International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN:

Vol:6,

2517-9950
No:8, 2012

Natural and Mixed Convection Heat Transfer
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Abstract—Steady state experiments have been conducted
natural and mixed convection heat transfer, frove filifferent sized
protruding discrete heat sources, placed at theimoposition on a
PCB and mounted on a vertical channel. The charsiitelength (
Ly ) of heat sources vary from 0.005 to 0.011 m. Stuely has been
done for different range of Reynolds number and ifreat Grashof
number. From the experiment, the surface temperadigtribution
and the Nusselt number of discrete heat sources been obtained
and the effects of Reynold number and Richardsanbau on them
have been discussed. The objective is to find #ie of heat
dissipation from heat sources, by placing thenihatiottom position
on a PCB and to compare both modes of cooling af $e&urces.

Keywords—Discrete heat source, mixed convection, natural

convection, vertical channel

I. INTRODUCTION
EAT transfer from heated surfaces, in relation to capli
of electronic equipments, has been the area ofeisite
since last decade, because of the advances ohtigrated
circuit technology. Microminiaturization of electric
components for digital computers, has resultednezraased
circuit densities with large power dissipation safger unit

for Convective cooling of electronic components mourded
substrate has been the subject of large numbeap#rp since
last decade. Baskaya et al. [1] have investigated
experimentally, the convective heat transfer framaaray of
discrete heat sources in a rectangular channefamdl that,
there will be enhancement of heat transfer, wittréase in
buoyancy induced secondary flow and onset of iilittab
Steady state experiments have been performed byiHoet
al. [2] in a vertical rectangular channel with wates the
working fluid. Based on the experimental resultsgyt have
proposed an empirical correlations between Nu, iREGr.
Choi and Kim [3] have numerically investigated tBB
conjugate mixed convection heat transfer in a repikar
channel and have proposed a modified 5% rule iaffamt to
define various flow regimes. Culham et al. [4] hawade a
review for the available models and correlations datural
and mixed convection heat transfer in a verticalifarmly
heated parallel plate channel. Ermolaev and Zhb#jovave
done numerical solutions of 2D, unsteady Naviek&so
equations, for mixed convection heat transfer imiZomtal

area of components. Rapid advances in semiconducfdlannel, with Boussinesq approximation and obtaittesl

technology have led to miniaturization in circuiésign and
hence the amount of heat, that must be dissipagedupit
volume of a device continue to increase enormousty
reliable operation of electronic components, thaerating
temperature must not exceed the manufacturer’scippes!
temperature limit, that is usually about 85°C. Rarimore, the

temperature difference among the electronic commisne

should be maintained as small as possible to Keephiermal
stresses to a minimum value. Mixed convection cgphas
been used for wide range of engineering domaiks, lieat
exchangers, electronic equipments and similar imdds
applications. So the researchers of electronicingdiave had
increased interest for the analysis of heat transtam the
surfaces of discrete heat sources, under mixed ection
regime. In many of the above situations, vertidermel is a
preferred geometry for mounting of heat generatirglules.
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solutions by Galerkin finite element method. Ghaisamd
Aminossadati [6] have numerically investigated ttomling
performance of electronic devices by emphasizirgefiects
of various arrangements of electronic components fanond
that, an increase in Rayleigh number, leads togaifgant
improvement in heat transfer. Kumar and Rao [7]ehav
numerically investigated, the interaction of suefa@adiation
with conjugate mixed convection heat transfer fran
discretely heated vertical plate with three nomtdml heat
sources, placed along a plate, in the descendider af their
heights, from bottom to top end of the plate. LeaRet.al [8]
have studied experimentally, the free convectioraiofin a
vertical channel with one of the channel walls bdatvith
uniform heat flux. They have proposed an empirical
correlation between Nusselt number and Rayleigh baum
Lee et al. [9] have carried out the analysis ofjugate mixed
convection from a plate with two iso-flux heat smes
mounted in-line with the vertical plate. They hatadied the
effects of flow velocity, strength of heat sourcepacing
between heat sources, emissivity and substrateuctiwity,
on the rate of heat transfer. Rao and Narasimhdh Have
studied numerically the conjugate mixed convectioeat
transfer arising from protruding heat generatirgs rattached
to the substrate, forming channel walls and fodnad, tthe heat
transferred to the working fluid through the sultgr accounts
to around 41 - 47% of the total heat removal fréma tibs.
Sawanta and Rao [11] have solved numerically, tioblpms
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of combined conduction, mixed convection and sw&fac

