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With the rapid development of Information and Communications Technology
(ICT) industries, the needs for Data Centers (DCs) has grown steadily. So electricity
consumption by DCs is increasing. The DC is a room consisting of a large number of
ICT devices, e.g. servers, storage systems, routers. The main function of the devices
installed in DCs is to process, store, and transmit information. The temperature of the
heat generated by the servers is about 35-80 °C. This heat requires 40% more of the
air conditioning power to maintain the temperature and humidity in the data center at
the level recommended by ASHRAE TC 9.9 Guideline. So an alternative air conditioning
system that utilizes the heat generated while consumes less energy was examined in
the thesis. This study investigated numerically the annual energy saving potential and
system performance of a liquid-desiccant dehumidification and evaporative cooling-
assisted air-conditioning system in a DC. The DC room size is 4.80x13.10x4.24 m?>. The
simulation was performed using TRNSYS version 17. The target room temperature and
relative humidity is 23-27 °C and 50-60%, respectively. The dehumidification process
is powered by waste heat from the severs in the DC. Various numbers of an Indirect
Evaporative Cooler (IEC) and 71-kW chiller were simulated. It was found that a system
with 3 chillers and 3 IECs is the most energy efficient option. Its energy consumption
is 29.84% less compared with the system with 3 chillers. This can save as much as
440,000 Baht per year when the cost of electricity is 3.90 Baht/kWh. Its payback period
is 5 years and 10 months for a 10-year project. Additionally, this option (3 chillers and
3 IECs) can maintain the desired room air conditions temperature all over the year.
Although, the room air humidity is slightly above the target but still in accordance with

the ASHRAE TC 9.9 Guideline.
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Audoundsvatoinia erdeniseenwuuingliernialuariu cooling pad ilunlua
MnuiagAserruieusineaniaseu 9 Cooling pad uildlunissumeda eenia

gnAsAuSourenIz oM ieInIAanas



odslsfmy AT uduimsvesonAfiHIusEUY Evaporative cooling 19198
lhmangdwSuguddayamuil ASHRAE TC 9.9 (2011) Iduusiily iflesanazessiiviinn
Cooling pad azUuuiuennele (Carry over) 21n91U398U849 Kim et al. (2013) way
Mei and Dai (2008) izq’iﬂuamwmmmwu%fau%yu m'ﬁ%’mﬁ@mmm%uLﬁa@mmm%ju
9ONIINBINIANDULUITEUY Evaporative cooling lasuanuaulalulsnisideegsunn
Feustimalnedsogluivndoutuiiinnutuduivdgaussana 45-95% (Tantasavasdi et al.,
2001) feifu minluszuuuiueniaiinszuiunisanaanud uduing (Dehumidification)
AowdNszUU Evaporative cooling 81avilinisldnasaulunisviauduresguddoya

anasle

A199AANUTUN AATUAINT UBDNIINDIN ALAIVEL AU UT UAARIVIN L AU

Y Y kY

(%
v v =

dy a L4 = 1 dy 4‘ [J ¥ ‘dﬂ/ a o U
Anuulalia ﬁﬂuu‘ﬂ(‘l@ENllﬂ'ﬁVLﬁﬂ’ﬂllsﬂua@ﬂLW@VIWIW@’]E@J@Q’J’]@J“UUNﬁﬂEJﬂ'WWsLUﬂ’]i@JWU“U

(% '
U =

mm%uﬁﬂma m%ﬁaﬂmzmumiﬁdﬂ “Regeneration” 3109133899 O’Connor et al.
(2016) %Y aﬁ@mamgf‘?uﬁtff]mam%q (solid-desiccant) fips3gaungalun1s Regeneration
Uszun 80-120 o9rAlwalfud WagaInNeIUIT898s Longo and Gasparella (2005) na1271
mi@mmm%ut,wusummm (Liquid-desiccant) faen15gauniiuszanas 40-50 aamaalies
lun1s Regeneration Myuluine inustasld Liquid-desiccant Lilosanannsolfgumad

NNANUTBUTweIAUdUayalunis Regeneration o

[
a v A o

TunAdeidi vhmsdnmanadulldiazihnufouanguddoyaunldlussuy
U$uonme ilesenuuuszuuliueiniaLuy Evaporative cooling $9ufU Liquid-desiccant
Dehumidification ldAuauiisanguadoyadeisnsdasadafuay uasiloUsiiiu
anudululanaesegaansvasnisidaussuudivoniansnariiuszuuusueinia

=} 1 o 7 L4
madentddmiuauddeyaluussmelneg

1.2 IngUsraAvaInisidY

121 fieseniuuszuuUiuaInIAwUY Evaporative cooling $2ufiu Liquid-desiccant
dehumidification Alfmuieuiinaustoyaieismsdnosdsiaiay

122 evssduanudululdmaasssmanduesnisldauszuuuiueniauuy
Evaporative cooling $2uU Liquid-desiccant dehumidification tJussuuusueinianiaden

Inidwsuauddeyalulsamalng



1.3 YBULUAYBINITINY

nsAnuidunsesnuuysT UL UBNALUY Fvaporative cooling 211U Liquid-
desiccant dehumidification 7 1% aa1ufaudi vanauddayad1835n13d1aendedaia
wazUszdunnuduldldmaasegmansvesnisldnussuudivennansnainduszuy
Ufuomemadenlmidmivauddeyalusanalneg lnedvouunnsdnudsil

131 @nwanudouiisanguideyaiidonmoioglutag 35-80 asmigaldoa

132 fmuslianimeinieluguddeyasglunata AL aufl ASHRAE TC 9.9
loduuntd

1.3.3 14 Evaporative cooling $2ufU Liquid-desiccant dehumidification Tun1s
2ONLUY

13.4 I%ﬂmm%’auﬁﬂmﬂ@uésﬁ'aagaiumzmumi Regeneration

135 Snssindsuimundlduag vsaduanudululdmassegmansves

AThUsEUUUSUDINARINEND

1.4  Uslewinaininazlasu

¥

C4 aa o . . ! ) v ¢
AUYVYANUITUUUTUDINALUY Evaporative cooling saudunslagusylesivns

Y
£

ANNTDUN N Servers TunszUIUNT Liquid-desiccant dehumidification agldwassnu

[~ [ = 1 o [ &Y
anawazuszuuuivememadeninddmsuaudveyalulsemelneg



uni 2

USnAdssaunIsutazIulIdening1994

2.1 MuwazaNudrAyvasdgnn

=

nslindsueinaufeINsiiiuuvesrudtoyanidnuiugunsalnalulad

Y
ANTAUNALAZAITADA1TINUIULNNAMTU 1.12-1.50% 13aUTeu 203.4-271.8 WUA1U
AladmagalussaUunsnislandsaulnninalan (Koomey, 2011) wenanl Gantz and
Reinsel (2012) §iszyinanudeanislunisuszunanadoyaluyn 9 2 Yasiudu 2 win
= \ % Y o A A v A X ' & v Aa '

uiiela.A. 2020 dwalvinisldndenunfeiteuiuiuegrsnluauddeyanilanumuiiyy
warUssananIngs

Patterson et al. (2006) @1115055Uunasiu1v83n1stnasula 3 @ lawn
pruwmaluladansaunadasiulude server hagnigUsEUIaNaTINUA A1USTUUIYLNAN

19 o <& A = s al o & A v ,
LazaUNITIAEun sudsgUunsainlglussuuyhanuduniieites lag Carbo et al.
(2016) 52Y3INNT1 40% VoINshEwaIIUINaluAud Uayafonsldndsanuiauiy
a & A

mewnil Jansnereunszaavselindenuanaudteyadnasaiialdndsnuldeg1adue

9 U

1N

2.2 Auddaya

1%

uddoya (Data center) \ulassadamineniiunesiiusznousmegunsnimalulad

e

ansauNARaZN15A0a15 (Information and Communications Technology, ICT) 97U73u3N
fiindufiouszanana dafunardstoya uenanidfisnefiniotns gunsaliaiunay
maidousietoyaidudeularnsmuauiudunndon Wy 1a3esiueina seuulesiu
§afsfy uazszuuinwauUanadosedugeidvaneduneu (Joshi and Kumar, 2012)

duuszneunanvesguideyalaeiluuansisgun 2.1
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SUT 2.1 usunwinluvesauddeya (Liu et al, 2012)

Audteyaavhau 24 Flusaidendung 365 funasaied (Cho et al,, 2009)
n1smvauanine niantlugudtayadisudunnduiivey agrsusnfonisriuauru
azoed teanmsiemannneueneimsundouliiussuuuuenmadsfesninus
ns0901n1A (Filter) flow ionsosduazens uanaini duosinyionmgiinieluguddoya

