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4% 3% = switchgrear and transformers
= lighting
cooling
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= UPS
= Processor
m Server power supply
= other server
= Storage
= communication equipment
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I Return air

2 Supply air

3 Locally ducted
4 Fully ducted

5 Economizer
%Free cooling
7Recirculation
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! Bypass

2 Supply heat index

3 Return Heat Index

4 Raised Floor

> Rack Cooling Index

¢ Return Temperature Index

7 Hotspot
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https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

ub&wb; ovL.‘,z/.,l} oo

b Laspe ialopes 035k b wiols slorin 1) 9,81, s350e "o (i)l s [Y] 057 5 52 caims 20lS lg 508
RS- ) W‘JB‘ ‘) oals ;‘JA o IT LSLD)BJ"‘"‘ le.o; C3).>

el as Conial (rals 50 45 Sl S 51 (29,5 5 5995 slod 0310 STra 53 (g 9590 slalos (2 yioge 31 (S
awlis g osls 3S1e ;0 (BAD) lga x5 5 iulo s aliee sl piwcews dnlllas 0595 ol 51 Ban o)ls (gl oone s
‘9.@ 31y aS el 00l ‘99):.4: @Lao Lgl.(b ua.>L~) 059y u.z‘ )0 ! aliSro L;L‘b | ) > J) L§>5)'> 95999 6[.@LA»>
1 5 aley &y (b 5 (19 @55 g L Al 0015 550 Sy (g3l dd 4y g S (0 5T 00l 35100 5o
5 L3 @Sy Sl e e lg el ok aliise lax | lize o yiel b o5 b g a5ty SIGMADCXS
Slales diges 0ols 35 0 0 alais VA Byme b s 9 dwloe |y Ll o oles lo asls S  lga a5 JUIS
39 03,5 (oo dmlie v b g el 39) (o0 jled 4 (b )5 mie Sl S Gy 4 &S LS, ) (295 5 090
gl oo (Byme Sl ige g 0dld (goi dlwd o ,Sles Ll 5l Caliee sl b colys

Lgl.ab é".b ua?Lf: L;‘S).au Al
RCH &, Juboyw s -\-Y

S5 59959 sloo &5 Canl (5)lene a3l cnl o ool NF] o gy S iolo o (a3 Ld JalS o
S, A (699,5 SSlas oo g jle sles (6 oogame ol Caedl Jls 00l (S 0 dlwgn 0, Sles (gl g oo lis
3 e 609)9 Slod wizr b Sy 45w (o0 ) (SBa i Sl Lalpd asane plis ) (Ab Ll (V) JS8)
a5l eS sles lin job a4 cnl S ) den 44 (95,5 slales greme Slo (IS 0 3l i sles anil e w>
oolatul 0,90 Hlaslinl 4y oy o () polae il ool 0y lre w5l Gl a5 Conl ol S 4 (58955 sles Kl e
)gLQS) raLNé\Sw‘ u.:‘)i:la.: 7.\“ aS Cewl o0l ;.O.:J.su 7.\“ Gy )‘ Oo9 J)o J.:ls 6‘,} L)uL..QA u.v‘ .o)leu_i:.w
Lydl.u.)‘ » J.J‘}.: < L}"‘))L‘J ML} 6)5 O)L.L:‘ J}‘j )‘ J.AMAA J.:l.: > L)a:-L.u s.)ds.u.! < S J.EJO)jA .))buh.w‘ d,...lo
2Slas gl sl (6 00gae alal) G el alal,y g0 Jolis RCI aasli 06,5 1,8 oolaiwlsge calizee sla sl
D] amas Les ) (RCILaw) 5, sles JBlas sl slxe (5 s3g0xe alail, s g (RClhicH) S, sles

ol o laibinl 3o RCI oz lis (gl cenlin (5 00g0me V Jga 0 g iSTas 5 jlee gled (sl oogamas ¥ S0 5o
el eslie 00,5 A0 plp RCLHigH Slade o asbiwl opl b L8] conl ous ools jLas

