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The power trend of using server systems in data centers is continuously increasing. As a
result, the server racks remove a dissipation of heat. For this reason, a raised floor air
conditioning system is used in data center cooling systems. This cooling system is important to
keep the computer system operating to be effective and long lasting. Thus the proper design air
conditioning system in data center is concerned in order to avoid disruption that caused by
overheat. Today it is not only a raised-floor cooling system that has been used in data center but
also a new cooling system called “In-row” has been introduced into the market. This research
presents a simulation of cool air flow generated by these 2 different air conditioning systems in
data center for giving some appropriate guidelines to help the designer to achieve a better and

more efficient cooling system.

Commercial Computational Fluid Dynamics program (CFD) was used to analyze the
airflow for data center cooling system. Measurements of air velocity and temperature were carried
out in the data center to validate the simulation results. Afterward, the simulation of airflow in the
data center using combination of raised floor and In-row air conditioning systems was simulated.
As a result, dimensionless parameters in the form of supply heat index (SHI), heat load of server
racks and the volume flow rate from perforated tile were carried out by considering the rack inlet
temperature compare with the standard air temperature of ASHRAE. It shows that these
parameters provide an effective tool to the improvement of energy efficiency in the raised floor

data center.
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http://th.wikipedia.org/w/index.php?title=American_Society_of_Heating,_Refrigerating_and_Air-Conditioning_Engineers&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=American_Society_of_Heating,_Refrigerating_and_Air-Conditioning_Engineers&action=edit&redlink=1
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Supply Heat Index

Supply Heat Index (SHI) Aomaaudls 135a 1¥dmsvuentSinams Ivadeuves
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QU

= A Y = Y v A
MAYUDIDINANDONIING CRAC {'I'pf)clﬂﬁ’nl”liﬂLlﬁﬂﬂulﬂﬂﬂﬁuﬂﬁ‘ﬂ 5 (Sharma et al, 2002)

60 _ TipTer
SHI=——=_==t
Q+EQ TLILT'T:I'E'f (5)
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[ o o
(conservation of mass equation) AUMNTOUINY Tuuay (conservation of momentum equation)
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QoS a Innd(Navier-stokes equations) FUDuszVUaUMIAMNUMST IHavesves Inaninavy
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IN T,mﬂzmu"l,mmumim’muagﬁlugﬂmmﬂumiwwgwuﬁ ANUUNITUNTUNITUUIYT

¢ Y an a 2 g 2 A o Y ' o an -
aland AsnNadiamaas lneasaiuiunuigeendudou uasamwnsnie1Is s
Y ] o -4 % 3 ~
#1189 (Numerical method) 11338 1ums¥fmaeuvesaumsi e suilunuives wameans
w09 IMaFaf1uIn 150 Computatiional Fluid Dynamics (CFD) uagludduse 11 azoTure

o a oA o @ a 4 1
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gm‘ui‘immmmﬂuﬂmmmms‘lm

A P2 P4 Vo & A
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annzms mavziusuuiulu Fams Inasznldeundasnuauifuesves Tnasealudy
=\ [ g’/ 9 y 1 a S Y at a o 2K A
sudioy asdumsuddyims lanuuiuihunadiamdas o35 3@naviailuGosen
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uuvTuihuie I uITAMIAIUIAITIAUAY LANDUNIZAAIIDAULLTIABINT Tt
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<3 a1 Y U A ] ]
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i = time-aweraged
for mean) value

e T .,I

o e T '

i 8 malasuutaseds ludluszdevvesms Ivanvuiluilu

An: Versteeg and Malalasekera (1995)



16

nuudraesnnufuihu uuy Standard k— &

o X ' < o X
HUUaeInNUYHYINLUY Standard k — £ uuusiassnamsnaass Tag
. . g o ) s Yy . .
turbulent Vlscos1tyL1J1.!‘1/1Qﬂ%uﬂlﬁlﬂwaﬂﬂui}auGIJ?Nﬂ’ﬂll U2 (turbulence kinetic energy,k)
@ o 4 X 1
1A 9N INITNIZNINAINUIaUYRIANNY U IU (dissipation of turbulence kinetic energy, £)

Tafiaumsdanie 2 yailuaumsves kuay £ (FLUENT User’s Guide, 2001) 9619829

d(pk)

-

+div [pkﬁ)q:ﬁv [( wt ﬂ) grad k] +G .
C

1
o TGy -pe-Yy Sy ®)

Lf +div[paﬁ)=div [(p+ﬂ) grad E:|
G

&

wHCp [Gk"'C:\aGbJ-C:sP%"‘Sk ©)

