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Absgtract: This study proposed o manage the themal envirorment of the interior
Pace of a computer closet by totally lowering its cooling air tanperature In analogy
the air conditioner canmonly used in routine life, amesscale integrated refrigerator
was fabricated © regulate the enviormental temperature inside the computer

Conceptual experimentson the prototype systan were carried out Itwas denonstrated
that the surrunding air temperature in the camputer could be lovered to about
32.7 from its original 54.7 . Therefore, without changing any of the cooling
canponents, an evident enhanced cooling effect for the computer system could be
realized Themesscale air conditioner ecifically developed for themal management
was econamic and easy © operate, which would find significant gpplications in the
canputer industry. Just like the teminals in air conditioning systams, this integrated
refrigerator could support many evgporairs to removal the large anount of heat
generated by multiple canponents These evgporaiors could al® be attached directly
o the surfaces of chip devices such as central processing unit (CRU) and diplay
card etc o cool the tamperature there The present active cooling systan isflexible in
adjusting the local themal conditions For exanple, if o evgporatbrswere used in
the air-cooling systam, one of then could be gplied © ocool the enviormental
temperature, while the other one attached to CRU directly The concept given in this
study is expected to provide a high perfomance cooling for the notebook PC, desktop
PC and large camputer It can al® be extended t more wide area involved with high
heat generation rate
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Namenclature

A——Surface area of the fin base(m’)

A, ——Section area of the fin(m?)

b——W idth of base(m)

C—Secific heat of fin material[ J/ (kg- K) ]
C,——ecific heat of water[ J/ (kg- K) ]
h—Heat convection coefficient[W / (m- K) ]
K——Themal conductivity of fin material[W / (m- K) ]
L——Fin length (m)

|——Fin height(m)

m——~M ass of water (kg)

N ——Total number of the fin

Q—Heat trander rate betveen the fin and the surrounding envirorment (W )
g—Refrigeration capacity (W)
T—Temperature( )

T,—Base tamperature( )
T,——Surrounding air temperature( )
t——Time(9

U——Section perimeter of the fin(m)

U, Voltage across the heater (V)

U, —Voltage across the fixed resistance (V)
W ——Heat generation rate of CRU (W)
x——Coordinate (m)

Greek

o ——Coefficient

p —Density of fin material (kg/m®)
® ——Fin thickness(m)

1 Introduction

Over the past fav years CRU geeds kept being mproved at a dramatic rate In order ©
realize the nev geed, CRU are assambled with more transistors which are draving more pover
and havingmuch higher clock rates This leads o an ever-larger heat produced by the CRU in
the computer Pentium-V CRJ and Athlon XP, released by Intel and AMD regectively, have
high heat dissipation and therefore require excellent cooling perfomance For exanple, 2GHz
Pentium-NV procesormade in 0. 1§ m manufacturing process has themal design powver (TDP)
75. 8N, requiring cooling perfomance 0. 47 MW (@40 ). 2GHz Pentium-V procesor made
in 0. 131 m manufacturing process has a little lover TDP 52 and requires cooling perfomance
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0.53 MW (@ 40 )™. The tendency for a rise in the CRU capacity resulted at present in
increasing heat release o 50—100W for desktop PC and o 20—35W in notebook PC'?'. CRU
heat sinks have been added to all moderm PC CFRUs o help alleviate ssime of the heat fram the
procesor into the surmunding enviment But as the standard conduction and forced-air
convection techniques no longer provide adequate cooling for sophisticated electronic systans
nav lutions are being looked into liquid cooling® , themoelectric coolingd*”’, heat pipes® |
and vapor chambers®’. L iquid cooling is amuch more efficientway at draving heat avay from
the procesor and outside of the systan. This benefits the systam by allowing for higher clock
Peeds in the procesor as the anbient temperatures of the CRJU core are ill within the
manufacturer’ s pecifications This is the prime reaon why many people tend to favor the use
of liquid cooling lutions for their procesors However, generally there are wwo moving parts
(‘impeller and fan) to a liquid cooling systen. Both of them do need t run at very high geeds,
which augnent the amount of noise by the systan Furthemore, if the system is not properly
installed, leaks could cause svere danage to the components inside the systan. There is al®
the possibility of injuring to the individual installing the systan into the computer Solid-state
themoelectric devices have no moving parts, which is perhgps their most attractive virtues
Unfortunately, their relatively poor Coefficient of Perfomance (COP) limits then © lov power
goplications Furthemore, high power gpplications may require additional active cooling
ranove heat fram the rejection side of the themoelectric device A heat pipe is a condenser-
evaporabor system in a smple fom as a hollow tubewith layersof wire screens along thewall ©
<rve as awick Heat pipe has an advantage that it has very lov themal resistance and its
perfomance is relatively insensitive o its length Consequently, it can be arranged in many
shepes o accommodate different configurations It has in fact been implanented in lgptop
camputers W hereas in the deskiop server goplication, a flat type rectangular heat pipe isused ©
attach under the base of the heat sink o realize temperature unifomity across the heat sink
base Thiswill reduce the reading resistance in the heat sink base and therefore mprove the
heat sink perfomance It should be noted that the heat pipe itself could not provide active
cooling It is asa rule, only part of an integrated systan,which ensures heat collection and sink
may be equipped, for instance, with a fan