Rack lnuu:f‘Tcmpmmrc

Max Allowable 32C an
(Under Cooled) Max Allowable 7
Over Temperature =
Max Recommended — — scv| 8
T'otal Over Temperature &
(Recommended Cooled) E
V. T'otal Under Temperature —r
4
(Over Cooled) Max Allowable £
Under Temperature | | =
Min Allowable 1sTYY™

Rack Intake # N

(7] (s 20 lailiol G 12STas g jlons olos (s 03game -Y JSi&

! Partition

o)


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

Sl Solo g ol (Sloo & jai slo Sig, oy

715, e 5V Joir

ARE JTea!
=457, >
/-0, Jss3 s
=97, N

5] 05 S e s g RCTgn o Lo

[ total overtermperature ]
4 w7

RCI ==
HICH Max Allowable Owvertemperature

[ E{TL - Tm:r—n:—l::]’_"[}'?ma.x—ret
Veu X[V —
nx {Tmcx—d] - Tm:x—renj

M

ez sre 2o 5l YL les s 45 el ) SSLES VY e e S e 6,5 oIl ) YU slales DS asls oyl
Do a i WS a2 |y Sl (sles S YL oo oS, 4l Jlaizl adl a8 AV el T ple az 5m 0l
GRIPB 5 el (nl culee 51 aST Sl S, 4 09,9 Glon > E5 GRIB (AP ls (nl 0 Shee S9e sla ) 5l (S

D ogd oo iy ) abal) glhae 35 (RCILAW) asls [F] ol 6550 &8 pas

RCI [ total Undertemperature ] _
LW 71 Max Allowable undertemperatirel . ™)
) {Tm fn-rec — TL:] T Tmdn-rec

n X {Tmin—ren - Tmir! —cEE:]

THhaa

RTI) 22554 slos jasls —Y-Y

o Skl LS Aol Sl 4 plalee Gl w5 Sl e sl Ol 25 Sk 23

Ol 397y (S lod (aFlh Guizmes WS (o Cupde ) LS, @ (chaleye Sl (295 Gler S la
[NV ] 05 (o o5 25 (5 abaly Gebo (a3t (al mas (i |y (90 0Ly L g (52405 5

y I
RTI = \—M]x‘n“ )

A 1|"-:-.:[ui]J:|:=_~111

ol 993y lime 4 asb 1V e+ 5l 1S Sy aS by ey slme 4wl /) e+ 5l i RTI Lasls lade S
Sgd oo Ve el cpl Bs b Jee o cal 1V oo Lasla cpl 6l Jlade o5 JT el cnlplo AV ] el (6 j5ue

SHI) iy glof asls s RHI) 288 slo  Lasls =¥

o O L Sl e 05 Ol 9 S) & 6099 3 Sler Gl 99 LIS (e &5 im0 (a3LE g0
1 g03 03liiul 35 0 53 (5 dmalie gl WSl 5l g5 o g [vy] Ngd oo iy y2T ) D ygo Ay (MBS

oy


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

ubwﬁ ovL.‘,z/.,l} dozo

5Q

= f
SHI = (5 50) (f)
0
RHI—(Q_FEQ] ®)

LSy 2 o o)y 5 8 w0 pe glon (JEST Sl (lie 5 ol S, 5l oads piie JS Ol jlaie Q g8 Ll 5o
Dyl weose obs

Q= z z T Cp ({{:‘I?':I.T:]I.J} - ':TL;:]L_.) *)

3169955 5 > 95 Lawgie slos (TH) i o (Toud i conl ol cino, y0 ol S 4 (639,9 sl (00 My 368 Lalg, yo
(V9] o o bogrpo w2 40 25 o6 bl b sl g8 ol el o s, o gl oS,

SHI+RHI =1 )

