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ABSTRACT- Technological processes for modification of materials, deposition, and prevented fumes in the
pyrolysis processes are used gases materials in the medium with vacuum pressure or atmospheric air
pressure. Therefore, it is essential to understand heat flow transport for designing an efficient reactor or find
the substrate's excellent position in the reactor or furnace for growing materials. We evaluated the energy
transfer phenomena in the form of temperature distribution and heat flow for various heating sources for the
gases and solid materials by Gauss-Seidel equation. The thermal conductivity coefficient (k), number of
heating sources, and position of heating sources show an essential parameter for transmitting the
distribution of the heat. For high k value shows efficiently for heat transfer at low temperature due to the
atom's position close each other. The heat also affects to the phonon and lattice vibration like a wave which
successfully shows these phenomena in this study.

KEYWORDS: Gauss-Seidel; Gas and Solid Materials; Heat flow; Heat penetration; Thermal conductivity
coefficient

INTRODUCTION good position of the substrate in the reactor

Technological processes usually used for growing materials or to find maximum
gases materials for modification of materials position flow of the gases in the furnace. Gas
by using plasma/beam with and without flow as the effect of temperature is one of the
hotwire, dry deposition of silicon dioxide on essential discharge parameters because gas
silicon wafer in the furnace, and for prevented temperature affects the chemical reactions and
fumes in the pyrolysis processes (Vitanov, densities of gases, leading to different
Harizanova, Ivanova, & Dikov, 2014; Tianbai, discharge chemistry. The gas flow and
Kun, Qingdong, & Tiezheng, 2018; Michael & temperature also influences to the transport
Alexandre, 2020). For creating plasma/beam properties of species, which may result in
with or without hotwire, usually in the different transport behavior. Hence, it is
medium with vacuum pressure but for important to analyze the heat flow of gases
furnace and pyrolysis in the medium without and some solid materials for different
vacuum pressure or atmospheric pressure air. positions of heating sources to find maximum

For atmospheric pressure air are chemical reaction for modification materials
intensively  developed for applications or deposition or prevented fumes in the
plasma-assisted combustion, and pollution pyrolysis processes. For these purposes, in
control by generation of reactive species in this study, we have evaluated the energy
chemical reaction (Aoife & Jerry, 2019; transfer phenomena in the form of
Hammer, 2014). Therefore, it is essential to temperature distribution and heat flow in two
understand the heat flow transport for and three dimensional and various heating
designing an efficient reactor or find very sources for the gases and solid materials by

56



Rauf et al. Heat Flow Transport Model by Gauss-Seidel Type...

57

mathematical equations which completely
solved with numerically simulation (Da Silva,
Prado, & Fernandes 2017; Farahani, Yerra, &
Pilla, 2020; Gregori et al., 2020).

Heat transfer is one of the physical
phenomena which described the Laplace or
Poisson  partial  differential ~ equation
(Mortazavi & Moghaddam, 2016; Idesman &
Dey, 2020; Conte, 2020; Berezansky &
Braverman, 2020). Heat transfer is a concept
for predicting energy transfer due to the
differences two
positions or materials, which can be observed
by the direction of moving particles or by the
effects (Liu, Wang, & Yi, 2020; Karami &
Kambkari, 2020; Zhang, Gao, & Huang, 2017).

The possibility to get maximum energy
savings is by reducing the heat flow' for
analysis of the different thermal properties of
each material (Wu et al., 2020; Shen & Zhou,
2020; Al Amin et al., 2018). Heat flow rates of
various materials are presenting in the form of
differential equations which can be solved by

temperature between

numerical methods if analytic methods are
rated difficult (Boland, 2002).
methods to solve partial differential equations
usually utilized the Crank-Nicolson, Milne,
Hamming, and Gauss-Seidel method (Akgiil
& Modanli, 2019; Gao, 2016; Zhang, Gao, &
Huang, 2017, Wu, Zhou, & Chen, 2020).
Gauss-Seidel equation is recurring calculation
that can solve algebraically on unknown
variables for linear or nonlinear algebra which

Numerical

suitable for energy transfer problems.

