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Abstract: To address the energy consumption differences between new and traditional cooling methods
in data centers, this study establishes an energy utilization model for data centers, provides a detailed
overview of the key components of servers and cooling systems. as well as one-dimensional and three-
dimensional coupling modeling methods, performs an in-depth energy consumption analysis of air
cooling and air-liquid hybrid cooling system components. Air cooling represents the traditional
cooling method, while air-liquid hybrid cooling is a new cooling approach aimed at high-power
servers, Under the condition that the dimensions of the server components, chip power, and
maximum chip temperature are the same, a comparative analysis of the results from the two

cooling methods is conducted to quantify the differences in energy consumption. The calculation
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results indicate that, compared to traditional air cooling, hybrid cooling reduces total energy

consumption by 16. 19%; hybrid cooling mainly lowers the energy consumption of chiller

compressors and server fans. Additionally, due to the absence of an air-water heat exchanger in

the liquid cooling system in the case of the hybrid cooling method, the system is simplified and

can further enhance the heat transfer efficiency of both the primary and secondary cooling sides of

the data center. The air-liquid hybrid cooling method demonstrates a significant advantage in

reducing energy consumption.

Keywords: data center; air cooling; air-liquid hybrid cooling; energy consumption analysis
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Fig. 1 One-three dimensional coupling modeling flow chart
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Table 1 Materials and physical properties of components
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Table 2 Boundary conditions for three dimensional server
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Fig. 4 Schematic diagram of air cooling system
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Fig. 5 Air-water heat exchanger tube bundle structure
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Fig. 6 Refrigeration cycle pressure-enthalpy diagram
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Fig. 9 Schematic diagram of hybrid cooling system
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Table 3 Comparison of cooling methods between hybrid

cooling system and air cooling system
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Table 4 Comparison of simulation results of servers
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components under the two cooling methods

ME 11 R, B RKBEDFECH 0. 27 kW, E
BEFRAE T KR 2SS P M AS ]l 5 A [] A 48 o
FR TR K T b 2s SME £, 3% 4 IR S5 2R HIR
i 2 A AT LAGE B . BT DL, 76 IR 55 2 00 R 46 A 2R
MR AR LT 4 IR 0. 32 kW, Hid e s 28]
RAVBHNLA 0.24 kW, Al i, i TR AR HBA
REWA E ARG AWUFT ZREBRET
R KB At E— 25 4 i T B s — WA H A
TRV VN B PR A O R R IR AR AR 1 A RO
P AR R AR B R LN A T 4 BL RN 8
R YR R G R H AL 2 4,56 kW, KR H
(4 2 BE FE 2 30. 25 kW, 1R & ¥ 2 1Y M RE #E 2
25.35 kW,

P e A1 75 3 B AR AR B A% I A B RE 5 b n
K12 s, EA L, AR A AT R RS
o 45 HL A T RE B A R, 4 il b b 31. 3706 R
19. 52 %, I LABEAIR R 4R HLRE#E 1Y 2 T RE Y ) — &L
JE L AN EPIMARRH T, SRR H
B IR 55 XU R Y A R G T RE R AR 2 K
1, LR R B AR 1 XUBR ¥ 36 75 XU 2 JOT A IR
DR /NI /N F 1%, PR TRNS H1 o

zkxb. xjtu. edu. cn

REBH R AT 4,896 kW, HHE 19. 58%,
KRy R TR R T A B A AR L T U R R &
REFEFE b (i FH ) 38 i B R I RCR 3R, FLH 0 IR 55 2%
BERSR ARG LEREZL., SR MERNES
R HG , RERRE IR IHFE LR N 1. 644 FEALE 1. 378,

Kl 12 PIFEETr AT R G A R REFERY o 1L
Fig. 12 Energy consumption ratio of cooling system components

under the two cooling methods

2.2.2 B Fs EAR A Kooy B A VA IR L AR

PP A5 2 6 2R R 55 an i 13 i .
SRR AR EAL G KA R R A R 52, i LLTE %
PEIA L i S il 3 16 38 A 48 2 IR 55 2% 25 <%
B AR W6 ER IR B V8 ARG 2 ARV B 4 ) 1
IRFNR A ¥ 2000 ¥ MR V2 A1 R 45 2 18 35

ZE LTIk A R H R G Y R 46 HL ) AR B
K. e RECEHNR SR . ASCRRE
RHIRGHI REOB G KRR E R E RN 7T L0
HAEMBE R, B 13 i T 28R IRIE R ERE
I R, BREREAH2ZEA K H il T AR RS
A I H R H) TR B A AN A A K, OF R e
ARG D ¥ A LK AR 28 & a Hh B 4% 5 % 7 4
PO LB T AR A ) E (S SR B g
HXT1 897K B #) B LA BIL Y 78 % T B 1Y 22 5 55
K. BERES, | THHRREA CPU, =¥
A0 Bl B R A BT XU REAIR 30 06 T DA 28 K U R R
14.03°C. 82 M55 s R H# S 7.65°C, ¥R
WHI R G D, BT R A TR R AN
40°C IF H RGP LR T 28 KoK 3 JA 2% Sk Wl i
B TR BRI R b 5 4, e 2 Hl
RAMNOUT R VLT 28 R R B3 & & 38°C,
AR was SRR 31, 62°CLIRA R HII %
R MR B s A iR 55 A s R 3L (IR A % 4
JE 45 L D) FE 1) B AR AR Sy B2 35




70 i}

i
sk

b
B
i

Eird %559 &

Bl 13 PR 3005 0T AR R Y LR

Fig. 13 Comparison of refrigeration cycles of two cooling methods
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