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Abstract: The development of effective cooling systems faraprocessors, specifically for CPU and
other computer chips, is greatly important duertangh of high speed performance chips, which ogerat
at elevated heat rates. The same issues applydiacemt units including RAM and HDD also
contributing to overall generation of heat insidenputer.Problem statement: Conventional cooling
system for desktop PC has many problems, especiadiing performance. Lifespan of devices and
reliable operation are largely dependent on jumctemperature. Total power dissipation of recently
introduced, new generation microprocessors had leeneasing rapidly, pushing desktop system
cooling technology close to its limitpproach: Present research focused on a system for reméval o
dissipated heat that combined the advantages df gipa and thermoelectric modules. Proposed
research presented a numerical analysis of a noweling system for electronics. Configuration
studied concerns microprocessors and other comgbips. Simulations performed in this research
were based on use of computational fluid dynamind @esults obtained in terms of cooling
efficiencies were compared to those of the tradéiaooling. Heat resistance and temperature df eac
component were investigated in this modelifpsults: Lowest core temperature was found
below 75°C and total thermal resistance of coolingystem is 0.095°C/W.
Conclusion/Recommendations:Proposed cooling systems had sufficient capaaty dooling
200 W heat dissipation. Temperature of proposedimgosystem is lower than both existing
cooling systems. Temperature of all components, Gidat pipe, TEC and heat sink were below
75°C. Thermal resistance characteristic of a caplaystem had a major effect on cooling
performance.
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INTRODUCTION operational limit since the cooling system canamgker
fit in the available enclosure. The heat dissipatio
Since the current developments for highcapacity supporting from traditional passive coglaan
performance CPUs operating at higher speeds riesult coped with 50-160 W of heat dissipation. For Remote
increased heat generation which, in turn, requinese = Heat Exchanger (RHE) systems, there are certain
efficient methods for heat dissipation. The develept  developments concerning the use of ordinary HP
of effective cooling systems for microprocessors,methods. Under air-cooling at a speed of 2 m'sde
specifically for the CPU and other computer chigs, methods, it can transfer up to 50 W at a thermal
greatly important due to the growth of high speedresistance of about 1.3°C/W. While evaluating the
performance chips, which operate at elevated la@sr qualities of most cooling systems, some of the rothe
The same issues apply for the adjacent units iffdud important parameters are: mass size, installatioh a
the RAM and HDD also contributing to the overall cost. The conventional cooling system for a desiGp
generation of heat inside the computer. For the cds.  reveals many problems, especially cooling
desktop PC, heat is generated at a rate about 8810 performance. Moreover, the lifespan of devices and
at temperatures of 80-90°C Passive cooling systems reliable operation is largely depends on the jamcti
such as heat pipe cooling systems are still beseglu temperature. The total power dissipation of regentl
because they are easy to construct and are ofdstv ¢ introduced, new generation microprocessors has been
However, for high heat dissipation, it is closeit® increasing rapidly, these pushing desksgptem
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Table 1:The sample specifications of a CBU

Fx-53 (S 940) Fx-53(S939) 3800+(S 939) 3500399 3700+(S 754) 3400+(S 754)
L1 cache (total) 128 K 128 K 128 K 128 K 128 K 18
L2 cache (exclusive) 1MB 1MB 512 K 512 K 1MB 1BV
CPU core frequency 2.4 GHz 2.4 GHz 2.4 GHz 2.2 GHz 2.4 GHz 2.2GHz
CPU to memory controller 2.4 GHz 2.4 GHz 2.4 GHz 2 GHz 2.4 GHz 2.2 GHz
Memory controller bus width 128 hit 128 bit 128 bit 128 hit 64 bit 64 bit
Memory type Registered Unbuffered Unbuffered Unéxeftl Unbuffered Unbuffered
Compatable memoryspeeds PC1600, PC2100, PC2700 and PC3200 DDR
Hyper transport links 1.0 1.0 1.0 1.0 1.0 1.0
Hyper transport spec (DDR) 1.6 GHz 2.0 GHz 2.0 GHz 2.0 GHz 1.6 GHz 1.6 GHz
Packaging Ceramic Organic Organic Organic Organic Organic
Fab location AMD’s fab30 wafer fabrication facility in Dresden, Germany
Process technology 0.13 (SOl) 0.13 (SOl) 0.13 (SOl) 0.13 (SOl) 0.13 (SOl) 0.13 (SOl)
Approximate transistor count 1059 M 1059 M 68.5M 68.5 M 1059 M 1059 M
Approximate die size (squared) 193 mm 193 mm 144 mm 144 mm 193 mm 193 mm
Nominal voltage 15v 15v 15v 15v 15v 1.5v
Max ambient case temp 70°C 70°C 70°C 70°C 70°C 70°C
Max thermal power 89 W 89w 89W 89w 89w 89w
Max ICC (processor current) 57.4 A 57.4 A 57.4 A B 57.8 A 57.8 A

