Galerkin model (GK) ID

In[739]:=

Remove ["Global *"]

(» Derdivatives of the coordinate transformation x)

sigmat = 1 /H[x, t] » (D[2*h[X, t], t] -Ht - o Ht);

1/H[x, t]1* (D[2h[x, t] -H[x, t], x] ~o*D[H[X, t], x]);
2 /Hx, t];

(***********************************************)

sigmax

sigmaz

(* Horizontal velocity assumption
(Velocity unknowns are denoted as Us) *)

K=2; (* K needs to be specified x)

Do[N; = LegendreP[i, o], {i, 0, 5}];

Do[UC; = Uj[X, t] *Nj, {i, 0, K-1, 1}];

u=Sum[UC;i, {i, 0, K-1}1;

(*********************************)

(* Vertical velocity expressionx)

ub=u/.0--1;

wb = -D[h[x, t], t] —ub*D[h[x, t], x];
w=wb—1/s-igmaz*Integrate[D[u, x] +D[u, o] * sigmax, {o, -1, o}]1;

(*********************************)

(* Depth-integaretd continuity equation )
fluxx = Integrate[u, {o, -1, 1}] /sigmaz;
Ht = -D[fluxx, x];

(***************************************)
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In[752]:=

In[761]:=

In[772]:=

Derivative[0, 1][H][x, t] -D[fluxx, x];
Derivative[l, 1][H][x, t] D[-D[fluxx, x], x];
Derivative[2, 1][H][x, t] = D[D[-D[fluxx, x], x1, Xx];

(* Vertical momentum equation to get pressure fields)

wm = D[w, t] +D[w, o] »sigmat+u=* (D[w, x] +D[w, o] * sigmax) +w=«D[w, o] » sigmaz;
ps = (-p*g-p*wm) /sigmaz;
cf = CoefficientList[wm, o];

order = Length[cf];
pnh = sum[Part[cf, i1 % ((1-¢') /i), {i, 1, order}];
p=(p*g* (1-0) +p*pnh) /sigmaz; (* PRESSURE FIELD=)

(************************************************)

(* LHS of the horizontal momentum equation to form weighted residuals x)

LHS = D[u, t] +D[u, o] »sigmat+u= (D[u, x] +D[u, o] »sigmax) +w=*D[u, o] * sigmaz;
Do[lf; = LHS % N;, {i, 0, K-1}7];

Do[lcf; = CoefficientList[lf;, o], {i, O, K-1}1;

Do[lorder; = Length[lcf;], {i, 0, K-1}];

Do[MomLhs; = Sum[Part[lcfi, j1 ((17- (-1)3) /3), {j, 1, lorder;}], {i, 0, K-1}];

(**********************************************************************)

(* RHS of the horizontal momentum equation to form weighted residuals =)
RHS = -1/p* (D[p, Xx] + ps » sigmax) ;

Do[f; = RHS % N;, {i, 0, K-1}1;

Do[cf; = CoefficientList[f;, o], {i, O, K-1}];

Do[order; = Length[cfs], {i, 0, K-1}];

Do[MomRhs; = Sum[Part[cfi, j1+ ((17 - (-1)7) /), {3, 1, order;}], {i, 0, K-1}];

(********************************************************************)

(* Full equation =)
Do[XEQji,; = MomLhs; - MomRhs;, {i, 0, K-1}1;

(* Print out the full equationx)
(* 1. Continuity equation with ContinuityLHS=H_t %)

Print[Ht]

~Uo[x, t] HB® [x, t] -H[x, t] Uo™® [x, t]
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In[773]:=
(* 2. K number of weighted horizontal momentum equations =x)
Do[Print[Collect[-XEQi, _[x, t], Simplifyl]l, {i, 1, K, 1}]

Ui[x, t]*?HD [x, t]°

2h®2 x, £] HB® [x, t] - -
5H[x, t]

4
2Ue[x, t] Ug™® [x, t] - 3 Urlx, t] Us™®® [x, t] + HBO [x, t]?

.
(—Ul‘e’l>[x,t}+Ul[x,t} 3U@<1’0>[x,t}-guﬁl’@)[x,t] ~Uo[X, t] Ul(l’o)[x,t})+

2U1[x, t]2H®O [x, t]
3H[x, t]

Uo @V [x, t] (-2-2h™"% [x, £12+2h® [x, £] HB® [x, €] +H[x, t] h®® [x, t]) +

2U1(x, t]?

3H[x, t]

4
h™®® [x, t]2 (— -2Ug[x, t] Ue™™® [x, t] - = U1[x, t] U1 [x, tJJ +
3

HLO [ t] (72g— +4Uolx, t] h™HH [x, t] +

4 4
2Ue[x, £t]2h@®® [x, €] + U1 [x, t] [f h@D x, t] + —Ug[x, t] h®® [x, t}) +
3 3

Ur[x, t]1% (h®® [x, t] -H®® [x, t]) + H[x, t] [—2 Uo™®® [x, t]%+
(1,0) (1,0) 2 (1,0) 2 (1,1) (1,1)
22U ® [x, t] UrH® [x, t] - = U9 [x, £]12+2Ue BV [x, t] -U1 BV [x, t] +
5

3
Uo[x, t] (2Ue®® [x, t] -U1®® [x, t]) + U1 [x, t] {4 Ue®® [x, t] - — U129 [x, t})]) +
5

2 14(1,0) 2
h(l,O) [X, t} (2g*2h(0’2) [X’ t} N 2U1[X; t} H [X, t] .
3H[x, t]

