauiia

SEUINENNULN A9dUNISN 3.20

71 Vapeur
’

Yo 2

v o

JUN 3.1 yududaseninesegsafinans
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d1N13 Young-Dupré
Ysv = Vst = ]/vaOSHd (3.20)
do Yo, Ao mussieiisgninaiavesindueinia (N/m)
Vs A9 ALsaRsTsEInsineanAuTh (N/m)
Vi, A9 ALSIRTTEINgENRN AU (N/m)

s Ao ANFulasenI19508MAYDIUI-81NA
flUT0EABYBIHI-UN

o

mnfsuAILUsAYNduda (0) Tuaunisi 3.20 wudrdndryudulasening

£% (%
o A 1 v 1 1 v A

JOUABUBIUI-DINTA NUTBEABYBINT-UTATBENIY 90° DadnTnguuliadnuaiuisaly

¥
1 [ o a1 '

N5 08NUge wANIANLNFURATENIN958MBYRIUN-81NA UTEEFBYDIRN-UNTIAININNT

3

90° avfipinTngludianuaiuisalunisileninem

3.3.2 mi@mfﬂ (Wicking)

Y '
ca A

nsgati minei Usngnsaifiuedeudliilugsinuasiadeuiidulunuaiugs
vosaunseiaiagaanydushdeasngn (Ui 3.2) Tnemuannsdlunisgaiwesinduey
futlade 2 0819 1dun audulunisgaui (Suction pressure) uaran1mdns 1y
(Permeability) Fududuaudianzresdiiivivendsnnuaiunsafivenliinlnanius

& v
bUBNN

o

/v Dry wick
Ligquid Front
Wet wick /'
AN

-]

Liguid level in reservoir

o |4

JUT 3.2 M3gaivesr
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3.3.3 WUUTIRIMN I UHFMTUNISTRAUT (Wicking Model)

nsAnamAtaugdunsgaduiilardnsnsaaduiivesiansaduinla

'
a1

‘\]?ﬂLLUUﬁ’]ﬁENW’]\W]QEa FIINUNIIUIFUNEUNN WU’JI'WLLUU‘\T'WGENﬂ{]“U@ﬂ Darcy @14190

[

° X a9ve o ao & a 0 o &
wuudaeslunlgdmsuanuidul Iﬂﬂﬂiﬂuﬁ]ﬁﬂu%@ﬂLLUU‘UW&@QN@\‘I‘U [21]

1) M3gathvesdninduamglu 1 dfwind

Y

2) gnuluifivunadurgudnanainiu
3) ldAnAAIuAALAYY (Tortuosity) UB9AN

4) Aenaanissldunisvedlan (Gravity) wazlifnnaveasudes (Inertia) LHosa1n

A lunisluavudiiadesun

v ¥
[

5) Wifinssewmevenhnndlenddindeuluvasiinimdgainduluauuy

IINANURFILTNAUA NI ULUUTIABINYVBY Darcy lonsaunisn 3.21

2 2

_ _ Pwg°K
| pwghy = “on t (3.21)

Ps

j =
Ps—pwghw

do Py Ao enasulunisgasi (Pa)
hy  #o augsiidgeduddululd (m)
K Ao anmusnuvesin (m?)
¢ Ao ANUNTUTDI

lunisawinanudulunisgain () uaiwudtaunisildaiuiuasduegiu

auNAgIUYeen A1 3.3 [21]
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M1599 3.3 aunseuiaauiulunisgaul

dunfgu dunns NUNELA
dgl’ Y Ao [
WL NRITAIER il 2v:,c0S0 . o o
o p, = SYwt0Ya R, Ao Seilvasnnlans
AUan R¢

LY )

Wernilanwuzdulinvesidy 2(1 — ¢)y,pcos8,

Rep Ao Seilicule

o a1 S
loSatwindu PRsp
dgl’ Y Ao [
LURMNANWUZIUUDUNIANIY 3(1 — @) y1,c056,4 Y
v S Py = ( L R, P salayn1AVSINAY
nausAviu ¢ Ry

! K v = <
n15r1A1AUNgIlunN1gAu1 el o aile q lnenseainaunisn 3.21 1y

o a [ 4 dll dy 1 (Y o v a o :.I/ =<
NI eIndudounn Wesnaunisildawisadngunidmneulaniuunid feliuds
Aowinn1sdnaun1siiegluguves Lambert W function [27] @sagyihlildaunisiuinmiiy

gelunsaauivesrinegluilsiduvaaian fwunisi 3.23

Pg
Pwd

h,,(t) = [1+W()] (3.23)

, _1_PW9*K
A a0 [ - 1 t
We y davnnu —e @uPs

wazAr W (y) amisaUszunamlaainaunisy 3.24

A 2+2ey
& 4.13501,/2+2ey

" 12.7036+./2+2ey

Wy = -1+ (3.24)

Wa e Ao ANAYEIVBY Euler TANUSEUM 2.7183

Hlons1uANgelun1sgatinresiiudl aunsaAwuiiauElunsinfounves

wvudnle ngldauniseyiussudunuis Asaunisi 3.25

dhy, _ hi—hi?
dt  ti—ti_q

(3.25)

- dhy, a o

Ao dmsIn1swisuuyadnlnugeveun

Wiguiunal (m/s)
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d‘ o lﬂl o v v " = = 1 o
NAUN1IN 3.25 Fudsignenindenie i uaz i — 1 wunefis a1 nandagdu
LazIalueAnAINaIR U LaggnvTNeE@IuITAININTITATINITAAUIVEIRTLARN

AuNSh 3.26

. dh
Myjck = d)prcs,wick d_:/ (3.26)

:4' . Y - v
do My A0 9051N139AU1V0IHN (ke/s)

A dy t:l' Y ¥ 2
Acs wick P9 NUNINAAUBINT (M?)

dMFUTUAUNITAIUINMIANNEIUNITAAUILAEENTINITAAUIVDINIAL

firvuadudinaE
uardauTHnaal

LanaRagui 3.3

r

ATMURLIATAE2IATSH U (1)
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uUszans C anuganudou
AURUN AURUY .
daudsznau AsuANSeu VU ANTWEISSF
(mm.) (kg/m°)

(W/m.K) (J/g.K)
n3LAN q 1.8 2500 792 -
EVA 0.4 0.35 930 1400 -
BRUUSZENUNAY 3 0.3 1380 1300 0.8

(% £
a j 4 =<

druandAganusouveIf I Yaduate NN TulIsTuediuAIgun)Ive s

LWAAWEIDNNTENNTAAMUILANNENNITIUA1S199 4.2 [28, 29]

AN 4.2 AUURTAINUSOUVDIFITAAREIDIANE

audAdenuioy dunns B
AURUY (mm.) 0.4 -
1521T;;1%%¢ Teey < 1200 K

Fuuszansnasuianudou (W/m.K)

8.99T 1226 Teen = 1200 K

cell

0.184exp (4.5 X 1073T,,;)) Teen < 300K

ANYANUTOUT NN (J/g.K)

0.1694exp (2.375 X 10™*T,p))  Teen = 1200 K

AUALILLUY (kg/m’) 2329 _

anmuESeduazanmaaniuy 0.95 )
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4.3.2.1 NTULNLYAAREID1 NG5

Gsolar .
Qconv,f
7’
s N\
\ A
s >
” ”
. -~
Q -
rad,f s
'
L3 - & o
\ LERRULFIDINALATY
-
-

Qconv,b
Qrad,b
E‘Uﬁ 4.19 quﬁwaam@amﬂmm%auﬁm%’uﬂﬁa'ju,m maa’uaamﬁméﬁaﬁﬂﬂ

PINRANTUNTEUUADMHAUTARLAIDINNEITI LDMHAARLAIDINRTTILASUAINNSDU
31729019108 (Ggp1ar) Vv @aALASRIANIHARNIG LN (Pyy) wazifin

N19ENUNAMUTDUANTUNIIUNRTUAZATUNET 2 UTELAN AD NTNIAINTOU (Qpony) HaT

a

T ° = a I3 v Y .
NSWHINE (Qprgq) TIFHTOVHULTUIRIAIINATUNIUNIAINTBU (Thermal resistance)

Iéfﬁqgﬂﬁ 4.20

”hrad.ng
Te Tevag ‘ Tealy Tevap Vhageuals Tas Toack gy s
“"lhmn\.'_lﬁ\E LGIKGA“ I‘E\.!A‘1["(EV»’M"'\‘5 l Lce\l/kcell& LBS“‘BSAs
Levalkevahs o bPs
e

A4

T

amb

JUN 4.20 29938 umunianusouds niulLLTaaLaefingas ey

N1SAIUIUNIAIOUNYN U 1381619 9 #I8aUN1T Finite Difference Method
I3 A ¢ a o | I i | s A ¢ a
LLBNlefaﬁLLﬂQ@WW@SQﬁQW?tUQ%QﬂLLUQaaﬂLUu 6 Qﬂmamqﬂa'JUUigﬂaumaﬁL%aﬁLLaﬂE]'W]C‘]EJ"ﬂiﬂ

LLaméﬁ’qgﬂﬁ 4.21



51

" "
Qrad,f e = = = =|= = — Aconv,b
AN
[ L 4 L L @ 9
1 2 3 4 5 5 | "\
7 y
qconv,f Clrad,b
ngzan EVA rasudsanding EVA  wriwilsznuuas
By

JUN 4.21 90069 9 VOIUHILEAT A0 TINE T3 3

a 1 1

n3UN 4.21 gaun1sAldlunisAruimvIguvnll o 9AMeI9 9 LUAAS

q

SeEunIsT 4.14 84 4.21

PRDTENINNGIIAGoNRUNTEAN (AsaR 1)

PglassCp.glass T1l+1_T1l =k TZH-l_TlH-:l

2 AC 91ass " py s

- hconv (Tll - Tamb) (4.14)

ArDTENINNTEANAULLY EVA (Inse7 2)

PglassCp,glassBXglass T2i+1—T2i + PEVACP EVADXEV A TS
2 At 2 At

+1_7i

= (4.15)

Tll+1_TZl+1 T21+1_T§+1

k

L Tl
EVA
glass Axgiass v Axgya
ARETENINUAY EVA duntiiugaduate1ing (gased 3)

PEVACD EVAMXEVA TS 1=TE  peenCp cettb¥cen TS —TE
- — . 2 = (4.16)

2 At 2 At

i+1_it1 i+1_ i+l
" T3 37 Ty

Axcell

Gsolar - va + kEVA - kcell

Axgya

gcello_[(T?,i)4 - (Tamb)4]
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dmsunisAuiurmadliinfwaduasaindaiunsananlowasUseansnnues
AR LAIDINAITIVUNUDUNATVDILNINIY @1U1T0A1UIUEAIINEUNIST 4.17 [30]

9 Y

Ay 4.18 MUAIAU

o W

Maslniveuwaduasanisg

p,, = pwsteisolar i1 _ 5 (Toou — 25)]  (@17)

pv 1000
UsEanSAuanwaduasaning
Py
Npy = 77— X 100 (4.18)
GsolarAcell

dlo Py,  fAe Mmadsliihindnanunseaduasoniingata (W)

Npy Ao UssdvBammalwihvesunawadiuaseniingass

Py stc Ao Maskilihfindaannuasivaduasoingass
lugnznaaau (W)
Oceny  Po duUszAnsluNnanlihvesadsegumgivesas

Teey o aumgiivasgaauasonding (°C)
AADTENINUNYAAUAID NG ULKY EVA funad (Insed 4)

PcellCp,celiBXcell w AL PEVACp EVvAAXEV A Tt -1}

+ — 4.19
2 At 2 At ( )
T3i+1_T4l_:+1 T5i+1_ 41-:+1 l 4_ l 4
kcell - kEVA - Fgcella[(T4) - (TS) ]
Axcell Axgya

ARBTENINAY EVA mMunasiuuiulsznumas (3asai 5)

PEVACp EvADXEy a4 TEY1 T} N PbsCp,psAxps TEX1 T

2 At 2 At = (4.20)

+1_ i+l (+1_ i+l
I, —Ts Te" —

Keva e = ks e + Feouo[(TH* = (T9)*]

Axgya
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IeReTENINaMNUSENUTEiUAINGo (Y67 6)

sepbs T & = 4.21)
2 At

bs hconv(Té - Tamb) - <c"bso-[(T6i)4 - (Tamb)4]

Axpg

a

4.3.2.2 NIAUNIFAGREINTINGATWRARINYRUN L INA una I TaRAuwra

Gsolar
conv,f  Uimasaugu
,‘\
Qraar \ ’ T #hang
ra L I @
b 5 /

<4
s

s

e

7N |
Fpv \ Qeonvy p m

Qrad b -~

LRIV

SUT 4.22 LUUTIABIANAATNIAIATOUTBITHUUNTEUAITAG AT iINg RS
ARndargani lidundanieufuuvani

MNRINTUNTTUURRBUNITAS LA TInda3s Weunuwaduatonfindasslduninudou
11nn2901708 (Ggo1er) ¥y Iwad U0 1 ARduEn &l (Byy,) 0OAUN
Ann1smenadon (Qppny) Wz 13uHsd (Q,qq) Meenuntuassunds wazinanuou
MM ISz (Qevap) Juidhunddanunsadeuduiasanudunmuneeudou

(Thermal resistance) Wﬁﬂgﬂﬁ 4.23
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1 hvac,EvAA‘ Tes Teot Thack 1 /hraa.bA‘

e kA Leandhends | Lol lososhs  Lonheanhs T/hc;v\ws
Pov VWA W,

LEVAIkEVAA5 Qevap

O
U

T
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N v Y ° [y ¢ A 6 a da v 1 STwyy
EU‘W 4.23 'N"i]5@qumqu71qﬂﬂquliauaqﬁillLLI?NLsﬁaaLLaQa’W]G]ﬁﬂiﬁmmﬂmﬂmqﬂuuqlﬁl
g

PANUNDINSDUAULIARIUN

NITATUIUNIAIUUYT & LIAT1AI9 9 A38AUNTST Finite Difference Method

uHgaduwasefingasamiluargnuuteaniliu 7 easeniudiulsvnauresunssaduateing

[% '
) Y

FWAAAFYLN IR UNEMToUAUWMAI WaRIRITUN 4.24

AVAVAVAVAVAVAVAVAVAVAVAY

r r
qrad,f DU P E— Qrad,b

14
® * » ¢ P\ o —q.
1 2 3 4 5 6 7
/ N\,

I
Aeonv,f Aconv,b

AVAVAVAVAVAVAVAVAVAVAVAY

nsan EVA wasusseniind EVA  weiwlsznuuda dhang

|

By

v (%
| 1 Y o

a I3 a ¢ a da ¥ yal v o o ) S
EUV] 4.24 f\;@m@@’]ﬂ 9 GUENLU}NL"?JaaLLaQE]']VW]Uﬁ]iﬂmm@mﬁmqﬁﬂu"l‘lj ATUNAAINIBUAULLAAIUN

dl o U dl o a ! dl = ! =
mﬂgﬂw ﬁ'ﬁ/ii‘Uﬁllﬂ?iﬂlﬂﬂﬂ?iﬂWujm%’]qmﬁgll%@flﬁﬂﬁ’e]“l/l 1 A39nnaN

q

lFaun15ReINUAUNISAIUIUAI NS UL AR A0 NG5 LU (@Un1s 4.14 B9 4.20)
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RO TENINUNUUTENUNATUENE] (Rnsif 6)