cooling technology close to its limits. CPUs' coreTable 2: The power comparison of CPU in an idl¢ &l under

voltages, heat and power dissipation and temperatur _
ratings are increasingly important aspects of PC’OWerconsumption
architectur€’. In Table 1 it shows the example of a
CPU specification with low thermal power and high idie

ambient case temperature.

Numerous researches have been conducted
provide an optimum solution but so far there hagerb
no significant investigations into PCs because haf t
function in different locations as well as at vaso

ambient temperatures. During operation, the power
consumption of the CPU shows how much heat i%ethodi
dissipated because of defining th

generated or
requirements of a suitable cooling system. In T&bie

shows the example of power consumption of a CPU i

an idle test and under load test. The idle teatiniging

the computer with only the operating system withou
other software. The under load test is defined a®roblem,

load tesf!

Thermal out put

CPU CPU
CPU max +disk max Idle CPU max +disk max
204 W 244 W 247 W 694 BTU/h 830 BTU/h 840 BTU/h

peserve (early 2008): Configration: one 2.8 GHz quace intel
xeonprocessor, single 80 GB 7200RPM, Stata ajnyile module,
2 GB RAM (2x1 GB 800 MHz DDR2 ECC fully buffered. DIMMSs),
ATl radeon X1300 graphics with 64 MB RAM, no PCtds

The inherent benefit of the heat-pipe cooling
s the transference of heat with minimumt hea
?oss; the advantage of the thermoelectric cooldrigh

rgfficiency of the cooling system at the cold §idérhe

moisture condensed at the cold side is a disadgarmtt

tthe thermoelectric cooler. To minimize or elimingies

additional equipmé®t which can be

running a compute-intensive test application thatmplemented by combining the thermoelectric cooler

maximizes processor usage and power consumption.

(as a remote heat exchanger) with a heat pipe is

The performance of the cooling system is measuretequired. The system consists of the heat pipe,
by the Coefficient Of Performance (COP), as describ thermoelectric cooler unit, heat sink and fan. Tdea

with following equations:

CO soling - Qcold - Tcold (1)
Qhot - Qcold Thot_ Tcold

Similarly:

C OPh Qhot - Thot (2)

eating= _ _
Qhot Qcold Thot Tcold

Where:

Qs = The heat taken in by the cold heat reservoir
Qhet = The heat given off by the hot heat reservoir
Thot = The temperature of hot reservoir

Teoid = The temperature of cold reservoir

of this proposed design is to produce a coolingesys
which can transfer heat through the heat sink with
uniform distribution since non-uniform heat distrilon
affects the cooling performance.

MATERIALS AND METHODS

The structure of the system can be expressed in
terms of the heat resistance circuit as shown gn Ei
The specifications for which this solution is prspd
are showed in Table 3.

The proposed design and the assembly of the
combined heat pipe and thermoelectric unit folldies
thermal resistance circuit as shown in Fig. 1. The
evaporating part of the heat pipe is glued to théase

604



Am. J. Engg. & Applied i, 2 (4): 603-610, 2009

Rje

115

Tc Thpey Trpeon TrECCOI TTEChot T,

Rempev Ryp Rarrec Rrec Regcs Rsamb

T Amb

Fig. 1: Thermal resistance circuit of cooling syste

5Heatsink 4 Thermoelectric cooler

™

/'

\ Heat pipe
* 2 Heat pipe

1 Bottom heat distributor plate

Fig. 2: 3D assembly of cooling system

3 Side heat distributor plate

Condenser

Evaporator

Table 3: The specification for which this solutisrproposed

CPU heat dissipation
Ambient temperature
Core temperature
Die size

0-200 W
40
100°C

<200 mnf

of the CPU where the heat is generated. The coirdgns
part of the heat pipe is glued to the cold side of
thermoelectric cooler and the heat sink is glueticiat

side. The fan was connected to the heat sink. Thzlah
schematic view of the assembly is shown in Figl'ti
heat pipe (2), the side heat distributor plate #8)

bottom heat distributor plate (1) were assembleth wi
interferent fits but the assembly of the thermoieiec

unit (4) and heat distributor plate (3) were done b G
using thermal grease or another interface medium. T N

assembly of the heat sink also uses thermal gréhse.

cooling system is put on to the chip next to thédim

heat distributor plate 1.

