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A Study on Air-distribution method for the Thermal Environmental Control
in the Data Center

Jin-kyun ChoT, Ji-hyoung Cha, Min-ho Hong, Chang-kun Yeon

ABSTRACT: The cooling of data centers has emerged as a significant challenge as the
density of IT server increases. Server installations, along with the shrinking physical size of
servers and storage systems, has resulted in high power density and high heat density. The
introduction of high density enclosures into a data center creates the potential for "hot spots”
within the room that the cooling system may not be able to address, since traditional designs
assume relatively uniform cooling patterns within a data center. The cooling system for data
center consists of a CRAC or CRAH unit and the associated air distribution system. It is the
configuration of the distribution system that primarily distinguishes the different types of data
center cooling systems, this is the main subject of this paper.
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(Computer Room Air Conditioning/Computer Room Air Handling Unit), A
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Fig. 1 View of a hot and cold aisle configuration

Table 1 Aisle pitch allocation [2]

Tile Aisle | Cold aisle | Hot aisle

size pitch size size
U.S 2 ft 14 ft 4 ft 3 ft
Global | 600 mm | 4,200 mm| 1200 mm 914 mm
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Table 2 The 6 basic types of air distribution system

eturn| CRAC Flooded Locally Ducted
Supply Return Return

CRAC
Flooded
Supply

Hard
—floor
Locally
Ducted

Supply ALT-3: HLSCR

Raised &
—floor

Locally U “"’ i
Ducted

Supply ALT-5: RLSCR ALT—6: RLSLR

1.HCSCR: Hard floor Crac flooded Supply Crac flooded Return
2.HCSLR: Hard floor Crac flooded Supply Locally Ducted Return
3.HLSCR: Hard floor Locally Ducted Supply Crac flooded Return

4 HLSLR: Hard floor Locally Ducted Supply Locally Ducted Return
5RLSCR: Raised floor Locally Ducted Supply Crac flooded Return
6.RLSLR: Raised floor Locally Ducted Supply Locally Ducted Return
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Fig. 2 Modeling areas of data center for simulation

Fig. 3 Simulation modeling
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Table 3 Boundary condition for CFD simulation

Case ALT—1: HCSCR [ ALT—2: HCSLR
Method CRAC Flooded
Size 2.1m*0.4m 2.1mX><0.4m
Numbers 2 EA 2 EA
Case ALT—3: HLSCR | ALT—4: HLSLR
Method Hard—floor Locally Ducted
Supply Size 0.5m><0.5m 0.5m>0.5m
Numbers 20 EA 20 EA
Case ALT—5: RLSCR | ALT-6: RLSLR
Method Raised—floor Locally Ducted
Size 0.4m><0.4m 0.4m><0.4m
Numbers 80 EA 80 EA
Air—flow 45,600 CMH, 13 C
Case ALT—1: HCSCR | ALT-2: HCSLR
Method | CRAC Flooded Locally Ducted
Size 2.8m><0.5m 0.5m><0.5m
Numbers 2 EA 20 EA
Case ALT-3: HLSCR | ALT—4: HLSLR
Method | CRAC Flooded Locally Ducted
Return Size 2.8m><0.5m 0.5m><0.5m
Numbers 2 EA 20 EA
Case ALT—5: RLSCR | ALT-6: RLSLR
Method | CRAC Flooded | Locally Ducted
Size 2.8m><0.5m 0.5m><0.5m
Numbers 2 EA 20 EA
Air—flow 45,600 CMH
1T Inlet 650 CMH
server | Outlet 650 CMH, 35 C
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Table 4 Vertical temperature and velocity distribution
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Table 4 CFD simulation results of the air distribution systems

Hard

floor

Raised floor

ALT-1: HCSCR

ALT-2: HCSLR

ALT-3: HLSCR

ALT—4: HLSLR

ALT—-5: RLSCR

ALT—-6: RLSLR

System
diagram

b~

EEESESEEREDESOE
EEEREEERENNNEEN

= e
SEEENsNESENEENE

— 491 -




(2) dlolEAE 7 HFEE
dlo] ] AME = A E7gte] ol

=
N,

]
e ddgd e @rtste Fa% 247t
e A R Rl RS R B - B[
& Adey] A e T AT
& o] Hast Txd TVE THE