PbsCp,psAxps Té+1—T6i PcottCp,cottDXcott T(E+1_T6i —
+ = (4.22)
2 At 2 At
kb T5i+1_T6i+1 B T6i+1_T7i+1
S Axpg cott Axcott

RDTENINENAgRUAIINGeY (Yasiaft 7)

i+1 i+1

Axcott

PcottCp,cott T7i+1—T7i =k
2 At — Mcott

— Reonw (T7l - Tamb) (4.23)

_gcotto-[(T7i)4 - (Tamb)4] 7 mevaphfg

o
1 0% =

gnvneynsingUaunInnseninsallwaduate1indaTia luuazivaduaseniing

(%
Y (Y] '

enAndeElInaundmeuiuundailieglusuvesuning (Matrix) deaunisi 4.9

a |

uwanlduuuiaemmguhislunmsiuiaiiiemAguugiivesusiasnseasni

Y
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Tnsnaaes sehbigeuaunsaidilatuneummeasiazarsnsat Ui ianula

5.1 %89918098012eInasd (Environmental room)

#osTraesanzmandengnadistuielddmiunaasuraduatenfinddiaes
Tneosilannsniassaniizmindounuaiudioinsvesde dannssassannsindout
ganunsadiansladienisldaunsalsng q flegansluiesdnassaniizuindon nsvaaes
aznseviiineaty 3 e1a1sladuly naadvundmanssuaiesna Augiainssuaians
PRININTUUMINGITY 18109918980 1IEWINFONTVUINAINNIG 3.42 LUAT AIINET?
3.86 WUAT WAYAINAS 2.42 LR HETTBITIAUMIUTEINN 10.6 WURWAT wazntannaY
YososiiaesanzIndoNIzyfsauIuiuauieu ielilfanufouiiAatuaunse
dheweenanNiesdastanziindeulugiuuenla lnesigaziBengunsalsng q anely
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Dehumidifier|

Pump Pump

g . o
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Tank = @ =
@ = <
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JUN 5.1 gunsalmgluiosdnaesaniziindey

)

5.1.1 gunsaifildiuiosdnastaniitswinaey
gunsalnldiuiesdnastaniziIngeudziininlunisaivauan1izeIntanely

weosdnaosanzwindenliluluauigidedesnisld Ingluiesdnassaniizuang oud
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9UNIARYYVINYNA 8 YU FaU

1) WP3099AMUSaU (Heater)

w3esvinauseudugunsainlddmsuliaiiudounniosdiassaniizuindon

Ingurwianuseunldiuiidnsnislianuiousgi 2000 106 Aagui 5.2

JU 5.2 uswiauieu
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2) n3eathay (Blower)

-:4' ' & ¢ ' Y v ° v P ° v
Lﬂi@\‘ilfd']ﬂilLﬂUQUﬂimWImUﬂqiﬂqﬂaﬂiwLLﬂW@QQWﬁ@QﬁﬂW?SLL?@ﬁ@QJ LW'EJV]{L‘VI

v ° % = a | .:4' ! o v o
‘Vi'f]\‘m']aﬁ]\‘iﬁ.ﬂ']'lgLL']ﬂa@uu@qﬂqﬂﬂﬂgumﬂuagﬁa@@L'Ja'] IfﬂEJLﬂi@\iLTJ']aiJV]I‘UgJGUU']@ﬂ'J']Nﬂ'J']\T

0.4 AT AN 2.0 lWATLAYAINGS 1.0 nT ASFUN 5.3

U 5.3 1aTeadnay
3) peealdu (Cooling Coil)
14 A P = 6 g ¥ ei ¥ 1 v
regduaniUasunnuseulugunsalilduaniuisuninuseussnineeinianigluios
o 1% [y ! 5 = A 1 e a a 1%
PassannziIndeNivvieuLiu Fadisenialvadugunsallaziinnisuaniuasuainuiou

fluszuuredndudialiguugiienniafinianas lneassduanildeuniuiouduuin

ANUNTN 60.5 LEURALUAT AN 86.5 LUUFALUAT WATAIUVWT 12 lguRlunT Asgun 5.4

U7 5.4 poedLdu
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a) influpsegnaeinia (Air Sampling)

A & 1w 1 3 6 < o 1 a [ L% 1
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weduldlunisiadigungiionniaainmeluiinesnszilizuisuazimeluiines

nszi e lendegui 55

U7 5.5 iuAdaegseinia
5) 1A3839ATUANANTY (Humidifier/Dehumidifier)

a d‘l’ I~ ¢ 1 d’l’
w3eeAuANANTUTuUNTalNlTluNsAIUANAIAIINTUVDIRINA
Nogn1eluriosdnass@n1izwInaoy Inegduuinnlaauning 39 WURUATIAT AIINETT

51 LURAINT LavAINET 66 LURIAT AIFUN 5.6

=D

U

5.6 1ATDIAIUANAIIUTY
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6) Farudu (Cold Water Tank)

v B < & ’~ v = a vy
delndwdugunsainldlunisaivangungineluiiemeaesdeazgninaelini
FIUUDNTDITIADIANITWINADY LaguNduazyntINlun1swanlasualiusauiy

ropdsou azilumdielunmsaiuaugamalingluiesdiaesanizwindey fsgun 5.7

JUT 5.7 flaundu

7) wdewiniugu (Chillen)

2 o % oz @ ¢l a T o = A Iyvd
wiswhundulugunsainldlunisanaungiivesinduasludntsazgninsalin
AUUBNYBITNABIANIZUINALN Fa5UN 5.8

——

RS = e
| S B -

—

U7 5.8 inseuiniiy
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8) Lﬂ'%'aaqw?w (Pump)
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5.2 qﬂnsnﬁﬁ’lij’é’m%’un'ﬁwﬂam (Apparatus)
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n.1 Code é’m%’ums@ﬂﬁwmﬁq
function [hwick rec,mwickrate]=Wickh(Twater,hwickmax,phi,K,Wickwidth,Wickthk)
%% Properties of fabric and water
g=9.81; e=exp(1), Ac=Wickwidth*Wickthk;
denwater=999.79684+0.068317355*Twater-
0.010740248*TwaterA2+0.00082140905*Twater/2.5-(2.3030988e-5)*TwaterA3;
u = 1/(557.82468+19.408782*Twater+0.1360459* TwaterA2-(3.1160832e-4)*Twater/3);
Ps=denwater*g*hwickmax;
%% Define time and tolerance
tfinal=360000; dt=1;
hwick rec=length(tfinal);
hwicki=0;
es=1e-8;
tol=10;
t=0;
%% Wick Calculation
aa=1; %Model Adjust
a=Ps*K/(phi*u)*aa;
b=denwater*g*K/(phi*u)*aa*1,
while tol>es

t=t+1;

x = -exp(-1<(bA2*t)/a);

y = real(sqrt(2+2*e*x));

W = -14y./(1+(4.13501%y)./(12.7036+y));

hwick = (a/b)*(1+W);

hwick_rec(t)=hwick;

if t==

tol= abs((hwick rec(t)-hwicki)/hwick rec(t))*100;
else
tol= abs((hwick rec(t)-hwick rec(t-1))/hwick rec(t))*100;

end
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end

mwick = phi*denwater*Ac*hwick rec;
mdiff=mwick(2:end)-mwick(1:end-1);
mwickrate=mdiff/dt;
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n.2 Code wuuaasmanguidmiunsdiwadussariingiialy
function T3 = Uncooling Transient(Qs,vwind,T_amb,RH,dt,tfinal)
%% Properties of aluminum
k al=237; rho_al=2.37e+3; Cp_al=900; eps_al=0.09; zigma=5.67e-8;
(=0.17; w=0.16; thk_al=3e-3;
alpha_al=k_al/(rho_al*Cp_al); Area= (*w; Lc=sqrt(Area);
%% Input condition
P=101.325;
MW._air=28.97; MW vapor=18.02;
%Initial condition for temperature
T1i=35; T2i=35; T3i=35; Tinsuli=30;
dx al=thk al/2; %Node distance
gs=Qs*0.75/Area; %Heat loss to front panel 25%
%% Transient calculation
n=tfinal/dt;
tou=alpha_al*dt/(dx_alr2);
Tl=zeros(1,n); T1(1)=T1i;
T2=zeros(1,n);T2(1)=T2i;
T3=zeros(1,n);T3(1)=T3i;
fori=1nn
%% Heat transfer to the back panel
%Properties of air-vapour mixture
Tf = (T3(1)+273.15)+(T_amb+273.15))/2;
beta = 1-(Tf/647.096);
%Pressure
Psat = (220.64%exp((647.096/T)*(-7.85951783*beta+1.84408259*beta1.5-
11.7866497*betaN3+22.6807411*beta3.5-
15.9618719*betaNd+1.80122502*beta7.5)))*100;
P _vapor = Psat*RH/100;
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%Thermal Conductivity (k)
k_air = -2.276%(10/-3)+1.26*(10N-4)*Tf-1.48 1*(10A-7)*TfA2+1.735*(10A-10)*TfA3-
1.066*(10A-13)*TfA4+2.476*(10A-17)*TfA5,;
k vapor = (17.617+0.0555%(Tf-273.15)+0.000166*(Tf-273.15)A2)*10A-3;
k_mix = k_air*(1-(P_vapor/P))+k_vapor*(P_vapor/P),
%Specific Heat (Cp)
Cp_air = 1.034-0.284*(10A-3)*Tf+0.781*(101-6)*TfA2-0.497*(10/-
9)*¥TfA3+0.1077*(10A-12)¥TfA4,
Cp_vapor = 1.869-2.578*(10A-4)*Tf+1.941*(10A-5)*TfA2,
Cp_mix = (Cp_air*(P-P_vapor)*MW_air+Cp vapor*P_vapor*MW_vapor)/(MW_air*(P-
P vapon+P_vapor*MW _vapor);
%Viscousity (u)
u_air = (-0.986+9.08*(10A-2)*Tf-1.176*(10N-4)*TfA2+1.123*(10A-7)*TfA3-5.797*(101-
11)¥TfAG)*107-6;
u_vapor = (80.58+0.4%(Tf-273.15))*101-6;
u_mix = (u_air*(P-P_vapor)*sgrt(tMW_air)+u_vapor*P_vapor*sqrt(tMW_vapor))/((P-
P _vapor)*sgrt(MW _ain+P_vapor*sgrt(tMW_vapor));
%Density (rho)
rho_mix = (P/(8.3145*TH*(MW _air*(1-(P_vapor/P))+MW _vapor*(P_vapor/P));
%Thermal Diffusivity (alpha)
alpha = k_mix/(Cp_mix*rho_mix*1000);
Re = (rho_mix*vwind*Lc)/u_mix;
Pr = u_mix/alpha;
if vwind>0 & Re<5%*10/5
%Forced Convection(Laminar)
Nu = 0.664*(Re0.5)*(PrA(1/3));
else vwind>0 & Re>=5%10/5
%Forced Convection(Laminar)
Nu = 0.037*(Re”0.8)*(PrA(1/3));
end

h_correct=1.33; %convective heat and mass transfer coefficient configuration
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hconv=(Nu*k_mix/Lc)*h_correct;
T3(i+1)=(1-2*tou*hconv*dx_al/k_al-2*tou)*(T3()+273.15)-

(2*tou*zigma*eps_al*dx_al*(T3()+273.15)M)/k_al+2*tou*(hconv*dx_al*(T_amb+273.1

5)/k_al+(zigma*eps al*dx_al*(T_amb+273.15)Ad)/k al+(T2(i)+273.15));

%% AT(i+1)=T()+B
T1(0)=T1(1)+273.15; T2()=T2()+273.15; T3()=T3(1)+273.15; T_amb=T amb+273.15;
Tvec=[T1(); T20); T3()];

Tvec _new=zeros(3,1000);
Tvec_new(;,1)=Tvec;
A=zeros(3,3);

B=zeros(3,1);

%T1 eq

A(1,1)=2*tou+1; A(1,2)=-2*tou;
B(1)=2*tou*gs*dx_al/k_al,

%T2 eq

A(2,1)=-tou; A(2,2)=2*tou+1;  A(2,3)=-tou;
%T3 eq

A(3,2)=-2*tou;

A(3,3)=1+2*tou+2*tou*hconv*dx_al/k al+(2*tou*eps_al*zigma*dx_al/k al)*Tvec(3)A3;
B(3)=2*tou*(hconv*dx_al*T amb/k_al+zigma*eps_al*dx_al*(T_ambAd)/k al);
es=1e-5;
tol_Tvec=100;
j=0;
while tol_Tvec > es &&j < 1000

=+
A(3,3)=1+2*tou+2*tou*hconv*dx_al/k al+(2*tou*eps_al*zigma*dx_al/k_al)*Tvec new(
313,

Tvec_new(:,j+1)=A\(Tvec+B);

tol_Tvec=norm((Tvec_new(:j+1)-Tvec new(.j))./Tvec_new(:j+1));

u_relax=0.8; %Underrelaxation

Tvec_new(:,j+1)=u_relax*Tvec_new(:j+1)+(1-u_relax)*Tvec_new(:));
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end

T1(i+1)=Tvec_new(1,j+1)-273.15;
T2(i+1)=Tvec_new(2,j+1)-273.15;
T3(i+1)=Tvec_new(3,j+1)-273.15;
T amb=T amb-273.15;
end
T1=T1-273.15; Tl(end)=T1(end)+273.15;
T2=T2-273.15; T2(end)=T2(end)+273.15;
T3=T3-273.15; T3(end)=T3(end)+273.15;
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n.3 Code WUUIBBMIMABIFMTUNTAlYaAUaITIngRAAFNYULN

