ME 433  Professor J. M. Cimbala Lesson 09 E: Sphere Drag

Sphere Drag +
Today, we will:

e Discuss Drag on Spheres and various equations for sphere Drag Coefficient

¢ Do an example problem .
Drag on Spheres: @3 “ ll r‘V Cp@
: O

sy

400

L
100

{‘m’”’*"“ = MWQ,
ld,q_ fL ';njr(ﬂ”

LA sl
P ).Fa

Drag -:n:-efli-:ient@

EF:"T:':-"—-".':'F — R D
M oE D —mEsEm O DD OO0

OM <& ¢hg 04

KRG RS

=

3

E-IIEE

2 4
10°

214'-58 2 4 6B 2&63 2468
10! J_\ml /d@ﬁ) 102
_\,A /\ Reynolds nul‘ﬂbe@\
== x=— 0 (_B

Fig. 2: The effect of Reynolds numh on [hﬂ drag coefficieny'Cp, of g smooth spherﬂ of

diameter .
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Some empirical equations for sphere drag coefficient, Cp, = Cp(Reynolds number):
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Problem: If use these in an IF statement, there are discontinuities.

1000 -
------ Experiment (digitized)
100 - ) —— Segmented equations
Stokes, 24/Re
Cp 10 |
)
15
0.1 4
0.01 T T T T T T T ll\llllll T T T T T T T T T T T TITT T T T T T Tl T L R R T L B R
0.1 1 10 100 1000 10000 100000 1000000

Re (-)




Fortunately, there is a 2016 paper by Faith A. Morrison where she created a curve fit
equation that spans the entire range of Reynolds number up to 10°. Here is the equation:
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Here is a plot of Cp(Re) comparing Stokes, our segmented equations, and Morrison
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Example: Drag coefficient on a sphere
Given: A 1.55 mm sphere is moving in air at a speed of 1 ;gign_[s. The air properties are:

p=1.246 kg/m? M
v=1.426x10"° m%s {)}: ;’g
To do: Calculate the Reynolds number and the drag coefficient for this sphere.
il
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