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Abstract

When heat flow is subject to temperature dependent thermal potential, the
associated local temperature field is significantly influenced. This response exhibits
interesting effects. This paper examines these effects over a hexagonal plate (fig.2). A
linear thermal potential is induced at the boundary and finite element algorithm
employed to compute the temperature profiles. A control model is set-up and the outputs
from the test model and the control model are examined and compared. Our results
show that the temperature field due to the linear potential exhibits artificial heat
reservoirs at localized node due to the concentration of the potential. These heat
reservoirs are invaluable in the optimum design economy of thermally driven systems.
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1. Introduction

The response of temperature field to any extetmainal field is best understood at the moleculaelleThe original
heat profile is significantly influenced by the piamlar form of induced potential at the bounddryidealized models, these
external thermal fields, according to the causectftheory, must cause significant changes to ks under study. Such
changes vyield certain effects which require quiiliatreatments, either by laboratory experimentsbg computer
simulations.

Common thermal potentials have been used in thalation of heat flow problems. Non-linear temperatdependent
potentials have been used to demonstrate thermaplesbensitivity [1] and convection thermal potdntias been used as
boundary formulation to study internal point sewmiit [2]. Effects resulting from these thermal pesses have also been
studied. Strong non-linearity has been observed@uwéscous dissipation [3] and also on solidsg,In a recent thesis [6],
the control temperature limits have been obsereebet altered significantly, depending on the forirthe potential and
simulation data, from a study of linear, radiateond logarithmic potentials at the boundary.

Understanding of heat flow problems plays significeole in the design and economy of most systenah @s in
nuclear power plants, thermo-chemical plants arditbb-mechanical industries. Results obtained freat heservoir for real
absorption heat transformer provide some guidaoicthé optimum design of absorption heat transforfitie Absorbed heat
can be released back to the ambient via a heatigjesubsystem. This results in heat sinks whietrelase cost and noise,
and increasing reliability [8]. These systems hagerbunderstood, mostly, from quantitative analysitle effort is been put
in the computer simulation of such systems.

Obviously, the efficiency of heat engines dependshe temperature range of the system. This effagiencreases with
increase in the temperature difference betweerhtit@eservoir and cold reservoir. The ground, a®wce of heat pump
systems and as a loop heat exchanger, has beemstemed to be efficient [9]. In this model, theahpump is divided into
heating and cooling components to allow connectiohoth heating and chilled water plant loops. &sfieak, the design
methodology of such systems must incorporate thieintexactions with induced external fields.

In this work, we demonstrate the use of computeilifies in simulation of heat reservoir and demntoae heat
reservoirs as effects caused by induced thermehfiat at the boundary.

NOMENCLATURE

A Area, m**2

A; Area of ith element, m**2

B¢ Temperature gradient interpolation matrices

E Surface emissivity, dimensionless

G Arbitrary functional
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H  Point heat source, W/ m**3/sec
H¢ Generalized element temperature
h  Thermal conductivity, J/sec/m/K
J¢ Element Jacobian
k Thermal diffusivity, m**2/sec.
M Parameter specifying real coefficient
N; Shape function of ith node
N7 Element shape function for node n, element e
Q Extended heat source, W/ m**3/sec.
Q, Point heat source, W/ m**3/sec.
R, External source, , W/ m**3/sec.
S Parameter specifying real coefficient
r,s Natural coordinates
t Time, sec.
T Temperature field, K.
T Temperature derivative with respect to timesa¢/
u,v Parametric coordinates
X,y Cartesian coordinates
1. THE MATHEMATICAL MODEL
We consider an arbitrary volume V lying within tbalid plate and bounded by a surface S as shovewbel

)Y

Fig.1: Arbitrary volume V bounded by the surface S.
For steady state flow in the presence of heat ssutbe heat flow is modeled as the familiar 2-aish@nal Poisson’s
equation:
V2T =+ (Q + Qp8(r — 7)) (1)
2. FORMULATION OF NUMERICAL ALGORITHM
We now seek to derive the 2D finite element schamequation (1) from which the temperature fieldlees within the
minimum computational error.
Consider the minimization problem:

_ [ (6 96 iz a _
d.I = fA Gy dT +_6T dT)_dA =0 2
The general functional for the 2-dimensional h&at/fis
= 1 _[(aT\?*] 1,.m2 , 1
G(X;y, T,T) _50_[(d_y) ] _EHT +EQT (3)
G 1. 06 _ _dr
ar - HTHQ =0y (4)
Putting these derivatives into equation (2) gives;
s 1 Sy dT =
di = [7 (=HT + Q) dTds + [ o 5 dTdS (5)
limAxAy_,O dA = dS (5b)

Using integration by parts on the second integraduation (5a) and then integrating the resuliiiffgrential we obtain
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I=[f, Z0V?TdA + [, ZHT?dS — [[, ~QTdA (6)
For some edge S over which the plate thermallyaists with the surrounding.

In an effort to develop the finite element modelin@ar interpolation was considered and an appatgshape function has
been chosen.