9

function [T3,mwater rm c nw] =
Cooling Transient No wick(Qs,vwind,T_amb,RH,mwateri,dt,tfinal)
%% Properties of aluminum
k al=237; rho_al=2.37e+3; Cp_al=900; eps_al=0.09; zigma=5.67e-8;
(=0.17; w=0.16; thk=3e-3;
alpha_al=k_al/(rho_al*Cp_al); Area= (*w; Lc=sqrt(Area);
%% Input contidion
P=101.325;
MW _air=28.97; MW _vapor=18.02; R vapor=0.46140;
%Initial condition for temperature
T1i=31; % Front panel temperature
T2i=31; % Middle panel temperature
T4i=31; % Cotton temperature = Wet bulb temperature
T3i=31; % Back panel temperature
dx_al=thk/2; %Aluminum distance
dx_cott=3.754e-4; %Fabric distance
gs=Qs*0.75/Area; %Heat loss to front panel 25%
%% Transient calcualtion
n=tfinal/dt;
tou=alpha_al*dt/(dx_al’2);
Tl=zeros(1,n); T1(1)=T1i;
T2=zeros(1,n); T2(1)=T2i;
T3=zeros(1,n); T3(1)=T3i;
Td=zeros(1,n); TA(1)=T4i;
mconvrec=zeros(1,n);
mwater_rm_c_nw=ones(1,n)*mwateri
RH_cott=ones(1,n);
fori=1:nn
%% %Properties of air-vapour mixture%%9%

Tf = (T4()+273.15)+(T_amb+273.15))/2;

1ANAUnRAY
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beta = 1-(Tf/647.096);

%Pressure

Psat = (220.64*exp((647.096/Tf)*(-7.85951783*beta+1.84408259*betar 1.5-
11.7866497*beta3+22.6807411*beta3.5-
15.9618719%*betad+1.80122502*beta\7.5)))*100;

P vapor = Psat*RH/100;

%Thermal Conductivity (k)

k_air = -2.276*(10A-3)+1.26*(10N-4)*Tf-1.481*(10A-7)*TfA2+1.735*(10A-10)*TfA3-
1.066*(10A-13)*TfA4+2.476*(10A-17)*TfA5;

k vapor = (17.617+0.0555%(Tf-273.15)+0.000166*(Tf-273.15)A2)*10A-3;

k mix = k_air*(1-(P_vapor/P))+k vapor*(P_vapor/P);

%Specific Heat (Cp)

Cp_air = 1.034-0.284*(107-3)*Tf+0.781*(101-6)*TfA2-0.497*(10/-
*¥TfA3+0.1077*(10N-12)*TfA4;

Cp_vapor = 1.869-2.578*(10A-4)*Tf+1.941*(10A-5)*TfA2,

Cp_mix = (Cp_air*(P-P_vapor)*MW_air+Cp_vapor*P_vapor*MW_vapor)/(MW_air*(P-
P vapon+P_vapor*MW _vapor);

%Viscousity (u)

u_air = (-0.986+9.08*(10A-2)*Tf-1.176*(10A-4)*TfA2+1.123*(10A-7)*TfA3-5.797*(10/-
1T1)*TEAG)*107-6;

u_vapor = (80.58+0.4%(Tf-273.15))*101-6;

u_mix = (u_air*(P-P_vapor)*sgrt(tMW _air)+u_vapor*P_vapor*sqrt(tMW_vapor))/((P-
P _vapor)*sgrt(MW _ain+P_vapor*sgrt(tMW_vapor));

%Density (rho)

rho_mix = (P/(8.3145*TH)*(MW _air*(1-(P_vapor/P))+MW_vapor*(P_vapor/P));

%Thermal Diffusivity (alpha)

alpha = k_mix/(Cp_mix*rho_mix*1000);

%%%Properties of water at cotton surface%%%

tau_cott = 1-((T4(i)+273.15)/647.096);

Psat_cott =(220.64%exp((647.096/((T4(1)+273.15))*(-
7.85951783*tau_cott+1.84408259*tau_cottN1.5-



11.7866497*tau_cottA3+22.6807411*tau_cott"3.5-
15.9618719*tau_cottAd4+1.80122502*tau_cottA7.5))))*100;

Pvs_cott = Psat_cott;

denvs_cott = Pvs_cott/(R_vapor*((Td(i)+273.15)));

k_cott = 0.5650285+0.0026363895*T4(i)-0.00012516934*(T4(1)A1.5)-1.5154918e-
6*(TA(i)A2)-0.0009412945*(T4(i)10.5;

Cp_cott=4.2174356-0.0056181625*(T4(i))+0.0012992528*(T4(i))"1.5-
0.00011535353*(Td(i))A2+4.14964e-6*(TA(i))N\2.5;

alpha_cott=k_cott/(denvs_cott*Cp_cott);

gramma = alpha_cott*dt/(dx_cott)A2;

eps_cott=0.77;

%%%Properties of water at ambient%%%

tau_amb = 1-(T_amb+273.15)/647.096);

Psat_amb =(220.64*exp((647.096/(T_amb+273.15))%(-
7.85951783*tau_amb+1.84408259*tau_amb/ 1.5-
11.7866497*tau_amb/A3+22.6807411*tau_amb/3.5-
15.9618719%*tau_amb/4+1.80122502*tau_amb~7.5)))*100;

Pv_amb = Psat amb*RH/100;

denv_amb = Pv_amb/(R_vapor(T_amb+273.15));

% Heat and Mass transfer

Re = (rho_mix*vwind*Lc)/u_mix;

Pr = u_mix/alpha;

Dab = 1.87*(10/-10)*(((T4()+273.15)A2.072)/1);

Sc = u_mix/(rho_mix*Dab);

if vwind>0 && Re<5*1015

%Forced Convection(Laminar)
Nu = 0.664*(Re0.5)*(PrA(1/3));
Sh = 0.664*(Re0.5)*(ScN1/3);
else vwind>0 && Re>=5*1075
%Forced Convection(Turbulent)

Nu = 0.037*(Re0.8)*(PrA(1/3));

126
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Sh = 0.037*(Re”0.8)*(ScA1/3);
end
hconv_correct=0.94; hmass_correct=5;%convective heat and mass transfer
coefficient configuration
hconv=hconv_correct*Nu*k_mix/Lc;
hmass = hmass_correct*Dab*Sh/Lc;
if RH_cott(i)<0.22
mconv=0;
else
mconv = hmass*Area*(denvs_cott-denv_amb);
end
hfg = 2500.34-2.2521025*T4(i)-0.021465847*T4(i)A1.5+3.1750136e-4*TA(()A2.5-
2.8607959e-5*T4(i)A3;
Qevap=mconv*hfg*1000;
gevap=Qevap/Area;
%% Newton Raphson method to determine T(i+1)
es=le-5;
M=k _al/dx_al+k cott/dx_cott+rho_al*dx al*Cp_al/2*dt)+denvs_cott*dx_cott*Cp_cot
t/(2*dt);
T1(0)=T1()+273.15; T2()=T2(1)+273.15; T3(1)=T3()+273.15; TA(i)=T4(i)+273.15;
T amb=T amb+273.15;
%% AT(i+1)=T()+B
Tvec=[T1(); T23); T3(); T40)];
Tvec_new=zeros(4,1000);
Tvec_new(;,1)=Tvec;
A=zeros(4,4);
B=zeros(4,1);
%T1 eq
A(1,1)=2*tou+1;  A(1,2)=-2*tou;
B(1)=2*tou*gs*dx_al/k_al;
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%T2 eq
A(2,1)=-tou; A(2,2)=2*tou+1;  A(2,3)=-tou;
%T3 eq
A(3,2)=(-2*dt*k_al/dx_al/(rho al*dx_al*Cp al+denvs cott*dx cott*Cp cott);
A(3,3)=2*dt*M/(rho_al*dx_al*Cp al+denvs cott*dx cott*Cp cott);
A(3,4)=(-2*dt*k_cott/dx_cott)/(rho_al*dx_al*Cp_al+denvs_cott*dx_cott*Cp_cott);
%T4 eq
Al4,3)=-2*gramma;
A(4,4)=1+2*gramma+2*gramma*hconv*dx_cott/k cott+(2*gramma*eps_cott*zigma*dx
_cott/k_cott)*Tvec(d)N3;
B(4)=-
2*gramma*gevap*dx_cott/k cott+2*gramma*(hconv*dx_cott*T amb/k cott+zigma*e
ps_cott*dx_cott*(T_amb/d)/k_cott);
tol Tvec=100;
j=0;
while tol Tvec > es &&j < 1000
=+
A(4,4)=1+2*gramma+2*gramma*hconv*dx_cott/k cott+(2*gramma*eps_cott*zigma*dx
_cott/k_cott)*Tvec_new(dj)A3;
Tvec_new(:,j+1)=A\(Tvec+B);
tol_Tvec=norm((Tvec_new(:j+1)-Tvec_new(.j))./Tvec_new(:j+1));
u_relax=0.8; %Underrelaxation
Tvec_new(:,j+1)=u_relax*Tvec_new(:j+1)+(1-u_relax)*Tvec_new(:));
end
T1(i+1)=Tvec_new(1,j+1)-273.15;
T2(i+1)=Tvec_new(2,j+1)-273.15;
T3(i+1)=Tvec_new(3,j+1)-273.15;
Td(i+1)=Tvec_new(4d,j+1)-273.15;
T amb=T amb-273.15;
mconvrec(i)=mconv;

mwater rm_c_nw(i+1)=mwater_rm_c_nw(i)-mconv;
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RH_cott(i+1)=mwater rm c nw(i+1)/mwateri
end
T1=T1-273.15; T1(end)=T1(end)+273.15;
T2=T2-273.15; T2(end)=T2(end)+273.15;
T3=T3-273.15; T3(end)=T3(end)+273.15;
T4=T4-273.15; Td(end)=Td(end)+273.15;
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n.4 Code wuuaasmanguidmiunsdiwadussarfindfnnadnguinliidundmion
fuuvaein
function [T3,mwicktot,mwater_rm,mwickrate_use,mconvrec,t_effect] =
Cooling Transient Wick(Qs,vwind,T_amb,RH_amb,mwateri,h_install,dt,tfinal)
%% Properties of aluminum
k al=237; rho_al=2.7e+3; Cp_al=900; eps_al=0.09; zigma=5.67e-8;
(=0.17; w=0.16; thk=3e-3;
alpha_al=k_al/(rho_al*Cp_al); Area= (*w; Lc=sqrt(Area);
%% Properites of fabric
phi=0.688; K=1.904e-12;
Wickwidth=0.16; Wickthk=3.753e-4;
Ac=Wickwidth*Wickthk;
Twater=25; hwickmax=50.0625e-2;
RH_cott min=0.22;
[hwick rec,mwickrate]=Wickh(Twater,hwickmax,phi,K,Wickwidth,Wickthk);
Table=[hwick rec(2:end);mwickrate]’;
hwick rec=Table(;1);
mwickrate=Table(:,2);
if h_install<=hwickmax

mwickrate use=interpl(hwick rec,mwickrate,h install);
else

mwickrate_use=0;
end
%% Input condition
% Qs=9.375; vwind=1.1; T_amb=35; RH amb=65; mwateri=22.5e-3; h=50.0625e-2;
P=101.325;R _vapor=0.46140;
MW _air=28.97; MW _vapor=18.02;
gs=Qs*0.75/Area; %Heat loss to the front panel 25%
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%% Initial condition for temperature
T1i=31; % Front panel temperature
T2i=31; % Middle panel temperature
Tdi=31; % Cotton temperature = Wet bulb temperature
T3i=31; % Back panel temperature
dx_al=0.0015; %Aluminum distance
dx_cott=3.754e-4; %Fabric distance
%% Time step
% tfinal = 360000;
% dt = 1;
t=1:dt:tfinal;
%% Transient calcualtion
n=length(t);
tou=alpha_al*dt/(dx_alr2);
Tl=zeros(1,n); T1(1)=T1i;
T2=zeros(1,n); T2(1)=T2i;
T3=zeros(1,n); T3(1)=T3i;
Ta=zeros(1,n); T4(1)=T4i;
%% Record
mconvrec=zeros(1,n);
mwicktot=zeros(1,n);
mwater_rm=ones(1,n)*mwateri;
RH_cottrec=ones(1,n);
RH_cott_afrec=zeros(1,n);
t_dryrec=zeros(1,n);
fori=1:n

%% Wick calculation

if i==

mwicktot(i)=mwateri+mwickrate use*dt;
mwater_rm(i)=mwateri+mwickrate use*dt;

else
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mwicktot(i)=mwicktot(i-1)+mwickrate use*dt;
mwater rm(i)=mwater rm(i-1)+mwickrate use*dt;

end

%% Properties of air-vapour mixture

Tf = (TA()+273.15)+T _amb+273.15))/2;

beta = 1-(Tf/647.096);

%Pressure

Psat = (220.64%exp((647.096/Tf)*(-7.85951783*beta+1.84408259*betar 1.5-
11.7866497*betaN3+22.6807411*beta\3.5-
15.9618719*betard+1.80122502*beta7.5)))*100;

P vapor = Psat*RH_amb/100;

%Thermal Conductivity (k)

k_air = -2.276*(10A-3)+1.26*(10N-4)*Tf-1.481*(10A-7)*TfA2+1.735*(10N-10)*TfA3-
1.066*(10A-13)*TfA4+2.476*(10A-17)¥TfA5;

k vapor = (17.617+0.0555%(Tf-273.15)+0.000166*(Tf-273.15)A2)*10A-3;

k mix = k_air*(1-(P_vapor/P))+k _vapor*(P_vapor/P);

%Specific Heat (Cp)

Cp_air = 1.034-0.284*(10A-3)*Tf+0.781*(10A-6)*TfA2-0.497*(10/-
9)*¥TfA3+0.1077*(10A-12)*TfA4,

Cp_vapor = 1.869-2.578*(10A-4)*Tf+1.941*(10/A-5)*TfA2,

Cp_mix = ((Cp_air*(P-P_vapor)*MW _ain+Cp_vapor*P_vapor*MW_vapor)/(MW_air*(P-
P vapon+P_vapor*MW _vapor);

%Viscousity (u)

u_air = (-0.986+9.08*(10A-2)*Tf-1.176*(10A-4)*TfA2+1.123%(10A-7)*TfA3-5.797*(10A-
LT1)*TEAL)*107-6;

u_vapor = (80.58+0.4*(Tf-273.15))*10A-6;

u_mix = (u_air*(P-P_vapor)*sgrt(MW _air)+u_vapor*P_vapor*sqrt(tMW_vapor))/((P-
P vapor)*sgrt(MW _ain+P_vapor*sgrt(tMW_vapor))

%Density (rho)

rho_mix = (P/(8.3145*TH)*(MW_air*(1-(P_vapor/P))+MW _vapor*(P_vapor/P));



%Thermal Diffusivity (alpha)

alpha = k_mix/(Cp_mix*rho_mix*1000);

%%%Properties of water at cotton surface%%%

tau_cott = 1-((T4(i)+273.15)/647.096);

