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 
Abstract—Meeting the growth in demand for digital services 

such as social media, telecommunications, and business and cloud 
services requires large scale data centres, which has led to an increase 
in their end use energy demand. Generally, over 30% of data centre 
power is consumed by the necessary cooling overhead. Thus energy 
can be reduced by improving the cooling efficiency. Air and liquid 
can both be used as cooling media for the data centre. Traditional 
data centre cooling systems use air, however liquid is recognised as a 
promising method that can handle the more densely packed data 
centres. Liquid cooling can be classified into three methods; rack heat 
exchanger, on-chip heat exchanger and full immersion of the 
microelectronics. This study quantifies the improvements of heat 
transfer specifically for the case of immersed microelectronics by 
varying the CPU and heat sink location. Immersion of the server is 
achieved by filling the gap between the microelectronics and a water 
jacket with a dielectric liquid which convects the heat from the CPU 
to the water jacket on the opposite side. Heat transfer is governed by 
two physical mechanisms, which is natural convection for the fixed 
enclosure filled with dielectric liquid and forced convection for the 
water that is pumped through the water jacket. The model in this 
study is validated with published numerical and experimental work 
and shows good agreement with previous work. The results show that 
the heat transfer performance and Nusselt number (Nu) is improved 
by 89% by placing the CPU and heat sink on the bottom of the 
microelectronics enclosure.  

 
Keywords—CPU location, data centre cooling, heat sink in 

enclosures, Immersed microelectronics, turbulent natural convection 
in enclosures.  

I. INTRODUCTION 

HE wide spread growth of data centers in recent years is 
resulting in an increase in end use energy demand of 

which more than 30% is required for their cooling [1]. 
Therefore more efficient cooling methods are essential, but 
most data centres use air cooling techniques. However, 
approaches that use liquids offer greater efficiency of heat 
removal due to their density and are readily adopted in 
situations of high density Datacom equipment. The revival 
from the 1960s [2] of liquid-cooled datacom equipment brings 
water from the edge of the data centre to the racks or brings 
water into the rack to enable liquids to get closer to the main 
sources of heat dissipation. There are different types of liquid 
cooled microelectronics which bring water into the rack or via 
water jackets in contact with a dielectrically immersed 
microelectronics enclosure.  

Heat transfer in total immersion of microelectronics is 
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achieved by natural convection of the dielectric liquid, where 
the heat is transferred from all of the microelectronic 
components, including the CPUs, to the water jacket on the 
opposing surface. This study develops a theoretical method for 
quantifying the improvements of heat transfer when the heat 
sink and CPU vertical location is varied as shown in Fig. 1. 

 The analysis presented in this paper is based on natural 
convection of liquid in an enclosed cavity, where there is heat 
flux into and out of the cavity on each vertical wall; heat is 
transferred by natural convection, without the use of pumps. 
Previously, [3] established the first theoretical benchmark for 
heat transfer via laminar flow in a square enclosure where the 
left wall is cold and the right wall is hot. Tian [4] performed 
benchmark experiments for the turbulent flow in a square 
enclosure and he plot thermal counter and vector for first time 
in turbulent enclosure. In the case of rectangular enclosures, 
[5] has investigated the fluid behaviour in both cases of 
laminar and turbulent flows, where it was found that for aspect 
ratios between 1 and 40 and Prandtl numbers between 1 and 
20 the fluid flow becomes turbulent when the Rayleigh 
number, Ra>107. For the localised heat source in an enclosure 
[6] numerically investigated a vertical rectangular cavity with 
three heat sources on one wall and the opposing wall is 
maintained at a cold temperature. This study determined 
theoretically the optimum spacing between the heat sources 
and reported spacing arrangements that can drop the 
temperature by 10%. Heat sources in enclosures have been 
investigated by many further studies [7]-[9]. However, the use 
of fins to increase surface area has been the focus of much 
fewer studies. Nada [10] carried out an experimental study on 
finned vertical rectangular enclosures. In this case horizontal 
fins were adopted on the hot wall side and the opposing wall 
was cold. This study also investigated the effect of different 
Rayleigh numbers (Ra) and different fin lengths and spacing. 
It was found that increasing the fin length increased the 
Nusselt number and improves the heat transfer.  