In this work, we have applied the
Gauss-Seidel equation as an energy transfer
solution in the iteration methods for the
matrix models of heat flow. Several heating
sources are varied from one side, from the
corner of two and three dimensional, from
two sides, and four sides of the wall. The
models of temperature distribution and the
flow of the heat will be chosen as the final
result of these energy transfer phenomena in
gas and solid materials.

SCHEME AND PARAMETER

The Gauss-Seidel method is a partial
the equation
obtained for the schematic model in Figure 1.
The temperature distribution was carried out
based on a schematic model
adjustable heat source position to apply this
method. In the first scheme (left), We have
used three schemes based on dimensional of
insulating wall in this study. The first scheme
is two heating sources, the second scheme is
four heating sources and in the third scheme,
there are formed a three-dimensional building
with four heating sources (see Figure 1).

Figure 1 represents three schematic
models in this study, the temperature for
space with Ti is 270 K, and the other surface
with T2 is 298 K. The sheeting materials (ks) are
for glass, which wrap material for the phase of
gas.

solution from differential

with an

TI
0.72 = Kb Kb = 0,72 —_—
. LT 1
70K Bt 298K T [T w—p [ I I H
- C [TTT
I [ 1 |
v | L1 1 1 —
I [T 1
w=1cm w=1cm 1‘2
Ks I

Km |

Figure 1 Schematic illustration model for the insulating wall: two sides of a two-dimensional wall (left),
four sides of a two-dimensional wall (middle), and the three-dimension of wall (right).
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Parameters:
k is thermal conductivity coefficient (Wm'K)
(www.EnggineeringToolBox.com (1), 2020;
www.EnggineeringToolBox.com (2), 2020):
kg :0.72 (Brick) ka  :0.05 (Air)
kco  :0.0231 (CO) k¢, :0.0146 (CO2)
kgiass :1.05(Glass) ky,s :0.013 (H2S)
ky :0.168 (H)
k is thermal diffusivity coefficient (m?s™) (Brun
and Pacheco, 2005):

ka : 1.45 x 10 (Air)
Another variable
o : Stefan-Boltzmann constant 5.67051
X108 Wm2 K+
Nu : Nusselt number

Emissivity of a surface (¢) (Brun and Pacheco,

2005):

€B :0.9 (brick)

p (Densities) in unit (kg/m?)
The T,=T,—T, for heat flow for

conduction (gend) substitute to the equation (5)

and resulting equation (9) (Brun & Pacheco,

2005):

2_A22

A21 - AZZ A3
k(Ay = 1) A + k(Ax +1) Ay

A, — A
=k(Ay*1)% (1)

Ay — A
+k(Ax*1)M
Ay

(Ay * 1) and (Ax * 1) are heat transfer areas,
multiplying with 1 because of their interior
nodes. The (*1) considered as the two-
dimensional grid, and by applying the
Fourier’s law, the equation (1) become:

www.EnggineeringToolBox.com (2), 2020):
pAir :1.225 pCO :1.14
pH  :0.089 pH:S :1.36
pCO2 :1.98 pBrick : 2400
pGlass : 2500

NUMERICAL TECHNIQUES
Temperature distribution
The previously stated that, the
numerical method by the Gauss-Seidel
equation is recurring calculation that can
solve algebraically on unknown variables. It
can solve a set of linear or nonlinear algebra
which suitable for energy transfer problems
(Pu & Yuan, 2019; Klametsdal, Rasmussen,
Meyner, & Lie, 2020; He & Wang, 2019;
Paradezhenko, Melnikov, & Reser, 2019). The
grid of the column’s sectional area for Gauss-
Seidel calculation is shown in Figure 2.
Apz =243, + Ay _ A —245 %45 ()
Ax? Ay?
For the Ax = Ay = Axy, the equation

