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ABSTRACT 

Combined convective flow design and heat transfer efficiency are investigated in this research for variation of some pertinent 

parameters inside a trapezoidal device along with heat conductive solid circular block. By the implementation of the Finite element 

method, flow, and heat transfer behavior are presented in detail for the ranges of Reynolds number, 50 ≤ Re ≤ 200, and Hartmann 

number, 20 ≤ Ha ≤ 150 along with mixed convection parameter Ri = 1.  Obtained results for the flow and temperature field in the 

considered domain are shown in terms of the streamlines and isotherms. In addition, the heat transfer rate at the bottom heated and 

ceiling cold wall is presented by Nuav. A noteworthy heat transfer augmentation is found at both heated and cold surfaces due to upper 

values of Re. Interestingly, the better cooling efficiency of the device is marked out for the hot wall. 
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1 Introduction   

Free and forced convection is a crucial issue in fluid flow 

and thermal systems of different geometrical configurations. Due 

to the many engineering and industrial applications, such types 

of phenomena have received great concentration from 

researchers and are frequently encountered in cooling systems 

for electronic equipment, thermal insulation, energy storage, and 

heat exchangers.  

Mamun et al. [1] analyzed mixed convection analysis in the 

trapezoidal cavity with a moving lid. Two-dimensional MHD 

free convection with internal heating in a square cavity was 

presented by Taghikhani and Chavoshi [2]. Mixed convection 

enhancement in a rectangular cavity by triangular obstacle was 

presented by Afluq et al. [3]. Ibrahim and Hirpho [4] carried out 

combined convection flow in a trapezoidal domain taking non-

uniform temperature. Abdul Halim Bhuiyan et al. [5] studied the 

effect of the Hartmann Number on free convective flow in a 

square cavity with different positions of heated square block. 

Shuja et al. [6] performed a heat-generating rectangular body 

effect of cavity exit port locations in a square enclosure. Mixed 

convection from an isolated heat source in a rectangular 

enclosure was performed by Papanicolaou and Jaluria [7]. Raji 

and Hasnaoui et al. [8] presented mixed convection heat transfer 

in a rectangular cavity ventilated and heated from the side. An 

experimental investigation of combined convection in a channel 

with a vented cavity was carried out by Manca et al. [9]. Analysis 

of free convection around a square heated cylinder kept in a 

cavity was explained by Kumar and Dalal [10]. Rahman et al. 

[11] performed mixed convection in a vented square cavity with 

a heat-conducting horizontal solid circular cylinder. Gau et al. 

[12] investigated an experimental study on mixed convection in 

a horizontal rectangular channel heated from a side. Sheremet et 

al. [13] studied natural convective heat transfer through two 

entrapped triangular cavities filled with a nanofluid. Brown et al. 

[14] studied mixed convection from an open cavity in a 

horizontal channel. 

From the literature cited above and according to the authors’ 

knowledge, it is followed that no work has been performed yet 

for the specified configuration of the current problem. The goal 

of the present research is to investigate combined convection 

flow and heat transfer behavior in a trapezoidal-shaped domain 

having a heat conductive circular block for the variation of 

Reynolds and Hartmann number. 

2 Geometry and Mathematical Model 

The considered domain of this problem is depicted in Fig. 1, 

which is formed by a trapezoidal enclosure whose lower and 

upper sides are of the length 2L and L/2 respectively. A heat-

conductive circular block is placed at the center of the cavity. The 

bottom surface is heated and the top surface is cooled 

accordingly as Th > Tc. The two inclined walls of the domain are 

considered adiabatic.  A uniform magnetic field of strength B0 is 

applied to the flat direction of the left wall. 

