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This study aims to investigate the contaminants removal process from a cavity by 
resorting to natural flow to clean the deposits in different cavity sizes and includes 
different heating locations with different flow configurations. For numerical study, 
Constrained Interpolated Profile (CIP) method was used for the advection phase of 
momentum and energy equation, and central difference was used to solve the non-
advection phase of momentum and energy equations. The numerical studies include 
different aspect ratios (AR), 1 to 4 and various Reynolds numbers (Re), 50 to 1000. It 
was found that a lower flowrate and larger cavity aspect ratio let the main flow to enter 
the cavity to the bottom without creating shear layer at end of cavity. 
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1. Introduction 
 

Cavity flow can be found in flow past a panel, flow in organ pipes, flow past a sunroof of vehicle, 
flow past a window, flow around a weapon bay, landing gear of an aircraft and etcetera. There is a 
lot more applications on cavity flow such as flow over street canyon which involving environmental 
study related to air pollutant control. 

Details on properties and effects of cavity onto main flow have been reported by many 
researchers such as effect of oscillation from cavity flow onto main flow [1-3], flow acoustic effect 
resulting from circulation past cavity as shown in Figure 1 and many more. These studies focusing on 
effect of cavity onto flow itself [4,5]. Parameter use for cavity flow such as depth of cavity, D and 
length of cavity, L will result different flow structure inside cavity. Different inlet velocity will produce 
different free stream velocity, U0 and different boundary layer thickness, 𝛿. On the other hand, there 
is also research on contaminated cavity flow [6,7] where the contaminated cavity is studied on their 
particle removal process. 
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Fig.1. Geometry resulting acoustic effect on cavity flow [4] 

 
A contaminated cavity can be seen inside hydraulic components such as metal exposed to water 

and resulting rust particle accumulate inside cavity [8]. Another example of a contaminated cavity is 
contaminated pipeline resulting from improper fitting of pipe joint. Therefore, cleaning process of 
the contaminated cavity becomes an important process to maintain hydraulic and pipeline to 
working properly. Furthermore, cleaning contaminated cavity can be a tedious process because need 
to dissemble them and clean them part by part. 

Focusing on the poor fitting of pipeline, hydrodynamic cleaning is one of simple methods to clean 
the contaminated cavity without dissembling it part by part. There are many studies on 
hydrodynamics cleaning of components, parts and pipelines that known as one research area as a 
method in cleaning process in pipes. One of them is by using a restrained ball and let lateral vibration 
of the ball clean the wall of pipe as done by Grinis and Korin [9]. They were focusing on harvesting 
the levitation effect of a ball inside a pipe to clean sediment and rust inside a pipeline as shown in 
Figure 2. The components of the experiment as follow: item 1 is tank, item 2 is pump, item 3 is valve 
to control flow rate, item 4 and 8 are manometer, item 5 is flow meter, item 6 is ball used for cleaning 
purpose, item 7 is pipe and item 10 is flexible wire to restrain the ball. The ball will rotate due to 
effect of wall of pipe and provide lateral vibration of the pipe to clean the pipe. 
 

 
Fig. 2. Experiment equipment sketch by Grinis 
and Korin [7] 

 
On the other hand, the effect of mixed convection flow in enhancing contaminant removal 

process is also one of the research areas in hydrodynamic cleaning in pipe. Zain [10] has studied the 
effect of heated bottom wall to the particle removal process from cavity. Similar study as shown in 
Figure 3 reported by Fang [11], where the bottom wall of cavity supplied with constant heat flux to 
enhance the removal process inside the cavity. The constant heat flux will change the flow structure 
inside cavity due to thermal buoyant effect to the fluid flow. 
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Fig. 3. Work by Fang [11] (a) Sketch of a 
contaminated cavity with constant heat flux 
at the bottom wall of cavity, (b) Remaining 
contaminant of cavity for aspect ratio 4 at 
steady state 

