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ABSTRACT  Parumetric stud)'  for thc cooling  charactcristic invcstigution of  a  mobile  PC  mounted  with

heat spreader  has been numerically  perfbrmed. Tisvo cases  of  air-blo"'ing and  air-exhaust  at vent  "'ere  tested. The
cooling  cffkrcts  of  parameters such  as. vclocities  of air-blosying and  air-exhaust.  materials  of  heat sprcader.  and

CPU  pow'ers were  simulated  for two  cases.  Cooling perfbrmance in thc case of air-blowing  was  better than the
case  of  air-exhaust.

Keywerds:  Mobile Personal Computer.Hcat Spreader. Thermal Management

1. INTRODUCTION

     While the usage  of mobile  PC(Personal Computer)
has been gradually increased for sevcral  years. performance
of the mobile  PC  has rapidly  upgraded.  [[Ihcrefore. the
powcr  of  CPU(Central Processing Unit) has been gradually
increased with  increasing of  pei fbrmance of  the mobile  PC,
CPU  power  was  about  4 W  in 66 MHz  4S6-mobiLe PC  of

the past. is about  13-15 W  in 300--330 MHz  Pentium of the
current,  and  is estimated  about  16--28 W  in 400--600 MHz
withn  a few vears.Tii  Because of  smaller  and  smaller

volume  of mobile  PC. CPU  becomes  very  hot. namely  
'hot-

spot'. [[lhe CPU  limit case  temperature(T,,pu. i,.,t) is about

850C in mobile  PC.til Therefore. CPU  pewcr  should  be
dissipated belo", thc CPU  limit case  temperature.

      Since heat spreader  is efft]ctive heat dissipation
module  for smal]  volume  such  as  mobile  PC. heut spreader
has mounted  in mobile  PC.  From  references  on  cooEing  of

mobilc  PC. it is found that there has been fe-' studv  on

cooling  ef  mobile  PC  mounted  with  heat spreader. i:'"I

Therefore. the pufpose of  present study is to enhance  the
cooling  pcrfbrmnnce of  mobile  PC  mounted  with  heat
spreader.  using  numerical  paramcters such  as.  velocities  of

air-blowing  und  air-exhaust.  niatcrials  of  heat spreader.  and

CPU  po-'ers.

2. NUMERICAL  MOBILE  PC  MODEL

     As  sho"'n  in Fig. I. numerical  mobile  PC  of  the

present stud}'  was  modeled  from  commercial  mobile  PC
except  liquid cr}'stal  display. Whole  dimension of  mobile

PC  is 31O  mm  x 2)'5 rnm  x 22 mm.  according  us  the
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Fig. 1Numerical model  of  mobile  PC(unit/ mm).

coordinates  in Fig. 1. Mobile PC  consists of Battcry,. CD-
ROM.  HDD.  PCMCIA.  Mother board VGA  chip.  CPU.
and  fan. Detail dimensions of  the components  in mobile  PC
are  sho"'n  in Z]blc 1. [`1 Heat spreader  on  VGA  chip  and

CPU  was  used  to cooi  VGA  chip  and  CPU  ivhich  have the
higti heat densit}' and  the possibilit)' of  hot spot.  Heat
spreader  consists of  Al plate. centact  block. ei,aporator

block. t"'o heat pipe. and  heat sink us  sho",n  in Fig. I.
Thermal propertics of  componcnts  in heat spreuder  are

summarized  in Tlible 2. VGA  chip  is contacted  to the plate
through  contact block and  it has a role  in transferring the
heat of VGA  chip  te the piate. Es'aporator block is
centncted  to the  plate through  contact  block and  it hasa  role
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Tabl¢ 1Summan,ofthedataforthecomponents.'

ComponentDimension
<mmxmmxmm)Therrnal

Conductivits''
(Wfm-K)Power(W)

Batterv 158xY5x22 9o )e

CD-ROM145xl15x22 204 .s

HDD 105x7()x20 204 5

PCMCIA 105x80x20 204 5

Mother 250xl35x2 25 )-

VGA 33N33xlO 18 4

CPU 33x33xlO IS 13

Fan rlox3ox6 - -

 0 ttp

e･x 
{l)`ill .i 

)=-
 tt,r . 