[

v a v a v ¥ A a & A 5
s[,ﬁlfl/ill']gallaﬂ@'ﬁﬂ Iusllmgl,mEJ'Jﬂum@Qll‘Uﬁll’]mﬂ'ﬂqllsﬁum LANNSEU LWi']%M']ﬂﬂ'}']iJGUUZ:]Q

17 1
v v A

AuluorvinliAnnisaauwiutesiugunsaiBidnnselindld Tumsndusumnautiush
urnoravildiialuiradalaiwusy (Khalaj and Haleamuge, 2017) satfy dunauiaans
nsviausou AuLuLaN1SUSUeINIALYEMSEaLNSNT (American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, ASHRAE) Technical Committee 9.9 slamuun
Prgumniuararutiuduimsimanzdmiuguidoyauansluununin Psychrometric chart

Faguit 2.2



PSYCHROMETRIC CHART A 3 30
/ / N i /| §
SI Metric Units, Sea Level SN EGNAN- -
Barometric Pressure = 101.3 kPa 7 / A R B
- ] = ~ o
/ 1L A LF te
L =]
L = i ] g
A A 20 ° ;5;3
= =2
\ g =
N . 'E-N §
| T &
':.‘? =)
1. £Z
10 g
L

] THs o
] =i @
Lt e _ 6]

S

40 50

Dry Bulb Tempreture (°C)

gﬂ n22 amwmmﬂwmmvmmm“wivmEJMWMWMWEJGU@&J@ (Khalaj et al., 2016)

(%

mﬂiﬂﬁ 2.2 ASHRAE TC 9.9 (2011) ié’LLuzﬁwaﬂwwmmﬁiuamwﬁ'aﬂﬂif,ﬁﬁwm

luAuddoyaninu s¢ ULUUF’W’W@M%J’]&JLL@ mwmuamwmmmm ﬁllﬁ’WiiUEJ’]ﬂ’]ﬂ‘VlL 'Rj

Y U
[

Uinmqusj‘ RUARY aaamﬂu 4 Aand Laouaay ﬂmammiaﬂwammmm F’]’J']M‘UUEJJWVI%
lamuveuL IRl ?JEJ’N"Liﬂm']lI mﬂaUﬂ'ﬁfﬂuﬂuma:uamvmﬂmﬂmmuﬂavmmamm

sa 1 v v

LLauﬂ'ﬂjﬂjuaMﬁ’V}ﬁﬂ@’Nﬂu@QLLﬁ@ﬂuGﬂi’]\‘m 2.1

TN 2.1 anmenniAfigUnsalnsvualugudteyavihnulagngavinay (ASHRAE TC 9.9, 2011)

Environmental specification

Classes Equipment in operation Equipment power off
DBT (°C) RH (%) DBT (°C) RH (%)
Allowable
Al 15-32 20-80 5-45 8-80
A2 10-35 20-80 5-45 8-80
A3 5-40 8-85 5-45 8-85
Ad 5-45 8-90 5-45 8-90
Recommended

Al- Ad 18-27 60




ASHRAE TC 9.9 (2011) Ifiuzthanineniafi snzansis 4 aaa doumgdeyas
18-27 °C Anuf uduims iy 60% aeslsfniu Tuusazaanarveunalvyasgamgd
warAnuuduiSeaanAeuINTuuzl T 2.1 Ysgamnfuaserududinivisazann
Jupunana AL A2, A3 uag Ad gy

Gandhi et al. (2009) sz md A oust suni T8l iy server azgapdelulugy
vaanudou esnduiszdeddssuussuisanudousunlng Tu wazannuiseves
Ebrahimi et al. (2014) Wu31 Au3oudl iinang Unsnidid nnsetdndlaevi2lud ssauddly

a

Audvayatuayilgamnilliiiu 85 °C Carbo et al. (2016

q U

=

SPUINMIN 0% enshonaTIu

'
= =

AINITNEBNUNVLAAYS DL WA I91U

=Y

Vanustugugdoyafonisldndsnuinanumdu e

Y

De

o '
v A

neudteyadnaTuiteldndanulaegsfuaanniy

2.3 s3uuUsUeINIALUU Evaporative cooling 32unuU Liquid-desiccant

dehumidification
syuuyAUiunien1sseimevesdn (Evaporative cooling system) Audnnisues
FEUUYMAILE UA 811558 BV 91N IR BN1T0anRUUlABNANNITA USIUTDITITUYIA
Tgnssemevesiuanidsunnusouliassenid Inanisivavestiiniu Cooling pad il
Wlwaru Cooling pad Avzgniiaituiiy wazanussisiiseniraifueinie viliissive
Wuil lagfae1nusauaINeINIATey 9 Cooling pad unlylun1sseive teeinimAgnas
Auseufaziligaumvgdanas Fansanasvesgangivuedtuaududuinslueinie

a & I3 = 1 a £ . . .

gaunndoniaAlurizdy kazAusIauN lnak1uHInIIues Cooling pad (Bitwise Group,
2552) wanena3ui 2.3 dnvaziauvesssuurinaududienissemievsdn fe tludas
podsndsy Usiaainaisvinanudu Jaldasunnziseunseanluduusseiniaiduave
o 3 A e v i ! ° ) 5% Yy o a o
vaanzlansounaziuszuuiilidudou desensuizeine lddesldfideivgyninggg
\an1g (C. DATA ENGINEERING CO., LTD) Ingl Evaporative cooling system wusaaniduges

UszLAnAe LU Direct Evaporative Cooling (DEC) Wa Indirect Evaporative Cooling (IEC)



E MY Hot Air

»

gy

Frech & Con! Air

g‘d‘ﬁ 2.3 aNN13YIN9UVBY Evaporative cooling system (Bitwise Group, 2552)

Direct Evaporative Cooling (DEC) t¥usguusianudusienissemievesdlaense
= v 8 o v v o = ° Yo ~ ~
Agliivemadudaiulaense Fensguaunsiauuanslafigun 2.4 lnefieniaain
meusnvzlvadngssuuludunisn 1 wazlvasenainssuuluduniadl 2 3ntdueinie
AggnI18L 1 eIUTUDINIA LilaWA1T8IRI0Y cooling pad Azdunlnalisunaeniiag
A sszwmeinaondunsInenisi 11U 2 1lesandifaeranuioussu 9
fnltlunsid suanuzanveavainatedule Jeazivernnuseuaineniaf luaniu

. Y o q v a o | < ) fd o X
Cooling pad ¢7g vilvigaumgiieniFananaentdunie ag1alsnny ANuuduysaliiagy

AELYUNU

(@) /. \

Intake air — - —_— - Outlet air
(ambient)  (product)

nmmmd (1) Wet channel Q \/Qs }A/m 2) nemmd

gﬂﬁ 2.4 NFLUIUNITVINIUYBITZUVUTUDINIALUY Direct evaporative cooling

(Riangvilaikul and Kumar, 2010)



Indirect Evaporative Cooling (IEC) \uszuuyianudusienissemevesitlnedeou

Taeinvenmagladdudadu Jaulseaniduasstasde Dry channel wag Wet channel

N3EUIUNISYINAULANAlARagUN 2.5 luidunis Dry channel eanAanaieuenatlvaidng

szuususil 1 waglnaeonainszuulusuniisl 2 (Product) 9MntusInImazgnated
#oaU$ua1nd daudunia Wet channel fidawee Cooling pad ailtnlnaisunasaiian
felusunsdl 1 Aoornimainnisuenaglnaiiigszuy warlnanenansyuniisguanden
Tushumisdt 3 1@umns Wet channel agihaumilouduszuu DEC shisiernianasaduma
Wet channel flgaumaiianasuazigamgiinnnite1nialu Dry channel dsualiiAnnisaiem
AIINTBUYBIDINTIANN Dry channel & Wet channel uazgavgieainaealu Dry channel

anasmaandune lngiionaldladudaduinlaense anududuyseldensil (Riangvilaikul

and Kumar, 2010)

(b)

Intake air
(ambient)

nm)> (1

Dry channel

Q
)

Outlet air
_ (product)
(2 D>

Exh dte
atmosphere

<= (3

Wet channel

7\

Q

Water

S dary air
(Working)

(1) <fmmmn

Qs

'g‘dﬁ 2.5 NIZUIUNITVINNUVDITTUVYUTUBINFILUY Indirect evaporative cooling

(Riangvilaikul and Kumar, 2010)

