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With the aid of the COMSOL program, the laminar mixed convection heat transfer in a 

channel-open cavity with two heat sources of constant 20 W each and varying input air 

velocity ranges (0.1, 0.5, 1.0, and 1.5 m/s) is numerically determined. In this study, the 

effect of varying inlet air velocity on the heat transfer characteristics is investigated. 

Numerical results show that the temperature starts to fall steadily as one moves farther and 

further away from the site of the two heat sources and closer to the horizontal channel. The 

higher the velocity of the air entering the cavity, the greater the natural convection that will 

be created by the heated heat sources. The increase in inlet air velocity will increase the 

turbulence of airflow and thus increases the pressure distribution. The increase in absolute 

y-direction decreases the velocity distribution. The rise in the inlet velocity of air will

increase the transfer of heat; thus, the Nusselt number will be great when increasing air

flow velocity. The maximum Nusselt number is at the interface and reduces with increasing

the absolute value of y. A reduction in air temperature and an increase in air density result

from an increase in natural convection from the cavity into the air stream caused by an

increase in air input velocity.
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1. INTRODUCTION

Throughout Several different engineering, fields find 

convection that is mixed in channels and horizontal tubes to be 

of practical value (heat exchangers used in the chemical 

industry, compact heat exchangers, and solar collectors). In 

recent years, a multitude of writers has conducted research on 

the heat transfer modification in cavities or channels using 

partitions, barriers, and fins, with the goal of influencing the 

phenomena of convection flow. It was classified as belonging 

to one of the primary categories on the basis of the position of 

the electronic board or the heated wall inside the enclosure [1, 

2]. Because of this, we were able to establish which of the three 

categories it fits into. Because cavities that are filled with fluid 

are essential components in a wide variety of geophysical and 

engineering systems, the problem of mixed convection in 

cavities is very relevant in today's world for the following 

reason: the issue of mixed convection in cavities is very 

pertinent in today's world. When the flow and heat transfer that 

occurs inside a hollow are contrasted with the mixed 

convective boundary layer that is found outside of the hollow, 

significant differences are seen [3]. Mixed convection is the 

outcome of a complicated interaction between fluid systems of 

limited size that are in thermal contact with all of the 

surrounding walls. This interaction causes mixed convection 

to occur inside a hollow. One may consider this link to be a 

kind of thermal feedback loop. The degree of complexity of 

the interaction that is taking place inside a cavity is directly 

proportional to the number of different flows that are capable 

of occurring within that cavity. When it comes to the process 

of mixed convection that takes place in cavities, the form of 

the cavity and the direction in which it is orientated are both 

important factors to consider. The cavity phenomena may be 

loosely separated into two groups [4-7] determined by the 

conceivable applications in engineering that can be found in 

them. 

An investigation of the heat transmission processes in a 

fluid-cooled reciprocating channel was carried out via the use 

of numerical research by Fu et al. [8]. After that, the arbitrary 

Lagrangian-Eulerian Kinematics approach and the Finite 

Element Approach are used in order to address the moving 

boundary issue that is associated with the reciprocating piston. 

The size ratio of Gr/Re2 has an immediate impact on the heat 

transfer mechanisms because to its significant influence on the 

thermal stratification layers. Manca et al. [9] presented a study 

on the mixed convection phenomena inside an open chamber 

that had both a heated wall and a horizontally insulated plate. 

The findings of most of this study suggest that a drop in 

maximum temperature values may be expected when the 

Richardson and Reynolds numbers are increased. It has been 

observed that the H/D ratio has a significant influence on the 

streamline and isotherm patterns for a variety of different 

heating settings. Aylı [10] analyzed the laminar-coupled 

forced convection that occurs via a horizontal duct using 

computational methods to characterize the heat transfer 

parameters of the process. It is the purpose of this study to 

investigate how heat transmission is affected by the 

geometrical parameters of the cavity as well as the Reynolds 

number. A model for an adaptive neuro-fuzzy interface system 

was constructed, and using it; a prediction was made regarding 
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the Nusselt number. The model's R2 value was 0.9983, and its 

mean average percentage error was 1.07 per cent. The effects 

of the various training methods, in addition to their capacity to 

generate a Nusselt number distribution prediction, are looked 

into here. Ozgen and Varol [11] studied the mixed convection 

heat transfer in a horizontal duct equipped with a porous 

medium because it is crucial for a broad range of technological 

applications, including cooling, the storage of radioactive 

nuclear waste, fluid movement in geothermal resources, and 

chemical industrial formations. Some of these technical 

applications include fluid flow in geothermal resources, 

chemical industry formations, cooling, and radioactive 

material waste of nuclear products. The finite difference 

approach has been used to solve the equations in 

dimensionless form, and the results have been analyzed over a 

wide range of possible values for the parameters. Variables 

such as the Peclet and Rayleigh numbers may have an 

influence on the fields of temperature as well as the flow fields. 