N =%,i=1,2,3 @)

Since element strains are obtained by taking thizateves with respect to the Cartesian coordinateshave the following
relations;

X =Y Nix , y =X Ny, x =X hix y =Y hyu=Y hiw ,v=Y hv

hy =1—r—s,h, =7,h; = s, provide@;_, h; = 1. The evaluation of the element matrices now inesha Jacobian
transformation and all integrations carried outtba natural coordinates, i.e. r's integrations gorf O to 1 and the s
integrations go from 0 to (1-r).The Jacobian, galised element temperature and the temperaturgegrathterpolation

matrices, respectively are;

dx 0y 0z
or or or
dox 0Jdy 0z
e| x 3y oz 8
] ds 0ds 0s ( )
dox Jdy 0z

at  Jdt Ot

e_(hl 0 hy, 0 hy 0) ©

ohq Ohy Ohs
ox 0 dx 0 dx 0 \

_ My o e o Ok
Be_l 0 dy 0 dy 0 dy | (10)
ay dx dy dx 9y ax
Thus the element stiffness matrix is computed as
Ké=h[[ BTCB®det.]°dA (12)

The extended heat source, the differential boyndandition and the point sources are computedeciely as;

Ré =hff H®TQdet.]°dA; (12)
e)T 0
R¢ = [, H W%det. Jeds ; (13)
T,
R = ZiH(e)Tpr (14)

Using the principle of virtual temperature andesskling the element matrices we obtain the geriieigd element scheme;
KT=Ry + Rs + Rp (15)
3. THE TEST CASE
Our test plate was modeled with 34 nodes and d8dtilar elements spanning the entire domain asrshofig.2. We have
also considered point source of strengthl®® situated at nodes 7 and 30. A uniform extendedcsoof strength0° has

been applied. The potential is applied at node24Aand 31. The following data was used in the agatn:
«  A=0.02;;Q, =2x10%Q=10%k =2 x 10% S = 4.5 x 10* ds=0.2M=-15;|/|=0.04

Journal of the Nigerian Association of Mathematical Physics Volume 19 (November, 2011)205 — 210

207



Potentially Induced Artificial Heat Reservior ~ Onimisi and Okoro  J of NAMP

4. RESULTS AND DISCUSSION

We have employed the finite element algorithm om tést case. The response of the model to ther lp@ential has
been computed. The simulation graphs were genetsied MATLAB 7.5.0 graphic features with a Windod® operating
system. In order to assess the effects, we hawecal®puted the control model by simply setting ight hand of (15) to
zero, thereby solving a typical Laplace’s probldine numerical results are tabulated in tablel.

33 34 35 36 37
46 48 50 52
45 47 49 51 53
26 27 24 2p 3( 3
33 35 37 39 41
34 36 38 40 42
19 2( 21 2p 2] 24
21 23 25 27 29
22 24 26 28 30
12 13 14 1p 14 17
10 12 14 16 18
11 13 15 17 19
6 7 8 9 1 1
1 3 5 7 9
2 4 6 8
1 2 3 4 5

Fig.2: The finite element discretization of the glation plate

Tablel:NUMERICAL RESULTS
NODE TEMPERATURE (K)

LINEAR CONTROL

1 750.00 750.00
2 800.00 800.00
3 800.00 800.00
4 800.00 800.00
5 800.00 800.00
6 700.00 700.00
7 700.75 712.50
8 801.71 741.67
9 800.75 749.67
10 790.00 700.00
11 750.00 750.00
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12 700.00 700.00
13 734.45 708.33
14 821.29 739.42
15 821.54 739.42
16 742.84 749.20
17 699.94 747.30
19 700.00 700.00
20 734.42 708.33
21 804.06 733.34
22 809.97 738.78
23 760.56 742.82
24 714.73 741.55
26 700.00 700.00
27 706.38 697.35
28 597.06 714.55
29 597.04 724.44
30 597.66 660.77
31 483.45 680.33
33 500.00 500.00
34 500.00 500.00
35 500.00 500.00
36 500.00 500.00
37 600.00 600.00

= DISCUSSION OF RESULTS

Inducing the linear thermal potentiat the boundary on the hexagonal plate has yietdsdlts quite interesting. Tl
temperature limits for the control model (Fig.3Wvbaeen significantly deviated as exhibited bytést model (Fig.2). Tt
deviations from the lower limit temperature iode 31 and the upper limit temperature at nodesnti415 (Table 1) are di
to the induced potential. The internal nodes (1d H5) also respond to the induced boundary poteiitieese deviations &
interpreted as induced global maximum for the upimit and global minima for the lower limit which ityphot and colc
heat reservoirs.

Fig.2:Temp.(K) VS Node number for the test mc
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Fig.3: Temp.(K) VS Node number for the control mic
1. CONCLUSION

In this paper, we studied the response of heat fioofiles to temperature dependent boundary fortimrda The
influence of the linear thermal potentials has beeamined. The temperature profiles for the testiehan comparison t
the control modelshow that the evolution of the temperature fielghatwls on the boundary formulation. It could
observed that these deviations are caused by theeed potential. This shows that the global exttiesiiare artificially
induced heat reservoirs (sourcedasink). These heat reservoirs are, thus, essedisign factors for the operation
thermally driven systems.
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