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Abstract 

In this paper the laminar unsteady natural convection heat transfer of (Al2O3-water) nanofluid inside 3D 

triangular cross section cavity was investigated. The cavity was heated differentially, the vertical walls were 

kept at different constant temperatures. The left hot and the right cold. The effect of the solid volume fraction 

was examined for two values and compared with the pure water results. The (Ra) range studied was (103 ≤ Ra 

≤ 106). Inserting cylindrical body inside the cavity also investigated in three cases. One concentric cylinder has 

radius (15%) of the cavity side length. The other cases were of two cylinders having radius (7.5%) of the cavity 

side length, aligned vertically or nonaligned. The results show that the higher solid volume fraction gives the 

maximum enhancement of the average (Nu) and this enhancement increases with (Ra) increase. For the cases 

with inner cylinders, the average (Nu) enhanced for the case of double cylinders over single cylinder. On other 

hand, the nonaligned position of the cylinders giving more enhancement than other position. As like as, the 

location of maximum horizontal or vertical velocities were varied with the cylinders position while (Ra) has no 

effect. 
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Nomenclatures 

Cp Specific heat at constant pressure, J/Kg.K 

g Acceleration duo to gravity, m/s2 

K Thermal conductivity, W/m.K 

Nu Average Nusselt number 

P Pressure, N/m2 

Pr Prandtl number 

Ra Rayleigh number 

T Temperature, K 

t Time, s 

u The velocity component in x-direction, m/s 

v The velocity component in y-direction, m/s 

w The velocity component in z-direction, m/s 

x The coordinate in horizontal direction, m 

y The coordinate in vertical direction, m 

z The coordinate in axial direction, m 

Greek Symbols 

α Thermal diffusivity, m2/s 

β Coefficient of thermal expansion, K-1 

μ Dynamic viscosity, Kg/m.s 

ρ Density, Kg/m 

φ Nanoparticles solid volume fraction 

Abbreviations 

FE

M 

Finite Element Method 

3D Three-dimensional 

Subscribes 

c Cold 

eff Effective 

 
© 2022 by the Authors. Licensee Polish Society of Technical Diagnostics (Warsow. Poland). This article is an open 

access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 
http://creativecommons.org/licenses/by/4.0/). 

f Fluid 

h Hot 

nf Nano fluid 

p Solid particle 

 

1. 1. INTRODUCTION 

A great attention was paid to the field of heat 

transfer by natural convection inside cavities due to 

the wide applications. Such as solar collector, 

nuclear reactors, passive cooling, lead–acid battery, 

geographical phenomena and double-pane window. 

Where this field was investigated numerically and 

experimentally in different simple or complex 

geometry of cavities [1-7]. The working fluids were 

classical fluids like air, water and other metals or 

using the nanofluids. Which is the suspicious of 

nanoparticles of metals or organic materials in 

classical fluids. These additives were improving the 

thermal properties of the fluid [8-10]. In this paper, 

the focusing will be applied to the 3D natural 

convection inside cavities numerically. Different 

researches were accomplished to study various 

parameters effect on the heat enhancement inside 

cavities. The parameters were the geometry of the 

cavity, the present of inner bodies inside these 

https://doi.org/10.29354/diag/149734
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cavities, the system of heating and cooling, the 

properties of the working fluids and etc. 

For the natural convection inside simple classical 

cubical cavities filled with air, Li et al. [11] cavity 

having the opposite vertical walls were maintained 

at different temperatures. The other four walls were 

either adiabatic or have linear temperature variations 

or the front and back surfaces having linearly varied 

temperature. Kolsi et al. [12] used a cooler on the 

insulated bottom wall at the differentially heated 

cavity. The horizontal walls were adiabatic. Al-

Rashed et al. [13] cavity was heated partially for 

different sidewall arrangements. A part of the left 

vertical sidewall was kept cold. A part of the 

opposite wall was kept hot. On the other hand, 

Gibanov and Sheremet [14-16] cavity equipped by a 

hot partition having triangular cross section. The 

vertical opposite walls were cooled while the rest 

walls were adiabatic [14]. After this, investigation of 

five various shapes of the heater cross section were 

performed [15]. Namely as rectangular, three 

trapezoidal and one triangular. At last, the team 

examined the variation of geometrical parameters of 

the trapezoidal heater (height, length, size) [16]. 