 
Another examples of application-related on problem arise from flow over cavity with thermal 

effect is cooling computer chip and computer hardware. In order computers to function properly, 
cooling process of its hardware is crucial as advanced computer chip provides faster processing time 
but also will produce heat faster [12]. As the computer component such as processor can be costly 
to replace if it is burned due to overheating, cooling system for computer components is also has 
become an interest in the computer industry. In cooling system of computer, there are many 
methods such as blow cooler air to the heated component and sometimes air conditioner is used to 
provide faster cooling to the computer. Due to the importance of application related to flow over 
cavity, it is become one of interest field to further study to expanding knowledge. 

Aforementioned above regarding problem arise on cavity flow, it is important to explore and 
study them for better understanding. In order to study on flow over the cavity, there is three methods 
can be used to get the results. There are 3 types of method to solve fluid dynamics which are doing 
analytical calculation for solution, experimental analysis and numerical method analysis [13]. For 
analytical calculation can be solved by some mathematical calculation by applying correct boundary 
and initial condition. Results obtained were due to simplification of Navier-Stokes equation and 
match to the real situation but it is can only apply to very simple cases such as inviscid flow. 
Experimental analysis is very reliable because it is done according to the real-life situation with 
minimal simplification and assumptions. The major concern of conducting experiment is that the test 
rig can be so expensive that researcher always tries to do non-destructive test to their test rig. For 
numerical method, it is a cheaper method to use as it can produce significant results together with 
the ability to control the boundary condition and parameter of study easily 

Recently, Abdelmassih et al., [14] have studied the flow over cavity with heated bottom wall 
inside the cavity by using a numerical method which is a three-dimensional direct numerical 
simulation and experimentally for channel flow over cavity. They have reported that there is periodic 
flow at Re=100 and Ri=10 in their mixed convection flow which related to heat removal process from 
the bottom of the cavity. Nevertheless, they captured the fluid velocity by using Particle Image 
Velocimetry (PIV) where small particles are seeded in the water and motion of the particles were 
captured and flow velocity was obtained.  

There are also such similar cases study on flow over the cavity but the cavity is contaminated and 
hydrodynamic flow is used for contaminant removal from the cavity such as done by Fang [11]. In 
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this case, the heated wall inside cavity is located at the bottom wall of the cavity. His study was 
focused on the effect of aspect ratio of cavity and effect of Grashof number to the contaminant 
removal effectiveness. He found that higher Grashof number will significantly improve the 
contaminant removal from cavity. His study includes different aspect ratio from 0.25 to 4 and Grashof 
number 1 to 4000. His conclude that different flow pattern can be found by imposing heat flux from 
bottom of cavity. It is also shows that different aspect ratio provides different contaminant removal 
percentage but only limited for heated bottom wall of cavity. 

In different study [15], the removal of contaminant and flow behaviour due to 
magnetohydrodynamic effect was studied. They were using numerical method to study the heat 
transfer performance and the removal process of fluid particles. In general, stronger buoyant flow is 
reported to improve the removal process from the cavity at higher Grashof number and higher 
Reynolds number. However, their report provided very limited cases which are only 3 cases for 
different Reynolds number and 3 cases for different Grashof number. As mixed convection flow is 
known by applying constant heat flux from the bottom wall of the cavity can change the flow 
structure, there are also right vertical wall and left vertical wall of the cavity that also can contribute 
to changing the flow structure. There is literature available such as the one done by Stiriba et al., [16] 
where the right vertical wall of the cavity is remaining at constant temperature that higher than 
ambient temperature. Another study by Aminossadati et al., [17], the heated wall is at same location 
but only part of the wall is heated which reported only half of the wall is heated in the middle of the 
wall. Their study provides data on the effect of different heated wall inside the cavity to the flow 
behaviour without contaminant inside the cavity. 

