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Abstract—Today’s microchip circuits are almost ten times
smaller and denser than a decade ago. Modern CPUs feature
several processing cores as well as an integrated graphics
processor. This results in very high power and heat
concentrations which make it an ever growing challenge to cool
them. The same cooler that cools a large 100W heat source just
fine, will struggle to remove the same 100W from a heat source
half the size. The vapour chamber heat spreader evenly
distributes heat to all heat pipes and improves cooling efficiency.
A vapour chamber is a vacuum sealed, flat, metal structure that
contains a working fluid that changes liquid to gas when heat is
applied. Performance of a new vapour chamber of size 60 mm x
60 mm is studied. In the top plate the conventional wick structure
is replaced by parallel grooves with inter groove opening. The
inner surface of the bottom plate is sintered copper wick. Tip of
the groove touches the wick directly so that the grooves function
as vapour path, and gives more mechanical strength. The thermal
resistances were measured for heat load increasing from SW to
30W. Low thermal resistance is obtained under different heat
load. The spreading resistance plays important role in the
thermal resistance.

Index Terms—Vapour chamber,
resistance

Sintered Wick, Thermal

L INTRODUCTION

The reduction in size, integration of functionality, and the
increase of clock speed in electronic systems causes increase
in power dissipation which is leading to higher heat fluxes and
higher temperatures. For the reliable operation of the system, it
is important to keep all the components like CPU, GPU
operating within safe temperature limit. Thermal management
and high heat flux removal technologies will be widely used in
system design for this. Few characteristics required for a good
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heat transfer technology are low cost, high power input,
multiple heat sources and adaptability to a wide range of heat
flux. Now a days there are number of methods to overcome the
overheat problem. Liquid cooling system like, cooling in
micro channel, spray cooling, jet impingement cooling, heat
pipes, thermosyphons etc. Among these technologies, heat
pipes may offer high heat removal capability without any
complicated cabin design. But there are some difficulties when
using a heat pipe. They transfer heat only in one direction. Its
round shape means that they are physically difficult to get
close to a very small heat source. There is couple of solutions
such as embedding them in a solid chunk of metal to spread
the heat up to the connected pipes. But then we are relaying on
the relatively inefficient heat transfer of copper. We can get
heat directly to the heat pipes by flattening them out and
playing the right up against something. But now due to the
sheer size of heat pipe and the size of heat source, we can only
connect a few heat pipes. Here comes the use of Vapour
chamber heat spreader. Vapour chamber offers balance in high
heat removal capability, spreading hot spot problems. It
maintains an isothermal heat sink base. Vapour chamber can
spread the thermal energy out incredibly efficiently. So we can
use traditional fins or even heat pipes to spread the heat even
further. That would enable efficient operation up larger heat
sink than before.

In recent years, several studies have been conducted on the
performance, or application of vapour chambers. In the year
2004 Shung-Wen Kang conducted an experiment on Micro
heat pipe heat spreaders. Two wick designs, one using 200 pm
wide etched radial grooves and the other with 100 mesh
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copper screens was investigated [1]. Jeung Sang Go evaluates
the thermal performance of an acetone-charged VC heat sink
containing new micro wick structures for cooling
microprocessors in PC desktop applications [2]. K.N. Shukla
fabricated and tested a wickless vapour chamber for two
different working fluids, copper-water and aluminium-water
Nano fluids with the filling ratio of 30% of the vapour
chamber volume [3]. Yong Tang a and Dong Yuana multi-
artery vapour chamber was designed, built and tested in this
study. In this vapour chamber, the wick structure consists of
sintered copper powder layers on the top and bottom plates,
operating as evaporator and condenser wick respectively [4].
Yi Peng a and Wangyu Liu manufactured leaf-vein-like
structure by chemical etching, and two different vapour
chambers (diameter is 90 mm, the evaporator and condenser
have the same wick structures) are compared concerning their
cooling performances [5]. In the year 2010, G.S. Hwang
Constructed a vapour chamber by designing a thin
(monolayer) evaporator wick and distributed permeable
columnar arteries supplying liquid (water) to highly
concentrated heat source region [6]. A prototype vapour
chamber was built by Meng-Chang Tsai and tested for its
thermal performance under five different orientations.
Spreading resistance exhibited the dominating factor in
determining the overall thermal resistance of a vapour
chamber [7].