(2) becomes:
Agz — 245, + Ay + Aqp — 245, + A3, _

0
Axy? Axy? 3)
multiply with Axy?
A22 — (A12+A21:A32+A23) (4)

The temperature distribution must be
repeated in the processes using the equation
(4) to find a suitable matrix. The first step is
determining the size of the matrix with a high
correlation with the number of iterations,
consequently controlling Ax and Ay. The

.t % Al2
T O
All1|A12|A13 ‘Ir
A21|A22TA23
\

AYI Tb|A31|A32|A33|T o=« __1%3
A4l|A42| 43| A2l T
A51|A52|A53 |

Tb > T L o
A32

Figure 2 The illustration schema of grid model for Gauss Seidel method for determining the matrix
value where the first number of grid model indicated row and the second number is column of the

matrix.
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second step is to determine the amount of
energy applied in this case; there are four
heating sources positions: up, down, left, and
right. The heating source position difference
will give a different contour or model of
energy distribution in the material. The third
step is preparing an iteration boundary,
where the process follows equation (4).
According to scheme two (middle), heat will
continue from the four different positions of
the same conditions applied for other
materials. In this case, we focus on
determining heat flow characteristics through
the wall, as shown in Figure 1 for the scheme
and the various solid and gas materials.
Heat flow

In general, heat is transmitted by
conduction, convection, and radiation. The
simple way to write for all three types of heat
flow can be written as follows (Brun &
Pacheco, 2005):

k " ’
Qcond = E (T -T ) (5)
Qeconv = h(T" - T’) (6)
€ " 7
Qraa=m0(T4—T4) ()

Heat flow for conduction (gwn:) as shown in

equation (5) by entering equation Ty = T, — T

(Brun & Pacheco, 2005), where we can apply

on the figure 1 for the first scheme, it will be

obtained:

T knTod + 2wkT, @®)
knd + 2wk

Acond = ka (T, —=T") 9)
By substitution the T” (eq. (8)) into the
equation (9), the results is geons as follows:
2Rk (T, —To)
Qeond =44 ¥ 2wk)
Heat flow for convection (geom) as shown in
equation (6) with assumption that the air is

(10)

filling the wall, the geonv can be written as
(Brun & Pacheco, 2005):

eons =2 (1) (1)

1+f
Where f = 2“;"“5“ is (0.790In(Re) - 1.64)-2 , 104

< Re < 106 Nusselt number (Nu) for smooth
tubes and the Nu = %, km is coefficient of

thermal conductivity of materials, w is width,

h is height of the wall, and d is the distance
between the wall.
Heat flow for radiation (gm¢) as shown in
equation (7) which follow the scheme 1 in
Figure 1 (left) shows radiation from T2 to T:
(Brun & Pacheco, 2005):
€ T§ (T, = T1)

raa =42—£J< 1+ 8cT¢ )

Brun and Pacheco (2005) reported ¢ =

1(2), which use to determine the
km \2—¢

relationship between the width of the material
and the radiation heat flow, as described in
equation (12). The duration of the penetration
heat for any kinds of materials with stationary
conditions as follows for three dimensional:

aT d*r | 9°T | 9°T
ey G = lem (55 + 555+ 52) (13)
Where T is describe the diagonal distribution

temperature.

(12)

RESULT AND DISCUSSION

The heating process by convection geono
shows higher value followed by conduction
geond, and graa processes, it is shown the best
agreement with Brun and Pacheco (2005). The
atoms give out heat as a phonon for the
heating process and produce lattice vibration,
which may be like a wave. The wave motion
will transport the amount of energy that
strongly depends on the distance from the
sources; consequently, it will give the
convection and conduction's different value.