In the present work a model of turbulent natural convection 
flow and conjugate heat transfer is used to investigate 
vertically placed microelectronics in a sealed enclosure filled 
with dielectric liquid. The model geometry and water jacket 
inlet temperature remain constant. The CPU heat flux and 
location are varied with the aim of quantifying heat transfer 
improvements based on heat sink and CPU location that 
reduce the CPU case temperature.  

II. THE MODEL DESCRIPTION 

The geometry and boundary conditions of the liquid 
immersed microelectronics model is shown in Fig. 1. Heat is 

The Effect of CPU Location in Total Immersion of 
Microelectronics 

A. Almaneea, N. Kapur, J. L. Summers, H. M. Thompson 

T



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:9, No:4, 2015

455

ge
by
th
tem
pl
CO
ex
32
ho
to 
Th
he

na
du
th
Be
flo
Fo
ca

 
wh
av
(7
re
ca

 

enerated from 
y the water th
e water jack
mperature 303
anes for the 
OMSOL 4.3. 
xperimental wo
20mm x 200m
ot wall. The bu
 the temperatu
he average er
ere and the exp

 

Fig. 1 The ge
COMSOL (

In this study,
amely dielectr
ue to natural 
rough channe
efore solving 
ows are check
or the water f
alculating the R

 

here D is the 
verage flow ve
7.96x10-4 Pa.s
spectively. Th

an therefore be

the CPU und
hat passes thro
ket at the flo
3 K. The conj

immersed li
The simulatio
ork for natura

mm x 40mm en
uoyancy drive
ure difference
rror between 
perimental wo

eometry of the s
(a) Isometric vie

III. MATHEM

, the model co
ric liquid that

convection 
els to carry th

the full conj
ked to determi
flowing in th
Reynolds num

ܴ݁

water channe
elocity (1.2x10
s) are the d
he Re is 53 for
e considered a

derneath the h
ough the solid
ow rate 3x1
jugate heat mo
quid approac
on model is v
al heat convect
nclosure with 

en flow inside 
e between the 

the simulatio
ork in [10] is 4

symmetry simu
ew (b) Side view

MATICAL MOD

onsists of two 
t circulates in
and the wat

he heat away 
ugate heat m
ine whether th

he channel thi
mber, Re 

ൌ
ܦ௪ܸߩ
μ௪

 

el diameter (3.
0-2 m/s), ρw (9

density and v
r a flow rate of
as laminar [11]

heat sink and c
d block repres
0-7 m3/s and
odel with sym

ch is simulate
validated again
tion in [10], w
fins attached 
the enclosure 
hot and cold 

on model pre
4.8%. 

ulation model us
w (c) Front View

DEL 

types of fluid
nside the enc
ter that is pu
from the encl

model, the two
he flow is turb
is is determin

.5x10-3 m), V 
996.6 kg/m3) a
viscosity of 
f 1.15x10-7 m3

]. 

 

cooled 
senting 
d inlet 
mmetry 
ed via 
nst the 

where a 
to the 
is due 
walls. 
sented 

 

sed in 
w 

d flow, 
closure 
umped 
losure. 
o fluid 
bulent. 
ned by 

 is the 
and μw 
water, 

3/s and 

F
diel
the

 

 
whe
grav
is t
visc
exp
Chi 
whi
is tu

S

T

 
In

by 
ener
dom

C
 

 
M
 

ρሺܝ

 
T

For 
whi

 

 

whe
T
 

 
In

turb
can 
as 
intro
k, a
equ

 

 

For natural co
lectric fluid flo
Rayleigh num

ere H is the e
vity, cp is spec
the dielectric 
cosity, β is 
ansion. All th
et al [13] and

ich is greater t
urbulent [5]. 

