u-=
FullSimplify[{-a (Exp[a x] Sin[ay + d z] +Exp[a z] Cos[a x+ d y]) Exp[-d"2 (n/p) t],
-a (Exp[a y] Sin[az + d x] +Exp[a x] Cos[a y+ d z]) Exp[-d"~2 (n/p) t],
-a (Exp[a z] Sin[ax + d y] +Exp[a y] Cos[a z+ d x]) Exp[-d"2 (n/p) t]}];
MatrixForm[u]

atn

-—ae ¢ (e*?Cos[ax+dy] +e®*Sinfay+dz])
atn

-—ae ¢ (e**Cos[ay-+dz]+e*YSin[dx+az])
atn

-—ae ¢ (e*YCos[dx+az]+e*?Sin[ax+dy])
divu = FullSimplify[D[u[[1]], x] + D[u[[2]], y] +D[u[[3]], z]]
0

dudt = {D[u[[1]], t], D[u[[2]], t], D[u[[3]], t]};
MatrixForm[dudt]

a2ty

ad’e ¢ n (e*?Cos[ax+dyl+e**Sin[ay+dz])

o

aty

ad’e ° n (e**Cos[ay+dz]+e*Y Sin[dx+az])

o

ad’e ¢ n (e*Y Cos[dx+az]+e®? Sin[ax+dy])

o
gradu = FullSimplify[{{D[u[[1]], %], D[u[[1]], ¥], D[u[[1]], z]1},
{D[u[[2]1], %], D[u[[2]], y¥]l, D[u[[2]1], z]},
{D[u[[3]1], x], D[u[[3]], y], D[u[[3]], 2]}}];

MatrixForm[gradu]

aztn aZtn
ale » (e??Sin[ax+dy] -e**Sin[ay+dz]) ae ° (-ae®*Cos[ay+dz]+de®?Sinfax+«
atn atn
-—ae » (de*YCos[dx+az]+ae**Cos[ay+dz]) a’e » (-e?YSin[dx+az]+e**Sinlay+d
a2ty a?tn
ae ° (-ae??Cos[ax+dy]+de®YSin[dx+az]) -ae * (de®?Cos[ax+dy]+ae®YCos[dx+:

lapu = FullSimplify[{D[u[[1]], %, x] +D[u[[1]], y, y]+ D[u[[1]], z, z],
D[u[[2]], x, x] +D[u[[2]], ¥, Y] +D[u[[2]], z, z],
D[u[[3]], x, x] +D[u[[3]], ¥y, Y] +D[u[[3]1], 2z, z]}];
MatrixForm[lapu]
adzef% (e??Cos[ax+dy] +e**Sin[ay+dz])
adzef% (e?*Cos[ay+dz] +e?YSin[dx+az])
adzef% (e?YCos[dx+az] +e*?Sin[ax+dy])
g = {0, 0, 0} (+{gl[x, y, t], 92[x, y, t]}%*)
{0, 0, 0}
MatrixForm[Simplify[u /. {t - 0}]]

-a (e*?Cos[ax+dy] +e?*Sin[ay+dz])
-a (e?**Cos[ay+dz] +e?YSin[dx+az])
-a (e?YCos[dx+az]+e??Sin[ax+dy])
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VectorPlot3D[u /. {a»n/4, d>nxn/2, t-> 0},
{x, -1, 1}, {y, -1, 1}, {z, -1, 1}, VectorColorFunction - Hue]

rhs = Simplify[-p (dudt + gradu.u- n/plapu-g)];
MatrixForm[rhs]

2d2tn

-a’e ¢ p(de* ™Y Cos[dx+az]Coslay+dz]+ae’®*Cos[ay+dz]®+ae® *¥ Cos[ay+dz]¢

2d%tn
~a’e - p(aezaYCos[dx+az]2+Cos[ax+dy] (dea(y*z) Cos[dx+az]+ae? *? Cos[ay+dz})

2d%tn

2e ¢ p(ae*?*cCos[ax+dy]’+ae??®sinflax+dy]?+aCos[dx+az] (e**Y Cos[e

-a
intl = Simplify[Integrate[rhs[[1]] , x]]

