IBM Algorithms

Victoria Whitley
October 30, 2020

1 Given

1.1 Numerical Implementation
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1.2 Current Time Stepper (RK3)
Parameters for RK3

v =8/15
7 =5/12
v =3/4
¢ =—17/60
¢ =—5/12

Time steps for each stage

first_stage At = At' = y'At = 8/15A¢
second_stage At = At? = (y* + (?)At = 2/15At
third_stage At = At® = (7 +¢*) = 5/15



In reality the velocities are one set of updated values, not stored in separate places, as might
be assumed from the following algorithms. Superscripts are included only for for clarity of
steps.

Algorithm 1 Current RK3 Algorithm
INPUT: Un) 71,2,35 C273, At, grid, model

for RK STAGE 1 do

Calculate tendencies: G* = G, ,,
U «+ U, + ' AtG" (velocities)

ct ¢, + Y ALGL (tracers)

Calculate pressure correction with model(G'), first_stage At: —V¢,on
Update velocities: U « U' — V,on At

Update all other values in model

and G! (tracers)

for RK STAGE 2 do

Calculate tendencies: G? and G? (tracers)

U? « U +2AtG? + CCAtGH

A« ct+ 2ALG? + CPALG!

Calculate pressure correction with model(G?), second stage At
Update velocities: U? <+ U? — V,on At

Update all other values in model

for RK STAGE 3 do

Calculate tendencies: G® and G? (tracers)

U3 « U + y3AtG3 + CAtG?

A A+ PALGE + CALG?

Calculate pressure correction with model(G?), third stage At
Update velocities: UP «+ U3 — V,onAt

Update all other values in model

Urtl « U3 and "t « &

2 IBM

2.1 Coincidental boundaries

First, we might assume there are no tracers for simplicity. Also, assume some kind of
Dirichlet boundary condition, V}.



Algorithm 2 IBM-RK3 Algorithm for Coincidental Boundaries and Nodes

INPUT: Un) 71,2,35 C273, At, %, grid, model

for RK STAGE 1 do
Calculate tendencies: G! = G}

uU,V,W

Update tendencies with correct forcing: G'¢ = G + f!

if Fluid Node then

Glc — Gl
if Solid Node then
Glc — :Lnt

YA
if Boundary Node then
Glc _ Vbl_Un

T AylAt
Ul « U, +~'AtGle
Calculate pressure correction with model, first_stage At, G : —Vo,on
Update velocities: U + U — Vo,on At
Update all other values in model

for RK STAGE 2 do
Calculate tendencies: G?
Update tendencies with correct forcing: G*¢ = G? + f2

if Fluid Node then

G2c — GQ
if Solid Node then
G2c — —UP—CAG®

. Y2At
if Boundary Node then
GQC . ‘/b2_U1p_C2AGlc

o YAt

U? < U + y*AtG* + CCAtGH

Calculate pressure correction with model, second_stage At, G*
Update velocities: U?P < U? — V,onAt

Update all other values in model




for RK STAGE 3 do
Calculate tendencies: G},
Update tendencies with correct forcing: G3¢ = G® + f3

if Fluid Node then

G3c — G3
if Solid Node then
e — ZUP—CPAiG2e
o 3 At

if Boundary Node then
G3C i V'b3_U2p_C3AtG2c
- 3 At

U? < U + v AtG* + (PAtG*

Calculate pressure correction with model, third_stage At, G*¢
Update velocities: U «+ U3 — V,onAt

Update all other values in model

Un+1 V. U3p

We could also consider even more simplified: assuming no slip boundary condition (ie.
V, = 0). Still with no tracers. (Case implemented 10-3-2020).

Algorithm 3 IBM-RK3 Algorithm for Coincidental Boundaries and Nodes with no slip BC
INPUTI Un, ’}/1’2’37 C273, At, %, grid, model

for RK STAGE 1 do
Calculate tendencies: G! = G}

U,V,W

Update tendencies with correct forcing: G'¢ = G + f!

if Fluid Node then

Glc — Gl
if Immersed Node then
GIC — *Un
~yLAt

Ul < U, + y'AtG'e

Calculate pressure correction with model, first_stage At, G : —Vo,on
Update velocities: U « U' — V,on At

Update all other values in model




for RK STAGE 2 do
Calculate tendencies: G?
Update tendencies with correct forcing: G*¢ = G? + f?

if Fluid Node then

GQc — G2
if Immersed Node then
GQC . —Ulp—<2AG1C
o Y2At

U? « U + 2 AtG* + CCAtGle

Calculate pressure correction with model, second_stage At, G*
Update velocities: U?P < U? — V,onAt

Update all other values in model

for RK STAGE 3 do
Calculate tendencies: G},
Update tendencies with correct forcing: G3¢ = G3 + f3

if Fluid Node then

G3c — G5
if Immersed Node then
GBe — —UP-CAtG
- v3 At

U3 < U + 3 ALG3 + CAtG*

Calculate pressure correction with model, third_stage At, G*¢
Update velocities: U + U3 — Vo,on At

Update all other values in model

Untl « yse