Thermoelectric selection: Thermoelectric coolers are
solid state heat pumps based on the Peltier Eftect, >
typical junction phenomenon. An electrical currentg

produces heating or cooling at the junction of two
dissimilar metals depending upon the direction ef t

current flow. The heat absorbed or created at the

junction is proportional to the electric currenthel

proportional constant

is known as

the Peltier

coefficient. To determine the properties of a duda
thermoelectric device, the following equations talen

into consideratiofy.
Heat pumped at cold surface:

QC=2N{GDDTC—(I2mj—kEDTEG}
2G

®)

605

Voltage:
V:ZN[@H]EDT} (4)
G
Maximum current:
kG 1/2
oy = — 1+(2z00th -1 5
o=l (22 - ©)
Optimum current:
kDT 61+ (1+ 2T,,,) ")
lopt = T (6)
Optimum COP (calculated at | opt):
12 -1/2
COF?)DI - [QJ (1+ ZDrave)l/z ! (7)
DT | (1+Z0m,,) " +1
Maximum DT with Q = 0:
1/2
DTmax:Th{MZDZTh)l} ®

Where:

= Hot side temperature (Kelvin)

Tc = Cold side temperature (Kelvin)

DT =Th-Tc (Kelvin)

Tave =1/2 (Th+Tc) (Kelvin)

= Areal/length of TE element (cm)

= Number of thermocouples

I = Current (amps)

COP = Coefficient of performance (Qc/1V)

a = Seebeck coefficient (volts/Kelvin)

= Resistivity (ohm cm)

= Thermal conductivity (Watt/(cm Kelvin))

= Figure of merit (a?/(r k)) (Kelvin-1)

= Device seebeck voltage (2aN) (Volts/Kelvin)

= Device electrical resistance (2 r N/G) (Ohms)

= Device thermal conductance (2 KkNG)
(Watt/Kelvin)

Since the system is to be used for cooling
equipment which dissipates 200 W, the power of the
heat pump at the cold side of the Thermo-Electric
Cooler (TEC) must also be 200 W. In this study, the
TEC cold side temperature was kept at 20°C, the
voltage supply at 12 V and the ambient temperadtire
40°C. In Table 2 it shows the performance of theCTE
using the above values with Eq. 3-8.
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Part no. PT8-12-40 s g Cond
c Heat__qlsmbutorplateon e:}.t.l‘ser
4000 44.00 2 7 ' = ) Condenser
L A v L — ; j .\ ‘ Evaporator
](I_4_0.00_|,| _“_ ) ; ;, ( .;/['t_k ; | el
3.48 - : \ Heat pipe
Ceramic material: alumina Evaporator Heat pipe

wire gauge = 18AWG

Fig. 4: Heat pipe assembly, detail dimensions areng

Fig. 3: Thermoelectric urift in Table 4
The selected thermoelectric device is a multipteae  Table 4: Initial feasibility study of heat sink
p- and n-type semiconductors. In this study, theilte CHIP specification Power dissipation 200 W
of calculation for the thermoelectric couple is 635Base thickness 1-5mm
couples, with an estimated surface area of 1§%cm Heatsink dimensions WLxH = 120<160x60 mm
The commercial thermoelectric cooler as shown ir}'f,'n thickness oLy mm

. umber of fins 30-90
Fig. 3 was chosen. Fin height 40-60 mm

Fin airflow 20 CFM entering at 40°C

Heat pipe selection: For its construction, three
different regions within the body of the heat pipere | _L. | ,Le (11)
considered. These are the evaporating zone, wheret ** 2 " 2
working fluid is evaporated, the condensing zone,
where the working fluid is condensed and the adiaba The heat resistance of the heat pipe can be

zone, located between the evaporating zone and trexpressed by:

condensing zone where there is very little physical

change in the fluld. In this research, Jaroslaw g -A4T (12)
Legierski's heat pipe design is implemented by gisin P

water heat pipe of 200 mm length and 4 mm

diametel”. In Fig. 4 it shows the 3D design and the Where:

assembly of the selected heat pipe with its heah = Thermal conductivity

distributor plates. The detail dimensions are given ¢ = Heat flux along the pipe

Table 4. AT = Temperature gradient
The power transmitted through the pipe is| = Effective heat pipe length
evaluated as: Lc = Condenser length

