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The heat transfer system of the pipe for furnace application was newly introduced and 
need to be analyzed. The study aims to numerically model and investigate the 
externally blown heated pipe for furnace. The furnace itself is the heat source for 
briquette production inside the oven. The investigation includes the analysis of 
temperature, air flow velocity and also pressure inside the pipes. The investigation 
employed the Computational Fluid Dynamics methodology for numerically analysis the 
intended results. Three cases were introduced in this study, having differences in the 
air intake velocity which was set to 5 m/s (case 1), 3 m/s (case 2) and 1 m/s (case 3). 
The main objective is to have the highest outlet temperature to be blown in the heating 
chamber. Case 1 results in the lowest resulting temperature which only 77 ℃, while 
case 3 yields in the highest output temperature more than 100 ℃. In terms of velocity, 
it is clear that the highest velocity intake affects also in the increasing value of the 
velocity inside the pipe. Case 1 results in maximum of 35 m/s air velocity. The pressure 
distribution also results in the similar trend. The case 1 yields in the maximum pressure 
of 650 Pa and case 3 produce the pressure nearly zero. However, case 3 results in the 
highest temperature for furnace to be blown in the heating chamber of the oven 
system. 
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1. Introduction 
 

The emerging technology in heating systems for an oven is nowadays greatly improved by the 
emerging some applicable systems, such as protection system, application of PID algorithm, 
predictive thinking, and heating management systems [1]. The application of new technology in the 
heating system is majorly due to the essence of the heat transfer and efficiency of the system. 
However, not all the already ongoing production using furnace technology for heating system utilize 
the mentioned technology. The small to medium businesses keep conventional technology for a 
production system which mainly due to cost reasons, including furnace technology for oven briquette 
production [2–4], which is relevant to this work. Some others also combine the conventional one and 
add some optimization in terms of structure and thermal efficiency [5], control system [6], design 
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and analysis [7–9], and energy-saving production planning [10]. The main results of previous research 
activity are to enhance the furnace performance in terms of energy efficiency. Therefore, the 
previous research indicates the importance of heat transfer analysis in a heating system, including a 
furnace. 

The development of computer programs and the application of software to design and evaluate 
system performance have also been greatly enhanced. It is proven to be a cost-effective analysis for 
supporting nearly perfect system production. This technology includes the use of numerical modeling 
to design [11], analyze [12], investigate [13], and improve the furnace system performance [14]. The 
analysis is also not limited to the entire system itself but also to the subsystem for in detail 
explanation and investigation, such as the investigation of heat transfer in pipe [15], carrier [16], 
melting process [17], and other related works [18,19]. Moreover, the previous works also involve 
numerical analysis by means of Computational Fluid Dynamics for system analysis, not only related 
to heat transfer [20,21]. The mentioned past research successfully conducted computational 
research which was validated by experiment to ensure the capability of the numerical modelling that 
have been performed. Therefore, the use of computational modeling and simulation is one of the 
methods that have been widely employed for system analysis and evaluation for heat transfer related 
research and it is proved to have a realistic value. 

This study focuses on the heat transfer analysis of heated pipes for furnace application. The 
equipment was introduced as the heat source for a unit of the oven for briquette manufacturing. The 
furnace comprises an independent chamber containing heat source which is heated by electric of 
manual stove using light petroleum gas. The fire from the stove is heating the unit of pipes above the 
stove. As an effect, the pipes undergo external heating on their surface. An external blower is 
attached on one side of the pipe for blowing fresh and clean air from the outside of the furnace, 
flowing through the heated pipe. As a result, the output air flowing through the pipe is heated and 
directed to the heating chamber, which is located on the other side of the furnace. This method is 
employed to ensure that only clean air is blown to the heating chamber since the external air source 
is isolated by the pipes from the heat source. An exhaust is attached at the top of the furnace to allow 
the exhaust gas to flow to the outside of the furnace. The schematic of the furnace can be observed 
in Figure 1 (a). 