A s CRU heat dissipation has been on the gradual increase and computer has shifted toward
being compact, all these lutions have Imited cooling perfomance in an inafficient ace
These conventional methods have either reached their practical gpplication Imit or are on ©
become mpractical for recently energing electronic components Therefore gpplication of active
cooling is considered as an alternative to these conventional methods seriously for cooling further

high power procesord**"

. Utilization of refrigeration as a viable cooling lution has been
traditionally challenged by concems such as systen operating conditions and heat cgpacity,
overall systam efficiency, reliability, packaging, size and cost Al®, system RAS ( reliability,

availability and serviceability) isan issue of critical 'mportance’lo]. V goor compression can lift
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large loads and make heat sink work at belov ambient temperature Vgoor campression
refrigeration offers several other important advantages These include lov mass flowv rate, high
COP, and the ability to trangort heat avay fran its urce

In general, vgoor campression systems are quite efficient, o me extent because of the
iothemal heat trander processes in the evgporator and condenser The problem with goplying
vapor campression gystans o electronic packaging is the difficulty in miniaturizing the systam.
There isone company, Kryotech, which markets a relatively snall vapor compression refrigerator
that can be incomporated © cool an AMD chip down o - 40
much larger than the mesoscale and microscale systans that are the focusof all the users and is
made 0 be installed belov the tower of a desktop camputer A particular challenge ©
miniaturize the vgpor compression refrigerator, and indeed o miniaturize all the refrigeration
gystans, is © make a snall, yet efficient, gas compresor Research is undeway to develop
miniature vapor compresors ! and o develop miniature gas compresors for application in
these or other systeném. Unfortunately, up o nov no systan perfomance data are available
yet Thus we fabricate an integrated refrigeraor systen 1 regulate the envirormental
temperature inside a ocmputer“s]. The systan reduces the heat sink surface temperature below
anbient air temperature and makes the heat sink work at amuch lover tamperature In analogy
to the air conditioner commonly used in routine life, the integrated refrigeraior alo could

. However, this systam is

upport many evgporaiors o remove the large anount of heat generated due © multiple
camponents Further, ©o illustrate the wide gpplicability of the present integrated system, itwas
al® suggested o erve as a liquid cooling urce instead of the air-cooling systan Unlike the
conventional liquid cooling, such ligquid cooling systean could maintain the CRU temperature
belonv the anbient tanperature The focusof this study is restricted © refrigeration systan that is
used for cooling entire cabinets and can be incomorated into an integrated systam.

2 M ethod and Pr nciple

The main purmpo<se of the vgpor campression refrigeration cycle is o trangort energy fran
the peronal computer © be out of the systen through the surrounding air A schamatic
representation of the vgpor campression cycle is given in Fig 1. The conventional vepor
compression system consists of a condenser, expansion device, an evgporator and a comp resor.
A capillary tube was chosen as the expansion unit in this study The systen useed a fluid, ©
move heat fraom one place to another L iquid refrigerant entered the indoor coil, operating as the
evgporatr during cooling The liquid refrigerant absorbs heat as it changes state fran liquid ©
vgpor without changing its tamperature The vgoor refrigerant was subsequently carried through
the suction tube o the campresor, which was basically apump that raises the presaure  itwill
move through the system. Once it past through the compresor, the refrigerant was said o be on
the* high” side of the systen. Then, it now flows into the refrigerant-to-air heat exchanger,
operating as the condenser during cooling After the refrigerant leaves the condenser, it reaches
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the capillary tube The cgpillary tube allovs the high-presaure refrigerant ©o* flash” through and

thus becanes a cooled liquid with lower pressure W hen presaure reduced, aswith graying an
aero®l or a fire extinguisher, it significantly cools The cycle is complete as the cool, liquid
refrigerant re-enters the evgporator  pick up camputer closet heat