Figure 3 shows the heating process for
conduction (a) and convection (b) as a
function of the distance from the sources,
which depend on the type of materials; the
thermal conductivity coefficient, and the
corresponding result is presented in Table 1.
The high value of conduction from the gas
materials, whereas metal material shows the
low value of conduction may due to the
distance between the atomic is close to each
other (Lu et al., 2020). The equation (10 and 11)
shows that the high thermal
conductivity coefficient values will produce
high heat flow for conduction and for
convection process (Luijendijk, 2019). The
convection process strongly depends on the

clearly
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convection coefficient (h), as shown in properties of materials (Defraeye, Blockenc, &
equation 6, which may due to the molecular Carmeliet, 2013).
1400 o ; 500 :
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Figure 3 Heat flow for conduction process (qeond) (a) for convection process (qwnv.) (b), for several types of
material and gas.

Table 1 The relationship between the distance and the heat flow for the three different heat processes: by
the conduction (qcnd), the convection (qeonv.), and the radiation (qrad) for the distance 1 cm to 10 cm from
the heating source.

d (cm) 1 2 3 4 5 6 7 8 9 10
qeond 159.44 74.86 48.82 36.21 28.77 23.87 203 17.8 15.7 14.19
(Wm?)
d (cm) 1 2 3 4 5 6 7 8 9 10
(V(\l;:r:‘;) 318.64 189.23 13457 104.41 8530 7210 6244 55.06 49.24 4453
10 G—=or & & © @ ©0 o e o
- o © o o o o o 40
PN o o o o @ o © o iy
E A - e o o e o e o _g
06 o—e- o ¢ © © © © ©o o ~ 20
p o—e~ & o o © a o e o fn
o 4 o—e" & € ¢ ¢ 6 ¢ ¢ o =
c o"eo" o ¢ ¢ ¢ & ¢ 6 @ 0
2l o= & & & 4
RZERRRRERR
0 2 4 6 8 10
(cm)
40
E
=
~ 20
=
20
o=
0
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d2

(th) 0 g d.ls(cl'l")

Figure 4 Heat flow diagram for 2 dimensional (up) (a) for without streamline and (b) for with streamline
and 3 dimensional (bottom) (c) for without streamline and (d) with streamline.
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Figure 4 shows the heat flow diagram
from the corner position (0,0) for two
dimensional and three dimensional without
streamline (left) and with streamline (right) by
the conduction process. The heat flow from
the corner position to the diagonal of another
corner position indicated that all atoms in the
material would bring the energy from one
atom to the next atoms (Motlagh & Kalteh,
2020). It is looks-like the relay runner.

Figure 5 shows the heat temperature
distribution, d is 10 cm with minimum T is
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270°K, and the maximum temperature is T2 at
the boundary based on scheme 2. The more
solid image can be obtained by the Gauss-
Seidel approach that allowed the user to
create a large matrix and modify the
computational method's heat source position
(Basuki, Cari, & Suparmi, 2017). Modifying
the heat source position will have provided
information for the heat transfer conditions to
find the distribution  of
temperature for the best correlation with the
experimental conditions.

homogenous

| o Al

>

dz. (cm)

d, (cm)
Figure 5 Temperature distribution by Gauss-Seidel methods: right for two dimensional and left for three

dimensional, for (a) 4 sources based on the scheme 2 in Figure 1 (middle) and (b) 2 sources based on the
scheme 1 in Figure 1 (left).
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Figure 6 the contour of temperature distribution for the different type of materials with two heating

sources in left and right side (from the left to the right, first rows: HzS, COz, H, second rows: CO, Air,
Brick)
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Figure 7 The thermal distribution (contour) for four side of heating sources show strongly dependent of

the thermal conductivity coefficient of the materials for low (left) to the high (right) and also included the
brick materials for comparison.

