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Abstract: Aiming at the problem of poor heat dissipation in the liquid-cooled central processing unit(CPU)
radiator, we designed the heat transfer performance experiment system in the liquid-cooled CPU radiator, by
using propylene glycol-water based fluid, and nanofluids containing alumina and multi-walled carbon nanotubes
(MWCNTs ) to conduct heat transfer experiment, and we optimized the experimental conditions through the
single variable method. When the heating power is 18.26 W, the thermal resistance of propylene glycol-water
fluid, alumina nanofluids with mass fraction of 0.135% , and MW CN'Ts nanofluids with mass fraction of 0.135%
and 0.32% were 0.859 C/W, 0.751 °C/W,0.739 °C/W and 0.457 °C/W, respectively. The results show that the
heat transfer capability of the based fluid improves by adding nanoparticles, and the heat transfer effect of
MW CNTSs nanofluids enhances with the mass fraction increasing.

Keywords: MWCNTsnanofluids;liquid-cooled CPU ;heat transfer performance; thermal resistance

|8 = AR 90 AR, K FH I JE ELAR R 4 em [H 45 il 15
= PUH . N 1993 4R TF 4R, IXUB T 14 38 3 e 1 76 V% X
WS 3 CPU A B HA 28 B B 1 B F 20 42 80 CPU Mt gY b FEE BT+ R & B2, CPU i R A1

75 B #1:2016-08-29

E&TH - RIUTRE K LT R 208 608 4 (€X2015091)
EERIAN B 8L L 5E A E-mail : 168980643 1@qq.com
HEWAEE BV, T, #4% . E-mail : xiaojiangye@foxmail.com



%61

R B A UK A X CPU Bt BE Y il 2 595

TR AR AR T, CPU AY IR B sl A5 3 <, LA
A BT ES O AN BRI 2 CPU OV 75 22, T2
W] $2 5 v 3 CPU HUERAR (1 4 A ME BB L ol T
78 405

TERZ I AR S HEARIER LA, A
Choi S5 45 9 K AR M &0, A g R0,
NS B VA S BY €= R NS A
B, B 0RO R B Masuda ™ 25 Kk I 1R FH 4 B
4.3% 1) ALOs-H.O 40K it A4 1) 5 4 2 8t K 32 =
T 30% ; 25 A4 B T ALLTLO 44 K A RN
Cu-H.0 (d,=20 nm Z& 47 ) 44 K G i i S5 30 52 80, il
TR TR B0 2% 1Y AL-HLO 48 2K 37K 3 30 2R 80 1 7k
B FHRRBERE T 6.3%; 1M IR FR 3500 2%
Cu GKR T 5 SR BRI IR B & T
23%. FR 7 [ "I 52 A MWCNTs-HLO 44 K it A&
1 A R B LK I IR BOR. Hod TRz A1
Jiz s 1 A5 B AR FR 43 8K 3% 19 MW CNTs-H,0 40 K i
TR IR B K 1 IR BN 12.7% 5 IR IR 1%
) 5 8 44 FH 20 B0 3% il MW CNTs-H,0 44 K i 44 1
SMABILAKN ARG N T 7.1%. 1 H,
MW CNTs-H.O 45 K 3t 4% 1) 5 30 22 BB e 40 oK 4 ik
FEE V¥ 6 v 368 Jon i 9 A R R v v 3 .

I 5E MW CNTs 40 K 37 A e $ 1k gE R A
[) Jo B 0 BB MW CNTs 48 K i AR 545 CPU LA K
55, HA T ORI i B 43 AU ALOs . MW CNTs 44 K i
NN G S A NG b U R B AR AP
PO B S IR, 48 SR MW CNTs 94 K AR 7R 15
PG R 2R G5 H Y RS — S ) S 46

2 SEIGEHS

2.1 MWCNTs @k REEBIEREIE RS

MW CNTs £ 2K it {4 6 B 1 A8 0 305 46 3% 45
1R, B2 KR B B CPU (46 I
T2 MRS R oA 32 AR ) B R
B B R R R AR AR A A k. A
CPUK ¥ 38.6 mm, & J¥ 4 27.1 mm. S50 & {4 %
F N FE-7K (PG-H,O, IR BLEE 3:1) 3w 1y
MW CNTs Jfi {4, it 70 %053 9 0 0.135% .0.32%, J5t
48 B0 R 0.135% . 0.32% 1 ALO, 44 K i & i
PG-HO (PR 3+ 1) 4 hy 52 50 X6 HER A4

