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Abstract 
 

The present paper deals with the computational dynamic simulation of heat transfer regimes involved with a wall 
heated by an embedded heat source. Such a case is present in the industrial thermal facilities and some HVAC 
applications. The thermal simulation model of the fixed heated flow was generated using CFD simulation software 
(FLOVENT 10.1). The Proposed wall is (0.4m× 4m× 4m) in size and constructed from unfinished brickwork with 
outer leaf chosen from the same material, under atmospheric pressure and ambient temperature of 20 oC. The internal 
heating block is (0.1m× 1m× 1m) in size, made of mild steel, embedded in the middle of the wall and of variable 
heating power. The temperature distribution in the wall was investigated at heat inputs range from 400 !

"# to 1000 
!
"#.  The temperature distribution of the heated wall’s surface was shaped like a dome, with maximum temperature 
around of 23.2, 24.5, 25.6, 26.7 ℃ for 400, 600, 800, and 1000 !

"# respectively. It was also found that the temperature 
and heat flux is relatively higher in the centre and decrease gradually to the outlet. 
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1.  Introduction 
 
Heated walls represent a heating technique that is used in 
some industrial applications such as furnaces. Therefore, 
analyzing heat transfer in wall with heated block is essential 
for developingand characterizing the performance of some 
industrial facilities and HVAC applications. The objective is 
to increase the amount of energy transferredbetween the wall 
and the surroundings. The temperature of the heated block 
increased and hence the temperature of the wall increased as 
well. Several studies were alreadyperformed on heating walls 
and window frames.  
 Gustavsen A and Dalehang A [1], presented a two-
dimensional fluid dynamics (CFD) simulations to study heat 
transfer rates for four horizontal window frames with 
complex internal cavities. Four different frames were studied, 
two were made of Polyvinyl Chloride (PVC) and two of 
Aluminum. Temperature was compared at selected locations 
on the frame. Small difference was found in the results from 
model to model. The simulation gives information about how 
air flows in window air cavities that can help engineers design 
improved window frames. 
 Meroney R. N, (2009) [2], provided a two-dimension vs 
three-dimensions simulations and the use of domain 
decomposition to simulate internal building with sealed 
openings. Domain decomposition worked well and provides 

a valuable analysis tool which can significantly reduce 
computational overhead. 
 Petel P [3], performed a steady state analysis on initial 
design for battery compartment using FloVENT 10.1. 
Improved designshow that hot air and hydrogen accumulation 
near roof is reduced to certain level. Additionally, Battery 
temperature is found to be 46°- 47°C for summer and 20°-
21°C for winter which is within ideal operating range for 
batteries even though after considering solar load. (0° C to 50° 
C).  
 Filipponi M Et Al [4] analyzed the behavior of industrial 
furnace used in the forging industry. The furnace is 4.7 m 
height, 6.9 m width, and 18.55 m depth. These dimensions are 
relative to the internal space of the furnace, which is the space 
occupied by the fluid. Additionally, the simulation was 
conducted during the door opening. The CFD simulation 
showed that the main contributory in the amount of energy 
lost is convective heat flux and the reduction of the door 
opening time from 157 s to 40 s reduces the energy loss. 
 Landreau M. et al [5] presented a thermomechanical 
three-dimension modelling of a coke oven heating wall in 
order to estimate the maximal lateral pressure and to under 
stand mechanism of joints openings. The results of thermal 
calculation show that the coldest temperatures (around300°C) 
are located in heads of heating wall due to air where as the 
hottest are placed at the bottom of flues near the flame (around 
1300°C). 
 Koca A. et al [6] provided experimental information for 
heat transfer phenomena from radiant wall heating surfaces. 
Heating tests were done for three different location 
configurations which are the west wall, the north wall and the 
both combined. The findings proved that these setups were 
suitable to determine the system’s heating output. The 
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approximate average values of 5.7 %
&#.(