In order to assess the heat transfer that occurs within a 

horizontal channel equipped with an open trapezoidal cavity 

that is exposed to a source of heat with variable length, Laouira 

et al. [12] used statistical analysis. A local heating element 

buried in the bottom wall of the cavity, which may be any 

length, is assumed to be the source of the heat. This element's 

temperature is maintained at a set value. Another finding was 

that both the average and local Nusselt values increased as the 

length of the local heat source increased. The highest 

temperature is also not far from where the heat source is 

located. Combination (mixed) convection was statistically 

shown in a horizontal channel of finite length and aspect ratio 

of 10 by Bahlaoui et al. [13]. Radiation transparency is thought 

to exist in the cooling medium, air, which has a Pr of 0.72. 

From above, the canal is insulated, and it is subtly heated from 

below. The total Nusselt number, radiative Nusselt number, 

convective Nusselt number, and temperature distribution are 

illustrated for different combinations of surface emissivity 

(0.1), Rayleigh number (104Ra8x105), and Reynolds number 

(3Re1,000). The results suggest that there are two flow zones, 

each of which is governed by a unique set of regulatory factors. 

A numerical analysis of the mixed convection in a 3-D vented 

enclosure that was discretely heated was done by Doghmi et 

al. [14]. The finite volume method was used by the authors. 

The findings are presented in terms of the average Nusselt 

number, temperature distribution, and streamlines for different 

combinations of the thermal regulating elements, notably the 

Reynolds and Richardson numbers. The results of the 

computer research show that the aforementioned variables 

have a significant impact on how quickly heat is transmitted. 

Numerous researchers' results on the effects of different 

variables on forced convection, natural convection, and mixed 

convection heat transfer were reported [15-25]. 

Despite several studies on airflow through a channel-open 

cavity, no earlier findings on imposing two constant heat 

source powers in the cavity for laminar fluid flow are known. 

This effort intends to examine the influence of changing inlet 

air velocity on airflow via such an arrangement. 
 

 

2. PAGE SETUP 
 

The schematic design of a horizontal channel equipped with 

an open square enclosure housing a heated source with a 

hemispherical shape is shown in Figure 1. The airflow that is 

going via a channel connected to an open square enclosure 

regulates the movement. The enclosure is 0.12 meters tall. It is 

expected that the channel extends 0.6 meters beyond the 

depression in its free length. The enclosure's bottom wall, 

which also serves as the heat source and has a radius of 0.02 

meters. The 20 Watts of electricity output remains constant. 

While the other walls are thought to be adiabatic, airflow with 

the temperature of the surrounding environment (20 degrees 

Celsius) penetrates the horizontal channel. The open enclosure 

has a top width of 0.1 m, a bottom width of 0.05 m, and a 

height of 0.07 m. All of the case study's necessary values are 

included in Table 1. 

 

Table 1. Geometrical specifications and flow parameters 

 
Symbol Value Description 

D 12 cm Tube diameter 

L 80 cm Tube length 

W 10 cm Cavity width 

H 7 cm Cavity height 

r 2 cm 
Spherical radius of heat source in 

cavity 

Tin 20℃ Inlet temperature of the flow 

Vin 0.1 – 1.5 m/s Inlet velocity 

Pw 20 W Heat power source in a cavity 

 

 
 

Figure 1. Diagram of the channel-open cavity with 

dimensions 

 

2.1 The governing equations  

 

The system's basic equations have been rewritten and 

expressed in Cartesian coordinates as seen below [26-29]: 

The equation of continuity: 

 
𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
= 0 (1) 

 

The equations that illustrate the idea of conservation of 

momentum in the X-direction are as follows: 

 