311914398989 Kim et al. (2013) 4ag Mei and Dai (2008) s¥y31luanIine1nie
wuudeudu msldansganuduiiogarudusenainenanouidissuy Evaporative
cooling I#§uauanlaluamsiteednaun desumalnefssogluandoutuianisvinly
omefinutuanasieuszangamgiveseniefitiad o uenme

msammm%yuéhaaﬂi@mﬂaﬂm%uLLuumaamm (Liquid-desiccant dehumidification)
Usznaudeativa 2 ¥lia Ao ermafideanisanauiuLay Liquid-desiccant LARIWKLATN

YoIn13lvalasaguil 2.6
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Air outlet
& PaS

e

Desiccant inlet ——{-x— 777

A A
AYAWAATA /I\ /I\

Packing

Air inlet > <

‘v‘

v

Desiccant outlet

gﬂﬁ 2.6 LAUNINLAASANEULUY Counter-flow packed column dehumidifier

(Koronaki et al., 2013)

913U 2.6 949U Liquid-desiccant gnaniuaInauuuaun? Packing el
dulaiuoniALazgaAUTueeNAINeINIATIIINNlUTEUY AatueInANIuNTEUINNSl

LA192iAIUT UANAY (Koronaki et al., 2013) wag liquid-desiccant gadunI T ueen

4 =

1NeINALAITd ANt ARl aduANT ula lif Fedealinislaniutusen

Wevansgaanuuiddngninlunisaaduainusudnass Jeagsennseuiun1sdan

a

Regeneration 1agn15vinlyi Liquid-desiccant dgaumnilgaduiitemismiuiuesn

9 Y

lngauideniduernuieuainguddeyaunltlussuuisvemaaiunsauanala

Y

AIR15199 2.2



11

[

M50 2.2 dTeieauieuninaudteyaunlddmsussuuUiuanie

System performance/outcomes

Operating Energy Power usage
Authors System description Method
power consumption  effectiveness
reduced saved (PUE)
Kim et al.  Liquid desiccant and  Simulation 95.4% 84.2% 1.07
(2014) IEC/DEC system
Ham et al.  Nine types of air-side  Simulation N/A 475 - 67.2% N/A
(2015) economizer

(equipped with DEC,
ultrasonic humidifier,
heat pipe and heat

wheel)

Tup13999 2.2 aziudiszuufigneentuuainuideie q dn1suuerssuudsu
91N1ALUY Evaporative cooling 11lt93uy DEC hag IEC uanani§edn1sanminuiu

Y999N1ABNIY TwaudTeves Kim et al. (2014) laldamnuseunivainauddeyand

Y

gaunyil
Wiy 65 °C wldlunszuaunis Regeneration 1 Liquid-desiccant avduanuideiisiass
TuUssinanmald Tnednenmuesszuuiisenwuuausaussndandseuldunn oy
AneninusisaiiauemssenuuussuuUSUBIMALUY Evaporative cooling $3uiu Liquid-
desiccant dehumidification fil¥aamidauiisainguddeyadaeismssiaoudadiiavuasy
evsziuanudululdmaasssmansuesnisldauszuuufueimeadenariii ety

sruuUSuemenmadentrldmiugudveyalulssnalne

Y

) a . . . . LW ald .
2.4  d@139aANBUBUALMAI (Liquid-desiccant dehumidification)

& a < 4 da [ o v [
a1snenuurilamvanduaisananuduiiivdnnisiaulagerdoaiudule

nendranusulevesilueinia lneigumgilifeinueiniaazgnanaiusnulens dewali
AnudulueINIAanas Jeaudulovesarsnanutuazduivaum)duasainududy
Yeea15arane lnedldnsnavestadesindnfe earsazatelaududuiududinali
fmnuduletnuiaRiaTaraelia1iIa LarEINNTagAAINTUINDINANTANAULE

a

aelanvy vugdleansgannuduiigamiigiiudmalianudulovesansnamnuiiue Wy

9 Y

muleag detiy ansgaanuTuliianuansatungannusuluendlianag
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NINFNanIg ) luazaNUuduvesasaratendmaisauaisaly
N139ARNNTUdIHalTdBdN1IAIVANE AN TLaANUITLTUYRIE Tava e gl uaS

ANANNYUTTAVAIAIUATULANE



Uil 3
eAilun15ITY
Tuhdeisnsdiiun1sidevesinendnusi Winaueidodsduiunu Taed
swazden liun szuuUivemadmiudmiuguddoyadesznoulufe MuazBunves
AudtayauazszuuUuemALUUsg q Aldlame Chiller Ilanng Indirect evaporative
cooler warszuUUSUDINIAT I Liquid-desiccant dehurnidifier saudaluswnsudiviins

aes MInTIvdeuaNLgnaevetgunsal aumsilddmiunisdtaeddunszuiuniseing q

3.1 ssuudSuamadmsudmiuauddaya

Tunsfniiduns@nwaudululdvesnisldanudeniivanauddaya
dmfuszuuuiuennia lneflingUszasAiii eeonuuuszuuUsUsINIALUY Evaporative
cooling $2uAU Liquid-desiccant dehumidification Vldlsl“fijmm%@uﬁyﬁmﬂquﬂsﬁaﬂiaﬁw
Fnsdaendeiiay wasiteUssfiuanmdululimaasssmandvesnisldaussuy
USUe1AALUY Evaporative cooling 533U Liquid-desiccant dehumidification 1usguu
Usvanmemadenln dmsuguiteyalulssimalnedsaeinasussndandsanunindy
waztfuszuudvemamadenividmiuguddeyalulsemalnedaiisnmsdniunuy os
spuukaesUiunNAdmsumsAneil TnssteasBenazdsenauluse

- swanidunvosguddonaildlunsine luiadedasldndndwuaiuiuiy
9IMA TINEN15IIAMEUTRIBIAT

- syuulfuormaiiane Tuidetiasldndnisszuuuivenaiiing sufuuide
VBIUARETTUY

Tnelunsiaeidelieandondetolud

3.1.1  wazduavesguidoyaiilélunisine

Auddoyanldiraeninlusunsy TRNSYS dndlufemsuteyauasseaziden

g 1wy Yagiltasisiesquideya Amnudeudl Server Udaseenunluvneyinu dady
oyaiilirendameidlesmndulasndy friu neandeariesquideyadiulvg) Jniuan
UNA21 Ham and Jeong (2016) duanIne1niad 14 1aesfe an1meiniavesdinin
uasTvAn Yszmalve Tneteyaanmormeatannsadendanlusunsa TRNSYS eazden

LARIAINNT T 3.1
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M139 3.1 TvasiBunvesgudveyanidlunisinass

fing JImTAUATIIYEN
Nuflonprsaustoys  4.80x13.10%4.24 m? (19X 817%89)
Racks 20 Racks

Heat gain Server: 10 kW/rack

Lighting: 10 W/m?

U-value Exterior wall: 0.5110 W/m?K
Interior wall: 1.2600 W/m?2K

Floor: 26.2200 W/m?K
Roof: 0.3160 W/m?K

Supply air flow 12.8160 kg/s

Schedule 24 hrs, Continuous operation

& ¥

YWIAAUGITOLAIINUNAIIN Ham and Jeong (2016) laszyvuinalitaiauy

¥

aeluaudvayalsznaunie Server 91U 20 ¢ lagUdeuausouseanuigay 10 kw

Y

be

v a 14

wenand FallanudeudiAniuaninindesainadndu 10 W/m? lunissrassiivunali
Server 91U 1N15¥A15Y1914 (Full-load) Wurian 24 Falusseiiiesmasniiad Andu
Snuvavun 8760 Falus

n1sa1aesulusunsy TRNSYS dndudeansiuseazidananis wu Jag
Pdadravos Inginumdua U-value JoudnluTulusunsy 89 Usvalue wiornduusyans
AsEnEmANSoU (Heat transfer coefficient) Ao USunaumingsouiiluan g 1urlugau
wilswesenasaad T,@aﬁqquﬁmﬂwuaaﬁu’qaaaéﬁml,mﬂ@mﬁ’u fedu W/m?K Bian
Yoo fanuduauiunin weldusuaumuinaza1n1siiaudeu (Thermal
conductivity, k) vas¥antiu 9 #2g 99nA1e7 3.1 @1 U-value vosmiisnisuen wiisnely
wavitulddranunaany Ham and Jeong (2016) @71 A1 U-value U994%89A1UIN191N
UnAU Kim et al. (2014)

