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Abstract The huge amount of energy consumed in data centers has prompted researchers to continue studying how to improve their ener-
gy efficiency, and according to a US Environmental Protection Agency report, the energy consumption in data centers is doubling every
five years; in contrast, the energy consumption in data centers in China have a growth rate significantly higher than the average level glob-
ally. Improving the efficiency of the refrigeration system and optimizing the data center airflow pattern will minimize the energy consump-
tion. This paper is the second part of an investigation aiming to find a more satisfying airflow pattern in a data center and to help provide
servers with a safer and more reliable operating environment. Based on the simulation described in Part I, the optimal model, including
six groups of duct structures, is verified. The odd-numbered sub-modules of the data center were taken as the measured objects, changing
the perforation rate of the floor, and the angle of the baffle, to obtain the six groups of reasonable airflow patterns. A comparison of the two
key parameters of the front door air supply, namely, the speed and temperature, proves the reliability of the simulated airflow. The maxi-
mum relative deviation between the measured and simulated velocity is 17% , and the maximum relative deviation of temperature is 5% ,
which shows that the simulated temperature and velocity fields are in agreement with the measurement. Concerning the data center heat
flux density and energy consumption, the air supply conditions of the cooling system are changed to achieve a comparative analysis of the
temperature field under various working conditions. The return air temperature index (RTI) is employed as an evaluation indicator to find
that the recommended air supply temperature range, which is 16 — 19 °C. The results of this investigation can provide reference for the de-
sign of a data center using an under-floor air distribution.

Keywords data center; air duct layout; experimental verification; air-supply temperature ; return temperature index( RTI)
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Fig. 2 Layout of measuring points for air outlet
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Tab. 1 Geometric dimensions of each duct

I 600 40 o
1 600 50 N
" 600 60 N
W 600 20 0
v 600 20 13
Vi 600 20 %0
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Fig. 4 Comparison of air velocity for each air duct

structure’s 7# C cabinet
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Tab.3 Comparison of outlet air temperature of cabinet door with different air supply temperature
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Tab.4 The RTI of the 1# —9# frame B cabinet

PMREE/C RTL,/%  RTL,/%  RTL,/%  RTL,/%  RTl,/% RTlL,/% RTL,/%  RTl,/% RTL,/%
16 96. 1 94.6 92.0 100.3 95.5 97.6 97.0 100.8 99.2
18 92.7 83.8 94.3 108. 4 84.9 95.9 92.1 107.4 89.3
20 95.3 86.4 91.2 119.4 84.3 94.2 89.6 115.5 84.6
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Tab. 5 Each horizontal height wind speed of the 5# B cabinet

KEEE Z/mm v/ (m/s) v/ (m/s) v/ (m/s)
500 0.72 0.74 0.73
1 000 0.65 0.62 0.62
1 500 0.63 0.64 0.62

% 6 B IIHIE S#EKERENRE
Tab. 6 Each horizontal height temperature of the
5# B cabinet

K RE Z/mm t,/C t,/C t;/C
500 23.2 23.1 23.0
1 000 23.5 23.5 23.8
1 500 24.6 24.7 24.7

HRIEHE 6 HLIHIEFH B FIALHE S#45 /K-
JE IR E AT EE N 1, _gp =0. 09951, _, o =0. 172
. s =0. 057,

P, B B HLAE 5 # B IXUGH AR 358 308 38 10 R o2
FER/IN, AT DL e 485 S 0 B et /DN e 2 S A v
=

6 &it

ARICE SN CFD BEBAU I A B B A Y
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M T 326 U v oC JUART 2854, R I S0 b 28 L%
FPS AR A R B0 UE T A e RS RLAE DI 1Y) 6 A1 RUIE 25
A S S5 AU B AR X R 25 e KR 17 %, 1 3 AR OGS
WERKH 5% , HEY RESERER R, 7
PEIEAh b, 25 A5 th L SE PR REFEEUIR TR AT R
G52 MR LI S AL 2L AR Ak, A5 4 5l 26 KUTR B
DX [, (0 O AT A 20 5 T B 3 A B Bkt
AEIRTY, EESST .

1) 38 A% BE S 55 A48 25 S AL i 1) 4 AU
JEE R B I A S S A, SEI IR T 5 — B 4B AL
DA RTE S5 44 O TE B P, R bR 206 KU B d0 Hho A
WIS % |

2) FEAR 3L KR T 00T, X iz Bt o0 5 #5037
TR ST AT R B L 25 A i O R R S
REFE/K T, 26 XU M 16 ~ 19 CHT HLG T3R8 R
U3 MRS e IR 45 4% 22 A MERE R A 16 C ik
I, M52 TR o0 BB FERT  ZECRH 19 C
R, T — A s KR AT E 16 ~ 19 C 2
[ S 1L

3) 3% X B AR Ak X B o SRR R R 4L 8
FEE— R (AL RERE S b 248k, SO R
[l XU FE 2 RTT I LAV B8 o0 38 T3 8% i
SRBEAE S LA MLAR IR B /0 A AN SRR (HIR AR
AT b A3 BT 126 TR 43 A 22 57 X R A AL s 40 APk B A 5
), Je SRR 5 T LA 26 KU B 5 8500 b oo B FE AR 16 K
SIMALNZ TN AEIRER 5% I8, 8 S BUAE RS
R e AR KR S IR L RERE R 45 65 45
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