𝑈
𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑈

𝜕𝑌
= −

𝜕𝑃

𝜕𝑋
+

1

𝑅𝑒𝑖𝑛
(

𝜕2𝑈

𝜕𝑋2 +
𝜕2𝑈

𝜕𝑌2)  (2) 

 

So, for Y‐direction: 

 

𝑈
𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑌
= −

𝜕𝑃

𝜕𝑌
+

1

𝑅𝑒𝑖𝑛
(

𝜕2𝑉

𝜕𝑋2 +
𝜕2𝑉

𝜕𝑌2) + 𝑅𝑖𝜃  (3) 

 

Energy conservation may be expressed as: 

 

𝑈
𝜕𝜃

𝜕𝑋
+ 𝑉

𝜕𝜃

𝜕𝑌
=

1

𝑅𝑒𝑖𝑛𝑃𝑟
(

𝜕2𝜃

𝜕𝑋2 +
𝜕2𝜃

𝜕𝑌2)  (4) 

 

where, 𝑅𝑒𝑖𝑛 =
𝜌𝑢𝑖𝑛𝐻

𝜇
 presents the Reynolds number, and H is 

the length of the cavity. 

The Richardson number (Ri) may be written as: 𝑅𝑖 =
𝐺𝑟

𝑅𝑒𝑖𝑛
2 =

𝑔𝐻𝛽(𝑇ℎ−𝑇𝑐)

𝑢𝑖𝑛
2 . 

The Prandtl number can be presented as 𝑃𝑟 =
𝑣

𝛼
. 
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The dimensionless figure parameters can be written as: 

 

𝜃 =
𝑇−𝑇𝑐

𝑇ℎ−𝑇𝑐
, 𝑈 =

𝑢

𝑢𝑖𝑛
, 𝑉 =

𝑣

𝑢𝑖𝑛
, 𝑋 =

𝑥

𝐻
, 𝑌 =

𝑦

𝐻
, 𝑃 =

𝑃

𝜌𝑢𝑖𝑛
2 , 

 

where, H is the length of the cavity. 𝜀 =
𝐿𝐻

𝐻
, where LH is the 

heated source length. 

The average Nusselt number may be calculated from the 

following: 

 

𝑁𝑎𝑣𝑔 =
1

𝐿𝐻
∫ 𝑁𝑢(𝑥)𝑑𝑌

𝐿𝐻

0
  (5) 

 

Nu(x) in the above equation represents the local Nusselt 

number. 

 

ℎ(𝑋) =
𝑄

𝑇ℎ(𝑋)−𝑇𝑖
  (6) 

 

In a nutshell, the assumptions are as follows: the flow is 

incompressible, laminar, Newtonian, and two-dimensional, 

and the strength of any external forces is considered to be 

small. 

 

2.2 Prerequisites for establishing limits and conditions 

 

In the previous section, the boundary conditions were 

provided as follows [30-34]: 

At channel inlet: 

 

𝑋 = 0, 𝐻 ≤ 𝑌 ≤ 𝐻 + 𝐷, 𝜃 = 0, 𝑈𝑖𝑛 = 1 

 

Channel exit: 

 

𝑋 = 0.8, 𝐻 ≤ 𝑌 ≤ 𝐻 + 𝐷,
𝜕𝜃

𝜕𝑋
=

𝜕𝑈

𝜕𝑋
=

𝜕𝑉

𝜕𝑋
= 0, 𝑃 = 0 

 

where, X and Y are dimensional coordinates, H is the length 

of the cavity, U and V are dimensionless velocities, D is 

channel diameter, 𝜃 is dimensionless temperature, and P is 

pressure. 

On the heated source: 

𝜃 = 1, 𝑜𝑟,
𝜕𝜃

𝜕𝑛
= 0, n represents a normal vector. 

On the fixed wall: 

 

𝑈 = 𝑉 = 𝑜 

 

 
 

Figure 2. Isotherm comparison with the earlier numerical 

work by Manca et al. [2] 

 

2.3 Validation 

 

In order to provide a validation of the obtained numerical 

results, the last case, which was supplied by Manca et al. [2], 

is once again resolved by our algorithm, as presented in Figure 

2. This was done in order to produce validation of the findings. 

The comparison makes it clear that the two results are 

consistent with one another, which is a very positive finding. 