Psat_cott =(220.64*exp((647.096/((Td(1)+273.15))*(-
7.85951783*tau_cott+1.84408259*tau_cott/N1.5-
11.7866497*tau_cottA3+22.6807411*tau_cott/3.5-
15.9618719*tau_cottAd+1.80122502*tau_cottA7.5))))*100;

Pvs _cott = Psat_cott;

denvs_cott = Pvs_cott/(R_vapor*((Ta(i)+273.15)));

k_cott = 0.5650285+0.0026363895*T4(i)-0.00012516934*(T4(1)A1.5)-1.5154918e-
6*(TA(i)A2)-0.0009412945*(T4(i)10.5;

Cp_cott=4.2174356-0.0056181625*(T4(i))+0.0012992528*(T4(i))"1.5-
0.00011535353*(Td(i))N2+4.14964e-6*(TA(i))A2.5;

alpha_cott=k_cott/(denvs_cott*Cp_cott);

gramma = alpha_cott*dt/(dx_cott)A2;

eps_cott=0.77;

%%%Properties of water at ambient%%%

tau_amb = 1-(T_amb+273.15)/647.096);

Psat_amb =(220.64*exp((647.096/(T_amb+273.15))*(-
7.85951783*tau_amb+1.84408259*tau_amb/ 1.5-
11.7866497*tau_ambA3+22.6807411*tau_ambA3.5-
15.9618719%*tau_amb/4+1.80122502*tau_amb~7.5)))*100;

Pv_amb = Psat_ amb*RH_amb/100;

denv_amb = Pv_amb/(R_vapor®(T_amb+273.15)),

% Heat and Mass transfer

Re = (rho_mix*vwind*Lc)/u_mix;

Pr = u_mix/alpha;

Dab = 1.87*(10A-10)*(((T4(i)+273.15)72.072)/1);

Sc = u_mix/(rho_mix*Dab);

if vwind>0 && Re<5*10/5

133



134

%Forced Convection(Laminar)
Nu = 0.664*(Re0.5)*(PrA(1/3));
Sh = 0.664*(Re0.5)*(Sc1/3);
else vwind>0 && Re>=5*10/5
%Forced Convection(Turbulent)
Nu = 0.037*(Re/0.8)*(PrA(1/3));
Sh = 0.037*(Re”0.8)*(ScA1/3);
end
hconv_correct=0.94; hmass_correct=5;%convective heat and mass transfer
coefficient configuration
hconv=hconv_correct*Nu*k_mix/Lc;
hmass = hmass_correct*Dab*Sh/Lc;
mconv = hmass*Area*(denvs_cott-denv_amb);
mconvrec(i)=mconv;
mwater af=mwater_rm(i)-mconv*dt;
% mwater af rec(i)=mwater_af;
% mwater(i)=mwater af;
RH_cott _af=mwater_af/mwateri;
if RH_cott_af<RH_cott min
RH_cott_af=RH_cott_min;
mwater_af=RH_cott_af*mwateri;
mconv=(mwater_rm(i)-mwater_af)/dt;
else
t dry=i;
t_dryrec(i)=t_dry;
end
mconvrec(i)=mconv;
RH_cott_afrec(i)=RH_cott_af;
%% Fabric RH check!
if RH cott af>1

mwater_af=mwateri;
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end

mwater_rm(i)=mwater_af;

hfg = 2500.34-2.2521025*T4(i)-0.021465847*TA()A1.5+3.1750136e-4*T4(i)N2.5-
2.8607959e-5¥TA(i)N3;

Qevap=mconv*hfg*1000;

gevap=Qevap/Area;
%% Newton Raphson method to determine T(i+1)

es=1e-5;
M=k al/dx al+k cott/dx_cott+rho al*dx al*Cp_al/(2*dt)+denvs cott*dx cott*Cp cot
t/(2*dt);

T10)=T1()+273.15; T2()=T2(1)+273.15; T3(1)=T3()+273.15; TA(i)=T4(i)+273.15;
T amb=T amb+273.15;

%% AT(i+1)=T(i)+B

Tvec=[T1(); T23); T3(); T40)];

Tvec_new=zeros(4,1000);

Tvec _new(;,1)=Tveg,

A=zeros(4,4);

B=zeros(4,1);

%T1 eq

A(1,1)=2*tou+1; A(1,2)=-2*tou;

B(1)=2*tou*gs*dx_al/k al;

%72 eq

A(2,1)=-tou; A(2,2)=2*tou+1;  A(2,3)=-tou;

%T3 eq

A(3,2)=(-2*dt*k_al/dx_al/(rho_al*dx_al*Cp_al+denvs_cott*dx_cott*Cp cott);

A(3,3)=2*dt*M/(rho_al*dx_al*Cp_al+denvs_cott*dx_cott*Cp_cott);

A(3,4)=(-2*dt*k_cott/dx_cott)/(rho_al*dx_al*Cp_al+denvs cott*dx cott*Cp cott);

%T4 eq

A(4,3)=-2*gramma;
A(4,4)=1+2*gramma+2*gramma*hconv*dx_cott/k cott+(2*gramma*eps_cott*zigma*dx

_cott/k_cott)*Tvec(4)A3;
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B(4)=-
2*gramma*gevap*dx_cott/k cott+2*gramma*(hconv*dx_cott*T amb/k cott+zigma*e
ps_cott*dx_cott*(T_ambAd)/k cott);
tol Tvec=100;
j=0;
while tol Tvec > es &&j < 1000
=+
A(4,4)=1+2*gramma+2*gramma*hconv*dx_cott/k cott+(2*gramma*eps_cott*zigma*dx
_cott/k_cott)*Tvec_new(4,j)A3;
Tvec new(:,j+1)=A\(Tvec+B);
tol_Tvec=norm((Tvec_new(:j+1)-Tvec newc.)))./ Tvec_new(:j+1));
u_relax=0.8; %Underrelaxation
Tvec_new(:,j+1)=u_relax*Tvec new(:j+1)+(1-u_relax)*Tvec_new(:));
end
T1(i+1)=Tvec_new(1,j+1)-273.15;
T2(i+1)=Tvec_new(2,j+1)-273.15;
T3(i+1)=Tvec_new(3,j+1)-273.15;
Td(i+1)=Tvec_new(4d,j+1)-273.15;
T amb=T amb-273.15;
end
colsWithZeros = any(t_dryrec==0, 1);
t_cooling = t_dryrec(;, ~colsWithZeros);
t_effect=t_coolinglend);
RH_cott rec=mwater_rm/mwateri;
T1=T1-273.15; Tl(end)=T1(end)+273.15;
T2=T2-273.15; T2(end)=T2(end)+273.15;
T3=T3-273.15; T3(end)=T3(end)+273.15;
T4=T4-273.15; Td(end)=Td(end)+273.15;
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n.5 Code wuUaasmannudmiunsdiwadussariingasanaly

function [T _glass_uc,T_EVA1 uc,T cell uc,T EVA2 uc,T bs uc,Tbhack uc,P_pv uc] =
Uncooling Transient Actual PV(G solar,vwind,T glass uc,T EVA1 uc,T cell uc,T EVA
2 uc,T bs uc,Tbhack uc,T db,RH amb,dt,tfinal)

%% Characteristic of PV cell

(=1.65; w=1; Area= [*w; Lc=sqrt(Area);

thk_glass=4e-3;

thk_EVA=0.4e-3;

thk cell=0.4e-3;

thk bs=3e-3;

P _pv_stc=250;

gramma=0.5/100;

%% Thermal Properties of PV panel

%Glass

k glass=1.8; rho_glass=2500; Cp_glass=792;

alpha_glass=k _slass/(rho_glass*Cp_sglass);

%EVA

k_EVA=0.35; rho_EVA=930; Cp_EVA=1400;

alpha_EVA=k EVA/(rho EVA*Cp EVA);

%Backsheet (PET)

K bs=0.3; rho_bs=1380; Cp_bs=1300; eps _bs=0.8;

alpha_bs=k _bs/(rho_bs*Cp bs);

%% Input contidion

P=101.325;

MW _air=28.97; MW _vapor=18.02;

% gs=Qs/Area;

%Initial condition for temperature

T glassi=T glass uc; T_EVALi=T EVAl uc; T celli=T cell uc; T_EVA2i=T EVAZ uc;
T bsi=T bs_uc; Tback uci=Tback uc;

%Node distance

dx_slass=thk glass;
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dx_EVA=thk EVA;

dx_cell=thk cell;

dx_bs=thk bs;

tou glass=alpha glass*dt/(dx slass/2);

tou_bs=alpha_bs*dt/(dx bs"2);

%% Transient calcualtion

n=tfinal/dt;

T glass uc=zeros(1,n); T glass uc(1)=T glassi;

T EVAL1 uc=zeros(1,n); T EVA1 uc(1)=T EVALi

T cell uc=zeros(1,n); T cell uc(1)=T cellj

T EVA2 uc=zeros(1,n); T_EVA2 uc(1)=T EVA2i;

T bs uc=zeros(1,n); T_bs uc(1)=T bsi,

Tback uc=zeros(1,n);Thack uc(1)=Thack uci;

T cell avg=zeros(1,n);

P_pv_rec=zeros(1,n);

fori=1n

%% Properties of cystalline cell

absorb_cell=0.95;

zigma=>5.67e-8;

eps_cell=0.95;

F=1; %View factor

T cell_uc(i+1)=T_cell_uc(i); %Asummel!

T cell_ave=(T_cell_uci)+T cell_uc(i+1))*0.5;

P_pv=P pv_stc*(G_solar/1000)*(1-sramma*(T_cell_avg(i)-25))/Area; %Unit in W/m2

gs=absorb_cell*G_solar-P_pv; %Unit in W/m2

T cell_ave=T cell avg(i)+273.15;

k_cell=(1521*T cell_avg/(-1.226))*100;

rho_cell=2329;

if T_cell avg<300
Cp_cell=0.184*exp((4.5e-3)*T_cell_aveg)*1000;

else
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Cp_cell=0.1694*exp((2.375e-4)*T _cell avg)*1000;
end
%% Properties of air-vapour mixture at front panel
Tf f = ((T glass uc()+273.15)+(T_db+273.15))/2;
beta f = 1-(Tf f/647.096);
%Pressure
Psat f = (220.64%exp((647.096/Tf )*(-7.85951783*beta f+1.84408259*beta fA1.5-
11.7866497*beta fA3+22.6807411*beta fA3.5-
15.9618719*beta fA4+1.80122502*beta_fA7.5)))*100;
P vapor f = Psat f*RH amb/100;
%Thermal Conductivity (k)
K air f = -2.276*(10A-3)+1.26*(10A-A)*Tf f-1.481%(10A-T)*Tf fA2+1.735%(10A-
10)*Tf _fA3-1.066*(10A-13)*Tf fAG+2.476%(10N-17)*Tf fA5;
k vapor f = (17.617+0.0555%(Tf f-273.15)+0.000166*(Tf f-273.15)A2)*10A-3;
k mix_f =k air_f*(1-(P_vapor_f/P))+k vapor f*(P_vapor f/P);
%Specific Heat (Cp)
Cp_air f = 1.034-0.284*(10A-3)*Tf f+0.781%(10A-6)*Tf fA2-0.497*(10A-
9)Tf fA3+0.1077*(10A-12)%Tf fAG:
Cp_vapor f = 1.869-2.578*(10A-4)*Tf f+1.941%(10A-5)*Tf fA2;
Cp_mix_f = ((Cp_air_f*(P-
P_vapor_f)*MW _air)+Cp_vapor_f*P_vapor_f*MW_vapor)/(MW_air*(P-
P vapor f)+P_vapor f*MW_vapor);
%Viscousity (u)
U air = (-0.986+9.08*(10A-2)*Tf f-1.176%(10A-A)Tf fA2+1.123*(10A-T)*Tf fA3-
5.797*(10A-11)*Tf_fA4)*101-6;
u_vapor f = (80.58+0.4%(Tf f-273.15))*10/-6;
u_mix_f = (u_air_f*(P-
P vapor_f)*sgrt(MW _air)+u_vapor_f*P_vapor_f*sgrt(tMW_vapor)/((P-
P vapor f*sgrt(MW _air)+P_vapor_f*sgrt(tMW_vapor));
%Density (rho)
rho_mix_f = (P/A(8.3145*Tf_f)*(MW _air*(1-(P_vapor_f/P))+MW _vapor*(P_vapor f/P));



%Thermal Diffusivity (alpha)
alpha_f = k_mix_f/(Cp_mix_f*rho_mix_f*1000);
Re f = (rho_mix_f*vwind*Lc)/u_mix f;
Pr f=u mix f/alpha_f;
if vwind>0 & Re_f<5*10/5
%Forced Convection(Laminar)
Nu f = 0.664*(Re fA0.5)*(Pr_fA(1/3))
else vwind>0 & Re f>=5*10A5
%Forced Convection(Laminar)
Nu_f = 0.037*(Re_fA0.8)*(Pr_fA(1/3));

end

h_correct=1.33; %convective heat and mass transfer coefficient configuration

hconv_f=(Nu_f*k_mix_f/Lc)*h_correct;

%% Properties of air-vapour mixture at back panel
Tf b = ((Tbhack uc(i)+273.15)+(T_db+273.15))/2,
beta b = 1-(Tf b/647.096);

%Pressure

Psat b = (220.64*exp((647.096/Tf b)*(-
7.85951783*beta_b+1.84408259*beta bA1.5-
11.7866497*beta_bA3+22.6807411*beta bA3.5-

15.9618719*beta b/ 4+1.80122502*beta b/ 7.5)))*100;
P _vapor b = Psat b*RH_amb/100;

%Thermal Conductivity (k)

k air b =-2.276%(10/A-3)+1.26*(10A-4)*Tf b-1.481*(10A-7)*Tf bA2+1.735%(10-

10)Tf_bA3-1.066*(10A-13)Tf_bAd+2.476X(10A-17)¥Tf_bAS;

k vapor b = (17.617+0.0555%(Tf_b-273.15)+0.000166*(Tf_b-273.15)A2)*10A-3;

k mix_b =k air b*(1-(P_vapor b/P))+k vapor b*(P vapor b/P)

%Specific Heat (Cp)

Cp_air_b = 1.034-0.284%(10A-3)*Tf_b+0.781*(10A-6)*Tf_bA2-0.497*(10A-
OVTf bA3+0.1077%(10A-12)Tf bAd;