1 72d2tn
-—a’e * p (ezax+ea(y*z) sin[d (-x+y) +a (x-2)] -e**? ginlax-ay+dy-dz] +

2
e® *Y) gin[dx-ay+az-dz] +e*¥*? gin[d (x+y) +a (x+2)] +

e *Y) gin(d (x+2) +a (y+2)] +e**% ginfa (x+y) +d (y+z)])
int2 = Simplify[Integrate[rhs[[2]], y]]

1 72d2tn
-—a’e ¢ p(e?V+e* ¥ gin[d (-x+y) +a (x-2)] -e* ™ sinlax-ay+dy-dz] +
2

ea (X+y

)sin[dx-ay+az-dz]+e*¥? gin[d (x+y) +a (x+2)] +
e *Y) gin(d (x+2) +a (y+2)] +e**% ginfa (x+y) +d (y+z)])

int3 = FullSimplify[Integrate[rhs[[3]] , z]]

1 72d2t77
-—ate ¢ p (e2“+ea(y*z) Sin[d (-x+y) +a (x-2)] +2e®*Y) Cos[ay+dz] Sin[dx+az] +
2

2e*®% Cos[ax+dy] Sinlay+dz] +e*¥"? sin[d (x+y) +a (x+2)])
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1 _Zdztn
p= Fullsimplify[— —ale ¢ p
2
(eza"+ezay+e2“+ea(y"z) Sin[d (-x+y) +a (x-2)] -e® ™2 gin[lax-ay+dy-dz] +
e ™) gin[dx-ay+az-dz] +e® ¥ sin[d (x+y) +a (x+2)] +
@@ ™) gin[d (x+2z) +a (y+2)] +e® * sin[a (x+y) +d (y+z)])]

1 72d2tq
-—a’e ¢ p(e’?F+e??V 4?7426V Cos[dx+az] Sinlax+dy] +

2e**¥) Coslay+dz] Sin[dx+az] +2e**? Cos[ax+dy] Sin[ay+dz])
gradp = {D[p, x], D[p, yl, D[p, z]};
Simplify[gradp[[1]] - rhs[[1]]]
0
Simplify[gradp[[2]] - rhs[[2]]]
0
Simplify[gradp[[3]] - rhs[[3]]]
0
MatrixForm[Simplify[dudt + gradu.u+1/pgradp -n/plapu-g]]

0
0
0

ud=u/. {t->0, x-»>x[0], y-»>x[1], 2> x[2]}
{-a (e**® cos[ax[0] +dx[1]] +e**!% sin[ax[1] +dx[2]]),
-a (e*% cos[ax[1] +dx[2]] +e*** sin[dx[0] +ax[2]]),
-a (e** cos[dx[0] +ax[2]] +e**?) sin[ax[0] +dx[1]])}
CForm[u0O[[3]]]
-(a* (Power (E,a*x(1))*Cos(d*x(0) + a*x(2)) + Power(E,a*x(2))*Sin(a*x(0) + d*x(1l))))
p0 =p/. {t->0, x->x[0], vy-»x[1], 2> x[2]}

1
- —alp (e3F0  ?axl y g2ax2) g 2 (KILI2) cos [dx[0] +ax[2]] Sin[ax[0] +dx[1]] +
2

2 @@ *[01+x[1]) cog[ax[1] +dx[2]] Sin[dx[0] +ax[2]] +
2 e* *101 =21 cos[ax[0] +dx[1]] Sin[ax[1] +dx[2]])
ut =u/. {x->x[0], y- x[1], z > x[2]}

atn

{—ae o (e**?) cos[ax[0] +dx[1]] +e**% sin[ax[1] +dx[2]]),

atn

-~ae ¢ (e**% coslax[1] +dx[2]]+e**!) sin[dx[0] +ax[2]]),

atn

-~ae ¢ (e** cos[dx[0] +ax[2]]+e**? sin[ax[0] +dx[1}])}

ut[[3]]

dZtn

-~ae ¢ (e** cos[dx[0] +ax[2]]+e**? sin[ax[0] +dx[1]])
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