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Abstract. This article describes analytically the thermal behavior of a heat sink from the vapor chamber type with pin
fin. The objective of the vapor chamber is to spread uniformly the heat coming from electronic components over its
base. The temperature distribution and the internal and global thermal resistances of the heat sink are obtained
analytically in this paper. The effects of the parameters affecting the thermal resistance of the vapor chamber heat sink
are also discussed here.
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1. INTRODUCTION

The trend of miniaturization of electronic compotsgrtogether with the increasing levels of heategation by
Joule effect, lead to constant increasing levelsi@at density flux. This heat must be removednftbe component to
assure that its temperature remains in acceptabéds| of operation. The conventional methods tooranthis heat are
reaching their performance limit. A new techniqueler development is the use of vapor chambers,hatinsists
basically of a conventional spreader with a hollmage. After evacuation, an amount of working fliisighlaced inside
the chamber. As it receives the heat from the \aixt component and evaporates, the generated wppeads for all
over the chamber and condensates on the internidd. ildhe condensate returns to the bottom of themter,
completing a cycle. Consequently, the generatetiifespread uniformly on the base of the vapor dienmMost of the
researches in the literature have conducted reatfer experiments in vapor chambers spreadetagtop computers.

There are several papers in the literature relméde heat spreaders that use the vapor chamipeigbe. Mashiko
et al. (1999) showed that the total thermal resistandé@heat sink with vapor chamber is smaller ttna of the heat
sink without the vapor chamber when the ratio ef tlottom area of the heat sink to the top areaefricroprocessor
units (MPUSs) is greater than 5. Wuttijummogigl. (2000) examined the effect of the amount of theking fluid the
heat transfer characteristics of the heat sink vapamber.

Nguyen et al. (2000) concluded experimentally that the perforoeanf heat sink with the vapor chamber is
approximately 25% and 45% better than that of &t lsink with the conventional heat spreaders nodepper and
aluminum respectively.

Mochizuki et al. (2006) performed several experiments with défertypes of wick structures used on the vapor
chamber to evaluate the better structure.

All the papers found in the field employed conventil fins in the vapor chamber heat sinks. Howeitds, well
known that the fin efficiency is smaller than 100P&mperature gradients along the fins make thelosi efficiency.
An alternative to this problem is to use hollowsfialong with the vapor chamber concept. The idda sxtend the
vapor chamber into the fins, so the vapor readhe®htire fin, making the fin temperature to befam, i. e., making
the fin efficiency to be nominally 100%. The objeetof this paper is to develop an analytical mddeldetermining
the temperature distribution and the internal alodba thermal resistances of a vapor chamber hiektveith hollow
pin fin.
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2. Analytical M odel

The analytical model is based on the following agstions:

- one dimensional heat transfer;

- metal constant thermal conductivity;

- constant external convection heat transfer coefficalong the fins;

- constant working fluid physical properties;

- uniform heat flux in the evaporator;

Table 1 presents the values of parameters usedttinothe analytical model. Figure 1 shows an fthts/e
schematic of the heat sink, whesee b are the external dimensions of the vapor chamhlefm] is the external
dimensions of square the heat sougsdm] is the thickness of the vapor chamber wal[m] is the external radius of
the pinsr; [m] is the internal radius of the pins,is the total number arig,, is the fan power.

Table 1. Parameters of the heat sink of Fig. 1

a(m | b(m | c(m) L(m) | &m) | r(m) fe (M) &(m | N Ry (W)
0,130 [ 0,135 | 0,04 0,063 | 0,009 0,003765 0,004765 16®) 77 2,88
Vf
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Figure 1. Schematic of pin array heat sink.

The analytical model is based on the thermal rescst defined by Eq. (1) below:

- AT
R 1)

whereQ [W] is the heat transfer rate applied on the vagmmber bas&\T [°C] is the difference between the base
average temperature and the a room air temperatuhi; [°C/W] is the global thermal resistance.

The vapor chamber is modeled for steady stditions, using analogy with electric circuitssulting in a thermal
circuit, which is composed by five thermal resises in serial, as shown in fig. 2, whdRg Ry, Rs, R, andRs are
respectively: the conduction thermal resistancethe vapor chamber wall; the boiling thermal resis& the
condensation thermal resistance over the hollovinfiernal walls, the radial conductive thermal stance through the
fin walls and the external convection thermal resise.
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Figure 2. Global thermal circuit

The thermal resistancBg R,, Rs, R, € Rsare calculated by the following expressions respelgt

-8
R = , 2
kASOUI’CE ( )

wherek]W/m°C] is the thermal conductivity amd,, . [M?] is the area of the square heat source;

1
R=——. 3)
hebu A%ource
wherehe,, [W/m%C]is the boiling coefficient of heat transferring;
1
Ry=T—7- 4)
thond Aoond

where hegng [W/m2°C] is the condensation heat transfer coefficiemdt &g [mz] is the condensation area of the fin
internal walls;

In(r,/r.)
—_\e 1/ , (5)
R N27kL
whereL[m] is the height of the fin; and finally
_ 1
RS B NhCOﬂVA)OﬂV (6)

wherehggn, [W/mZOC] is the external convection heat transfer comffit andAcn, [mz] is the convection area on the fins
external walls.

