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Abstract

Technological developments have resulted in a growing demand for high power electronic
devices. Although these high power devices meet the high performance requirements, they also
generate a very large amount of heat which adversely affects their operating efficiency. Most part
of the heat within a package is generated at the chip and hence it is important to keep junction
temperature as low as possible. This is commonly achieved by using heat sinks mounted directly
on top of the package. Using a vapor chamber can reduce thermal resistance by better spreading
heat across the heat sink base. This work presents a parametric study of vapor chambers as heat
spreaders and discusses the merits of using this technology especially in high power devices
through CFD modeling. Iterative method is used to finalize the value of Ks and K1 by considering

the orthotropic approach.
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1. Introduction

There are many available models to analyze the performances of the heat pipes. By assuming that the
central core being occupied by vapor, and the wicks are being filled with liquid, Faghri and Chen [1], and
Faghri [2] solved the governing equations of the internal flow field and the associated heat transfer.
The pressure—-momentum interaction of the internal flow was taken into account, and the mass and
energy exchanges across the liquid—vapor interface were modeled in accordance with the conservation
of mass and energy. Tournier and EI-Genk [3] also developed a two-dimensional model for fully thawed
heat pipes. Vadakkan et al. [4] solved the internal flow field and temperature distribution of a flat heat
pipe which was heated and cooled at the same side. Koito et al. [5] solved the flow and temperature
distributions within a vapor chamber, and their calculated results were in good agreement with the
experiment data. Lefévre and Lallemand [6] developed a two dimensional hydrodynamic model
coupled with a three-dimensional heat conduction model to analyze the performances of flat micro heat
pipes. Carbajal et al. [7] developed a two-dimensional model to investigate the thermal response of a flat
heat pipe next to a local heat source

2. Vapor Chamber

Ultra-thin vapor chamber is simulating to evaluate heat spreading performance over copper heat
spreader. Vapor space is accommodating inside copper housing within wick structure shown in Figure
1. Silicon is considered as heat flux source while top surface of vapor chamber act as convective heat
transfer surface.
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Fig. 1 Schematic diagram of vapor chamber with layer assembly

TABLEI. DIMENSION OF VARIOUS LAYERS OF VAPOR CHAMBER

Sr. Part . .
No. Dimension(mm)

1 Chip 10 x 10 x 1

2 VC bottom wall 100 x 100 x 0.5
3 Bottom Wick 100 x 100 x 0.1
4 Vapor core 100 x 100 x 0.5
5 Top Wick 100 x 100 x 0.1
6 VC top wall 100 x 100 x 0.15
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3. Model setup in Ansys Workbach

Boundary conditions:

Bottom surface

Heat flux condition is apply at bottom chip surface

dT (1)

q= _ksid_y

Where q=Heat flux at bottom surface =100W/cm’

ksi= thermal conductivity of Silicon

Top surface

Convection heat transfer is assign at top surface

dT (2)
_kcud_y = h(T; — Te)
Where h= heat transfer coefficient in W/m?K =1000 W/m>K

Interface

Since silicon chip connected to vapor chamber bottom surface, conduction heat transfer is

taken place at interface generated between them.

dT dT 3)
si d_y = _kcuAcud_y

—kgiA
Similar conduction heat transfer boundary condition is assign between different layer of
Vapor chamber, i.e. (1) VC bottom surface & bottom wick surface (2) Bottom wick surface &
vapor surface (3) Vapor surface & Top wick surface (4) Top wick surface & VC top surface.
Insulated wall: Remaining all outer edge is define as insulated wall where heat flux value

q=0 W/cm?2.

Conductivity of Vapor space
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In present study a novel technique has been proposed to find effective thermal conductivity

of vapor space. Effective thermal conductivity for vapor chambers of the remote
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cooling mode has been derived in Prasher [1] based on the ideal gas law and Clapevron

equation for incompressible laminar flow conditions.
Hf,Ppd? “
Kyapor = 12RuT2

Above equation captures the temperature dependency of the thermal conductivity quite
well, but it is not convenient to use in the commercial design tools such as ANSYS because of
the multiple thermo-physical properties usually available in tabular format. In the present
study, equation (2) is first used to generate the thermal conductivity value, which is then used

as initial conductivity in orthotropic approach with iterative method.
Orthotropic approach

The surface temperature distribution of the vapor chamber is more flattened than the
conduction plates, as observed by Chen et al. [2]. Therefore, the orthotropic approach will be
a better way to present the heat-transfer behavior of the vapor chambers. In the orthotropic
approach, the effective thermal conductivity is assumed to be composed of two components:
namely the straightforward conductivity and the lateral conductivity. In this study, the
straightforward direction is along Y-axis and the lateral direction is perpendicular to the
straightforward direction (X- and Z-axis). The straightforward conductivity can be simply

obtained from the one-dimensional resistance of the vapor chamber:

kg = —

Rip,vcAve

&)
Where t = thickness of vapor space (in present case t=0.0005m)

Avc = Cross sectional area of vapor chamber (i.e. 0.1m x 0.1m = 0.01m2)

A -
& RlD,vc — ET — (TesQTcs)

Where Q = Heat in Watt (In present case Q = 100 W
KI=21.08 x Ks (6)
In this method Simulation start with using conductivity of vapor space calculated with

equation (2). Obtained result used in orthotropic approach. Temperature difference in bottom
and top wick is calculated and with equation (3), (4) & (5) ks & k; is calculated. Now
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calculated conductivity used with orthotropic approach (Where both k; and k; is applied).
Again average condenser and evaporator temperature has been calculated. This will continue
till residual are very small.