W

Properties 

Specific heat capa

Thermal expansi

Dynamic viscosi

Thermal conducti

nside the enclo
the conserva

rgy for turbul
main. 
Continuity equ

Momentum equ

.ࡰܝ ࡰܝሻ׏ ൌ .׏ ൤െp۷ ൅

The body force
an increase i

ich creates the

ere g = (0, 0, 
The dielectric f

n turbulent n
bulent model h

offer solution
investigated 

oduces two a
and specific dis
ations are bas

ρሺࡰܝ. ሻk׏

ρሺࡰܝ. ሻω׏ ൌ

onvection ins
ow behaviour 

mber [12], Ra  

ܴܽ ൌ
ߚ݃ ሺ ௛ܶ

enclosure heig
cific heat capa

thermal con
the dielectri

hese fluid the
d listed in Tab
than 107 and i

TAB
ORKING FLUID TH

Ab

acity 

ion 

ity 

vity λ

osure the fluid
ation equation
ent natural co

uation 

.׏ ሺρܝ

uation 

൅ ሺμ஽ ൅ μୈ୘ሻሺࡰܝ׏ ൅

e, F, depends 
in temperature

e driving buoya

۴ ൌ

). 
fluid has dens

ρ(T) = 17

natural conve
has been foun
ns that are clo

in [14]-[16]
dditional vari
ssipation rate,
ed on [17], wh

k ൌ .׏ ሾሺμ஽ ൅ μ

ൌ .׏ ሾሺμ஽ ൅ μୈ୘

side the seale
can be indicat

௛ െ ௖ܶሻܪଷߩ஽
ଶܿ௣

஽μ஽ߣ
 

ght, g is the a
acity, ρD is die
nductivity, μD

ic’s coefficien
ermal properti
ble I. The Ra is
indicates there

 
BLE I 
HERMAL PROPERT

bbrev. 

Cp 

Β 1

µD 1

λ D 

d flow is turbu
ns for mass,

onvection of th

ሻࡰܝ ൌ 0 

ሺࡰܝ׏ሻ୘ሻ െ
2
3
ሺμ஽ ൅ μ

mainly on the
e there is a d
ancy force, ex

ρሺTሻ܏ 

ity-temperatur

716.2 -2.2T 

ection in enc
nd to be a rob

ose to experim
]. The k-ω 
iables; turbule
 ω. The two a
hich are: 

μୈ୘ߪ∗ሻ׏kሿ ൅ p௞

୘ߪఠሻ׏ωሿ ൅ α
߱
݇

ed enclosure,
ted by conside

acceleration du
electric density
 is the diele
nt of volum
es are taken 
s equal to 1.8x
efore that the 

TIES 

Dielectric liquid

1140 (J/kg.K)

.151496x10-3 (K-1

.124782x10-3 (Pa.

6.9x10-2 (W/m.K)

ulent and gove
, momentum 
he dielectric li

μୈ୘ሻሺ׏. ሻ۷ࡰܝ െ
2
3
ρk۷

e density varia
decrease in den
xpressed as: 

re variations 

closures, the 
bust model w

mental observat
turbulent m

ent kinetic ene
dditional trans

௞ െ ߱݇∗ߚߩ

߱
݇
p௞ െ  ଴߱ଶߚߩ

, the 
ering 

ue to 
y, λD 
ectric 

metric 
from 
x108, 
flow 

 

1 ) 

.s) 

) 

erned 
and 

iquid 

൨ ൅ ۴ 

ation. 
nsity 

k-ω 
which 

tions 
model 
ergy, 
sport 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:9, No:4, 2015

456

wh
nu

ߙ

do

wh
us
th

liq
pa
m
fo
th

IV

CP
im
lo
th
de

 

