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Interactive Fluid Simulation
Makoto KOMATSUBARA
Abstract

Recently, interactive simulation is coming to be done in the various fields,
caused by the rapid improvement of the computer performance. This system
needs to perform a simulation in realtime corresponding to the interactive op-
eration by the operator and to show the result at once by means of vision and
others needs. Fluid simulation is regarded as important in many fields such
as engineering or medicine, nevertheless fluid simulation is rarely applied for
interactive simulation, because of its high computational cost and difficulty of
coping with interactive operation. To be applied for fluid simulation to interac-
tive simulation, it is necessary to use suitable numerical model and to accelerate
computing.

This paper shows that the lattice Boltzmann method and using the graphics
processing unit (GPU) make it possible to solve this problem.

To begin with, this paper shows a technique of implementation of fluid sim-
ulation by lattice Boltzmann method onto GPU by using a function of texture
mapping. The experimental results based on the current implementation show
that the GPU outperforms the CPU. Implementation of interactive fluid sim-
ulation by using GPU and a device for the sense of touch shows possibility
of effective interaction between a simulation and an operator. We also exam-
ine a technique of parallel computation connected with this research for the

realization of large-scale interactive simulation.
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//fpl
struct fpIN{
float4 texCoord :TEXO;
};
struct fpOUT{
float4 col :COLOR;
+;

fpOUT main(  fpIN IN,
uniform samplerRECT texl,
uniform samplerRECT tex3,
uniform samplerRECT tex4,
uniform float TAU,
uniform float RHO)

fpOUT OUT;

float4 u=f4texRECT(tex3,IN.texCoord.xy);
float kabe=f4texRECT (tex4,IN.texCoord.xy) .x;
float4 f=f4texRECT(texl,IN.texCoord.xy);
floatd4 fe,fee;

int4 e;

float u2;

if (kabe<0.5f){
u2=u.x*u.x+u.y*u.y;
e=int4(1,0,-1,0);
fee=exu.x+(e.yxwz)*u.y;
fe=(u.w-RHO+u.w*(3.0f*fee+4.5f*feexfee-1.5f*%u2))/9.0f;
OUT.col=f-(f-fe)/TAU;

+

else OUT.col.xyzw=f.zwxy;

return OUT;

O5 00000000000 fpl
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//fp2
struct fpIN{
float4 texCoord :TEXO;
};
struct fpOUT{
float4 col :COLOR;
};
fpOUT main(  fpIN IN,
uniform samplerRECT tex2,
uniform samplerRECT tex3,
uniform samplerRECT tex4,
uniform float FAI,
uniform float RHO){
fpOUT OUT;
float4 u=f4texRECT(tex3,IN.texCoord.xy) ;
float kabe=f4texRECT(tex4,IN.texCoord.xy) .x;
float4 f=f4texRECT(tex2,IN.texCoord.xy);
floatd4 fe,fee;
int4 e;
float u2;
if (kabe<0.5f){
u2=u.x*u.x+u.y*u.y;
e=int4(1,-1,-1,1);
fee=exu.x+(e.xxzz)*u.y;
fe=(u.w-RHO+u.w* (3.0f*fee+4.bf*xfeexfee-1.5f*u2))/36.0f;
OUT.col=f-(f-fe)/FAI;
}
else OUT.col.xyzw=f.zwxy;

return OUT;
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//fp3
struct fpIN{
float4 texCoord :TEXO;
s
struct fpOUT{
float4 col :COLOR;
s
fpOUT main(  fpIN IN,
uniform samplerRECT texl,
uniform samplerRECT tex4,

uniform float sizeY)

fpOUT OUT;

float kabe=f4texRECT (tex4,IN.texCoord.xy) .x;
float2 uv=IN.texCoord.xy;

floatd f£;

uv.x—-=1.0f;

f.x=f4texRECT (tex1,uv) .x;
uv.x+=2.0f;

f.z=f4texRECT (tex1,uv) .z;
uv=IN.texCoord.xy;

if (uv.y>sizeY-1.0f)uv.y=0.5f;
else uv.y+=1.0f;
f.w=f4texRECT (texl,uv) .w;
uv=IN.texCoord.xy;

if (uv.y<1.0f)uv.y=sizeY-0.5%;
else uv.y-=1.0f;
f.y=f4texRECT (texl,uv).y;
0UT.col=f;

return OUT;

