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APPH 4200
Physics of Fluids

Cartesian Tensors (Ch. 2)
Lecture 2a

(e Last Lecture: Review

Part 2 : «

_ ® Example Fluid Flow Problems

(

e Geometric Identities

L ® Vector Calculus



Gradient of a scalar

a1 ay
Vl;,f = ly— + 1g -
ar r af

Laplacian of a scalar

‘/2 Q" —_—

rZ ar r2 sin§-90

ar )

Divergence of a vector

Hydrostatics oft

1 8 / 5 A ) | a f
(r‘——— -+ — |l sinf

g A

Appendir B: Curvilinear Coordinates

I oy

l-’-u - - P .
rsinf dg

g ) l 82\;"
- a0, rlsin? @ d¢?’

| d(ug sin ) ] dug

rsinf

dé rsin@ g

/

&

a

N

;

F

of Earth

© -« Approx. size



Examples: Fluid Flow

® Continuity (mass conservation)
® Euler equation (force and acceleration)

e Vorticity (vxU, swirls!!)

® Bernoullis Principle (Lift and pressure)
® Visualizing flow (tracing lines...)
® Flow at corner

® Flow around cvylinder



Fluid Continuity
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Newtons Law for a Fluid Element
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Vorticity and Definitions
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Bernoullis Principle
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Visualizing Fluid Flow
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Continuity, Vorticity, and Acceleration

V-U = 0
Q=VxU = 0
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Flow at a Corner
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Boundary Conditions
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Solution Using Velocity Potential

(and Streamlines)
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Solution Using Streamfunction

—~ _ 4 _ /-2y av¢
U= 3svy=(-5,6 5 0
J -~
Q?E[; ) QY i 2y O AT Fro
2 D2 - Arnm

l(‘[)(l,f) = uox*(\ ({/': ConSTAAT LS A
—— 1 STrEAQA LiAF

NOTE N LtaEs OF CosThAAS tP/ “P ANE
ORTHOGOr AL

V(_po V‘(/-‘: o e— CAn You PRoce '7H¢S?
2 _
ve-(? V)= U



What is the Pressure Along the Corner?
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Rotating Cylinder

Let's investigate the lift of a rotating cylinder by using a Java simulator.

-300 -15070 150 300

apin
rpm
Spin rom 1536 < O (L e Pounds |4
Change value: Select Lift Select Units
1. Back space over 1. Move slider bar or Value
old value. 2. Click on arrows Cl

2. Enter new value.

3. Hit ENTER key. Red dot shows your current value

http://www.grc.nasa.gov/VWWWW/K-|2/airplane/cyl.html



http://www.grc.nasa.gov/WWW/K-12/airplane/cyl.html
http://www.grc.nasa.gov/WWW/K-12/airplane/cyl.html
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Velocity Potential Solution
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What is the Pressure at the Surface of
the Cylinder?
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Equations for Incompressible and
Irrotational Flow are Linear
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A Solution with Circulation
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Add Circulation to Flow
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Summary

Continuity (incompressible flow and the Boussinesq approximation)

V- U0

Force and acceleration (Euler equation)

ouU 1
F(U-V)U=—-—-VP -V
Vorticity (vxU, swirls!!) 8
dU U 5
o = +Q x U+ - VU

Bernoullis Principle (Lift and pressure) b
1
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Visualizing flow (tracing lines...)

2D Euler flow (inviscid)
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Important: B.P. can be used to find
pressure from flow!