Cp_vapor b = 1.869-2.578*(10A-A)*Tf _b+1.941%(10A-5)Tf bA2;
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Cp_mix_b = ((Cp_air_b*(P-
P vapor b)*MW _air)+Cp vapor b*P_vapor b*MW vapor)/(MW_air*(P-
P vapor b)+P_vapor b*MW_vapor)
%Viscousity (u)
U air b = (-0.986+9.08%(10A-2)*Tf b-1.176*(10A-A)*Tf bA2+1.123%(10A-7)*Tf bA3-
5.797*(10A-11)*Tf_bAd)*101-6;
U vapor b = (80.58+0.4%(Tf b-273.15))*10A-6;
u_mix_b = (u_air_b*(P-
P vapor b)*sgrt(MW_air)+u_vapor b*P_vapor b*sqrt(MW _vapor))/((P-
P vapor_b)*sgrt(tMW _air)+P_vapor_b*sqgrt(MW_vapor));
%Density (rho)
rho_mix_b = (P/(8.3145*Tf_b))*(MW_air*(1-
(P_vapor_b/P))+MW_vapor*(P_vapor_b/P));
%Thermal Diffusivity (alpha)
alpha_b = k_mix_b/(Cp_mix_b*rho_mix_b*1000);
Re b = (rho_mix_b*vwind*Lc)/u_mix b;
Pr b = u mix_b/alpha_b;
if vwind>0 & Re_b<5*10/5
%Forced Convection(Laminar)
Nu_b = 0.664*(Re_bA0.5)*(Pr_b/(1/3));
else vwind>0 & Re_b>=5%1015
%Forced Convection(Laminar)
Nu_ b = 0.037*(Re_b"0.8)*(Pr_b/(1/3));
end
h_correct=1.33; %convective heat and mass transfer coefficient configuration
hconv_b=(Nu_b*k_mix_b/Lc)*h correct;
%% AT(i+1)=T(i)+B
T glass uc(i)=T glass uc(+273.15; T_EVAL uc(i)=T EVAL uc(i)+273.15;
T cell_uc()=T cell_uc(i)+273.15;
T EVA2 uci)=T EVA2 uc()+273.15; T bs uci)=T bs uc(i)+273.15;
Tback uc(i)=Tback uc(i)+273.15;
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T db=T db+273.15;

Tvec=[T glass uc(i); T EVAL uc(i); T cell uc(i); T EVA2 uc(i); T bs uc(i);
Thack_uc(i];

Tvec new=zeros(6,1000);

Tvec new(,1)=Tvec;
M2=k_glass/dx_glass+k EVA/dx EVA+rho glass*dx glass*Cp_glass/(2*dt)+rho EVA*dx
EVA*Cp EVA/(2*dt);
M3=k EVA/dx EVA+k cell/dx cell+rho EVA*dx EVA*Cp EVA/(2*dt)+rho_cell*dx cell*
Cp_cell/(2¥dt);
Md=k cell/dx_cell+k EVA/dx_EVA+rho cell*dx_cell*Cp_cell/(2*dt)+rho_EVA*dx EVA*
Cp_EVA/(2*dlt);
M5=k EVA/dx_EVA+k bs/dx bs+rho EVA*dx EVA*Cp EVA/(2*dt)+rho bs*dx bs*Cp bs
/(2*dt);

A=zeros(6,6);

B=zeros(6,1);

%T1 eq

A(1,1)=2*tou_sglass*hconv_f*dx glass/k slass+2*tou_slass+1;

A(1,2)=-2*tou_glass;

B(1)=(2*tou_glass*hconv_f*dx glass/k glass)*T db;

%72 eq

A2,1)=(-
2*dt*k_glass/dx_glass)/(rho_glass*dx slass*Cp_glass+rho EVA*dx EVA*Cp EVA);

A(2,2)=2*dt*M2/(rho_glass*dx_glass*Cp_glass+rho EVA*dx EVA*Cp EVA);

A2,3)=(-
2*dt*k _EVA/dx_EVA)/(rho_glass*dx glass*Cp_glass+rho EVA*dx EVA*Cp EVA);

%T3 eq

A(3,2)=(-2*dt*k_EVA/dx_EVA)/(rho EVA*dx EVA*Cp EVA+rho cell*dx cell*Cp _cell);
A(3,3)=2*dt*(M3+zigma*eps_cell*Tvec(3)A3)/(rho_EVA*dx EVA*Cp EVA+rho_cell*dx c
ell*Cp_cell);

A(3,4)=(-2*dt*k_cell/dx_cell)/(rho_EVA*dx EVA*Cp EVA+rho_cell*dx_cell*Cp_cell);
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B(3)=2*dt*(zigma*eps_cell*T_dbAd+gs)/(rho EVA*dx EVA*Cp EVA+rho_cell*dx_cell*C
p_cell);

%T4 eq

A(4,3)=(-2*dt*k_cell/dx_cell)/(rho cell*dx cell*Cp_cell+rho EVA*dx EVA*Cp EVA);
A(d,4)=2*dt*(Md+zigma*eps_cell*Tvec(d)A3)/(rho_cell*dx_cell*Cp_cell+rho EVA*dx E
VA*Cp_EVA);

A(4,5)=-
2*dt*(k_EVA/dx_EVA+zigma*eps_cell*F*Tvec(5)A3)/(rho_cell*dx_cell*Cp_cell+rho EVA
*dx_EVA*Cp_EVA);

%T5 eq

A(5,4)=-
2*dt*(k_EVA/dx_EVA+zigma*eps _cell*F*Tvec(d)A3)/(rho_EVA*dx EVA*Cp EVA+rho bs*
dx_bs*Cp bs);

A(5,5)=2*dt*(M5+zigma*eps_cell*F*Tvec(5)A3)/(rho_EVA*dx EVA*Cp EVA+rho bs*dx
bs*Cp_bs);

A(5,6)=(-2*dt*k_bs/dx_bs)/(rho_EVA*dx EVA*Cp EVA+rho bs*dx bs*Cp bs);

%T6 eq

A(6,5)=-2*tou_bs;

A(6,6)=1+2*tou_bs+2*tou_bs*hconv_b*dx bs/k bs+(2*tou_bs*eps bs*zigma*dx_bs/k
bs)*Tvec(6)M\3;

B(6)=2*tou_bs*(hconv_b*dx_bs*T db/k bs+zigma*eps_bs*dx_bs*(T_db/d)/k_bs);

es=le-5;

tol_Tvec=100;

j=0;

while tol_Tvec > es &&j < 1000

=
A(3,3)=2*dt*(M3+zigma*eps_cell*Tvec_new(3)A3)/(rho_EVA*dx EVA*Cp EVA+rho_cell*
dx_cell*Cp_cell);
A(4,4)=2*dt*(Md+zigma*eps_cell*Tvec_new(@)"3)/(rho_cell*dx_cell*Cp cell+rho EVA*
dx_EVA*Cp_EVA);
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A(4,5)=-
2*dt*(k_EVA/dx_EVA+zigma*eps cell*F*Tvec new(5)A3)/(rho_cell*dx cell*Cp cell+rh
o EVA*dx_EVA*Cp EVA);
A(5,4)=-
2*dt*(k_EVA/dx_EVA+zigma*eps_cell*F*Tvec_new(4)A3)/(rho EVA*dx EVA*Cp_ EVA+rh
0_bs*dx_bs*Cp bs);
A(5,5)=2*dt*(M5+zigma*eps_cell*F*Tvec_new(5)A3)/(rho_EVA*dx_EVA*Cp_ EVA+rho_bs
*dx_bs*Cp_bs);
A(6,6)=1+2*tou_bs+2*tou_bs*hconv_b*dx_bs/k_bs+(2*tou_bs*eps bs*zigma*dx _bs/k
bs)*Tvec_new(6)/\3;
B(3)=2*dt*(zigma*eps_cell*T_dbAd+qgs)/(rho EVA*dx EVA*Cp_ EVA+rho_cell*dx_cell*C
p_cell);
Tvec new(:,j+1)=A\(Tvec+B);
tol_Tvec=norm((Tvec_new(:j+1)-Tvec newc.j))./ Tvec_new(:j+1));
u_relax=0.8; %Underrelaxation
Tvec_new(:,j+1)=u_relax*Tvec_new(:j+1)+(1-u_relax)*Tvec_new(:));
T _cell_ave()=(T_cell_uc()+(Tvec_new(3,j+1)))*0.5;
P pv=P pv_stc(G_solar/1000)*(1-sramma*((T_cell avg(i)-273.15)-25))/Area;
gs=absorb_cell*G_solar-P_pv;
end
T slass_uc(i+1)=Tvec_new(1,j+1)-273.15;
T EVAL uc(i+1)=Tvec new(2,j+1)-273.15;
T cell_uc(i+1)=Tvec_new(3,j+1)-273.15; T cell uc()=T cell_uc(i)-273.15;
T EVA2 uc(i+1)=Tvec_new(d,j+1)-273.15;
T bs_uc(i+1)=Tvec_new(5,j+1)-273.15;
Thack uc(i+1)=Tvec_new(6,j+1)-273.15;
T db=T db-273.15;
P_pv_rec(i)=P_pv;
end
T glass uc=T glass uc-273.15; T glass_uc(end)=T glass uc(end)+273.15;
T EVAL uc=T EVAL uc-273.15; T EVA1 uclend)=T EVA1 uc(end)+273.15;
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% T3=T3-273.15; T3(end)=T3(end)+273.15;
T EVA2 uc=T EVA2 uc-273.15; T EVA2 uc(end)=T EVA2 uc(end)+273.15;

T bs uc=T bs uc-273.15; T bs uc(end)=T bs uc(end)+273.15;
Tbhack uc=Tback uc-273.15; Tback uc(end)=Tback uc(end)+273.15;
P pv_uc=P pv_rec(end)*Area; %Unit in W
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n.6 Code uuUTAa Ui miunsdivaduasarfindoeiinansdnliddundmson
fuunasti
function
[T glass ¢, T EVAL ¢, T cell ¢,T EVA2 ¢,T bs c,Tback ¢, T cott c,mconvrecmwickrate
_use,mwater_rm,mwater ex tot,P pv c] =
Cooling Transient wick Actual PV(G solar,vwind,T glass c,T EVAl ¢,T cell c,T EVA2
¢, T bs ¢, Thack c,T cott ¢, T db,RH amb,mwateri,h_install,dt,tfinal,thk_mul)
%% Characteristic of PV cell
(=1.65; w=1; Area= *w; Lc=sqrt(Area);
thk_slass=4e-3;
thk_EVA=0.4e-3;
thk_cell=0.4e-3;
thk_bs=3e-3;
P pv stc=250;
gramma=0.5/100;
%mwateri=1.365 kg
%% Thermal Properties of PV panel
%Glass
k glass=1.8; rho_glass=2500; Cp_glass=792;
alpha_glass=k _slass/(rho_glass*Cp_glass);
%EVA
k EVA=0.35; rho EVA=930; Cp_EVA=1400;
alpha_EVA=k EVA/(rho EVA*Cp EVA);
%Backsheet (PET)
k bs=0.3; rho_bs=1380; Cp bs=1300; eps bs=0.8;
alpha_bs=k_bs/(rho_bs*Cp_bs);
%% Properites of fabric
phi=0.688; K=1.904e-12;
Wickwidth=w; Wickthk=3.753e-4*thk_mul;
Twater=25; hwickmax=50.0625e-2;

mwater max=1.365*thk_mul,
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RH_cott min=0.22;
[hwick rec,mwickrate]=Wickh(Twater,hwickmax,phi,K,Wickwidth,Wickthk);
Table=[hwick rec(2:end);mwickrate]’;
hwick rec=Table(;,1);
mwickrate=Table(;,2);
if h_install<=hwickmax

mwickrate use=interpl(hwick rec,mwickrate,h install);
else

mwickrate use=0;
end
%% Input contidion
P=101.325; R vapor=0.46140;
MW._air=28.97; MW vapor=18.02;
%Initial condition for temperature
T glassi=T glass ¢; T _EVALli=T EVAl ¢; T celli=T cell ¢; T EVA2i=T EVAZ ¢
T bsi=T bs ¢; Thack ci=Tback ¢; T cotti=T cott ¢;
%Node distance
dx_slass=thk glass;
dx_EVA=thk_EVA;
dx_cell=thk_cell;
dx_bs=thk bs;
dx_cott=Wickthk; %Fabric distance
tou_glass=alpha_glass*dt/(dx_glassA2);
tou_bs=alpha_bs*dt/(dx_bsA2);
%% Transient calculation
n=tfinal/dt;
T glass c=zeros(1,n); T glass c(1)=T sglassi;
T EVAL c=zeros(1,n); T EVAL c(1)=T EVAL1j;
T cell_c=zeros(1,n); T cell c(1)=T cellj;
T EVA2 c=zeros(1,n); T_EVA2 c(1)=T EVAZ;;
T bs c=zeros(1,n); T _bs c(1)=T bsi,



Thack c=zeros(1,n);Thack c(1)=Tback ci;
T cott c=zeros(1,n);T_cott c(1)=T cotti;
T cell avg=zeros(1,n);
P pv_rec=zeros(1,n);
%% Record
mconvrec=zeros(1,n);
mwicktot=zeros(1,n);
mwater rm=ones(1,n)*mwateri
mwater_ex_rec=zeros(1,n);
RH_cottrec=ones(1,n);
RH_cott afrec=zeros(1,n);
t_dryrec=zeros(1,n);
fori=1:n
%% Wick calculation
if i==
mwicktot(i)=mwateri+mwickrate use*dt; %Unit in kg
mwater_rm(i)=mwateri+mwickrate use*dt; %Unit in kg
else
mwicktot(i)=mwicktot(i-1)+mwickrate use*dt;
mwater_rm(i)=mwater _rm(i-1)+mwickrate use*dt;
end
%% Properties of crystalline cell
absorb_cell=0.95;
zisma=5.67e-8;
eps_cell=0.95;
F=1; %View factor
T cell_c(i+1)=T cell c(i); %Assumel!
T cell_ave(=(T_cell_c()+T _cell c(i+1))*0.5;
P pv=P_pv_stc*(G_solar/1000)*(1-gramma*(T_cell avg(i)-25))/Area;
gs=absorb_cell*G_solar-P_pv;

