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ABSTRACT

Emissivity is a parameter which helps to determine emissive power of a Surface. Much experimental work in
radiation has been done to find out the value of emissivity for different surfaces. The paper reports the ability of
Bayesian Approach and least square method in parameter estimation when radiation heat transfer is encountered.
The aim is to estimate the value of Emissivity of material using Bayesian optimization method and least square
residual method where air is used as a working medium. The steady temperature time history is mainly used to
estimate Emissivity of material in Bayesian and least square optimization method. The experimental setup has been
designed and fabricated. Finally, Estimated Parameter is compared with Actual benchmark.

Key words: Radiation Heat transfer, vertical plate, least squasidual method, Bayesian approach

INTRODUCTION

Everybody at a temperature greater than zero kedwiit thermal radiations of all wavelength withincartain
range. The energy emitted depends on (1) the teatperof the body and (2) nature of radiating stefaf the
body. All states of matter emit radiation in thenfoof electromagnetic waves due to thermal excitenod its
composing molecules. The important characteristiceadiation heat transfer are it increases noaality with
increasing temperature, it travel along straighédi with the speed of light, Radiation require ratarial medium
to propagate and At low temperature, radiation magignificant.

Elenbass [1] conducted experimental work in laminatural convection heat transfer in smooth pdrallate
vertical channel was investigated and reportedtaildd study of the thermal characteristics oflzwpby natural
convection. Fishenden and Saunders [2] did experimhevork in natural convection heat transfer workupward
facing horizontal surface where square plate planedir. Bosworth [3] who gave very few informatiam the
working fluid and plate shape. Mikheyev [4] did exjpnent in rectangular plates. Mikheyev found timasame
conditions, heat transfer rate from a verticalglatis 70% less than that of horizontal plate.

Nada [5] experimentally conducted velocity field asarements for natural convection heat transfew fio
asymmetrically and symmetrically heated verticahrutels. in the asymmetrically heated channel, dat pvas
kept above the atmospheric temperature and the otifeebelow it where in the In symmetrically heatddnnel,
both plates are heated above the atmospheric temoper Velocity measurements were done for two &gkl
numbers (Ra = 2 xfoand 4x16) both in the turbulent layer region. Oztop et @] fonducted numerical
investigation of natural convection heat transfed #8uid flow of two heated partitions within a sape enclosure.
The left wall and top wall were at Isothermal whitee bottom and the right side wall were at adi@hiat nature.
The two heated partition were placed at the bowénie square enclosure at different aspect ratiblaoked into
the effect of heights and position of heated gartit The study were done at different Rayleigh namin the
range of 16to 1. The energy and flow Equations were solved with DWing finite difference Equation based
on the finite control volume approach with non ggfered grid arrangement and SIMPLEM algorithm sKnian
and Balaji [7] conducted a synergistic approaclpasameter estimation in multimode heat transfeis Paper
reports the efficacy of the least square residugthod in parameter estimation when more than ongenod heat
transfer is encountered. From literature reviewaih be found that free convection in vertical cldrgeometry
with discrete heat source has considerable attentibe goal of the study is to estimate the emigsof Stainless
steel plate using least square residual methodBaydsian Approach where test fluid was air and cnenjit with
actual values.
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EXPERIMENTAL METHODOLOGY

As a first step, a experiments has been designestualying the heat transfer in an isolated heatztical plate.
The details of the experimental setup are shoviraisle 1.

Table-1 Details of Experimental Set-up

SNo Description Dimension/Range
1 Rectangular Vertical SS Plate (1 noJ) 250x50x 3mm
3 Heat Input 0-300 W
4 Single Phase Closed Type Dimmerstat 0-1 Amps
5 Ammeter 0-1 Amps
6 Multimeter 350 Wc
7 K-type Thermocouple with indicator 0-10a0

B Aluminium Plate

Non rubberised cork

Wooden box Non rubberized cork
containing glass
wool

Glass wool

Fig.1 Photographic view of the experimental setup Fig. 2 Adiabatic plate assembly