OA2. 00000000000 p3



//fp4
struct fpIN{
float4 texCoord :TEXO;
s
struct fpOUT{
float4 col :COLOR;
¥
fpOUT main(  fpIN IN,
uniform samplerRECT tex2,
uniform samplerRECT tex4,

uniform float sizeY)

fpOUT OUT;

float kabe=f4texRECT(tex4,IN.texCoord.xy) .x;
float2 uv=IN.texCoord.xy;

float4d f;

uv.x—=1.0f;
if(uv.y<1.0f)uv.y=sizeY-0.5f;
else uv.y-=1.0f;
f.x=f4texRECT (tex2,uv) .x;
uv.x+=2.0f;

f.y=f4texRECT (tex2,uv) .y;
uv=IN.texCoord.xy;
uv.x+=1.0f;
if(uv.y>sizeY-1.0f)uv.y=0.5f;
else uv.y+=1.0f;
f.z=f4texRECT (tex2,uv) .z;
uv.x-=2.0f;

f.w=f4texRECT (tex2,uv) .w;
0UT.col=f;

return OUT;
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//£p5
struct fpIN{
float4 texCoord :TEXO;
s
struct fpOUT{
float4 col :COLOR;
s
fpOUT main(  fpIN IN,
uniform samplerRECT texl,
uniform samplerRECT tex2,
uniform samplerRECT tex3,
uniform samplerRECT tex4,
uniform float FAI,
uniform float RHO)

£pOUT OUT;
float4 f1to4,f5t08,f1t08;

float feO;

float kabe=f4texRECT(tex4,IN.texCoord.xy) .x;

OUT.col=f4texRECT (tex3,IN.texCoord.xy) ;

if (kabe<0.5f){
f1to4=f4texRECT (tex1,IN.texCoord.xy) ;
f5t08=f4texRECT (tex2,IN.texCoord.xy) ;
flto8=f1to4+f5t08;
fe0=(0UT.col.w-RHO+0UT.col.wx(-1.5f*

(OUT.col.x*0UT.col.x+0UT.col.y*0UT.col.y)))*4.0£/9.0f;

0UT.co0l.z=0UT.col.z-(0UT.col.z-fe0)/FAI;
OUT.col.w=flto8.x+flto8.y+f1to8.z+f1to8.w+0UT.col.z+RHO;
OUT.col.x=(flto4.x+f5t08.x+f5t08.w-f1tod.z-f5t08.y-£5t08.2) /0UT.col.w;
OUT.col.y=(f1to4.y+f5t08.x+f5t08.y-f1tod.w-£5t08.z-f5t08.w)/0UT.col.w;

return 0OUT;
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//£fp6
struct fpIN {

float4 texCoord :TEXO;
s
struct fpOUT{

float4 col :COLOR;
I
fpOUT main(  fpIN IN,

uniform samplerRECT tex3,

uniform samplerRECT tex4)

{
fpOUT OUT;
float2 u;
float h;
int n;
float kabe;
float f1;
u=f4texRECT (tex3,IN.texCoord.xy) .xy;
kabe=f4texRECT (tex4,IN.texCoord.xy) .x;
h=240.0£-12000.0f*sqrt (u.x*u.x+u.y*u.y) ;
if (h<0.0f)h=0.0f;
n=(int)floor(h/60);
£1=h/60.0f-n;
if (n==0){0UT.col.x=1.0f;0UT.col.y=£1;}
if (n==1){0UT.col.x=1.0f-f1;0UT.col.y=1.0f;}
if (n==2){0UT.col.y=1.0f;0UT.col.z=f1;}
if (n==3){0UT.col.y=1-f1;0UT.col.z=1.0f;}
if (n==4){0UT.col.x=f1;0UT.col.z=1.0f;}
if (n==5){0UT.col.x=1.0f;0UT.col.z=1-f1;}
if (kabe>0.5f)0UT.col=float4(1.0,1.0,1.0,1.0);
return 0OUT;

}
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