 and2.7 %
&#.(

were found 
respectively for the radiant and theconvective heat transfer 
coefficients. 
 Hao S. et al [7] proposed experimental study of a heat 
recovery system composed of the Chinese traditional heated 
wall and fireplace. Experimental tests were done on test 
rooms to evaluate the surface temperature distribution and 
thermal performance of the heated wall in response to several 
combustion patterns. Indoor air temperature was increased by 
3.3to 4.0°Cover the control room and the temperature 
distribution of the heated wall’s surface was nonuniform, with 
a temperature range of 116.03°C. The results show that the 
combustion pattern had a major impact on the initial and peak 
temperatures of the wall body’s surface during combustion. 
The present study is based on the computational fluid 
dynamics using FLoVENT 10.1 software. The study was 
done with various heated block’s powers to determine the 
maximum temperature distribution that can be generated 
inside the wall. The steady state approach used in the 
simulation and steady solution converged in all of the tests. 
 
2.  Mathematical Representation 
 
FloVENT10.1 solves the field variables which are u, v and w, 
velocity components along the x, y and z coordinates 
respectively, the pressure p, and the temperature T of the fluid 
and/or solid materials [8]. The numerical solution of heat 
transfer problems is obtained by solving three differential 
equations in this study. These equations are conservation of 
mass, conservation of momentum and conservation of energy. 
For instance, u, v and w satisfy the momentum conservation 
equations in the three coordinate directions. The pressure does 
not itself satisfy a conservation equation but is derived from 
the equation of continuity which is a statement in differential 
form of the conservation of mass. Finally, temperature 
satisfies the conservation equation of thermal energy [8]. 
 
 
3.  Solution Methodology 
 
FloVENT used a CFD technique which is based on the finite 
volume method (FVM). In FVM, the conservation equations 
are discretized by subdivision of the domain of integration 
into a set of contiguous finite volumes over each of which the 
conservation equations are expressed in algebraic form. These 
finite volumes are referred to as grid cells, control cells or 
quite simply as cells. The equations’ results relate the value 
of a variable in a cell to its value in the nearest neighbor cell 
[8]. The layout forthe grid and velocities for a grid having a 
total of 224(= 7×8×4) cells is shown in figure 1. 

 

 
Fig. 1. The layout for the grid. 
 
 For instance, for the temperature T, the temperature 
variable can be calculated by the following equation: 

T =	 ,-.-/,0.0/,#.#/,1.1/,2.2/,3.3/,4.4/5
,0/,#/,1/,2/,3/,4/,6

                     (1) 
 
Where  
 
T0 Temperature value in the old-time step. 
T1, T2, T3, T4, T5, T6 Temperature values of the six 
neighbouring cells. 
Cn represent the coefficients that link the in-cell value to each 
of its neighbor-cell values. 
sn represent the influences of the boundary conditions (if any), 
forinstance, a source of heat. There are 5n equations to solve 
equations for each of the field variables T, u, v, w, P [3]. 
 
 
4.  Derivation of Finite-Volume Equations 
 
We will call the equations derived in [8]. Firstly, let’s 
consider a transient, one-dimensional, uniform grid in the X-
direction, figure 2. Single grid cell can be illustrated in figure 
3. 
 

 
Fig. 2. Grid in the X-direction. 
 
Cell volume: 
Vp = δx δy δz 
x-direction face area: 
Ax = δy δz 

 
Fig. 3. Grid Cell. 

 
The finite volume equations in deferential form: 

Continuity equation. 
 
78
79
+	78;

7<
= 0                                                                (2) 
 

 For three-dimensions, the first term in the continuity 
equation become, 
 
∫ ∫ ∫ 78

79
	𝑑𝑥	𝑑𝑦	𝑑𝑧 = C8DE8F

79
G 	𝛿𝑥𝛿𝑦𝛿𝑧 = C8DE8F

79
G𝑉𝑝	<KL (3) 

 
 The second term in the continuity equation become, 

 
∫ ∫ ∫ 78;

7<
	𝑑𝑥	𝑑𝑦	𝑑𝑧 = ∫ ∫ M(𝜌𝑢)R<S −KL<KL

(𝜌𝑢)U<SV 𝑑𝑦	𝑑𝑧           (4) 
=(𝜌𝑢)R<S𝛿𝑦𝛿𝑧 − (𝜌𝑢)U<S𝛿𝑦𝛿𝑧 
=(𝜌𝑢)R<S𝐴𝑥 − (𝜌𝑢)U<S𝐴𝑥 
 
 So, the final equation is: 
 
C8DE8F

79
G 	𝑉𝑝 +		 (𝜌𝑢)R<S𝐴𝑥 − (𝜌𝑢)U<S𝐴𝑥 = 0                    (5) 

 
Which means, 
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Rate of increase of mass in cell + Difference between outflow 
and inflow = 0 
and for steady state or constant density: 
Mass outflow - Mass inflow = 0 
 
Temperature equation. 