radiation heat transfer from a vertical electrorboard
provided with three identical, flush mounted, diter heat
sources and studied the effects of various parameli&e
modified Richardson number, surface emissivity &mermal
conductivity, on temperature distribution along theard.
They found that, surface radiation and buoyancyy pa
important role for the cooling of electronic modul&urkoglu
and Yucel [12] have numerically analyzed the 2Dmifer
mixed convection flow in vertical channels, withdecrete
heat source and found that, at low Reynolds numigering
is more effective when the channel width is largéH > 1),
and at high Reynolds numbers it is more effectivanarrow
channels.

Although number of papers have been published & th

general area of cooling of similar size of discie¢at sources
mounted on a PCB and placed in horizontal chanmeisot

much work has been done in this area by considelifferent

size of heat sources, which is closely related tpractical

problem, used in electronic industries and by tgkinto

account the effect of surface radiation heat temeh them.
Again the vertical channel geometry is rarely stddfor the

cooling of electronic modules. The earlier work eohy

sudhakar et al. [13] has been based on heat traasig

optimization studies, by considering similar sizé heat

sources. So the present work emphasizes the inmpertaf

surface radiation along with natural and mixed emtion

heat transfer, from the surfaces of different sitediscrete

heat sources mounted on a vertical channel.

Il. EXPERIMENTAL SETUP

The experimental set up used for the present stusglgown
in Fig. 1. The test section is made by a parallpkgp (1) and
consists of four identical wooden boxes (2), whdiseensions
are given in Table I. The wooden boxes are fillathwilica
glass wool to reduce the heat loss through thedmates (4).
A substrate (PCB) (3) of low thermal conductivityat@rial
(Bakelite), is fixed on one of the faces of eachx.bbhese
faces are exposed to ambient. The position of thed are
adjusted by nut and bolt arrangement (5). So the fmxes
form a channel, with heat sources mounted on thstsate of
one of the wooden box. The top and bottom faceheftest
section are open to atmosphere. Rubber gaskets lheae
provided on the sides of the channel, to preveatdin leak
from the corners of the channel. A hole is madettie
parallelepiped to insert the anemometer probe, tfoe
measurement of velocity.

The heat sources are made up of aluminum, whictcare
into rectangular blocks of sizes as given in Tdbleith a
cavity made at their center for placing of heatéress and
thermocouples. A 80/20 coil type Nichrome wire $&d as the
heating element and is inserted into the cavithWaflon tape
wound around it, to avoid metal to metal contacheT
temperature of heat sources are measured by plabnognel-
alumel K-type thermocouples at 4 different posiiamn the
heat source.

AirIn

Fig. 1 (a)
4
3
2
5

Air Out
I 1
1 g
AirIn
Fig. 1 (b)

Fig. 1 Schematic of the test section (a) Naturalvection (b) Mixed
convection 1. Parallelepiped 2. Wooden box packigid wsulation 3.
Substrate 4. Heat source 5. Nut and bolt arrangemen

Thermocouple —1 Nut and Bolt

/ \
/ . ~ Teflon
tape
A\, covering
' the
Heat Sourci heater

wire

—

i

Fig. 2 Schematic of the heat source with heateesvémd
thermocouples

Power supply
wires

The beads are prepared by using a capacitanceadigch

type bead making apparatus. All the thermocoupéa® tbeen
calibrated with a standard thermometer, at ice tpdiniling

point of water and at room temperature and fourad, tthey

are having a maximum measurement error of +0.2Ti@&
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heat sources are embedded onto the substrate affittedt to
it, with four screws of 2 mm diameter. The schemafi the
heat source with heater wires and thermocoupletdsvn in
Fig. 2.

TABLE |
SPECIFICATION OF THE TESTSECTION WITH DISCRETEHEAT SOURCES

Objects Specification in mm

Heat source 1 15x10x1

Heat source 2 15x7 x4

Heat source 3 15x14%x6

Heat source 4 30x10x4

Heat source 5 40 x15x 4
Substrate 200 x 200 x 5

Wooden box 200 x 130 x 200 x 130

Parallelepiped 550 x 450 x 450 x 20

The heat input to each of the five heat sources ar

independently controlled by DC power supplies, Wwhare
having a voltage range of 0 - 12 V and a currengjeaof 0 — 2
A. The temperature data of heat sources are reddigen PC
based data acquisition system. The data logger Imisde
34970A, manufactured by Agilent technologies limdjtevhich
can display and also store the data recorded byntheduples.
A digital multimeter is used to cross check theadaith DC
power supplies. It is connected in series with éedor
measuring the current and parallel with heater oitage
measurement. The velocity of air at the inlet ct tgection is
measured by an anemomet&ir{ low™ T A5).