In the current study, the working fluid is considered as 2-D 

steady, laminar, and Newtonian with constant thermo-physical 

properties. The leading equations for the problem in non-

dimensional form are given below: 

 

Fig. 1 Schematic sketch of the problem 
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Fig. 2 Typical Grid generation 
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The following non-dimensional variables are used in order 

to obtain the above dimensionless governing Eqs. (1)−(5), 
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𝑥

𝐿
, 𝑌 =

𝑌

𝐿
, 𝑈 =

𝑢

𝑢𝑖
, 𝑉 =

𝑣

𝑢𝑖
 , 𝑃 =

𝑝

𝜌𝑢𝑖
2 , 𝜃 =

(𝑇−𝑇𝐶)

(𝑇ℎ−𝑇𝑐)
, 𝜃𝑠 =

(𝑇𝑠−𝑇𝑐)

(𝑇ℎ−𝑇𝑐)
   

Where X and Y are the coordinates varying along horizontal 

and vertical directions; U, and V are the velocity components in 

the X and Y directions respectively. Also  and s are the 

dimensionless temperature of fluid and solid respectively and P 

is the dimensionless pressure.  

The governing parameters are defined correspondingly as 

𝑅𝑒 =
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𝜐
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(𝑢𝑖is the reference velocity of fluid and B0 is magnetic field 

strength) 

The imposed boundary conditions are as follows: 

At upper surface: 𝑈 = 0, 𝑉 = 0, 𝜃 = 0; at lower surface: 

𝑈 = 0, 𝑉 = 0, 𝜃 = 1; and at two side walls: 𝑈 = 0, 𝑉 = 0,
𝜕𝜃

𝜕𝑁
=

0 

Also, Nuav at the heated wall is calculated using 𝑁𝑢𝛼𝑣 =

− ∫ (
𝜕𝜃

𝜕𝑌
)

1

0
𝑑𝑋 

3 Grid Refinement Test and Validity of the Code  

Various grid-sized elements are taken to find the optimum 

accurateness of the result for the considered problem. A typical 

grid size distribution is shown in Fig. 2. The heat transfer rate at 

the bottom wall of the cavity is calculated for the selected grids. 

A slight difference is noticed among the results for the variation 

of grid size which is tabulated in Table 1. Finally, the grid 

containing 2184 elements is taken into account for computing 

Nuav at the hot wall. Table 2 shows the thermo-physical 

properties of water and aluminum used in this work. 

Table 1 Nuav at bottom surface for Pr = 7.1, Re = 100, Ha = 20, 

Ri = 1 

No. of 

elements 
621 886 1456 2184 3384 

Nuav 6.9638 6.9062 6.8694 6.8677 6.8662 

Deviation - 0.0576 0.0368 0.0017 0.0015 

Table 2 Thermo physical properties of water and aluminum 

Property Water Aluminum (𝐴𝑙) 

𝐶𝑝 (𝐽𝑘𝑔−1𝐾−1) 4179 902 

𝜌 (𝑘𝑔𝑚−3) 997.1 2701 

𝑘 (𝑊𝑚−1𝐾−1) 0.613 237 

𝛽 (𝐾−1) 21 × 10−5 23.1 × 10−6 

𝜎 (𝑆/𝑚) .05 3.5 × 107 

For the code validation of the present work, a computation 

is performed for comparison with the previously published work 

that was performed by the authors Ibrahim and Hirpho [4]. Fig. 

3 exposes the relationship between these two works with a good 

agreement in velocity and temperature fields that are 

demonstrated as streamlines and isotherms. 

4 Results and Discussions 

In this work, two-dimensional steady flow and thermal field 

are investigated to test the effect of Re and Ha inside the studied 

configuration. The streamlines, isotherms, and average Nusselt 

number are exhibited to clarify the flow and temperature ground 

of the problem for the range of Hartmann number 20 ≤ Ha ≤ 150 

along with mixed convection parameter Ri = 1 and Prandtl 

number Pr = 7.1. 

Reynolds number's effect on velocity and temperature 

profile in the range of 50 to 200 is displayed in Fig. 4. Fig. 4 (a) 

exposes that at low Reynolds number Re = 50, large-sized 

vortexes are created surrounding the centered circular block. For 

the next higher values Re = 100 and Re = 150, the flow patterns 

are all most similar. But for the largest value of Re = 200, the 

intensity of the left-sided vortex increases consequently vorticity 

of the right-sided vortex reduces. 

