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If the drag Fp of a sphere in a fluid flowing past the sphere is a function of the
viscosity W, the mass density p, the velocity of flow V, and the diameter of the
sphere D, what dimensionless parameters are applicable to the flow process?

F, = f (1 pV,D)
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If the drag F, of a sphere in a fluid flowing past the sphere is a function of the
viscosity ., the mass density p, the velocity of flow V, and the diameter of the
sphere D, what dimensionless parameters are applicable to the flow process?

Fp=flV.p. p. D) (8.

In this problem we have five dimensional parameters; namely, Fp. V. p.
1, and D. From the Buckingham IT theorem there should be two m-groups. We
approach this problem in the same way as used in Example 8.1, by using a
table and eliminating the basic dimensions step-by-step.
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We can start by using the sphere diameter D to eliminate the length di-
mension in the other variables. For example, dividing the force by the diameter

*Note that, in rare instances, the number of parameters may be one mare than predicied by the
Buckingham TT theorem. This anomaly can occur because il is possible that iwo-dimensiconal
categories can be eliminated when dividing (or multiplying) by a given variable. See Ipsen (7,

page 172) for an example of this,

removes the length dimension. Also, multiplying the density by the diameter
cubed removes the length dimension. The resulting variables are shown in the
second column with their corresponding dimensions, We can use pD” to elimi-
nate the mass dimension in the other variables, and now only three variables
remain with dimensions of time only. The result is shown in the third column,
The V4D grouping in the second row did not change because there was np
mass dimension in this term. Finally, the V7D grouping is used to eliminate the
time dimension resulting in the fourth column. There are two w-groups re-
maining which leads to an equation in the form:

Fyp _ f[ L )
pVD* pVD

Although Eq. (8.8) still has the same variables as Eq. (8.7), the number of
terms has been reduced from five to two. This makes the correlation of data

much simpler,

(8.8)
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This problem can also be solved using repeating varialbe method (exponent
method). The form of the solution is not unique. There could be other forms of PI
groups.