The experiments have been conducted in a low spe

vertical wind tunnel, as shown in Fig. 3.

lTest section

Data acquisition
system

DC power supplies
Fig. 3 Vertical wind tunnel used for the experimemith data
acquisition system and DC power supplies

The experimental set up consists of a diffusertlisgt
chamber, nozzle and test section. All these pagtassembled
into a single unit and are supported on a standaxial flow

fan is mounted on a separate stand just below itheser of
the wind tunnel, to avoid vibration, when the fanON. The
fan is connected to a variable frequency driveatlitate the
variable flow rates in the test section, as reqlibgy the
experiment. The variable frequency drive runs e ffom a
speed range of 60 rpm

to 2500 rpm, giving a flow velocity range of 0.06sno 8

m/s. The settling chamber consists of honeycombctsire,
fabricated from Aluminum E channels of dimensiobs@m x
12.5 mm and two fine wire meshes, which act astaniulent
screens, to reduce the velocity fluctuations intdmt section
and to straighten the flow.

A. Experimental Procedure

The procedure of conducting the experiment is #svis.
For Natural convection heat transfer experimeng C
power supply is switched ON and the voltage is stéj in
order to obtain the desired power input for eacht ls®urce.
The data logger is switched ON and the scan imtad. When
the variation in thermocouple temperature readargswithin
a range of £0.1°C in ten minutes, it is assumed $heady
{fate has been reached and the scanned data rae istahe
computer. The voltage, current from the DC poweppties
and the temperature from the computer are recordibd.
experiments have been repeated for two differemtpdnputs
of 0.5 W and 1 W and for both polished and blackieal
surfaces. For mixed convection heat transfer ewpe, the
above procedures are repeated by switching ON iz fan
and the fan speed is adjusted to get the requped After
steady state is reached, the above parameters easurad
along with the air velocity in the channel, whichmeasured
by using an anemometer. Here the experiments haea b
ree(Peated for power ranges of 1.5 to 3 W in an vateof 0.5 W
and for fan speeds of 60 to 300 rpm in an inteo¥&l0 rpm.

In each experiment, the temperature of all the finaat
sources and the ambient temperature are recordedthan
temperature excess is calculated. The heat trane#dficient
due to convection is calculated and a comparisa been
made for all the five heat sources. Then the nomedsional
numbers for natural and mixed convection heat fearisave
been calculated and an empirical correlation hagnbe
proposed between Nusselt number (Nu), Richardsonbeu
(Ri) and characteristic length of the heat sounggs). The
calculations of the above parameters have been botiee
following way.

Qeonvection /A (Theat source = Tambient)
Q:adiation /A (Theacsource = Tambient)

(6)
(7)

Beanvection

Quupplied = VI (€]
Q:adiation = FecA (T‘hc.]l source Tdalubicnl) (2)
Quonduction = Kaubstrate A (Theat source = Tsubstrace)/t 3)
Qinsulation = Kinsutation A (Tassirate = Tinsutation)/ti “4)
Qconvection = Qsupptied = Q'radiation = Qeconduction = Qinsutacion (5)

hrallin(inl)

I1l. RESULTSAND DISCUSSION

A. Natural Convection

Five heat sources are placed at the bottom of ubstsate
in ascending order of their areas as shown in &ig.The
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spacing between the heat sources follow the gatdesn ratio
of 1.618, as reported by Choi and Kim [3], by whittey

the thermal environment of other heat sources.ak heen
seen that, the heat source 2 is having the higbegberature

found a significant temperature drop of heat sairceamong other heat sources, because of the facit fisataving

Experiments have been conducted, by supplying &mmi

least area, and is under the thermal interactiootiér heat

power of 0.5 W to all the heat sources in the fia@te and in sources. The temperature drops down from heat sdito 5

second case, by giving a higher power of 1 W to ohthe
heat sources and by maintaining others at a unifmwer of
0.5 W. So six set of experiments have been conddoteboth
polished heat sources and by painting them witbkoeint.

