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ABSTRACT

Heat transfer using natural convection and fluid flow is an important phenomenon in daily life and engineering
applications such as HVAC systems of building, harvesting energy using non-conventional energy sources,
extraction of heat from electronic equipment and cooling technologies integrated in computer systems. The present
study investigates about the two experiments: (1) Heat transfer taking place between two parallel-Vertical Plates
by natural convection, in which two walls are adiabatic and other two ends are open to the ambient air and (2)
The estimation of constant C in the expression of Nusselt Number from the data of temperature distribution
obtained by performing experiments using a parallel Vertical-Plate by maintaining steady state conditions. Two
parallel vertical plates made of Aluminium are allowed to cool in air, to ensure that Lumped capacitance
formulation is valid. In the first case the Nusselt and Rayleigh numbers were calculated experimentally and
compared with the value available from the correlation which is found to be in good agreement. In the second
case, the value of C in the expression of Nusselt Number was calculated using Least Square Residual Method and
validated this result by introducing this value into the correlation available. The experimental setup which is
required has been designed and fabricated.
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INTRODUCTION

Natural convection heat transfer occurs in manyirergging applications such as extracting heat geedrduring
the working of electronic equipment, cooling ofate& transformer , chimneys and furnaces, coothng reactor
core in nuclear power generation to dissipate #et jenerated by nuclear fission, cooling of sotdlectors and
geophysical flows. In these equipment’s, the soofdeeating, in general is either due to volumeiéat generation
or due to surface heat fluxes. For instance, aaittrequipment generates heat, which can be exgarésgerms of
volumetric heat generation. Volumetric heat genenain nuclear fuel rods is due to nuclear reactidhe
performance of devices involved in thermal energpversion depends on the energy exchange that fdées
through various heat and fluid flow processes glienpnin these devices. Therefore, research on feowd heat
transfer through plate’s demands significant aibentThe amount of heat energy transported by thekiwg fluid
in a plate is dependent on the geometry of theeplature of the flow, and the thermal boundaryddans of the
plate.

Electronic equipment’s and devices have becomentabngredients in our day-to-day life. Among thehe most
widely used of these is the electronic computergirgg in size from the hand-held personal digitdistant to large
scale mainframes or servers. In numerous occurseaceomputer is imbedded or integrated inside sother
electronic devices and is not by any means conepi&uThe use of computers is increased in promisghéres
such as financial, defense, science and technolzayyking, health sectors etc. As automation isiferating into
vital infrastructures, a computer failure can bratgput a catastrophic interruption of basic adriai®ns and can
even have life threatening outcomes. As a restitiyte to improve the reliability of electronic cqmters are as
important as efforts to improve their speed andag® capacity.

Various techniques and designs for cooling, thatvimplemented using air, water, and direct imnagrsire in line
to accommodate the increased heat flux trend ih te@aoval. They include conduction cooling, air lbeg, micro
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channel heat sink cooling, micro heat pipes, padlirg, Jet impingement, multi-phase flow etc. Altlgh forced
convection and boiling using a liquid medium offee highest heat transfer rates, air cooling tephmihas been
widely used for heat removal for a long period. Thain advantages of cooling using air as fluid ease of
application, abundance and availability [7]. Thegliest method of cooling is by circulating air, ifaating natural
convection. Natural-convection method of coolingetectronic equipment continues to be the effectag in their
thermal management; because it provides the adyamflow noise and high system reliability anduieg the
least maintenance. The forced convection air-coagstems, which are widely used, produces the &cous
disturbances in their operating environment andréibility of the blower, which forms its main fpgresent
serious concerns as the air velocity has to bee@sad to increase the cooling rate. Thus, theeisttén natural-
convection air cooling is growing to take advantafi¢the absolute absence of noise and energy sauihgrent in
that cooling mode [7].

Buoyancy-induced heat transport phenomena insidec#isings of electronic devices have been condedtian
broadly for a long time. To understand this conctpre are several additional effects associattdthis process
has to be analyzed, such as heat-conduction merhanin solids, location of power input into the teys
,radiations, vents, three dimensional effects 2kcljlore recently, a large number of researcher tiacorporated
some of these parameters in an attempt to gatlelleedata, which are valuable for thermal analygsid design.