Experimental apparatus has been specially planmedfarmulated to carry out investigations on elecits
devices. The apparatus consists of a stainlesk@tte and flat heater fitted on a support strietim a vertical
fashion. The photographic view of the experimesit up is shown in Fig. 1.The geometry considerethée
present study is a heated plate kept in betweenatli@batic side plates, all parallel and vertigath side plates
symmetrically spaced from the central plate. Thathaput to the heater is measured by an ammetgraan
multimeter and is varied by a dimmerstat. Ammesezannected in series manner and multimeter arseted in
Parallel manner. . The side adiabatic plate asseislfixed to the slotted L-angle. The entire seplaced inside
large rectangular enclosure which opens at theatap bottom to isolate experiment from externaluftsinces.
Temperatures are measured using K-type thermocoiipke central heat source is hung vertically usiiedlon
rods through thin metal strips. Teflon wire used h&mm diameter and 5m length. The Teflon rodsthaednetal
strips serve the purpose of minimizing the condurctosses. The Teflon rods pass through holesdrslibtted L-
Angle, above which there is a hexagonal nut, wiiédilitate the adjustment of the position of thaical plate so
as to align it with respect to the side plate. Sidiéabatic plate assembly consists of Stainlessl glate, non
rubberised cork and wooden box containing glass.wbis as shown in Fig.2.The side stainless gpdmties are of
dimension 250 x250 x 3mm and highly polished toaobthe lower emissivity. As in the case of cenplhlte,
blind holes of 1.5 mm width and 1.5 mm deep, ailledrat the points of temperature measuremend, which
thermocouples are fixed. Six points, three on galeke are chosen for measurement of temperature.noh -
rubberized cork sheet of one inch thickness andnbathe thermal conductivity of 0.044 W/mK formsetfirst
layer of insulation. The plates are fixed to wooderxes by inserting non rubberized cork in betwdem in
order to minimize conduction of heat from the dizds steel plate to the wooden box. The woodeniddided
with the glass wool with small air gap to simulatiiabatic condition. Glass wool insulation has Very thermal
conductivity 0.04 W/mK. Each of the adiabatic plagsembly is fixed to slotted L-Angle. The paramnefaried
during the experimentation is heat input to thetéreand height ratio.

Procedurefor theleast Square Residual Optimization M ethod and Bayesian Approach

The experimentation consists of plate heater aslgewttich was given definite amount of power suptiat was
switched off after steady state was reached. Testyper measurements were done at regular intervdiftpf
seconds. The experiment was carried out under atedr condition; simulating natural convection .The
experiment was done for several power supplies.

In this method, typically all the properties of thgstem will be known beforehand or a priori anel ttmperature
response of the system will be sought. Howevethiis case the experimentally measured temperagsgonse is
available and to estimate or retrieve the value of
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RESULTSAND DISCUSSION

LEAST SQUARE RESIDUAL METHOD
The standard empirical correlation for vertical tplalosing heat by surface radiation is given by

Q= —£A(T4 —T:) . The constant in the above relation was determined by usingtlegsare residual method

and Bayesian Approach. Fig.3 shows the VariatioRlafe temperature with Time. Time increases withiéase in
plate temperature due to the lattice vibration ofeoules between plate and heater.

Here Q = Heat transfer by Radiation, FAmbient Temperature, T =Temperature of the S$epla = Surface
Area and T= Instantaneous Temperature

Assumptions

» There is no heat loss from/to the stainless gtk other than that due radiation from/to thelwélthe
enclosure

» The temperature of the enclosure remains congtamighout.

» The properties of the SS plate do not change withperature

» The foil is spatially isothermal(lumped capacitafmenulation)

» For the above assumptions, the heating of the &® Pan be mathematically represented as

ar 4 _4

Egn (1), the left hand side represent the ratehainge of enthalpy and the right hand side represtrt heat
transfer by Radiation. Rearranging Egqn (1) anc@dmes

di - e&oAdt
it mep
The LHS can be integrated using Partial Fraction
T a7 T aT
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The RHS can be integrated as

1 [ (T-T ] Ti-Ta —J_[T] (T 1) - sont
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Here Cp = Specific Heat at Constant Pressure, nasshdf the Material angd= Emissivity of the SS plate

One possibility of solving the Least square residuathod is to substitute various valuesesoin Eqn (2) and
determine the temperature Ti at various time irtstgiven in the problem. With these following candalculated

N 2
S (8): Z]_ (Texpi _Tcalc,i )
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Fig.3 PlatetemperatureVsTime Fig.4 Variation of the Residual with emissivity

Upon doing such an exercise foranging from 0.6-0.95 in the steps of 0.05.We wb&) as shown in the table.
From the table and the plot we can at the besttlsaty0.8<<0.9.The residual is plotted against the emissiwity
and is shown in Fig. 4

By locally fitting a Lagragian interpolation polynmal for Sg), by employing three values efwhere the residuals
appear to be heading towards a minimum. These nagpéebe 0.8, 0.85and 0.9.

__(e-o085)e-09) 91+ (e-08)e-09) s (¢ - 085)(e - 08)
(0.8- 085)(0.8- 0.9) (085- 0.8(085- 0.9) (09- 085)(09- 08)
S = 366052 - 6341 + 27495
Takeds/ de and equate it to zero to make S Stationary

x72

ds
— =7320s -6341=0
de
&=0.8663
Therefore the best estimateaoivith the level of computational intensity is 08663

BAYESIAN APPROACH

Bayesian inference is based on Bayes conditionplitypability theorem and employs probability to dwerize
all forms of uncertainty in the problem. The Baylesorem to relate the experimental data Y and #rarpeter is

3 _P(Up(x)_ P(Up(x)
P(_j_ P _jP[UP(x)dx

Y
Where P(x/Y) is called the posterior probabilityndiy function (PPDF) for which the effect is Y amrds the
cause, P(Y/x) is the likelihood density function(s) the prior density function and P(Y) is the natizing
constant. In Eqn (3), the first term in the RHSrement the probability of getting Y for an assumatlie of x.
This can be obtained from a solution to the leqaage residual method problem for an assumed xandert the

N
S= ; (Yexpj - Ysim,i )2

into a PDF. The P(x) is prior knowledge belief abeven before the measurements are made .Bayedarrnce
also helps us to inject a prior if it is known ady from previous knowledge and this will hastea tetrieval and
also helps us in obtaining sharper PPDFs signifiomger standard deviation of the estimates.