+

  J J

af'
,
 i(" +",  )Cl-i' 1+g, fip{7 

-7.)

 tT･av

 {tmt,fk).

.1

 ci/.(arlit ttA-+G-pe-g,ffislt  cr･7'

Tlible 2 Summan' ofelements  ofthe  heat spreuder.'

Element
Dimension

(mmxmmxmm)MaterialThermal
Conductivity

(Whn-K)

Plate171
×66xl+131x
49x1

N 204

Contuctblock
33x33x9 Al 204

Eva.Block 33×33x9 N 204

Heatpipes(l)/60x4x2
/(2/'/50x4x2..

Cu sooe*

Heatsink 60 × 40 × 9 N 204
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 value  iN'as  calculated  from  expeimental  data.
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in transferring the heat of  CPU  to heat pipe. Heat pipe was
regarded  as  a  solid  pipe which  use  thermal conductivity
measured  from  experimenta1  heat pipe. Heat transferred

through  heat pipe is spread  at heat sink and  plate. Heat

transferred  a{  heat sink  is elirninated bv fan which  is located

below heat sink  and  exits  to the vent,  finally, Heat spread  at

plate is transferred to the ambient  air by means  of  natur/al

convection.  M]nt means  a right  side  hole of  the fan modeled

as  a  box in Fig. 1, Thus. the cooling  air  from vent  flosys

inside fan. Then. the air  is impinged on  heat sink  and  flows

inside mobile  PC. When  the fan is installed inyersely. air  in
mobile  PC  is exhausted  to the  ambient  air. the former is

callcd the case  of  air-blowing  and  thc latter is called the

case  ofair-exhaust.

3. MATHEMATICAL  FORMULATION  AND

   NUMERICALAPPROACH

     Flow  in mobile  PC  model  of the present study  was

consider  as  turbulent flosv. since  Revnolds number  at likrnt

and  ftm was  observed  about  3000. Standard k- e  turbulent
model  was  introduced in present study. Governing
equations  of  the  present study  were  modeled  with  three

dimensional. incompressible. stead}'. and  mixcd  convection

heat transfer using  Boussinesq approximation  for air

density. and  these equations  are  as  fo11ows /

ellar
 (Pll./')=O

  'i
(1)

Stt =:
 CIJfrk]s

      
Oui

 +  
buj)Oui

G="t(exj.
 ttx, Oxv

(6)

(7)

C[=1.44, C,=: 1.92. C,=O.7. C,=O.09. o ,=,1.0.  o .=:1.0,

and  o 
,=:

 1.3 were  used  for turbulent constants.  T. and  S in
equation  (2) and  (5) means  reference  tcmperature  and

volumetric  heat rate  of  component,  respectively,  Xlelocity

and  temperature boundary conditions  at vent  were  used

with  typical data from actuai  mobile  PC  / 1.2 mfs  and  240C
for case  of  air-blowing.  and  1.2 rnfs  and  42"C for case  of

air-exhaust,  The  turbulent kinetic energr'  at vent  svas  gis,en
to O.025 u..,2.  where  u..,, is s'ent  velocity.  The turbulent
energy  dissipation rate  at  s'ent  was  calculated  svith

characteristic length. )L =L..,/2.
 where  L.., is vent  width.

40mm.  Pressure based-boundarv condition  at  outiet  was

given to O Pa, Heat transfer between ull surfaces  of  mobile

PC  and  ambient  air  was  dominated by natural  convection.

using  the heat tfansfer coethcient  at all surfaces.  h:=10
Wlm2-K.  and  the ambient  air  temperature.  T.=,-24"C.['1

     Above  governing equations  and  boundar)' conditions

-'ere  solved  b}, using  commercial  program code.

PHOENICS  V.3.2. PHOENICS["1  has been deyeloped svith
the finite volume  method  for the discretization ef  Navicr-
Stokes equation  and  staggered  grid system. Grid number  in

the present study  is 39(x)x340')xI)"(z)=l9890,  ln addition
to former grid numbe:  t"'o grid nuniber.  i.e..
30x26xIe=7800  and  )"Ox45x17=38250  were  tested and  it
was  concluded  that grid dependence was  not  found, The
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Fig. 3 CPU  tcmperatures  for various  vent  velecity  in t"'o
     cases.

fl)ble ] Therrnal resistances  for various  vent  velocity  in

      two  cases.