 

2.4 Procedures for simulation and numerical testing 

 

There are a number of activities that must be completed and 

confirmed before the numerical simulation of the present 

research can be conducted. You should strive to summarize 

these concepts by concentrating on these two key elements: (1) 

To reduce the amount of inaccuracy that is present in the 

numerical findings, two techniques may be used: creating the 

grids and analyzing the density of the individual grid 

components. (2) Determining if the findings produced by the 

numerical model are correct. 

When the highest normalized root mean square (RMS) 

value was less than 10-4, convergence was deemed to have 

occurred. The number of cells in the computational domain is 

shown in Table 2, which has been changed from (124365) to 

(226754). Therefore, 254825 is the ideal number of cells for 

reducing error and maximizing CPU resource utilization. The 

structure of the grid in its final form is seen in Figure 3 after 

having been finished. 

 

Table 2. Grid independency test for 0.1 m/s of inlet air 

velocity 

 

Number of cells Overall Nu |
Nui+1−Nui

Nui
| %  

124365 126.213 - 

183109 129.341 2.478  

143356 131.56  1.716 

254825 132.041 0.365  

226754 132.313  0.206 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 3. Mesh generation with different zooms
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3. RESULTS AND DISCUSSION 

 

Figure 4 shows two 20 W heat sources and four isotherm 

contours for air entering at velocity varied from 0.1 to 1.5 m/s. 

In general, three basic types of heat transfer may be seen in 

different parts of the world. Low flow velocity causes forced 

convection in the channel itself, diffusion at the bottom part of 

the cavity, and mixed convection in the contact region between 

the channel and cavity. The bulk of the cavity's heat removal 

process is driven by heat diffusion because of the cavity's 

relatively low velocity and the heat source's tiny size. On the 

other hand, forced convection dominates the heat removal 

process in the channel area because of the comparatively high 

velocities. However, the contours at the cavity rest and the 

channel present that the bulk of heat transferred are mediated 

by convection. The zone of diffusive transfer of heat is 

confined within the proximity cavity of the heat source. 

Furthermore, it is evident that as one approach closer to the 

horizontal channel and far from the source of heat, the 

temperature begins to progressively decrease. The boundary 

condition for the problem is consistent with this finding. This 

was thoroughly validated using [35]. 

With two 20 W heat sources, Figure 5 shows four 

temperature distribution contours for input air velocity varied 

from 0.1 to 1.5 m/s. These results clearly demonstrate that an 

increase in the input air velocity causes a visible change in the 

flow and temperature field inside the cavity, which can be 

shown to be the case. When there is a temperature difference 

between the heat source and the channel passage, forced and 

natural convection both take place. Natural convection is 

brought on by a temperature differential, while forced 

convection is brought on by air flowing upward through the 

cavity. The natural convection produced by the heated heat 

sources will be larger the faster the air enters the cavity. As a 

consequence, there will be more hot and cold air mixing, 

which will lead to a more uniform distribution of temperature 

within the hollow. This was thoroughly validated using [36]. 

Figure 6 displays the velocity contours for different input 

air velocities with two 20 W constant heat sources each. Due 

to the presence of two heating sources, a zone in which the air 

is recirculating fills the whole cavity. This zone exists as a 

direct result of the source of heat being there. The buoyancy 

force causes a recirculating component in the cavity to move 

air to the left toward the insulated wall of the hollow enclosure. 

However, due to no-slip conditions, a typical laminar velocity 

profile with ultimate velocity in the channel centre and zero 

close to the walls can be seen in the channel region. A unique 

zone is shown by the contact between the top of the cavity and 

the channel. The weakly recirculating portion of the enclosure 

in this area alters the low-velocity profile of the channel. 

Figure 7, which shows the pressure streamline contours for the 

channel-cavity assembly, clearly shows the recirculating 

zones. This graphic shows how the recirculating streamlines 

zone is growing as the incoming air velocity increases. This 

was thoroughly validated using [37]. 