3.1.2  szuulduemadianen
Tuadaiiiunisssuudiuenniaildlunissians Inouusosndunamun

3 dnwale Taeilsnvazduadusseluil
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3.1.2.1 szuudSuemaildianiy Chiller

szuuUsueiniaildianis Chiller viauduluduiesquddoya

[y

Wevihnsmvaneamgiivegluszauiinmun dunenmsivaveseinieduludsgun 3.1

Fresh air Supply air
— > AHU —_—>

JUT 3.1 urunmidunenisivaveseinaegeitglussuudiuemeaniianie Chiller

ssuuiiazihenmeunlvadiaSeadaaudu (Air Handling Unit, AHU) 1agl
Chiller a$1suinfuudadeuni AHU ileamnialvaniu AHU guvnfivesennimazanadnion
Prewdngesusuainia agndlsinny seuuiliduszuuilindsnulunisuivenmegeiadu
fuvesszuulusiade 3.1.22 4 Indirect evaporative cooler @sanunsnangumgiived
amAlskazanIlindudeend
3.1.2.2 ssuuUSuamediidianiy Indirect evaporative cooler
Tutdeilfunsszuuduonmadild Indirect evaporative cooler
(IEC) Tumsangamgiienmadeudhiesusuenmea laeszuuiiifofifomunsntisangumni
01maléd Tneflgunsaifldduldndsnlniidesndnnsld Chiller iResograien duma

msluavesemeluludisgui 3.2

Fresh air Supply air
—> IEC —_—>

JUN 3.2 wnunndunienisinaveseniregeitelussuuuSuanianianig IEC
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Water spray
]
AN
‘Wet channel

outlet

Dry channel 3
inlet i ) Dry channel
i outlet

Wer channel f
m inlet

\J Water tank

Pump

U7 3.3 ¥8nN15¥11914Y81 Indirect evaporative cooler

Tngszuuysuanalwiiteaiazldennia 2 nseua leewdunseualu
YBaU1ia (Dry channel) wazyaalen (Wet channel) faguil 3.3 lageinanid1yoduneas

Jueinaainaieuen lngazgnanaumgiisienisiisaiuseugveaden uazaieidng

Y

'
a

WosUsuonnia Tuvasfionmeaidrdesdsndueinidainaouenduieaty waLanma
dnsgnasdund elvgumgfianasdmiviuanuiouaing osusauasfisgatouen
(Riangvilaikul and Kumar, 2019)

agslsfinny ssuuluaInaildiarng Indirect evaporative cooler
duldannsanuaugampivesiesusuorndld Feduurnlunisdunldsaudy Chiller
ioasndaulunisusueiniras Savedeiinsun liquid desiccant dehumidifier 17137
Tunsanpnududndedaduiiuwesssuulusde 3.1.2.3

3123 szuudiuenmadld Liquid desiccant dehumidifier, Indirect evaporative

cooler gz Chiller

qﬂmaﬁﬁé”]ﬁ’zgéuaﬁzwﬁyﬁa Liquid desiccant dehumidifier Tne
imauﬁamﬂuﬁqgﬂﬁ 3.4 TpgeniAayiidesnisanAuiuazdnd Dehumidifier waviilorinu
TUauduazanas Imamm%uﬁqﬂa'nl‘ﬂaleummmmm%uﬁﬂﬁmmLﬁﬁwﬁu%amiazma

anas ety e3dudeslannuiusenlnedslufl Regenerator Wialvinusouiuaisazans
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Aududuilagunasnudousnanguddeya anduianihenasnnszuauisuauTy

Meonnansaraneiivelinnududugunanihluldananudusoly

pump ‘

Condenser —— M
P —J

I Exhnstst

Vacuum
pump b Qank

G

REGENERATOR
Cooling Heating (D Pressure gavge
g - s‘ilg}ci@ @'l'empera(ure sensor
Q) ¥ —(=) (©Density sensor
Vacuum | (P 4 Y Generator ~ OFlow meter

3

DEHUMIDIFIER

| Strong
| solution: |
ke
X ]
Valve 2
Valve 3
(=]

Transfer pump 2

Transfer pump 1

= Supply air

Dehumidifier

| Sup-pl_v fan

g‘dﬁ 3.4 WAUAINN1991191UV04 Liquid desiccant dehumidifier (Yon et al., 2018)

syuuUSUoINIAl U o1l b Liquid desiccant dehumidifier, Indirect

evaporative cooler kag Chiller Ingisieazidennegun 3.5 laganiansuiiAuddoya

zNanAN¥ulag Liquid desiccant dehumidifier 843111 UINAILYNAA QAN

1ay Indirect evaporative cooler ag Chiller mudsiunaudgesUTuaIne

Fresh air
R ——

DEH

> IEC

AHU

Supply air
—>

JUN 3.5 wnunmdunenisivaveseiniegesireluszuuuueniaily Liquid desiccant

dehumidifier, Indirect evaporative cooler ag Chiller

[ ] <
3.2 N13319IITUUNIAIULYU

Tuidani193naeeszuuvnauduntseanidu 4 widedes lawn Tuswnsunlalu

n1391899 Fanandunguasazdefvedlusunsuiingn daldidunisuansseazidanves



18

nMsdaesuazaun1siifsatesvesgUnsaindnlusruuyiveinia aunsiililunisdiaes
foulunsdrassuaznsnsiadounugnieuauuydiass
321 Tsunsuiildlunissnaas
Tueiseiildvhnssassszuudivenialagld TRNSYS nesdu 17 Fudu
TWsunsu gedwisildasamainundanuanudeu ndruliihwavannsalisiassszuy
laundindu 9 uonaini Wsunsy TRNSYS ulusunsufifianudeudiodissainauisa
11 Module d§a3Uanldauld Module voslusinsa TRNSYS Altlun1sdrassszuuii

[ =] a (Y o
AT laediseazidenfinis1en 3.2

M151971 3.2 Module 20sUsUnTH TRNSYS #illunissians

a1fu R sU | viln Wil
ON/OFF Differential Controller; AIUANNSIUA-UnYDY
1 2 iy
Old Control Strategy - aunIu
Storage Tank; Fixed Inlets, Uniform ’ Lﬁuaﬁ@ﬂmm%mwu
: u -
Losses VDUUAN
Counter Flow Heat Exchanger: waniUdsuaudou
3 5b
Counter Flow
Weather Data Processor; Lﬁusﬁau“aamwmmﬂ
Combines data reading, radiation N
a4 d 15
processing and sky temperature i
calculations
Printer - TRNSYS-supplied units < dﬂaaﬂsi’fauua
5 ,;:; 25
printed to output file
Cooling Tower: Performance from STUIEAUTDU
6 ﬁ ,,,,,,,,, 51a
External Data File
2 | Multi-Zone Building s | iosgudieya
3 Online graphical plotter ,% 65 LEAINALUUNTIN
-
Data scope LAAIHAT #BINTT
9 ! 76| gunustiu




M5797 3.2 Module vadlUsunsy TRNSYS #ldlunissans (sie)
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a1iu o U | vila wthil
Multi-Dimension Data Interpolation: U'izmmﬁ’maﬁayjaﬁ
10 Wl 581 ,
1 Independent Variable =B aq‘Luma
Air Diverting Valve w/Up to 100 . NDDINALEN
11 =& | 6d6
Outlets =
Fluid Diverting Valve w/Up to 100 - vievedlwausn
12 =< | 6a7
Outlets -
13 | Air Mixing Valve w/Up to 100 Inlets :&‘ 648 V991N 1A
s
Mixing Valve for Fluids w/Up to 100 § vievedlnasou
14 2=+ | 649
Inlets )
15 | Single-Speed Pump & |65 dinanusulivedlia
16 | Water-Cooled Chiller 666 | UL
17 | Indirect Evaporative Cooler 757 am’qmmqﬁmmﬁ
Water Source Heat Pump Model - amqm‘wqﬁmmﬂ
18 919
Normalized Performance
19 | Equation | Jeuauns

3.2.2  a@unsnlglunisanany

Tuidednanafsauntsn lelunisanassvesaunsal Liquid desiccant

dehumidifier, Regenerator ke Dehumidifier 4 9 Module ﬁlﬁaqliuiﬂﬂmiu TRNSYS

Ta1usasessuiumudean1sniddtassls fe3ndudesldnissraoadedaavunlaly

nsA1uI Useneuluaieannisyiineadeenunis91ass Liquid desiccant dehumidifier

Regenerator ey Dehumidifier

ma,deh =

dusvaun1snlelun1sdiass Liquid desiccant dehumidifier Usgnausie

(V y X Pai ><7Z><O.152)

supp!
4

(3.1)
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M, o0 = Vappty X Poy X0.20%0.18 (3.2)
M, =V X Py X0.18x0.18 (3.3)

(Vioppty X P X 7T x0.157)

Le=~""" (3.4)
(A, xc, ., x0.000001)

Y =HxLxW (3.5)

NTU = (hy x@xv) (3.6)

deh (1,000x 7, ., +0.00000001)