Substrate of bakelite material

All dimensions are in mm.

Heat sources of Aluminum material
40x15x4

30x10x4

15x10x1/ 15x7x4 15x14x6

-
11 17

Fig. 4 Placing of five different size of heat sasgdorizontally at the
bottom of the substrate

1. Variation of maximum temperature excess and mami
convective heat transfer coefficient of five heafirses
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Fig. 5 Variation of maximum temperature excesswef heat sources

It is seen from Fig. 5 that, the minimum tempemtamong
the heat sources have been obtained for heat sbumeboth
cases of polished and black painted surfaces. iSHiecause
of the fact that, heat source 5 is having highesa among
other heat sources, so that the rate of heat tafisfm the
surface of heat source 5 to surrounding is moréctwled to
decrease the temperature of this heat source. Alsg
surrounded by large cool ambiance and doesn’tantewith

(in the ascending order of their characteristigtah So it has
been found that, size of the heat sources playnaortant role
for their cooling. There is a temperature drop of 3% from

polished to black painted surface, because theseritis of

black painted surface is quite high that is 0.8&cduse of
which the rate of heat transfer from surface ofséhdeat
sources to surrounding is more and greater cooisg
achieved.

160
o Polished surface

8 e Black surface

o - [
o o] -
o o o

(v}
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0.004 0.006 0.008 0.01 0.012

Characteristic length (Ly), m

Fig. 6 Variation of maximum convective heat transfeefficient with
the characteristic length of five heat sources

It is seen from Fig. 6 that, the convective heangfer
coefficient for the smallest sized polished heatrse is very
high and decreases as the characteristic lengttheofheat
sources increase. This is due to the fact thatsrfwaller width
of the heat source, the boundary layer formed as itery
thin, which led to increase the value of heat tiens
coefficient. It is seen from the experimental clton that,
the percentage contribution of radiation heat fiemdor
polished heat sources is only 0.5 — 2%, as theis®wity is
very low, that is 0.08 but the contribution is ¥% for black
painted surfaces, having an emissivity of 0.85.iByeasing
the characteristic length of the heat sources,ctvribution
of radiation heat transfer increases.

B. Mixed Convection

Mixed Convection heat transfer experiments havenbee

carried out in a vertical channel for the same icumétion as
shown in Fig. 4. To delineate the three differezgimes of
heat transfer, experiments have been conductedifi@rent
power ranges of 1.5 - 3 W in an interval of 0.5 Wi or
different speed ranges of 60 - 300 rpm in an irlenf 40
rom. The experiments have been conducted for a fiaddi
Grashof number range of 2.7 x'4& Gr < 1.4 x 18,
Reynold number range of 5.4 x%8 Re< 2.5 x 1d and
Richardson number range of 0.8Ri < 4.5. The results have
been discussed below.
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1. Variation of temperature excess of five heatrses for
different speeds at constant heat input

80 1Q=1.5W, Re =
gJ 705 o 5.4x10° o 8.4x10° ¢ 1.1x10*
- 14 1.6x10* v 2x10* + 2.3x10*
A 1 x 2,5x10* = Natural convection
Q 60
5] I
g ¥ . -
= : 0
g M3 " o 8o o3
= 7 o . ° L4
& 304 o o & ¢
g . g ¢ * 3 o
) ¢ * i g
= 207« !
10 e e
0 1 2 3 4 5 6
Heat source number
Fig. 7 (a)
100 1Q=2.5W, Re =
90 © 54x10° o 84x10° ¢ 1.1x10
1 a 1.6x10* v 2x10* + 2.3x10*
o 80—: x 2.5x10% = Natural convection
@ 1
Q 70
b : 2 5
g 60 ° o a
= ] i ¥ 3
] 50 o - A % "
a‘ 1 o A ¥
= 3. + 2 o
2 40 ] ; . x x =
30 8 §
20 T

0 1 2 3 & 5 6

Heat source number
Fig. 7 (b)
Fig. 7 Variation of temperature excess of five tssatrces for
different speeds, at constant heat input. (a) Q¥4 (5) Q=3 W
(Only two heat inputs have been shown)

It is seen from Fig. 7 that, the maximum tempegtaf
around 85°C is obtained for heat source 3 (having
characteristic length of 0.009 m) at a power ingud W, at a
speed of 60 rpm and its temperature drops dowhespeed
increases (Re increases) and the power input lodewn.
This is due to the fact that, heat source 3 is writle
interaction of other two heat sources which arethetmally
interacting with ambient. In all cases the heats®® (having
highest characteristic length of 0.011 m) attains towest
temperature, as it is surrounded by large cool anda. It is
seen that, when the fan is switched off, that ideurthe case
of natural convection, the heat source temperajoes up to
95°C at the same power input of 3 W, which is gdiegond
the safe temperature limit of heat source. So mo@/ection
heat transfer is a better method, than that ofrahtionvection
heat transfer, as far as cooling of discrete heatces are
considered.