Elenbass [3] conducted experimental investigatindaminar natural convection heat transfer usimgath parallel
plate vertical channel and reported a detailedystudthe thermal characteristics of cooling by ratgonvection.
Wirtz [8] have considered geometry, with constagaithsources placed over the entire length of tHe $imce the
geometry could not simulate discrete placementhgds; the method of placing a number of discretat lseurces
over a wall. Bodia and Osterle [1] conducted nuo#ranalysis on free convection heat transfer éetbpment of
boundary layer between parallel isothermal vertigltes and recorded results for velocity, tempeeatand
pressure variation throughout the flow field .Themerical method used is Hybrid Finite DifferencetMusl.

Krishnan and Balaji [4] conducted a synergisticrapph to parameter estimation in multimode heatsfiex. This
paper reports the efficacy of the Least SquaredrasiMethod in parameter estimation when more thaa mode
of heat transfer is encountered. Oztop et al [Bji@d out numerical investigation of natural corti@t heat transfer
and fluid flow of two heated partitions which wakged within a square enclosure. The left wall éopl wall
provided Isothermal condition, while the bottom ahd right side wall were adiabatic in nature. Tive heated
partitions were placed at the bottom of the sqeadosure at different aspect ratio and the stud@e focused on
the effect of heights and position of heated gartg&. The results were monitored at different Rigylenumber in
the range of 1Dto 1¢.The energy and flow equations were solved with T)Msing finite difference equation,
based on the finite control volume approach with-reiaggered grid arrangement and SIMPLEM algorithm

Oztop et al [6] investigated the characteristicsatural convection heat transfer in a square gawiith a heated
plate placed in vertical and horizontal manner. Ho®erning equations were solved with TDMA usingité
difference equation based on the finite controlumpté approach with non- staggered grid arrangemedt a
SIMPLEM algorithm. Computation was done with Ragteinumber ranging fromfQo 10 at different aspect
ratios and position of heated plate. Air was used avorking fluid (Pr=0.71).The effect of the pasitand aspect
ratio of heated (Vertical and horizontal) plate lerat transfer and flow in square cavity were aredyZ he result
showed that Rayleigh number increases with incréagseean Nusselt number at both vertically and zworially
oriented positions. At higher Ra numbers, whenptlage is placed horizontally, heat transfer wastbdecreased
as about 80% less than that of the plate placaetitical position. Atchonouglo et al [9] used thimite Element
Method for an inverse analysis to identify simuttansly the constant thermal conductivity and hapgcity.

Boukhattem et al [10] conducted numerical invesiigaof natural convection heat transfer in a tvimehsional
closed room, containing air, in the presence ohia horizontal heater plate. The horizontal walle &ept
isothermal, while the vertical walls are adiabalibe flow and energy equations in the room areezblusing a
finite differential equation based on the finitexttol volume approach with non-staggered grid ageament and the
SIMPLEC algorithm. A thin horizontal plate is placaside the square room with an aspect ratio efpuél5.The
horizontal plate has higher temperature comparatig¢dsothermal wall. Computation of Rayleigh numirethe
range of 10to 1¢ has been performed. The result showed that Rayleignber increases with increase in heat
transfer coefficient which is marked above the éeptate region and this effect is attributed ton@tey Effect.

More recent investigations for free convection iartical channels are presented [11-12] for symmeand

asymmetric heating conditions, respectively. Agaimat transfer characteristics were provided oawamnage basis.
Schlieren Optical Technique has been extensivebd dsr the measurement of local heat transfer woefits,

where water was used as working fluid [13-14]. Fjnaumerical value is compared with experimentgduit and

found to be reasonably in good agreement.
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From literature survey it can be inferred that fceavection in vertical channel geometry with dégerheat source
has drawn considerable attention. This geometdoafiguration has physical relevance with respeatlectronic

chip placement inside an electronic device. Thizaech aims at developing new concepts to findtlwmithermo

physical parameters such as emissivity, thermadwctivity, thermal diffusivity etc. Such an attenigimade in this
paper where, the unknown constant ‘C’ in the exgioesof Nusselt-number is determined from the kneatues of

temperature from different experiments. The goahefstudy is to compare the value of constant @énNusselt
number in parallel Vertical plate with availableredation (Krishnan et al, 2004) using the Leastis3q Residual
Method.