B CPU A4 Ty 25 3 o8 98 1 28 98 19, 0 3k
B T 1A TRV AR, 4 0 A A A 3
B Al G KVe Sk B9 1E T 0 T A2t 1 Ak
22
2.2.1 PG-H,0 A Zpik 2451 1 PG-H.O(RFL I

()

Heat exchanger

Data collector |—
HEEEEN

Copmputer

CPU

Voltage

regulator

Bl ZRREHZTEE

Fig. 1 Schematic diagram of test system

3t DAE AR I, E AR E R 1.94%x10° J/(m®-s) |
31.04x10° J/(m*+s) T, B4 CPU - ¥ il FE 19 25 4k
ARV T AT LUE T A CPU (7 B AR
FEAE 37 C~40 °C, I 3 Bl 25 P08 %% )3 08 7 s i T
. G 31.04x10° J/(m’ - s) I A4 L I 1
TR, 76 31.04x10° J/(m?- ) R FE T IR
Ko R 32 Ok 43 °C5 T AE 1.94%10° J/(m? - s) P 5 &
T IR B IR EE R 20 °C.

80

8- 1.94x10° J/(m*s)
—£-31.04x10°J/(m’+s)

[N ~
= (=3
T T

W
=
T

Temperature / C

IS
(=}
T

30 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

tls

2 PG-H.04HREHBRET sk

Fig. 2 Mean temperature curves of PG-water coolant liquid

222 ALOs %A KRR A ik R A ALO YA K IR
MAHT AN R A0 % B R AR AEL CPU Y~ 2L B A2 4k
WE 3R, MR CPU 4 A TR e k2
Bt Bl 25 I 2 20 B0 B I, AL O 49 K 3 1 A e B i
JIH TR B, DA% B2 R 31.04%10° J/(m*.s) Bif Oy
1], B 8 0.32% ALO, 40 K i AR I E A E T
40.4 °C, H iR 50.135% T = 2 CAE A . Ul
WY ALO 44 K i A4 J53 2 3 B0 1 i 25 Bl A8 i AR 1 1%
PO BT, B K IR AR AL B B 09 T B A4S ST



596 RN TR K22

o538 %:

B G K A I R 04 S0RE BT £ 53 KR, S I T
R TR LN AT G R /N W
PP
=000, v
KD, e UK TR IERFR 35, pe 9K
IR TE , po R B TE , 00 AR A 1Y JoT
P SR NUR (L) = R/ W
Ky 1
oA (2)
EEQ A = N R B YR N il R D
G R L B 22 1
Pak ™ AEALTE Y, 9K U AR i S i Mo
AL HEUR . MadhusreeKole! 25158 T ALO-VA %
2 BN DK I AR 4 R 2 5 U R 98 DK ORE AR R
Bz BBy OC R, 5 S 3R W 98 K 0 1A Rk B T i 2

90
a 0= | 94x10° J/(m*+s)
—0m= 4.37%10° J/(m®+s)
30 == 7.81x10° J/(m’+s)

== 17.46x10" J/(m*+s)
== 31.04x10°J/(m’-s)

200V,38.6°C

Temperature / °C
N
=)
T

n
(=
T

Anhanced heat dissipation

Natural heat dissipation

250
90
b == 1.94x10’ J/(m’+s)
== 4.37x10" J/(m*+s)

80 % == 7.81x10" J/(m*s)
A == 17.46x10’ J/(m"~s)
== 31.04x10°J/(m*-s)

200V,40.4C

Temperature / C
o
S

W
(=}
T

¥ Natural heat dissipation

Enhanced heat dissipation

IS
=)