Capillary tubef
]

o
'

Qin . Cooling fan 444

1
@ %-5 D"8' o
Thermal
Evaporator ulb )Condenser

Low side ' High side

w

Fig 1 Schamatic of refrigeration cycle

The primary objective of themal managament of computer systan is o ramove heat fran
the computer closet and t awid triggering tamperature-activated failure mechanisns
Conventional vapor campression cooling systan should attach its evgporator o the surfaces of
chip devices auch as CRJ. Due b gace Iimitations in sme computer closet, thismethod could
not be widely goplied Based on currently existing technique, the vgpor compression cooling
gystam could be used just as a heat sink The heat comes fran the wam, most computer closet
air blovn across the evgporabor coil A s it passesover the cool coil, it gives up some of its heat
and moisture may condense The cooler and drier air is re-circulated by a blower into the
camputer closet

V goor campression system offers several advantages for cooling the computer closet It can
reject heat far fran the surce by sparating the eveporator and the condenser Further, it
trangoorts large quantities of heat with a snall mass of circulating fluid These both are the
advantages over the traditional liquid ocooling Vgoor compression operates at a COP
goproximately three times that of themoelectric devices in a smilar application

3 Theoretical M odel

Unlike the traditional cooling ways such as improving perfomance of the heat trander
utilizing extended surfaces through the increased surface area, organization of the flov pattems
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o increase the film coefficient, and changing material of the fins here we proposed t wtally
decrease the surrounding air temperature which would make the themal managament more
flexible The effect of these last three methodswith constant surface areawill be compared in
concept for the same rectangular plate fin

For a snall control wlune as illustrated in Fig 2, the energy-balance equation for the fin
reads as

dT(x) hU B

—‘—ldxz e (T-T) =0 (1)
or

dz—zx(%l = (T- ) (2)

where, T; is the surrounding air temperature, h; the apparent convection coefficient betveen the
fin surface and the surrounding air, K the themal conductivity of the fin material, A, =L X0 the
sectional area of the fin,U =2 (L +0) the sectional perimeter of the fin, L the length of the fin,
d the thickness of the fin, and m = ,/hU/(KA;). The fan blowvs these finswith a constant
rotational gpeed For smplicity, the surrunding air temperature T; and the gpparent convection
coefficient hy both could be considered as constant in the derivation This kind of assumption
could be accepted for forced-air convection in snall pace

;1

O - O; [ [
b dQ
'4——-—‘
L l

Fig 2 Heat trander in rectangular plate fin

W e define T, as the base tamperature at the point of the junction betveen fin and the
base For the case in which the base tamperature T, is Pecified, one boundary condition could
be written as

T=T,x=0 (3)
For the case inwhich the fin isvery long, i e , >0, the heat flux at the fin tip approaches zero
as x increases, the second boundary condition is thuswritten as

< -0 x=1 (4)

where, | is thewidth of the fin Solution o thismodel leads

cosh[m(l - x)]
cosh(ml)

T=T+(T - T) (5)
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where, cosh (x) %

The heat tranger rate beiveen the fin and the surrounding envirormentQ can be obtained
ad"

Q=h(1-0)A(T, - ) +N JUKA (T, - T;) - tanh(ml) (6)
where,N is the btal number of the fin,A =L X b is the surface area of the basament, b is the

width of the basament, and the coefficien® =NA, /A, tanh (x) %
e

X
e

In steady state, the heat loss from the finsQ will be equal © the heat generation ratew of
the CRU, then the base temperature T, could be obtained as

TO :Tf + W
h(L-@)A +N JhUKA - th(ml)

The typical values are gpplied as given in[ 20]:
T, =40 ,h =50W /m’- K, =233 /m- K =410N /m-
1=3.5%10 °m,L =1.08 10 'm® =1 5x10 °m,N =12,W =60 OW,
b=5 0%10 *mp, =8.96 x10 kg/m® p, =2. 70 x 10’ kg/m".
where, K, is the themal conductivity of the aluminum,p, the density of the aluminum, K, the
themal conductivity of the copper, andp . is the density of the copper

(7)

The mproved perfomance of decreasing the surrounding could be evaluated by equation
(7) theoretically In the followving section, the experiment will al® be carried out
prelminarily understand the cooling behavior of the present themal managament strategy.