¢ ool ol
22 o e YA N e 2 ogo X du

o
)
1>
lo
AN
)
ol
ol
4z
=
ﬂ,‘
it
-
N
s
=
N

o
2

T

—

2 =

2
ol

%7} =t} Hot aisle W&
T ool F71E CRAC
o7 e Fqor A} Zush
upg} okzhe] 7| FEwoE 2ozt AN A
OS2 10m/s WHele] AL FxE B

TN o

(3) Elelg A g7 A2~g A e
delel Al o T71Em Alaw 58 Y
IT Aol Al #ew, wehy
Ayl MY FEehs 2Rek

u;{m

o>
-
7
N
ro
A
o
ol
N
~._
2
o3
r {
N,
hu)
)
1>
o
N,
2
o 10 = X Hr ol oX

Rs

o2
folr
4
32
v
IS
)
=
s
A

lo f mo 0% Mo oo
o [
i)
&
&
il
_>|’j_'4
N
ol
ol
e
=

N

Yol Tojo BB o

N Moo Ry orff U rfo

o E X of [»
N
o ml
> ol
C g
fols
_\-'g
o
=
T
D so o
i o it
dl dl
e 2%

N oo LB 2 2 oox > o
-
S
X
Hu
1o 4
M
Rl
N
L
2
o
2
]

2
§2
N

2
T,
™
2
flo
ol
N
rlo
b
2
It
14
ﬁ
>,
[> =
T, ko
Lo 8oz
2 Z 2

{1

AP T > 2 o 3o on

o
i,

B AT ITSAd d&she e a71&
Al z=E AgS 9 ARAA et dis) A
FH, AEAD AANS] w3 #HeLsE ¥
Atk L Ade vh5 3 2o

() dlelHAE e F7]EumA2g2 7] Y

F7IA2"e HE/FYW2 T hard floor =&
raised floor 27l we} F 67Fx]9] A€l
Z3to]l Jhssith e Al=Ee] §8& ¢ AT

IT A e A7 o] #eddrt,

(2) CFD Al&# oS Zaf zZtzte] F7]&Eu)
WA e 9 VFEA Ay, JFF)/ A
7] WAeo]l dAnkH oz Fud oz A
ot Egh vy g A AgE FRoA 2o ¥
17 AWz AfdEs @ nasd s
5 Aes zZret SUF7IEAL AT
A7 2% 9 757 BxIF kg AelH] 7] uf
ol &gt AARAE H g AHFe oz
A=Ak

(3) F7IEuAl ="l A FrlREd wE
AN 2" oA S, Ane FA Ao, AX
o, Fa 5 AExAC g8 AlxEe] EaF
T BEEE AAWRS dis] WA A= of

W oATE delHAE 48 e w1

AzE ASe B ARG AUl

uth ARAQ dolEE 2

CEREED
9—:1]

2el

1. Neil Rasmussen, 2003, Air Distribution
Architecture Options for Mission Critical
Facilities, APC White Paper #55

2. TC 9.9, Mission Critical Facilities,
Technology Spaces, and Electronic
Equipment, 2004, Thermal Guidelines for
Data Processing Environments, ASHRAE

3. Cho J.K.,, Kim B.S. and Jeong C.S., 2006, A
Study on Equipment Power Trends and
Heat Loads for the Optimal IT Environment
Control in the (Internet) Data Center,
Journal of the Architectural Institute of
Korea, Vol.22 No.9.

4. Cho J.K., and Kim B.S., 2008, The Cooling
and Air Distribution Systems for the
Optimal IT Environment Control in the
(Internet) Data Center. Journal of the
Architectural Institute of Korea, Vol.24 No.2

— 492 -