Spizzichino et al. [17] enclosure was cold including 

cold and hot vertically aligned cylinders. Alnaqi et 

al. [18] cavity with lateral active walls, the vertical 

front and right walls kept cold. While the vertical 

back and left were hot. While Fabregat and Pallares 

[19] cavity was heated by imposing a constant 

temperature at the bottom walls and cooled by 

imposing a constant temperature at the top walls. 

Another study by Alshomrani et al. [20] inside 

inclined cavity. On the left and right walls three 

unlike locations of the cooler were examined. 

Zemach et al. [21] immersed a horizontally aligned 

hot and cold cylinders inside a cold cavity. Also, 

filled with air, Hussein et al. [22] investigated an 

inclined trapezoidal cavity. The vertical right and left 

sidewalls were maintained cold. While the hot 

temperature was subjected to the lower wall. 

For nanofluids natural convection inside 

classical cubical cavities, Kolsi et al. [23] studied the 

Al2O3-water in with left hot and right cold sidewalls 

of cavity. Kolsi et al. [24] cavity filled by Al2O3-

water and containing twin adiabatic blocks. The 

vertical walls were differentially heated. Kolsi et al. 

[25] inserted solid baffle having triangular cross 

section at the corners of the cavity. Based on the 

number and location of these inserts, three cases 

were studied. At the same time, Kolsi et al. [26] 

inserted an adiabatic diamond shaped obstacle inside 

open cavities. For the same cavity shape, heating 

conditions and the nanofluid fills. Except that the 

liquid top surface was in contact with the gas Kolsi 

et al. [27] worked. Rahimi et al. [28] investigated the 

CuO-water nanofluid. The vertical walls of the 

cavity were heated differentially. Al-Rashed et al. 

[29] cavity was inclined filled by CNT-water and 

heated differentially. A conductive Ahmed body was 

centered inside the enclosure. Moutaouakil et al. [30] 

using three parallel heating elements on the left 

vertical sidewall which had three inclinations. The 

cavity filled with (Cu, Al2O3, Ag, TiO2) water based 

nanofluids. Sannad et al. [31-32] uses two different 

heat sources inside the cavity. The first was the 

partially heated left side wall [31] while the second 

was by using a hot partition [32]. In order to 

understand the effect of the (Al2O3, Cu and TiO2) 

water based nanofluids. Esfe et al. [33] cavity 

equipped with different numbers of porous fins 

which filled with CuO-water and heated 

differentially. The cavity investigated by 

Selimefendigil and Oztop [34] was rectangular with 

one inclined side wall. Which having inner inclined 

T-shaped heat source. The inclined sidewall was 

kept at the higher temperature while the opposite 

vertical kept at the lower. 

The non-classical shapes of cavities were also 

investigated. Where Al-Rashed et al. [35] cavity was 

parallelogrammical filled with CNT-water. The 

vertical walls were differentially heated. Al-Rashed 

et al. [36] cavity was a parallelogrammical opened 

top side, filled with Al2O3-water having heated 

square at the bottom side. While the remaining part 

of it was considered adiabatic. From other hand, 

Bendrer et al. [37] cavity was wavy cubical. The 

flow was partitioned into two layers; porous and 

hybrid nanofluid layers. The plans of the domain 

except upper and lower were kept at the low 

temperature. A rectangular heated area was located 

in the bottom plane. 

From literature, it was clear that there were 

limited numerical studies on the not classical 

geometries of cavities especially the triangular 

shapes. But there were little numerical studies in 

two-dimensions like those of [38-42]. Where Xu et 

al. [38] cavity was triangular cold and tilted by 

different inclination angles and having inner hot 

cylinder. For a similar geometry, Yu et al. [39-40] 

studied the various (Pr) values on the heat transfer 

[39]. Then, examined the unsteady natural 

convection [40]. Sourtihi et al. [41] cavity was like 

those of Xu et al. [38] but filled with nanofluid. 

While Amrani et al. [42] triangular cavity containing 

a rectangular obstacle. It was important to mention 

that; Kamiyo et al. [43] presented a comprehensive 

review on the natural convection in the triangular 

cavities. In this work, it was focused on the three 

dimensional differentially heated triangular side 

cross section cavity filled with nanofluid and 

included insulated cylinder in different 

arrangements. Where this configuration investigated 

for the first time. 