4 Hardware Fabr ication

4.1 General

In this paper, an integrated
refrigerabor systam was fabricated ©
regulate the enviormental temperature of
a computer The* cooling engine” must
be integrated or othemwise accommodated
in the physical design For the pumpose of
only testing the air conditioner concept
for themal managament, the present
vgpor compresdr had not been designed
for aesthetics in our prototype Clearly, it
could be made much lighter and snaller
than this under the consideration of
industrial design™***"!. A wave like Fig 3 Eveporaior made by copper

fined-tube heat exchanger was adopted as tube coiled with snall spring

W n
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the condenser in this prototype The evgporaor was made by copper tube coiled with snall
spring(shown in Fig 3) ,which created a cool surface to which heatmay trander from the air or
liquid passing through it The evgporator could be sparated from the condenser and
compresor Thus the vgpor compression systam can reject heat far fran the urce Filter is
installed in the liquid line of the systan after the condenser Its construction is generally in the
fom of a tube, which contains coarse and finemesh filters These prevent foreign matter such as
dirt, metal filings and carbon sludge fram circulatingwith the refrigerant The tube al® contains
a drying agent or dessicant, which will ab®rb any moisture in the refrigerant R-134a was
chosen for the present study which currently has been proven to be an envirormentally sfe
refrigerant that is chlorine-free ***!. Refrigerant tubing must be incomporated into the physical
design © supply or remove the refrigerant

Every electrical installation must be protected from current overload This is achieved by
locating a protective device at the canmencament of each circuit in the fom of a fuse or circuit
breaker W ater, a hazard to electronic devices, condenses on exposed urface at or belov den
point tamperature This issue extends © all exposed oold area of the refrigerant path Therefore
cold surface must be insulated from and sealed against moisture-laden air to awid hazardous
condensation

According o different cooling mediums, folloving a brief description of air and liquid
refrigeration technology, enphasiswill be placed on the analysis of air-cooling system.
4.2 Air-coolihg systen

Fig 4 is a schamatic representation of the air-cooling systean cycle the computer closet
fran the inner of the evgporatbor through a plastic tube At last, thewam air after heat exchange

Computer closet

R

Condenser
FEECD Cooling fan
\' ra e |\ =
=1 Same = | &
—— [mm
/ | — Compressor l ! '
Evaporator | |~y e
P& N '{“
==

Fig 4 Schematic of vgpor compression refrigeration
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with the canputer flav back o the evaporaibr’ souter pace o canplete the cycle Thiswould
lover the enviormental tenperature of the computer closet and reduced the heat sink surface
temperature © belov anbient air temperature Fig 5 showvs the probotype of the air-cooling
gystan. This close cycle is beneficial in reducing the hazard of the condensed water on the cold
urface

In analogy to the air conditioner used in
the housing clmate ocontrol, the integrated
Airinlet! refrigerator alo could support many eveporabors
" 0 ranoval the large anount of heat generated
| due D multiple components In this case, sme
of the evgporabrs could be attached t the
| aurface of certain devices such as CRU and

P

= outlat Computer closet

diplay card The active cooling system would
Compressor Condenser . . .
a be flexible for adjusting the local themal
Fig5 Probtype of air-cooling systen conditions For example, if wo evgporabrswere
used in the air-cooling systam, one of them can
be gpplied o decrease the envirorment temperature, while the other one can be attached o cool
CRU directly Itwould strengthen the total cooling perfomance W ith the advances in computer
industry, this systam is expected © be very useful in themal management
4.3 L iquid-cooling system
Fig 6 isaprmobtype of liquid-cooling modules To campare itwith Pentium-V CRJU boxed
cooler,we usd a 71Imm x 47mm x 8mm heater B R e
o smulate the Pentium-V CRU. There may be
sme difference betveen the heater used in the
liquid-cooling systan and the real computer
chip. However, the heater could provide
different unifom heat flux by flexibly adjusting
the wltage applied on it Therefore it can be
aplied o test more situations Cold plate was
placed above the heater, and themally res’:::::ce Uakdpome. st Cold plate
conductive silicone grease was filled betveen
the heater and the cold plate in order Fig 6 Probtype of liquid-cooling system

minimize the themal resistance occurring in surface contact Cold plate design must asure
efficient themal trandfer fran heater to thewater inside the cold plate Flat and snooth surfaces
for the plates are generally required The cold plate is fabricated fran copper with thin wall
design © dhorten the themal path fram the target to the water