EXPERIMENTAL METHODOLOGY

Experimental apparatus has been specially desigabdcated and set-up to carry out investigationsdifferent
types of electronic devices. The layout of testugeonsist of an apparatus, Data Acquisition Syst€omputer,
T-Type Thermocouple and AC power supply whose settierdiagram is as shown in Fig.1.

The apparatus consists of a heat source placedkeislarge rectangular box, which is open at tap zottom to
simulate natural convection condition. Rectangblax has a dimension of 500 x 500x 1000 mm. Theetkiges of
the rectangular box are made up of plywood andsapported by slotted L-Angle. The fourth side isdmaip of
acrylic sheet to have visibility. The central heatirce plate, by itself, is an assembly of two Ahiom plates of
dimensions 250 x 50 x 3 mm with a flat heater fadrbg winding a Nichrome wire over a Mica sheet seintled
between twoplain mica sheets. Fig.2 shows a phapbgof the flat heater used to heat the centratpla

The surface of the central plates, those are exptis¢he ambient air are given a suitable surfagatient like
polishing by buffing. On the other side of the alnium plate, i.e. on the side not exposed to théiant air, two
blind holes of 1.5 mm diameter and 1.5 mm deepdatked at the points of temperature measuremeito, Wwhich
thermocouples are fixed. The bead of the thermdesujs attached to the slot in the aluminium playeusing
thermobond. Thermobond is inorganic low expanswmd setting cement. Thermobond is ideal adhesiveece for
applications which require high resistance to eieity, chemicals and thermal shocks. It is suiafdr a service
temperature of 128C. Fig. 3 shows the plates that form the centrateplalong with the thermocouples fixed at
their respective position and taken out along tte®ges for large and small heat source respectively

Fig .1 Photographic View of the Experimental setup Fig.2 Flat heater

Fig.5 Hexagonal Nut arrangement for
height adjustment

In these experiments temperatures were measurad Gisfype thermocouple which can withstand up t6°@0
Thermocouples thus fixed were laid into groovedleahion the same side as that of the blind holestaken out of
the plate. As it could be seen there are 8 holesagh of the plate which house the screws thatised in fastening
the plate together after the heater is sandwichdzkiween the plates. The whole assembly was hjgdlighed on
its outer surface to obtain an emissivity of 0.0bhe final plate heater assembly is shown in Fig#the two
corners of the final heater assembly, two met#bstare attached, one on each side of the platerassembly.

Fig.3 Central plateready to be assembled Fig.4 Central plate heater
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The plate heater assembly is thus hung verticaigguTeflon rods through thin metal strips. Tefloine used has
10mm diameter and 5m length. The Teflon rods aadrthtal strips serve the purpose of minimizingdteduction
losses. The Teflon rods in turn are fastened tolLskngle as shown in Fig.5.The Teflon rods passulgh holes in
the slotted L-Angle, above which there is a hexafjont, which facilitate the adjustment of the piosi of the
central plate. The lead wire from all the thermques is connected to a Data acquisition systema Bagjuisition
system consists of a temperature scanner havirgd@nels; accuracy?3.The heater assembly is heated by using
a regulated DC power supply, 0-600V, and 0-1.5A.

UNCERTAINTY ANALYSIS

All the measurement devices used in the presedy site calibrated with standard instruments. Theettainties
involved in the measurement of temperature, voleagecurrent are given in Table 1.

Table -1Uncer tainitiesin the M easur ed Quantities Table -2 Uncertainitiesin the Derived Quantities
Quantity Uncertainity(%) | Units Quantity Uncertainty (%)
Temperature +3 °C Nusslet Number +5
2
T . . . . N\ Z ﬂA d
The uncertainties in the derived quantities araiokt using the relation o, % (1)

Where X is the measured quantity and Y the derived quaatitAx andA y are the uncertainties in the measured
and derived quantities respectively. Based on Ej.tlle uncertainties in the derived quantitiesdetermined and
these are reported in Table 2.