A o /s a ag < A A [ PPN zg
Tae G, AonasnuaauitnaIuINANE ARy, GyAeNasUIaiNNATUIINMT
A98f7 (Buoyancy), Yy Ana1msnasala deiimaseanuiuilmlumsiva, . Chuae
I 1 { 1 o w o
Ci, Lﬂummﬁ, Gkuamﬁ@m turbulence Prandtl number Y94 k t1ag £ 9118190 LUVA04

VIR turbulent viscosity, L, Ao

-

2
w=pC,— (10)

a9 C, flushash Taens limnsi luaumismsaiemdredu adinnily

Ci= 144, C;=1.92, C,=0.09, 0,=1.0, 6.=1.3
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4. m’%mﬁa’i’ﬂqmwgﬁ Thermocouple type K
1 =y < ) o ] o < [ A
5 avssaaudu dimiurelumsiaanuiEran asudaadlunini o
6. Tilsunsw Ansys (Fluent) 118 Gambit
7. Mo PVC
8. AaUIAT

H 1 < ] o < ]
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Perforated
tiles
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Inlet,
Perfarated tiles

v ] Y
a4 mstmuagiluuuReu lvveuavesszuulsuemauubiuen

v H Y
fmuams lwamelugusdoyadiuuuuiuiu Tasms lvafifaiuegluaniizag
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@ 4 d Y a 4 <

7 (Steady flow) 11090 INgUITOYATNTAIVALQUNYILATANUTY ABDA 24 52 119
° Y ' 9 = s
pypaesms wanvyiuuvesermeez 195suuaumsuiesaland

(Navier stokes equations) itazttu1a09n101 1) 1UuLY Standard k-2 Tasfvualieinsa

Huvealnansada1u1d (ncompressible flow)

] 9
aSuHunguruEion eennmsaiausunguesaiudesldninensnia

v

a J I [] = o 9 1 A 9 @ [
ADUNAADTY U INUN {1]QV]Tﬂ’]ﬁﬁiTQLLW‘HWEULL‘]J‘ULﬁﬁJﬂuTﬂﬂi%ﬁﬁﬂﬂ’]ﬁﬂ?’]ﬂﬁﬂwu‘ﬁ

FLHINANVAUANATONUNUNGY (pressure drop) AITUAITN 11

|

AP=*p*Ky *V? (11)

E

3 1w a £ '
K. Aumdulszansanudiumums lavesenme a1 Ky, awnsonlaein
v o J o ra = 9 < I~ Y Aa 1 &’ A A
AUMIANUANNUTUDI AP Ay V "]f\illﬂﬂﬁﬁnﬂllﬂﬂ@na@ﬂ““ﬂﬂﬁjwaﬁllwuwgumu']ﬂwu‘ﬂlﬂﬂ

] o { [ 1 1 o P AP [
uHuNgU 25% sanaaaluained 2 Taglamoasiaiusgning AP Ay V {?) A 26.31

Y ]
[ Y

o v { jP 1
udievhmsieuduaumsi 11118 o = 2631 =-Ky,p
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mfmualdnnumumiueimea(p) Agamgiiena 16 °C ANy 1.225 kg/m’

wlda Ky, iy 42.92

amum Iaeldaun1sves Idelchik (1994) Aaun1sN 12 WUNURUNFUNT]

A

tagty

J 3 o y { A 1w 1 1 o
wediwuanundaming 25% laa K. mny 42.75

LN

K= (1+05(14) ) +1414(14) (12)

M| =

' A [ 1 s 3 a’dy A A 1 1 kS 1A
Taga f Ao ammamﬂmwuﬂwuwLﬂﬂmamwuwgu ANNITNIA Kﬁla MNADILUUNUINUAN

IndiReeny
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d' LN A 1 A J 3 = 1w
M1319N 2 ﬂmﬁuummmmﬁ‘nmuuwuw;ummﬂaﬁwumﬂmmﬂu 25 %

Air flow measurement

Pressure/Airflow Pressure/Airflow
Pa L/s H20 CFM
50 495 0.2 1050
45 467 0.18 990
40 446 0.16 944
35 418 0.14 886
30 386 0.12 818
25 352 0.1 746
20 314 0.08 666
15 276 0.06 584
12.5 251 0.05 532
10 225 0.04 476
5 157 0.02 332

3N: Tate Access Floors, Inc.(2007)

' o a J J
an1ziiou lvuen(Boundary condition) Y0 UTIABIABNNIUADIVDIFUITOYA
o v { o ' 3 . .
MUUARININD 14 Tasn1997(Inlet) MrualiAIANUEIV0I01MA(Velocity inlet) Tng
° Y Y A 5 A . ° Y ~ Y
mvualian lvadiinnuiEaaei, Perforated tile Myualiurungulinnuduniums lva
9 Y yad 4 a Jd o 3 . Y v yad J
Y9I0IMA, AUHINGFIIeTAONNIADS MKiuaT Interior, ATUHAITITST WO
a J o Y a ?:}/ @ R Ao .
AR ARSI MrualilimsAnaanaau (Fan) ¥938a51015 11a 1300-1600 CFM (Choi et al. ,
o I { o
2008) Hag@1uN1900n (Outlet) Trualmidlu Pressure outlet MA15197 3 Tasmualig