The evaporator of the refrigerabor systan was mmersed into a beaker with 450 m| water
Thewater is subsequently carried through the suction tube to the water pump. Then the cold

24 4-2008 China Academic Journal El Publishing House. All rights reserved. http:/ c
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fluid passed © the cold plate The heater released its heat o the fluid running across the cold
plate as the water becane into awam liquid The wam liquid then cane back o the beaker
finally The cycle campletes as the oold fluid passes o the cold plate

If the systan is not properly installed, leaks could cause severe damage o the components
inside the camputer There is al®© the possibility of injuring o the individual installing the
gystan into the computer Water cannot usually be considered, both because of its ionic
conductivity and its boiling point, 100 , which is too high for maintaining CRJ temperature
belov 85 . The widely studied altematives b water are the dielectric fluorochemical
ooolants, FluorinertTM , manufactured by the 3V Campany, which boil at 56  for FC-72*1. In
addition, gpplication of vgpor compression o persnal computer requires careful engineering
design Cold surface cannot be allowved o collect condensate fran the surrounding ait The entire
Dlution must be cost effective and reliable
4.4 M easuranent systan

In this study, an gpparatus and experimental procedure have been developed to facilitate a
gystamatic study of air conditioner for themal management of chip cooling The schematic
diagram of the gpparatus is given in Fig 7. The electrical current for the heater is controlled by
requlated DC power supply WYK-605, whose working wltage range is 0—65V. The
themocouples are calibrated in the ice water and an accuracy of £0.1 s obtained The
transient tanperature and voltage across the heater are obtained using a 48 channelsHP A gilent
34970 Data A cquisition/Swvitch Unit The HP Agilent 34970 Data A cquisition/Svitch Unit is
oonnected with the personal camputer with the data acquisition card (HP E2078, USA). The
acquisition ofvare uses HP BenchL ink Data Logger, which can immediately diglay, analyze

and save the input measurement data

Agilent 34970A Regulated DC Power
Data Acquisition/Switch Unit  Supply WYK-605

Personal Comluter

| I
--—4—.('—0-¢|| |
|
s Um0 00
| [eeee
Thermocouples | | | coo0go
+
Voltage
Water outlet Water inlet Signal
Cooling plate
Power
Supply

Fig 7 Schamatic diagran of measurament on liquid-cooling system
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The themocoupleswere placed on the evaporabr inlet, evgporator outlet, condenser inlet,
condenser outlet and compresor o monitor the operational agpect Another themocouple was
placed on the bottom of the CRU to evaluate the air-cooling perfomance In the liquid cooling
gystan the themocoup leswere placed on the water outlet, water inlet and the middle of heater
o evaluate the liquid cooling perfomance The heater was made of 0.3 mm-dia nickel-
chromium wire and its resistance wasmeasured as43. 42. The resistance of the fixed resistance
was0. 2. The voltage was changed after the temperature reached the steady state

All temperature and woltages ssmplingwere carried outwith aDataA cquisiton/Svitch U nit
(Agilent 34970A ,UA) and diplayed at 2 s intervals by the camputer.

5 Realtsand D iscussion

For brief, the details of the perfomance of the vgoor compression systan, such as cooling
capacity, refrigerant mass flov rates, compresor perfomance, cycle COP, etc are not measured
inour study. All of these have been studied in other literatures . The temperature of the
camputer chip is calculated and measured o explain the influence of varying envirorment
temperature on CRU perfomance
5.1 Refrigeration capacity

The cooling cgpacity of the systan is a strong function of the evaporation and condensation
tamperatures, which will vary significantly fran the liquid-to-refrigerant evgporator © the air-o-
refrigerant evgporator. In this study, attentionswere mainly paid to the tamperature decrease of
the computer chip. A smple experiment was
particularly carried out to evaluate the cooling