Case
u..t(mis)

{).()1.2L82.4Aver-age

R<,pu(ocfW)
Air-blowing3.22.92.82.72.c),

Air-exhaust3.3323.02.93.1

relaxation  factor values  for velocity.  pressure. turbulence.
and  ternperature during iteration were  O.1. 0.3. 0.3 and  O.5.
respectively.

4. RESUIjTS  A)ID DISCUSSION

     For validation  of numerical  method  in the present
study.  measurement  for tcmperature with  actual  mobile  PC
-'hich  was  identical te nurnerical  model  was  perfOrmed
prcviousiy. Numerical result was  in a good agrccment

within  5%  error.  as compared  with  experimcnta1  results.

The parameters such  as vent  velocity  magriitude.  materials

of heat spreader.  and  CPU  powers which  work  on  the
coeling  characteristics  of  mobile  PC  were  selected as

numerical  conditions  for thc two  case  of  air-blowing  and
air-exhaust.  These parameters are  available  for actual

mobile  PC. ivlent velocity  magriitude  increased and
decreased from l.2 rnls  in the range  of  O.6--2.4 rnls. The
material  of heat spreader  has been changed  with  copper  and

magnesium  from conyentional  aLuminum.  However,  the

material  ef  heat pipe on  heat spreader  was  not  changed

because copper  heat pipe was  ve-'  useful for actuai mobile
PC. CPU  power incrcased from  13 W  up  to 28 W.

     Airflow in mobile  PC  has an  important etlect on  the
cooling  characteristic  of  mobile  PC. Therefore. airflo-'s  in
tus,o cases  of  the air-blosving  and  the air-exhaust  were

compared  in Fig. 2. Velocity s'ector  distributions in x-y

pl[me at u..,=1.2  mls  and  z==5.5mm  were  shown  in this
figure. It can  be seen  in (a) of this figure that the air  entered

from vent  flows into fan, "'here  speed  of  airflow  is
increasing relatively,  This airflow impinges on  heat sink

located above  of fan. Hence, heat sink  is ceoled  by the

impingement of  the airfiow.  It results  in cooling  of  CPU.
While main  fiow gocs to the outlet  about  normail}'  O.9 mls.
re-circulation  flow is built up  around  CD-ROM.  The
cooling  of  mobile  PC  is disadi,antage due to this re-

circulation  flow. therefore, this problem can  be sols,ed  by
means  of  adjusting  the propcr location of outlet. In (b) of

this figure. the flow exhausting  from inside mobile  PC  to

the outside  are  distributed about  normally  O.8 mls.  The
swirling  flow at  fan is generated and  the air is exhausted
through  vent.  Since there is not  airflow  impinging on heal
sink in (b). the case  of  air-exhaust  it is decided that the
cooling  of  CPU  in the  case  of  air-exhaust  is disadvantage
than the case  of  air-blowing.

     The cooling  characteristics  data for various  s'ent

velocities can  be used  for the fan po"'er design of  mobile

PC. For this purpose. CPU  temperatures  for various  s'ent

velocities  in two cases  are presented in Fig r,., CPU
tcmperatures.  Tcp in present study  means  the x'aiue

norrnalized  of  the  local temperatures on  CPU. As  shown  in
this figure. when  the vent  velocity  increases in the range  of

O.6--2,4 mls.  Tcp[, decreases linearl}' in the range  of

65.7-58.5  
"C

 for the case  of  air-blosying.  and  67.7-62.1 "C

for the case  of  air-exhaust.  TcpL/ ofthe  case of air-blo"'ing
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Fig. 4 Comparison  of  CPU  temperatuies  for various

       mate  rials of  heat spreader
Fig. .,- CPU  temperatures for increase of CPU  po"'er

1lable 4 Thermal resistances  for various  materials  of  heat

       spreader.

Case

Materialsofheat
sreader

N CuMgAyer.

