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* Review head loss in internal flows

+ Definition of lift and drag forces
— Result of pressure and shear stress forces

» External flows over a flat plate

» Laminar and turbulent regions

* Flows over cylinders and spheres
* Pressure distributions and lift

+ Lift coefficients for an airfoil
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Review Energy Equation

» Energy equation between inlet (1) and
outlet (2) )
Z, +&+V—2= zl+&+vi+hS —h.
Y 29 v 2
* Previous applications allowed us to
compute the head loss from other data
in this equation
— Call this the measured head loss

» We can compute it, but we have no way of
knowing its cause
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Review Head Loss

» During the last two weeks we learned to
compute the head loss

¢ v?
h :(f B+ZKL]5
+ Call this the design head loss
— Allows us to determine the head loss from
empirical relations among Re, f, and ¢/D

* Also have various K| for minor losses

* Once we know the head loss, we can find other
terms in the energy equation
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Review Energy/Head Loss

» Combine energy equation with f and K
Py Vs P Ve
Z, 4242 =z +-L4 L yh —h
Y 29 v 29
p, V7 p VP ‘ v?
Zy 4242 =g+ Lyl —(f +ZKLJ
v 29 Y 29 D 29
» Top equation: compute h, if you know
all other terms in the equation
» Bottom equation: find flow properties
~ accounting for calculated head loss
Northridge

Review Energy/Head Loss Il
P2

2 2 2
+V2=zl+pl+vl+h5—(f f+Z:K|_jv
v 29 v 29 D 29

» Simplest case: z, - z,=V,; -V, =h =0

0 v? ¢ pV?
_ = f— K, |—=| f— K, |[—
PL—P2 Y( D+§ Lng ( D+§ Lj 5
» Often have V, =V, so head loss is

/ v?
p1+y21—(p2+y22):(f D+ZKLJP

Zy +

2
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Review Moody Diagram
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Review Moody Equations

+ Colebrook equation 5 0] g/D 251
(turbulent) Jr T 37 TRe ST

* Haaland equation 1 _ . (69 (¢ L
(turbulent) Jr %10 %Jr( j
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Review Laminar vs. Turbulent

q \
\P'i" L_: i o ﬁ \- /
- () ()

\ S

r—
i,

P

'// ool Welbouiael

e
—

have smooth

layers of fluid e Turbulent flows

have fluctuations
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« Laminar flows 0 | it

Other Review ltems

Not for partially filled pipes

* Find minor loss coefficients from various
tables and charts
Parabolic laminar velocity profile

— Adjustment coefficients for momentum and
kinetic energy flows terms

Flat turbulent velocity profile
— No adjustment terms required
* Non-circular pipes use D, = 4A/P
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Other Review Items Il

» Wall shear stress related to pressure
drop: Ap = 2t /R = 41, /D (for
horizontal pipe)

» Entry lengths for developing flows
— laminar %e =0.06Re turbulent Be =4.4Re"*

—{, = 10D for turbulent flows

* h, varies as D* for laminar flows and D
for fully turbulent flows with fixed Q
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Review Head Loss Problems
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 Find the pressure drop given fluid data,
pipe dimensions, g, and flow (volume
flow, mass flow, or velocity)
— Get A = D?%/4
—Get V =Q/A orV = m/pA if not given V
—Find p and p for fluid at given T and P
— Compute Re = pVD/u and /D

— Find f from diagram or equation
« Laminar f = 64/Re; Colebrook for turbulent

— Compute h, =f (#/D) V2/2g
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Review Lead Loss Problems |l

+ Find the diameter for a given head loss
given fluid data, ¢, and flow (volume
flow, mass flow, or velocity)

—Find p and p for fluid at given T and P
— Guess D; get A = nD?%/4
—Get V = Q/A or V = m/pA if not given V
— Compute Re = pVD/p and &/D
— Find f from diagram or equation

» Laminar f = 64/Re; Colebrook for turbulent
- ComPUte hL,caIcuIated =f (E/D) V2/2g
— lterate on D until hL,caIcuIated = hL,required
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External Flow Forces
Forces due I
! i/ |
to pressure — ‘ﬁk
distribution e o

and shear
stress Shearstress

S o=t ""'.-. — .~ distribution
Net resultis _t, (C>"‘

a lift force, L,

and a drag

force, D
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Theodore Okiishi. Copyright © 2005 by John Wiley & Sons, Inc. Al rights reserved.

External Flow Characteristics

» Flow over a flat plate is the simplest
example
—Re = U_{lv
» U, = velocity upstream and far from plate
« [ = length of plate in direction of flow
* Low Reynolds number flow has viscous
effects important over wide region

* As Re increases region of significant
viscous effects narrows

Califoeni Seate University 15
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* Shaded area is
where viscous

small, (b) moderate
and (c) large Re
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Small Reynolds Number

Viscous effects

important >
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Moderate Reynolds Number

Viscous effects

— X
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Large Reynolds Number

Flow Over a Sphere

+ Similar effects of different flow regimes
as Reynolds number increases

» Drag force due to both pressure drag and
friction drag
— Flat plate only has friction drag

* No simple relation between drag
coefficient and Reynolds number
— Nature of flow changes as Reynolds number

increases
Californi Seate University 20
Northridge

v —
- f -|
—
Re= 107 .
— : Boundary layer
Viscosity not EE——
—| important A Viscous effects Wake
\ important region
— s \ A\ {
5 < | Al S e ===
e FEN, = ]
— v [ | X
e ——— . |
A .
f——s- 5 . -
. Streamlines deflection —
very slight
—
|—— = s
—
—_—
u —
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Viscous forces
impertant throughout
Re=UDv=0.1

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and
Theodore Okiishi. Copyright © 2005 by John Wiley & Sons, Inc. Al rights reserved.

