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Study on the Micro-Channel Two-Phase Heat Exchanging System for Server
CPU Cooling
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Abstract A micro-channel cooling circle is proposed for high heat flux server CPU, using R134a as
coolant with tested overall heat transfer coefficient of 1000~1200 W/(cm?-°C). The cooling water can
be provided by either evaporative cooling devices or chillers. A benchmarking platform is built for
real time test and data collection of thermal performance, under various CPU workload and cooling
water temperature. The test results show a stable CPU body temperature range of 50~60°C, with
CPU heat flux of 3 W/cm? and CPU heat dissipation of 50~150 W, controlled by the phase-changing
heat transfer of R134a with saturated temperature of 25~30°C. Based on tested data, when applied
in large data centers in different climate areas, the theoretical annual energy ratio of such two-phase
micro-channel cooling solution can be over 10, much higher than that of CRAC units. With the
advantage of good thermal performance, small volume, high temperature chilled water, flexible and
wide applicability, large energy saving potentials, and so on, this two phase micro-channel cooling
solution brings up considerable social and economic benefits.
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Fig. 1 Schematic diagram of the two-phase flow
heat transfer cycle
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Fig. 2 Outdoor cooling water system

FERTERT, NtLHRGKR®RHKERZ
WA, FERIRSRERN RS AFEERARE
%, RSSRENRE. SRR EYN, —&
AT H-LPHEIERE, TANHARRZSHEH,
R[S AR BRIRIC CPU R, —RBH T i#—
SRELHKOH ORE, RERANKGRA/RE
(AR B FR R AT E) HEREE, ER
S SR BEYS T B P AR O B AT,



1 # % BRTRSS CPU BRWHGEEFAE R 163

AR AL R SRR AR E. BRI
WEHEALR IR EFKEE. BEXSEHETRH
KMBEFERE, TTHUERRENTRE, N
BAEERRBROREEE.
1.2 EEXALEERIT
ERMEERSEREELE 3 22, Bkt
SHE 1.
1.3 ffEEZEASER
BHEERR SRR RABERE., KHFRENE
X (WEEHRTRE 4), DBRAKHBBRESRER
HETEIPLS), WA RBR AL, FHRERES
HWEER, HRTFRERAESRR. REAOMH O
SHBBAERZRBZNART A CYELE 5), 5
ZXT VR IRS2F CPU Ly E LA 6. XFhELIA
Wi (Split Flow) 891Xt F FIE B MR H B B 7
St (Jet Impingement), HE3RMGIMAESy 02U, Fmt
WA FEENHES SIS G, RARARER

., BEEEREEESSME 02, gEEREREE
0.2 mm,

BHEER KRS CPU il Mm% FREEAS.
HETRAE R84 CPU B LY, FERMEESR
ERENURSREEETERERE. RIFS80F
W3 2.

BRI

B

i

shE
(B  BHkEN

B 3 EENESRER

Fig. 3 Schematic diagram of the tube-in-tube condensor
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Table 1 Design parameters of the tube-in-tube condensor

w’it2H WE (REE) SME DN

AE (REE) 8K/ mm

WE (RFE) Bt/ /kgh™!

15

SME (%K) SME DN SME (BK) BB /mm
20 1200

2550 2.9
SHE (¥K) Bt st /keh ! SME (@K) |itiR#E/°C
21.5 6

® 2 WA RSRITEH

Table 2 Design parameters of the micro-channel evaporator

BRI S ELERT/mm AEERER/mm TR R Bt
6061 BE5& 50%45x 10 40%38.5x 7 15
HERERY/mm B/ 0 R/ mm RRBEREE/mm YRS /kPa
1.5x1x2 #15 0.2 3000

2 mm
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Fig. 4 Structure and size of the micro-channel evaporator
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Fig. 5 Photo of the micro-channel evaporator
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Table 3 Testing conditions and testing items of two-phase flow heat transfer experiment
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Table 4 Testing results of sub-cooling conditions

: S % HIAR R/ kgh !
FRTH RHAFEORE/C—— 5535

30 4.82 501 515 5.26
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20 14.96 15.14 15.22 15.34
30 487 5.11 529 5.42
WA 25 9.58 9.82 10.00 10.13

20 1475 14.89 15.07 15.20
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Fig. 7 Tested CPU heat exchanging temperature difference
under different sub-cooling conditions
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Fig. 8 Tested heat transfer coefficient of two-phase flow under
different sub-cooling conditions
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CPU; 49.92 53.89

L %ilei] CPUsz - -
CPU3 - -
CPU; 51.96 56.48

o 7 A CPU, 49.97 55.06
CPU3 - -
CPU, 53.69 59.17

W AT CPU, 52.48 57.21
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Fig. 9 CPU body average temperature test results under
different degrees of subcooling
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Fig. 10 Tested results of refrigerant flow rate
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Table 6 Major information statistics of a data center in Changchun
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Table 7 Analysis of theoretical annual energy efficiency
T8 CPUBhE/W  CPUZKERE/C  REIHRE/C RIAKEDRE/C SEBPERH (RIFRH)
L qiibe 50 60 -5 30 7.4
R 100 63 -5 30 8.6
CEGT 150 65 -5 30 10.2
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Fig. 12 Schematic diagram of the two-phase micro-channel
heat transfer system applied in a data center
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