The mentioned previous studies have conducted numerous analyses about the system and 
subsystem related to the heating technology and application. However, the newly built furnace for 
briquette production was introduced, and the analysis of the newly built heating system for the 
furnace requires further analysis, and the literature related to the current work is still limited. The 
innovation of the heating chamber is to separate the main heating chamber where the heat source 
is located and the external air which is blown. The system allows clean air only, which is flown through 
the heating chamber. The study aims to numerically model and analyzes the temperature, pressure, 
and velocity of the heated pipes that is used for furnace application for oven heating system. The 
study impacts the more effective briquette production by supporting the numerical modeling and 
analysis of the resulting heat for the furnace system. 
 
2. Methodology  
2.1 Model Explanation 
 

A simplified model of the system was introduced to focus on the unit pipes with inlet and outlet 
parts, as it is depicted in Figure 1 (b). The location for the external blower is modeled as the air inlet 
direction with a certain air inlet velocity. The heated pipe is modeled as the same as the real condition 
in terms of the dimension and location, including the separation distance among the pipes. The outlet 
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part of the furnace, allowing the clean heated air to flow to the heating chamber, was modeled by 
air outlet direction, similar to the inlet one. By using this simplification model, it is possible to observe 
the heat transfer from the heated pipe to the air flowing through the pipes. 

A full-scale model was introduced to capture the heat transfer phenomenon in the system. There 
are ten pipes in the system having vertical and horizontal spacing distances, as it is depicted in Figure 
2. The horizontal distance is 160 mm, and the vertical distance is 80 mm. The pipe itself has 70 mm 
in diameter, and the length of the pipe between the inlet and outlet location is 1,200 mm. The inlet 
and outlet parts were similar in shape, having a thickness of 100 mm and a height is 320 mm. The 
shape was chosen to simulate the direction of the fresh inlet air and the heated air at the outlet part 
of the system. The complete explanation of the model dimension is in Figure 2. 
 

  
(a) (b) 

Fig. 1. Schematic picture of the furnace (a) and heated pipes model (b) 

 

 
Fig. 2. Model dimension of the heated pipes (dimension in mm) 

 
2.2 Mesh Generation 
 

The Computational Fluid Dynamics (CFD) simulation was preferred to study the heat transfer from 
the introduced system, and it has been widely used by other previous researchers [22–25]. The CFD 
simulation generated the mesh to numerically calculate the heat transfer in the system. The 
tetrahedron element was chosen. The maximum element size was 50 mm, with a maximum size of 
100 mm. The growth rate setting was 1.2 to ensure the mesh transition between the smaller to the 
higher ones. Mesh quality checking was introduced with a skewness target of 0.9. Smoothing mesh 
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techniques were performed with a medium level of smoothness. Since there is a movement of air 
inside the pipe, the inflation methodology was introduced at the surface of the pipes. There are three 
inflation layers applied with a growth rate of 1.2 and a maximum thickness of 5 mm. The smooth 
transition of the inflation layer was also applied. As a result, there are 135,261 nodes and 407,449 
elements were generated as it is depicted in Figure 3. The mesh results is representative enough to 
simulate the behavior of the real condition of the model.  

 

 
Fig. 3. Mesh results of the model 

 
2.3 Boundary Conditions 
 

Table 1 shows the detail of the boundary condition applied to the model. The face where external 
blowing is attached was set to the inlet face having air intake velocity, which varies between 5 m/s, 
3 m/s, and 1 m/s depending on the case being investigated. The inlet face is the location in which the 
external blower is attached. The external blower has a velocity setting, which will be applied in the 
furnace system. The blower and exit wall were defined as the wall having a temperature for 
environmental temperature of 29.85 ℃. It is assumed that the blower and exit wall were directly 
connected to the external room temperature. Instead, the pipe wall was the one that was heated by 
a heat source inside the furnace. It is assumed in this study that the wall temperature for the pipe is 
400 ℃. Finally, the outlet face was set to pressure outlet boundary setting to capture the resulting 
heat transfer through the system for the case of 5 m/s, 3 m/s and 1 m/s velocity inlet. Figure 4 
explains the air-flowing condition and its direction from the inlet face to the outlet face through the 
heated pipe.  
 