For varied input air velocity varied from 0.1 to 1.5 m/s and 

two constant heat source powers of 20 W each, the velocity 

distribution during positive y-axis in channel flow is shown in 

Figure 8. The velocity increases as the distance from the lower 

wall's surface increases because less friction will be exerted on 

the walls. We see that the velocity is at about one level 

throughout the channel with an input air velocity of 0.1 m/s 

and starts to climb near the contact between the top cavity and 

the channel. When the weakly recirculating portion of the 

cavity is close to the interface zone, it affects the laminar 

velocity profile of the channel. Because forced convection will 

be stronger than natural convection and the shear wall effect, 

an increase in air input velocity will result in a rise in the 

velocity profile. This was thoroughly validated using [38]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 4. Isotherm contour map at a different inlet velocity 

 

Figure 9 depicts the distribution of pressure along the 

positive y-axis in a channel flow with two 20 W continuous 

heat sources and varied input air velocities between 0.1 and 

1.5 m/s. It is clear that the pressure is higher at the channel's 

intake, decreases gradually as it travels, and varies at the point 

where the channel and cavity meet. The rise in the positive y-

axis has no effect on the pressure distribution along the 
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channel, with the exception of the contact zone between the 

channel and the cavity. In this zone, there is a weak region that 

is impacted by the pressure coming from the channel, but other 

than that, the pressure distribution along the channel is 

unaffected. As the turbulence of the airflow rises as a result of 

an increase in the input air velocity, there will be an increase 

in the pressure distribution. This was thoroughly validated 

using [39]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

(d) Vin = 1.5 m/s 

 

Figure 5. 2D passage temperature contours at a different 

inlet velocity 

 

With two constant heat source powers of 20 W each, Figure 

10 shows the temperature distribution along the positive y-axis 

in the channel-cavity assembly at varied input velocities 

ranged from 0.1 to 1.5 m/s. This picture demonstrates how the 

two fixed heat sources at the cavity's bottom wall have an 

impact on temperature distribution, which is at a minimum 

along the channel and elevated across the area where the 

channel and cavity come into contact. By increasing the 

mixing of hot and cold air, or the input air velocity, the two 

heated sources will produce more natural convection, which 

will enhance the temperature distribution within the cavity and 

reduce the temperature at the channel-to-cavity contact. This 

was thoroughly validated using [40]. 

 

 
(a) Vin = 0.1 m/s 

(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

(d) Vin = 1.5 m/s 

 

Figure 6. 2D Velocity contours at a different inlet velocity 

 

At different input velocities varied from 0.1 to 1.5 m/s and 

two constant heat source powers of 20 W each, Figure 11 

shows the velocity distribution during the negative y-axis in 

the cavity. The velocity distribution is roughly constant and 
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minimal throughout the negative y-axis in the cavity for low 

air velocity values (0.1 m/s), and it abruptly decreases near the 

end of the cavity. Increases in absolute y-direction result in a 

drop in the velocity distribution since they represent 

forwarding into the bottom of the cavity or the lowest airflow 

velocity, but increases in input air velocity increase the 

velocity dispersion. This was thoroughly validated by [41]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 7. Passage pressure streamline contour map at a 

different inlet velocity 

 

Figure 12 depicts the distribution of pressure along the 

negative y-axis in the cavity at several input velocities from 

0.1 to 1.5 m/s and two constant heat source powers of 20 W 

each. The pressure distribution will be roughly constant 

throughout the negative y-axis in the cavity for low air velocity 

(0.1 and 0.5 m/s). The pressure distribution is maximized by 

the increase in inflow flow velocity, and the end of the cavity 

has the highest value because of the recirculation effect there. 

At the top of the cavity (y=-5 cm), the pressure distribution 

value remains constant, fluctuating with the absolute value of 

(y). This was strongly supported by [42]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 8. Velocity distribution during positive y-axis in 

passage flow at a different inlet velocity 

 

Figure 13 shows the temperature distribution in the cavity 

during the negative y-axis at different input air velocities 

between 0.1 and 1.5 m/s with two constant heat source powers 

of 20 W each. Because the combined influence of the two heat 
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sources will be stronger, the temperature distribution will rise 

as the absolute y-axis value increases. The increase in airflow 

velocity at the air entrance will enhance the natural convection 

produced by the two heated sources, or the mixing of hot and 

cold air, which will reduce the temperature distribution within 

the cavity and lower the temperature along the negative y-axis. 