R{]pu(ecfW)
Air-blowing2.c)2.63.93.1

Air-exhaust3.22.84.33.)-

are  about  2.0-3.6 eC  lower than  thc  case  of  air-exhaust. and

the decreasing rate  of  Tcpu jn the case  of  air-blowing  grows
up  more  than  the case  of air-exhaust. Therefore.  it is

reyealed  that the coeling  of  CPU  in the  case  of  air-blowing

is more  effective.  The  cooling  perfbrniances of CPU  in two
cases  are quantitatively discussed in [[lable 3 in terms  of

thermal resistances  which  is defined as fo11owing
equation.iql

Rcpu =  (Tl,p[･ - 712 ,' g'pv (g)

      Where. Rcpu, T, and  Qcv,u mean  CPU  thermal

resistance.  ambient  temperature and  CPU  power.
respectivel.y･.  It is natural  that the srnalleT  the CPU  thcrmal

resistance  becomes. thc  better the  CPU  cooling

perfbrmances of  CPU  becomes. ftible 3 shows  that CPU
thermal rcsistance  decreases as  vent  velocitv  increases. and

the  average  value  of  CPU  thernial resistances  in case  of  air-

blowing is 7%  smaller  than  case  of  air-exhaust.  Hence. it is
concluded  that the  coeling  peribrmances of  CPU  in case  of

air-blowing  gets bett¢ r. and  thc cooling  peribrmances of

CPU  can  bc increased by means  of  the increasing of  the

vent  velocit}'.

      CPU  temperatures  for various  materials  of  heat
spreader  "'as  investigated as  shown  in Fig. 4. Thc  coppcr

heat spreader  is the  most  effectivc  for CPU  cooling  among

three matcrials  of  hcat spreader.  Thermal resistances  for
various  materials  of  heat spreader  is presented in Table 4. In

cuse  of  air-blowing.  thermal  resistances  of  aluniinum.

copper  and  magriesiuin  hcat spreader  are  respectively  2.Y.
2.6 ancl  3.9. and  the average  value  of  these thermal
resistances  is about  3.1. It can  be estimated  that thermal
resistances  of the aluminum  and  the copper  heat spreader

are smalter  than  the ax,erage  value.  thermal  resistance  of  the

magnesium  heat spreader  is largcr. Therefore. aluminuni

and  copper  arc recommended  as  the  material  ot' heat
spreader,  except  magnesium  Furthermore. it is res'ealed

that cepper  heat spreader  can  enhance  the  cooling

perfbrmancc of  CPU  12%  more  than  aluminuni  heat

spreader, In case  of  air-blowing  ef  [Itible 4. thermal
resistances  for various  materials  ef  hcat spreader  are

slightly larger than  case  of  air-blowing  but the trend of

thermal  resistances  about  materials  are similar to case  of

air-blow'ing.

      When  the heat spreader  of  the present stud}' was

used  in mobile  PC. the maximum  available CPU  power  was

investigated as  shown  in Fig. 5. The critcrion of the

maximum  available  CPU  power was  defined with  limit case

temperature  of  CPU(8SPC) in mobile  PC. As shown  in this

tigure. the maximum  available CPU  power  is about  25 W  in

case  ofair-blowing.  and  about  22 W  in case  ofair-exhaust.

5. CONCLUSIONS

     Parametric stucly' for the cooling  charactefistic

investigation of  a mobile  PC mounted  with  heat spreader

has been numerically  perfbrmed. Ti"'o cascs  of  air-blowing

and  air-exhaust  at  vcnt  were  tested. The cooling  cffects  of

parameters such  as. velocities  of  air-blowing  und  air-

exhaust.  matcrials  of  heat spreuder.  and  CPU  powers svere

simuiated  for two･ cases. The  rcsults  in the prescnt stud]'  urc

as  fo11ows/

(D The  case  of  air-b}owing  which  has the  airfio"'

   impingcing on  heat sink  is 7%  morc  ach,antageous  in the

   CPU  cooring  perforniance than the casc  efair-exhaust,

(2) The  increase of  x'ent  yelocity  can  be enhanced  the CPU

   cooiing  perfbrmance,
(3> The copper  heat sprcader  impros'es 12%] ef  the  CPU

   cooling  pcrfbrmance cempared  "'ith  aluminum  heat

   spreadcr.
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{4) Using the aluntinum  heat spreader  and  u,.=: r.2 in/s. thc

  maximum  available  CPU  power is about  25 W  in case

  of  uir-blowing.  and  about  22 W  in casc  ofair-exhaust.
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