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To solve these equations the domain is divided to discrete 
volumes to use finite volume method. Transient solver for 
incompressible laminar named icoFoam is employed to solve 
above equations. icoFoam is a C++ based  solver which has  
been implemented in OpenFOAM code. The Pressure-Implicit 
Split Operator (PISO) algorithm handles the linkage between 
the velocities and pressure (Issa [9]). Preconditioned conjugate 
gradient solver for pressure and preconditioned bi-conjugate 
gradient solver for velocity are u sed. Upwind differencing 
method for convection, linear central differencing method for 
diffusion and Euler scheme for time is used.  

The generated mesh for simulating flow inside lid-driven 
cavity is selected as 200×200 grids in the fine mesh and with 
assurance about independency of results on grids. The 
selection of this grid is upon grid independency study for 
Re=1000. As shown in Fig. 2 the 128×128 grids cou ld be a 
wise choice for the standard classical lid-driven cavity. 
 

 
(a) 

 
(b) 

Fig. 2 Velocity profile along a) vertical and b) horizontal 
center line in different grid sizes 

 

 

 

Stream lines in the standard classical geometry are shown in 
Fig. 3. Primary vortex in the center and secondary ones in the 
corners can b e seen and will be used to c ompare with new 
studied geometries in the next section. For better later 
references upper left, lower left and lower right secondary 
vortices are called UL, LL and LR vortex, respectively. 

To validate results, velocity profiles along horizo ntal and 
vertical centerlines are compared with Ghia et al. [2] in Fig. 4 
and good agreement is noticed.  

 

 
(a) 

 

 
(b) 

Fig. 4 Velocity profile along a) vertical and b) horizontal  
center line in standard lid-driven cavity (Re=10000)  

 

Fig. 3 Vortex structure in standard cavity
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(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) 
Fig. 5 Stream lines in different geometries (a-i: Positions 1-9 of Fig. 1) 

 

IV. RESULTS AND DISCUSSIONS 
The indicated geometries have different flow behavior 

depend on the block position. Because of the selected high 
Reynolds number, results are no t fully steady state b ut the 
final form of vortex structure remains nearly constant. 
Vortices structures are shown in Fig. 5 . In the Fig. 5 -a the 
block is located in the LL vortex position and leads to 
enlargement of LR and UL vortex  size. The LL vortex 
ruptures and secondary vortices are produced in two sides of 
the block. By heightening the block in Fig. 5-b the  primary 
vortex size decreases. LL and LR vortices reach to each other 
and secondary vortices are produced in top and bottom faces 
of the block.  

The clockwise part of LR vortex is increased in size 
obviously in comparison with Fig. 5-a. Locating the block in 
the center of left wall increases the size of secondary vortices 
and decreases the size of primary vortex which are shown in 
Fig. 5-c. In the Fig. 5-d LR has minor changes rather than LL 
and UL. Locating the b lock in the center of bottom wall in 
Fig. 5-e pushes the primary vortex upward and the size of UL 
decreases. The interesting event occurs in Fi g. 5-f by 
heightening the blo ck to internal domain.  UL, LL and LR 
shape returns to standard form but new secondary vortices are 
created among the pri mary vortex. This behavior repeated in 
Fig. 5-g with better stability and more similarity to standard 
lid-driven cavity by inserting the block to the center of cavity.  
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Comparing Fig. 5-h wi th Fig. 5-a s maller UL vo rtex size 
and different shape of LL and LR vortices can be seen. This  
difference is seen in comparison between Fig. 5-i and Fig. 5-b. 
increase of LL vortex size is another results of locating the 
block in Fig. 5-i. 

 

V. CONCLUSION 
The effect of di sturbance block on flow field of lid-driven 

cavity is investigated. Presence of wall is the reaso n of 
secondary vortices production. Smaller changes in the 
secondary vortex occur by inserting the block in the center of 
primary vortex. Rupture of primary vortex and production of 
secondary vortices among it occurs by positioning the block in 
the primary vortex but with distance from center (Fig. 5-f). 
Minimum primary vortex si ze is in th e cavity with  block on 
the center o f vertical wall. Po sitioning the block on left and 
right wall w ith same height doesn’t lead to same vortex 
structure because the flow field is not symmetric. 
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