T cell_ave=T cell avg(i)+273.15;
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k cell=(1521*T cell avg/(-1.226))*100;
rho_cell=2329;
if T_cell ave<300
Cp_cell=0.184%exp((4.5e-3)*T cell avg)*1000;
else
Cp_cell=0.1694*exp((2.375e-4)*T_cell_avg)*1000;
end
%% Properties of air-vapor mixture at front panel
Tf f = (T glass_c()+273.15)+(T_db+273.15))/2;
beta f = 1-(Tf f/647.096);
%Pressure
Psat_f = (220.64*exp((647.096/Tf H*(-7.85951783*beta f+1.84408259*beta fA1.5-
11.7866497*beta_fA3+22.6807411*beta fA3.5-
15.9618719*beta_fAd4+1.80122502%beta_fA7.5)))*100;
P vapor f = Psat f*RH amb/100;
%Thermal Conductivity (k)
k_air f = -2.276*(10A-3)+1.26*(10A-4)*Tf f-1.481%(10A-7T)*Tf fA2+1.735%(10A-
10T A3-1.066*(10A-13)*Tf fAG+2.476*(10A-17)*Tf _fAS5;
k vapor f = (17.617+0.0555%(Tf f-273.15)+0.000166*(Tf -273.15)A2)*10A-3;
k mix_f =k air_f(1-(P_vapor f/P))+k_vapor f*(P_vapor f/P);
%Specific Heat (Cp)
Cp_air f = 1.034-0.284*(10A-3)*Tf f+0.781%(10A-6)*Tf fA2-0.497*(10A-
¥Tf fA3+0.1077*(10A-12)*Tf fAd,
Cp_vapor_f = 1.869-2.578*(10A-4)*Tf f+1.941*(10A-5)*Tf fA2;
Cp_mix_f = (Cp_air_f*(P-
P vapor f*MW _ain+Cp_vapor_f*P_vapor MW _vapor)/(MW_air*(P-
P vapor f)+P vapor f*MW _vapor);
%Viscousity (u)
u_air f = (-0.986+9.08*(10A-2)*Tf f-1.176%(10A-A)*Tf fA2+1.123%(10A-T)*Tf fA3-
5.797*(10A-11)*Tf _fA4)*10/7-6;
u_vapor f = (80.58+0.4%(Tf f-273.15))*107-6;
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u_mix_f = (u_air_f*(P-
P vapor f)*sgrt(MW_air)+u_vapor f*P vapor f*sqrt(tMW _vapor))/((P-
P vapor f*sgrt(MW _air)+P_vapor_f*sqrt(tMW _vapor)),
%Density (rho)
rho_mix f = (P/(8.3145*Tf f*(MW _air*(1-(P_vapor f/P))+MW_vapor*(P vapor f/P));
%Thermal Diffusivity (alpha)
alpha f = k_mix f/(Cp_mix f*rho_mix_f*1000);
Re f = (rho_mix_f*vwind*Lc)/u_mix_f;
Pr f=u mix f/alpha_f;
if vwind>0 && Re f<5*10A5
%Forced Convection(Laminar)
Nu_f = 0.664%(Re_fAQ.5)*(Pr_fA(1/3));
else vwind>0 && Re f>=5*1015
%Forced Convection(Laminar)
Nu_f = 0.037*(Re_fA0.8)*(Pr fA(1/3));
end
h_correct=1.33; %convective heat and mass transfer coefficient configuration
hconv_f=(Nu_f*k_mix_f/Lc)*h correct;
%% Properties of air-vapour mixture at back panel
Tf b = (T _cott_c(+273.15)+(T db+273.15))/2;
beta_b = 1-(Tf_b/647.096);
%Pressure
Psat b = (220.64*exp((647.096/Tf b)*(-
7.85951783*beta_b+1.84408259*beta b/ 1.5-
11.7866497*beta_b/A3+22.6807411*beta_bA3.5-
15.9618719*beta_ b/ 4+1.80122502*beta_bA7.5)))*100;
P vapor b = Psat b*RH amb/100;
%Thermal Conductivity (k)
k_air b = -2.276%(10A-3)+1.265(10A-4)*Tf_b-1.481%(10A-7)*Tf bA2+1.735%(10A-
10)*Tf bA3-1.066*(10A-13)*Tf bAA+2.476*(10A-17)*Tf bA5;
k vapor b = (17.617+0.0555%(Tf b-273.15)+0.000166*(Tf b-273.15)A2)*10A-3;



k mix b =k air b*(1-(P_vapor b/P))+k vapor b*(P vapor b/P),
%Specific Heat (Cp)
Cp_air b = 1.034-0.284%(10A-3)*Tf _b+0.781*(10A-6)*Tf bA2-0.497*(10/-
OYTf bA3+0.1077*(10A-12)*Tf bAd;
Cp vapor b = 1.869-2.578*(10A-4)*Tf b+1.941*(10A-5)*Tf bA2;
Cp_mix_b = ((Cp_air_b*(P-
P vapor b)*MW air)+Cp vapor b*P_vapor b*MW vapor)/(MW_air*(P-
P vapor b)+P vapor b*MW vapor);
%Viscosity (u)
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u_air_b = (-0.986+9.08*(10A-2)*Tf b-1.176*(10A-4)*Tf bA2+1.123*(10A-7)*Tf _bA3-

5.797*(10A-11)*Tf bA4)*101-6;

u_vapor_b = (80.58+0.4%(Tf b-273.15))*10/-6;

u_mix_b = (u_air_b*(P-
P_vapor_b)*sqrttMW_air)+u_vapor_ b*P_vapor_b*sqrt(tMW _vapor))/((P-
P vapor b)*sgrt(tMW_air)+P_vapor_b*sqgrt(MW _vapor));

%Density (rho)

rho_mix_b = (P/(8.3145*Tf_b))*(MW _air*(1-
(P_vapor_b/P))+MW _vapor*(P_vapor b/P));

%Thermal Diffusivity (alpha)

alpha_b =k mix_b/(Cp_mix_b*rho_mix_b*1000);

%Properties of water at cotton surface

tau_cott = 1-(T_cott_c(i)+273.15)/647.096);

Psat_cott =(220.64*exp((647.096/((T_cott_c(i)+273.15))(-
7.85951783*tau_cott+1.84408259*tau_cott/1.5-
11.7866497*tau_cottN3+22.6807411*tau_cott/N3.5-
15.9618719*tau_cottNd+1.80122502*tau_cott/A7.5))))*100;

Pvs_cott = Psat_cott;

rho_cott = Pvs_cott/(R vapor*((T_cott c(i)+273.15)));

k_cott = 0.5650285+0.0026363895*T cott_c(i)-0.00012516934%T_cott_c(i)A1.5)-
1.5154918e-6%(T cott_c(i)72)-0.0009412945%(T cott_c())A0.5;



Cp_cott=4.2174356-0.0056181625%(T_cott c(i))+0.0012992528*(T cott c(i)N1.5-

0.00011535353%(T cott_c(i))A2+4.14964e-6*(T cott_c()A2.5;
alpha_cott=k_cott/(rho _cott*Cp_cott);

tou_cott = alpha_cott*dt/(dx_cott)A2;

eps_cott=0.77;

%%%Properties of water at ambient%%%

tau_amb = 1-((T_db+273.15)/647.096);

Psat_amb =(220.64*exp((647.096/(T_db+273.15))*(-
7.85951783*tau_amb+1.84408259*tau_amb”1.5-
11.7866497*tau_amb”3+22.6807411*tau ambA3.5-
15.9618719*tau_amb/4+1.80122502*tau_ambA7.5)))*100;

Pv_amb = Psat_ amb*RH_amb/100;

rho_amb = Pv_amb/(R vapor*(T_db+273.15))

%%Heat and Mass transfer

Re b = (rho_mix_b*vwind*Lc)/u_mix b;

Pr b = u_mix_b/alpha_b;

Dab = 1.87*(10A-10)%(((T_cott c(i)+273.15)12.072)/1)

Sc = u_mix_b/(rho_mix_b*Dab);

if vwind>0 && Re_b<5*10A5
%Forced Convection(Laminar)
Nu_b = 0.664%(Re_bN0.5)*(Pr_b/(1/3));
Sh = 0.664*(Re_b/0.5)*(Scr1/3);

else vwind>0 && Re b>=5%*1075
%Forced Convection(Turbulent)
Nu_b = 0.037*(Re_b"0.8)*(Pr_bA(1/3));
Sh = 0.037*(Re_bA0.8)*(ScA1/3);

end

hconv_correct=0.94; hmass_correct=5;%convective heat and mass transfer

coefficient configuration
hconv_b=hconv_correct*Nu_b*k_mix_b/Lc;

hmass = hmass_correct*Dab*Sh/Lc;
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mconv = hmass*Area*(rho_cott-rho_amb); %Unit in kg/s
mconvrec(i)=mconv; %Unit in kg/s
mwater_af=mwater_rm(i)-mconv*dt; %Unit in kg
RH cott af=mwater af/mwater_max;
if RH_cott_af<RH cott min
RH_cott_af=RH_cott _min;
mwater_af=RH_cott_af*mwater_max; %Unit in kg
mconv=(mwater_rm(i)-mwater af)/dt; %Unit in keg/s
else
t dry=j;
t_dryrec(i)=t_dry;
end
mconvrec(i)=mconv; %Unit in ke/s
RH_cott afrec(i)=RH_cott_af;
%% Fabric RH check!
if RH cott af>1
mwater_ex=mwater_af-mwater_max;
mwater_af=mwater_max; %Unit in kg
else
mwater ex=0;
end
mwater_rm(i)=mwater_af; %Unit in kg
mwater_ex_rec(i)=mwater_ex;
hfg = 2500.34-2.2521025*T cott c(i)-0.021465847*T cott c(i)"1.5+3.1750136e-
4*T cott c())A2.5-2.8607959e-5*T cott c(i)A3;
Qevap=mconv*hfg*1000;
gevap=Qevap/Area;
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%% AT(i+1)=T(i)+B
T glass c()=T glass c()+273.15; T EVAL c()=T EVAL c(i)+273.15;
T cell_c()=T cell c(i)+273.15;
T EVA2 c()=T EVA2 c()+273.15; T bs c()=T bs c(i)+273.15;
Tback c(i)=Tback c(i)+273.15;
T cott_c(i)=T cott c(i)+273.15; T_db=T db+273.15;
Tvec=[T glass c(i); T EVAL c(i); T _cell _c(i); T EVA2 c(i); T bs_c(i); Thack c(i);
T cott_c()];
Tvec_new=zeros(7,1000);
Tvec _new(;,1)=Tveg,
M2=k _glass/dx_slass+k EVA/dx EVA+rho glass*dx glass*Cp glass/(2*dt)+rho EVA*dx
EVA*Cp EVA/(2*dt);
M3=k EVA/dx_EVA+k cell/dx_cell+rho EVA*dx EVA*Cp EVA/(2*dt)+rho cell*dx cell*
Cp_cell/(2*db);
Md=k cell/dx_cell+k EVA/dx _EVA+rho cell*dx cell*Cp_cell/(2*dt)+rho EVA*dx EVA*
Cp_EVA/(2%dlt);
M5=k_EVA/dx_EVA+k bs/dx_bs+rho EVA*dx EVA*Cp EVA/(2*dt)+rho _bs*dx bs*Cp_bs
/(2*db);
M6=k_bs/dx_bs+k_cott/dx_cott+rho bs*dx bs*Cp_bs/(2*dt)+rho_cott*dx cott*Cp co
tt/(2*dt);
A=zeros(7,7);
B=zeros(7,1);
%T1 eq
A(1,1)=2*tou_sglass*hconv_f*dx_glass/k_glass+2*tou_glass+1;
A(1,2)=-2*tou_glass;
B(1)=(2*tou_glass*hconv_f*dx_glass/k glass)*T db;
%T2 eq
A2,1)=(-
2*dt*k_glass/dx_glass)/(rho_glass*dx slass*Cp_glass+rho EVA*dx EVA*Cp EVA);
A(2,2)=2*dt*M2/(rho_glass*dx_glass*Cp_glass+rho EVA*dx_EVA*Cp EVA);
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A(2,3)=(-
2*dt*k_EVA/dx_EVA)/(rho glass*dx slass*Cp_elass+rho EVA*dx EVA*Cp EVA);

%T3 eq

A(3,2)=(-2*dt*k_EVA/dx_EVA)/(rho EVA*dx EVA*Cp EVA+rho cell*dx cell*Cp cell);
A(3,3)=2*dt*(M3+zigma*eps_cell*Tvec(3)A3)/(rho_EVA*dx EVA*Cp EVA+rho cell*dx c
ell*Cp_cell);

A(3,4)=(-2*dt*k_cell/dx_cell)/(rho EVA*dx EVA*Cp EVA+rho cell*dx cell*Cp_cell);
B(3)=2*dt*(zigma*eps_cell*T_dbAd+qgs)/(rho EVA*dx _EVA*Cp_ EVA+rho_cell*dx_cell*C
p_cell);

%T4 eq

A(4,3)=(-2*dt*k_cell/dx_cell/(rho_cell*dx cell*Cp cell+rho EVA*dx EVA*Cp EVA);
A(d,4)=2*dt*(Md+zigma*eps_cell*Tvec(d)A3)/(rho_cell*dx_cell*Cp_cell+rho EVA*dx E
VA*Cp_EVA);

A4,5)=-
2*dt*(k_EVA/dx_EVA+zigma*eps_cell*F*Tvec(5)23)/(rho_cell*dx_cell*Cp_cell+rho EVA
*dx EVA*Cp_ EVA);

%T5 eq
A(5,4)=-
2*dt*(k_EVA/dx_EVA+zigma*eps cell*F*Tvec(@)"3)/(rho_EVA*dx EVA*Cp EVA+rho bs*
dx_bs*Cp_bs);

A(5,5)=2*dt*(M5+zigma*eps_cell*F*Tvec(5)A3)/(rho_EVA*dx EVA*Cp EVA+rho bs*dx
bs*Cp_bs);
A(5,6)=(-2*dt*k_bs/dx_bs)/(rho_EVA*dx EVA*Cp EVA+rho bs*dx bs*Cp bs);

%T6 eq

A(6,5)=(-2*dt*k _bs/dx_bs)/(rho_bs*dx_bs*Cp bs+rho_cott*dx cott*Cp cott);

A(6,6)=2*dt*M6/(rho_bs*dx_bs*Cp bs+rho_cott*dx_cott*Cp_cott);

A(6,7)=(-2*dt*k_cott/dx_cott)/(rho_bs*dx bs*Cp bs+rho cott*dx_cott*Cp cott);

%T7 eq

A(7,6)=-2*tou_cott;