From the literature it is clear that the wick structure plays
an important role in the performance of vapour chamber.
There are different wick materials like screem mesh, wire
mesh, carbon nano tubes, etched metal, sintered copper
powder are used. Among these types sintered copper powder
wick shows good performance.

In this work a new design of vapour chamber is proposed
and tested. It has a simple and efficient design. It can be easily
manufactured with low cost and has a good anti dry out
features.

IL. THEMODIFIEDVAPOURCHAMBER

A vapour chamber much like a heat pipe is made up the
vacuum sealed, flat metal structure that contains a working
fluid that changes from liquid to gas when heat is applied. A
conventional vapour chamber is shown in fig 1. Fig 2 shows
the modified vapour chamber. In the modified vapour
chamber, the conventional wick laid in the upper plate is
replaced by parallel grooved plate, having an internal opening
for spreading the vapour. The tip of the grooves directly

touches the wick structure in the evaporator section. This leads
to some advantages.

. Simple design and easy to manufacture at low coast.

. The flow resistance is less in grooves than the wick.

. More surface area for condensing the vapour.

. Good compression strength without supporting studs.

Because of these we can thinning the container wall of the
vapour chamber .In this study we present the test results for a
60mm x 60mm vapour chamber with thickness Smm. Sintered
copper powder wick for evaporator section and parallel
grooves for condenser section. The working fluid is Deionized
water.

III. EXPERIMENTAL METHOD

Seventeen type K thermocouples were installed along the
test section and all temperatures outputs were connected to a
data logger and continuously logged. The temperature
measurement uncertainty was +0.10C. For thermal insulation
Glass wool (k < 0.04 W/mK) and gypsum board (k < 0.17)
were used to cover the whole device. The experimental
methode was taken from literature [7].

Wick structure Supporting studs

Metalic container

Fig 1: Schematic drawing of a conventional vapour
chamber

top plate
fill tube

e e e e e e e e e e

base plate
(".l

Fig 2: Schematic drawing of a modified vapour chamber

a.Schematic of VCHS test section and measure point
The test section consists of a vapour chamber heat
spreader, Aluminum cold block, heater block and a cartridge
heater. The Photographs of the vapour chamber heat spreader
shown in Fig 3. It consists of sintered copper wick of 1mm
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thickness and the parallel grooves are made with Imm depth
and 1.2 mm width. Fig 4: shows the schematic representation
of test section. The cartridge heater inserted into the heater
block. The vapour chamber is sandwiched between the cold
block and heater block. Fig 5: shows the positions of
thermocouples.

The thermal performance of vapour chamber heat spreader
evaluates in terms of its thermal resistance. The total thermal
resistance can be expressed as

RroraL =Rip + Rs + Re. (D

WhereR|p is the one dimensional resistance, Rg is the
spreading resistance, and Rcis the condensing resistance. They
can be expressed as
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The resistance of the vapor chamber can be derived as
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where A is the base area of vapour chamber, h is the heat
convection coefficient, t is the thickness of vapour chamber, T,
is average bulk temperature of heater, T, is average
temperature of evaporator section of vapour chamber, T; is
average temperature of condenser section of vapour chamber,
T, is average temperature of cold block, and q is the heat
transfer rate through the heater surface. The related resistance
of a vapor chamber can be calculated using equations (4)-(8)
respectively. Average temperatures at each particular surface
were calculated by taking the arithmetic mean of the related
probes when they reach steady state. The total resistance in
this case was the sum of one dimensional, spreading, and
condensing resistance.