Manca et al., [18] has study numerically for temperature distribution and stream function using 
air for 3 different heated wall position for aspect ratio 2. Experimental study was done later by Manca 
et al., [19] for heated left wall of cavity. Nevertheless, they also provide experimental study for 
heated right wall of cavity [20]. Even though their study focused on temperature distribution, their 
studies also shown that different heated wall will produce different vortex structure inside cavity but 
their studies are limited for temperature distribution and flow structure without contaminant 
removal process. It also didn’t include data for heated bottom wall of cavity. 

It appears from the aforementioned study that investigation has been conducted regarding mixed 
convection cavity flow but some of their studies are more on heat removal process efficiency and 
flow structure inside cavity. It is appeared that removal of contaminant from cavity with mixed 
convection flow study can be broaden in term of different flow condition such as different Reynolds 
number and Grashoff number. It is also can be notify various study that used different aspect ratio 
of cavity and different heat source location can change the flow structure and flow behavior. 
Therefore, research on contaminant removal inside cavity by utilizing mixed convection flow sources 
from cavity wall is still a gap of knowledge in engineering and it is necessary to go for deep research 
on effect of Grashof number and location of heated wall to the effect of contaminant removal from 
the cavity. Hence, this study aims to numerically develop the flow structure in the cavity using CIP 
method by using streamlines plot.  

 
 
 
 

2. Methodology  
2.1 Governing Equations for Numerical Analysis 
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To simulate the flow in a channel in two-dimensional analysis, continuity equation and Navier-
Stokes equation was used. There are three variables in the equation which are pressure, velocity in 
horizontal and vertical direction in Navier-Stokes equation. There are two popular methods used to 
solve the equation which is 56 primitive variable method and stream function - vorticity approach 
[21]. To reduce the pressure term in Navier- Stokes equation, stream function - vorticity approach is 
used in this research so that the variables reduce into two which is vorticity and stream function. 
With fewer variables in governing equation can reduce computational time to solve the equations. 
Stream function, y and vorticity, ω defined as follows 
 

                                                  (1) 
 

                          (2) 
 

                          (3) 
 

For flow in channel of two-dimensional analysis, two equations will be used to solve fluid velocity 
which is continuity equation and Navier Stokes equation. By assuming the fluid flow is incompressible 
and in two dimensional, the continuity equation is expressed in Eq. (4) and Navier Stokes equation 
can be expressed in Eq. (5) for momentum in x-direction and Eq. (6) for momentum in Y direction. 

 

              (4) 
 

          (5) 
 

         (6) 
 

where; 
𝑢 = Velocity in the horizontal component  
𝑣 = Velocity in the vertical component  
𝑝 = pressure  
𝜌 = Fluid density  
𝜐 = Kinematic viscosity 

 
By differentiating Eq. (5) with respect to y and Eq. (6) with respect to x then subtracting these two 

equations will produce new equation. By using first derivative and second derivative of vorticity 
equation and substitute the derivatives into the new equation will produce Eq. (7) and (8) with 
vorticity and stream function variables include into the equation 
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         (7) 
 

            (8) 
 
Dimensionless variables will be used to substitute physical variables so that input will regardless 

of its unit whether SI unit or metric unit. It is also used to reduce the number of physical variables 
and will reduce the complexity of equation [22]. To transform equation with physical quantity into 
dimensionless equation, these equations will be used to be substituted into Eq. (7) and (8). 

 

              (9) 
 

                        (10) 
 

                        (11) 
 

                        (12) 
 

                                    (13) 
 

                        (14) 
 

                        (15) 
 

                       (16) 
By substituting, these dimensionless parameters into Eq. (7) and (8) will produce Eq. (17) and 

(18). It needs to emphasize that Eq. (17) consist of advection term which is a type of hyperbolic 



Journal of Advanced Research Design 
Volume 86, Issue 1 (2021) 1-11 

7 
 

equation and non-advection term. Advection term will be solved using Constrained Interpolated 
profile method (CIP) while non-advection term will be solved using central difference method. 