The paper main object is to describe the flow and 

heat transfer fields inside the non-classical geometry 

cavity shape which is a triangular cross section. And 

the effect of inserting cylinder bodies inside the 

cavity on the heat transfer enhancement. 

 

2. THE GEOMETRY 

 

In this paper four cases for the triangular side 

cross section cavities were investigated as tabulated 
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in Table 1. One case without inner cylinders named 

Case1 and three cases with different conditions of 

inner cylinders as shown in Fig. 1. The first case was 

named Case2 with single cylinder having radius of 

about (15%) of the cavity side length while the two 

other cases having double cylinders of radius (7.5%) 

of the side length; named Case3 and Case4. Whereas 

Case3 cylinders was aligned while those of Case4 

cylinders were nonaligned. The cavities were heated 

differentially, the left triangular wall was kept at the 

higher temperature. While the right was at the lower. 

The inner cylinders and all other walls were 

insulated. The working fluid for all the cases were 

the Al2O3-water nanofluid in two values of the solid 

volume fraction (0.02, 0.05). The properties of the 

(Al2O3) nano particles and the water base fluid were 

presented in Table 2. [44]. 

 
Table 1. The considered cases 

The 

cavity 

The inner cylinder The cylinder 

radius (%) of 

cavity side 

length 

Case1 - - 

Case2 Single concentric 15.0% 

Case3 Double aligned 7.5% 

Case4 Double non aligned 7.5% 

 
Table 2. The physical properties [44] 

 

3. THE GOVERNING EQUATIONS 

 

The assumptions below were chosen to describe 

the flow and heat transfer fields governing 

equations: 

− Three-dimensional, time-dependent, 

incompressible and laminar flow. 

− Radiation and heat generation are neglected. 

− The base fluid and the nanoparticles are in 

thermal equilibrium. 

− The fluid characteristics considered steady 

corresponding to Boussinesq approximation. 

The FEM technique was employed to solve the 

governing equations numerically in the present work 

which were given as [32]: 

The continuity equation 
𝜕𝑢

𝜕𝑥
 +  

𝜕𝑣

𝜕𝑦
 +  

𝜕𝑤

𝜕𝑧
 =  0              (1) 

The momentum equation 

In the x-direction: 

𝜌𝑛𝑓 (
𝜕𝑢

𝜕𝑡
 +  𝑢

𝜕𝑢

𝜕𝑥
 +  𝑣

𝜕𝑢

𝜕𝑦
 +  𝑤

𝜕𝑢

𝜕𝑧
) = −

𝜕𝑃

𝜕𝑥
 +

 𝜇𝑛𝑓 (
𝜕2𝑢

𝜕𝑥2  +  
𝜕2𝑢

𝜕𝑦2  +  
𝜕2𝑢

𝜕𝑧2)               (2) 

In the y-direction: 

𝜌𝑛𝑓 (
𝜕𝑣

𝜕𝑡
 +  𝑢

𝜕𝑣

𝜕𝑥
 +  𝑣

𝜕𝑣

𝜕𝑦
 +  𝑤

𝜕𝑣

𝜕𝑧
) = −

𝜕𝑃

𝜕𝑦
 +

 𝜇𝑛𝑓 (
𝜕2𝑣

𝜕𝑥2  +  
𝜕2𝑣

𝜕𝑦2  +  
𝜕2𝑣

𝜕𝑧2) − 𝜌𝑛𝑓𝑔       (3) 

In the z-direction: 

𝜌𝑛𝑓 (
𝜕𝑤

𝜕𝑡
 +  𝑢

𝜕𝑤

𝜕𝑥
 +  𝑣

𝜕𝑤

𝜕𝑦
 +  𝑤

𝜕𝑤

𝜕𝑧
) = −

𝜕𝑃

𝜕𝑧
 +

 𝜇𝑛𝑓 (
𝜕2𝑤

𝜕𝑥2  +  
𝜕2𝑤

𝜕𝑦2  +  
𝜕2𝑤

𝜕𝑧2 )                 (4) 

The energy equation 
𝜕𝑇

𝜕𝑡
 +  𝑢

𝜕𝑇

𝜕𝑥
 +  𝑣

𝜕𝑇

𝜕𝑦
 +  𝑤

𝜕𝑇

𝜕𝑧
 =  𝛼𝑛𝑓 (

𝜕2𝑇

𝜕𝑥2  +  
𝜕2𝑇

𝜕𝑦2  +

 
𝜕2𝑇

𝜕𝑧2)                                        (5) 

The average Nusselt number equation. 

