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Similarity Principles 

• In most experiments, to save time and money, tests are performed on a geometrically 

scaled model, rather than on the full-scale prototype. 

 the principle of similarity is: 

There are three necessary conditions for complete similarity between a model and a 

prototype.  

• The first condition is geometric similarity— the model must be the same shape as 

the prototype, but may be scaled by some constant scale factor.  

• The second condition is kinematic similarity, which means that the velocity at any 

point in the model flow must be proportional to the velocity at the corresponding point 

in the prototype flow (Fig. 7–16). 

• The third and most restrictive similarity condition is that of dynamic similarity. 

Dynamic similarity is achieved when all forces in the model flow scale by a constant 

factor to corresponding forces in the prototype flow (force-scale equivalence). 
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3- Dynamic Simulated 
Reynolds number: 

In the case of aerodynamic drag on an automobile, it turns out 

that if the flow is approximated as incompressible, there are only 

two πs in the problem, 
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3- Dynamic Simulated 

• https://www.cram.com/flashcards/hy

draulics-revision-channel-geometry-

3514672 

The Froude number is an important 

dimensionless parameter in the study of 

open-channel flow 
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3- Dynamic Simulated 

• https://www.pinterest.com/pin/61643088636303195/ 

Froude number 
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3- Dynamic Simulated 

https://fluidfreak.wordpress.com/2014/05/03/reynolds-number/ 

Euler number  
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3- Dynamic Simulated 

Flow can be characterized using the Mach number as 

folllows: 

(a) Ma ≤ 0.3: incompressible 

(b) 0.3 < Ma < 1.0: compressible subsonic flow 

(c) Ma ≥ 1.0: compressible supersonic flow 

https://fluidfreak.wordpress.com/2014/05/03/reynolds-number/ 

Mach number  
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3- Dynamic Simulated 

Weber Number (We): The dimensionless parameter associated with surface tension 

effects is the Weber number, and it is defined as 

We = ρV2L/σ 

https://fluidfreak.wordpress.com/2014/05/03/reynolds-number/ 
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Nondimensional Parameters 

Note: Just for briefing, you can See table 7–5 in the fluid mechanics book (pp.287-288) 

that shows some nondimensional parameters. 

 https://www.slideserve.com/joy/dimensional-analysis-and-similitude 
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4- Simulation 
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Example 1: 

Examples: 

Sol. 1 
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Example 2: EXAMPLE 7–5 Similarity between Model and Prototype Cars 

The aerodynamic drag of a new sports car is to be predicted at a speed of 50.0 mi/h at an air temperature of 25°C. 

Automotive engineers build a onefifth scale model of the car to test in a wind tunnel. It is winter and the wind 

tunnel is located in an unheated building; the temperature of the wind tunnel air is only about 5°C. The wind tunnel 

has a moving belt to simulate the ground under the car, as in Fig. 7–19. Determine how fast the engineers should 

run the wind tunnel in order to achieve similarity between the model and the prototype. 

 

Examples: 

Sol. 2 
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Example 3: EXAMPLE 7–6 Prediction of Aerodynamic Drag Force on the Prototype Car 

This example is a follow-up to Example 7–5. Suppose the engineers run the wind tunnel at 221 mi/h to achieve 

similarity between the model and the prototype. The aerodynamic drag force on the model car is measured with a 

drag balance (Fig. 7–19). Several drag readings are recorded, and the average drag force on the model is 21.2 

lbf. Predict the aerodynamic drag force on the prototype (at 50 mi/h and 25°C). 

Examples: 

Sol. 3 
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Homeworks: 
Hw1: A prototype ship is 35 m long and designed to cruise at 11 m/s (about 21 kn). Its 

drag is to be simulated by a 1 - m-long model pulled in a tow tank. For Froude scaling 

find (a) the tow speed, (b) the ratio of prototype to model drag, and (c) the ratio of 

prototype to model power. 

Hw2: A prototype ocean platform piling is expected to encounter currents of 150 cm/s 

and waves of 12s period and 3m height. If a one-fifteenth-scale model is tested in a 

wave channel, what current speed, wave period, and wave height should be 

encountered by the model? 

Hw3:  



16 

Note:  

 Solve all three Homeworks and sending 

me the answering next week on Sunday 

5 April 2024. 

 Read examples 7-10 & 7-11 in the fluid 

mechanics book (pp.299-302) 

I hope everything is clear for all students 

Good luck  