N (hyx@xY) (3.7)
e (1,000x M, ., +0.00000001)

a,reg

dusvaunsnlelunsdnass Regenerator Usgnausig

Do =1,006.8+ (5.635 xX ) + (0.0234 2 piaN ) ~(0.0057x X, xT,

a8 in,reg dreg )

5 (3.8)
—4 (01813 X Td,/'n,feé’ )_ {WJ
s ,in,reg

22.41 ] (3.9)

Mayes = Panres | 5551 000
dreg = Pinreg (60X1,OOO

4,191.3-(55.635><X )+(0.2473xx? )+(0.0151><X‘ xT
in,reg

din,reg
in,reg in,reg

)+ (1.1499 xT
C,. =
ainseg 1,000

djinreg

)+(O.002><X2‘ )
vl (3.10)

0.622xP
d

, (3.11)

reg
{((P ><101325)—Pd)+0.000001}

atm
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O, s = ((1 ~2.718™" )X @, ) + (0) x2.718"™ ) (3.12)

T outres = ((1 — 2718 NTUxLe ) X T e j + (Td,n,,eg x2.718N X“’-) (3.13)
1

d,out,reg = Xd,in,reg X (3 14)

1 [ (s /15 )50, = 01|

p,d,in,reg )

rha,reg X Cp,a/’r X (Ta,out,reg B To,/‘n )] _ [ 2’ 500 x rha,reg’ x (a)ayoutfé’s’ - a)ﬂ’m ) (3 15)

Toure :Tinre_ . .
doutres = dnres [O.OOOOOl+(md_,E§,xC 0.000001+(rh,,, xC

p,d,in,reg )

Ploures =1,000.8+ (5.635 xX )+ (0.0234 x X° )— (0.0057 % Xy X T
[, out,reg

d,out reg d,out,reg d,out,reg )

(3.16)
5
_<0_1813 X T g outres )_[W]

d,out,reg

4,191.3-(43.5096><Xd \ k)+(0.2473><X2 )+(0.0151><X xT
,reg_tan

d,reg tank d,reg_tank dyreg_tank

+(L1899XT, . e )+(0.00Z>< B’ )

d,reg_tank
Cp,d,regffonk = 1’000 (317)
4,191‘3-(43.5096><X )+(0.2473><X2 )+(0.0151><X XT o oe ok
d,in,reg_tank d,in,reg_tank d,in,reg_tank hinreg_
2
) +(L1899X T, i )+ (o.ooz X7 )
Cp,d,/'n,reg_deh - 1,000 (3 18)
4,191.3-(43.5096><X )+(0.2473><X2 )+(0.0151><X XT, o s
d, from_deh d, from_deh d, from_deh ’ =
2
) ) +(1.1499xT, ﬁomﬂeh)+(O’OOZXTWW%) 519
p,d, from_deh 1, O O O .
mregitank = pd,reg’itank X02X02X03 (320)
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2241

vregitank = (32 1)
60x1,000
(pd,in,regitank X Vd,regjank X Step X 3’ 600 X Xd,/‘n,regimnk )+ (mregjank X Xd,regimnk )
+(m xstepx X
( fron_deh p d, from_deh )
Xdoutre = (322)
Loutreg_tank . .
(pdmewnk X vmwnk xstepx3, 600) Mg ok + (mﬁomj,gh X step)
v xV xstepx3,600x ¢ xT
( p d,inreg_tank d,reg_tank p p.dinyre tonk dinreg_tank
+m XC xT +|m xstepxc xT
( reg_tank p,d,reg_tank d,reg_tank ) ( Jron_deh p p.d, from_deh d, from_deh (3 23)

doutreg tank =

(pd,in,reg tank X vd,reg tank X Step X 3’ 600 XC . )
— —~ p,d,in,reg_tank

+|m xstepxc
) ( from_deh p p,d, fiom deh)

+m XC
( dreg_tank p,d,reg_tank

dusuaun1snbulunisinass Dehumidifier Usenause

Donaen =1,006.8+ (5.635 ey ) \ (0.0234 X2 ) ~(0.0057 % X gy gor X Ty )

J (3.24)

5
_(0.1813X Tinden )_[(1’000 Ty o )

. 24.51
Myinden = Painden X (m] (3.25)
4,191.3-(43.5096><X )+(O‘2473><X2 )+(0.0151><X XT i don
d,in,deh d,in,deh d,in,deh ”
+(1-1499de,-n,deh)+(0~002de2_ d h)
Cpdinden = 1,000 — (3.26)
0.622xP
a)d,deh = < (3.27)

atm

{((P ><101325)—Pd)+0.000001}
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@, oo = ((1 —2718\W )x @, ) + (a)am,deh x2.718"NV ) (3.28)

a,

a,

T uten = ((1 —2. 718 NTUxte ) de,mydeh)qL (Tdm,deh x 27187V XLe) (3.29)

1
in,del X . .
e [1+ |:(ma,/‘n,deh / md,fn,deh ) X (a)a,fn,deh - a)a,our,deh )]]

X X (3.30)

d,out,deh =

rha,/‘n,deh X Cp,ln,d@h X (Ta,out,deh - Ta,in,deh ) _ 2’ 500 X rha,/‘n,deh X (a)a,out,deh - a)a,/'n,deh)
0.000001+ (1,45 XC, 4 ) 0.000001+ (1M, XC, g1 )

Td,out,deh = Td,/'n,deh _{ ] (3.3 1)

pc/,/'n,deh = 1! 0064 + (5635 X Xd

|, out,deh

)+ (0.0234 X onuweh ) ~(0.0057 % X,y e X Tt )

J (3.32)

5
— (01813 X Td,ouf,deh )_ ( (1’000 % Td’out’d@;—, )

4,1913 -(43.5096 o | )+ (0.2473>< ) § )+ (0.0151 x X X T, g

d,deh_tank d,deh_tank

%
+(1~1499 X T4 deh tank ) N (0'002 g Td,dehﬁtank )

(3.33)

C =
p,d.deh_tank 1, OOO

X Td from_deh

4,191.3-(43.5096>< Xd

|, from_deh

)+(O.2473><X2 )+(0.0151><X

d, from_deh d, from_deh

2
+(1.1499 X, o o ) + (o.ooz XT e )

(3.34)

Cp,d,/'n,dehﬁtank = 1, OOO

X Td, from _reg

4,191.3-(43.5096>< de )+(O.2473><X2 )+(0.0151><X
|, from reg

d, from_reg d, from_reg

2
+(11099xT, )+ (o.ooz T )

(3.35)

C =
p.d, from reg 1,000

fhddehjank = P4, fiom deh X 0.2x0.2x0.3 (3.36)
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d,deh_tank )

(pd,ﬁom_deh XV gen X stepx 3,600 x deﬁomideh ) + (md,deh_tank xX

+ rhd,ﬁom_reg
3,600 x step x 3,600 x de
, from_reg
Xd,out,deh_tank = (337)

. rhd,ﬁom reg
(pd,from_deh X vd,deh X Step X 3’ 600) + md,deh_tank + [ R

3,600 x stepx 3,600

X
p,d,in,deh_tank d, from_deh )

(pdyﬁonldeh XV g en X 3,600% C

p.d,deh_tank X Td,deh_tank ) ! (md'f’ o reg XSTPXC xT,

p.d, from_reg d, from_reg ) (3 38)

+ (md,dehjank xc

Td,our, deh_tank =

(,odyfmm?dgh XV g en X Stepx3,600x €

p,d,in,deh_tank )

m X C +[m xstepxc
( d,deh_tank p,d,dehjaﬂk) ( d, from reg P p,d,from_feg)

3.2.3  Waulun1sanasg

nsPaesszuudina1dldlusunsy TRNSYS Tnaisuainnisairaviesguddeya
AHYUIARNIUAITIN 3.1 U UTBUAT U-value VDINTS NULATNAIAT AU DU LAATY
< a

ameluauddaya laun lnidesadnawazgunsaldidnnsetind (Servers) Fafldnwauginaly

AIUN 3.7 Iag Servers %Qm“fmLﬁulﬁwffumw%é\’%'auﬁ’u (Rack)

Y

U7 3.6 Anwueiiiluveg Server rack

waIntuAIIaNTEiANuEuresgudtayanay dantaielusunsy

Juludaguin 3.7 udfwhnsfinuszuuuiuenniauuunng 9 dsiade 3.1.2 sely
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= v 6

Avualinigluguddeyaiigamadegluyig 23-27 °C wuagANUTUFNINS

Y 9 Y
[ '

55% FIN1TLADNY1UAUNNTUATAUNTUAINAIFRAARDINUN ASHERE wugdiuazauyn

= [ [y 1 fa & a 4 L
Weliiludunsedegunsaldidnnsetindneluaudvaya

—‘—E}__“_ = L+' ——

¥
Lights Radiation Weather d Y )
Teather data —— =
—— + 6&
T Eﬂ System_Printer
|52
R —
4 AzimuthAngles b
y -
3
- - > -2