Condenser inlet

60 |

cgpacity The eveporabr of the refrigeratory, 4o}
system was immersed into a beaker with 200 mlé adl
water The evaporator releases its heat o the

8§ ol
watet The tamperature of the water then™ 0
decreases gradually after the compresor begins  -20 L Evaporator inlet Water
o work (Fig 8). Ice rind gpears at the 0 700 1400 2100 2800 3500
Time/s

evgporabr inlet after three minutes At 44
minutes, the evgporator turnsout © be covered
with ice and the tanperature of evgporator outlet
drops significantly, which means a strong cooling effect has been produced At this time the
water could not release its heat because of the huge themal resistance betveen the evaporator
and the water, which was caused by the ice Overall, the tanperature decrease of the water is
about14.7 (A T) within 1200s@ t). The refrigeration cgpacity could then be obtained as
q =m—Z‘At—T (8)

where,m is themassof thewater, C, is the ecific heat of water. Thus the refrigeration capacity

Fig 8 Refrigeration capacity of the
Vgoor campression systam
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in this test is estmated as about 102. AV.
5.2 Theoretical prediction

Decreasing the surrounding air temperature will significantly enhance the cooling effect by
still utilizing extended surfaces or fins, although up © now it has not been paid with much
attention To detemine the best heat sink design, we compared by equation (7) the themal
perfomances in three situations different materials, different heat convection coefficients and
different surrounding air temperatures The heat sink base plate area, fin length, fin height, and
fin center-tb-center distance were 108mm % 50mm, 108mm, 35mm, and 1. 5mm, regectively A s
calculation shows, the copper heat sink gives out the lowvest themal resistance while the
aluminum presents the highest (Fig 9). This
behavior can be attributed o the higher themal
conductivity of the copper compared with that of

54.0

the aluminum, realting in lover themal
Preading resistance in the base, better heat
conduction through the fins, and higher overall
heat trander t the anmbient air Fig 10
illustrates the influences of the heat convection
coefficient on the temperature distribution in the

Temperature/ C
8
oo

0.000 0.008 0.016 0.024 0.032
X/m

Fig 9 Influence of different materials to the

temperature distribution in heat sink fin of copper heat sink The base temperature

[h =50 /(m’- K),T, =40 ] only reduced 3.6 when the heat convection
coefficient changed from 50/ /(m* - ) D

70N /(m*- ). However, the base temperature would reduce 10.0 when the surrunding

air temperature changed from 40.0 1 30.0 (shown in Fig 11). Thismay mply that
reducing the heat sink surface tamperaturewould significantly improve cooling effect, whichwill
be validated through experiment in the following

49.7 —— b, =70W/m?/C bk |
49.0 b —— T, =30C
483 . . . e 24} N
54.0
536 |

531 ——h, =50W/m?/C — T,=40C
52.2 52.8 LM
52.0 J
61.8
= 2 [
612 Ry AW fel T oot —a— T, =50C
60.6

Temperature/ C

Temperature/ C

0.000 0.008 0016 0.024 0.032 62'10'600 e e
i : . : . _
X /m
Fig 10 Influence of heat convection coefficient Fig 11  Influence of surrounding air tanperature
on the temperature distribution in on the temperature distribution in the fin

the fin of copper heat sink(T, =40 ) of copper heat sink[ h, =500 / (m*- K) |
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5.3 Exper mental tests

Cold airwas pumped into the canputer closet from the lateral hole, in which the cold air
blav across the CRU directly Fig 12 shows the cooling processwhen the distance betveen the
CRJ and the plastic tube outletwas 12an. The initial air tenperature in the computer closet is
about 25.8 . The tamperature of CRU increased gradually when it was assigned © run a
FORTRAN program. At 28 minutes, the cooling fan began o work and then enhanced the
convection heat tranger in the canputer closet The tenperature of CRJ decreased from 54. 6
0 51.0 due b the goplication of thisfan The vgpor compresor began towork at 34 minutes
The tamperature of CRJ reached its steady state at 75 minutes and changed from 54.6 ©
32.7 . Ithasfallen 21.9 within 4lminutes

