Buckingham Pi Theorem

This example isthe same as example 7.2 in the textbook except that we
assume the pipe is a smooth pipe. Using Buckingham Pi theorem, determine
the dimensionless P parametersinvolved in the problem of determining
prgﬁsure drop along a straight horizontal circular pipe.

Dp

» Relevant flow parameters. Dp pressure drop, r density, V averaged velocity,
mviscosity, L pipe length, D pipe diameter. Therefore the pressuredropisa
function of fivevariables. Dp=f,(r ,V,mL,D) Seestep 1p.300

Buckingham theorem states that the total number of these relevant dimensiona
parameters (n) can be grouped into n-m independent dimensi onless groups.
The number misusually equal to the minimum of independent dimensions
required to specify the dimensions of all relevant parameters.



Dimensional Analysis

» Primary dimensions M(mass), L (length), t(time), and T(temperature).
Example: to describe the dimension of density r, weneed M and L

[r ]=[M/L3], [Dp]=[F/A]=[ma/A]=[ML/AL?]=[M/(Lt?)]

Similarly, [M=[M/(Lt)], [V]=[L/], [L]=[L], D=[L] Seesteps2& 3inp.301

Therefore, there are atotal of three (3) primary dimensionsinvolved: M, L, and
t. We should be able to reduce the total number of the dimensional parameters

to (6-3)=3.

» Now, we need to select a set of dimensional parameters that collectively they
Includes al the primary dimensions. We will select three since we have three
primary dimensions involved in the problem. Seestep 4in p. 301
Special notes: do not include minto this set since it is usually lessimportant
compared to other parameterssuch as r (density), V(velocity) and alength
scale.

Wewill selectr, V and D for this example



P Groups

» Set up dimensionless P groups by combining the parameters selected
previoudy with the other parameters (such as Dp, mand L in the present
example), one a atime. Identify atotal of n-m dimensionlessP groups.

Y ou have to solve the dimensional equationsto make sureall P groups are
dimensionless.

Thefirst group: P,=r3a/*D<Dp, a, b & ¢ exponents are needed to non-
dimensionalize the group. In order to be dimensionless:

[ =1 [ ] [L] [—]— MLt
Sothata+1—0,-3a+b+c+1:O&-b-2:O
Solveda=-1,b=-2,¢c=0.

Therefore, thefirst P groupisP, = Nz



P Groups

Use similar strategy, we can find the other two P groups:

P2:i’ P3:L
rvD D
The functional relationship can be written as
_ Dp L
P.=f(P,,P,)or = f
1= L(P2P) rv? (rVD D)

Therefore, the pressure drop in the pipeisafunction of only two parameters:
the Reynolds number and the ratio between its length and diameter.

It can be understood that the pressure drop is linearly proportional to the length
of the pipe. This has also been confirmed experimentally. Therefore:

Pt FRe9-L¢ (Re), whereRe= VP
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