Table 1 
Boundary condition setting of the simulation 
Face Properties Temperature 

Inlet Face Velocity inlet (5, 3, 1 m/s) 29.85  

Pipe Wall Wall  400 

Blower and exit wall Wall 29.85 

Outlet Face Pressure outlet dependance 

 

 
Fig. 4. Boundary condition 
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2.4 Material Properties 
 

Air and steel materials were involved in the simulation. The entire solid model was steel, having 
a density of 8,030 kg/m3. The steel thermal conductivity is 16.27 w/m-k, and the specific heat is 
502.48 j/kg-k. Instead, the standard material properties for the fluid are the air having a density of 
1.225 kg/m3, and thermal conductivity of 0.0242 w/m-k. The air-specific heat is 1006.43 j/kg-k. The 
viscosity of the air was set to constant. The other material properties for both steel and the air were 
also set to a constant value. The material properties involved were summarized in Tables 2 and 3. 
 

Table 2 
Steel material properties 
Properties Value 

Density  8030 kg/m3 
Thermal Conductivity 16.27 w/m-k 
Specific Heat (Cp) 502.48 j/kg-k 

 
Table 3 
Air material properties 
Properties Value 

Density  1.225 kg/m3 
Thermal Conductivity 0.0242 w/m-k 
Specific Heat (Cp) 1006.43 j/kg-k 
Viscosity Constant 

 
3. Results  
3.1 Resulting Temperature 
 

This section explains the resulting temperature at the middle plane of the pipes where four pipes 
are horizontally assembled. The study of heat transfer in pipes has been widely conducted in many 
other cases [26–28], and it results in similar results. The explanation focuses on the exit part of the 
pipes prior to the outlet face, as it is explained in Figure 5. The resulting heat transfer at the outlet 
part of the pipe was compared at three different inlet velocity settings: 5 m/s, 3 m/s, and 1 m/s. The 
increasing outlet temperature was observed at the outlet part of the pipe at three different inlet 
velocities. The minimum observed temperature is 30℃ since this temperature was set at inlet air 
temperature, indicating the blower flows the fresh air. When the air intake velocity is 5 m/s, the 
outlet temperature is approximately 77 ℃. When the air intake velocity is decreased, the average 
outlet velocity at the pipe is about 83℃. Instead, When the air intake velocity was applied at the 
lowest setting, which is 1 m/s, it occurs that the outlet temperature at the observed pipe of the pipe 
is the highest among the others, reaching about 103 ℃. It is also observed that the highest 
temperature is observed at the wall of the pipe since it is assumed the heat is transferred from the 
heat source of the stove in the furnace. Heat propagation is also affected by material [29]. The heat 
propagation is also observed more uniformly when the lowest inlet air velocity is applied in the 
system. This phenomenon occurs relatively equally at all outer parts of the pipe in the heating system 
and the results agree with previous research investigating the flow regime in a pipe [30]. 
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Fig. 5. Temperature portrayed at the exit face of the pipes 

 
3.2 Pressure Distribution 
 

In this section, the observation of pressure distribution on the selected plane in the middle of the 
pipe is discussed. The pressure investigation becomes important as it has been observed by previous 
researchers for some other types of fluids as well [28, 31–33]. A relatively high-pressure distribution 
is observed when the system is blown with the air having the highest velocity inlet 5 m/s. However, 
when the air intake velocity was applied at 1 m/s, the pressure difference was observed to be 
relatively small. The entire phenomenon can be shown in Figure 6. The left part of the pipe is the 
inlet face, while the right part of the system is the outlet of the system. The highest pressure happens 
at the area of the inlet face, which is about 650 Pa. It happens when the air intake velocity is applied 
at 5 m/s. In this inlet velocity case, the pressure is getting decreased at the opening part of the pipe. 
The value drops to approximately -88 Pa before it increases again to the value of 20 Pa in the middle 
part of the pipe. Then, the value becomes neutral at 0 Pa at the outlet part of the pipe.  

