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Investigation of fluid-solid interaction has been studied as an introduction to simulate a wide range of 
engineering problems such as fluidized beds, sediment transportation and catalyst inks in fuel cells. An 
efficient method for performing such simulations is a combination of Lattice Boltzmann method (LBM) 
and Smoothed Profile method (SPM). In addition, the operations in the SPM are local; it can be easily 
programmed for parallel processing. In this approach, the flow is computed on fixed Eulerian grids 
which are also used for the particles. Owing to the use of the same grids for simulation of fluid flow and 
particles, this method is highly efficient for the purpose of parallel processing by means of GPU.  In this 
study, a combination of Lattice Boltzmann method (LBM) and Smoothed Profile method has been 
implemented in parallel processing on GPU. For validationpurpose, the fluid flow within a channel was 
investigated. Results suggest that computational time can be reduced up to 80 times by means of 
GPU.Then, drag force exerted on a sphere in fluid flow and the sedimentation of one sphere in a 
quiescent fluid were studied. Results show that performance of GPU can be increased up to 6.5 million 
fluid nods per second by using this method.  
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Fig. 1 LBM discrete velocity vector,  model 
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Fig. 2 Representation of a particle in smoothed profile (solid line) 
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Fig. 3 Schematic view of threads arrangement in GPU 
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Fig. 4  Schematic view of  (a) lattice grid and (b) thread block which 
is linked to a lattice grid 
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Algorithm 1 Implementation of LBM and SPM on GPU algorithm 
 

 

  
  

  
 , ( , ), 

  

(10,8)  

(11)  
  

(6)  

  

(13,12)  
  (14)  

 

2 Free 
3Application Programming Interface 
4Quantifier 

1

) 1213  ( .

 .10 
 .

 .

 .

 -
    

 . .

 .

 .
 

  

 -5  
 -1-5  

 .
 .

96  .

 .   
5    .

 
  64 × 64 × 64  

80000 1 
80  

 .
2   

  

-2 -5  

 . 
 

       

 
 



www.SID.ir

Arc
hive

 of
 S

ID

    

    

1395169  455  

1 64 × 64 × 64   
  

Table 1 Comparision of simulation time for 64 × 64 × 64  grids 
between GPU and CPU 

   

1  238  
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Fig.5 Velocity profile at the middle plane (Lattice Unit)  

5    
  

2      
Table 2 Configuration of different GPU and CPU 
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Titan 3.5  14 16 
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i7-4790  GTX 980  5.2  16 32 
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Fig. 6 Three dimensional view of contour and stream line around  fixed 
sphere in  steady flow( Lattice Unit) 

6  
)   

 

-3 -5  

  .8 

x = 1 cm y = 1.6 cm  z = 1 cm  .
  = 0.15 cm = 1.12 g/cm3  -

3 
  .

(0.5 cm, 0.5 cm, 1.2 cm)     .

-
 .(131 × 131 × 209) 

  .19.5 = 0.9  
  

  
Fig. 7 Drag coefficient of fixed sphere in steady flow as a function of 
volume fraction  
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Fig. 8 Schematic view of a sphere in a square cylinder.  
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1- Performance 
2- Double precision 
3- Million fluid lattice node updates per second 

  

  
Fig. 9 Variation of vertical (a) velocity and (b) height of sphere with 
time for different Reynolds numbers 
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Fig. 10 Grid study for simulation of settling sphere in a quiescent fluid.  
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Pseudo-code for GPU program  
int main(  ) 
{ 
Define parameters for CPU 
double *fin0_h,*fin1_h, u_h, XC_h, …; 
int num;        /* Element number for matrix  */ 
Define parameters for GPU 
double *fin0_d,*fin1_d, u_d, XC_d, …; 
Allocate memory for CPU 
double *fin0_h=(float *)malloc((size od double*num)); 
double *fin1_h=(float *)malloc((size od double*num)); 
Allocate memory for GPU 
cudaMalloc((void **) &fin0_d,(size od double*num) ); 
cudaMalloc((void **) &fin1_d,(size od double*num) ); 
Initialize macroscopic properties and position of particles in 
CPU 
U_h=0; 
XC_h=10; 
Copy  macroscopic properties and position of particles form 
CPu to GPU 
cudaMemcpy(u_d,u_h, size od double*num, 
cudaMemcpyHostToDevice); 
cudaMemcpy(XC_d,XC_h, size od double*num, 
cudaMemcpyHostToDevice); 
Initialize fin0_d and fin1_d in GPU 
While (…) 
{ 
Call functions 
SPM kernel <<<Number of blocks, Number of theads>>> 
(fin0_d, fin1_d, …); 
LBM kernel <<<Number of blocks, Number of theads>>> 
(fin0_d, fin1_d, …); 
LBM boundry conditions <<<Number of blocks, Number of 
theads>>> (fin0_d, fin1_d, …); 
Macroscopic properties kernel <<<Number of blocks, 
Number of theads>>> (fin0_d, fin1_d, …); 
Copy macroscopic properties and body force form GPu to 
CPU 
cudaMemcpy(u_h,u_d, size od double*num, 
cudaMemcpyDeviceToHost); 
} 
Free fin0_h, fin1_h; 
cudaFree(d_a); 
cudaFree(d_b); 
return 0; 
} 
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