3)

Steps Involved in Bayesian Approach
The Bayesian method to solve an inverse problemlwas three steps
« Experimental data collection(The data is colledtethe form of Temperature)
« Modelling Likelihood and priori
* Estimation of x
The first step is done by conducting experimentsfas as the likelihood is concerned; we explo# ibdea of
measurement error in temperature as follow

Y, =Y +a

measured simulated
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o is a random variable from a normal distributiorihwinean “0” and standard deviatienwherec is the standard
deviation of the measuring instrument. Assumingd tha uncertainty follows a normal or Gaussian distribution,
the likelihood can be modelled as

P(Yj F{T F(x) )(Y F(x J

\/ 2Mo
Where Y is a vector of dimension n i.e., n measamnare available and the F(x) is the solutiorhtoleast square
residual method with the parameter vector x.

_ 2
P(YJ = ! ex ( X )
2
Where N is the total number of samples in one einsgberimema , Where

2 _ o (Ymeas,i _Ysim,i )2
X le =
Where Yaim,i are the simulated values of Y for an assumed x.
The posterior PDF (PPDF) then becomes

o) e ¥

j[(\/ﬁ) exp{_gzﬂp(X)dx

The prior probability density(x) typically followa uniform, normal or log normal distribution. Iniglcase of a
uniform prior, P(x) is the same for all values ofi.;e, we have absolutely no selective prefereBeeh a prior is
called a non- informative prior.

Consider P(x) follows a normal distribution with am, and standard deviatian,. Mathematically P(x) is given

by
et

p
Hence the PPDF becomes
1 /]2 _ 2
nﬂexp(—){+(x ;21) }

= 2 20
! ' :, ()
R e L
@n) 2 ("0, o0
Therefore for every assumed value of the data veqto;, Xo, Xz, vevveenn... Xn),P(x/Y) can be worked out.
Therefore,
2 _ )2
exp- ){“ be=s) }
X _ ZJP

et

The mean estimate of x then becomes

J Xexp<—){"22 ) }dx

202
X = P

{ | exp(—){)(; + (Xz_ 2)2 ﬂdx

Often the integral is replaced by a summation winely discrete values of x are used,

>x exp(—){)2 L) }A&

2
20'p

> {exp(—){ﬁ W ou) HAxi

Zap

X=
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x=—. 20

2 [exp(—){/lzz+ (xz—ag)z “

.. Z(" ‘X)exp(—){‘; N (XZ—JE,)T
o) = Y {eXp(_){A; . (XZ_J) ﬂ

(4)

Herec = Stefan-Botzmann Constant

Now we can use this framework to estimate the awiigof Material .in Egn (4) is the standard deviation of the
estimated parameter, which is very diagnostic efgbtency of the estimation process. Table 2 shbedMean
and Standard Deviation for single parameter usiageBian method (With and Without Priori). Fig. 4dfig .5

shows the typical PPDF for EmissiviP‘f/.TabIe 3 shows the comparison of optimization tesith actual values.

Table-2 Mean and Standard Deviation for single parameter Table-3 Comparison of Optimization Result with
using Bayesian method Actual Result
Py—— - SNo. Optimization Method 3
ayesian Approac Actual Value
Parameter Without Prior | With Prior ! : 0.86
Mean €) 0.85 0.85 5 Legst square residual 0.8663
Standard Deviatio] _ 6.9E-06 | 3.2573E-06 Optimization Method
3 Bayesian Approach 0.85
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Fig.4 PPDF of Emissivity using Bayesian M ethod Emmisivity
(Without Prior) Fig.5 PPDF of Emissivity using Bayesian M ethod (With Prior)
CONCLUSION

Steady heat transfer laminar natural convectioregment in Vertical plate have been done for a lgigiolished
stainless steel plate to retrieve single param@erissivity) by using least square residual method Bayesian
approach and compared with the value available #@toal result and found to be in good agreement.

REFERENCES

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

[2] M Fishenden and OA Saundém Introduction to Heat Transfer, Oxford Univ Press, Londoi950.

[3] RLC BosworthHeat Transfer Phenomena, Wiley, New York,1952.

[4] M Mikheyev, Fundamentals of Heat Transfer, Peace Publishers, Moscoi®68.

[5] SA Nada, Natural Convection Heat Transfer in Hawmtaband Vertical Closed Narrow Enclosures with tdda
Rectangular Finned Base Plataternational Journal of Heat and Mass Transfer, 2007,50,667-679.

[6]HF Oztop and DW Dagtekini, Natural Convection H8atnsfer by Heated Partition within Enclosure,
International Communication of Heat Mass Transfer, 2001, 28 (6), 823-834.

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

122