This was thoroughly validated using [43]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 9. Pressure profile during positive y-axis in passage 

flow at a different inlet velocity 

 

Local Nusselts number distribution in the cavity is shown in 

Figure 14 when the input velocity of air is varied from 0.1 to 

1.5 m/s with two constant 20 W heat sources. The heat transfer 

between the cavity holding the two sources and the horizontal 

channel will be at its lowest for low air velocity (0.1 and 0.5 

m/s). Hence the Nusselt number will be at its lowest value. The 

Nusselt number will be high when airflow velocity is increased 

because an increase in intake air velocity will enhance heat 

transfer. The highest heat transmission occurs at the interface 

between the cavity and the channel (y=0), where the maximum 

Nusselt number also occurs. As y is increased in absolute value, 

the maximum Nusselt number decreases. This was thoroughly 

validated using [44]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 10. Temperature profile during the positive y-axis in 

passage flow at a different inlet velocity 

 

Local velocity distribution in the channel-cavity assembly 

is shown in Figure 15 with two constant heat source powers of 
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20 W each and varied input air velocities ranging from 0.1 to 

1.5 m/s. The local velocity distribution was greatest at the 

channel inlet and abruptly failed due to the effect of shear 

stress caused by the channel wall. It then increased and 

fluctuated at the interface's midpoint before being reduced to 

a minimum value due to the effect of air recirculation at the 

cavity's end. This was thoroughly validated using [45]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 11. Velocity distribution during the negative y-axis in 

the cavity at a different inlet velocity 

 

Local pressure distribution is shown in Figure 16 for the 

channel-cavity assembly for two 20 W constant heat sources 

and varied input air velocities between 0.1 and 1.5 m/s. The 

maximum value of the pressure distribution is at the channel's 

inlet and abruptly decreases over the following distance, 

fluctuating only at the contact region between the cavity and 

the channel, where there is a maximum rise and drop at 0.7 m 

(mid-cavity), caused by the strong recirculation that occurred 

at this location. With the study of Aljibory et al. [46], this was 

amply proved. 

 

(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 12. Pressure profile during negative y-axis in the 

cavity at a different inlet velocity 
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(a) Vin = 0.1 m/s 

(b) Vin = 0.5 m/s 

(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 13. Temperature profile during negative y-axis in the 

cavity at a different inlet velocity 

 

With two constant heat source powers of 20 W each, Figure 

17 depicts the local temperature distribution in the channel-

cavity assembly at varied input air velocities ranging from 0.1 

to 1.5 m/s. Due to the absence of a heat source effect, the 

temperature remains at a minimal and constant value across 

the distance between the channel and cavity, whereas the 

presence of two heat sources results in a distinct temperature 

variation throughout the contact area. The temperature will fall 

as a result of the increase in inlet air velocity because more 

heat will be transferred from the heat source into the air stream. 

This was thoroughly validated using [47]. 

 

 
(a) Vin = 0.1 m/s 

 
(b) Vin = 0.5 m/s 

 
(c) Vin = 1 m/s 

 
(d) Vin = 1.5 m/s 

 

Figure 14. Local Nusselt number during negative y-axis in 

the cavity at a different inlet velocity 

 

The average Nusselt number change with intake air velocity 

is shown in Figure 18 for a variety of inlet air speeds that 

varied from 0.1 to 1.5 m/s, two constant heat source powers of 

20 W each, and a value of =0.4. The increase in the velocity of 

the air entering the system causes a rise in the mean Nusselt 

number. This is due to the fact that an increase in the velocity 

of the air entering the system will lead to an increase in the rate 
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at which heat is transferred between the two heat sources, 

which will, in turn, lead to an increase in the coefficient of heat 

transfer and an increase in the average Nusselt number. This 

matched up quite well with evidence from [48]. 

The air velocity profile in the outlet channel passage flow is 

shown in Figure 19. The inlet air speeds varied from 0.1 to 1.5 

m/s, and each of the two constant heat source powers was 20 

W. Because of the influence of shear stress at the wall, the 

velocity profile seems to be at its lowest point at the channel 

wall while it reaches its highest point in the channel centre. 

This is because the effect of shear stress at the wall disappears 

in the channel centre. When the input air velocity is low, the 

distribution will have a parabolic shape; however, as the 

velocity increases, the shape will become flatter. This matched 

up quite well with evidence from [49]. 

