1) Heat Conduction Equation
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2) Solutions and transformations for spherical coordinates

L =cos(0)

T=T(,t) = LetU(,t)=rT(,t) and Equation (3) becomes

9°U
or’

T=T@, ut) = LetV= r% T yields Equation (4)
T=T(, 1, ¢,t) = LetV= r% T yields Equation (4)

For U =rT:

For V = r%T:
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T(r — 0) = finite becomes U(r=0)=0 & U'(r — 0) = finite
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3) ODEs

r’R"+ raR'+ bR =0 yields the auxiliary equation A* + (a—DA+b=0
Two real roots: R(r) = C,r* + C,r*
Double root: R(r)=C,r* + C, In(r)r*

X"+ A X =0 yields X (x)=C, cos(Ax) + C, sin(Ax)

X"-AX =0 yields X(x)=C, cosh(Ax) + C, sinh(Ax)
or X (x)=C,exp(Ax) + C, exp(—Ax)

2
R+ 1R+ (2 - Y )R=0 vyields R(r) = C,J, (Ar) + C,Y, (Ar)
r r

2
R+ LR — (1 +YOR=0 yields R(r) = C,I, (Ar) + C,K, (Ar)
r r

dM

{(1_ﬂ2)w} +n(n+1)M =0 yields M (1) =C,P, (1) + C,0, (1)

4
du
for integern=0,1,2,3 .....

i{(l—ﬂz)dﬂ} + {n(n+1) -z 5 }M =0 yields M (u) =C,P," () + C,0," (1)
du du 1

for integern =0, 1, 2, 3 ..... and integer m, with m less than n.

2
L U lR' _1R + Ar* =n(n+1) yields R(r)=C,J _,,(Ar)+C,Y  (Ar)
r 4 r2 n+y2 n+}é



4) Special Functions

Bessel Functions:

e J,(Ar) and Yy(Ar) are orthogonal with weighting function r.
¢ J,(0)=1andJ,(0)=0forv>0.

* Y,(0) goes to negative infinity for all v.

e I,(Ar) and K, (Ar) are not orthogonal.

¢ [,(0)=1and I,(0) =0 for v > 0.

® K,(0) goes to positive infinity for all v.

Legendre Polynomials:

e P"(u) and P,(u) are orthogonal with weighting function 1,
for n and m both integers (0, 1, 2...).

¢ Note that P" (1) = P,(u) as m equals zero.

® Note that P" () =0 form >n.

1
o .[an (W) P"(u) du =0 foralln#k. (valid for m = 0)

p=-1

1
o .[Pn (1) P, (1) du =0 for all n#k, provided both n & k are odd
H#=0
or both n & k are even.

e P(=1, P(w=%Ew -1

o Pi(w) =4, Pi(u) =" (50’ -3p)

Trigonometric Functions:

¢ cos(vx) and sin(vx) are orthogonal with weighting function 1 for the
general characteristic value problem.

e letv=n,withn=0, 1, 2 ... for 2n-periodicity.



5) Thermodynamics

W=
¢ dt
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Thermodynamics Continued
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6) Constitutive Equations

Ideal gas law: PV =N RT

Volumetric thermal expansion coefficient: f = _l[a_pj where p is gas density.
P

p\aT

Fourier’s Law: g =— kaa—T (W/m?)
X

Newton’s Law of Cooling: ¢” =h(T'=T.) (W/m?®)

Stream Functions and Blasius Solution:

¥ oY .
u=— and v=———are the velocity components.

y ox

WY(x,y)= f(n)~vUx where U is the free-stream velocity and v is the kinematic viscosity,

with 7=y %x



7) Incompressible Fluid

Conservation of Mass

du dv
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Conservation of Momentum

X-momentum
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Conservation of Energy
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