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Fundamental Experiments and Numerical Analyses on Heat Transfer
Characteristics of a Vapor Chamber
(Effect of Heat Source Size)
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A “Vapor Chamber” is used as a novel heat spreader to cool high-performance MPUs (micro-
processor units). The vapor chamber is placed between small heat sources and a large heat sink.
This paper describes the effect of heat source size on the heat transfer characteristics of the vapor
chamber. First, by the experiments, the effect of heat source size on the temperature distribution of
the vapor chamber is investigated, and the validity of the mathematical model of the vapor chamber
is confirmed. Secondly, by the numerical analyses, the effect of heat source size on the thermal
resistances inside the vapor chamber is discussed. It is found that the heat source size greatly affects
the thermal resistance of the evaporator section inside the vapor chamber. Although the thermal
resistance is hardly affected by the heat generation rate and the heat flux of the heat source, it
increases as the heat source becomes smaller.
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Fig. 1 Photograph of the vapor chamber
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Fig. 2 Experimental apparatus (left) and measuring points of temperature at the top
of the vapor chamber (right); dimensions in millimeters
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Table 1 Specification of the heaters

Type Ay [om’]

H1 1.5 (1.22cm square)
H2 3.0 (1.73cm square)
H3 6.0 (2.45cm square)
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Fig. 3 Mathematical model and boundary conditions

Table 2 Governing equations

re=(4,/m)" (D For the vapor region;
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Table 3 Specification of the vapor chamber

Material (chamber)

Copper

Sinter made of
copper particles
(porosity: 40%)

Material
(wick sheet and wick column)

Working fluid Water
HRETHILIRY, REGUK, B — VA 78, Height of vapor chamber 4.6 mm
B REERIR O L FUTHLT, R 2 IDRLIXE Radius of vapor chamber, Fe 46.4 mm
FRABEZOND. ZIT, VIZEE~SIMY, p Height of vapor region 1.1 mm
[EF, T \XIREE, p (LB, u IIREEE, ¢, IZHEE, & Thickness of wick sheet 0.5 mm
EEEEE, £ ZERE, K EEBETHY, WAF Radius of wick column 43 mm
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Fig. 4 Temperatures at the top and bottom of the
vapor chamber
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Fig. 5 Relation between temperatures of the vapor

Fig. 6 Correlation between experimental results and
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chamber and the heat generation rate
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Fig. 7 Temperature distribution inside the vapor chamber for O = 144W, T, = 25°C
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Fig. 8 Vapor velocity inside the vapor chamber for
A= 6.0cm’, Q = 144W, T, = 25°C
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(a) Effect of heat flux for 4,,, = 6.0cm’ (b) Effect of heat source size for g =24 W/em®
Fig.'9 Thermal resistances inside the vapor chamber
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R =(T-<T.>)/Q (12) Fig. 10 Effect of heat source size on thermal
H(10)~(12)ILEEND 013, 0 = ¢ x 4,,, Th5 resistances for 0 =72, 144 W
ZEND, Ry, R, RAZKIET g BLV 4, DEE%L
9 [ZRL7. FHEMEMRELT, RATFEF IT/H 0.30 ' T y L S
&< RE R LIEE—RKLTEY, R F iy S L Al "]
N—RIZBVTIR R AERMTHEIENRRTE 2 AORT
5. Fh, REEFTEEICBOT, R BLV R, T g1 g Tl - cF/ |
= b
L TIREAE R LN =T, A, \CREKEL E; - 1
THEY, Ay OB IS THEMT B LD DS, *;‘ otk 2K |
L30T, R—=R—F 5 N—NOBEH 1T 2R g ——
PARIZRESEKFLTODLN X, 0 RREI—DBIR 5 |
Th, B 10 IZRLT R BEW R, & A,,, DBFENS | /é\'o ' 7
PRSI, MRS AXOBBICEST, <—rim S [ ] 0,0,8:R,
F L S DBIEHIL RS, o VU " o.m, 4R,

Iy = i 1 1 1 1 1 L ! 1
63 RBIAIINTLORR R R, R 0.008 0012 _ 0.10 0.20 0.30
WCRIETHLIUAVIISLBRBEEOEESK 11
ZRL7. 22T, JITRLEEBEET Vb, r
=0~43mm, z=2.0~3.1 mm OPBDIAIH Fig. 11 Effect of centered wick column on thermal
resistances

R., R,, R, (without wick column) [K/W]

— 194 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

N T N OEREIE BT 5 EEERER & BUBERAT 411

TLERORE, AT L RO XE FRABIVE
REBEZERALT, @ 11 ITRLEBEMRTERY
Bl Ay I ATLE, EBROBRELVEEICL
TR = F U N — DR KB E BH BIMEED
ZE, &L, R=NRN—F U N — D FHREL B
DL BICRBEND. VAV I W TLERET
5, r=0~4.3mm, z=2.0mm DEIZBVTIEE
WAFEFE LAY, EBIT, ky = 4.0 W/(m-K)EFE
BINENWZEND, A7 BT MIBIEPIL 2D,
R, BWREL 25T Ry B 13%EMT 5. —F, UAy
IHFTEDREIZEST, R.A 10%RERT T3,
ik, BIENLOBRD BTy 7 AT L @G
L, RAEBRIBEET, e - o I~einbd7
B, UAvIATLEHRBELREVGEEERLT, Ty
DOTHIZETL, RU2)F D (T —<T>)BETF
INEL BT EIZIRE L TWA.