RESULTSAND DISCUSSION

Investigation of Natural Convection over a Vertical | solated Plate

The problem of free convection in a vertical plaigs studied experimentally. These results are coedpaith the

standard correlation for vertical channels in laamiregion developed by Churchill and Chu as shawag. (2).
067Ra**®

FRH
14 0492 |16
Pr

Nu = 068+

2)
Percentage of error can be calculated by the oelati
NU g o - Nu ‘
% Error = exp erimental corrdlatio n_y 190
NU exp erimental (3)

The Rayleigh number is varied from>1® 10 by changing the heat input and the Nusselt nurnbeined from
experiment is compared in Table 1 with those oletifiom correlation. A maximum percentage variatbri8.69
at a Rayleigh number of 1@ found.

Figure 6 shows the Comparison of Nusslet numbeannisolated vertical plate. When input power ofthea
increases convective heat transfer coefficientpeament increases. When input power increasesilitncrease

the temperature of the horizontal plate, which éases the heat transfer coefficient and there breases the
Nusselt number. When power input increases, thesemdive heat transfer coefficient by correlatiorowh a

downward trend. This is because of two reason ¢1hthrizontal dimension of the heat source is sthallviscous

forces try to predominate over the buoyant forcasising a Rayleigh number decreases and thereéoreate in
Nusselt number (2) the temperature increases beyadlticular value.
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Fig.6 Comparison of Nusselt number in an isolated vertical plate Fig.7 Variation of power with surface temperature
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Fig.7 shows the radiation heat transfer and cometieat transfer is depending strongly on surfeagperature of
the plate. The energy emitted depends on (1) tpdeature of the body and (2) nature of radiatinfase of the
body. Both Convective and Radiative heat transfereases non linearly with increase in plate teatpes. At low
temperature, radiation may be significant. So wpeek that radiation heat transfer is directly pmipoal to

temperature (i.e, @ T" for free convection, where 1.2<n<1.33 and @ for radiation).

Least Square Residual M ethod
The Standard correlation for Parallel Vertical plhtsing heat by free convection is

Nu=CR4&
The constant C in the above relation was determiiiyddast square residual method.
Fig.8 shows the Variation of Plate temperature Witine. Time increases with increase in plate tewrupoee due to
the lattice vibration of molecules between platd haater. It is interesting to note that the vafi€ in the Nusslet
Number is dependent on base temperature and time.

Assumptions
» There is no heat loss from/to the stainless stagtp
» The temperature of the enclosure remains condtemtghout.
» The properties of the SS plate do not change witiperature
 The fail is spatially isothermal (lumped capacitaformulation)

For the above assumptions, the heating of the 8t Pan be mathematically represented as

Estored™ Eiostt Egen
LLISVYG D
dt 4)

Eq.(4), the left hand side represent the rate ahgh of enthalpy and the right hand side represhatheat transfer
by convection. For substituting Nusselt numbertfopecomes

dT _ - NuK
W, —= AT-T
pVC, 3 (T-T,)
_ 025
,, c(jj: CRzIa- KA ¢ T,
025
dT - CRa™KA (T —Ta)
dt LovC,
Rayleigh Number Ra = gpATL?
va
dT _ -CRa"®KA it
T-T, LoC,
Initial Condition T=T at t=0
_ 025
J. CRa KAjdt
T VCp 0
-T, - CRa"®KAt
-T, chpv

-T, _ ~CRa KAt
T +T LC, v
T —Ta CRa KAt T -T,
In + =In
T+T, LC,pv T +T, )
One possibility of solving the inverse problem dgsstubstitute various values of C in Eq. (5) ancedeine the
temperature Tat various time instants given in the problem.AAfitese following can be calculated

N 2

S(C) = z (Texpj _Tcalc,i )

i=1

Upon doing such an exercise for C ranging from @%¥ in the steps of 0.1.We obtain S(C) as shawihé table.
From the table and the plot we can at the bestitey0.53<C<0.67.The residual are plotted agaiestonstant C and
are shown in Fig.9.
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By locally fitting a Lagragian interpolation polymial for S(C), by employing three values of C where residuals
appear to be heading towards a minimum. These happéebe 0.54, 0.58and 0.63.