 

                   (17) 
 

                      (18) 
 

 
 
2.2 Discretization Process 
 

The Eq. (17) will be separated into two phases which are non-advection phase at left side of the 
equation and right side of the equation is advection phase. It is necessary to determine the non-
advection phase first and solve it using the central finite difference while the advection phase is 
solved using Constrained Interpolated Profile method (CIP). 
 
The non-advection phase 
 

                    (19) 
 
and the advection phase 
 

                     (20) 
 
2.2.1 The non-advection phase 
 

The phase of non-advection should always be dealt with first before CIP is implemented. The non-
advection phase equations are discretized using Central Finite Difference and to reduce numerical 
diffusion, spatial derivative of X and Y should be included as the time evolution propagate [23]. 
 

                      (21) 
 

                     (22) 
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                     (23) 
 
where 
 

                      (24) 
 

                      (25) 
 

After discretization and rearrange the equation, the results from Eq. (21) are as follow 
 

                      (26) 
 

                 (27) 
 

                 (28) 
 

For spatial derivative in X-direction, we discretize it and rearrange it as follow 
 

                     (29) 
 

              (30) 
 

              (31) 
For spatial derivative in Y-direction, we discretize it and rearrange it as follow 
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                    (32) 
 

              (33) 
 

              (34) 
 

The spatial derivative for X dimensionless direction and Y dimensionless direction for phase one 
will discretize and rearrange it as follow 
 

                     (35) 
 

              (36) 
 

                                (37) 
 

                                   (38) 
 

By combining these equations for X-direction and Y-direction will produce 
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      (39) 
 

      (40) 
 

Noted that W!,#	
∗  is the value obtained from non-advection phase. From here, these values will be 

used to restore the value for the following time step. However, to accommodate few values that can 
be observed in the last two equations, the unique procedure closes the wall should be performed 
[20]. These values are	W!&',#	

( ,W!)',#	
( ,W!,#&'	

( and W!,#)'	.		
( For example, at the point i=2, W!)',#	

( =	W+,#	
(  

and there was no such point in MATLAB, therefore procedure is based on the average value of the 
neighbouring nodes 
 

                                                                                                                                      (41) 
 

                                   (42) 
 

                     (43) 
 

                    (44) 
 

                       (45) 
 

                      (46) 
 

                      (47) 
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                                (48) 
 

In MATLAB, this following statement can be used to overcome the near-wall treatment. 
 

 
 

 
 

 
 

 
 

Then, the equation can be rewritten as 
 

            (49) 
 

           (50) 
 
2.2.2 The advection phase 
 

CIP will be executed in this chapter for solving advection equation mention earlier. The cubic 
polynomial in the two-dimensional hyperbolic equation is using rectangular grid as discussed by Ref. 
[18] 
 

                                                                 (51) 
 
where 𝑋% = X-𝑋,,-  and 𝑌%  = Y-𝑌,,-. The following parameters are incorporated in CIP method in 
determining the value of W(X,Y) 
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                                                                                                     (52) 
 

                                                                                                      (53) 
 

                                                                                                                     (54) 
 

                                                                                                        (55) 
 

                    (56) 
 

                     (57) 
 

                     (58) 
 

                                (59) 
 

The solution for W , ¶.W and ¶/ W after period of DT can be estimated and after the one-time 
step of DT whereW0,#	

(&1 = ℧0,#(X0,# −	𝑈Δ𝑇,	Y0,# − VΔT), ∂2θ!,#	(&1 =	∂2℧!,# and ∂3Ω!,#	(&1 =	∂3℧!,#	can be 
rearrange explicitly as 	
 

                  (60) 
 

                    (61) 
 

                                (62) 
 
where h = -DV T, x = -D U T. The Eq. above is obtained for U < 0 and V < 0 as defined in Figure 4 which 
is the upper left mesh. Thus, depending on the sign of U and V, i+1®i-1, DY= -DX and for U ³ 0 and, 
j+1® J-1, DY= -DY for V ³ 0. The following technique should be followed to optimize the codes. 
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Fig. 4. Meshing of CIP in two dimensional 