The (Nu) was presented as [9]: 

𝑁𝑢 = ∫ ∫ (𝑁𝑢)𝑑𝑦𝑑𝑧
1

0

1

0
                  (6) 

The nanofluid properties equations were 

represented by appropriate models which are given 

by [45,46]: 

The thermal diffusivity 

𝛼𝑛𝑓 =
𝐾𝑛𝑓

(𝜌𝑐𝑝)
𝑛𝑓

                          (7) 

The dynamic viscosity 

𝜇𝑛𝑓 =
𝜇𝑓

(1−𝜑)2.5                           (8) 

The effective density 

𝜌𝑛𝑓 = (1 − 𝜑)𝜌𝑓 + 𝜑𝜌𝑝                    (9) 

The heat capacitance 

(𝜌𝑐𝑝)
𝑛𝑓

= (1 − 𝜑)(𝜌𝑐𝑝)
𝑓

+ 𝜑(𝜌𝑐𝑝)
𝑝
           (10) 

The model of Maxwell–Garnetts was used to 

describe the effective thermal conductivity of 

nanofluid, which was approximated for spherical 

nanoparticles: 

𝐾𝑒𝑓𝑓 =
𝐾𝑛𝑓

𝐾𝑓
=

(𝐾𝑝+2𝐾𝑓)−2𝜑(𝐾𝑓−𝐾𝑝)

(𝐾𝑝+2𝐾𝑓)+𝜑(𝐾𝑓−𝐾𝑝)
             (11) 

The previous equations were solved using the 

following boundary conditions and initial conditions 

as shown in Fig. (2): 

1. The left sidewall maintained at hot temperature: 

At x=0, T=Th, u=v=w=0 

2. The right sidewall maintained at cold 

temperature: 

At x=L, T=Tc, u=v=w=0 

3. The remained walls and the inner cylinders are 

kept insulated: 
𝜕𝑇

𝜕𝑥
=

𝜕𝑇

𝜕𝑦
=

𝜕𝑇

𝜕𝑧
= 0, u=v=w=0 

 

                
(a) Case1. (b) Case2.  (c) Case3. (d) Case4.  

Fig. 1. The cavities configurations 
 

 

 
ρ 

(Kg/m) 

Cp 

(J/Kg.K) 

 K 

(W/m.K) 
β (K-1) 

Pure 

Water 
997.1 4179 

 
0.613 0.0002100 

Al2O3 3880 765  40 0.0000085 
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The fluid domain initial condition was: 

𝑇 =
𝑇ℎ + 𝑇𝑐

2
 

 
Fig. 2. The boundary conditions 

 

4. THE NUMERICAL METHODOLOGY 

 

The FEM were used to solve the governing 

equations of the fluid flow and the unsteady laminar 

natural convection heat transfer of the nanofluid 

inside the described cavities. The grid independence 

test was examined for all the four cases according to 

the stability of the (Nu) value. For Case1 the grid 

independence procedure was introduced in Table 3. 

Taking into account the time consumed comparing 

to the error when choosing the suitable mesh. While 

the selected mesh for all the cases were presented in 

Table 4. and Fig. 3. On the other hand, the validation 

of this study was approved by satisfying the results 

of the previous studies and getting a very close 

results with them as presented in Table 5. Also, the 

results for the stream lines and the isotherm lines 

configurations were validated with that performed 

by Sannad et al. [31] at (Ra = 104 and φ = 0.04) as 

presented in Fig. 4. 