The turbulent
 

 
The productio
 

p௞ ൌ μୈ୘ ൤ܝ׏

 
The energy e
 

 
here λD is ther
umber based o

The empirica
 

ൌ
13
25

, ௞ߪ
∗ ൌ

1
2
,

 
For the pum

omain, the gov
Continuity eq
 

 
Momentum e
 

ρሺ࢝ܝ. ׏
 
Energy equat
 

 
In the solid d
 

 
here, the λs is
se properties o
e water jacket
The working

quid (Table I)
asses through

microelectronic
or which the th
e density whic

V. EFFECT OF

The followin
PU and heat 

mmersed micro
cations are va
e top to the bo

efined as (S) w
 

t viscosity can

μDT

on term is fou

:ࡰܝ ሺࡰܝ׏ ൅ ሺܝ׏

quation would

ρc୮׏ࡰܝT ൌ .׏

rmal conductiv
on the Kays-Cr
al turbulent mo

, ఠߪ ൌ
1
2
, ଴ߚ ൌ

mped water ch
verning equati
quation 

.׏ ܝ

equation 

࢝ܝሻ׏ ൌ .׏ ሾെp௪

tion 

ρc୮׏࢝ܝT

domain, only th

0 ൌ

s the thermal c
of copper for 
t and its fins. 

g fluids in this
). The water 

h the channel
cs enclosure is
hermal proper
ch is a functio

F CPU LOCATI

ng investigatio
sink location

oelectronics en
aried as shown
ottom of the e

where the valu

n be defined as

T ൌ ߩ	
݇
߱
 

und from the fl

ሻ୘ሻࡰܝ െ
2
3
ሺ׏. ܝ

d be written as

൬ሺλ஽ ൅
c୮ߤ஽்
்ݎܲ

ሻ

vity and PrT is
rawford equat
odel constants

9
125

, ଴ߚ
∗ ൌ

9
100

hannel which 
ons are: 

࢝ܝ ൌ 0 

௪۷ ൅ μ௪ሺ࢝ܝ׏ ൅

T ൌ .׏ ሺλ௪׏Tሻ 

he energy equ

.׏ ሺλ௦׏Tሻ 

conductivity f
the heat sink 

s paper are wa
is used as a 

ls of the wa
s filled with t
rties are kept 

on of temperatu

ION ON HEAT T

on determine
n on the heat 
nclosure. The
n in Fig. 2. Th
enclosure and 
es are listed in

s 

luid velocity a

ሻଶ൨ࡰܝ െ
2
3
ρk׏. ܝ

s: 

 	T൰׏

s a turbulent P
tion [17]. 
 parameters ar

0
, ݇௩ ൌ 0.41, ܤ

is a laminar

൅ ሺ࢝ܝ׏ሻ୘ሻሿ

uation is requir

for the solids 
k and aluminiu

ater and a die
cooling liqui

ater jacket an
the dielectric 
constant exce

ure. 

TRANSFER RE

s the effect 
transfer with

e CPU and hea
he variation is
the CPU loca

n Table  II.  

 

as 

 ࡰܝ

Prandtl 

re 

ൌ 5.2 

r fluid 

red  

which 
um for 

electric 
id that 
nd the 
liquid 

ept for 

SULTS 

of the 
hin the 
at sink 
s from 

ation is 

 
T

pres
from
flux
wer
high
occu
mm
by 
resp
tow
heat

A
whi
the 
pres
wat
diel
encl
fluid
cold
the 
plac
driv
fluid
role

W
larg
reci
the 
sma
Wit
reci

Fig. 2 CPU loca

 

Case 

Case 2

Case 3

The effect of 
sented in Fig.
m 70 to 100%
x load qL 100 
re kept constan
hest Nu impli
urs when the 

m which is for 
89% between

pectively. This
ward the bottom

t transfer perfo
As the dielect
ich drives the 

enclosure it 
sence of the t
ter jacket an
lectric liquid 
losure. This b
d and hence 
d water jacket
flow domain

ce. Fig. 4 illu
ven eddy exist
d below the C

e in the global 
When the CPU
ge section of th
irculation sits 
fluid beneath 

all surface are
th the CPU 
irculation fills

ations, where S

TAB
CPU LO

1 

2 

3 

the CPU and
. 3. The heat 

% (where heat 
%) while the 
nt at 3x10-7 m
ies the best h
CPU is locate
case 3. Fig. 3

n case 1 and 
s indicates tha
m of the encl

formance.  
tric liquid is 
buoyancy ind
is directed t

top wall wher
nd then its d

to travel bac
buoyancy forc
transfers the 

t. The location
n over which 
ustrates this m
ting at the lev
CPU is not he
flow. 