When the air intake velocity is 3 m/s, the highest pressure in the system was observed at only 
125 Pa at the opening part of the pipes. In this case, the pressure drop is not really significant since 
the lowest pressure occurs is about 16 Pa in the middle part of the pipe.  The pressure is going to 
zero again at the exit part of the pipe. However, at the inlet velocity 1 m/s, the pressure is relatively 
uniform inside the pipe. At the part of the inlet face, the highest pressure is only about 122 Pa. When 
the air is flown inside the pipe, the pressure is nearly zero along the pipe until it exits to the outlet 
face. 
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Fig. 6. Pressure distribution at the selected middle plane view at a different air inlet velocity 

 
3.3 Velocity Propagation 
 

The velocity propagation of the selected plane at different inlet velocity conditions is described 
in Figure 7. The highest velocity inside the pipes is observed when the 5 m/s velocity inlet is applied. 
When the blower flows the fresh air at the inlet side of the system, the air velocity distribution varies 
inside the system. There are some locations that have nearly zero velocity both before the inlet pipe 
and between the outlet pipe. The highest velocity occurs in the area at the beginning of the pipe, 
which reaches about 35 m/s. This air velocity decreases as the airflow through the pipe until it exits 
the pipe. The outlet air velocity at the exit part of the pipe is about 27 m/s. The corresponding 
selected air intake velocity at 5 m/s produces the highest air velocity in the furnace system. 

When the air intake velocity is set to 3 m/s, the air intake velocity is not as high as in the previous 
case. The average air velocity inside the pipe is relatively more uniform than it is compared to the 
previous one. The average value of the air velocity in the pipes is between 19 m/s to 27 m/s. A similar 
value is also observed at the exit part of the pipes, which corresponds to the exit air velocity when 
the air intake velocity is set to 3 m/s. Moreover, when the case of 1 m/s air intake velocity is applied 
at the inlet face, even lower air velocity also occurs in the pipes. The average air velocity in the pipe 
is merely between 3.89 m/s to 7.78 m/s. The velocity differences is evaluated as not too high as it is 
compared to the other two previous cases. 
  



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 100, Issue 1 (2022) 30-43 

 

37 
 

 
Fig. 7. Velocity at the selected middle plane view at a different air inlet velocity 

 
3.4 Alteration of Air Temperature, Velocity, and Pressure 
 

This section discusses the results obtained from the observation of the measured line in the pipe. 
The selected line was chosen at one of the pipes at the center line, starting from the beginning of the 
pipe section close to the inlet face until the extended line after the pipe intersecting the outlet face 
of the heater system model. The description of measured line is described in Figure 8. 

 

 
Fig. 8. The location of the measured line in the pipe 

 
The temperature alters exponentially along the pipes in three different applied cases. Figure 9 

compares the temperature propagation measured in the selected line when the inlet velocities 5 m/s, 
3 m/s, and 1 m/s were applied. A relatively same temperature alteration has occurred in all three 
applied cases until the air flowed at 60 cm from the opening part of the pipe. After this location, the 
heat propagation changes differently in three cases applied. When case 1 is applied, the 5 m/s inlet 
velocity makes the temperature at the exit part of the pipe become about 77 ℃. Instead, when the 
air intake velocity of 3 m/s is set to the model, after the location at 60 cm from the opening part of 
the pipe, the temperature highly increases and exponentially rises until about 80 ℃ at the exit part 
of the pipe. Lastly, when 1 m/s of inlet velocity is applied to the model, the resulting temperature at 
the exit part of the pipe reaches more than 100℃. With the result obtained, it can be derived that 
the lower the air intake velocity yields the highest resulting air temperature at the outlet part of the 
pipe, giving the highest resulting temperature among others. Here, the types of fluids and the 
pressure flowing through the pipes also affect the heat transfer, as is also agreed with other research 
results [34–36]. 
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Fig. 9. Temperature propagation of three different cases at measured line 

