Experiment 2: Numerical challenges in 2Dv
Lock

Goals

— Simulate free-surface 2Dv lock exchange (as a
demo in the browser)

- Browser based
— Interactive model
— Numerical challenges:
» Pressure gradient
» Gate opening
= Open boundaries
= Open lid
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Water is oscilating at t=0 at the salt side. Also both the far
left and far right should be open boundaries

to resolve the initial oscillation at £ = 0 on the salt side and

convert both the far-left and far-right domain limits into open boundaries.

Summary of Changes

O  Hydrostatic Balance Initialization: Initialized the 2D pressure field with column-wise

hydrostatic integration Phygro(Z, 2) = [.

H ,8(z,
g

2 35

) d2'. This balances the Boussinesq

downward body force at ¢ = 0, eliminating initial vertical sloshing and wall shocks on the

salt side.

Open Boundaries (x = 0 and z = width — 1):

o Implemented Dirichlet hydrostatic pressure radiation at the left and right ends in the
Jacobi Poisson solver.

Added advective inflow/outflow conditions: incoming fluids receive the ambient
basin salinity (Sqmpient), While outgoing fluids radiate outward with zero spatial
gradient (0S5 /0z = 0).




WebGPU solver

Javascript: main loop

stepSimulation() 4
this.updateUniforms()
1st commandEncoder this.device.createCommandEncoder
st workgroupsX = Math.ceil(this.width / 16)
onst workgroupsY = Math.ceil(this.height / 16

WGSL: compute shader for boundary

// Open Left Boundary (X = @)

const bindGroup = this.device.createBindGroup({ if (coords.x

layout: this.advectPipeline.getBindGroupLayout(©
entries
{ binding resource: ¢ buffer: this.uniformBuffer ;
binding resource: this.velTextureA.createView(

let u_edge textureload(velTextureIn, coords, 8).x;
var s_edge: f32 = 0.0,
if (u_edge > 0.001) 3

s_edge = params.ambient_s_left;

\

binding resource: this.scalarTextureA.createView()

%t else §

\

<
£
{ binding resource velTextureB.createView() 2
¢ binding resource: this.scalarTextureB.createView()

s_edge texturelLoad(scalarTextureIn, coords + vec2<i32>(1, ©), 0).r;

const pass = commandEncoder.beginComputePass()
pass.setPipeline(this.advectPipeline)
pass.setBindGroup(®, bindGroup)
pass.dispatchWorkgroups(workgroupsX, workgroupsY)
pass.end()

let v_inner = texturelLoad(velTextureln, coords + vec2<i32>(1, ©), 0).xy;
textureStore(scalarTextureOut, coords, vec4<f32>(s_edge, 0.0, 0.0, 1.9));
textureStore(velTextureOut, coords, vec4<f32>(v_inner.x, 0.8, 0.9, 1.9));
return;

23



Next iteration: no more water

Open Left Domain: Open Right Salt Free
Basin (X = 12.00m) - 200.0m x - Basin (X = 14.56m ) 0 (0 (35 ® Surface
om, H = 16.0m 200m, H = PSU) N

WAl Il aalel avalin~ @ Free | Dynamic Numerical Stability Stable (CFL
Head & Waves < 0.6)

12.00
m Max Velocity 0.00

W where is the water?




Next iteration: “doom loop”

Where is the water?

| seem to be encountering an error. Can | try something else
for you?

O &% C 0
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inesq buoyancy. The pressure ction
dt in
reach;

citie
= Canvas 2D Fluid

The force
Damping is delit ly not
re-applied here: apply /ity al y s the 1 ty t step.
applyBuoyancy(dt: number, gravityX: number, gravityY: number, beta: number): void {

if (beta === 0.0) return;

const gMag = Math.hypot(gravityX, gravityY);

if (gMag === 0.0) return;

const ux = gravityX / gMag;

const uy = gravityY / gMag;

const sRef = this.salinityRef;
Extend solver by jeantimex for (let i = 0; i < this.numParticles; i++) {
const a = dt * gMag * beta * (this.particleSalinity[i] - sRef);
this.particlevVell2 * il += a % Uux;

this.particlevell2 % i + 1] += a * uy;

+ 4+ + + + + + + + + + + + + + + + + + + + + + + + +
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