L, = Adiabatic length

_ Te@time) ™ T e @time 0) Le = Evaporator length
P=miGh t ©) Pr = Power transport to cold container
Where: Heat sink selection: For the design of a heat sink,
m = The water mass in cold container (mL) computatloge?&IP]tecr;]nlq#es (Il'mllpedl FEA a_ndbCFDd) are
Cs = The specific heat of water (j/g°C) recommen . The heat sink selection is based on
T = Tem ; o the following requirements; 200 W of heat dissipati
c@time) = perature at any time (°C) . -
T =T S — (o from the CHIP, 40°C ambient temperature and
«(@time =0) = Temperature at time = 0(°C) . . . o
_ . maximum junction temperature as 100°C. Because of
t = Total time (sec)

space limitation inside the computer enclosurexedf
volume heat sink was used. The initial feasibititydy

The effective thermal conductivity of the pipe is to determine an optimum heat sink design is shawn i

expressed by Eg:

Table 4.
The objective of the optimization is to minimize
A =_<p'lf (10)  the core temperature of the heat source. The \ariab
AT parameters are the base thickness, fin thicknéss, t
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number of fins and fin height and the heat sinkolhhi Enclosure:

gives lowest core temperature was chosen. Thetsesul

of the optimization following implementation of ¢ Dimension: X = 350 Y = 180 Z = 400 mm (steel

“COOLIT” software are tabulated in Table 5 and a 3D wall patch)

illustration of optimum heat sink is shown in Fig. e Enclosure fan: Speed 4300 rpm, Air flow rate
120 L mir*, Noise 21 dB

The simulation conditions: “COOLIT” simulation

software is used to evaluate the proposed cooling Gravity factor: Y =9.81:

system. While the boundary conditions for the )

simulation were classified into two groups. Thestfir * X min: Steel wall

group is the enclosure, consisting of the enclostai ¢ X max: Steel wall

vents and fan and the second group is inside the Y min: Steel wall

enclosure, consisting of the computer components as Y max: Steel wall

shown in Flg 6. . Z min: Fan
The list of components are: « 7 max: Vent
» Enclosure dimension 35280x400 mm (steel) Vent properties:
* Enclosure fan (speed 4300 rpm Air flow rate 120 L
min~*, noise 21dB) « Perforate plate
»  Power supply 450 W e Percentopen 0.5
« CDROM «  Thermal conductivity 0.026 W mK
+ CPU 200 W core size 221 mm «  Emissivity 0.9
e CHIPSET 20 W core sizex8 mm
*+ VGAcard 20 W To simulate the model under transient conditions,
* Audio card 20 W the required time was set to 100 min and the titap s
» Data acquisition card 20 W was 0.005 min and 20,000 steps. To monitor the
e Hard disk 30 W temperature of the system, temperature sensors were
+  Floppy disk drive attached to each component. The dissipation powasr w

applied, as shown in Fig. 7 and the ambient tentpera
Other components, which do not dissipateWas setat40°C.
significant amounts of heat, are neglected in sitioh
process. The details of the components are shown in
Table 6.

Table 5: The optimization result

CHIP specification Power dissipation 200 W Youe OB
Base thickness 4.75 mm 1
Heat sink dimensions WLxH = 120x160x51 mm »
Fin thickness 0.57 mm max
Number of fins 81 Zinax
Fin height 41.3 mm
Fig. 6: Computer box
4.75mm e
4..| Iq;,» = /’,?7’ Transient heat dissipation of CHIP
"' = = 250
: e
T — |Fins thickness 0.57 mm E 2001
5 =
120 mm | £ g 150
L £ 100
LB 5 50
160 mm 0
51 mm 0 2000 4000 6000 8000
Time (sec)
Fig. 5: Dimensions of heat sink Fig. 7: Transient heat dissipation
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Table 6: Properties of interior component Ambient temperature (Tams)
Component Properties o W r
Chip Power 200 W -
Core size 2421 mm i Heat sink temperature (Ts)
Emissivity 0.9 temmnsie (it

