Equations Summary from Inside Cover of Morrison, 2013

Mechanical Ap A{v)? Ws,by fluid {alaminar =05
Energy Balance 7 + 2a + 98z + Fpriction = — m Atyrbutent = 1
L (v)?
Ffriction = 4f5 + Z nin,i )
fittings;
Friclzt?c?r?ggctor =1 Farag = ApD ] Note this is correct; there is an
(pipe flow) zp(v)2 (2mRL) 2Lp(v) error on the inside cover
Drag Coefficient c Farag 49D (pvoay — P)
(sphere drop) D= = 2
2 V2 (nR?) 3pv,
Momentum balance on a CV dP
(Reynolds transport theorem) d—;+ f (A-v)prdS = Z f
Ccs on CV
Hydrostatic Pressure Ppottom = Ptop + PR
Hagen-Poiseuille Equation (py — p,)R*
(steady, laminar tube flow, Q= 8yl

incompressible)

Prandtl Equation 1 401 < 4.67 > 298
steady, turbulent tube flow — = —4.Ulog + 2.
(steady ) J7 ReJf

Stokes-Einstein-Sutherland Equation Farag = 6MRUV,
(steady, slow flow around a sphere)

Macroscopic Momentum Balance on a CV

dP #streams ACOS(@)(U)Z #streams — 075
— 4 Z [,0 1’;‘] Z [—pAﬁ]A. +R+ MCV.g {ﬁlaminar - ~-
dt . ,B A - t - Bturbulent ~ 1
=1 i =1
Navier-Stokes equation v ) = —v V2
(microscopic momentum balance, P (E tu: 9) = —Vp+uvir +pg
incompressible, Newtonian fluids)
Continuity equation V-v=0

(microscopic mass balance,
incompressible fluids)



Total stress tensor g =—-pl+1T
1?11 1:112 1:113 TiL—p T2 T13
1:[21 1:[22 1:[23 = T21 Tog — P T23
Uy o 1Dz / o0 T31 T32
Dynamic pressure P = p+ pgh
Newtonian . T
constitutive equation L =4/ (Vy—l— (Vo) )

Total molecular fluid force

on a finite surface S

Stationary fluid

Moving fluid

Total fluid torque
on a finite surface S

Total flow rate out
through a finite surface &

Average velocity
across a finite surface S
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F= [n : ﬂ} ds
S —J at surface
o] -
-0 = piaeE

T://S [EX <ﬁ'E>Ltsurface a5

Q = V = // [ﬁ ’ Q]at surface ds
S

() = &

T33 — P
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Coordinate system

Cartesian (side a,
Cartesian (side b,

Cartesian (top, n = ¢é,)

cylindrical (top, 1 = é,)
cylindrical (side, n = é,)

surface differential dS
dS = dxdy
n=é,) dS = dxdz
n=é,) dS = dydz
dS = rdrdf
dS = Rdfdz
dS = R?sin 0dOd¢

spherical, (n = é,)

Coordinate system volume differential dV'
Cartesian dV = dxdydz
cylindrical dV = rdrdfdz
spherical dV = r?sin Odrdfdgo
Coordinate system coordinates basis vectors
spherical r=rsinfcos¢ €& = (sinfcospé,)~+ (sinfsin ¢pé,) + cosbé,
y=rsinfsing ép = (cosfcosP)é, + (cosfsinp)é, + (—sinb)é,
z =rcosf ép = (—sin¢)é, + cos pé,
cylindrical x =rcost ér = cos e, + sinbe,
y=rsind égp = (—sinb)é, + cosbe,
z2==z €, = &,

Divergence Theorem / / n-FdsS =
S

Stokes Theorem

Vector identities:
V-VxF
VxVf

V(fg)

F-VE

V- (fE)
VXxVXxF

V. (ExG)

flf=en

féﬂﬂdl = //Sﬁ-(VXE) ds

= 0 (Divergence of curl = 0)

= 0 (Curl of gradient = 0)
= [Vg+gVf

= JV(F?) - Ex(VxF)
= [V-F+F -Vf

= V(V-E)-V’E
= G- (VXE)-E-(VxG)




The equations in F. A. Morrison, An Introduction to Fluid Mechanics
(Cambridge, 2013) assume the following definitions of the cylindrical
and spherical coordinate systems.

CyIindricaI Coordinate System: Note that the 6-coordinate swings around the z-axis

Spherical Coordinate System: Note that the 8-coordinate swings down from the z-axis;
this is different from its definition in the cylindrical system above.
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