 
7(8XYZ)

79
+	7(8XY;Z)

7<
−	 7

7<
C[7Z
7<
G = 𝑆                                                  (6) 

 
Transient term: 

 
∫ ∫ ∫ 7(8XYZ)

79
	𝑑𝑥	𝑑𝑦	𝑑𝑧 = 	 ]7(8XYZ)DE7(8XYZ)F

79
^ × 𝑉<KL       (7) 

 
 Convection Term: 

 
∫ ∫ ∫ 7(8;XYZ)

79
	𝑑𝑥	𝑑𝑦	𝑑𝑧 = 	∫ ∫ M𝜕(𝜌𝑢𝐶c𝑇)ReS −KL<KL

	𝜕(𝜌𝑢𝐶c𝑇)U<SV𝑑𝑦	𝑑 𝑧        
 

 
= 𝜕(𝜌𝑢𝐶c𝑇)R<S𝐴𝑥 − 	𝜕(𝜌𝑢𝐶c𝑇)U<S𝐴𝑥                                   (8) 
 
Where, 
 
Thxf = Tp,ρhxf = ρp 
 Tlxf= Tlx,ρlxf = ρlx 

 
Conduction Term: 

 
∫ ∫ ∫ −	 7

7<
C[7Z
7<
G 	𝑑𝑥	𝑑𝑦	𝑑𝑧 = −	∫ ∫ ][7Z

7K
−KL<KL

	[7Z
7K
^ × 	𝑑𝑦	𝑑𝑧	      

 
 = −f𝜆 CZhiEZD

j<
G − 	𝜆 CZDEZki

j<
Gl × 𝐴𝑥                                 (9) 

 
 That is, outflow - inflow of heat by conduction. 
 
Heat source term: 

m m m 𝑆	𝑑𝑥	𝑑𝑦	𝑑𝑧 = 𝑆𝑝 × 𝑉𝑝
<KL

 

 
 Applying all of these terms in equation (6), we will get the 
final equation. Keeping in mind, for steady state solution the 
transient term will be zero and for conduction only the 
convection term will be zero too. 
 
 
5.  Wall-Heated Block Modelling 
 
The main goal of the current study is to simulate the three-
dimension wall with internal heated block to see the 
temperature distribution inside the wall under different 
magnitudes of heat generated by the heated block. FloVENT 
10.1 is used to design the wall and the heated block geometry 
as shown in figure 4. 
 

 
Fig. 4. Geometry used for simulation. 

 
The wall size is of dimension (0.4m×4m×4m), unfinished 

brickwork with outer leaf is chosen to be the material of the 
wall. On the other hand, a mild steel block is inserted in the 
middle of the wall as shown in figure 5. The properties of fluid 
and materials are drawn from the properties provided by 
FloVENT 10.1.The block dimension is (0.1m×1m×1 m). The 
ambient temperature is set at 20 ℃ with 10 !

"#.n
 heat transfer 

coefficient and constant pressure. Fixed heat transfer was 
used in the heated block and CFD analysis were carried out 
for different magnitude of 400,600,800, and 1000 !

"#   
generated in the heated block. The total number of grid cells 
were 4352 with Fine system grid. The solution converged in 
all of the experiments. 
 

 
Fig. 5. Schematic of the wall used for simulation. 
 
 
6.  Results and Discussion 
 
At first, in this study the internal heat block was embedded 
inside a wall. Figure 6 shows the simulated temperature and 
heat flux distribution in the heated wall at 400 !

"#. It can be 
seen that the temperature and heat flux is relatively higher at 
the centre and decrease gradually towards the outlet. Figure 
7, 8, and 9 show the same trend for 600, 800, 1000 !

