PARISimulator useful equations

Implicit momentum diffusion

Predicted u-velocity implicit diffusion

2
du; jy = ———— (dif fusiongy + dif fusion,.)
’ Pit+1,5.k + Pijk
With:
dif fusiong, = — Pigk t Hit1gk T Rit1+1k T Hig+lk  Vitljk — Vigk  Higk T Rtk + Hib1-1k T Hij-1k  Vitl,j-1k — Vij—1k
dyj 4 dl’hz 4 dIhT
di f fusion,. = i Higk + Hit1gk T Hit15k+1 T Higk+l Witljk — Wigk  Higk T Hit1gk + Rit1 k-1 + Rijh—1  Witdjk—1 — Wijk—1
dzy, 4 dxh; 4 dxh;
Predicted v-velocity implicit diffusion
2
dv; jy = ————— (dif fusiony, + dif fusion,.)
Pij+1,k T Pijk ’
With:
dif fusiony, = 1| pige + tig1,j,k + Mkt 41,k + Hij+1,k CUig+1k — Wik Mgk + i1k T i—1,541,k T Hi—1,5k S Ui—1,541,k — Wi—1,5,k
d.’IJZ‘ 4 dyhj 4 dyh7
dif fusion,, = i Figk + Pig+1.k + i1 k+1 T Pigk+1 Witk — Wigk  Higk T Rig+1k + Rig+1k—1 + Rigk—1 Wij+1,k—1 — Wijk—1
dzp 4 dyh; 4 dyh;
Predicted w-velocity implicit diffusion
2
dw; j, = ——— (dif fusion., + dif fusion.,)

Pijk+1 1 Pijk



With:

dif fusion,

dif fusion.,

1

dxi
1

dy;

|
|

Wi g + i1,k T Hit1, 5,641 T Ma g k+1

Uigkt+l — Wigk Mgk T Hi—14k T Him14,k+1 1 Higk+1

Ui—1,5,k+1 — Ui—1,j5,k

4 dzhk 4 dzhk
Higgk + Hig+1k T Hig+1k+1 + i k41 Vigk+1 — Vigk  Higk T -1k + Hij—1k+1 T MRij k41 Vig—1k+1 — Vij—1k
4 dzhy, 4 dzhy,

|
|



Explicit momentum diffusion

Predicted u-velocity explicit diffusion

)

)

)

2
du; j = ————— (dif fusiong, + dif fusiong, + dif fusion,.) (7)
Pit+1,5,k + Pijk '
With:
dif fusiong, = 2 Pt 1,5k (Wit 1,5,k — Ui k) Mgk (Wi — Ui—1,5,k)
dxh; dziiq dx;
dif fusiong, = LB ik R4,k Mgk o Wig41k T Wik " Vit1gk — Vigk \ _ Higk + Bitlgk  lir1i-1k + Rig-1k [ Wigk — i1k N (Vig1j 1k — Vij1k
dyj 4 dyhj dl‘hl 4 dyhj,1 dSChZ
dif fusiong, = L Vg Btk it ket F g ket (UG k1 = Wik 4 Witlgk = Wijk ) _ Higk t Hit1gk it k-1 T Pigk—1 Wik — Wijk—1 4 Wittgk—1 — Wijik—1
dzy, 4 dzhy, dzh; 4 dzhy_1 dzh;
(8)
Predicted v-velocity explicit diffusion
2
dv; j ) = —————— (di f fusiony, + dif fusion,, + dif fusion,,) (9)
Pij+1,k T Pij.k
With:
. . 1 ik + Pitgk + itttk + Bigeik ((Yigeik — Yigk | Viklgk — Vigk Migk + Migige + Riotgrke + Ricignk (Wim1g4ik — Uimigk | (Vigk — Vie1ik
dif fusiony, = — : + — .
dl’i L 4 dyhj dachz 4 dyhj d.’th',l
o Mig+1k (Vigr1k = Vigk) gk (Vigk = Vij—1k)
dif fusion,, = ( —
Y dyhy dyj+1 dy;
. . 1 [ 435+ M1k + Wit k1 T Hig k1 Vijk+l — Vigk  Wijt+1k — Wijk Wi gk i1k + 41, k—1 T fij k-1 Vijk — Vigjk—1 | Wij+1,k—1 — Wi j k-1
dif fusion,, = — . — . +
dzi | 4 dzhy dyh; 4 dzhp_1 dyh,;
(10)
Predicted w-velocity explicit diffusion
2
dw; j p = ———— (dif fusion,, + dif fusion,, + dif fusion..) (11)

Pijk+1 T Pi gk
With:



di f fusion., — L Pigk + Hit1,5.k T Rit1,gk+1 T Pijk+1  ( Wigk+1 — Wik i Witl,jk — Wigk \  Higk T Hi—1jk + Hi—15k+1 + Higk+1 [ Wiz1,jk+1 — Yi—1,5k n (Wi jk — Wi—1,jk
= day 4 dzhy dzh; 4 dzhy, dzh;_1
dif fusion,, = L |:Mi,j7k T Hig+1k T Hig k1 T gkt (Ui,j,k+1 — Vi g,k n Wi 541,k — wi,j,k) Wik + M j—1.k + Mij—1,k+1 + Mij,k+1 (Ui,j_17k+1 — Vi j—1,k n Wi ke — wi,j_Lk)]
zy — : - :
dy; 4 dzhyg dyh; 4 dzhyg dyhj_1
. . 2 i3, k+1 (Wi j k+1 — Wi jk i g,k (Wi gk — Wi g k—1
dif fusion,, = Wi g k1 (Wi gkt k) Mg, (wi,j, ijk—1)
dzhk de+1 de
(12)



Momentum convection

QUICK interpolation u-velocity

w07‘]€i’j’k71 =
...to be completed

A matrix: Poisson solver

2-dt-umask;_1 ;k

Ak = dxs - dzhi—1 (pugi-1,5.8) + Priigik))
Aijs = 2 - dt - umask; ;

TET dwy - dxh (priis1gk) + PG
Aijs = 2-dt - vmask; j_1

TN dy; - dyhy oy (pegg—1.0) T PeGigk))
As s = 2 - dt - vmask; ;

dy; - dyh; (Pt(i,j-&-lJc) + Pt(i,m))

6
Aijkr =Y Aijkn
n=1

* *
Wijk ~ Wijk—1

* * * *
u: ., —U- . v ., — U
_ 1,9,k i—1,5,k 1,5,k 1,j—1,k
Aijrs=— |:Svol + +

dl‘i

Where S, is a volume source such that V - U = Svol -

Solving for P

Pijek=0=8) Pijr+t———
ok,

Correcting velocities

2
un+1

dy;

+

de

(Aijka - Picigk + Aigke Pig1jk + Aigks Pij—1k+ Aijra Pijrie + Aijes  Pijr—1+ Aijke Pkt + Aijrs)

Dit1,5.k — Pijk

J— * — .
ik = Wi —dt

Pit+1,5,k + Pijk

(14)

(15)



