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Spin plays an important role in the flight trajectory of golf, Ping-Pong, and tennis balls. Therefore, it is
important to know the rate at which spin decreases for a ball in flight. The aerodynamic torque, 7, acting
on a ball in flight, is thought to depend on flight speed, V, air density, p, air viscosity, u, ball diameter, D,
spin rate (angular speed), ®, and diameter of the dimples on the ball, d. Determine the dimensionless

parameters that result.
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SOLUTION:

1.  Write the dimensional functional relationship.
T=f(V,p,u,D,0,d)

2. Determine the basic dimensions of each parameter.
2
[T]=F-L =ML/T2

V1=

3. Determine the number of IT terms required to describe the functional relationship.
# of variables =7 (T, V, p, i, D, o, d)
# of reference dimensions =3 (M, L, T)

(#11 terms) = (# of variables) — (# of reference dimensions)=7—-3 =4
4. Choose three repeating variables by which all other variables will be normalized (same # as the # of

reference dimensions).
p. V, D (Note that these repeating variables have independent dimensions.)

5. Make the remaining non-repeating variables dimensionless using the repeating variables.

I, =TpV’'D
a b c
= et = (MU (ML (57) ()
M: O0=1+a = a=-1
T 0=-2-b = b=-2
L: 0=2-3a+b+c = c=-3
T
YD
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I, = up“V" D

= swer=(20 T () (4)
M: O0=1+a = a=-1

7. 0=-1-b = b=-1

L: 0=-1-3a+b+c = c=-1
# or II, pV

I, = VD (a Reynolds number!)
I, = wp'V'D*
- wer <[ )0 () ()
M: O=a = a=0
T 0=-1-b = b=-1
L: 0=-3a+b+c = c=1
P
I, =dpV’D*
= e =(L)(ML ] () ()
M: O=a = a=0
T 0=-b = b=0
L: 0=1+c = c=-1
-t

D

6. Verify that each I term is, in fact, dimensionless.

[m,]= Lw} ML/ LS T ) ok
[nz]z_%}zM/ﬁL/T%L%fl OK!
[H3]::%}:/T%%:l OK!
[m]:i%}:%%zl OK!

7. Re-write the original relationship in dimensionless terms.
T __,| oD oD d
pV’D* I u TV '’D
Nl
Reynolds #
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