Ad s A S 1 A =
L"lﬁwwﬂﬁﬂﬂNW?L@]@iLLﬁﬁSLﬂi@Q 4 Heat source 3 kW
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v ] Y
M319N 3 mimmmﬁm’;zﬁau"leusuauszuuﬂi’ummmmuﬁuaﬂ

Boundary Setting
Inlet Velocity inlet 0.34 m/s temperature 286 K
Outlet Pressure outlet 0 Pa
Fan Pressure jump constant

Setting as porous zone and is calculated

Perforated tile
using Eq. (1), (2)
Rack inlet Interior
Other wall
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,di 15 uuunssaiegnsaivesszuulSue maAuUY nrow

annzon lvueu(Boundary condition) Y8352 ULYSUOIMALLLY In-row FIHUAR
{ o I . 3 ) <3 {

M1 16 Tasau Inlet Mviualiidu Velocity inlet Taofmualian lnadilianus i,
Y Y Yad 14 a J o I . 9 v Yad 14 a J o
munthdissnnesaounuaes mvuaily Interior, MunagFinoinouiumes s
I A o . Y ° Yy (4
(1% Fan116031013 1%@ 1300-1600 CFM (Choi et al. , 2008) t1azey Outlet 1A IHAIUNE

o < { ° ad s A s
AUSU019t (] In-row) 11Ju Pressure outlet AWM 19 4 TaofmualigiFsvneinouiinaes

HAALIAT DY 1 Heat source 3 kW
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Perforated tile @ heat load 6-9 KW
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Perforated tile @ heat load 10-14 KW
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SHI=—* =_ji=f
Q+0Q TLHT'T:I'-"_'E (5)
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kW, Q = 10,000 W uazanmsmudalude 1. 1aa1 AT = 21 K Taefiaduq laun Cp
] 9 ]

=1010 J/kg K, p = 0.0000179 N s/m” 11az Dp = 0.338 m (lourungulinuiiila 25%)

2214 Pr = 1.283E-05

PF%=LL“§ = (15)

& s A ~ v
W']Lﬁ‘ulﬁfﬂuﬁﬂ (Re) NFUNITN 13 Iﬂﬂ‘ﬂ SHI = 0.4 itag Pr=1.283E-05 ﬁ]gllﬂ Re =

22916.67
SHI=-1.8706(Re*Pr)+0.9493 (13)

1 < A ] 9 =i A 3
W"Iﬂ”lﬂTJ"I‘JJﬁ’JﬁUi’N@"Iﬂ”IﬁVIW"IL!LLN‘L!'W?H(Vp) Igaunsn 14 Tagiia p = 1.225 kg/m
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Re=—’¥ﬂ (14)
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Y
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PF%=LLH§ £ (15)
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F=*Pr
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ANVF UM
Heat 3 ., ANNIZIVDIDINIAT QUNYIGIga
M3 ginsal S o, v vy
load . . AULHUW UM YIDINAA YNNG
21MA MANWTU =y, L,
(kW) lufesni(m/s) 5N (K)
1.375 292.93
1.297 293.62
), 1.239 295.72
LUUNWHYN &
1.161 297.49
1.072 208.11
0.978 299.06
7
0.872 292.79
0.767 293.2
In-row 24 kW
1A 0.697 294.04
WaruNeY 0.625 296.01
In-row
0.436 295.62
322 kW
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Heat 3 ., ANNIZIVDIDINIAT QUNYIgIga
M35 9Un3al o . v 9w
load . B AUUNUNTULAT VYBIDINMAN UG
91N¢ MANNEU e . ,
(kW) Tufesnii(m/s) 1533193 (K)
1.375 292.67
1.297 294.42
HUVNUEN A 1.239 296.81
1.161 298.9
1.072 299.72
. 0.978 2939
0.872 293.96
In-row 24 kW 0.767 294.44
WYY
b el 0.697 295.49
0.625 298.59
In-row 32.2
0.436 297.46
kW
1.375 294.15
HUVNUEN 3 1.297 296.35
1.239 299.79
1.161 293.94
1.072 294.43
9 In-row 24 kW 0.978 294.94
Hyy 0.872 295.87
WEUNEIU 0.767 297.77
0.697 294.13
In-row 32.2
0.625 294.61
kW
0.436 299.28
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Heat 5 ) ANUITIVD IR QUNANGIFA
M3 ginsal S o, vy
load . < WWULLWHW?UN?T] GUfoJ']ﬂW’Tﬂ']uﬁLﬂﬂ
91INA MANNEY e L,
(kW) thuf]fJﬂ')'](m/S) L“])'ﬁV‘IL'JfJﬁ(K)
2 1.375 295.45
LUUNUHYN -
1.297 299.51
1.239 290.77
1.161 293.3
1.072 294.52
In-row 24 kW 0.978 294.94
10 0.872 295.93
HUY
o 0.767 297.57
0.697 299.77
In-row 32.2
0.625 295.78
kW
In-row 36.5
0.436 294.74
kW
VNN < 1.375 296.98
1.297 290.74
1.239 291.14
1.161 292.4
In-row 24 kW 1.072 294.39
0.978 295.82
11 TSI
——— 0.872 296.94
0.767 299.12
In-row 32.2 0.697 296.05
kW 0.625 296.92
In-row 36.5
0.436 293.58

