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Thousands of blades

Arranged in rows

Each blade row has a

bespoke blade profile

designed with CFD

Blade row
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Blades coloured by

pressure
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Divide the volume into cells

Blade

Flow 
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Conserve:

• Mass

• Momentum

• Energy
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(only 4 of 8 surrounding cells shown)
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Each step uses data from surrounding nodes – “stencil” operation
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kind = "stencil"

bpin = ["a"]

bpout = ["b”]

lookup = ((1,0, 0), (0, 0, 0), (1,0, 0), (0, 1,0),

         (0, 1, 0), (0, 0, 1), (0, 0, 1))

calc = {"lvalue": "b",

        "rvalue": """sf1*a[0][0][0] +
 sfd6*(a[1][0][0] + a[1][0][0] +

                       a[0][1][0] + a[0][1][0] +
                       a[0][0][1] + a[0][0][1])"""}
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void smooth(float sf, float *a, float *b)

{

for (k=0; k < nk; k++) {

    for (j=0; j < nj; j++) {

   for (i=0; i < ni; i++) {

// compute indices i000, im100, etc (not shown) //

     b[i000] = sf1*a[i000] +

               sfd6*(a[im100] + a[ip100] +
     a[i0m10] + a[i0p10]

                      + a[i00m1] + a[i00p1]);

      }

    }

  }

}
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__global__ void smooth_kernel(float sf, float *a_d, float *b_d)
{
__shared__ float a[16][5][3];  // shared memory array
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__global__ void smooth_kernel(float sf, float *a_d, float *b_d)
{
__shared__ float a[16][5][3];  // shared memory array
a[i][j][0] = a_d[i0m10];       // fetch first three planes
a[i][j][1] = a_d[i000];
a[i][j][2] = a_d[i0p10];
__syncthreads();               // make sure planes are loaded
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__global__ void smooth_kernel(float sf, float *a_d, float *b_d)
{
__shared__ float a[16][5][3];  // shared memory array
a[i][j][0] = a_d[i0m10];       // fetch first three planes
a[i][j][1] = a_d[i000];
a[i][j][2] = a_d[i0p10];
__syncthreads();               // make sure planes are loaded
// compute the stencil: //
b_d[i000]  = sf1*a[i][j][1] +
           + sfd6*(a[i-1][j][1] + a[i+1][j][1]
                 + a[i][j][0]   + a[i][j][2]
                 + a[i][j-1][1] + a[i][j+1][1])
// load next “k" plane and repeat //
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Turbine geometry Flow solution
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