Table 3. The grid independence test according to Nu 

stability at Ra = 104 and φ = 0.05 for Case1 

Domain 

elements 

Boundary 

elements 

Edges 

elements 

Nu Time 

(sec) 

9829 1836 143 1.6461 128 

29607 3244 179 1.6610 315 

38516 4946 259 1.6666 523 

63826 5874 259 1.6714 1078 

93578 9988 416 1.6736 1171 

198837 13300 416 1.6733 2079 

 
Table 4. The selected grid for each case 

Cases Domain 

elements 

Boundary 

elements 

Edges 

elements 

Case1 093578 09988 416 

Case2 166003 14238 680 

Case3 190352 15490 864 

Case4 188508 15584 864 

 
Table 5. The Nu verification with previous published data 

Author Ra =104 Ra =105 

Tric [47] 2.2450 4.5220 

Peng [48] 2.3040 4.6580 

Purusothaman [49] 2.2558 4.6269 

Present 2.2548 4.5997 

 

5. RESULTS AND DISCUSSION 

 

The three-dimensional natural convection inside 

a triangular side cross section cavity filled with 

(Al2O3-water) nanofluid was performed. The effect 

of the solid volume fraction (φ) of the nanoparticles 

and (Ra) on the fluid flow and the heat transfer fields 

were discovered in the following sections. In order 

to get better view of the 3D results, three different 

 

                
(a) Case1. (b) Case2.  (c) Case3. (d) Case4.  

Fig. 3. The selected mesh for the different cases 

 

 
                  (a) Present (b) Sannad et al. [31]  

Fig. 4. The validation of the present data with Sannad et al. [31], isotherms (up) and streamlines (down) 
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planes were considered. Which was located laterally 

between the hot and cold walls of the cavity which 

were parallel to the (X-Z) plane. These surfaces were 

positioned perpendicular to the bottom wall and 

chosen at (Y= ½, ¼, ¾) which named (P1, P2, P3) 

respectively as Fig. 5 shows. The choice of these 

planes because that the plane (P1) located at the 

middle of the cavity and it was the highest. While 

(P2) and (P3) viewing the similarity or non-

similarity of the inner domain and it crosses the inner 

bodies in the cases (Case2, Case3, Case4). 

 
        (a) P1         (b) P2  (c) P3 

Fig. 5. The selected data planes 

 

5.1. Cavity without inner cylinder 

5.1.1. The flow structure 

The three-dimensional flow structure of natural 

convection inside a triangular side cross section at 

(Ra=105 and φ=0, 0.02, 0.05) was presented in Fig. 

6 below. The figure presents the effect of 

nanoparticles loading on the pure water flow 

structure. First of all, it was important to say that the 

flow for all working fluids conditions that the flow 

was identical around (P1). By means of similar flow 

behavior in front and behind of it. For all the states 

the flow appears in single clockwise circulation 

configuration. The circulated flow of the particles 

inside the cavity clockwise horizontally along the 

(X-axis) then vertically along (Z-axis) from the hot 

to the cold sidewall. For pure water (φ=0) the core of 

the flow circulation was circular while for the 

nanofluid states (φ=0.02 and 0.05) its shape was an 

elongated ellipse. Also, it was observed for 

nanofluid states that the streamlines closer to each 

other near the cavity walls while it was far from each 

other with closing to the center of the cavity. For 

state of water, these lines were nearly uniform in 

distribution. From the other hand, the (Ra) effect on 

the working fluid flow streamlines was presented on 

(P1) in Fig. 7 to discover the effect of different (Ra 

= 103, 104, 106). For (Ra=103) all the states of water 

or nanofluid with different solid volume fraction 

(φ=0.02 and 0.05), the core of the circulation flow 

was circular. For nanofluid, by increasing (Ra) the 

core hole begin to elongate to form shape closer to 

elliptical shape and enlarged in size till its bounded 

nearly touch the walls of the cavity. Making the 

region of stagnant fluid become wide. While for 

water the shape of the flow streamlines still the same 

or its change was insignificant. From the Figs. 6 and 

7, another important observation was that the 

streamlines shape insignificant to the solid volume 

fraction variation. But the value of maximum 

magnitude of the horizontal velocity (u) and the 

vertical velocity (w) were affected. Which entirely 

increases with the solid volume fraction increase. 

 

 

 
(a) Water. (b) φ=0.02. (c) φ=0.05. 

Fig. 6. The streamlines of Case1 at Ra=105 
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(a) Water. (b) φ=0.02. (c) φ=0.05. 