R Junction to board 0.5°C/W

R Junction to case 0.5°C/W
PCB Material FR4

Conductivity 0.3 W mKi®

Density 1200 kg ni

Heat capacity 880 J kgk

Heat pipe temperature (Tupcr)

J Interface temperature (Tc)

Heat sink Dimension X =51, Y = 120, Z = 160 5
Material copper (391.162) Heat pipe temperatise (Toa)
Fin thickness 0.57 mm " CPU core temperature (T7)

Number of fins 58
Fin height 41.3 mm

Base thickness 4.75 mm Fig. 8: Temperature measurement
Heat pipe Diameter 4 mm, length 200 mm

COI’]dUCtiVity 15,000-30,000 W I'ﬁk Respond graph of proposed system

(time dependent) heat distribution S0

plate WKLxH = 120<160<8 mm ;f) ' { s
Thermoelectric cooler Heat pump at cold side2QOW f 3 e ——

Voltage 50 V max current 9.39A
Optimum current 2.51A

Coefficient of Performance COP 1.17
Max differential temperature 77.56°C
Number of couples 635

— Ambient temperature
TEC-cold- temperature
— TEC-hot- temperature
. Heat sink temperature
—— Heat pipe temperature (evaporator)
—— Heat pipe temperature (condenser)

Temperature (°C)

Interface materials Arctic silver (thermal resistan
00045°C/W) 300 1000 2000 3000 4000 5000 6000 7000
Fan Speed 4300rpm Time (sec)

Air flow rate 120 L min*

Noise 21 dB air pressure 18.6 Pa Fig. 9: Response graph of cooling system

RESULTS
ch RcHPev RHP RHF’TEC RTEC RTECS RsAmb
005 0035 004 0005 -0.045 0005 0.005

The simulation was carried out for temperature
measurement using COOLIT 6.0 V software. The 74ch ;COC :;"’c :;::‘:’" TZZC:(":"‘ T;f(“:“ szsoc T;;":C
measurements of temperature are showed in Figh8. T
results of the study are shown in Fig. 9 and 10e Th Fig. 10: Thermal circuit of cooling system
response graph, Figure shows that the core tenyperat

reached 74°C after 15 min of the system’'s heathe removal of heat from the heat sink is difficdlo

dissipation. _ solve this problem, a high volume flow rate fan was
The highest temperature at the chip was found tQgeq. However, this is noisy.

be stable and below 75°C. After the dissipation @ow The measurements results are:
turning off the core temperature reduces to ambient

temperature within 18 min. When switched off, thetamp = 55°C

components behave differently. During operation therg = 56°C

heat pipe temperature tends to be proportionahéo t 1. =~ =57°C

CPU temperature but the TEC and heat sinky __ = = 48°C

temperature increase slowly. This suggests thaldla¢ 1 = 49°C

pipe has very good heat transfer but that for that h Tupey = 57°C

sink and TEC depends on the flow rate of the fang. = 64°C

When the temperature of heat pipe is consideres, th-|-j = 74°C

gradient of the graph means that the heat-tramserr

ability of the heat pipe was good enough to copila wi Equation 13 was used to determine the thermal

the heat dissipation of the order of 200 W. Theiamtb resistances of each part and the cooling of theesys
temperature was influenced by heat sink, when amhbie During operation, the equation describing the total
temperature rises the surrounding pressurg@isdmd thermal resistance of the proposed system is:
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+ Renpevt Rupt Ryprec

(T, -Ta)

(13)

The highest core temperature was found to be
133°C with the thermoelectric cooling system and
lowest at 74°C with the proposed cooling systene Th
ambient temperature of each cooling system, medsure
between the heat sink and enclosure fan, was

the operating environmentincreased. The highest was found to be 79°C for the
Additionally T; and Q are normally provided by the TEC cooling system and the lowest 55°C for the

proposed cooling system. The temperature difference

The thermal resistances of each part of the cgolinbetween the core and heat sink of each coolingsyst
system were calculated from the above result. Theseas found to be 28°C (heat pipe), 13°C (TEC) and
values are given below:

» Resistance of junction (Rjc) = 0.05°C/W
» Interface resistance {fpe) = 0.035°C/W
e Heat pipe resistance (B = 0.04°C/W

e Thermal resistance heat pipe to TEC

b (RHPTEa = 0.005°C/W
» TEC resistance (Rc) = —0.045°C/W

18°C for the proposed cooling system. The
characteristic of the separate cooling systems was
totally different to the proposed cooling system as
shown in Fig. 12. The thermal resistances of both
existing cooling systems are similarly, i.e., aorégase
after heat dissipation. Such characteristic indEghat
existing cooling systems lack cooling ability besau
of the rising of thermal resistance when hesdidated.