Moderate Reynolds Number

- —
- d9e=rs Viscous
Viscosity not //’ - effects
important P — ey impaortant
—— —_—

Separation
location

Large Reynolds Number

Viscosity not /——

Boundary layer separation
important _—~ IS s

Viscous effects
/ important
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Boundary |layer
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Separation bubble
Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and
Theodore Okiishi. Copyright ® 2005 by John Wiley & Sons, Inc. Al rights reserved.
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“? « Transition to turbulent flow at Re, =
U, x/v = 2x10° to 5x10°
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Friction and Drag Coefficients Flat Plate Drag Coefficients
Laminar: c¢(X)= TW(? = ? Cps = DT = \1/? Equation Flow Conditions
u e U e -
= X Py ‘ Cpy = 1.328/(Re,)" Laminar flow
) 2 2 Cpr = 0.455/(log Re, )™ = 1700/Re, Transitional with Re,., = 5§ % 107
1 . U,z Cpy = 0.455/(log Re, )*™ Turbulent, smooth plate
D :szjtw(x)dx /=length b=width Re, ===~ A T Comittity inintias
L 0 U
— —*| Length of plate is . r r .
S {f---—-8 =---- gsmall enough that ¥ - | S I - Fuid Mecharce 5
==l Fluig entire flow is laminar o o 8 = = o i e
[particle ==\ R —| |} Theodore Okiishi
y Fiaig Copyright © 2005 by
5 /particie /2 John Wiley & Sons,
= _ =1 / == | /5% Inc. Alrights
& Re, < Regj; =5x10 P B resorved.
I I £ %5 A ) e
P Laminar boundary  Fundamentals of Fluid Mechanics, S/E by Bruce Munson, sl A 7 ¥
Leading layer Donald Yoyng, and Theodore Okiishi. Copyright © 2005 |, Limiciad, bouridary u]s Turbulent boundary
n by John Wiley & Sons, Inc. Al rights reserved. s [T

Cylinder and Sphere Drag Cylinder and Sphere Drag
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Steady separation bubble

1]

10! 16 10t 10 1ot 10 10° 107 1ot 1 10t 10 10 10t 10 10° 107
Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Fundamentals of Fluid Mechanics, 5/E by Bruce Munson,

Donald Young, and Theodore Okiishi. Copyright © 2005 by & Donald Young, and Theodore Okiishi. Copyright © 2005 by

John Wiley & Sons, Inc. Al rights reserved. : John Wiley & Sons, Inc._All rights reserved.

Cylinder and Sphere Drag Surface Roughness Effect

Laminar boundary layer,
wide turbulent wake

0.4

Turbulent boundary layer,
narrow turbulent wake
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Automobile Drag Coefficients

Py =DV =CppV°3A: /2

1920 1930 1940 1950 1960 1970 1980 1990 2000 20101
Year

Califioeri Seate University

April 22, 2008

Drag cosfficient
Shape Reference area c

Frontal area

2 Parachute a2
A= 1 1r

i Figures
s 9.28 10 9.30

Porasity (3] 0.2 | 05 (pp 536-
b oez 538 give
! ~— |05 |0s0oso  drag

Porasity = open areaiotal s soafficients

Frontal area
—_— a2 | 1.

Standing C A= for “objects
Sitting Cpd=6 Mt of interest”

Crouching CpA =251

Fundamentals of
Fluid Mechanics, 5/E
by Bruce Munson,
Donald Young, and
Theodore Okiishi.
Copyright © 2005 by
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Northridee Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 31
£ Theodore Okiishi. Copyright © 2005 by John Wiley & Sons, Inc. All rights reserved.

John Wiley & Sons,
Inc. All rights
Empire it reserved.
Frontal area L4
State Building
32

Lift

* Example: pressure distribution on a car

[ penotes p > s
[ penates p < p,
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Northridee Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 33
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Lift Coefficient, C,

+ Defined similarly to drag coefficient

CL :Liz /—H—._
Apuao t \“‘--—-_._

2 "’ Symmetrical
b is width
c is chord
length ¢ i : .
i [
o ls angle / MNonsymmetrical

of attack Area A = bc = (width)(cord length)

Califiornia Seate University Fund {als of Fluid Mech SEbyB " Donald v 4 34
Northrldge undamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, an

Theodore Okiishi. Copyright ® 2005 by John Wiley & Sons, Inc. Al rights reserved.

Lift and Drag Coefficients

C_and Cy i;:ary with
10 = angle of attack, a, and
aspect ratio A = bZ/A
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