kW
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M35y 91n3al L . v 9w
load . < WIHLRUWIHUA ﬂlﬂﬂ@?ﬂ1ﬂﬂ1uﬁu1ﬂ
0107 MANNGU vy . ,
(kW) lliJ°L!EJ8Jf]’N(m/S) LG])’iV‘IL’JEJS(K)
HUVNUEN - 1.375 299.06
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1.161 293.04
In-row 24 kW
1.072 294.57
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12 Hyy
YA 0.872 298.15
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13 Wy
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Heat 3 S| anwiEvesemeai QUNYIFIga
M3 ginsal S o, v vy
load . < WIHLRUWIHUA Gllf)\if]']ﬂWﬂﬂ']uﬂU']ﬂ
o1MA | WAnui =, L,
(kW) llaJu@fJﬂ')’](m/S) LG}ﬁV\lnﬂi(K)
1.375 291.81
1.297 292.48
1.239 293
In-row 24 kW 1.161 293.74
1.072 296.07
35 051]
14 0.978 298.95
WNEHUNTTU
0.872 300
In-row 32.2 0.767 298.27
kW 0.697 299
In-row 36.5 0.625 291.12
kW 0.436 299.58
1.375 291.51
1.297 292.19
1.239 293
In-row 24 kW
1.161 294.02
1.072 296.98
[AST51]
15 0.978 299.92
NAUNTIU
In-row 32.2 0.872 297.42
kW 0.767 299.53
0.697 297.55
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Heat 3 ) ANUITIVD IR QUNYIFIga
M3 ginsal S o, vy
load . < WIHLRUWIHUA GUfoJ']ﬂWﬁﬂ']uﬁU']ﬂ
oIMA | WAnub Y L,
(kW) lliJufJfJﬂ')’](m/S) Lcﬁﬁwwﬂﬁ(K)
1.375 291.99
1.297 292.62
1.239 293.55
In-row 24 kW
1.161 294.81
1.072 297.85
LUy
16 0.978 300
WNEHUNTTU
In-row 32.2 0.872 298.99
kW 0.767 299.97
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NFTUNTIU kW
0.872 297.63
In-row 36.5
0.767 298.53
kW
0.697 299.73
0.625 298.65
In-row 56 kW
0.436 300




= v
AT NANUINT V2 (D)

74

Heat 3 ) ANUITIVD IR QUNNNFIYA
Mslsu ginsal L o, v 9w
load . < WIHLRUWIHUA Gllf)\if)']ﬂﬁ”fﬂ']ﬂﬁ”']ﬂ
01l NG RENtY, e .
(kW) thufJfJﬂ')’](m/S) LG]ﬁV‘IL'JfJﬁ(K)
1.375 293.09
1.297 293.92
In-row 24 kW 1.239 294.78
1.161 296.1
1.072 299.19
LUy
18 0.978 294.71
NN In-row 36.5
0.872 296.93
kW
0.767 299.85
0.697 297.02
In-row 56 kW 0.625 297.36
0.436 301.57
1.375 293.69
1.297 294.66
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1.161 296.81
1.072 295.53
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19 0.978 295.54
NEUNTIU kW
0.872 298.2
0.767 297.33
0.697 297.59
In-row 56 kW
0.625 297.93
0.436 302.88
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M3 ginsal S o, vy
load . < WIHLRUWIHUA GllfJ\ifJ'lﬂWf’Tﬂ']uﬁLﬂﬂ
91l MANEY e .
(kW) lliJufJfJﬂ')'](m/S) L“])'iV‘IL’JfJﬁ(K)
1.375 294.28
1.297 295.45
In-row 24 kW
1.239 296.35
1.161 297.47
1.072 294.96
Uuy In-row 36.5
20 0.978 296.58
WNEHUNTTU kW
0.872 299.59
0.767 297.81
0.697 298.2
In-row 56 kW
0.625 298.59
0.436 304.13
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