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CE 382 Hydraulics
Dimensional Analysis

Dimensional Analysis

• What is it?
• Using dimensions (i.e., “units”) to study the relationship between physical 

quantities

• Why do it?
• Some engineering problems can’t be solved analytically

• For example, turbulent flow – equations we use to describe this chaotic flow 
were developed using experimental, or empirical, data

• A combination of theory, numerical analysis, and experimental data is often 
required
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Similitude

• Similitude is a concept meaning that measurements made on one 
system can be used to predict how another system will behave
• Scaled models
• Hydraulic flume
• Wind tunnel
• Other laboratory systems

• Through careful experimentation we can empirically develop 
equations

• But, since these equations are developed under carefully controlled 
conditions, we need to “translate” them so they can apply to our 
“real-world” systems

Dimensional Analysis Example

• Using Bernoulli – incompressible fluid flowing in a circular horizontal 
pipe

• But, we know there is actually a pressure drop per length of pipe

• If we have a long, smooth-walled pipe, what factors or variables have 
an effect on pressure drop?

• How would you design an experiment to investigate these effects?
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Dimensional Analysis Example

• Pressure drop as function of D, V, ρ, μ - for each graph, let’s call each 
constant  “C”

• This would be difficult to do experimentally – how would we change fluid 
density while keeping viscosity constant?

Dimensional Analysis Example

• We will use dimensional analysis to make this simpler by finding 
dimensionless products (or dimensionless groups)

• Given Δpl = f(D, V, ρ, μ) we will show

• We now only have to work with two variables instead of two
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Basic Dimensions

• M – mass

• L – length

• T – time

• If we want to express force (F) in basic dimensions:

• Can use M, L, T or F, L, T

Basic Dimensions – Pressure Drop Example

• We just stated that for pressure drop over some length of pipe

• Take a minute and write each side in terms of basic dimensions: 
(pressure drop per unit length is (Force/Area)/L)F/L3 = FL-3
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Buckingham Pi Theorem

• How many dimensionless products do we need to replace our original 
list of variables? (D, V, ρ, μ from our example)

• “If an equation involving k variables is dimensionally homogeneous, it 
can be reduced to a relationship among k – r independent 
dimensionless products, where r is the minimum number of reference 
dimensions required to describe the variable.”

• We call these dimensionless products “pi terms” 

Buckingham Pi Theorem

• For a physically meaningful equation with k variables

• Units on left must equal units on right

• Rearranging into a set of dimensionless products

• Number of pi terms required is fewer than the number of original 
variables – subtract by the number of reference or basic dimensions 
(MLT or FLT) required to describe the original variables, r
•  Number of pi terms = k – r 
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Finding the Pi Terms

1. List all variables involved in the problem
2. Express each of the variables in terms of basic dimensions
3. Determine the required number of pi terms – Buckingham pi thm k-r
4. Select a number of repeating variables, where the number required is 

equal to the number of reference dimensions
5. Form a pi term by multiplying one of the nonrepeating variables by the 

product of the repeating variable, each raised to the exponent that will 
make the combination dimensionless

6. Repeat step 5 for each remaining nonrepeating variable
7. Check resulting pi terms to make sure they are dimensionless
8. Express the final form as relationship among the pi terms

Finding the Pi Terms – Pressure drop example

• Step 1 – List variables

• Step 2 – Write each in terms of basic dimensions F, L, T
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Finding the Pi Terms – Pressure drop example

• Step 3 – How many pi terms? (Recall: Δp, D, V, ρ, μ from our example)

• k – number of variables, including the dependent variable (the one we are 
trying to find, in this case Δp)

• r – number of reference dimensions, which is the number of basic dimensions 
required to describe the variables (see step 2)

• Number of pi terms = k – r 

Finding the Pi Terms – Pressure drop example

• Step 4 – select r repeating variables from our list of all variables in the 
problem. (D, V, ρ, μ from our example)
• Do not choose the dependent variable (in this case Δp).

• All required reference dimensions (MLT or FLT) must be included. 

• Repeating variables can’t be combined to form a dimensionless product.
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Finding the Pi Terms – Pressure drop example

• Step 5 – Form our (k – r = 2) pi terms using our repeating variables D, 
V, and ρ
• Pi term 1 – combine our dependent variable (Δp) with our repeating variables 

and find exponents such that the combination is dimensionless

Finding the Pi Terms – Pressure drop example
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Finding the Pi Terms – Pressure drop example

• Step 6 – Repeat step 5 to find our other pi terms using our repeating 
variables D, V, and ρ
• Pi term 2 – combine our remaining variable (μ) with our repeating variables 

and find exponents such that the combination is dimensionless

Finding the Pi Terms – Pressure drop example
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Finding the Pi Terms – Pressure drop example

• Step 7 – check that the pi terms are dimensionless

• Step 8 – express the final form as a relationship between pi terms

Example 7.1

• A thin rectangular plate having a width w and height h is located so 
that it is normal to a moving stream of fluid. Assume the drag (D) that 
the fluid exerts on the plate is a function of w and h, the fluid 
viscosity (μ) and density (ρ), and the velocity (V) of the fluid 
approaching the plate.

V, ρ, μ h

w
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Example 7.1

• D = f(w, h, μ, ρ, V), D = MLT-2

• Write out the dimensions for all other variables using MLT

• How many pi terms?

• What repeating variables should we pick?

Example 7.1

• Find our first pi term by combining w, ρ, V with D
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Dimensional Analysis

• Selecting variables can be difficult – have to understand the physical 
situation
• Geometry

• Material properties (density, viscosity)

• External effects (forces, pressures, velocity, gravity)

• Determining reference dimensions – FLT or MLT are usually simplest 
and applicable for fluid problems

• Pi terms can be changed, but the required number of pi terms can not 
be reduced lower than k – r 

• Pi terms can be determined by inspection with practice

Common 
Dimensionless 
Groups
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Modeling

• We can use a physical relationship observed in physical model to 
predict the relationship on a different scale (as in a prototype)

• We can develop pi terms so that pi contains the variable that will be 
predicted based on observing a model,

• From drag example 7.1, D = f(w, h, μ, ρ, V)
m11 

Modeling

• For similarity between model and prototype

• Gives us the size of the prototype
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Modeling

• For similarity, we see model and prototype must operate at the same 
Reynolds number

Modeling

• Plugging in Vm and wm

• We found the drag on the prototype in terms of the drag observed on 
the model and the dimensions of our model

• By plugging in the dimensions for our prototype, we can find the drag 
for any fluid density and fluid velocity 