4 4
H®® [x, t] (—ulw’“ [x, t] +Ug[x, t] [2 Uo % [x, t] + — U 1% [x, tJ) +
3 3

4 8
Ur[x, t] (—g UeT>® [x, t] + 3 Uy 59 [x, t})] —4Up[x, t] hHY [x, t] -

2 2
2Ue[x, t]2h®® [x, t] + U1 [x, t]? [7— hZ9 [x, t] + — HZ9 [x, t}) +
3 3

2 2
Hix, t] (2 Ue ™ [x, 12+ — U1 DO [x, t]12+ — U1 BV [x, t] +
3 3
2 2,0 2 2,0 2 2,0
Ur[x, t] (——U& O [x, t] + = UL 2% [x, tJ) + —Ug[x, t] U1 % [x, t]] +
3 3 3

2
H[x, t] (2 UgB® [x, t] h®Y [x, t] + — U1 D@ [x, t] hBD [x, ] + hH2) [x, t] +
3

1 1
U@L [x, t] (7 h(2:9 [x, t] - = H2® [x, t]| + Us[X, t]
3

2

1
(3 U™ ® [x, 1 h®® [x, t] +Us™® [x, t] (h@’@) [x, t] - S H2:9) [x, t]] +2h@Y [x, t]] +

4 11
Uo[x, t12h®® [x, t] + U1 [x, t] [U1<1’0)[x, t] (—h<2’0>[x, t] - — H®® [x, t]J +
3 10
(1,0) (2,0) 3 (2,0) 2 (2,1) 2 (3,0)
Uo™® [x, t] [hZ® [x, t] + “HZY [x, t] ]|+ = h®Y [x, t] + —Us[x, t] h®® [x, t]| +
2 3 3

1 3
Ui [x, t]? [— hG® x, t] - — H®% [x, t}) +
3

10

7 1
Hix, t]°2 (U1<l’°> [X, t] (g Uo>® [x, t] + v, U 39 [x, t}) +

2 1 2 1
Ue ™% [x, t] (7— Ue®® [x, t] + — U1 % [x, t}) +— UM [x, t] - — U1 [x, t] +
3 3 6

2 1 5 1
Uo[X, t] (g Up®® [x, t] - = U1 ®® [x, t]] +UL[X, t] [g Ue®® [x, t] - £U1<3’°> [X, t]])
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Ui [x, t]2H®L® [x, €13 2 2
- 2 ! ~ S UL[x, t] Ue™® [x, t] - = Ug[x, t] U1 ™ [x, t] +
15H[x, t] 3 3

2 2
h(1,0) (X, t]2 (_g Ui [x, t] Uo(l,@) (X, t] - g Uo[X, t] Ul(l,O) [x, t]) +H®LO (X, tJZ

3 1 1
(ul[x, t] (E Uo ™% [x, t] - s U9 [x, t] | - S Uolx, t] Ut ® [, t] |+ U@ [x, €]
2 2 2 1 1
(-—— —h®® x, t]12+ = h@®9 x, t] HB [x, t] - = HO® [x, ]2+ — H[x, t] HZ®% [x, t}) +
3 3 3 5 10
h:9 [x, t] (ZUI[X’ CEHET Do ©)7 +
’ 15H[x, t]

2 2 2
- = U™ [x, t] + — U1 2% [x, t}) + —Ug[x, t] UM% [x, t]] +
3

H®® [x, t] (ul[x, t]
3 15

4 4
Ui [X, t] (—g hD [x, t] - 3 Uo[x, t] h®® [x, t]] +

2 4 2
— U [x, t]2H™® [x, t] +H[x, t] [7— Up B [x, t12- — UMY [x, t] -
15 15 3

2 2 2
—Up[X, t] Up®® [x, t] +U1[x, t] [-— Up®® [x, t] - — U1®9 [x, t]])] +
3 3 15

2 2 1
HLO [x, t] (Ul[x, t] (—h“’l) [X, t] + — Ug[x, t] h®® [x, t]] - —Ui[x, t]2H>® [x, t] +
3 3 15

2 2
H[x, t] (—g UpT® [x, t] U1 B® [x, t] + e U89 [x, t12+

1

1 1
SUL Y X, t] ¢ S Uslx, t] Un O [x, t] + — Ur[x, t] U [x, UJ "
5 5 15

1 1
H[x, t] (-— h@2 (x, t] - = U @Y [x, £t] h®® [x, t] +
3 3

2
Ue ™% [x, t] [—f h™® Y [x, t] -Ue[x, t] h>% [x, tJ) +
3
1,0 1 2,0 1 2,0 3 1,0 2,0
Urx, t] (U1 [x, t] |-—h@® [x, t]+ —H@® [x, t]| - — U@ [x, t] HZD [x, t]| +
3 6 10
l 1,0 2,0 2 2,1
Uo[x, t] [—Uﬁ”[x,t]H“>[x,tJ——h<’>[x,t])—
10 3

1 1 1
3 Uo[x, t12h3® [x, t] + U1 [x, t]? (75 hG9 x, t] + £H<3’°> [X, t}]) +
4 1 1
Hix, t12 |- —U1®® [x, ] Ue®® [x, t] + U ¥ [x, t] [—U@@’@) [x, t] - — Uy 9 [x, t]] -
15 6 15

1 1 2
— UV x, ]+ U I, €] - o Unlx, €] Ue ) [x, ]
6 15 15

1 1
Uo[X, t] (——Uo<3’0) [x, t] + — U139 [x, t]]]
6 15

(% **kxkkkkkk* THE END s,drrdrrsrrsrrs)
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