30
0 50 100 150 200 250
t/s
3 REHHA ()0.135%F0(h)0.32% K ALO G K T
REHEEHBET ML
Fig.3 Mean temperature curves of AL,Osnanofluids coolant

liquid with mass fraction of (a) 0.135% and (b) 0.32%

i

) I g T 087D, B A R R 50 1 184 o 484 K
223 MWCNTs 2 K m Ak WK 4R,
MW CNTs &8 2K 3t PR VF A 4 H1 W HL A B A B A
R B R 43 00.135% MW CNTSs 44 K i 4
I, 7E PR % Bl 31.04x10° J/(m?+s) K, B 481 CPU
) T 7 3 BE A 34.3 °C, 1 % R 2 Tk 53480 0.135%
ALO; IR JE H9 38.6 °C, PG-H.O (AR FH LL 3: 1) O IR
JE O 40.2 C. TR L 31.04x10° J/(m*+s) T,
JF & 43 520.32% MWCNTs 94 K AR T AR, fe i
BT 3k 48 °C. T HL, 7E T SE AT I SE 86 B T
e BE A 1 T, MW CN'Ts 44 K 3 A4 BICEA G i B
T HH [ PO 25 (17.46%10° J/(m*+s) ) T, B 43
o 0.135% [ MW CNTs 49 K 9t 44 (1% 7 24 95 i £
SEAE 34.4 °C T BT & 53 80K 0.32% ) MWCNTs 24
KA B R BEFRUE AE 32.3 “C.

90
a =0= 1.94x10" J/(m’+s)
=0m= 4.37x10" J/(m’s)
80 =t 7.81x10° J/(m’+s)
e 17.46x10° J/(m*+s)
== 31.04x10"J/(m’+s)
o 70
<
E 200V, 34.3C
5 60
.
g
S50t
g Natural heat dissipation Enhanced heat dissipatio
O
or 48038
Ootoomomommoon | O
30 . L .
0 50 100 150 200 250
i/s

=0=1.94x10" J/(m’+s)
=0=4.37x10" J/(m’+s)
=t 7.81x10" J/(m*+s)
= 17.46x10" J/(m’+s)
§T == 31.04x10J/(m’+s)

200V,32.2°C

Temperature / “C
=N
1)

w
(=)
T

Natural heat dissipation Enhanced heat dissipation

40+

30

4 REHEA(a)0.135%F0(1h)0.32% K MW CNTs 24k
RERHNETEHRETN L
Fig. 4 Mean temperature curves of MWCNTSs nanofluids
coolant liquid with mass fraction of (a) 0.135% and (b) 0.32%



o 61 A YR AR LR X BS 2C CPU e 38 BE 1Y i 3 597
3 % e 5 'i«TJ' it s - —%— PG-H,0
—*=0.135% ALO,
A —4— (0.32% Al,0,
i H 3 AN 4 T, 5 ALOL AR IR AT I A - 0,135 W WCKTs
AT IR B B4 0 MW CN'TS 45 K 3 1 16 FH T 4 401 : - 0.32% MWCNT

CPU T~ 257 I b5 W J3 8 K, 38 1) °F- 4 3 1 179 Hsf i) B
S BN R AR 0.135% 0, 15 S [6] B
ETIR L ALOs 19 i i #8278 35.6 C ~ 38.6 °C.,
MW CNTs A9 i B 2 22 75 32.3 C ~ 34.3 C. 1E |7 —
PR B E[31.04x10° J/(m*+s) ], MWCNTs ) iR
FERa e R 34.3 °C, 1 ALOF& A2 7 38.6 °C. H K 571]
1, MW CNTs 24 K 3 746 1) 48 AR RE A T ALO, 44 K
Ak

45

© 40

P

E

g

s

£ 35

30
032%  0.135%  0.135%  0.32%  PG-H,0
MWCNTs MWCNTs  ALO; ALO;

E5 ZEHERERRFETSHLANRYELRE
Fig. 5 Mean temperature of five groups of coolant liquid at

same heat flux

B fig f% Sz e B 1k #R AL 35 g 0 K/ I
IEAE VA 48 2 BB B 6 1l P ABELAE R B 48 A
— PR OLT BB /N W 5T A% AR T R R 1
AR HPH I A0

T.9T1
R=—S—mn (3)
(3 Hr, Tk BN S TR e = 9 IR B 5 T o 1
PRS- SO IR = AR e R T
AT AR B B AR

HRAE 20 () A P 25 SR an sl 6 Fri.