U is located to
he channel doe
between the C
it hardly mov
ea on the coo
located at th

s the entire cav

 

 is varying as sh
 

BLE II 
OCATION 

S (mm) 

300 

200 

100 

d heat sink l
flux load (q

flux q is 8888
flow rate and

m3/s and 303 K
eat transfer p
ed toward the 
3 shows that th
3, where S= 

at the CPU and
losure has gre

heated its d
duced circulat
towards the c
re it transfers 
density incre
ck down to t
ce creates the 
heat from the

n of the CPU d
meaningful h

most clearly w
vel of the CPU
eated and ther

owards the top
es not experien
CPU and the t
ves. Consequen
ol wall for re

he bottom of 
vity and the e

hown in Table  I

location on N
L) is also var
8.88 W/m2 at 

d inlet tempera
K respectively.

erformance an
bottom at S=

he Nu is incre
300 and 100 

d heat sink loc
eater effect on

density decrea
tion. At the to
cold plate by
heat to the co
ases causing

the bottom of
circulation o

e heat sink to
dictates the siz
heat transfer t
with the buoy
U and above. 
refore does pl

p of the chann
nce any flow –

top of the wall
ntly there is on
emoving the 

the channel,
effective area 

II 

Nu is 
rying 
heat 

ature 
. The 
nd it 

= 100 
eased 

mm 
cated 
n the 

ases; 
op of 
y the 
ooler 

the 
f the 
f the 
o the 
ze of 
takes 

yancy 
The 

lay a 

nel, a 
– the 
l and 
nly a 
heat. 
, the 
over 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:9, No:4, 2015

457

wh
lar
co
 

d
t

im
co
is 
m
tu
in
Th
ex
in 

sin
CP
th

 

hich meaningf
rgest – hence 

ooler when it f

Fig. 3 Variat

Fig. 4 Effect 
different cases. T
transfer perform

3x10-7

This paper h
mmersed micr
onvection and 

simulated us
microelectronic

rbulent and th
side the wate
he model set
xperimental re
 good agreem
Different cas

nk location th
PU and heat s
e Nu number 

ful heat transf
the temperatu

first meets the 

tion of heat flux

of the CPU loca
These velocity p

mance when the 
 m3/s and water

V. CON

has investigate
roelectronics 
conjugate hea

sing COMSOL
cs enclosure, 
he k- turbulen
er channel is l
t up was com
sults and show
ent with previ
es were mode
hat can yield 
sink arrangem
by 89%. 

fer takes place
ure of the die
CPU. 

x load for differ
 

ation on the vel
profiles are sele
 heat flux load i
r inlet temperatu

NCLUSION 

ed heat transf
in a dielect

at transfer for 
L v4.3. Since

the dielectri
nce model is e
laminar becau
mpared with 
wed that the m
ious work [10]
eled to establis

the best heat
ment was able 

e on the cool w
electric fluid w

rent CPU locatio

locity for the thr
ected for the bes
is 100%, flow r
ure is 303 k 

fer of enclose
tric liquid. N
a vertical enc

e the Ra>107

ic fluid regi
employed. Th
use Re is very
previous pub

model in this st
].  
sh the CPU an
t transfer. Th
to show a bo

 

wall is 
will be 

 

on 

 

ree 
st heat 
rate is 

ed and 
Natural 
closure 
in the 
me is 
e fluid 
y low. 
blished 
tudy is 

nd heat 
he best 
oost in 

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

Shah, A., et al
cooling ensemb
Electronic Syste
on. 2008: IEEE.
Anderson, D., F
model 91: Mach
Research and De
de Vahl Davis, 
mark numerical 
Fluids, 1983. 3(3
Tian, Y. and T. 
filled square c
International Jo
866. 
MacGregor, R., 
and high Prandt
1969. 91: p. 391
Phan-Thien, Y.L
mounted on a 
Transfer: Part A
Heindel, T., S
convection from
Transfer, Part A
Keyhani, M., L
convection in an
Transfer (Transa
Engineers), Seri
Wroblewski, D.
mounted protru
geometry and 
116(1): p. 112-1
Nada, S., Natur
closed narrow 
International Jo
679. 
Çengel, Y.A., R
fluid sciences 20
Holman, J., Hea
Chi, Y.Q., Jona
Nik Kapur and 
Enclosed, Imme
Thermal Measu
2014, IEEE. 
Zitzmann, T., et
CFD. in Proc. 
Simulation 2005
Rundle, C. and M
in a square cavi
fluid flow in 
Conference, Cal
Aounallah, M.,
convection in 
International Jou
1693. 
Wilcox, D.C., 
industries La Ca

