Cheat sheet

SI-Units

o Base Units

Dimension T
Unit S

e Derived units

Hz
N kgms 2
Pa Nm 2
J Nm
W Js!
Dimensionless numbers
L
Reynold number Re e
v
Froud b F Y
roude number T
v gh
H
Shallowness parameter € T
L
Peclet number Pe =Y
o
v
Prandtl number Pr -
o
c, AT
Stefan number Ste 2
m
h,, : latent heat of melting
L
Strouhal number Str /
v
v
Mach number Ma
Lewi b L a
ewis number e —
D




Miscellaneous

1. Shape factor o
2 S
o= %, where * = (1/h)/ *xdz
u b

2. Decomposition of the velocity profile

vix+r)=v(x)+wxr+D-r

where W:%VXV,DI%(VV—FVVT),W:é(vv—VVT)
3. Cylindrical coordinate transformation rules
L of. 19f.  of.
VIi=gr T ae% T g%
.19 104, OA,
ViA=L AT e T
- 10A 0A 0A 0A 1/0 0A
- e (e %)
v (r o 0: )t e )t g T g ) %

4. Material derivative D
=00 +v-Vf

5. Bernoulli equation
2
% + 5 + gz = const.alongastreamline

6. Error function

2 [ e
erf(z) := ﬁ/ e Vdy, erfe(z):=1—erf(z)
0

oerf(Cx) = \/2>C€(Cm)2’ 9 erfe(Cx) = _\;»rce(cx)z

™

7. Thermal diffusivity

Physical principles
1. Material symmetry
(%) = 6 (xP).
2. Material Isotropy
G(F)=5(V-Q)=05(V-Q-P)=5(V-Q-Q")=5(V)
3. Material objectivity
oW =Q.o®.QT

4. Galilean invariance
(=x—vt



Mathematical models

1. Mass and momentum balance

Op+V-(pv)=0
O (pv) +V - (pv®@v)=—=Vp+ V. -7+ pb

2. Incompressible Euler
V-v=0

8tv+v-Vv——;Vp+b
3. Incompressible Navier-Stokes
V-v=0
8tv+v-Vv:—;Vp+yAv+b

4. Incompressible Navier-Stokes in cylindrical coordinates

ot r pOr 2 12 90
%—i—(ﬁ @) —i—uTTue ——;g{;—Fl/(Vng—I-QQ%;T—%)
aautz + (u V) u, = —[1)(;1; +vV3u,
TP

5. Heat equation
oOT +V - (Tv) =aAT

6. Incompresisble Navier-Stokes-Boussinesq-Fourier
V-v=0
ov+v-Vv= —plov (p — pogz) + VAV —gB (T — T)
9, (pc,T) +V - (pc,Tv) =V - (kVT) + 8

Constitutive and closure relations

1. Newtonian fluid
T=AV-v)I+n(Vv+Vvl),

2. Hooke’s law

o = Mr(D)I + 2uD,
3. Boussinesq approximation

p=po(l1—B(T—Ty))
4. Stefan condition

ps L0, X, (t) = —k0,T(X7, (1), 1) + kO, T(X, (1), 1)



Integration

1.
/emp(kz z)dr =exp(kzx)+C

/a:eazp(kx) dr = exp(kz)(kx —1)/k* +C
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