2. Variation of convective heat transfer coeffitiemith
different speeds for five heat sources at condtaat input

450 1Q = 1.5 W, Heat source number =
400 ° 13 2¢ 34 4 v 5 .
© 350- oo
=] ] o
NE 300+ °
~ . o
Z 2507 o
2 2007 o @ T
S ] (=]
= 1504 , »°
100 g ¢
] § 3
50_ i‘ T § T ? T T T T T T T
80 160 24 320
Fan speed (N), rpm
Fig. 8 (a)
4SOEQ=3W, Heat source number =
400‘; o 1o 2+ 34 4 v 5
o 350 T
=] ] o
NE 300 .
S 2509 o )
5 200 ,os
= ] (=]
= 150 o
] N 3
1OOE P 8
507 i. T.m @ ] o wnr %
80 160 240 320
Fan speed (N), rpm
Fig. 8 (b)

Fig. 8 Variation of convective heat transfer caséint with different
speeds for five heat sources, at constant heat (ap®=1.5 W (b)
Q=3 W (Only two heat inputs have been shown)

It is seen from Fig. 8 that, by increasing the $peed, the
heat transfer coefficient of heat sources increbessling to

tter cooling. This is because of the fact thgtjnereasing
the speed, the temperature of heat sources falhdeulich
led to increase the value of heat transfer. Iteisnsthat, for
different heat inputs, there is no significant apaiin the heat
transfer coefficient of heat sources, so the heptiti to the
heat sources has no effect on the heat transfefficeet.
Among the heat sources, the heat transfer coefficikeops
down from heat source 1 to 5 (in the ascendingroofi¢heir
characteristic length). So the size of the heatcgsuplays an
important role for their cooling.

3. Variation of Nusselt Number (Nu) with Richardson
Number (Ri) and Reynold number at different heauts for
five heat sources

When the Nusselt number has been plotted against

Richardson number for different heat sources, gegen from
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Fig. 9 that, the value of Nusselt number decreasith
increase of Richardson number. From this graph,thinee
regimes of heat transfer have been delineatedj aslReads

to forced convection, Ri 1 leads to mixed convection and Ri

> 1 leads to natural convection heat transfer. @intilends
have been found for all the heat sources. The vailidusselt
number decreases from heat source 1 to 5 (in tbendisg
order of their characteristic length), which is doethe fact
that by increasing the size of the heat sources; tionvective
heat transfer coefficient reduce, leading to deszemm the
value of Nusselt number. So it is seen that, sizthe heat
sources play an important role for their cooling.

4,000
4Heat source 1,Q =
1o 15W o 2W ¢ 2 5 W A 3W
? 3’600i Mixed
E ooe : ¢—— convection
o ] A : regime
B 3,200 7 o, " : :
5 1 oo A :
= 1 Forced 3 °AI:| Natura.l.
% 2,800 | convection re : CUH.VECUDH
E | regime ‘?o:; regime
z ] io
2,400 00
: -
] 3 A7
2,000 — T T
0.01 0.1 1 10
Richardson number (Ri)
Fig. 9 (a)
1,600
| Heat source 3,Q =
{©o 15W D 2W ¢ 2 5 W A 3W
% 1’200i Mixed
: :  convection
E DDG:A ‘_)_ regime
1 od : ;
5 800 og® , i
= ] o o F
M :
o t ot
& A
2 400- :
| Forced :  Natural
convection convection
regime regime
0 ——
0.01 0.1 1 10
Richardson number (Ri)
Fig. 9 (b)

1,600
JHeat source 5,Q =
40 15W o 2W ¢ 2 5 W A 3W
é 1’200t Mixed
5 . convection
E ] ¢ . regime
E 1 ooa : :
E 800+ 2 om®4 :
= 1 o o o :
E i 6? A
g b 5 D ©2a
=z 400 Forced :  Natural
convection convection|
regime regime
0 T T T e —TT
0.01 0.1 1 10
Richardson number (Ri)
Fig. 9 (c)