 

 
 

 

 

 

 

 

 
 

The treatment of grid cell will be substituted into the equation earlier to coefficient so that the 
coefficient is written as follow 
 

                    (63) 
 

                                                                         (64) 
 

                                                                                        (65) 
 

                                                               (66) 
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                                                                                         (67) 
 

                                                               (68) 
 

                                                                              (69) 
 

                                                        (70) 
 

                                                     (71) 
 

                                           (72) 
 

                                   (73) 
 
2.3 Drag Force Equation for Contaminants Trajectory 
 

Contaminant will be added inside the cavity as small particles where the trajectory of these 
particles will be determined by using equation of motion. Drag force will be determined in this 
research as other components such as buoyancy and lift force are negligible in this study. The fluid 
and particles will be treated as Eulerian-Langrangian approach where the particle is treated as a point 
force and the fluid will influence the particle motion. Similar fluid and particles density is applied in 
the simulation codes (density = 1000kg/m3). Drag force is defined as following and the discretization 
is as Eq. (75) 
 

                                                                                                             (74) 
 

                                                                                                                                    (75) 
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where,  
𝑚𝑝 = Mass of particle  
𝑣𝑝 𝑛+1 = velocity of the particle at time n+1  
𝑣𝑝 𝑛 = velocity of the particle at time n  
∆𝑡 = time step  
𝑓𝑑 = drag force 
 

The location of particles after time projection will be defined by using equation of motion as 
follow 
 

                                                                                                                            (76) 

                                                                                                                    (77) 
 

The drag force of the particle can be defined as Eq. (78) 
 

                     (78) 
 

                        (79) 
 

                       (80) 
 
where; 
𝑓𝑑 = Drag force  
𝐶𝑑 = Drag coefficient  
𝐴𝑝 = Area of particle  
𝐷𝑝 = Diameter of particle  
|𝑉| = Relative velocity between fluid and particle 
 
2.4 Mixed Convection with The Differently Heated Wall of Cavity 
 

For mixed convection flow, a wall of cavity will be heated with constant temperature and the 
other walls are adiabatic. The governing equation for momentum has slightly different from 
isothermal cases. There is additional term will be included as temperature gradient will be included 
in the momentum equation. Another equation also will be used for solving mixed convection flow 
which is energy equation. This equation turns into dimensionless variables and the process is same 
as isothermal derivation as mention earlier. The dimensionless variables of momentum equation and 
energy equation are mentioned below. 
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Dimensionless momentum equation 
 

                                                                                       (81) 
 

Dimensionless energy equation 
 

                                                                                                  (82) 
 
where 
 

                        (78) 
 

The advection phase for the momentum equation remains the same as in isothermal case but the 
non-advection phase for the momentum equation will have some adjustment to satisfy the additional 
term in the equation. For energy equation, the advection term will solve based on Eq. (79)-(81) 
 

                                                                                                                                (79) 
 

                                                                                                                             (80) 
 

                                                                                                                       (81) 
 

For non-advection phase, the momentum equation is solved based on Eq. (82)-(84) and energy 
equation will be solved by using Eq. (85)-(87). These equations are still needed to have near-wall 
treatment as mentioned earlier in isothermal section. 
 

                                                                                                          (82) 
 

                                                               (83) 
 

                                                                (84) 
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                                                                                                                             (85) 
 

                                                                                 (86) 
 

                                                                                 (87) 
 

After discretization, the results from Eq. (62)-(84) yields 
From Eq. (62) 

 

                                                      (88) 
 

Rearrangement the equation to 
 

                                                                                                (89) 
 

From Eq. (63) 
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After arrangement 
 

                                                            (90) 
 

From Eq. (64) 
 

                                               (91) 
 