 

 
 

Figure 15. Local velocity distribution in channel-cavity 

assembly for different inlet air velocity 

 

 
 

Figure 16. Local pressure in channel-cavity assembly for 

different inlet air velocity 

 

 
 

Figure 17. The local temperature in channel-cavity assembly 

for different inlet air velocity 

 

The temperature profile in the outlet channel passage flow 

can be shown in Figure 20, which was created using varied 

inlet air velocities ranging from 0.1 to 1.5 m/s and two constant 

heat source powers of 20 W each. The reduction in the y-

direction will result in an increase in the temperature 

distribution. This is as a result of the fact that moving upward 

in the y-direction brings one in greater proximity to the 

combined impacts of two heat sources, which in turn leads the 

temperature distribution to be optimized to its fullest extent. 

This has the effect of lowering the temperature distribution 

throughout the air stream as a result of the increased natural 

convection that occurs as a result of an increase in the intake 

air velocity. This matched up quite well with evidence from 

[50]. 

 

 
 

Figure 18. Nusselt number in channel-cavity assembly for 

different inlet air velocity 

 

 
 

Figure 19. The velocity profile in outlet channel passage 

flow at a different inlet air velocity 

 

 
 

Figure 20. The temperature profile in outlet channel passage 

flow at a different inlet air velocity 

 

The air density profile in the outlet channel passage flow at 

various input air ranged from 0.1 to 1.5 m/s, and two constant 

heat source powers of 20 W each are shown in Figure 21. 
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Because moving away from the source of heat causes an 

increase in y-directions, an increase in y-value causes an 

increase in the air density. Because of the increase in intake air 

velocity, the natural convection from the cavity into the air 

stream will also increase. This will result in a drop in air 

temperature, which will lead to an increase in air density. This 

matched up quite well with evidence from the paper of AL-

Jibory et al. [51]. 

 

 
 

Figure 21. Air density profile in outlet channel passage flow 

at a different inlet air velocity 

 

 

4. CONCLUSIONS 

 

In this work, mixed convection heat transfer was 

computationally analyzed using COMSOL in a channel-open 

cavity with two 20 W heat sources and negligible top and 

bottom wall thickness. The provided numerical findings are 

for a variety of intake air velocities, which varied from 0.1 to 

1.5 meters per second. In light of the findings that were just 

provided, the most important discoveries may be summed up 

as follows: 

(1) The temperature starts to fall steadily as one moves 

farther and further away from the site of the heat source and 

closer to the horizontal channel.  

(2) The higher the velocity of the air entering the cavity, 

the greater the natural convection that will be created by the 

heated heat sources.  

(3) The increase in inlet air velocity will increase the 

turbulence of airflow and thus increases the pressure 

distribution. The increase in absolute y-direction decreases the 

velocity distribution. 

(4) The value of pressure distribution remains constant at 

the top of the cavity (y=-5 cm) and oscillating with decreasing 

the absolute value of (y).  

(5) The increase in the inlet velocity of air will increase 

the transfer of heat. Thus, the Nusselt number will be great 

when increasing air flow velocity. At the interface between the 

cavity and channel (y=0), there is maximum heat transfer. 

Thus, the maximum Nusselt number is at the interface and 

reduces with increasing the absolute value of y. 

(6) The increase in inlet velocity of air means to increase 

in the natural convection from the cavity into the air stream 

and thus, decrease the temperature of the air, i.e., an increase 

in air density. 
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NOMENCLATURE 

 

D Tube diameter (m) 

L Tube length (m) 

W Cavity width (m) 

H Cavity height (m) 

r Spherical radius of heat source in cavity (m) 

Tin Inlet temperature of flow (K) 

V Flow velocity (m/s) 

Pw Heat power source in cavity (W) 

Re Reynolds number (--) 

Ri Richardson number (--) 

Pr Prandtl number (--) 

Nu Nusselt number (--) 

g Gravitational acceleration (m/s2) 

P Pressure (Pa) 

Q Heat flux (W/m2) 

 

Greek symbols 

 

𝜌 Density of air (kg/m3) 

𝑣 Viscosity (kinematic) of air (m2/s) 

𝜇 Viscosity (dynamic) of air (kg/m.s) 

𝜀 Localised heat source Dimensionless length  

𝜃 Dimensionless temperature 

𝛽 Coefficient of thermal expansion (1/K) 

𝛼 Air thermal diffusivity (m2/s) 

 

Subscripts 

 

in Inlet  

h Hot 

c Cold 

avg Average 
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