Fig. 7. The streamlines of Case1 at Ra (103, 104,106) (up to down) 

 

For more explanations, Fig. 8 presented the 

maximum values of (u) and (w) for the three working 

fluid states versus (Ra). For water working fluid, 

both (u) and (w) increases with (Ra) increase and 

always (u) was higher than (w). For nanofluid 

working fluid as like as water, both (u) and (w) 

increase with increase of (Ra). But for (Ra < 

4.6×104) (u) was higher than (w) for all cases. The 

inverse behavior occurs at (Ra > 4.6×104) where (u) 

becomes lower than (w) for all cases also. Likely, for 

all (Ra) range both (u) and (w) for state (φ=0.02) was 

higher than that of (φ=0.05). Which explaining the 

decelerating of the flow of particles with increasing 

the solid volume fraction. 

 

5.1.2. The heat transfer 

The temperature iso-surfaces for the different 

working fluid states: water, nanofluid (φ=0.02 and 

0.05) versus the range of (Ra) were presented in Fig. 

9 below. For water, the variation of (Ra) was not 

affect the isotherm lines which still uniform for the 

range (103 ≤ Ra ≤ 105). For (Ra=106) a slight ripple 

appears on these lines, but still in harmonious and 

parallel to the cavity vertical walls. For the nanofluid 

states; the uniformity of the streamlines was affected 

strongly by increasing (Ra). On the other hand, no 

effect of the solid volume fraction on the isotherm 

lines configuration inside cavities were observed. 

The nonuniformity of the isotherm lines of the 

nanofluid states was clear explaining the convection 

dominant heat transfer while those of water state 

meaning no convection accelerated yet although of 

the value of (Ra). As like as streamlines, the isotherm 

lines were identical around (P1) were the behavior in 

front of it exactly similar to that behind it as 

presented in Fig. 10. Dislike the isotherm lines 

behavior; a great effect of the solid volume fraction 

on (Nu) was appointed. It was noticed that the (Nu) 

increases significantly when comparing nanofluid to 

the pure water as shown in Fig. 11. And for nanofluid 

(Nu) increased by the solid volume fraction increase. 

This increase in (Nu) was higher at (Ra=103 and 106) 

while it was lower at other (Ra). As well as; by 

increasing (Ra) (Nu) increase for both classical and 

nanofluid by increasing (Ra). 
 

 
Fig. 8. The maximum velocity versus Ra for Case1 
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(a) Water. (b) φ=0.02. (c) φ=0.05. 

Fig. 9. The temperature iso-surfaces for Case1 at Ra (103, 104, 105, 106) (up to down) 

 

 
(a) Water. (b) φ=0.02. (c) φ=0.05. 

Fig. 10. The isotherm lines for Case1 at Ra=105 
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Fig. 11. The Nu versus Ra for Case1 

 

5.2. Cavities with inner cylinders 

5.2.1. The flow structure 

The flow structure in three-dimensional (the 

streamlines) inside the cavity at (φ=0.05) and 

(Ra=106) as like as two-dimensional on the selected 

data planes (P1, P2, P3) for all cases were presented 

in Fig. 12 below. As it shown that there was two 

main clockwise circulation for the Case1 and Case3. 

Which was located above and below the inner 

cylinders. While it was three circulations for Case2 

above, below and between the inner cylinders 

because that it was aligned to each other. It’s 

important to mention that; the inner cylinders change 

the streamlines profile. The core of the single vortex 

on (P1) was pushed down when there is an inner 

cylinder crossing it which tending to make more than 

one vertex. Also, it was observed that the Case1 and 

Case2 were identical respect to (P2) and (P3). While 

Case3 was of different flow structure on these 

planes. On (P2) and (P3) the circulation of Case1 has 

one nearly circular core located at the half of cavity 

which was closer to the hot sidewall. For Case2 the 

circulation taking an elongated elliptical shape with 

two cores, the larger closer to the hot sidewall and 

the smaller closer to the cold sidewall. The circulated 

flow of the particles inside the cavity clockwise 

horizontally along the (X-axis) then vertically along 

(Z-axis) from the hot to the cold sidewall. The 

maximum magnitude of the horizontal and vertical 

velocities (u) and (w) with respect to (Ra) at 

(φ=0.05) were presented in Fig. 13. For (Ra < 

4.6×104) the horizontal velocity (u) was higher than 

the vertical (w) for all cases. The inverse behaviour 

occurs at (Ra > 4.6×104) where (u) becomes lower 

than (w) for all cases also. For all (Ra) range, the 

maximum value of (u) was arranged from higher to 

lower as (Case3, Case2, Case1) respectively. While 

it was (Case1, Case3, Case2) in turn for (w). 