UAY I HTIEROBEWNTE, N—/3—F p N —
TEEIL, ZOBIEIIT/NEDH, RRE @ X E
BIONEMBENMETT5. LMo T, UAv7
HSLDBRBIIVETHHN, KENTFRERND, UA
IATHDBRBMEIBIRE E2BETLIENERE
LWEnz 5.

7. ]

AR T, HRBIEHRE L C MPU O®BATA
E—h v ZIZERENTNA, R—=R—=F p L/ —
ERBIT, FOLBESEEICRIETERPAXOEE
IZOWT, ERBIOKIHEMIT 1T 7.

N R F o N — OB, ARMBIESL
BB BIRFLIC T HIENTE, hEOBIRHIT
BIE I N TIHFICAEL, BIRY A X DR BT
FZOBEPUCKH L THEFILBRNIZEB b o1,
Thbb, BEDBIMFIIBIR OB LB RIZ
EEAERELARWVLO O, BRY A X /NELLD
OV TEMT S, 2, BUR EFICERBEND
R R F U R—=NOIA I HT AL, N—r3—
F oy N— DR RKPEEBELHINSYE, HENBE
EEHLH—F, WVThOBFEY A XIZBWTY, UA
ST IR Lo TEY, X=X —F N
—DOEIRHIA 13%EML THBIENR LT, L
BoT, TAvIHTLIBIFE L2#T THRETD
TENEFELNEWVZAS.

0

@

&)

Q)

&)

®

M

®

(&)

(10

(1

(12)

X [

Mochizuki, M., Nguyen, Th., Mashiko, K., Saito, Y.,
Nguyen, Ti.,, Wu, X. P. and Wuttijumnong, V., Latest
Technology Using Micro Heat Pipes and Vapor Chamber
for Cooling Personal Computer, Proc. 1st Int. Symposium
on Micro & Nano Technology, (2004), XXXV-C-02 (CD-
ROM).

Mochizuki, M., Nguyen, Th., Mashiko, K., Saito, Y.,
Nguyen, Ti., Wuttijumnong, V. and Wu, X, Practical
Application of Heat Pipe and Vapor Chamber for Cooling
High Performance Personal Computer, Proc. 13th Int. Heat
Pipe Conf., (2004), 448-454.

Mochizuki, M., Mashiko, K., Goto, K., Saito, Y., Nagata,
M., Eguchi, K., Nguyen, Th. and Ho, P., Cactus-type Heat
Pipe for Cooling CPU, Prec. 5th Int. Heat Pipe Symposium,
(1996), 194-198.

Wuttijumnong, V., Mochizuki, M., Mashiko, K., Sauciuc, I.
and Nguyen, Th., The Optimum Working Fluids Ratio for
Vapor Chamber, Proc. 6th Int. Heat Pipe Symposium,
(2000), 159-163.

Koito, Y., Motomatsu, K., Imura, H., Mochizuki, M. and
Saito, Y., Fundamental Investigations on Heat Transfer
Characteristics of Heat Sinks with a Vapor Chamber, Proc.
7th Int. Heat Pipe Symposium, (2003), 247-251.

Agata, H., Kiyooka, F., Mochizuki, M., Mashiko, K., Saito,
Y., Kawahara, Y., Nguyen, Th. and Nguyen, Ti., Advance
Thermal Solution Using Vapor Chamber Technology for
Cooling High Performance Desktop CPU in Notebook
Computer, Proc. st Int. Symposium on Micro & Nano
Technology, (2004), XXXV-C-01 (CD-ROM).

Koito, Y., Imura, H., Mochizuki, M. and Torii, S.,
Numerical Analysis on Fluid Flow and Heat Transfer in a
Vapor Chamber, Proc. Ist Int. Symposium on Micro &
Nano Technology, (2004), XXII-C-02 (CD-ROM).

Koito, Y., Imura, H., Mochizuki, M., Saito, Y. and Torii, S.,
Numerical Analysis on Thermal Transport Phenomena in
Plate-type Heat Pipes, Proc. 10th APCChE Congress,
(2004), 31-06 (CD-ROM).

Koito, Y., Imura, H., Mochizuki, M., Saito, Y. and Torii, S.,
Theoretical Study on Heat Transfer Characteristics of a
Vapor Chamber, Thermal Science & Engineering, 13-1
(2005), 23-30.

Patankar, S. V., Numerical Heat Transfer and Fluid Flow,
(1980), Hemisphere Pub. Corp., Washington.

Chi, S. W., Heat Pipe Theory and Practice, (1976), 48,
Hemisphere Pub. Corp., Washington.

Japan association for heat pipes (JAHP), Jitsuyou Heat Pipe,
2nd Ed., (2001), 31, Nikkan Kogyo Shimbun, Ltd., Tokyo
(in Japanese).

— 195 —

NI | -El ectronic Library Service