After arrangement 
 

                                                              (92) 
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For the advection stage, the constrained polynomial is used to approximate the spatial quantities 
of the grid interval using its neighbouring grid point’s spatial derivative value. This process is similar 
for advection phase of isothermal section. For the energy equation, the advection phase describes as 
follow 
 

                                              (93) 
 
where 𝑋@ = X-𝑋𝑖,𝑗 and 𝑌%  = Y-𝑌𝑖,𝑗. The coefficients were determined so that the interpolation function 
and its first derivatives were continuous at both ends. With this restriction, the numerical diffusion 
can be greatly reduced when the interpolated profile was constructed. To determine the value of θ 
(𝑋, 𝑌) the parameters as following are integrated into CIP method 
 

                                                                                       (94) 
 

                                                                                        (95) 
 

                                                                                           (96) 
 

                                                                                        (97) 
 

                                                                                  (98) 
 

                                                                                        (99) 
 

                                                                                           (100) 
 

                                                                                         (101) 
 

After period of time, Δ𝑇, the solution for θ, ∂2θ and ∂3θ also can be predicted and after the one-
time step of Δ𝑇 where W!,#	

(&1 = ϑ!,#(X!,# −	𝑈Δ𝑇,	Y!,# − UΔT), ∂2θ!,#	(&1 =	∂2ϑ!,# and ∂3θ!,#	(&1 =	∂3ϑ!,# 
can be written explicitly as 
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                                          (102) 
 

                                                (103) 
 

                                        (104) 
 

where 𝜉 = −𝑈Δ𝑇, 𝜂 = −𝑉Δ𝑇. The Eq. (48) to Eq. (50) is derived for 𝑈 < 0 and 𝑉 < 0 as described in 
Figure 5, which is the upper right cell. Thus, depending on the value of 𝑈 and 𝑉, 𝑖 + 1 → 𝑖 − 1, Δ𝑋 = 
−Δ𝑋 and for 𝑈 ≥ 0 and, 𝑗 + 1 → 𝑗 − 1, Δ𝑌 = −Δ𝑌 for 𝑉 ≥ 0. The following procedures have to be followed 
to simplified the algorithm developed 

 

 
Fig. 5. Meshing in two dimensional CIP 

 

 
 

Eq. (102)-(104) will be solved using those coefficients 
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                                                                        (105) 
 

                                                              (106) 
 

                                                                                  (107) 
 

                                                              (108) 
 

                                                                                        (109) 
 

                                                           (110) 
 

                                                                                (111) 
 

                                                                 (112) 
 

2.5 Boundary Condition 
 

The flow in channel is having fully developed flow and the wall of channel is assumed to have 
adiabatic properties. The cavity has three different walls and they are categorized as shown in Figure 
6 where left wall is the vertical left wall of cavity, bottom wall is horizontal wall of the cavity and right 
wall is the vertical wall of the cavity. For mixed convection one of the walls is remain at constant heat 
flux where in the code’s programmes, ∆T is unity for constant heat flux and ∆T is zero for other walls. 
The summary of the different heated wall is shown in Table 1. For mixed convection flow, Re will 
remain constant for all simulation which is at 100. Study on the effect of aspect ratio will also be 
included in this study. 
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Fig. 6. Sketch of numerical geometry 

 
Table 1 
Boundary condition for different heated wall analysis 
Constant heat flux location Temperature boundary condition 

Left wall Bottom wall Right wall 
Left wall Constant heat flux Adiabatic Adiabatic 
Bottom wall Adiabatic Constant heat flux  Adiabatic 
Right wall Adiabatic Adiabatic Constant heat flux 

 
The Richardson number, Ri is a dimensionless parameter which will be used in this numerical 

analysis. In general, forced convection is more dominant in the flow system if Ri less than unity. Mixed 
convection happens when Ri equal to unity and natural convection flow happen when Ri greater than 
unity. It may be noted that usually the forced convection is large relative to natural convection except 
in the case of extremely low forced flow velocities [24]. The equation for Ri is as below. In this study, 
Gr = 1000, 10 000 and 100 000 will be used as case study for constant Re=100. These values are used 
to study the effect of forced convection flow, mixed convection flow and natural convection flow to 
the contaminant removal process. The details of Ri used is as shown in table 2. 