 

 

 

 
(a) Case2. (b) Case3. (c) Case4. 

Fig. 12. The streamlines at Ra=106 and φ=0.05 
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Fig. 13. The maximum velocities for all cases versus Ra 

at φ=0.05 

 

5.2.2. The heat transfer 

The iso-surfaces of the cases with inner cylinders 

were presented in Fig. 14 at (Ra=106) and (φ=0.05). 

The inner cylinders increase the nonlinearity of these 

lines, meaning that accelerating the convection 

appearance. This nonlinearity increased in the cases 

with two cylinders causing more enhancement in the 

heat transferred through the cavity. The Figs. 15 and 

16 represent the isotherm lines on the (P1), (P2) and 

(P3) as like as streamlines, the Case4 was non-

identical in isotherm lines on (P2) and (P3) duo to 

the non-identical location of the inner cylinders’ 

location. The Fig. 17 represents the (Nu) versus the 

(Ra) for the cases with inner cylinders. The double 

inner cylinders cavities have higher values of the 

(Nu) than that of single inner cylinder. And the non-

aligned cylinders case has higher than that of the case 

of aligned cylinders. This difference or increase in 

(Nu) value of Case4 over Case3 reaching its peak 

value at (Ra=105) while this increase disappeared at 

(Ra=103) and (Ra=106). 

 

6. CONCLUSIONS 

 

The unsteady natural convection heat transfer 

inside triangular cross-sectional cavity was studied 

in four cases, one without inner cylinder named 

Case1 and three cases with inner cylinders. One of 

these three cases which named Case2 having single 

inner cylinder, the Case3 having double aligned 

inner cylinders. While Case4 having double non-

aligned inner cylinders. Some concluding 

observations from the investigation are given below. 

− For the nanofluid states the streamlines shape 

insignificant to the solid volume fraction 

variation while it was affected by changing (Ra) 

as like as for the water working fluid state. 

Whereas the maximum (u) and (w) increases 

with the solid volume fraction increase. 

 
(a) Case2. (b) Case3. (c) Case4. 

Fig. 14. The temperature iso-surfaces at Ra=106 nd φ=0.05 

 

 
(a) Case2. (b) Case3. (c) Case4. 

Fig. 15. The temperature isotherm lines at Ra=106 and φ=0.05 

 

 
 

 
 



DIAGNOSTYKA, Vol. 23, No. 2 (2022)  

Ghoben ZK, Hussein AK.: The natural convection inside a 3D triangular cross section cavity filled with … 

 

10 

 

 

 

 
(a) Case2. (b) Case3. (c) Case4. 

Fig. 16. The isotherm lines at Ra=106 and φ=0.05. 

 

 
Fig. 17. The Nu versus Ra at φ=0.05 

 

− Also, the solid volume fraction has no effect on 

the isotherm lines configuration inside cavities. 

But, the (Nu) increases when comparing 

nanofluid to the pure water and (Nu) increased by 

the solid volume fraction increase. 

− The (Nu) increase for both classical and 

nanofluid by increasing (Ra). And this increase 

was higher at (Ra=103 and 106) while it was 

lower at other (Ra) values. 

− The including of inner cylinders changing the 

streamlines profile. Where the nonlinearity 

increased in the cases with two cylinders causing 

more enhancement in the heat transferred 

through the cavity. 

− For all (Ra) range, the maximum (u) was 

arranged from higher to lower as (Case3, Case2, 

Case1). While for (w) it was (Case1, Case3, 

Case2). 

− The non-aligned cylinders case (Case4) has 

higher than that of the case of aligned cylinders 

(Case3). 

− The increase in (Nu) value of (Case4) over 

(Case3) reaching its peak value at (Ra=105) while 

this increase disappeared at (Ra=103) and 

(Ra=106). 
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