The convection heat transfer coefficient used éspnted by Wirtz (1997):

My = 32X10°°C 0’52(5}0'205 p) "k 7)
onv 4 Pw a a

wherep is the pin-fin pitchd.is the external diameter of the fik, is the is the thermal conductivity of air a@gy is
defined by Eq. 8:

2
LP

Coy = 25 ®)
H,

wherep, is the density of aify, is the viscosity of air anB,, is the fan power.
3. RESULTSAND DISCUSSION
3.2 Internal Thermal Resistances

Figure 3 presents the internal thermal resistasca function of the heat transfer rate input. Triternal thermal
resistance is defined by addition of, R,, R; and R. It shows three theoretical curves obtained froned different
correlations for the boiling heat transfer coeéfiti determination, which are: Foster and Zuber %),9Butateladze
(1959) and Stephan and Abdelsalam (1980). Throughth® correlation of Kaminaga (1997) the condeoraheat
transfer coefficient is obtained. It is observetdween 25 and 150 W, the internal thermal resist@mcelatively high.,
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because of the low boiling heat transfer coeffici&mom 150 W and above, the internal thermal taste decreases

with heat input and gives approximately the sansellteObserve that below 150 W, the correlatiorStéphan and
Abdelsalam gives almost twice the resistance ofdf@nd Zuber.
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Figure 3. Internal Thermal Resistance

Figure 4 shows the values of the individual thdnmaaistances of the heat sink as a function ohttet transfer rate
input. The larger thermal resistance correspondlsedoiling process, while the other resistan@geta much smaller

influence. Therefore, it is concluded that the ibgilthermal resistance is who governs the thernsalabior of the
vapor chamber type heat dissipater.
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Figure 4. Influence of the thermal resistanceshenhieat sink behavior.

3.3 Global Thermal Resistance

Figure 5 shows three theoretical curves obtainewh the correlations previously mentioned. One esntbat they
have similar behaviors. The global thermal resistadecrease very quickly with increasing heatsfierrrate due to the
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decrease of the boiling heat transfer resistanige.global thermal resistances tend to remain coheiigh increasing
heat input above 100 W.
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Figure 5. Global Thermal Resistance

It is observed in Fig. 6 that below 75W, there @ve thermal resistances that influence on thentla¢ibehavior:
boiling thermal resistance and external convectasistance. Above of this heat rate, the exteroalection thermal
resistance is the most significant. The other t@&sces present lower influence in the thermal bienaf the heat sink.
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Figure 6. Influence of thermal resistances on #teabior of the heat sink.
3.1 Temperature Distribution

The vapor generated in the vapor chamber base dspreaiformly inside the heat sink, homogenizing the
temperature. An illustrative schematic of the pmvlapor chamber is shown in Figure 7.
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Figure.7. Distribution of internal temperature ih@low pin fin of the heat sink.

In this figure, Ty, Ty, Ty, T3, T4 € Ty are respectively the temperature where the hegtpbed, the temperature of the
internal wall in the vapor chamber, the vapor terapee, the fin internal wall temperature, the &rternal wall
temperature, and the room air temperature. Figugleo8vs the theoretical temperature distributioimdmshe heat sink.
It can be noticed that temperatuiigsT,, T,, Tz andT, presents almost the some level, while the roanpé&zature is
well below the other. This shows that the exteomaivection resistancesRf Fig. 2, is the largest of all.
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Figura 8. Distribution of temperature in the hallén heat sink.

4. CONCLUSION

In this paper, an analytical model to predict tHebgl and internal thermal resistances and the ¢eatpre
distribution of a vapor chamber heat sink with ballpin fins is presented

. The results show that the heat sink performanceeases with heat transfer rate and stabilizekdat rates larger
than 150 W. The internal resistances are much em#ian the external convection resistance, whietkes the
temperature distribution inside the heat sink tgteetically uniform. An experimental prototypeusder construction
in order to validate the analytical model and Ww#l ready to be tested soon.
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