REFER

l. Impact of rack
ble. in Thermal a
ems, 2008. ITHER
 

F. Sparacio, and R
hine philosophy an
evelopment, 1967
G., Natural conve
solution. Internat
3): p. 249-264. 
Karayiannis, Low
cavity: part I: 
urnal of Heat an

Free convection 
l number fluids. T

1-403. 
L., Nhan, An opt

vertical substra
A: Applications, 20

. Ramadhyani, 
m an array of pro
A Applications, 19

. Chen, and D. P
n enclosure with p
actions of the AS
ies C);(United Sta
 and Y. Joshi, Li

usion in a three-
boundary condit

119. 
ral convection h
enclosures with 
urnal of Heat an

R.H. Turner, and J
008. p. 534. 
at transfer, 9th. 20
athan Summers, P

Harvey Thompso
ersed, Direct Liq

urement and Man

t al. Simulation o
of the 9th Inter

5. 2005: Montréal
M. Lightstone. Va
ty for application
atria geometries

lgary. 2007. 
 et al., Numeri
an inclined squ

urnal of Heat and

Turbulence mod
anada, CA. 

RENCES  

k-level compactio
and Thermomech
RM 2008. 11th In

R. M. Tomasulo,
nd instruction-han
7. 11(1): p. 8-24. 
ection of air in a 
tional Journal for 

w turbulence natur
the thermal an

nd Mass Transfer

through vertical 
Trans. ASME, Jou

timum spacing pr
ate in an enclos
000. 37(6): p. 613
and F. Incroper
otruding heat sou

996. 29(1): p. 1-18
Pitts, The aspect 
protruding heat so
SME (American 
ates), 1991. 113(4
iquid immersion 
-dimensional enc
tions. Journal of

heat transfer in h
heated rectangu

nd Mass Transfer

J.M. Cimbala, Fun

002, McGraw-Hill
Peter Hopton, Kei
on, Case Study o
quid-Cooled Serv
agement Sympos

of steady-state na
rnational IBPSA
l: IBPSA. 
alidation of turbu

n of CFD modelli
s. in 2nd Cana

ical investigation
uare cavity with
d Mass Transfer,

deling for CFD. 

on on the data c
hanical Phenome
ntersociety Confe

 The IBM System
ndling. IBM Jour

square cavity: a b
Numerical Metho

ral convection in 
nd fluid flow f
r, 2000. 43(6): p.

plane layers-mod
urnal of Heat Tra

roblem for three 
sure. Numerical 
3-630. 
ra, Conjugate n
urces. Numerical
8. 
ratio effect on n

ources. Journal of
Society of Mech

4). 
cooling of a subs

closure: the effec
f heat transfer, 

horizontal and ve
ular finned base 
r, 2007. 50(3): p.

ndamentals of the

l. p. 335-337. 
ith Deakin, Alan 

of a Data Centre U
ver, in Semicond
sium (SEMI-THE

atural convection 
A Conference Bu

ulent natural conve
ing to heat transfe
adian Solar Buil

n of turbulent n
h a hot wavy 
 2007. 50(9): p. 

Vol. 2. 1998: 

center 
ena in 
erence 

m/360 
rnal of 

bench 
ods in 

an air 
fields. 
. 849-

derate 
ansfer, 

chips 
Heat 

natural 
l Heat 

natural 
f Heat 
anical 

strate-
cts of 
1994. 

ertical 
plate. 

. 667-

ermal-

Real, 
Using 
ductor 
ERM). 

using 
uilding 

ection 
er and 
ldings 

natural 
wall. 

1683-

DCW 


