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LECTURE # 01:         SYLLABUS AND POLICIES

&

INTRODUCTIONS TO SIMILITUDE OF EXPERIMENTS
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❑ COURSE INTRODUCTION

• Course policy

– Required attendance for lab exercises: In this course, you will conduct lab experiments 
for various applications. These experiments involve computer data acquisition systems, 
pressure and velocity measurement techniques, uncertainty analysis, and report writing. 
Unexcused absences from lab exercises will result in an “F” for the entire course!

– COVID-19 Related Medical Absence:  If any students in the  class have confirmed or 
suspected COVID19 infections, they should follow ISU policy to fill “COVID-19 Reporting 
Form for Campus” as soon as possible. Please send a notice email to the course 
instructor about the reported COVID-19 case, which can be used as evidence to justify 
excused absence of the labs or final exam during the required quarantine period. 

– Other Excusable Absence: It is required for you to attend lab exercises and the final 
exam. Providing doctor’s note to state the sickness is an example to justify the excusable 
lab or exam absence.  You can also provide other reasonable evidence to justify your lab 
or exam absence. 

– Make up the Excusable Absence: Pease contact the course instructor as soon as 
possible to discuss about the plan to make up the excusable absence when you have an 
excusable absence from lab exercise and final exam. 
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❑ MEASURABLE PROPERTIES

•Material Properties: 
     (Most of them can be found in handbooks)

•Kinematic Properties:  Describes the fluid motion w/o considering force.  
  (Position, V, displacement, acceleration, 

   momentum, volume flow rate, mass flow rate…

•Dynamic properties:  Related to applied forces. 
   (Pressure, shear stress , Torque)

•Thermodynamic properties: Heat and Work. 
   (T, e, h, S)

D,,volume,specific  ,,m
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❑ Descriptions of Flow Motion 
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• Lagrangian Method  Focused on fluid particles
  

• Eulerian Method:  Focused on space location.
 

Acceleration: 

• Rate of Strain:
   
• Shear stress:
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❑ PRIMARY PROPERTIES AND SECONDARY PROPERTIES 

• Primary Properties: Properties which are independent to each other 

•  Secondary Properties: Related to other properties through their definition or 
   basic principles 
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•  Similitude: 
– The study of predicting prototype conditions from model observations.

• F-22 Raptor Air Superiority Fighter

❑ SIMILITUDE AND DIMENSIONAL ANALYSIS 
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❑ DIMENSIONAL ANALYSIS AND SIMILITUDE

),,,( VDfpl =

)(
2 





VD

V

p
=





Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

❑ BUCKINGHAM   - THEOREM

• Step 1: List all the variables that are involved in the problem.

• Step 2: Express each of the variables in terms of basic dimensions.

– Basic dimension: M, L,T, F 

– Force - F=MLT-2, density -  =ML-3; or   =FL-3T2.

• Step 3: Determine the required number of pi-terms.

– Number of pi-terms is equal to k-r, where k is the number of variables  in the 
problem, r is the number if reference dimensions required to described the 
variables.

• Step 4: Select a number of repeating variables, where the number required is equal to 
the number of reference dimensions.

• Step 5;  Form a pi-term by multiplying one of the non-repeating variables by the 
product of repeating variables, each raised to an exponent that will make the 
combination dimensionless.

• Step 6: Repeat Step 5 for each of the remaining non-repeating variables.

• Step 7: Check all the resulting pi terms to make sure they are dimensionless

• Step 8: Express the final form as a relationship among the pi-terms, and think about 
what it means.

),( ,321 rk−= 
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❑BUCKINGHAM   - THEOREM

• Example 
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❑ Commonly used dimensionless parameters


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• Geometric similarity: the model has the same shape as the prototype.

• F-16

• F-22

• F-16

❑ SIMILITUDE

http://www.wallpapergate.com/data/media/2183/F_16_Falcon_6.jpg
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❑ SIMILITUDE

• Kinematic similarity: condition where the velcoity ratio is a constant 
between all corresponding points in the flow field.  

– The streamline pattern around the model is the same as that around 
the prototype
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• Dynamic similarity: Forces which act on corresponding masses in the model 
flow and prototype flow are in the same ratio through out the entire flow.
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❑ SIMILITUDE
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❑ SIMILITUDE
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