A(7,7)=1+2*tou_cott+2*tou_cott*hconv_b*dx cott/k cott+(2*tou_cott*eps cott*zigm

a*dx_cott/k_cott)*Tvec(7)A3;
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B(7)=2*tou_cott*(hconv_b*dx_cott*T db/k cott+zigma*eps_cott*dx_cott*(T_dbAd)/k
cott-gevap*dx_cott/k cott);
es=1e-5;
tol_Tvec=100;
J=0;
while tol Tvec > es &&j < 1000
=L
A(3,3)=2*dt*(M3+zigma*eps_cell*Tvec_new(3)A3)/(rho_EVA*dx EVA*Cp EVA+rho_cell*
dx_cell*Cp_cell);
A(4,4)=2*dt*(Md+zigma*eps_cell*Tvec new(d)A3)/(rho_cell*dx cell*Cp_cell+rho EVA*
dx EVA*Cp EVA);
A(4,5)=-
2*dt*(k_EVA/dx_EVA+zigma*eps cell*F*Tvec_new(5)A3)/(rho_cell*dx cell*Cp_cell+rh
o EVA*dx EVA*Cp EVA);
A(5,4)=-
2*dt*(k_EVA/dx_EVA+zigma*eps cell*F*Tvec_new(4)A3)/(rho EVA*dx EVA*Cp EVA+rh
o_bs*dx_bs*Cp_bs);
A(5,5)=2*dt*(M5+zigma*eps_cell*F*Tvec_new(5)A3)/(rho_EVA*dx EVA*Cp EVA+rho_bs
*dx_bs*Cp_bs);
A(7,7)=1+2*tou_cott+2*tou_cott*hconv_b*dx_cott/k cott+(2*tou_cott*eps cott*zigm
a*dx_cott/k_cott)*Tvec(7)A3;
B(3)=2*dt*(zigma*eps_cell*T_dbAd+qs)/(rho EVA*dx EVA*Cp EVA+rho cell*dx_cell*C
p_cell);
Tvec_new(:,j+1)=A\(Tvec+B);
tol_Tvec=norm((Tvec_new(:j+1)-Tvec new(.j))./Tvec_new(:j+1));
u_relax=0.8; %Underrelaxation
Tvec_new(.,j+1)=u_relax*Tvec_new(:j+1)+(1-u_relax)*Tvec_new(:));
T cell_avg()=(T cell_c()+(Tvec_new(3,j+1))*0.5;
P pv=P_pv_stc*(G_solar/1000)*(1-gramma*((T_cell avg(i)-273.15)-25))/Area;

gs=absorb_cell*G_solar-P_pv;



end
T glass c(i+1)=Tvec new(1,j+1)-273.15;
T EVAL c(i+1)=Tvec new(2,j+1)-273.15;
T cell c(i+1)=Tvec new(3,j+1)-273.15; T cell c(i)=T cell c(i)-273.15;
T EVA2 c(i+1)=Tvec_new(4,j+1)-273.15;
T bs c(i+1)=Tvec new(5,j+1)-273.15;
Thack c(i+1)=Tvec new(6,j+1)-273.15;
T cott c(i+1)=Tvec new(7,j+1)-273.15;
T db=T db-273.15;
P pv rec(i)=P_pv;
end
colsWithZeros = any(t_dryrec==0, 1);
t cooling =t _dryrec(:, ~colsWithZeros);
% t_effect=t coolinglend);
RH cott rec=mwater rm/mwater _max;
mwater_ex_tot=sum(mwater_ex rec);
T glass_c=T glass c-273.15; T glass clend)=T glass clend)+273.15;
T EVAL c=T EVA1 c-273.15; T EVAL clend)=T EVAI c(end)+273.15;
T cell c=T cell c-273.15; T cell clend)=T cell clend)+273.15;
T EVA2 c=T EVA2 c-273.15; T_EVA2 c(end)=T EVA2 c(end)+273.15;
T bs c=T bs c-273.15; T _bs_clend)=T bs_clend)+273.15;
Tback c=Tback c-273.15; Tback clend)=Tback c(end)+273.15;
T cott c=T cott c-273.15; T _cott clend)=T cott c(end)+273.15;

P pv_c=P_pv rec(end)*Area; %Unit in W
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(ezufiinaiudasndesdsuninn) 0.1°F 58.0-275207 | £(0.4%+1F)
- 3
e Wmin 68x177x45 WM. (n’hexgmmﬂ)l smsin 489 nAN . 50.1-+100.0°C | +(0.4%+1°C)
0.1°c
aunsalmTIm ailemilEnummnine-Sings 1w . -50.0~+800.0°C | £(0.4%+0.5°C)
s 2 3 mafluawila - -
- mefludwida Typs K 4 TP-01, TP-02A, TP-08, TP-04 TenE — 58.1~+148.0F | £(0.4%+1.6°F)
- Tn%u P1100Q 51 TP-101 ' -58.0~+099.9F | £(0.4%+1°F)
- ezufumeiudasiv Ac luov D 1°F 1,000-1,625% | £(0.4%+2°F)
- uiaiia Ro232 34 UPCB-02 . 0-600°C +{0.5%+17C)
ﬂmn';é'c;alimiu - muimidia USB {4 USB-01 TRl . 501~1,700°C +(0.5%+1°C)
- L Py P
2 Iu.mﬁum:huua.mauaﬁﬂga 3% SW-UB01-WIN Type R ~ -1 112 £05%:2F)
v . - % 3 < 1
n..&ﬂﬁlatn;aoua.qumnuuuuua i CA-06 1133000 | £05%2°F)
- nazdhldieinsuuudeu 53 CA-05A = 0% 1°0)
- 5D Card (1 GB, 2 GB) 5. |1 - —
masluawila 601~1,500°C +{0.5%+17C)
MR - tﬁunﬁmmﬁ‘u«'awhw’mo\"xﬁma'iwi'\d"u Tismaminiognssrasiniuin Type S 32~1,112% +(0.5%+2°F)
o - 1%
Inzmnaaunqmm;u 23 £5°C 1,113-2,732° £(0.5%+2F)




9.2 1A5897ARUL598U (Anemometer)

OPERATION MANUAL

Function:

1)Wind speed & temperature measurement
2)Maximum/average/current wind speed

3)Temperature display in ‘C/F

4)Wind speed measurement unit: M/s, Km/h, Ft/min, Knots, Mph
5) Beaufort scale Level display

6) LCD backlight

7) Auto/Manual power off

8) Wind-chill Indication

9) Low battery indication

LCD Display:

> _ ) | Beaufort scale level
a“nmnnw — Wind speed

4] ’8 B fom/% l«— Wind speed unit

]
L1 [
Pl
F Tem;“é‘rature of the wind
~—— Average wind speed
Max-wind speed
Battery level

= Wind-chill
Temperature unit

Operation:

1)Starting up: press "MODE” for 2 seconds to turn on the
device. LCD will display wind speed, temperature, battery icon.
Meanwhile, LCD backlight will be turned on for 8 seconds.
2)Setting different wind speed measurement unit: press
“MODE” for 3 seconds until “m/s” starts to blink, temperature
& wind speed vanishes. Press “SET” to select desired
measurement unit. To confirm the desired measurement device
by pressing “MODE”. After powering off, the above settings
will be saved unless repla cement battery.
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Wind speed measurement unit: M/s, Km/h, Ft/min, Knots, Mph
Measure wind speed in: Current/Max/Average

3)Temperature Unit: ('C/F)

Press the ‘C/°F to select the desired temperature unit
4)Backlight: press any key will activate LCD backlight for 8
seconds

5) Measurement: when the wind vane (impeller) runs, LCD will
display instant wind speed , temperature and level . When
temperature below 0 °C, wind chill symbol will shown on the
LCD.

7)Power off: long press ’SET” to turn off the unit.

8)Auto power off: Being Power off automatically in 5 minutes
without any operations

9)Replacement battery: LCD display “—*" , you need to replace
battery promptly.

Specifications:
Wind speed range
Unit | Range | Resolution | Threshold | Accuracy
M/s 0~30 0.1 0.1
Ft/min_|0~5860 19 39
Knots | 0~55 0.2 0.1 +5%
Km/hr | 0~90 0.3 0.3
Mph 0~65 0.2 0.2
Temperature range
Unit Range Resolution Accuracy
C -10°C~45C 0.2 +2C
F 14°F~113F 0.36 +3.6F
Battery CR2032 3.0V
Thermometer NTC thermometer

Operating temperature | -10°C~45C(14°F ~113°F)

Operating humidity <90%RH

Store temperature -40°C~60°C(-40°F ~140°F)
Current consumption About 3mA

Weight 52g(with battery land yard)
Size 104.3*57.8*19.9mm

601E-0816—-002A
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2.3 daninmas (Multimeter)

Page 1 of 3, Document #2155
170 Serses True-rms DMMe
Extended Specifications
02000 Fruke Corporation
Rev. A-11/2000

FLUKE.

Fluke 170 Series

True-rms Digital Multimeter

Extended Specifications

Model Differences
(all other specifications are the same for each model)

Feature

Backdight . .
_Temperature Measurement .
Bagic dc voltage accuracy 0.15% 0.09% 0.00%

DC Voltage

Nominal Specifications

Absolute R
WV (1 KHz)

or Description

Continuity

Beeper guaranteed on < 25 {1, quaranteed off > 250 Q,
detacts opens or gharts of 250 s or longes

Ressstance
Diode Test

Q.142 1o 50.00 M2
2.400V

Capacilance

| nF to 9999 uP

AC Cusrent, True-rms

Q.01 mA to 10.004 (20.00 A over-range for 30 seconds)

DC Current

0.01 mA 10 10.001 (20.00 A over-range for 30 seconds)

Frequency

2 Hz to 50 kHz

Temperature (178 Only}

-40 °C 10 +400 *C; -40 °F to +7¢

Basic dc voilage accuracy

0.15% (175) 0.08% 177 & 178)

Basic ac woltage accuracy

L0%

Features

Digital Display

Feature ription

8000 counts, updates 4 X second

Analog Bargraph Display

33 segments, updates 40 x secol

Backlight (177 & 179 only)

Automatically turns off after 2 minutes to save battery life
The timeout feature can be disabled with a power-up option

HOLD & Auto HOLD

" MIN MAX AVG

3 {Ml? the meter beeps and dm:.!yﬂ nffﬂ .'L‘«!GEII‘.G

HOLD: freezes the display at the push of a button

Auto HOLD: Display holds present reading until it detects new stable input

Minimum, maximum, and average reading memory

Manual or auto ranging

Fast continunty/open detection

In suto range, the meer selects the range with the best resolution for
|_the present measuromontvaloe

The boeper sounds with a stretched pulse for opena or shorts a3

brief as 2650 ps

Test lead alert

The message *LEAd" appears briefly on the display when the rotary switch
i3 moved to or from any A {Amps) position

Power-up options

Probe holders

4 i.mb} _.mmmmg. 15) [,“Ls.}r.'»:’.rj backlight timeout lM-)d(‘Iﬁ 177 & 179 anly)

(1} Tum on all LCD segments, (2) Disable beeper, {3] Disable sleep mode,

j0 internal adjustments needed
The instrument comes with built-in probe holders for probe storage and
far o ce when making

Battery access door

Battery replacement without voiding calibration

High-impact overmold case

Integrated overmolded peotection provides superior impact protection for

your meter

Shop for Fluke products online at: ' WWW. MVF'U keStO I'e.com 1.877.766.5412



Page Z ol 3, Document #2155
170 Semas True-rms DMMs
Extended Specifications
©2000 Fluks Corparation
Fev. A-11/2000

General Specifications

Artma;ylsegeﬂﬂmlm 1 mmeﬂmtmmnpetaul?lem eratures al 18 “C 1o 28 °C, with relative
humidity of oTm

% to 78 %, Accuracy specifications take the

;& [ [ % of Aeading ] + [ Counts | )

Maximum voltage between any
terminal and sarth ground

1000V DC or AC RME

Burge Protection

8 KV paak per [EC 61010

Puse for mi inputs 440 mil, 1000 V FAST Fuse
Fuse for A input 114, 1000V FAST Fuse
Display [rigital: 6,000 counts, wpdates 4/sac
Bar Graph; 33 segments, updates 40/5ec
Fraquency: 8,998 counts
Capacitance; 9,999 couns
Altitude Oparating: 2000 m; Storage: 12000 m
Temperature Oparating: - 10 °C o +50 ¢
SEr.ge: !BD 0 ta +60 T
Temperature cosffickent 0.1 X |epecified accuracy f °C|

< 18 °C or > 28 T}

Electromagnelic Compatibili
(EN 61326-1:199T) -

In &n AF fGeld of 3 V/M, sccusscy = specilled accuracy except in
temperature: specified accuracy + 5 °C, + 8 °F

Relative Humbdity 0% to 90 % @ 0"C 35T
0% to 70 %@ 36 C to 50 °C

B JRBRR TET

Battery Lile Alkaline: - 200 hrs typical

Size, with Holster [Hx W x L) 43emx Semx 185 em

Weight 420g

Safety Compliances ANSLISA 582.02.0), C5A C22.2- 1010.L IEC 81010 ta 1000 V Overvoliage
Category 1IL 500 V Overvoltage Categary IV

Certifications CEA, TOV ENGIOI0),

Australian € (N10140)
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FLUKE .

Shop for Fluke products online at:  WWW, MYFI I.I kBStﬂrE .com 1.877.766.5412



164

3 of 3, Document #2155
WMn True-rms DMMs FLUKE ®
Extended Specifications
©2000 Fluke Corporation
Rew. A-11/2000

Accur

Function ange Model 175
AC Volts * 600,0 mV 0.1 mV 1.0% +3 10 % + 3 10%+3 |
6.000V 0.0V (45 Hz to 500 Hz) | {45 Hz to S00 Hx) | (45 Hz to 500 Hz)
60,00V 0.01v
6000V olv
1000V 1Y 20% 43 20%+3 20%+ 3
(500 Hz to 1 kHz) | {500 Hz to 1 kHa) | (500 Hz to | kHz)
DC mV 600.0 mV 0.1 mV 0.15 % + 2 009 %+ 2 0.09% +2
DC Volts 6,000V 0oov 015%+2 009 +2 0.09%+2
60.00V 0.01V
600.0V 0.0V
1000V w QI5%+2 Ol%+2 01%+2
. - - —— - - -
Continuity 60042 12 Meter beeps at < 25 4}, er tuma off at > 250 4,
L dotects opens or sharts of 250 ms or longer.
Ohms 600.002 o160 09%+2 08% +2 09% +2
6.000 kO 0.001 k2 09% + 1 09%+1 08%+1
60.00 k) 0.01 k2 09%+ 1 09% + 1 09%+ 1
600.0 x2 0.1 k2 09% +1 09% + | 09%+ 1
6,000 Mi2 0001 M0 [ 09% + 1 09%+ 1 )
50.00 MO 0.01 MQ 15%+3 1L.5%+3
Diode test 2.400V .00V 1%+2
Capacitance 1000 nF' 1 nf 1L12% +2 1L2%+2
10.00 pf .01 uf LZ2% +2 12%+2
100.0 pF 0.1 ¥ L2%+2 12%+2
9980 uf * 1P 10 % typical 10 % typical
AC Amps 60.00 mA 0.01 mA 5% +3 L5%+3 15%+3
[Troe-rms) 400.0 mA 0.1 mA
(600 mA for 18 lus] | 0.001A
5.000A
(45 Hzto 1 iHz) | 10.00A e.01a
(204 for 30s]
DC Amps 60.00 mA 0.01 mA L0O% +3 10%+3 10%+3
400.0 mA 0.1 mA
500 mA for 18 hrs|
6.000A C.001A
10.00A 0.01A
(20A for 30s)
Hz 9999 Mz 0.01 Hz 01 % + 1 Ol%+1 Cl%+ 1
[AC- or DC- 9998 k2 0.1 Hz
coupled, 9,099 kHz 0,001 kHz
VorA'® input | |99.00 kHz 0.01 kHz
Temperature =10 "Cto +400 C 01+ NA NA 1%+10°C
~40 ‘P o +752 °F 0.1 F 1%+ 18P
MIN MAX AVG For DC functions, 18 the sp! of the 1t function + 12 counts for changes |
longer than 275 ms in duration.
Por AC functions, accuracy is the specified of the measurement function + 40 counts for changes |
longer than 1.2 ¢ in duration
1. All AC voltage and AC current ranges are speaified from 8 % of range to 100 “ of range -
2. Crest factor of < 3 at full scale up to 500 V, decreaging linearly to crest factor < 1.5 at 1000 V. Fluke. Keeping your world
3. In the 9999 yF range for measurements to 1000 uF, the measurement accaracy ks 1.2 % for all modsls. up and runnng.
4. In mA and A ranges. frequency measurement is dfied to 30 kHz
5. Praquency < 10 kHz are not specified in 500 mV AC, 60 mA AC, and 6 A AC ranges |

