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Comparison of energy consumption of air cooling and air-liquid hybrid cooling in data

centers
LI Yuting, LI Zhiyang, ZHANG Runjie, TAO Wenquan

(Xi'an key laboratory of energy-saving and low-carbon technology of data centers, key laboratory of thermo-fluid science and engi-
neering, ministry of education, school of energy & power engineering, Xi’an Jiaotong University, Xi’an, 710049, P. R. China)

Abstract: With the development of data center cooling technology, air-liquid hybrid cooling with liquid cooling for high-power
components and air cooling for other components, has become one of the main development directions The comparative study of
component-level energy consumption between the air-liquid hybrid cooling method and the traditional cooling method is of great sig-
nificance for further optimizing the cooling performance and tapping the energy-saving potential of the air-liquid hybrid cooling
method. This paper establishes a data center energy utilization model, introduces in detail the key components of the server and cool-
ing system and the one- and three-dimensional coupling modeling method, and discusses in depth the system energy consumption
differences between server air cooling and hybrid cooling. Air cooling represents the traditional cooling method, and hybrid cooling
is a new type of cooling method that combines air and liquid. Given the same server component size, chip power, and chip maximum
temperature, the results of the two cooling methods are compared and analyzed to quantify the difference in energy consumption.
The comparison results show that compared with traditional air cooling, hybrid cooling has very obvious energy-saving effects in the
refrigeration compression link of the chiller and the power consumption of the server water pump. In addition, since there is no air-
water heat exchanger in the liquid cooling system of hybrid cooling, it not only simplifies the system, but also further improves the
heat transfer efficiency of the first cooling side and the secondary cooling side of the data center. The air-liquid hybrid cooling has
obvious advantages in reducing energy consumption.

Key words: 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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Fig. 2 Physical model of air and hybrid cooling server
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Table 1 Materials and physical properties of components

- S A %‘E{ Fapal
/(Wem 'K ) /(kgem™) /(Jekg 'K
W% (1 %) 6.5 - -
B R (M &) 6.5 - -
CPU(AIN) 180 3280 -
AR (AL 202. 4 2719 871

K2 ZHEMRFEHEGARFMH

Table 2 Boundary conditions for server simulation

=R A A A A
= A = A A A
CPU 3 £ /W 150X 2 - 150 X 2
CPUH M % &/ (Weem ) 23.51 - 23.51
W& /W 10X 15 10X 15 -
IR E /W 10X 1 10X 1 -
NHIRE/C 20 20 40
CPU % & i £ /°C 85 - 85
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Ry /W 460 160 300
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Fig. 3 Independence verification of grids
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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. 7 Condenser tube bundle structure
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Fig. 8 Overall heat transfer coefficient for the condenser as a function of flow rates of
air and refrigerant R134a
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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
# Bl Z
Bh K VS CPU X w
E’Ex//z\%ﬂ R ?ﬁj]ﬁﬁﬁ)ﬂﬂ? i xR A
BFE KB RE-KRZ B BEAHER(ERE)
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P A8 By #0 R R XA
BFEABRAER-KBXHBEAHER(ERE
WA A A CPU & Jil % 4 % 41
A& AR E B AR

A #H T T (CDU)

2 H#R51R
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Table 4 Comparison of simulation results of servers
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AHFFRE/ (m’h) 9255. 56 6478. 89 1.413
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Fig. 10 Temperature distribution in different servers
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Fig. 13 Comparison of refrigeration cycles
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