FORMULA SHEET for MATH 3101/41820 : FLUID MECHANICS

Some vector identities:
V-(fA)=(Vf)-A+ V- A
Vx(fA)=(Vf)x A+ fVxA
Vx (VxA)=V(V-4)-AA
A-VA=1VIAP - Ax (VxA)
V- (AxB)=B-(VxA)—A-(VxB)
Vx(A><B):B~VA—A«VB+AV«B—BV'A
V(A-B)=A-VB+B-VA+Ax (VxB)+Bx (VxA)

In cylindrical coordinates (, 6, z):

Vi =grad f = e,d,f + %a@f +e.d.f

1 1
V-A=divA=0,(rA) + A + 0.4,

VXA =rot A= (%agAZ - azAg)er + (0.A, — 0,A.) e + %(ar(rAg) — OpA,)e.

1 1
Af = ;87“ (T a?"f) + ﬁaHOf + azzf

1 9 9 1
AA = (AAT - 4. - T—289A9> e + (AAQ + 500A T—2A9> ey + e AA.

B-VA:er(B-VAT—BiA") +eo 9A’")+ez(B-VAZ)

In spherical coordinates (r, 0 ng):

Vf—gradf—eaf+ 39f+ e¢ 8¢f

V-A=divA = ﬁar (r? AT) + ag(Ag sin ) + Ds Ay

rsinG
. €y

- (00(Agsin0) — 0,Ag) + =2 (

+ %(a (rAg) — pA,)

nH
05y = D,(rAy))

e
VxA=rotA=—"
rsin

sin @

Af = rr(rf) 989 (sm eagf) 8¢¢f
2 2
AA = <AAT - 54 7”2 Sind [ag(SIH 6149) + 8¢A¢]>
2 Ap 2cosf
AAy + —0gA, — — 04 A
+< 9+7’2 0 r2sin2f  r2sin?0 ° ¢)69
2 2cos Ay
AA OpA, + ————0,Apg — ———
+< ¢+rzsin9 ¢ +rzsin20 976 Tzsin20>e¢
B-VA:eT(B-VAT—B(’AG - B¢A¢) +e9<B-VA9—B¢—A‘f’ Bod,
r r r
ByA,  ByAy
+e¢(B-VA¢+ = coté’)

Bessel functions u(r) = J,(r) and u(r) = Y,(r) are solutions to the ODE

r*u’ +ru’ + (r* —n®)u =0,
Both J,(r) and Y,,(r) — 0 as r — o00; J,(0) = 0,0, and |Y,,(r)| = oo as r — 0.
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