Advection at a randomly positioned spherical edge

I = (1, ], k) = coordinates of “north pole”
€ = longitudinal angular rotation variable around I axis
1 = latitudinal angular rotation variable from -I to I
sinn = I*P = ip+jq+kr
cosn = [IxP| = V[(jr-kq)* + (kp~ir)® + (iq-jp)’]
F = IxP/|IxP| = (jr—kq, kp—ir, iq—jp) / cosn = unit vector perpendicular to edge
E = PxF = (iqqt+irr—jpq-krp, jrr+jpp-kqr-ipq, kpptkqq-irp-jqr) / cosn =
= (1—psinn, j — q sinn, k — r sinn) / cosn
f = FeS = wF*W +n F*N = velocity component perpendicular to edge
e = E*S = wE*W +n E*N = velocity component parallel to edge

F*W = (kpp +kqq - ipr — jqr) / cosn cos¢ = (k — r sinm) / cosmn cos$p =
= (k cos¢p — 1 cosA sing — j sinA sing) / cosmn
E*W = (jp —iq) / cosn cos¢p = (j cosA —1isink) / cosn
FeN = (iq-jp)/cosncos¢p = (isinh —jcosh)/cosn = — E*W
E*N = (kpp +kqq - ipr — jqr) / cosn cos¢p = (k —r sinm) / cosn cos¢p = FoW
(F*W)’ + (E*W)* = (FeN)’ + (E*N)* = (F*W)>+ (F*N)> = (E*W)’ + (E*N)’ = 1|

INMIE = WeF cosn / cos¢p = (kpp + kqq - ipr — jqr) / cos’¢

INIMN = WeE / cosd = (jp - iq) / cosn cos’¢
dp/0E = NeF cosn = (iq - jp) / cosd
op/om = Ne*E = (kpp + kqq - ipr — jqr) / cosn cos¢

dA/dt + (f 0A/9E + e cosn dA/In) / R cosn =
dA/dt + [f (ONOE IA/IN + dh/IE dA/ID) + € cosn (IN/IN IA/IN + dp/om dA/dP)] / R cosm =

dA/dt + [(Ww F*W + n FeN) (WeF cosn dA/0\ / cosp + N*F cosn dA/0d) +
+ (w E*W +n E*N) cosn (W*E 0A/d\ / cosp + N*E dA/d¢)] / R cosn =

dA/dt + {w dA/ON [(F*W)* + (WE)*] / cosp + w dA/0¢p [WeF NeF + WeE N*E] +
+1n JA/ON [N*F WeF + NeE WeE] / cos¢ +n dA/0¢ [(N*F)* + (N*E)’] /R =

dA/dt + {w dA/IN/ cosdp + n dA/dp } / R = 0A/dt+ (W dA/IN + n cosd IA/d¢ ) / R cosd