 

                                                                                                                                                       (113) 
 

Table 2  
Types of the flow used in numerical simulation 
Reynolds number, Re Grashof number, Gr Richardson number, Ri Type of flow 
100 1000 0.1 Forced convection 
100 10000 1.0 Mixed convection 
100 100000 10 Natural convection 

 
It is important to set a clear selection of convergence criteria. There are many ways to choose on 

how to stop an iteration loop. Some of research only required the simulation to run until the fluid 
flow steady and so they stop the simulation when the velocity of fluid at all nodes has no change. In 
this research, two variables were chosen as parameter to stop the simulation which is stream 
function and vorticity. Previous calculation of stream function and vorticity will be deducted to 
current calculation so that if this value is less than 10-9, the simulation will stop. It is simpler to express 
them as 
 

                                                                                                         (114) 
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For stability analysis, Courant number should be less than one [25]. This is need to determine the 
spatial derivative for coding purposes and time marching for the simulation codes. Courant number, 
C should be less than 1 and as shown in Eq. (115).  
 

                                                                                                                                                (115) 
 
3. Results  
3.1 Numerical Results in Isothermal Condition 
 

Flow over cavity was simulated using Constrained Interpolated Profile method (CIP) to solve 
advection part of Navier- Stokes equations and central difference to solve non-advection part of the 
equations. Reynolds number of 100 to 1000 is used to simulate flow structure inside the cavity for 
aspect ratio three and aspect ratio four to validate with experiment result obtained earlier. 

Afterwards, the results and discussion on numerical simulation on flow over cavity at aspect ratio 
1, 2, 3, and 4 for Reynolds number 50, 100, 200, 400 and 1000 will be discussed about their flow 
behaviour and flow characteristic.  
 
3.1.1 Numerical results of flow structure in the cavity 
 

Figure 7 and 8 shows flow structure for aspect ratio 1-4 at steady state at various Reynolds 
number. For AR=1, it is shows that only single vortex formed inside cavity for all Re but the centre of 
vortex is moving towards right side of cavity as Re increase. This is due to stronger shear produced 
at the shear layer on top of cavity as Re increase and thus creating clockwise vortex with centre of 
vortex moving to the right of cavity. Similar to AR = 2 but at Re = 1000, secondary vortex with counter 
clockwise direction is created. This is similar to AR = 3 and AR = 4 where secondary vortex is created 
due to higher Reynolds number. For AR = 4, Re = 1000, two secondary vortex is created instead of 
one because of larger aspect ratio of cavity provide more space for main vortex to rotate inside cavity. 
It is also need to emphasize that all of cavity flow is an open type except AR = 4, Re = 50. Slower flow 
and larger cavity aspect ratio will let the main flow to enter the cavity to the bottom without creating 
shear layer at end of cavity.  
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Fig. 7. Flow structure by numerical simulation 
for various Re for (a) aspect ratio 1 and (b) 
aspect ratio 2 

 

 
Fig. 8. Flow structure by numerical simulation 
for various Re for (a) aspect ratio 3 and (b) 
aspect ratio 4 

 
4. Conclusions 
 

Contaminant removal from square cavity has been studied by using numerical study to simulate 
transient removal of contaminant for isothermal and mixed convection flow. Constrained 
Interpolated Profile (CIP) method is used for solving advection term of momentum equation and 
central difference is used to solve non-advection term of momentum equation to simulate flow 
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behaviour inside cavity. The numerical studies include different aspect ratios (AR), 1 to 4, various 
Reynolds numbers (Re), 50 to 1000. It was found that slower flow and larger cavity aspect ratio will 
let the main flow to enter the cavity to the bottom without creating shear layer at end of cavity. 
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