&
¥ Temperature

Wizard settings

—P—a—h—

Building

JUT 3.7 mieinglusunsy TRNSYS Waduaniszvinnnnudu

N199189952UUUTUDIATAT L9 Liquid desiccant dehumidifier, Indirect

evaporative cooler uag Chiller luriada 3.1.2.3 I518az1d8nv099UNI0lANNT199 3.3

M1519% 3.3 vwnvesgUunsalluszuuuiuenne

L4

aunsal YUIA e

q

Indirect evaporative cooler

ns1nsluanane 12.8 ke/s
Wet bulb effectiveness 0.4

Chiller
n1NTIALEY 200 kw
COoP 4.45 -
Saslravesindu 24 ke/s
gaungiiuiuiiad 10 °C

Liquid desiccant dehumidifier

9N Regeneration 60 °C
AU UL THAUYDIANTOAAIINTY 75 %
dm3n13l1a Supply cooled air 210 m*/h

n3IN15aenFlu Regenerator 151 m*/h
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3.2.4 N13ATIVEBUANUGNABIYIUUUINGDY
MIIVABUAIUYNA BIVBILUUTIABIYBY IEC LlasA1munai Wet-bulb
effectiveness (&, ) n3oUseansnimues IEC amuiuduing (Relative humidity, RH)
MUYV Primary air #1974 3 A1 Lﬁ@lsﬁﬁﬂmaqquﬁwaaﬂ%a Primary air 9101y
Ynaiiliannn1ssiass WS ueuiunan15MAa8I9INUNAIY Meng et al. (2018) léna

Faguil 3.9

Toin—T,
p,in p,out
gwb = # (310)

p,in s, wb,out

= - - 9_, . '

e Toin fio gaumginiadiwes Primary air (°C)
Toout g 9uMN908NYBY Primary air (°C)
Towsn 70 saumpniivnadives Secondary air (°C)

4 40%RH - Meng etal. (2018) 2 40%RH - Simulation
® 60%RH - Meng et al. (2018) © 60%RH - Simulation
m 80%RH - Meng et al. (2018) 0 80%RH - Simulation
30
28
u
526 n O
. |
| u b ; A
24 . s AN 74
ST 11
22 L0 B
A A
20
27 29 31 33 35 37
Ty (°C)

PN = a a . . ] ° )
E‘U‘Vl 3.8 ﬂ']iLTJiEJ‘UWIEJUQQJ“QNV]'N@E]?WJ@Q Pr|mary alr ICUINLUUINBINUNINTITNOADN

MNUNAN Meng et al. (2018)
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91ANIINTIIADUAIINYNA DIUDIUUUTIABY IEC 71 40%RH, 60%RH Laz
80%RH ¥8an14441 primary air iwualvi &, iy 0.6218, 0.5921 uaz 0.5089 AaEAU
wui1 gumgiivnseenves primary air SmlndiAssiuiileifisuiunanismeassainunainy
Meng et al. (2018) Feflanunainiad eusnfigamindusesay 2.21 e, 1y 0.5921

f9ti wuuIasallsldarunsaldvinuneants

3.3 damamianlylunisinass
anwenenldlunmsdiassazliteyaanimeiniavesiminuassvdn Yseindalny
1nTUTWATH TRNSYS v.17 Tayaaninainialuii duszneuluale gunninssiuizuis

gamndl nszeden anududuysal AnUTuaILan YUANNTENUVBLETAR s



uni 4

NANTISALEUN5IAY

Tuuniinandmanisiiunsauisonarinsziuanisise Tnedszneuludae
5 vate Ao wan1sdraeanszvhauvesauddona nan1siiasssruLUTUOMAT 1Y
anz Chiller nan 133188353 ULUSUBIMATIdaNE IEC nan1ssassszuudsueIniasie
Chiller 320U IEC waznani1ssassssuuUsuennanly Liquid desiccant dehumidifier,
Indirect evaporative cooler uag Chiller luanineiniavesdminuasssdun siudafien
wwamnsissuuUSusmasnanuldiiieussndandsnulnihdmiunisusueiniauas

NSAUIALTAATHFANENS Inelisnasidennall

4.1  Wan13I1ARIN1sIANUENYRsAuddaya

Mvualviguddeyanisneazidensnisned 3.1 dgamgdeinmeanigly 25 °C uag

Y 9

AMUAUENITNS 50% n1sinnansyrinaadulagldlusunsy TRNSYS v.17 likadsgud 4.1

] Average coolmg load for DC room Il Average cooling load for empty room

—&— Average ambient temperature

240 36 _
= <
= 200 30
= N
g 160 u g
o g
£ 120 18 8
=] =]
8 5
2 80 12 ,E
E (-4
z ¥ 6 %
0 0 ::3

= o < L4 A =
UM 4.1 A198ANNLEUTDIAUIVDYATIBLADUNADAU
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21307 4.1 Maduamnsghanubued sresqudteyasaasuuy wuinda
Aoutsnsiinaent Judunanisdrassiidmuels Servers MUy Full-load wagyiau
aen 24 2lua Lifinsvgain aszvitenufuuisesnidu 2 eg1efe Asgrienady
e (Cooling load for DC room) fiAiads 201.34 kw Iagn1ssvhaubusniiane
Wewuwey 1A1 205.014 KW a1szianududinaniiinainaiuseuveslnilidesaing
MshauTes Servers flagneluviosiazanmuindeunisusngudteyanuseaziesly
A597 3.1 BvBwavesan mLIAABUNBUNAILINDINATTEYNAILEUYRI B AN
(Cooling load for empty room) m:iﬁmsamé‘?aqﬂmai@LﬁﬂmaﬁﬂﬁLLazqﬂmm“lWﬂﬂm 9
Tnannsgianuuresisndaiuingaindu 18.05 kw Andusovay 8.80 vaan15e¥i
Anadusiavan el nanisdassnszrinanufusiaenadestuunauves Kim at el.
(2014) isaunaigamaiianmnndouunulsidsaroniszyianubu uwhanweine

[ [ =

Yo9ngalea Useimanmaldvsiioamgininindminuasswduiuin Snvianiseyiannudu

LY

enasfinasad
4.2 wan1sIaasszuuUsuanniAnlganig Chiller
syuUUSUOIMAT IanTe Chiller 518821 88AR1UA15199 3.3 §1UIU 3 1AS B4

Y 9

P v ° I3 o v = § v 5 ¥ = PN P PN
LW@?@QiUﬂUﬂWﬁ%WW@D’]@JLE]'USLUM']GU@ 4.1 m%@umauammwazLEJ‘EJ@WlizUl?mmiNVI 3.1

[

nan13dnaesszuuUsUaImakuuldaniz Chiller \Wudsgud 4.2

—T room --——--- RH room
50 100
;G 40 80 _
£ 30 0 &
: :
: 20 40 P
= 2 4
g £
g =
R 10 0 ®
0 0
2160 2164 2168 2172 2176 2180 2184

Hours

JUT 4.2 aungiiuazanuiuduinsangluauddoyareinisdtaes lagld Chiller 3

A3D9LUSEUUUSUDNINE VOITUN 1 Wwey
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1N3UT 4.2 uanswanisiiaeavesiuil 1 wwiou Fadudalusil 2160-2184 91n
8,760 Halusmaond awdiulddssunuivenaild chiller 3 1a303 aunsamuANgANn
aeluguideyalitideglutg 23-27 °C Fadulummiidvualiuazidulunud ASHRAE
wuzin A21ud udusing nngluauddeyarinualii 50-60% winanisTiaosiageds
60-71% a8lsfinnu Arduduingidsogluraeil ASHRAE I¥eygnlagliifusunmeste
gunsaididnnseting Fseynwlvidaranutuduivsldunnds 90% sndeminansed 2.1
(ASHRAE TC 9.9, 2011)

uonanil Wefirsanmdsnuilldluszuuuiuoniaiiings Chiller 3 wdoa nadly

Faguil 4.3

Energy consumption (x1000 kWh)