 
Figure 10 compares the velocity propagation at the selected measured line of three different 

cases applied. Case 1, when the inlet velocity is 5 m/s, results in the highest velocity propagation 
inside the pipe. The highest velocity when case 1 is applied is 33 m/s at the beginning of the pipe. 
The value is generally decreasing as the airflow through the pipe reaches the end of the pipe. The 
lowest velocity is at the exit part of the pipe, having a value of about 24 m/s. Moreover, when case 2 
is applied in the simulation, the 3 m/s inlet velocity yields the highest velocity at the beginning of the 
pipe, reaching about 20 m/s. The value gradually decreases to approximately 14 m/s when the air 
exits the pipe. In contrast, the lowest air intake velocity results in also lowest velocity propagation in 
the pipe. The value of the air velocity is between 4.8 m/s to 6.5 m/s. The value is smaller at the exit 
part of the pipe. There is also an interesting phenomenon that occurs at the beginning of the pipe, 
when the air starts entering the pipe. The value jumps to a certain number when the air is blown to 
the pipe. This is due to sudden changes in the cross-section area between the inlet face and the pipe. 
 

 
Fig. 10. Velocity propagation of three different cases at measured line 
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Figure 11 depicts the comparison among cases applied in this study in terms of pressure 
distribution and propagation inside the selected measured line in the pipe. The pressure drop was 
observed in the measured line in all three cases. High pressure was identified at the opening section 
of the pipe, and it dropped to below zero value for the case when 5 m/s inlet velocity was applied. 
The value is then increased to slightly more than 50 Pa at 20 cm to 60 cm of the pipe length. Then, 
the pressure gradually decreases to 0 Pa. A similar phenomenon also occurs when case 2 is applied. 
Pressure drops happen at the beginning of the pipe length. It increases and gradually decreases to 
the value of zero Pascal at the end of the pipe. However, the value is not as high as the one in Case 
1. In contrast, the pressure propagation when only 1 m/s velocity inlet is applied yields a relatively 
similar value close to 0 Pa. 

 

 
Fig. 11. Pressure propagation of three different cases at measured line 

 
The point of view of temperature observation at the selected cross-sectional area is discussed in 

this section. Different cross-sections, namely cross-sections A, B, C, and D, were chosen to even 
discuss the thermal distribution and thermal transfer in the system. This becomes essential since the 
boundary layer in each pipe surface also affects the heat transfer [37]. Cross section A is chosen at 
the beginning point of the pipe close to the inlet face. Lastly, cross-section D is chosen at the exit part 
of the pipe nearby the outlet face. Two sections, which are B and C, were chosen equally in between. 
The graphical cross-sectional explanation is depicted in Figure 12. Moreover, Figure 13 compares the 
temperature distribution at the selected cross-sectional area at the velocity inlet 5 m/s as case 1, 3 
m/s as case 2, and 1 m/s as case 3. The observation at cross-section A does not show any striking 
difference in the temperature resulting. However, the difference in the temperature distribution is 
clearly shown starting from the cross-section B to D. It is clear that the lower the velocity inlet applied, 
the wider the heat transfer from the pipe wall to the air flowing in the pipe. Moreover, the slower 
the velocity applied to the system, it results in the wider the thermal propagation at the end of the 
pipe (cross-section D). 
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Fig. 12. Selected Cross section A to D 

  

 
Fig. 13. Temperature distribution at selected cross-section at three different cases 

 
4. Conclusions 
 

The study evaluates the thermal transfer, pressure distribution, and velocity propagation of the 
heated air flowing through the pipes in a furnace in three different cases applied. It can be derived 
from the results and discussions that the velocity at the inlet part of the pipe affects the heat 
propagation, thermal distribution, velocity, and also pressure distribution along the pipes. The 
smaller velocity applied in the inlet part of the pipe, the resulting thermal transfer at the outlet of 
the pipe is higher, reaching a value of more than 100 ℃ when 1 m/s of inlet velocity is set. In terms 
of the resulting pressure, the higher velocity inlet value resulting higher pressure also in the pipe. 
Similar results also occur for velocity distribution inside the pipe. All in all, the objective of the 
resulting highest temperature in the heating chamber of the oven can be achieved by applying 1 m/s 
inlet velocity to get the highest temperature at the outlet when the pipes is heated at 400 ℃. 
However, the study to evaluate the effect of different pipe temperatures need to be further 
observed, which will become the next research activity of this project. The evaluation and validation 
of the real condition will also be planned to be conducted. The results of the study give the 
contribution to the manufacturer to evaluate the resulting temperature of a similar furnace system 
based on the user’s need. 
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