Iteration-1:

Iteration process start with considering conductivity of vapor space K=2870 W/mK,
Evaporator side & condenser side average wick temperature has been obtained through
simulation. With calculated temperature difference orthotropic conductivity has been obtained
listed in table-2.

Simulation has been carried out with =100 W/cm2, h=1000 W/m2K, While during
calculation Q=100 W,

t =0.0005m, Avc=0.01 m’ , KI/Ks= 21.08 is considered.

K
Iteratio | (W/mK | Tj Tes Ripve Ks Kl
n No ) C) | (“O) Tcs (°C) AT (W/mK) | (W/mK)
287 | 57.2 35.77 0.04 0.0004 102.0 2151.0
1 0 3 35.828 9 9 9 4 2
Where

Tj = Junction temperature

Tes = Average temperature of evaporator section

Tcs = Average temperature of condenser section

Iteration-2:

Now simulation has been carried out with orthotropic thermal conductivity at vapor

space i.e. Ks=102.04 W/mK and KI=2151.02 W/mK
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Table-3
Ks Ks Kl
It. Kl . Tes Tecs Rip
(W/mK Tj (°C) AT (W/m | (W/m
No W/mK oC oC
) ( ) C) | C) ve X X
) 102. 2151. 62. 36. 36. 0.2 0.002 20. 430
04 02 53 84 59 45 45 41 2
T...—T
% Deviation = lul x100 = 2.83
Tesl
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A: VCiteration 111
Temperature

Type: Temperature
Unit: °C

Time: 1

1042042016 10:52 PM
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0.00 40.00 (mm) z
[ —
20,00

Figure-2 Temperature contour for Iteration-1, K=2780 W/mK

Outine | Variables | Expressions | Calculators | Turbo

/ Condensor line jemucbas
; z:i:smr e Temperature
9/ VCine B2
@ Bottom wick
B Top wick —ﬁ
B Toovickplne @ Statistcs [ /\
N V] & Wireframe M ——— | 320
4 [l Report
& Title Page
& Fie Report X Axis Statistics
> MeshReport Mex  0.1[m]
7] Physcs Report M 0 s
& Solution Report Mean 0.5 [m] =
][A] user Data Variance 0.000858756 [(m)~2] 5
+ @R Tenprature | 3
[&. Evaporator temperature Y Axis Statistics é“
— o menn Eoo
General | DataSeries | XAxs | YAM|| mean 3088281
Specify data series for locations, files or exprd|| Variance 32.8844 [(K)~2]
Evaporator temperature (Evaporator iine) |
Condensor temperature (Condensor ine) o5
VC temperature (VC line)
[ x ] o T T : T . . T : : ;
0 0.02 0.04 0.06 0.08 01
Name Evaporator temperature X[m]
Nata Source. S = Evaporator temperature = Condensor temperature

Figure 3 Snap shot for calculation of average evaporator side wick temperature
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A: ¥Citeration 111
Temperature

Type: Temperature
Unit: °C
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Figure-4 Temperature contour for Iteration-2, Ks=102.04 W/mK, K1=2151.02
W/mK
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Figure-5 Temperature profile along lateral direction at evaporator & condenser
side wick for Iteration-2

Iteration-3:

Table-4
It. Ks Kl Tj Tes Tes Ks Kl
AT Ripve
No | (WmK) | (W/mK) (°C) (°C) (°C) (WmK) | (W/mK)
3 20.41 430.2 95.1 43.187 42.111 1.076 | 0.01076 | 4.65 97.96
Tos, — T,
. , es3 esy
% Deviation = [— x100 = 17.22
Tesz

A: VCiteration 111

Temperature

Type: Temperature

Unit: °C

Time: 1

10/20/2016 1L:31 PM
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Figure-6 Temperature contour for Iteration-3, Ks=20.41W/mK,
K1=430.2W/mK
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Figure-6 Temperature profile along lateral direction at evaporator & condenser

side wick for Iteration-3

4. Conclusion

From the above results it can be concluded that to obtain the value of thermal conductivity in vapor

space using orthotropic approach, iterative method has to be used. Initially, Clayperon equation helps in
determining the thermal conductivity of vapor space which can be applied to resistance approach to
determine average temperature as two wick levels. This is further utilized in obtaining straight forward
and lateral thermal conductivity. Iterative process will lead to deviation in wick temperature to minimum
will be final value of Ks and KI. From the simulation 2nd iteration the % deviation is 2.83 which is
minimum. Hence, it has been suggested that orthotropic conductivity for vapor space according to
iterative method should be: Ks=102.04 W/mK & Kl=2151.02 W/mK which can be further used to
simulate the heat transfer phenomena in vapor chamber.
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