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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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zkxb. xjtu. edu. cn

KB M 554 i CPU SR H3# T4, n il 2 (2
Fim ARA R E CPU SR A B A, 5l Bh 3140 35
SKHIRA A 2 (b) it . Jn T 25 3 440 A1 R & 9 1
W 1R, AR HE EN R b 8 AR 8 21 T
JRRIK RS2 A RN . N T A A b
AN Ta) ¥ #) J7 2BE Hh oo B RERE L X EL Y A A 1
5 M 55 i P9 45 B 4 9 o 28 80 L RS N D 36 52 4 A
6] JEARGE CPU 5 i i BE 34928 85 °C L Hofth i1 5t 4% 1
W 2. PIAE 2% R HLTR 35 DUAR #0 Jr s #, CPU
R T DA 2 B = A

F RS P e &
Table 1 Materials and physical properties of components
SHEM/ i/ b7/
(Wem '*K™) (kgem *) (Jekg 'K
A7 2% (K %) 6.5

w1

HL R (Pl %) 6.5
CPU(AIN) 180.0 3280
¥ CAD 202. 4 2719 871

K2 ZERFBEHAGARFMN
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simulation
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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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