60
ol ——’\\Chip“
O 40f e o B
B 3 .
Air outlet
E 30+ g 30 }
g g
= 20} Airoutlet e Air inlet
15 |
10+ Air inlet
A A . 4 4 0 1 I L il
b 1800 W W0 B 0 1000 2000 3000 4000
Time/s Time/s
Fig 12 Temperature of CRU when the cold air Fig 13 Temperature of CRU when the cold
entered the computer closet air entered the camputer closet
through its lateral hole through its back hole

The cold air could cool the CRU directly when it entered the caomputer closet through the
lateral hole However thismay make the computer users change their computer lateral cover. It
was desirable o ill use the present cooling air conditioner without changing the cover
structure In fact, for many computer closets, there were holes in the backside under the
electrical source The cold air could then be ventilated into the computer closet through them In
this case, the tamperature of the CRU changed from 53 10 42.3 (Fig 13). But if certain
fine plastic tubeswere used o trangort the cooling air directly o the gecific object, more
powerful cooling effect can be realized as desired

Aiir-cooling system is very usful © lover the enviormental temperature and reduce the
heat sink aurface temperature belonv the anbient air temperature Except for this the other type
of cooling moduleswas al© given in this study The evgporator of the refrigerabor systan was
immersed into a beaker with 450 m| water The heater released its heat © the fluid across the
oold plate The initial temperature of the heater is about 25.9 . The temperature of heater
increased absurdly before the liquid pump worked at 6 minutes W ith the conventional liquid
cooling method, the heater tamperature increased gradually We let the vgpor campression
gystem o operate at about 21 minutes The heater will reach 52. 53  when its heating power is
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goplied as83. 1W and itwas cooled by cooling fan and heat sink with boned fins( shawn in
Fig 14). In the same situation, the heater will be cooled o 8.02 using the liquid cooling
system ( shown in Fig 15). It indicated that liquid cooling system is an effective way of cooling
snall heat surces In addition, this means that with liquid-cooling system, convective heat
fluxes of several hundred watts can be tranderred fran CRU without overheating the devices
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Fig 14 Tamperature of heater cooled by Fig 15 Tamperature of heater cooled by liquid
cooling fan and heat sink with boned fins cooling system L ist of figure captions

Conventional liquid cooling is realized through pool boiling, forced convection, mpinging
jet, channel flow boiling, or other gpproach’™'. Perhaps the major weakness of them, in addition
to the Imited choice of liquid available for use in electronic packaging, is not being able o
maintain the CRU temperature belov ambient tanperature The liquid cooling system given in
this study has conquered thisproblen b sme extent

6 Conclusion

Today, the rgpid development in infomation technology ( IT) such as intemet requires that
PC should be capable of processing more data and more quickly. Howvever, conventional cooling
methods have their shortcomings Cambining cooling fans and heat sinks has Imited cooling
capacity, and heat pipes contain undesirable working fluids that may leak and contaninate the
camputer camponents To overcome this problen, a high-perfomance, vapor campression
refrigeration systan is described and demonstrated in this study A messcale integrated
refrigerator was fabricated to regulate the whole themal enviromment of an intemal gace with
high heat generation such as in a computer closet The systean succesdully reduces the aurface
temperature of the heat sink © belov the anbient air temperature It was shown that the
envimrmental temperature in the computer can be lovered © about 32.7  fram its original
54.7 . Thepresent systan can be flexibly agpplied o many themal managements situations for
chip ocooling Further, asan altemnative to air-cooling, liquid cooling based on the present cooling
urcewas alo tested Unlike conventional liquid cooling system, the liquid cooling system
presented in this study is able o maintain the CRU tamperature belon ambient tenperature A
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series of experiments were further peffomed on the computer  validate these methods If
designing the present integrated refrigerator by various configuration sizes, the concept proposed
in thispaper is expected o provide a high perfomance cooling for the notebook PC, desktop PC
and super computer

Naturally, broader use of this powerful cooling technology depends on several factors The
first of all is the size, cost, weight and cgpacity of the vapor campresr The effort made by the
University of Central Floridd™***"! is targeting a systan, based on a centrifugal compresor,
which would be about 7. 5an in dianeter The vapor campresor’ s size could be much gnaller
than that used in this study On the other hand, vgpor campression refrigeration system isone of
the highest efficiency refrigeration systems At last, the developing hisiory of the vegpor
campresr is very long and the manufacturing technology has been already very ripe It could
run with high reliability and lov cost Thesewarrant the future gpplications of incorporating the
present systan o themally managing the camputer cloet, either in large or snall scale
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