WAL CPU )% Ky 32.47 W i), 28 A MWCNTSs
(3 5 43 400 0.32% ) 40 K Bt 1A 1) B30 25 FABHL (8
0.269 C/W, 2 I3V A i B BH (B B /N ik s 5%
1Y ALO 4 KBz 140 H , MW CNT's 49 Kz 1 (1) 8 34
BE TR, 2415 4 2.03 W I, MW CNTs 49K 7 &
(5340 0.32% ) 1) P BHAE JE: 2.908 C/W , ALO; 44
KA (I 73 $00.32% ) $APHAE & 6.517 C/W. Bifi
2 T AT BRI G, MW CNT's 99 K 37 1R i 4 #4084

v

RN

0 5 10 15 20 25 30 35
PIW

Thermal resistance / (°C/W)

Bo ERMIMET SES %0 EE

Thermal resistance of five groups of coolant liquid at

Fig. 6
different powers
REBAGR | ERLL CPU T %4 8.17 W A, MWCNTs 24
KA (5 2 43 80 0.32% ) 19 #1 BB J2: 0.96 C/W,
MW CNTs 24 K 3 #4 (51 & 53 %% 0.135% ) $ABH {2
1.454 C/W. Jii #7088 0.32% 9 MW CNTs 44 K i {4
1) AR LA 76 AR F] T80 349708 T T 6 43 %K00.135%.
EMRI TR (2.03 W 457 W . 8.17 WFEH T, AA
Vo EI T AE B 0 B SR IABEE HE R I T L % 2
g S iR R A A — B
RO.SZMWCNT5>RO.l35%MWCNTs>RO.ISS%AIZO3>

R >R

0.32%A1,0, PG-H,0 *

MAELF18.26 W .32.47 Wi, AFEBHIE T
YRR A HCA S B A HE P I F

R

0.32MWCNTs>RO.I35%MWCNTS>RO.ISS%AIZO3>
RPG—H20>RO.32%AI203‘
R YA S VAR TR0 48 KL X6 VAR 2 APk e
D520, MWCNTSs 94 K i 4 (5t 53 %10 0.135%
0.32% ) 5 ALO; 4% >K Ji 4 ( Bt & 43 %1 0.135% .
0.32% ) ) $BH (B (R) 5 M Al T8 T /9 2 )
(PG-H,0) [ R PHLAA (Ry) Z L, 78 A Y4 KR 5
Wi P51~ E :
E=R/,/R, . (4)
R N S N TR P VAR LB S R N
Bl D)) 2 1) AR fL R A
7T LLUF H 6 MWCNTSs 49 K ik, E
53924 0.602 5] 0.828 (JiT £t /7 %% 0.135% ) F110.39 F|
0.549 ([T 5 73 %1 0.32% ) , Ut BH s 49 K 45+ B 5
T HW (PG-H,0) 4 FA Pk 8, FL7E 5 0T 2 vk B Bif
58 T 5 T I G X T ALO 44 K 3 A (4 2K
0.135%) ,EfE2F8 T.00 F 2 /N F 1, Ub B AE ARk B
B, ALOSRLF 3R Ak 1 e 2P B8 5 171 o 12 53 %K 0.32%



598 RN TR K22

o538 %:

1Y ALO AR ARAE T 34y 18.26 W .32.47 Wi L E
390 1.078 (1.077, BG4 ¥ T 1, 156 B ORG B2 X
TIPE BB 1 T AL AR TR T 0 KA X B APk BB i 2
(I % GOE A N B R NSE )