Month

JUT 4.3 waanunldvessruuuuamnianaags Chiller 3 LasasiuuNepaunaont

1N5UN 4.3 wanandanuildvesssuulsuenianfnds Chiller 3 1ATBILUUTY
WBUNADAUNUIN NTETUSUIUNAIIUT AT 29,012.07-32,247.80 kWh Lagnan1591a04
AINANINIMUALY Servers ¥1191ULUY Full-load kazviinunaen 24 Falus lidin1sveain
o ¥ o @ I £ r-:l' [ 1 v v Y [ d’j o 1Y o
YMIAN15EYANULEUABUTI9AIT Aana1bukATWIITD 4.1 A9t I1UIUTILINITYINTY
dwalnensaionasuilduivennia wuldindeunuaiusidduuiudosazldndaau
v dl 24 U d’{ = dld o o U o U 3 d’l o
Woenan waglindsnuunTulufounidnwiu 30 Ju waz 31 Ju MUEIAU N9l Han159a01
ANUNT MINAINUTIFDARABDINUUNAINUTDY Kim at el. (2014) Bnaae
1 =3 [ aa 5 . = a Y v =
2819b57MY sTUUUSUINIANRARY Chiller 3 1AFITINTIINAIIUNIN AINNITANEN
IEC LﬂuqﬂﬂiajwﬁqﬁmmsﬂamqmmﬁmmﬂiéfﬁLLazé’ﬂ%’wﬁwfmﬁaaﬂ'jﬁmaaﬂLmuszw

USuanalagfnas IEC ioannmsldndanuneluguddoyaluitednly
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43  wan1sInassszuuUSuaMATildianig IEC
ssuudiuomanelugusteyamumeazBeniiseylifemnaned 3.1 lefinds IEC mu

swazBeslunsed 3.3 Wewdraiion nntusaesiulusunsy TRNSYS v.17 lumssiaes

dlafiad IEC 1 1a3es wudh dildansoangumgildmuiifesnts (23-27 °0) Fafiudau
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WeRsanUunaausoudl IEC aunsafeenangudtoya wanslanigui 4.7
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4.4  HaNTNERITIUUUSUDNATIY Liquid desiccant dehumidifier, Indirect
evaporative cooler gz Chiller
szuuUSueIMATile IEC $1unu 3 indessauiu Chiller filsaziBunmunisnsdl 3.3
zi3unsEUUUS U MAT ST UUHENNETY (Hybrid system) wiseenidu 2 nsdl
SEIT 1: IEC S1uau 3 wpdessauiiu Chiller 2 wp3oq

ASIN 2: IEC 91U 3 1AS895UAU Chiller 3 15049

— T 3 IECs +2 chillers ——T 3IECs+3 chillers  wevnene RH_3IECs + 3chillers
60 100
Ll
€ 45 @
b e
1= F)
g =
= ‘g
30 =1
g £
14
o 15 25 3
a
0 0
2160 2164 2168 2172 2176 21280 2184
Hour

JUT 4.8 gamgilnnglugudveyavasnisinaes Ingldszuudiuainmeanausany (Hybrid system)

NFUN 4.8 lunsalil 1 WuszuulSuanIarauNaIulas@nge IEC 391uU 3 1AS 09

I v

s Chiller 2 w38 wudteamgiineluaudtoyadout1enn (dunsnddy) daade
Wi 32.97 °C FadlAmnnnitgangineanisiieglugae 23-27 °C ey Jwvhmaiiudiuiu
Chiller 8nuflnn3es 1Wunsdlfl 2 Aeszuvusuomenaunaulaefinge IEC $1uu 3 1A309
$3Au Chiller 3 1w30e nuBgamngiinteluauddeyadulunuidenis (dunsmdunEu)
wena Nl Welasandugamlasiiuidinsdi 1 Svuiiuaundi Wesnaunsalluszuudsu
anensfin 1 llanunsasessunmssianuduldvianun dwaligunsalmantifesinaumin
dy ¥ o ¢ aal I U a 5 o «

ANUTUETIMSYReNTAN 2 AesruulTuemanaunaulagfnns IEC 91U 3 1ATeq
$3AU Chiller 3 1309 NUITA 58-68% agluyieil ASHRAE laeugnlnglilusunsie
RogunsaiBianvseiind (ASHRAE TC 9.9, 2011)

dl a o dl U o dl 1 U

deiansanwdsnuildluszuuuiuamaluunamaTuiuy [EC 911U 3 1a3essiuiu
Chiller 3 iisaa \uludsgun 4.9
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9n3U7 4.10 aziualiiseiowvesguddeyainsdldszuuuiveniaildy

Chiller agaifignTuIL 3 10309 danadesefoulszunas 1.23 wauuy Jududwiungs

(%
(%

NG TEUVUSUDNNALUUNAURATUA AARA S IEC 31U 3 LA38959UNU Chiller 3 1AS 84

fanadssadoulseunn 0.86 wauu eaadum ninelasuszudalans 4.4 wauum

a v 4
4.5 ﬂ']'i‘lJiSL&lu‘Vl’]\‘iﬂ"lﬂLﬁ'ﬁ‘Uﬁﬁ"lﬁﬁi
N15UsEIEUAINANAIMNIAUATYEAEAAS V09T UUUTUDINTA Liquid desiccant
dehumidifier, Indirect evaporative cooler wag Chiller dnsuaugdaya lavinisAuIum
srgzaAuy Yar1daiugns uazdnsnanauunuAnan Fensfiwesng 3 daggninun
Aesrzisduiedssiduanuduldlalunisamu dwsulewvesmisdnesiildlu
a ¢ < o &
N1TIATIZUTUAIL
1. szewIa1AuU (Payback Period, PBP) A9 S382ia109n15aauiinseialiuan
Sugnianlaseaniswindunseualiuandteaninenvsenaniladinisasuludnilsuay

| Y = =
Tianuiues Tnefiaunsidudsil

FEELLIANAUNY = HuanIuamugnsiileaisulasens - nsswatuansugnssed

avaulUiSey 9 uRUIgauansiasulATINISWINAUALE
9 9 Y

a

2. warA1Uaduans (Net Present Value, NPV) fia wasneseninsyarilagdusiuy

g

a

veanseualduansugninasneiglasinisivyaaidagiuresiuamu lnglddnsAnan

(Discount rate, i) #1USuyaA1vINTERANUAnTnYUlLLAA YA lAINBY N IY
A v
Ao o UaqUu
L CF
NPV = X — —| @.1)

=1 (1)

lagfl  CF,  fo nsualuaniugns s U0 t
| Ao RuandnganuradlAIng
i Aa A1ERIIEIan

n Mg §14YRILATINS
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[y

3. 805 manauLnusey (Internal Rate of Return, IRR) e dnsiAnanivinliyae

'
[

Uagtugvdvadlasiniswiniuaud WudnsmwansuwuadeseUndamuazldsuannsamu

MaEADNELLATINTULEY
"CF
NPV = 2, ‘ il (4.2)
t=1 (1+IRR)
Wa NPV = 0
"CF
=Y t - (4.3)
+=1 (1FIRR)

4.5.1 s1a1gunsaluasRaulunIsATUIMMILATEEANEAS
L3 a o = = o a ! s
s1vesgUnsalvesssuuihnsAnwiiet lUussiliuyarmmaasugaans

LAAIAIAISIN 4.1

397 4.1 SgunsaldmiusruuUTuamAlugudveyaild Liquid desiccant dehumidifier,

Indirect evaporative cooler gz Chiller

aunsal U 31A/%U7Y 31A139U

Chiller (20 ton) 3 287,443.00 862,329.00
Cooling tower 2 157,932.00 315,864.00
Pump1 1 14,200.00 14,200.00
Pump2 1 8,492.00 8,492.00
AHU 4 16,717.20 66,868.80
IEC 3 21,500.00 64,500.00

FIAGND 1,332,253.80

dmsueulunisuszsiduyar1dmiunsamuvesseuunviinsAnyadl
N13MmMuAe1ElAINTg dnTduan snsiAndeusinvesgunialluszuunazsnsialu

LAASPIAISIN 4.2
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M15°99 4.2 Reulvdmsumsussidiugacniuesygamans

3789N13 SR\ Vel g
91glATINIS 10 iy
RERGRIRT 5.28 %
SamAndensiavesgunsalluszuy 12,5 %
ans1entndi 3.9 VN1

4.52  NaMIUTRUNIUATEFANERS
HANTUTEUNIAULATEANARS Az kARt araransel tneuaninasiey

MABAUATUDELATINTG 10 U Hauandiaguil 4.11

1,000,000
NPV = 753,873.25 A
500,000 - e
.
—~ -
5 _ i ‘ _.“
=2 .
E Pl
£ (500,000 4
c ()
=2
4'4."'
(1,000,000) J
'S
(1,500,000) . T T T T T T T T
0+ 1 2 3 4 5697 8 9 10
9