Figure 6 shows the surface contour of the

Temperature distribution for scheme 1
temperature distribution by two dimensional

in Figure 1 (left) by using:

T 82T  9%T = 9%T for several types of materials.
P = Km (ﬁ ay? ﬁ) (14) Figure 6 shows contour level of heat
The equation (14) determined and classified of distribution at low k-value for gas material and
temperature distribution for several types of solid materials (brick) for two sides of heating

gas materials with specific values of kn and k. sources (left and right) and for Figure 7, four
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heating sources (left, right, bottom, top). The
sheeting materials are glass (ks =1), where the
width is wks = 0.1cm << d, and used to keep the
material from evaporating at the barrier wall
for the gas The
temperature distribution is affected by the
thermal conductivity coefficient, the number of
heating sources, and the position of heating
sources ex. for four different sources based on
scheme 2 in Figure 1(middle) (Dogu & Aksit,
2006).

Figure 7 shows the thermal distribution
for gas material and brick by four sides of
heating sources. The thermal conductivity
coefficient (k) shows an essential parameter for

material. contour of

position of heating sources also high effect to
the contour of thermal distribution. For a
material that has a high k value, has the high
ability to transmit the heat, even at low
temperatures, as clearly shown in the contour
thermal distribution in Figure 7. This
phenomenon is useful for identification of
thermal penetration process in any materials.
The relationship between thermal reductions is
proportional the
penetration, as clearly shows in Figure 8 for
various types of materials. The penetration of
thermal can be described by temperature
function based on the equation (14) with the
analytical solutions, clearly seen in Figure 8
and corresponding results presented in Table 2.

inversely to thermal

transmitting distribution, the number and

S| 400
:d: 200 A 1213“
- — H,S
= e co
g c‘-’ 150 _E_Brh?k 300
= A

ot
8 g 0 =
2 a 100
a 50
2 4 6 8 10 2 4 6 8 10
d (cm) d (cm)

Figure 8 Temperature penetration for various materials as a function of distribution temperature and
distance from heating (a) for 2 sources and (b) for 4 sources

Table 2 The analytical solutions of equation (14) from the analysis of Figure 8 from 2 and 4 heating

sources with the distance between two wall materials are d1 is for 1 cm and d10 for10 cm

ky, (0°T ky, (0°T Heat penetration (°K/t)
Materials pcp \0x? pcp \9x? 2S 2S 45 45
25S 48 d1 d10 d1 d10
k k
H pTH (—0.045 * d + 0.72) ﬁ(—om *d + 1.46) 0.088 0.041 0.18 0.073
14 14
kco kco
CcoO pT(—o.ooa «d + 0.98) pT(—0.12 xd +1.8) 0.019 0.018 0.032  0.011
14 14
kcoz kcoz
CO» (—0.264 * d + 4.2) (—0.52 * d + 8.4) 0.034 0.015 1.28 1.27
14 14
Kyas kzs
H.S " (-0.0354xd +058) —=(-0072xd+114)  0.021 0.01 1137 1.111
p p
. kAir kAir
Air " (—0.066 * d + 1.08) " (—0.132 * d + 2.2) 0.021 0.01 2197 2172
1 p
kg kg
Brick “Brk (0.6 * d + 9.6) Brick (_1.2 xd + 19.4) 0.002 0.001 0.005  0.002

PCy

pCy
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Heat penetration according to Table 2,
shows which directly proportional to (k)
coefficient of thermal conductivity and
inversely proportional with specific heat in a
constant pressure process (cp) and densities
(0) as the effect of damped wave transport
and relaxation at the lattice of the molecule
(Stanley, 2019).

FINAL COMMENT AND
RECOMMENDATIONS

There has been a significant difference
in the heat transfer process by gas and solid
materials for transferring the energy. The
value of k, cp, and o depends on the type of
materials, position, and number of heating
sources that significantly affect temperature
distribution, heat flow, and heat penetration.
We apply Gauss-Seidel methods for
simulation of the energy transfer for gas
material (H=S, CO, CO», H, and Air) and solid
material (glass and brick) which more easily
applied in the simulation for any types of
materials. The position and quantity of the
heating sources in determining the thermal
distribution and the propagation of energy
still needs further study. The improvements of
the modeling for the complex conditions are
needed and compared with experimental
data.
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