An Introduction to Fluid Mechanics

Faith A. Morrison
Associate Professor of Chemical Engineering
Michigan Technological University

November 10, 2011



(© 2011 Faith A. Morrison, all rights reserved.

Equations for Inside Front Cover
Unit conversions summary: www.chem.mtu.edu/” fmorriso/cm310/convert.pdf

Mechanical
A Alv)? W i i = 0.
Energy —p —+ 2<U> + gAZ + Ff?“iction — s,by fluid { Zla ina N015
Balance P @ m turbulent ~
L v)2
Ffriction - [4f5 + Z ninvi] %
fittings;
Fanning R AnD
Friction Factor f drag p

(pipe flow) B %P<U>27TR2  2Lp(v)?

Cr — Fdrag o 4gD (pbody - p)
D= =

T TR 3pvZ,

Drag Coefficient
(sphere drop)

Momentum balance on a CV 7] .
(Reynolds transport theorem) dt + / /cs(n v) ppdS = %}:i
cv

Hydrostatic pressure  Prottom = Piop + PGh

Hagen-Poiseuille equation
(steady, laminar tube flow,
incompressible)
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Stokes-Einstein-Sutherland equation
(steady, slow flow Farag = 6T Rpv
around a sphere)

Macroscopic Momentum Balance on a CV
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Navier-Stokes equation Fy
(microscopic momentum balance, p (8_; +uv- Vy) = —Vp+ uV3iu + pg

incompressible, Newtonian fluids)

Continuity equation
(microscopic mass balance, V.v=0
incompressible fluids)
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Moving fluid
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Average velocity
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Coordinate system

Cartesian (side a,
Cartesian (side b,

Cartesian (top, 7 = 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 ¢é,) + cosbé,
y=rsinfsing ép = (cosfcosP)é, + (cosfsinp)é, + (—sinb)é,
z =rcosf ép = (—sin¢)é, + cos pé,
cylindrical x =rcost e, = 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)
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