1.
6 ~#-0.135% ALO; ~*-0.32% AlLO;
-a-0.135% MWCNTs  -v 0.32% MWCNTs
-+ PG-H,0
=08tk /IY
/v .
v
- V‘//
1 1 1 1 1 1
0 5 10 15 20 25 30 35
PIW
7 EAREIDIET 5 EMKTRER R0 EF
Fig. 7 Impact [actor of five groups of nanofluids at
different powers
4 % &

i FH MW CNTSs 99K G dE 17 % =X CPU A
PRI P PR AE S G, S 25 BRI, MW CNTs 44K
TR EA Rtk ge. eI R 3247 W T,
MW CNTs 24 2K 3t {7 (5t &2 53 %1 0.32% ) i a2 0
32.2 °C, 1M ALOs 40 2K Gt 4 (T & 43 41 0.32% ) Fa
FF 40.4 °C. 75 B VS Ik 48 K kL RE 4 TH
A 4 2 G807 ZEAH R D)% (18.26 W) T, PG-H.0
A B P BEL 18 2 0.859 °C/W , MWCNTSs 44 K i 1k
(J5t 2 5385 0.32% ) FY A FHAE A 0.457 C/W. TE A [F]
UIZ T  ,MWCNTs 40K iR 0 EfE 4/ F 1. i
FW, B2 0 A 4 B 36 i, MW CNTs 400K 3 1R 1Y
P KA T B 5. AEAH [ DI R A R
4B MW CNTs i A4 1) #4BH 1 f /) | e AR
.

a8

[1] CcHOISUS. Enhancing thermal conductivity of fluids
with nanoparticles [J]. Office of scientific & technical
information technical reports, 1995,231(1) :99-105.

[2] LIY,ZHOU J E,TUNG S
ment of nanofluidpreparation and characterization [J].
Powder technology,2009,196(2) : 89-101.

[3] 11CH,PETERSON G P. Experimental investigation of

temperature and volume fraction on the effective thermal

,et al. A review on develop-

[4]

(5]

(6]

[8]

(9]

[10]

(13]

[14]

[15]

conductivity of nanoparticle suspensions (nanofluids)
[J]. Journal of applied physics,2006,99(8):93-102.
LIX F,ZHU D S, WANG X J. Evaluation on dispersion
behavior of the aqueous copper nano-suspensions [J].
Journal of colloid & interface science, 2007, 310(2) :
456-463.

P, FEIAR X TR AR AL AL 25 78 A K A A%
i R SE g i S [D). ¥ a4l 2007, 28 (4) -

33-36.
HE Q B, TONG M W, LIU Y D. Experimental study on
super-cooling degree of nanofluids for cryogenic cool
storage[,]]. Journal of refrigeration, 2007,28(4):33-36.
DAS S,PUTTA N, THIESN P, et al. Temperature depen-
dence of thermal conductivity enhancement for nanoflu-
ids [J]. 125 (4) -
567-574.

EASTMAN J A,CHOIS U S, LI S. Novel thermal proper-
ties of nanostructured material[ J]. Journal of metastable
& nanocrystalline materials, 1999,2(6) : 629-634.
MASUDAH, EBATA A, TERAMAE K, et al.

tion of thermal conductivity and viscosity of liquid by

Journal of heat transfer, 2003,

Altera-

dispersed ultra-fine particles (dispersion of y-ALO; SiO,
and TiO, ultra-fine particles) [J]. NetsuBussei, 1993,
7(4):227-233.
208 PR AR AL AL HLER S (D ). 5T« i 5t #E
ILRE2,2003.
FRNT R e 8 KA - Gy A Wt R T ) VAL AR RE AT
FE[D 1 AU - TR, 2007.
4 I, 2R G K AR 8 A% 8 LG
JEmt B2 AL, 2010.
BRINKMAN H C.The viscosity of concentrated suspen-

HpiHIM].

sions and solution [J]. Journal of chemicalphys-
ics.1952,20(4):571.

PAK B C, CHOI Y L.Hydrodynamic and heat transfer
study of dispersed fluids with submicron metallic oxide
particles [J1. Experimental heat transfer, 1998, 11(2):
151-170.

KOLE M, DEY T K.Viscosity of alumina nanoparticles
dispersed in car engine coolant [J]. Experimental ther-
mal & fluid science,2010,34(6):677-683.

Rl IEAHT , AEHEAR SRR L 55, CPU B As i JR R 1Y
Sk gT ()], TR A4 B i, 2004, 25 (5) -
862-863.

LU Z Y,XIONG J Y,QU Z G, et al.
study on two kinds of heat sinks of CPU[J]. Journal of
engineering thermophysics,2004,25(5) : 862-863.

An experimental

A T