39,5 5l 8 lga LS L suze i 5b bl 4 conl S aS SVl (605,9 (sled a5l ol [ SSLo sl oL SHI ST
s 9 S, om by G igpaly JEIS 05w lea b oS 5l (29,5 )5 lea LIS LS RHI (o9 o5 a2l 55 &
Ol ml oals SGop ool 3550 sl Giale yu e (b o] cdl> a5 il o5 SHIg oL RHI 50 4> 50 .ol

ol Voo o b aasly ol el S 5l 29,5 0,5 Slor Loy slsp o5 LXS| (e (5 saime lis cJl>

At 1 oS> SYoles -V

SYoles g Cewl oals (g5l Jaw SIGMADCXS (61381 o 55 any 51 oolaiwl b coads (g5l el 0010 35 50 (g00e Jow
S350 Oz Skl 4 dzg b il 00005 Jo V52,55 5 nAol o515 gom des lae S5 0 laly Cumdg o g0l
5 pikoge 0, (sl OYolas pogdle wols 350 Jle o pdL (ST ol goae g3l Jow sl canl (hgiae oold
P2 S 6l Ol Olase gam dr SVolas g, )15 4 Alazel STobel 6l jd Vg Joe SO (Gl o655
P 5 D0 4 (6550 Gl g piiege Sl

o) 9]

dx.
J

8 pusu;) dgp 8| |Bw; Bu ¥ By gl .

——— =+ |4l t 6y - | —piili; QY]
dx; dx;  Bx; dx;  Bx; v 7 Axy 8 x;

8 ! 8 8T

E[ up h-l-:u_i-u_i- =ﬂ_x_i- kgﬁa—xj-l-u[{fij}eﬁ QRD)

! Steady state

oY


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

Sl Solo g ol (Sloo & jai slo Sig, oy

Cole

kors =
€17 P

QR

B3 gl el al solatwl Yogame ez gy 5l oSl Yolee > sl wgae (gile Al cpl jo aS cal S LB
oS5 dele Jlow 97 5 485 plowl pgo Ao by, Sl eslitul b 23y 5 abmlr Slee s ile atnnS (Dlewle YL

Dgd oo oolaiuwl oy oSl cpl 5l cdl Dlanlxs jo ( SIS o by, 40 )Lad 5 Ce s 50,5 S (gl S Wl
.0)5] wod.v‘))l.ud u“‘\""’ﬁd"smb)ﬁ])" |) ‘5)9 6Lﬁ.| uylﬁb.};&s‘oool&.ﬁm‘ u.c).wj)LuJ ul?)lao‘u.udh‘))‘ds

Wgai osls 3550 (55l ane -F
9 ¥ le JSo jo a5 bl oo coSo o VY ) o T, FF ol b 8B1 j0 ools 35 0 ol SO sy 0 9590 diges (slad

el 00 00l QL.».: I\

S5 6505 IS Jome g LS —0 S alllas 9,90 (5o Gl (sles -F S5

S el b (o 5 lep @9 pies el Slg BLSTY S 0 (Sl b aS all 0 SV Jull 35 e 0l
el o0 sl SlgshS AR 00l 550 US> b el oad 48 F L5 5 b ) ialeses gl e < FF L3I
Frooad bl Gale s aoly Sl plesdly 0 piien 5 pleile S 0n e SBRSl Coz 4 go0e o (i el 5 am
I8 Ol bl cdl e, wl oad 4 L s ctaler w550 Ol el o eslinul SlaslS
lgo iS5l 5 ((Praw 25) SIS S 5118 395 e 039 (2l 50 Bl 00l S50 (il Sl 59Rlsz oS S
sla cdl> yo 0l (B cioloyw lo (s (S5 jsb @t oad 485l jo a0l Joe Oy 4 (o857 JUB (9
2 S 518 ey Oyse D

ab oI

SO0 TS 4 S p slee JUB 4 4l -
TR S R e P PRI ¥ FIFLAN |

! Finite Volume

o¥


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 |

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

ULK@, o,L.‘,u/..lé dozo

o5 8l b cllo

«5""‘5)" 6‘5‘“ Jl.;lf °|)'°'9:4. Sy 69)'“‘) + “-’l’ <l

Sire klyd -0

[T ol osiach 8 5 ol o 3l s i 55 25 Sl sl 550 0l 5 s lone 0 457

ol Sl eslawl b «Siion e 50 06d (g 8okl Wilg se g sl Lattine (68955 Ly lade 9 Jowe )
el patiie 0l Sy (g00e (Giluaned peily sl dos Sl (2o Oz g ose