Fig 3: Photograph of the vapor chamber heat spreader

_— S Aluminium cold plae

Coaling waterin —__

. -

Cooling water out =" —Vapour chamber hest spresder

Heater block

Thermal insslation —
— Cariridge heater

Fig 4: Schematic representation of test section
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Fig 5: Thermocouple positions on the test section

b.Experimental setup

The schematic experimental setup was shown in fig 6.
The chamber was placed in between the cold plate and heater
block. A cartridge heater inserted into the heater block to add
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heat to the vapour chamber. The heater block had an effective
heating area 10mm x 10 mm. The vapour chamber top surface
was attached to an aluminium cold block. The heat was
removed by the cooling water circulated through the cold
block. The whole system is thermally insulated using glass
wool and gypsum board. The electrical power varied from SW
to 50W, and the flow rate of cooling water was 12 L / min. For
the proper contact between the heating area and the bottom
surface of the vapour chamber, thermal paste was introduced
between them. The experimental setup was shown in fig 7.
Experiments were performed to record all the temperatures
when input power was applied from 0 W to 50 W in a step of
5W. The steady state temperatures were recorded to evaluate
the thermal performance of the vapour chamber.

Aﬁminhm cold block

r~Vapour chamber

Cooling water
circulator

Heater block

Cartridge heater

ute
transformer)

Fig 6: Schematic experimental set up

Fig 7: The experimental setup

Iv. TEST RESULTS

Fig 8 shows the electrical power input Q compared with
the heat transfer rate (q) through the heater surface. The q is
calculated by equation

Te—Tetop 1 . 1 .

4= Ra . WhereT, 52110 1, “r2iTh g

Where R, is the thermal resistance of the heater block. T,
and T, are the average bulk temperature of the heater block
and average temperature of the heater surface respectively.The
heat transfer rate ,,q" is less than that of input electrical power
,,Q". This is because of the heat loss from the heater. When the
input power is 50W, the difference in heat load and input
power is about 13%. ,,q* is applied in equations 2 — 6 to have
more accurate evaluation on thermal resistance.
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Fig 8: Electrical power compared with heat transfer rate
a.Thermal resistance of modified vapour

= Elec: Power (W)

= Heatoad (W)
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The thermal resistances were calculated from the
measured temperatures. The one dimensional, spreading,
condensing and total thermal resistance are plotted against
time in fig 9. In the first 900 seconds of the experiment the
condensing resistance shows negative values. This is because,
at this time rang the average temperature of the cold plate was
higher than the average temperature of the vapour chamber
surface. During this period of time all the resistances showed
unstable variations compared to others. The total resistance
and spreading resistance show same behavior. The spreading
resistance dominates all other resistances.

15

Thermal resistances

o 300] S0 000 2700 3000 2300 4000 4O N000

Time (S)

Fig 9: Thermal resistances v/s time
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b.Relation between thermal resistances and heat transfer rate

The thermal resistances are plotted as a function of heat
transfer in fig 10. In fig 10, there is a steep decrease in the
resistance when heat transfer rate was applied from 7 W to
13W. The situation may be explained as a star up operating in
the vapour chamber during that time. After that, there are
slight variations in the resistance showed. From fig 10, it is
observed that the thermal resistances reduces and become
stable when heat transfer rate increases.