In Fig. 4 (b), the isotherms for different Reynolds numbers 

are exposed and this figure shows that heat lines are non-linear 

occupying the total region and dense in the neighborhood of the 

top cooled wall at Re = 50. Also, the centered body is encircled 

by the thermal lines and comparatively more heated lines are 

found near the heated lower surface. No visible alteration is 

tracked for the three rising values of Re = 100, 150, 200.  
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Fig. 3 Relationship between the present and the work of Ibrahim and Hirpho [4] at Gr = 104, Pr = 6.2, Ha = 50, and Re = 100 
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Fig. 4 (a) Streamlines and (b) Isotherms for variation of Re at Pr =7.1, Ri = 1, Ha = 20 

In Fig. 5, streamlines and isotherms are exhibited for the 

various values of Ha that vary from 20 to 150. One can observe 

from Fig. 5(a) that at low Hartmann number Ha = 20 the 

streamlines captured the whole cavity by the about two 

symmetric vortices concerning the interior body. A minor 

discrepancy is noticed for Ha = 50. For the mounting values of 

Ha = 100 and Ha = 150 a significant change is noticed, the vortex 

strength increases near the bottom and top surface, especially for 

Ha = 150. 

The corresponding thermal lines distributions in the 

enclosure for different Hartmann numbers are illustrated in  Fig. 

5 (b). With a small change the heat lines are found non-uniform 

that are elongated from the left side to the right side of the cavity 

for Ha = 20 and Ha = 50. A thick boundary layer is created at the 

top wall. In addition, heat lines are comparatively linear and 

symmetric about the circular body for the two larger values of 

Ha = 100 and Ha = 150. More heated heat lines are located at the 

bottom part of the enclosure; thermal lines are concentrated 

above the circular block. 
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Fig. 5 (a) Streamlines and (b) Isotherms for different values of Ha at Pr =7.1, Ri = 1, Re =100 

Fig. 6 shows the average Nusselt number at both heated and 

cold wall for the variation of (a) Reynolds number and (b) 

Hartmann number. This figure reveals that higher heat removal 

is obtained for the upper values of Reynolds number while Nuav 

reduces for the higher values of Ha due to its resistance.  

 
Fig. 6 Heat transfer rate at ceiling and ground walls for different values of (a) Reynolds number and (b) Hartmann number 

The rate of heat transfer at bottom heated and top cooled 

walls for chosen values of Reynolds number are shown in Table 

3. From the table, it can be followed that the heat removal rate at 

hot and cool walls increases with the mounting values of Re and 

vice versa. 

Table 3 Average Nusselt number for variation of Re while Pr = 

7.1, Ha = 20 and Ri = 1 

Re (Nuav)hot (Nuav) cool 

50 5.6635 22.206 

100 6.8677 26.980 

150 7.5679 29.765 

200 8.0859 31.806 

Nuav at ground and ceiling surfaces for different values of 

Ha that are listed in Table 4 and it is noticed that cooling 

efficiency at both walls enhances the smaller values of Ha. 

Table 4 Average Nusselt number for variation of Ha while Pr = 

7.1, Re = 100 and Ri = 1 

Ha (Nuav)hot (Nuav)R cool 

20 6.8677 26.980 

50 6.3227 24.804 

100 4.9307 19.279 

150 3.2079 12.496 
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5 Conclusions  

The influence of Re and Ha along with Ri on flow and 

thermal field have been analyzed in a trapezoidal domain with an 

internal heat conductive circular body. The obtained results of 

the problem are stated concisely below: 

• Significant improvement in heat transfer is recorded at both 

hot and cold walls due to higher values of Re, consequently 

smaller value of Reynolds number gives the lowest heat 

removal. 

• As Ha increases, Nuav decreases at the heated and cold 

surface, so optimum heat transfer is found for the lowest 

Hartmann number. 

• Comparatively rapid change in heat removal is followed at 

the bottom heated wall. 
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