Ol J5 el plyea) oS oo opm sk S Lulid i gile e a2ly pa 4 plyr CASHL e 5 oo Y
(sl als sl 9xly 2 5l (2955 Oy b b lalepw vl & 2255k

s, 5o el g Jsb (2,8 Boe (ke ol dilne BB 5 (aseie GBIyl o )l 5L lade 5 Jxe ¥
cslie Cod il b Sy codalissdy ()l Sl a4 az g by cenl st dag] 510 e 0 (Gl b Lol yes oS
33,8 oo ol

ol 0030 5 LAl o aiais Ol g oad 5,8 Sbbal eyl conls 55 0 ol yogs gl cde & ¥

Goue Jo (e lael -F

sles 2355 SIGMADCXS 33l o5 Lawss Jlow Sl 5 ol ¥olan Jor omn § lipebel sl ol s o
el 43,5513 auglie 3590 Liwly S50 (2525 Sl 03ld Lawgs 158l p 5 (nl b Slais 90 diged sLAS (g3le At 5l Jol>
S5 g0 alads laie 4 Vo oledd ST, (60959 5 00,5 (5,105 ol |, LS, Cawl s cols las O ISS yo oS ek les
olod b 35 @S 5l e VO g e ) e /D gl an ol s ee I 4 (69959 e Sl 008 oo Sl
Ded o0 dunlie Jgu ;0 goae (gilw a5l Jols il L g ol

\e O)la..:: ES) L 6;53)3 ‘SLQLQQ 6&&53 LSE),'J Au.e.u.o —YJ3A>

CC) Les s83¢ (5,5 o3l CC) Lo )z 5 o3l

VAN O VALY SIS S ) e 0 gl
Y. 14,) IS Sl e ) glis)|
YA YYY SIS S ) e 1,0 gl

R ps b eslanl b le a5l Jol> gl 398 JS& )0 Les @jsi 4 azgs b o) (oo sl a5 5l oo
Ayle BB oo gl oolo b oo 00 5l peS 15 wiil oo oy58 o ool b Jad LB coro slls s g0

a0


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

S Solopuw ol (Sloo xjai slo JBg, oy

-V

50 QAT WS 5 g VA glas)l g QA5 S 5l g SO el ) ST ST o g dorie SO b o den o
dolie Sz 4 el S a4 p3Y il oads ool HLISVY B P sl S0 jo Olas cpl o gles o j5ilS aS oulds aid )3

il 00l a3 3 Kl 4z 0 T B Ve Sles o3l jo Ko 5 sl jeulS Giules elide s

al ol -
+,0m glasyl ja L jguils Ym glasyl yo Lea ypuils \,0m glisy! 5o Loy jguils

eVl Sligod cages (glod Sstis sanlis Sl oyl o

ol Sl s = S

Bl
44
sl

221 sl JUIS olyad 4y il o =Y
+,0m glis)| jo ey jguils Ym glasyl yo Lea jpuls V,0m glisy! 5o Lod jguils

Syl 515 Cgllas as o Sl 5 dobes cases sles Sl ol o

pgs el amets Y S

PP L L S N [CSOIPRY O NPPRS PO P
<,0m gl o Lea jails’ Ym glasyl jo Les jauils V,0m glisyf s Loy jguils

315 5y Sendy Jol Sl 5l g eVl Sliad 5 Suls ases e 2l 0l 0

Py Sl azes —AJSS

o7


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

OhlKas 5 odilis daxo

£5 3y elyai s iy 2> -8
+,0m glisyl jo Ly jauls’ Ym glisyl jo Ly jauls V,0m glisy! 5o Loa jguits
4525 [y (Yl sl F e 5 0 demee Sligad (o o)l L8 pllas v o cul casas slas Sl ol o

plez Sl axes - S

e g0l eheit 4 4y > -
+,0m glisy| o Lea yguils Ym glasyl yo L yguils” V,0m glis! 5o Lo jguils”