» Thermal resistance, TEC to heat sink

*  (Ryecd = 0.005°C/W

e Heat sink resistance (RsAmb) = 0.005°C/W

e Total resistance (Rja) = 0.095°C/W

e Time required for the system to reach maximum
temperature = 1400 sec

» Time required for the system to cool after turning

off the heat source = 1110 sec N - Amblent temperature
o
0 2000 5 6000 7000
DISCUSSION B oo
) ) @)
The other two commercially cooling systems are
simulated using the same conditions. The resulte we Respond graph of TEC
compared with the proposed cooling system as shown 160 Sooling system
in Fig. 11 and Table 7. Mo -
£ 120 If'_'_'_'_-—" e \ _ Core temperature
2. 100 y Contact t t
Table 7: The comparison of thermal resistance 2 gl A i : Ar?;f:i:m te;;%iinu;ee
Heat pipe TEC Combined £ 60 |4 \ Heat sink tem Rt
cooling cooling cooling 2 40 J.f.' \ “TEC-cold side temperature
Thermal resistance (°CIW) (°CIW) (°CIW) E 2l
Thermal resistance of 0.030 0.005 0.050 B
junction to contact 0 1000 2000 3000 4000 5000 6000 7000
material (Rjc) Time (sec)
Interface resistance 0.065 0.095 0.035 (b)
(Rerpey, (Reted)
E—I;a; pipe resistance 0.025 -- 0.040 Respond graph of proposed
HP,

Thermal resistance of 0.020 - - 30 Eysiem
heat pipe to heat sink 73
(Rup9 o T - Core temperature
Thermal resistance, heat -- -- 0.005 : f; I ; E\?ég?gf ?;“,ﬁ;;?ﬁ‘,ﬁfe
pipe to TEC (Rered 5 sl —pe— TEC-cold side temperature
TEC resistance (Rc) - -0.06 -0.045 B0l et N TEC-hot side temperature
Thermal resistance, TEC - 0.025 0.005 o, 4spLE —4 Heat sink temperature )

. £ gopf - Heat pipe temperature %ex aporator)
E)er;?astirflinrlégi%tcaice 0.050 0.23 0.005 53 Nl e
(Rsa) ’ ' ' BG[) 1000 200030004000 50006000 7000
Total resistance (Rja) 0.190 0.295 0.095 Time (sec)

Time required for the 1541 sec 1400 sec 720 sec (c)

system to reach maximum

temperature (Rising) . . . X . .
Time required for the 1608 sec 1100 sec 1440sec ~ Fi9. 11: Comparison of three systems; (a): Heat pip

system to cooling after
off dissipation (falling)

609

)]

Temperature (°C

Respond graph of heat
pipe cooling

- Core temperature
Contact temperature
Heat pipe condenser temperature
Heat pipe evaporator temperature
Heat sink temperature

cooling system; (b): TEC cooling system; (c):

Proposed cooling system
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0.5 2.
0.43 =#=  Proposed codling system E
04 -5 Hearpipecooling sysem
}%\ 033 - TEK’:oa!nngsg:m L
E (1] .
g ¥a N 3
S \
= 02
E 1
= 0154 e —
2 01 = v
0.03 '
u L] T T L L] T
o 1000 2000 3000 40:00 5000 S000
Time {sec)
Fig. 12: Thermal behavior of cooling system 5.
For the combined cooling system the resistance
characteristic is opposite, i.e., the resistancaedsed
after heat dissipation. Such behavior makes the

combined cooling system a better method of heat
transfer from a heat source to ambient becauséeof t
cooling system has less heat resisting during dpera

7.
CONCLUSION 8
The simulation model has shown that: 9

« The proposed cooling systems have sufficient
capacity for cooling 200 W heat dissipation

e The temperature of the proposed cooling system is
lower than both existing cooling systems. The
temperature of all components, i.e. the CPU, heat
pipe, TEC and heat sink were below 75°C

e The thermal resistance characteristic of a cooling
system has a major effect on cooling performance

» Both existing cooling systems can shorten the life
of the CHIP since the rapid increase of temperature
to its maximum limit accompanied by slow heat
removal requiring the component to be always
operating at elevated temperatures
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