Fig. 9 Variation of Nusselt number (Nu) with Ricdaon number

(Ri) at different heat inputs for five heat sour¢as Heat source 1

(b) Heat source 3 (c) Heat source 5 (Only thre¢ $marces have
been shown)

When the Nusselt number has been plotted againstdre
number for different heat sources, it is found freig. 10 that,
the value of Nusselt number increases with theegme in
Reynold number and all the values lie on a lingsThdue to
the fact that, by increasing the speed, the valegnBld
number increases and also there is a rise in the & heat
transfer coefficient. The Nusselt number value sfallown
from heat source 1 to 5 (in the ascending ordettheir
characteristic length) and are due to the sameomneas
explained earlier.

4,500 :
] Heatsource 1, Q =
{1 o 15w o 2W:
T 4,000 ° 25W 4 3W:
= ] :
a 4
2 3,500 o
8 | »
= . :
= 3,000 %1
E ’ ] nﬁ Forced
2 i Q I convection
Z 2,500 B :  dominant
] : region
] ?
2,000 T T T —
1,000 le+04 1e+05
Reynold number (Re)
Fig. 10 (a)
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1,500 T
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§ 500 i ® : convection
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1,000 le+04 le+05
Reynold number (Re)
Fig. 10 (c)

Fig. 10 Variation of Nusselt number (Nu) with Reljcdhaumber (Re)
at different heat inputs for five heat sourcesHaat source 1 (b)
Heat source 3 (c) Heat source 5 (Only three heates have been
shown)

C. Proposed Correlations

Based on the above results an empirical correldt@ween
Nusselt number, Richardson number and the chaistater
length of heat sources has been proposed. Thislation is
based on 140 data points and have an index oflatiom of
0.97. The percentage RMS error is found to be 1%%e
relation is as follows

Nu = fi.:':ill
1 + Ri

H

':I!'i. 22

0. 18
1+
| ( I

This equation is valid for following range of paret®s.

472 < Nu < 3430
0.04 < Ri < 4.5
9.8 < H/L,

= h

4,000
4 ®
1 +20% o3¢
3,000 -
N il
= 1
= 2,000
- I Lc) -20%
i A
1,000 i

T T T
1,000 2,000 3,000 4,000
Nu data

0

Fig. 11: Parity plot showing the agreement of Nlissember data
(Nu data) and Nusselt number fit (Nu fit)

IV. EXPERIMENTAL UNCERTAINTY
The uncertainty in the primary quantities have been
obtained by calibration of the instruments and derived
guantities it is calculated, by using the uncetiaivalue of
primary quantities and the formula given in [14]heT
uncertainty value of different quantities are shawiTable II.
The formula for calculation of uncertainty is givieelow.

)d {Ax)?

iy
i

S

TABLE I
UNCERTAINTY IN PHYSICAL QUANTITIES

Sl. No Measured quantities % Uncertainties
1 Current +3.23
2 \oltage +1.33
3 Temperature +6.25
4 Power input +7

where y is the derived quantity, x is the measuyeaghtity and
Ax is the error involved in the measured quantity.

V. CONCLUSION
The following observations have been made from the
experimental study. For both natural and mixed eation
heat transfer regime, when the heat sources areegla
horizontally near the bottom on the PCB, the largee heat
generating module should be placed at the poshicor 1,
where the minimum of the maximum temperature exéess
comparable with other positions. Radiation heaidfar plays

Based on the above correlation a parity plot hasnbea significant role, as the temperature of heatesireduce by

plotted between Nusselt number data and Nusselbaufit,
as shown in Fig. 11 and it has been found thatstadter in
the data falls within a range of + 20%.

3 - 7%, by painting them with black paint, leaditogbetter
cooling. The size of the heat sources has a grgzddt on the
heat transfer coefficient. From mixed convectioathteansfer
experiment it is seen that, the heat input to &eg Bources has
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no effect on their heat transfer coefficient, amg tvalue
increases by increasing the speed and charaatdestjth of
heat sources. The three regimes of heat transfes been
delineated on the basis of Richardson number (fd)is seen
that the value of Nusselt humber decreases witle@se in
Richardson number and increases with increase yndte
number. Mixed convection is a better method thanrtatural
convection heat transfer, as far as cooling of rdigec heat
sources concerned.
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