poeiy b asets —Y ¢ S

)13 5LE Jlogi Cumidy 53 1S ) dpate Sigad 5 Suls cases sles Sl ol o

25 slen JUIS 3 2, 505 elai 4 4y 2> -1
+,0m glisyl yo Ley jguils’ Ym glisyl jo Ly Hguils ,0m glisy! ;s Loy jguils
cagle JL3 T el Comdg 53 S 53 disuate Sligad 5 Cole (ases glod el ol 4o

ey Sl s VY S

Gl b ) Lume  ogdle a5 i Los G a8 SIS wded 5 poms poo bl oles slo LelS 4 azg3 b
bl Gislo s Gro b ) 6,5 s gla & sid Brae il kil ol 0 aiiSee i i 1) Cale segas

ay


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

Sl Solo g ol (Sloo & jai slo Sig, oy

ool Gl Sl )b g g olasd ol Ll cpl 50 ausye a5 4y .ad )l iolo s 4y (g5ls 457 Sguiie
oS Sgdue odalie 0w gy0l) )0 diy (5 alaazme 15,0 ;0 Led et il Sy g0y Ojgan &S pE D 5 ey o
JUE sl a5 0g0i caslice lsie pgo 5 Jgl lo > asslio Lol b ) iole gl age b SO wlsie
QO Coms |y Los wilgie (g0ga> b L3S @S o Sl s oloml g all oo b &) iole s sl 295 Sl g oS

L2 gmals 4l

t5_{Lv:n> ‘SLQ ua>l.:: Oypo>d > c.j_b.t -A
o 0305 ST )3 l92 @358 )0 sote Loyl a5 (oles lo (Lo Gl e la LIl goue il Al Sl o
el 0 00l i b el prass §l Lol il ¥ o ¥ sl o 0500 ki sl

lo 23S (pedd | ol mlis Y Jgur

RHI SHI RTl  RCIg,  RClucw Sy >
SYARE S XYSVE ALY AR IIVA- i lgn casS e O3S GS 5l g a3 )
CEEOY XYY /P, TAeA ARE lgp 285 s JULS Y
S YEAS S YEYA JA-YY ARR TS A- N U S N [ s
- SOVY e TA ¥ AR AVAY: 05 58], oty aliime ¥
CAMY eeeYd JAYVAF AR ARE 5y 58], oty alsizea 5
CAAYY Y UVELY AL ARE lop St s 1y 0 pos (g0t 5,01, alzies 5

)i:L».a dde U"‘3 Cenl WREIHIEH ua}Lw Po 9 LJB‘ cJ> ).545&9...464 oo lice o uu).u 6[.% Qa.‘>Lw UwLu‘f
e 4y aS cwl TV e S Gl pu el piid g ety pgd slo Sl 0 aiSie a5 1) (oYL sles LS A ces
aer 0 RTI a3ls pgad ;o sl sdpwy Jlol o 4 ) Golejw a3l F ol 0 Jy casl sapw; JT ooy
Goldan ;0 35250 slo L, g 9,00 5eg G».J)L: ol &5 canl by olie ol g casl TV e 5 Jlade b &>
JV el > b ol o5 SHI g ol RHI (e ax,0 4185 &0 iyl 4 Ly sl (6908 O j0ar 00l plosl slo
ol el p)lez 5 psd et ooy Sl o a5, (ol 5l ml ool o ool 55 50 sl Gl s s (>0
il g e oJol o)z sl Gl i g o i sles atli pgas 10 a5l0,e5 0 dus ol 5l b S
VLW S KR T SO [ C L v

At sl Jow ol -V-A
5 ool psd o Sl )0 (25,5 5 6995 Gled (il (gl dlie Jloged i sla Joo oles s Jolod ol
Gldls vgei camlice (g ¥oolod Jooo 4 dzgi b sl cawlie LB VY ISS Jloges jo I, o)leds el 5 ooxts