"# 
respectively.  
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Fig. 6. Temperature and heat flux distribution in the heated block at 400 
!
"#. 
 

It is worthy to mention that the maximum temperature was 
195 ℃, figure 6. The temperature gradually increased from 20 
℃ up to the maximum temperature. That behaviour depends 
on the position of the heated block.  

 

 
Fig. 7. Temperature and heat flux distribution in the heated blockat 600 
!
"#. 
 
 Additionally, the same behavior can be seen in figure 7 
for 600 !

"# results. However, the maximum temperature was 

270 ℃. The range between 400 and 600 !
"# results is 75 ℃ 

and the deviation between the two tests was 38 %. 
 

 
Fig. 8. Temperature and heat flux distribution in the heated blockat 800 
!
"#. 
 
 On the other hand, it is expected that the temperature will 
rise in the same way when the heater power increased. Figure 
8 show the results for 800 !

"#. It is clear that the maximum 
temperature is 343 ℃. That means the range between 600 and 
800 !

"# is 73 ℃. Whereas the deviation between 400 and 800 
!
"# results is 175 %.  

 
Fig. 9. Temperature and heat flux distribution in the heated block at 1000 
!
"#. 
 
 Further, the maximum temperature for 1000 !

"# test is 413 
℃, figure 9. So, the range between 800 and 1000 !

"# is 70 ℃. 

Therefore, the deviation between 400 and 1000 !
"# is more 

than 100%. Thus, increasing the heated block power from 400 
to 1000 !

"# lead to increase the maximum temperature as well 
as the general temperature in the heated block.  

 
400 !

"# 
 

600 !
"# 
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800 !

"# 
 

1000 !
"# 

Fig. 10. Temperature distribution in the wall. 
 
Figure 10 show the temperature distribution inside the 

wall. It is obvious that when the power of the heated block 
increased the temperature inside the wall increased as well. 
The maximum temperature is around 23.2, 24.5, 25.6, 26.7 ℃ 
for 400, 600, 800, and 1000 !

"# respectively. Clearly, all the 
tests prove that the maximum temperature happened 

somewhere around 1.5 m. The temperature started to rise 
gradually from 20 ℃ up to the maximum temperature and 
then it starts to fall down till it reach again to it’s starting 
temperature. The temperature achieves it’s starting magnitude 
at 3 m. All of the curves show the shape like dome or the 
probability density function. That is because of the location 
of the heated block inside the wall. 

 

 
400 !

"# 
 

600 !
"# 

 
800 !

"# 
 

1000 !
"# 

Fig. 11. Iteration convergence of the tests. 
 

As can be seen in figure 11, after the initial startup period, 
thatthe solution imbalances gradually decrease as the solution 
progresses. After approximately 2.5	 ×	10r iterations, 
theresiduals are reduced to 1	 ×	10s in all of the test results. 

 

 
 

7.  Conclusions  
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Computational fluid dynamics has been used to simulate heat 
transferin wall with internal heat block by using FloVENT 
10.1. The results show that the temperature increased with the 
increasing heat flux. It was found that the temperature 
distribution of the heated wall’s surface was have similar 
behaviour in all of the tests, with maximum temperature 
around of 23.2, 24.5, 25.6, 26.7 ℃ for 400, 600, 800, and 1000 
!
"# respectively.Additionally, it is suggested to the heat 
transfer characteristic in transient state. This can be used to 

improve the performance of many applications such as 
furnaces and heated elements in pool boiling. 
 
 
This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  
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Nomenclature  

    A Area. 
C 

 
Represent the coefficients that link the in-cell value to each of its neighbour cell values. 

FVM Finite volume method. 
HVAC 
 

Heat ventilation and air condition. 
 p 

 
Pressure. 

 S Heat source. 
s represent the influences of the boundary conditions 
T 

 
Temperature. 

 u,v,w 
 

Velocity components. 
 x,y,z 

CP 
Coordinates. 
Specific heat at constant pressure. Greek symbols  

𝜌 Density. 
Subscripts  

o 
 

Value in the old-time step. 
 1,2,3,4,5,6 

 
Values of the six neighbouring cells. 

 