S=8316525916C>-10107936032C+3078039891

TakedSdC and equate it to zero to make S Stationary

g—é =1663305183C —-1010793032-0

C=0.608
Therefore the best estimate of C with the levalarhputational intensity is 0.608

Table -3 Comparison of Optimization Result with Actual Result

Correlation C
Actual Value(Krishnan et al, 2004) 0.593
Least square residual Optimization Method 0.608
CONCLUSION

Laminar heat transfer experiments were conductdl wispatially isothermal aluminum Vertical paraidate

losing heat to still air by convection. In this Rapthe Validation of Natural convection heat tfansn a vertical
plate and Compare the value of C in the Nusslet barnexpression with available correlation usingdtesquare
Residual method have been conducted. In the fasé,cNusslet Number and Rayleigh Number were detedm
experimentally and compared with the value ava@dbbm correlation and found to be in good agredmé&he

value of C in the Nusslet Number Expression weteutated using Least square Residual optimizatiethod and
compared with the value with available correlationd found to be in reasonably good agreementradr
Temperatures have been recorded. The result warel featisfactory and agree very well with Literatun future

the same experiment can be conducted after cotimmgurface of heat source with paint in order npleasize
radiation effect. Heat source can be supportedwaein order to reduce flow disturbance. Experitream also be
conducted by tilting the entire geometry.

REFERENCES

[1] J Bodoia and JF Osterle, The Development of Freev€xion Between Heated Vertical Platdsrnal of Heat
Transfer, 1962, 84(1), 40-44.

[2] Chen Linhui, Tian Huaizhang, Li Yanzhong and Zhd@mngbin ,Experimental Study on Natural Convective
Heat Transfer from a Vertical Plate with Discreteatl Sources Mounted on the Baéergy Conservation and
Management, 2006, 47(18-19), 3447-3455.

[3] W Elenbaas, Heat Dissipation of Parallel Platefi®e ConvectiorPhysica, 1942, 9(1), 1-27.

[4] AS Krishnan, C Balaji and SP Venkateshan, A SystéigApproach to Parameter Estimation in Multimbtizat
Transfer International Communication of Heat Mass Transfer, 2004, 30(4), 515-524.

[5] HF Oztop and | Dagtekin, Natural Convection Headrisfer by Heated Partition within Enclosumgernational
Communication of Heat Mass Transfer, 2001, 28(6), 823-834.

[6] HF Oztop, | Dagtekin and AP Bahoul, Comparison o$ifon of a Heated Thin Plate Located in a Cafity
Natural Convectioninternational Communication of Heat Mass Transfer ,2004, 31(1),121-132.

[7] Yoji Kitamura and Chimney Masarulshizuka, Effect Natural Air Cooling of Electronic Equipment under
Inclination, 3 International Conference on Thermal Issues in Emerging Technologies Theory and Applications
(ThETA), Cairo,2005.

[8] RA Wirtz and RJ Stutzman, Experiments on Free Ccotive between Vertical Plates with Symmetric Hegtin
Journal of Heat Transfer,1982, 104(3), 501-507.

54



Nair et al Euro. J. Adv. Engg. Tech., 2015, 2(10):49-55

[91 K Atchonouglo, M Banna, C Vallee and JC Dupre, hsee Transient Heat Conduction Problems and
Identification of Thermal Parametedsurnal of Heat and Mass Transfer, 2008, 45, 23-29.

[10]L Boukhattem, H Hamdi and DRP Rousse, NumericaluBation of Heat Transfers in a Room in the Presenc
of a Thin Horizontal Heated Platénergy Procedia, 2013, 42,549 — 556.

[11]MR Rajkumar, G Venugopal and SP Anil Lal, Naturain@ection with Surface Radiation from a Planar Heat
Generating Element Mounted Freely in a Vertical i@ted, Heat Mass Transfer, 2013, 47, 789-805.

[12]MR Rajkumar, G Venugopal and SP Anil Lal, Naturan@ection from Free Standing Tandem Planar Heat
Sources in a Vertical Channélpplied Thermal Engineering, 2013, 50, 1386-1395.

[13]Tanda Giovanni, Marco Fossa and Mario Misale, Heainsfer Measurements in Water using a Schlieren
Technique]nternational Journal of Heat and Mass Transfer, 2014,71,451-458.

[14]Mario Misale, Marco Fossa and Giovanni Tanda, Itigation of Free Convection in a Vertical Water @hal,
Experimental Thermal and Fluid Science, 2014, 38, 58-65.

55