)18 5 ugllae lyh g Wl aid 5718 (sl (e odgume ;5 ey 9 pgd

oA


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

u/)&‘”ﬁ Dul.;.,l/pl}' dazro

Loo (5uSSilio duws Lo 1000

36 3
34
32
30
20/ 19 18 47- 16 15: 14 13 12 31 10 90 & I 6 5 4 3 20 F ©
S, oles
~~~~~ ¥ ores cles oKl ¥ Lo icles oefils 8 rsst ccles Sl
. & " . N

S5 Al

b 53 e BB 6o Sy 4 4z Gialeye prens 2L 5 12 0Lz Gee 5 Sl anie el Gl
oo RCI, SHI, RHLRTI 551 0l &l ool 55150 5 1o e85 ,5kas sl cagas o (asli .Conl (6905 4y
Jss5 LB osgama 3o o1 e S 5 ol BCTaron Conls o5, igloyw 1Sl g 958 oo myye Ml &5 LS ls o5
Flosls 350 (IS 0 Shee n o3 JL sla 03gaoms yo b (a2 ls plo (585 515005 (oo (o) 2 LeaS s plo Bl
les nl (6,5 Lawgio jloslainl b wols 351w 2k sl oS, 5l 29,5 5 699)5 Gloles Conl @ azgi Lo l35 o
s b oold 55700 G >l j0 aS Galise slo el )l s bt ol o 0l asls it slo cls alae 4
el Coss & 5 Syse @l b T )0 ales lo (aSlE anglio 5 Wil (o0 50 Is2 e

s oslitl Ll 5l Gragly cul 5o a5 0ols 5550 Sy ales 2L 5 12 bz eesS ln il el
i8S slga (A5 U 5 D3 ST gk (pid )l 0 (59,8 gk abhione 1l Wiag &)lee

9 S 6551 Bl g 0 YL lome odguma 514, (639,5 slse sled (5 (o0 05 5 3 Sy l; (g alaize L
oolainl eSS sla (g, Glaie 4 QI S 51 sawn il g clSL ler uS UK el st 1) sy (o
Gyt Joe 0ty cmilio o il sl duglie gonme s dzgi b g 015 oo oyl oy Laylyd 28 JUIS a5 wisdh o
23,5 o0 Moy S (59,2 (gay dlime (i B Sl sy 090 Jke

ezl

[1] C. Kurkjian, J. Glass, Meeting the needs of 24/7 data centers, ASHRAE Journal, 49(2) (2007) 24-35.

[2] Emerson, Reducing data center energy consumption by creating saving that cascade across systems, Energy
Logic, (2007).

[3] Cho, J., kim, B.S., "Evaluation of air management systems thermal performance for superior cooling
efficiency in high-density datacenters", Journal of the energy and buildings, 2003.

[4] N.M.S. Hassan, M.M.K. Khan, M.G. Rasul, Temperature Monitoring, and CFD Analysis of Data Centre,
Procedia Engineering, 56 (2013) 551-559.

[5] R. Schmidt, M. lyengar, Comparison between underfloor supply and overhead supply ventilation designs for
data center high-density clusters, ASHRAE Transactions, 113 (Part 1) (2005).

[6]J. Cho, B.S. Kim, Evaluation of air management system's thermal performance for superior cooling
efficiency in high-density data centers, Energy and Buildings, 43(9) (2011) 2145-2155.

[71Y. Jiao, Y. Li, Thermal Analysis for Underground Data Centres in the Tropics, in Energy Procedia, World
Engineers Summit — Applied Energy Symposium & Forum: Low Carbon Cities & Urban Energy Joint
Conference, Singapore, (2017) 19-21.

04


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

oSl Salopus o (Sloo 2 joi slo Sig, oy

[8] Z. Huang, K. Dong, Q. Sun, L. Su, T. Liu, Numerical Simulation and Comparative Analysis of Different
Airflow Distributions in Data Centers, Procedia Engineering, 205 (2017) 2378-2385.

[9] S.A. Nada, K.E. Elfeky, Experimental investigations of thermal management solutions in data centers
buildings for different arrangements of cold aisles containments, Journal of Building Engineering, 5 (2016)
41-49.

[10] C. Lyua, G. Chen, Y. Liu, Enclosed aisle effect on cooling efficiency in small scale data center, in
Procedia Engineering, (2017) 3789-3796.

[11] Z. Song, Numerical investigation for performance indices and categorical designs of a fan-assisted data
center cooling system, Applied Thermal Engineering, 118 (2017) 714-723.

[12] J. Cho, J. Woo, Development and experimental study of an independent row-based cooling system for
improving the thermal performance of a data center, Applied Thermal Engineering, (2019) 114857.

[13] Sharma R.K., Bash C.E., Patel C.D.,“Dimensionless Parameters for Evaluation of Thermal Design and
