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SUMMARY

There is a difference between dimensions and units; a dimen-
sion is a measure of a physical quantity (without numerical
values), while a unit is a way to assign a number to that dimen-
sion. There are seven primary dimensions—not just in fluid
mechanics, but in all fields of science and engineering. They
are mass, length, time, temperature, electric current, amount of
light, and amount of matter. All other dimensions can be
formed by combination of these seven primary dimensions.

All mathematical equations must be dimensionally homo-
geneous; this fundamental principle can be applied to equa-
tions in order to nondimensionalize them and to identify
dimensionless groups, also called nondimensional parame-
ters. A powerful tool to reduce the number of necessary inde-
pendent parameters in a problem is called dimensional analy-
sis. The method of repeating variables is a step-by-step
procedure for finding the nondimensional parameters, or �’s,
based simply on the dimensions of the variables and con-
stants in the problem. The six steps in the method of repeat-
ing variables are summarized here.

Step 1 List the n parameters (variables and constants)
in the problem.

Step 2 List the primary dimensions of each parameter.

Step 3 Guess the reduction j, usually equal to the num-
ber of primary dimensions in the problem. If the analysis
does not work out, reduce j by one and try again. The
expected number of �’s (k) is equal to n minus j.

Step 4 Wisely choose j repeating parameters for con-
struction of the �’s.

Step 5 Generate the k �’s one at a time by grouping
the j repeating parameters with each of the remaining
variables or constants, forcing the product to be dimen-
sionless, and manipulating the �’s as necessary to
achieve established nondimensional parameters.

Step 6 Check your work and write the final functional
relationship.

When all the dimensionless groups match between a model
and a prototype, dynamic similarity is achieved, and we are
able to directly predict prototype performance based on
model experiments. However, it is not always possible to
match all the � groups when trying to achieve similarity
between a model and a prototype. In such cases, we run the
model tests under conditions of incomplete similarity, match-
ing the most important � groups as best we can, and then
extrapolating the model test results to prototype conditions.

We use the concepts presented in this chapter throughout
the remainder of the book. For example, dimensional analysis
is applied to fully developed pipe flows in Chap. 8 (friction
factors, loss coefficients, etc.). In Chap. 10, we normalize the
differential equations of fluid flow derived in Chap. 9, produc-
ing several dimensionless parameters. Drag and lift coeffi-
cients are used extensively in Chap. 11, and dimensionless
parameters also appear in the chapters on compressible flow
and open-channel flow (Chaps. 12 and 13). We learn in Chap.
14 that dynamic similarity is often the basis for design and
testing of pumps and turbines. Finally, dimensionless parame-
ters are also used in computations of fluid flows (Chap. 15).
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PROBLEMS*

Dimensions and Units, Primary Dimensions

7–1C What is the difference between a dimension and a
unit? Give three examples of each.

7–2C When performing a dimensional analysis, one of the
first steps is to list the primary dimensions of each relevant
parameter. It is handy to have a table of parameters and their
primary dimensions. We have started such a table for you
(Table P7–2C), in which we have included some of the basic
parameters commonly encountered in fluid mechanics. As
you work through homework problems in this chapter, add to
this table. You should be able to build up a table with dozens
of parameters.

* Problems designated by a “C” are concept questions, and
students are encouraged to answer them all. Problems designated
by an “E” are in English units, and the SI users can ignore them.
Problems with the icon are solved using EES, and complete
solutions together with parametric studies are included on the
enclosed DVD. Problems with the icon are comprehensive in
nature and are intended to be solved with a computer, preferably
using the EES software that accompanies this text.
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