Fig 10: Effect of thermal resistances on heat transfer rate

c.The heat spreading capacity of the modified vapour
chamber

The temperature distributions on the vapour chamber heat
spreaders bottom surface and top surface are tabulated on
tablel and table 2. In this study the difference between the
maximum and minimum temperatures (AT) calculates as
shown in tables. It can be indicated that a slight difference in
AT showed on both bottom and top surfaces. This means that
the modified vapour chamber heat spreader has good
spreading capacity

TABLE NO 1: TEMPERATURE DISTRIBUTION ON THE VCHS BOTTOM

SURFACE
Heat input
W) T6 T7 T8 T9 AT( Tmax-Tmin)
10 40.42 | 40.20 | 40.84 40.70 0.64
20 43.46 | 43.28 | 43.60 43.72 0.44
30 46.20 = 4596 | 46.18 46.42 0.46
40 48.84 | 48.60 | 49.04 48.96 0.46
50 51.54 | 51.38 | 51.70 51.62 0.32

TABLENO2:TEMPERATUREDISTRIBUTION ON THE VCHS TOP

SURFACE
Heat
input
(W) T10 T11 T12 T13 T14 AT (T max-Tmin)
10 38.70 | 38.77 | 38.82 | 38.39 | 38.72 0.43
20 40.84 | 40.91 | 40.98 | 40.20 | 40.63 0.78
30 43.24 | 43.87 | 43.80 | 43.10 | 43.02 0.85
40 45.80 | 45.88 | 45.18 | 4578 | 45.90 0.72
50 47.80 | 47.62 | 47.92 | 4798 | 47.82 0.36

V. CONCLUSION

A modified vapor chamber heat spreader with sintered
wick on evaporator side and parallel grooves on condenser
side were fabricated and tested. Experiments were performed
to examine the thermal resistance with different power inputs.
The results showed that thermal resistance decreased as the
input heat load increased and spreading resistance shows the
dominating factor in determining the overall thermal resistance
of a vapor chamber. Because of the grooves in the condenser
side, the modified vapour chamber can be easily manufactured
at low cost.

ACKNOWLEDGMENT

This work was carried out in thermal engineering
laboratory, department of Mechanical Engineering, Adoor,
Kerala, India and is supported by TEQUIP phase II.

REFERENCES
[1] Shung-Wen Kang a,*, Sheng-Hong Tsai a,b, Ming-Han
Ko a “Metallic micro heat pipe heat spreader fabrication”
Applied Thermal Engineering 24 (2004) 299-309

[2] Jeung Sang Go*” Quantitative thermal performance
evaluation of a cost-effective vapor chamber heat sink

60

All Rights Reserved © 2016 IJARTET



ISSN 2394-3777 (Print)

ISSN 2394-3785 (Online)

Available online at www.ijartet.com

International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)
Vol. 3, Special Issue 5, February 2016 in association with
HEERA COLLEGE OF ENGINEERING AND TECHNOLOGY, THIRUVANANTHAPURAM
Organizes
NATIONAL CONFERENCE ON ENGINEERING FOR LIFE (NCEL - 2016)
(12" -13™ February 2016)

containing a metal-etched micro wick structure for advanced
microprocessor cooling”
Sensors and actuators A 121 (2005) 549-556.

[3] K.N. Shukla*, A. Brusly Solomon and B.C. Pillai
“THERMAL PERFORMANCE OF VAPOR CHAMBER
WITH NANOFLUIDS”

Frontiers in Heat Pipes (FHP), 3, 033004 (2012)

[4] Yong Tang a, Dong Yuan ab,*, Longsheng Lu a,
Zhenyong Wang c “A multi-artery vapor chamber and its
performance”

Applied Thermal Engineering 60 (2013) 15-23

[51Y Peng a, Wangyu L u a,f, BnLua,Jeqong LIu b,
Kaidong Huang a, Li Wanga, Wei Chen a “The performance
of the novel vapor chamber based on the leaf vein system”
International journal of heat and mass transfer 86 (2015) 656-
666

[6] G.S. Hwang a, Y. Namb, E. Fleming ¢, P. Dussinger c,
Y.S. Ju b, M. Kaviany a,*” Multi-artery heat pipe spreader:
Experiment”

[7] Meng-Chang Tsai a,1, Shung-Wen Kang b,*, Kleber V e
ra de Pa va c,” Experimental studies of thermal resistance in a
vapor chamber heat spreader”

61
All Rights Reserved © 2016 IJARTET