Performance of Large scale Data Centers”American Institute of Aeronautics and Astronautics (AIAA), 2002,
pp. 3091-3101.

[14] M.K. Herrlin, Rack cooling effectiveness in data centers and telecom central offices: the rack cooling
index (RCI), ASHRAE Transactions, 111(2) (2005) 1-11.

[15] M.K. Herrlin, Improved data center energy efficiency and thermal performance by advanced airflow
analysis, in Proceedings of Digital Power Forum, (2007) 10-12.

[16] Nakao, M., Hayama, H., Nishioka, M, "Which cooling air supply system is better for a high heat
density room:Under floor or overhead", Proceedings of international telecommunications energy conference
(INTELEC), 12 (4),393-400, 1991.

[17] Noh, H., Song, K., Chun, S. K., "The cooling characteristic on the air supply and return flow system in
the telecommunication cabinet room", Proceedings of international telecommunications energy conference
(INTELEC),33(2), 777-84, 1998.

[18] Schmidt, R., lyengar, M., "Comparison between underfloor supply and overhead supply ventilation
designs for data center high-density clusters", ASHRAE Transactions, 113 (Part 1), 2005.

[19] Patel, C.D., Bash, C., Belady, L., Stahl, D. Sullivan, "Computational fluid dynamics modeling of high
compute density data centers to assure system inlet air specifications"”, The pacific rim/ASME international
electronics packaging technical conference and exhibition, IPACK2001-15622, 2001.

[20] Patel, C.D., Sharma, R., Bash, C., Beitelmal, M., "Thermal considerations in cooling of large scale high
compute density data centers”, Intersociety conference on thermal and thermomechanical phenomena in
electronic systems, 767-776, 2002.


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.1.4.8
https://jeed.dezful.iau.ir/article-1-351-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-27 ]

[ DOR: 20.1001.1.20089813.1400.8.1.4.8 ]

u/)K“‘”ﬁ Dul.;.,l/pl}' dazro

LY PXW T

Investigation of air distribution methods of cooling system for equipments of a
data center

Mohammad Khodabandeh®, Nader Pourmahmoud, Iraj Mirzaie

Department of Mechanical Engineering, University of Urmia, Urmia, Iran

Received: February 2021, Accepted: May 2021

Abstract

Data centers are places that house servers and IT equipment. Network and IT rack is hardware
that houses hardware modules such as servers, storage, switches and communications
equipment, and UPS and other network equipment. Thus, in a suitable and safe environment, it
provides coherent floors for storing network equipment. Due to the constant release of heat from
the racks, the management of air distribution systems and cooling systems in data centers to
prevent damage due to high heat is of particular importance. The purpose of managing air
distribution systems is to solve problems in data center cooling, including minimizing the return
of hot air, cold air bypassing, and eliminating hotspots, as well as reducing the high costs of
cooling systems and their efficiency. In this regard, various parameters for estimating air flow
and temperature efficiency in a data center were investigated in this study. As a result of the
studies, it was found that by enclosing hot and cold corridors, the inlet air temperature can be
increased. We will go higher than the allowed limit and we will have less energy loss and better
efficiency. Return air ducting and partitioning of false floor are used as complementary methods
that create better ducting conditions and according to all the comparisons made, the most
suitable model for the model under study, cold corridor enclosure was suggested.

Key words: Data center, Air distribution management, Numerical simulation, Temperature indicators.
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