Fluke Corporation

PO Box 8080, Everett, WA USA 98206
2 z S s Pluke Europe BV,

Volts AC_|1000 VRMS or DC | > I0MQ < 100pF | >60dB & DC. 500r60H2 | 2 PO Box 1186, 5502 ED

Vohts DC 1000 VRMS 0e DC | 10 M <100 pP | 120 dB @ DC, 50 or 60 Hx > 60 dB @ 50 Hz or 60 Hz Emndhoven, The Nethertands

load Protection ( ction Ratlo  Normal Mod:

Open Circuit Test | Full Scale Valtage To: Short Circuit Current Por mare information cali:
Voltage 6.0 N2 L U.S.A. (800) 44?-5853 or
Chms 1000V RMSorDC < 15V DC <800mV DC [ < 15V DC < 500 yA Fax (426) 446-5116
Burope (31 40} Z 675 200 or
Diode test| 1000V RMS or DC 241030VDC 24VDC < 1.2 mA typical Pax |31 40) 2 675 222

'\-Hz Canada (908) 890-7600 or
D Fax [906| 890-5866
Other countries (425) 446-5500 or
Pax [425) 446-5116
Web access: http://www. fluke.com

132001 Fluke Corporation. All nghta reserved.
Specifications sebiect 10 changs without notios.
Pooted mUS A 3/2001

Pricsed o recycid paper

Shop for Fluke products online at: WWW.MVFIu kGStorecom 1.877.766.5412



2.4 lulasimas (Micrometer)

Coolant-proof Micrometer

SERIES 293 — with Dust/Water Protection Conforming to IP65 Level

FEATURES
*|P65 protection level, enabling use in
environments exposed to cutting oil, etc*

* AN COTOBIOn traatment is required aTer use

* Measurement data output function is
available with a water-resistant connection
cable.

* Auto power ON/OFF function

* A nonslip surface with raised dots is
employed for the frame cover and
surface panel to achieve stable handheld
measurement.

Oik-resstant matenals are used in 3 plastc
components.

* Certificate of inspection* is included
(2" /50mm o less range models)*

*It is not the type Lased to obtain cabbration certif cates
** except 293-349-30

*\With a standard bar except for
0-1°/0-25mm model.
oSupplied in fitted case. Plastic case up to
6°/150mm, wooden box over 6"/150mm.
Employed nonslip

surtace with raissd
dots

Certificate of inspeaction

293-252-30

Technical Data

Acouracy.  Refer 5o the list of specifications.

Resolution: 00005"0.001mm o 0.001mm (up to 4" mode’s)
0001° /0.001mm (ower 4* modeks)

Fatness: 000012*10. 3um

Parallelsm: .00004*/1um for models up 10 2°/50mm
00008* 2pm for models up 10 2*/100mm
.00012*3um for modsls up 10 7°7175mm.
00016 i for madels up 10 11*275mm
0002"5pm for models over 12°/300mm

Measunng faces: Carbide tipped

Display.  LCD

Battery.  SR44(1pc), 938882

Battery He.  Approx. 2.4 years under normal use

Dust/\Wates protection level: IP6S

Function

Orgneset, Zero ! ABS, Hold, Auto power enfolf,

Data cutput {cutput modeks),

inchimm corversion (on indmetnc models oy}

Alarm: Low voitage, Counting value compasition emror

Optional Accessories
OSCZAG62: SPC cable with data switch (40°/1m)
05CZA663: SPC cabie with data swich [80°2m)

Measurement data output function s aaiable
with a water-resstant connection cable data

165
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SPECIFICATIONS
IO vith ratches stop T viith aichet stop
0-25mm  0.001mm | 293-230-30 / 293-240-30* | =1y 0-1/0-254mm 00005 /2.001mem | 293-330-30 / 293-380-30* | = 00005
25-50mm | 00Dimm | 293-23130/ 293-24130° | +1pm 17-2°(254-50.8mm | 00005/D.001mm| 293-331-30 / 293-341-30° | +00005"
50-75mm  000tmm | 293-232-30/ 203-242-30 | +1m 2°-3'/508-762mm | 0000°/0.001mm| 203-332-30 / 293-342-30% | + 00005
75-100mm | 0.001mm | 293-233-30 1 293-243-30° | 22um 34" /76.2- 101 6mm | 00005°/0.001mm| 293-333-30 / 293-343-30% +0001°
100 - 125mm | 0.001mm | 293-25030 22um 4°-57/1016-127.0mm | 0001°0.00imm | 29335030 +0001"
125 - 150mm | 0.00mm | 23-251-30 a2um 5-6'/127.0- 1524mm | 0001 °0.00fmm | 293-351-30 +0001"
150- 175mm | 0.001mm | 293-252-30 23m 6°-7"/1524-1776mm | 0001°/D.00imm | 29335230 +00015°
175 - 200mm | 0.001mm | 293-253-30 3um 7" 8" /177.8-2032mm | 0001°/D.001mm | 293-353-30 =00015"
“200-225mm | 0.00imm | 293-254-30 aqm B"-9'/2032-2286mm | 0001"/0.001mm |293-354-30 +00015"
225-250mm | 0.001mm | 293-255-30 adum 9" - 10" /2286 - 254 0men | 0001*/0.001mm | 293-355-30 +0002°
250-275mm | 0.001mm | 293-256-30 am 10"~ 11° /2540 - 279.4mm| 0001/ 001mm | 293-356-30 +0002"
275 - 300mm | 0.001mm | 293-257-30 2y 11° 12772794 - 304 8mm| 00010 001mm | 293-357-30 0002
*without SPC dets outout *without SPC data output
IETTL_ vith catchet thimbie WIS With ratchet thimble
0-25mm  |0.00imm  293-234-30/293-244-30°  1ym 0-1"70-254mm 00005" /0 001mm | 293-334-30 / 293-344-30* | + 00005
25-50mm | 0.007mm | 293-235-30/ 293-245-30°  +1ym 0-1"70-254mm 0001° /0.001mm_| 293-349-30° +0001°
50-75mm | 0.007mm | 293-236-30/ 293-246-30°  =1um 1°-2'/254-508mm | 00005 /0.001mm | 293-345-30° 00005
75+ 1000 [0.00imm | 293-237-30/ 293-247-30° _+2ym 2°-37/S08-76.2mm | .00005"/0.001mm | 293-346-30" = 00005°
“wathout SPC data outout 3'-4" /76.2-1016mm | .00005" /0.0 1mm | 293-347-30¢ =0001°
*without SPC data output
IR hicoreter Set | inch/NMetric TOTTRpt
0-50mm | 293-966-30 5‘93123&%193-23‘-30'15'""“” 0-1°/0-254mm | 00005"/0.001men | 293-335-30 / 203-348-304 | £ 00005
(2pes, Set ock, plastic case %D 2 5 B
0.75mm |293-962:30 | 293-230-30, 29323130, 29323230, 1* 21254 50.8mm | 00005"/ 0001men | 293-336:30 £00005”
Bps.Set) | | 2standardbars pastccase TRIEOULITS SR oltost
0-100mm | 293-963-30 | 293-230-30, 293-231-30,
(4ps. Set) 203-232-30, 293-233-30. 3 standard ITYTVITTRTITEL . Miconeter Set 00005™ /0,001 me graduation model
0-3"70-762mm | 293-960-30 | 293-330-30, 293-331-30, 293-332-30,
Y5 — |2 standard bars, plastic case
0-4°/0- 101 6mem 293-961-30 | 203-330-30, 293-331-30,
4 pes. set) gsmz-;o, 29333330,
DIMENSIONS AND MASS
Ratchet-stop type (up to 100mm/4") Ratchet-thimble type and friction-thimble type Unit mm

5 435

D Nag
9 Qs m
93 (5 330
126 @ 4m
14 (B0 29

100 - 125 /45 S3 167 (65 600
125 - 150mm /56" 57 1BE @) 4
175 - 200 / 7:8° €3 182 (1531 9
200 2250 /89" €7 168 (1268 1100

25 - 250mm (910"
250 275em 1611
275 300w 11-12°

55 18 (138 120
18 8 (13 1340
13 28 ﬂg 1540

3
0
B
s
%
128
1582
150 - 175em /67" 186 61 191 {1031} 8N
288
54
E]
[
%

Ratchet stop type (over 100mm/4" to 300mm/12")

.. Mitutoyo
]
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HiKu
SUPER HIGH POWER MONO PERC MODULE

425 W ~ 450 W
CS3W-425|430|435| 440|445 | 450MS

MORE POWER

MORE RELIABLE

©

26 % more power than
conventional modules

Up to 4.5 % lower LCOE
Up to 2.7 % lower system cost

Low NMOT: 42 ¢+ 3 °C

Low temperature coefficient (Pmax):
-0.36 %/ °C

Better shading tolerance

Lower internal current,
lower hot spot temperature

Cell crack risk limited in small reglon,
enhance the module reliability

Heavy snow load up to 5400 Pa,
wind load up to 3600 Pa*

* For detad information, please refer 1o frstaSation Manual

CANADIAN SOLAR INC.
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W\

>r CanadianSolar

’2"2 linear power output warranty*

enhanced product warranty on materials
and workmanship*

*According to the applicable Canadian Solar Limized Warranty Statement,

MANAGEMENT SYSTEM CERTIFICATES*

150 9001:2015 / Quality management system
150 14001:2015 / Standards for environmental management system
OHSAS 18001:2007 / International standards for occupational health & safety

PRODUCT CERTIFICATES*
IEC 61215/ [EC 61730: VDE / CE (Expected in December, 2019)

A A3 thwre are ElTerent certification requirements in different markets, plesse comact
your local Canadian Solar sales representative for the specific corificaes applcable 10 the
products in the region in which the products are 1o be used

CANADIAN SOLAR INC. is committed to providing high quality
solar products, solar system solutions and services to custo-
mers around the world. No. 1 module supplier for quality

and performance/price ratio in IHS Module Customer Insight
Survey. As a leading PV project developer and manufacturer

of solar modules with aver 36 GW deployed around the world
since 2001.

545 Speedvale Avenue West, Guelph, Ontario N1K 1E6, Canada, www.canadiansolar.com, support@canadiansolar.com



169

ENGINEERING DRAWING (mm) CS3W-435MS / 1-V CURVES
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ELECTRICAL DATA | STC* MECHANICAL DATA
CS3w 425MS 430MS 435MS 440MS 445MS 450MS  Specification Data
Nominal Max. Power (Pmax) 425W 430W 435W 440W 445W 450w Cell Type Mone-crystailine
Opt. Operating Voltage (Vmp) 395V 397V 399V 401V 403V 405V  Cell Arrangement 144 2X(12X6)]
Opt. Operating Current (Imp) 10.76 A 1084 A10.91 A10.98A11.05A11.12A Saeinag 2108 X 1048 X40 mm
Open Circuit Voltage (Voc) 477V 47.9V 481V 483V 485V 487V (83.0 X41.3 X1.57 in)
Short Circuit Current (1sc) 11.37A1142A1147A11.53A11.58A11.65A Weight 24.9 kg (54.9 1bs)
Module Efficency 19.24% 19.46% 19.69% 19.92% 20.14% 20.37% Front Cover 3.2 mm tempered glass
Operating Temperature -40°C - +85°C SSEais Anodized aluminium alloy,
Max. System Voitage 1500V (IEC/UL) or 1000V (IEC/UL) _crossbar enhanced
Module Fire Performance TVEE TN TR o, po. o0 bypass diodes
CLASS C (IEC 61730) Cable 4 mm’ (IEC), 12 AWG (UL)
" nrabt.SOOrmn(lQﬂn)(* 1350
P i fuse Sy A Cable Length mm (13.81n) () 1 400
Application Classification Class A {Including Connector) (55.1 |r;): Iear rog connection: 1670
Power Tolerance 0-+5W. e {6l
* Under Standard Test Conditions (STC) of kradisnce of 1000 Wi, spectium AM 1.5 and cell Connector Té series or H4 UTX or MCA-EVO2
ture of 25°C. Per Pallet 27 pieces
Per Container (40' HQ) 594 pieces
ELECTRICAL DATA | NMOT* * For detatled information, please contact your kxcal Canadisn Sols sales and

1]
csaw 425MS 430MS 435MS 440MS 445MS 450MS T ereenaie

Nominal Max. Power (Pmax) 316W 320W 324W 328W 331W 335W
Opt. Operaung VOllage (Vmp) 368V 369V 371V 373V 375V 377V  TEMPERATURE CHARACTERISTICS
Opt. Operating Current (Imp) 860A B67A B73A B79A BB4A BEIA specification

Open Circuit Voltage (Voc) 447V 4495V 451V 453V 455V 456V Temperature coifﬁchm (mx)

Data

036%/°C

Short Circult Current (Isc) ~ 9.17A 921A 9.25A 9.30A 935A 940A Temperature Coefficient (Voc)

* Under Normina Module Operatiog l‘empemur' INMOT), Irradiance of B00 Wm' spectram AM 1.5, Ffici
st tempersture 20°C wend speed | mis T.""P"_"’."!‘." Cp_e G_e'f',t (lsc)

029%/°C

0.05%/°C

Nominal Module Operating Temperature 4243°C

PARTNER SECTION

* The specifications and key features contained in this datasheet may deviate shghtly from our sctual

Products due 10 the 0n-ging and groduct Canadian Sclar Ine. resonces the
right to make L | tathe GesCribed Perein at any Bme wichout further
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modules
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