JUN 4.11 yarignUseiivluusdazlvasssuuuiuomealuauddeyanld Liquid desiccant

Y Y

dehumidifier, Indirect evaporative cooler wag Chiller

NNTUsEIuTEUUUSURINANLY Liquid desiccant dehumidifier, Indirect
evaporative cooler uaz Chiller dmsuaudtaya Nilyar1n13aamumifu 1,332,253 v
WU Wedugnszezalasins 10 U ssuullanansaiyartagiugviswindu 753,873.25 um

NENTIMANBURNUTIETWINAY 15.82% UazlseuzliarAunuivinnu 5 U 10 wheu lagille
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Wiguifisuiussuuusueniaildiane Chiller nuin anansaussusaanludinle 29.84%
wioAnluyaan 440,380.50 vIv/l



unil 5
unaUuazdatauanuy

Turdedldmsnuunasluasdoiaueuus Tassoazndoadmsudoaunuide
UsgnaulufenaasunissiassssuuUiuonauuusing 4 vesguddeyaidiassneldanin
9IN1AYBITINTAUATIIFENT wazTaiausuuzlana1983n15UsuUT9In1597804 Tned
Teanden fail

51  waajun1sdnaeeszuuuiueInIAvegud ayaNinaennanmLIna sl

VYINNRIAUATINVEU
511 maagunsginnubu
1. ansevhmnudutonun (cooling load for DC room) fieady 201.34
KW a1szvieufuresiadiUal (cooling load for empty room) 11ngawvinfiy 18.05 kW
Anduseuay 8.80 maﬂﬂﬂizﬁwmmw‘juﬁwm
2. Snviunandwanisgranuduiiieniidreudnsiinaend B
fvualif servers vaumuy full-load wagyianusaen 24 42l laifinmsugenin

512  uaasUnmsiassszuuiuemaiildiaws chiller
1. guvniasluguideyaideglutag 23 - 27 «C fidneuTudising 60
- 71% Faoglugasii ASHRAE Idoygmduanineinmadivanzauuazliiusunsiese
aunsaididnnsefindnneluguddeya
2. wisnuiilivesszuuysuamaiaass chiller 3 n3aauuuneiieunaan
U wudnmslauSunamasauiian 29,012.07 - 32,247.80 kWh

513  uaasUmsiassszuvliuemiadiliions IEC

1. ssuuyiuenmaiifnsis IEC 1 wedes nudrdsliannsoangumgiildmui
#oams Tnomeluguidoyaiioamaiiiads 5804 °C Jaflengaunmiiugai ASHRAE uuzth

2. eufeuiseifouiinseenainguiteyasme IEC veaieuiiunauilan
wngaviiuTesay 18.65 wawtfouiugneu IEC axnsaminnuseusenaneudtayalaias
flgnfeovay 7.91

3. syuvdueniafiane IEC $1ua 2 wae 3 3o dawalineluaud
Toyaiigamaiianadlagiadewindu 51.95 °C uag 46.17 °C AWy 3 ilAnganiiug 29
ASHRAE gl
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51.4 Wad189978UuUTUDINIAAQY Liquid desiccant dehumidifier, Indirect
evaporative cooler wag Chiller
1. szuuUSuoneaTiangs IEC $1uau 3 wndessauiiu chiller 2 1A30s WU
gaumgiinelugudteyaiimiadewintu 32.97 °C
2. szuuUSusmATAnss IEC $1uau 3 wedessauifu chiller 3 1a3ps wu
anunpinieluaustoyaeglutag 23 - 27 °C upgflenuTudusing 58 - 68%

(%
Y

515  waasunisiSeuiguszuuuiueniananns chiller 3 iasaaagseuuUsy
Aa o ° P | ) ¢ A
21N1ANHARY IEC 91U73U 3 1AT9993UNU chiller 3 LAY
1. s3UuUSUBINANARSY IEC 97U3U 3 1AS8953UnU chiller 3 1ASD9
annsausendandsnulanedasay 29.84
2. eAadua i Inedvusliniisas 3.9 U ssULUSUDINATIRAGA
IEC 377U 3 w50957uiU chiller 3 1509 Al eTdazUseundalang 4.4 wauum

5.2  YUaldusuu

1. Iu‘iwmﬁwuﬁ‘ﬁﬁumiﬁi’ﬁaaﬁzuw%’ummﬂﬁmmmquésﬁagawifnﬁu WINYUIA
Yp901P15LUABusEUUUS U MAa Nz audiesandesrieiiniserhanuiu A
PULUUVDY servers

2. Wi dnusiidunssiasssruuusuenedmsudminunssrdumingy s
Sraosmeldanmundoudminaululszmealneagldanumainvaneunniy

3. Iuimmﬁwuéﬁlﬂumﬁﬂaaﬁzwﬂ%’ummﬁﬁﬁmﬁmﬁmqﬂﬂiaﬁuwLﬁm N
finsdniFesgunsalitinstu enadwmalinisanuiinunislindauanadls
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Tun1sanaean1uTUSEASY TRNSYS v.17 99952 UUUSUDINIALAAZLUU WUy
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Abstract

The Data Centers (DCs) is .a room=consisting of a large number of Information and
Communications Technology (ICT) devices. The main function of the devices installed in DCs is to
process, store, and transmit information. In our daily activities related to web applications such as
social networking, telecommunication, and on-line searching, banking and shopping, we need the
supports from DCs. In the last decade, the amount of DCs and their energy consumption has doubled
globally. Approximately 40% of the total energy consumption of DCs are for cooling system. In this
study, the cooling load of a data center located in Nakhon Ratchasima province was evaluated
numerically using TRNSYS program. The hourly cooling loads over the year were examined. It was
found that the annual cost of electricity for the cooling system of this DC is about 20.60 million THB.
This leads.to a quest for a proper cooling system and its control strategy that.can minimize the cost of
energy which will'be our future work.
Keywords: data center; cooling load; simulation; air conditioning; TRNSYS
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Abstract

The data center (DC) is a facility consisted of a large number of networked computer and related
devices. The general functions of those devices installed in DCs are to manage, process, store, and
disseminate large amounts of data. Nowadays, web applications such as social networking,
telecommunication, and online searching, banking and shopping are important in our everyday life.
Consequently, the number of DCs and their energy consumptions have doubled globally in the last
decade. Approximately 40% of the total energy consumption of DCs are for their air conditioning systems.
This study investigates numerically the use of a conventional and evaporative'cooling technologies as
the air conditioning system for a data center located in Nakhon Ratchasima province. The simulations
were conducted using.a program called TRNSYS, which can be used.to'simulate the behavior of transient
systems. It was found that the electricity. consumptions of the evaporative system are lower than that
of the conventional air conditioning system are 35.25%. Considering the cost of electricity will save as
much as 849,580 baht per year.
Keywords: data center, evaporative cooling, simulation, air conditioning, TRNSYS.
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Conditioning System for a Data Center

Amphawan Wandi, and Atit Koonsrisuk*
School of Mechanical Engineering, Institute of Engineering, Suranaree University of
Technology, Muang District, Nakhon Ratchasima 30000, Thailand

* Corresponding Author: atit@sut.ac.th

Abstract. Data centers consume a lot of electricity, especially for the air conditioning.
This study investigates numerically the using of a conventional and evaporative cooling
technology as the air-conditioning system for a data center. The simulations were
conducted using a program called TRNSYS, which can be used to simulate the behavior
of transient systems. The weather data of Nakhon Ratchasima province is used as an
input to TRNSYS. It was found that the desired air conditions can be attained regularly
by using cither of the evaporative cooling systems. It was also found that the electricity
consumptions of the evaporative systems are lower than that of the conventional air
conditioning system are 35.25%. Considering the cost of electricity will save as much
as 849,580 baht per year.

Keywords: data center, evaporative cooling, cooling system, TRNSYS.

1. Introduction
Data Center (DC) is a facility composed of computing structures housing a large number of Information
and Communications Technology (ICT) devices installed for processing, storing and transmitting
information [1]. In our daily activities typically relies heavily upon the applications, services and data
contained within a data center, making it a focal point and critical asset for everyday operations such as
social networking, telecommunication, and on-line searching, banking and shopping [2]. In order to
provide data center is functioning normally need a support system including the air conditioning system,
fire protection system, uninterruptible power supply, and a high level of data security system is required
[2].
In the last decade; the amount of DCs and their energy consumption due to the increasing demand of
data center accounts for 1.12 to 1.50% or 203.4-271.8 billion kWh/year of electricity consumption
worldwide [3]. With respect to the cooling energy consumption, Carbé et al. (2016) indicates that more
than 40% of the total energy consumption in data centers is the consumption of cooling energy [4].
Indirect Evaporative Cooling (IEC) technology is one of cooling system. The main advantage of the
IEC is that primary air is cooled without modifying its moisture content [5]. IEC equipment is divided
two channel in figure 1 [6].
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