
EngrD 2190 – Lecture 31

Concept:  Dimensional Analysis and Dynamic Scaling

Context:  Four methods to obtain the value of a
non-core variable from a dimensionless correlation.

Defining Question: Which method is the more effective?
Which method is the more simple?

Last Reading: Chapter 5 pp. 454-467
Applications of Dimensional Analysis



Include yourself

Due Friday 11/21 



Prelim 3, Tuesday 11/25

 Prelim 3:  Tuesday 11/25, 7:30-9:30 p.m., 128 and 245 Olin Hall.
Graphical Modeling for Mass Balances - Part 2:

tie lines on H-(x,y) and ternary diagrams.
translating thermodynamic maps: T-(x,y) to x-y, for example.
operating lines for multistage absorbers and strippers.
operating lines for multistage distillation.
design using single-stage and countercurrent multi-stage units -

may include use of T-(x,y), P-(x,y), H-(x,y) and ternary diagrams.

Open notes and open exercise solutions.
Bring a calculator and a ruler.  Graphing calculators are allowed. 

 Practice exercises: 4.37, 4.40, 4.47, 4.48, 4.58, 4.69, 4.70, 4.98, 
4.109, and 4.110. Solutions are posted.



Three Skills in Dimensional Analysis / Dynamic Scaling

1. Derive a set of Dimensionless Groups given a List of Parameters.

Lectures 28, 29, and 30 last week:

Pendulums Swinging, People Walking, and Spheres Falling.

Practice Exercises: 5.8, 5.13, 5.15, 5.20, and 5.22.

2. Use a Universal Correlation of Dimensionless Groups.

Lecture 31 today.

Practice Exercises: 5.28, 5.29, and 5.30.

3. Design a Dynamically Similar Model by Scaling.

Lectures 32 and 33.

Practice Exercises: 5.33, 5.34, and 5.39.

Solutions to practice exercises are posted at the EngrD 2190 homepage.



Recap:

The magnitude of a  group describes the phenomenon.

Walking:  Fr < 2.5     walking or trotting

Fr > 2.5     running or galloping

Falling Spheres:  Re < 1       laminar flow

Re > 1000 turbulent flow



The Terminal Velocity of Falling Spheres - Recap



Using a Universal Correlation

2 = 1
3

1

2 = 10
2 = 100

Parameter we seek is
the core variable for 3.

Use experimental data to
calculate 1 and 2.

Read 3 from graph,
calculate value of
core variable.

But for the terminal velocity of a sphere …
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Reynolds number contains velocity.
friction factor contains velocity.

How to calculate velocity?



Using Dimensionless Correlations to find the Terminal Velocity



Method 1 Iterations:
Iteration

1

v (m/sec)
guess

calculate
Re = 4.3v

friction factor
(from graph)

0.01 0.043 600 0.05
2 0.05 0.22 110 0.12

3 0.12 0.52 50 0.18

n 0.26 1.1 23 0.26
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How to plot a point on a log scale.
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log(ab) = log a + log b
log 12 = log 3 + log 4 

How to plot 17?

Plot 16 (= 4  4) and 18 (= 3  6)
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How to read a point on a log scale.
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Method 2:  Derive a relation FF = (Re) for the specific system.



Method 2:  Plot the relation FF = (Re) for the specific system.

2Re
22FF  22logRelog2FFlog 101010 

y x
straight line with slope 2 log10FF at log10Re  0 (at Re 1)

rise 
2 decades

run 
+1 decade

or plot points

Re      FF
0.1    2200

1      22
10      0.22

Relation specific to our system

Experimental Data - Universal Relation

Intersection is at
Re  0.9 (v  0.21)
FF  30 (v  0.23)



Method 3:  Convert the Dimensionless Correlation to Equations.

FF = 0.44



Method 3:  Convert the Dimensionless Correlation to Equations.
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Method 3:  Convert the Dimensionless Correlation to Equations.



Method 4:  Recast the dimensional analysis with v as a core variable.



Method 4:  Recast the dimensional analysis with v as a core variable.
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Summary of the four methods to obtain the value of a
non-core variable from a dimensionless correlation.

Method 1:  Guess ‘n’ check.

Method 2:  Derive a relation 1 = f (2) for the specific system.

Method 3:  Convert the dimensionless correlation to equations.

Method 4:  Recast the dimensionless analysis with v as a core variable.

Slow to converge.  No convergence for some cases: Re >1000

Lots of algebra.

Useful for many readings.  Large investment for one reading.

Useful for many readings.  Not practical for one reading.



A Final Note – Log Scales
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Re  0.03 Re  40,000 log10(Re)  1.6
Re  104.5

 32,000

Read Appendix D: Log-Log Graph Paper

Re  101.6

 0.025

log10(Re)  

friction factor  f(Re) log10(friction factor) = f(log10(Re))

friction factor = f(Re)


