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Purposes of Dimensional Analysis 
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Before discussing the technique of dimensional analysis, we first explain the underlying concept of 

dimensional analysis; the principle of similarity. 

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

Geometric similarity: the model must be the same shape as the prototype, but may be scaled by some 

constant scale factor.  
 

4 

Dimensional Analysis Concept 

Lecture (7) – Fluid Mechanics (1) – 1
st

 year Mechanical Engineering Dept. 



Kinematic similarity: which means that the velocity at any point in the model flow must be proportional 

(by a constant scale factor) to the velocity at the corresponding point in the prototype flow. Specifically, 

for kinematic similarity the velocity at corresponding points must scale in magnitude and must point in 

the same relative direction. You may think of geometric similarity as length-scale equivalence and 

kinematic similarity as time-scale equivalence. Geometric similarity is a prerequisite for kinematic 

similarity. 
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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). As with 

geometric and kinematic similarity, the scale factor for forces can be less than, equal to, or greater than 

one.  
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 Kinematic similarity is a necessary but insufficient condition for dynamic similarity.  

 It is thus possible for a model flow and a prototype flow to achieve both geometric and kinematic 

similarity, yet not dynamic similarity.  

 All three similarity conditions must exist for complete similarity to be ensured. 

 In a general flow field, complete similarity between a model and prototype is achieved only when 

there is geometric, kinematic, and dynamic similarity. 
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In the In the model test of a spillway the discharge and velocity of flow over the 

model were 2 m3/s and 1.5 m/s respectively. Calculate the velocity and 

discharge over the prototype which is 36 times the model size. 
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The characteristics of the spillway are to be studied by means of a 

geometrically similar model constructed to a scale of 1:10. 

1. If 28.3 m3/s, is the maximum rate of flow in prototype, what will be the 

corresponding flow in model? 

2. If 2.4 m/s, 50mm and 3.5 Nm are values of velocity at a point on the 

spillway, height of hydraulic jump and energy dissipated per second in 

model, what will be the corresponding velocity, height of hydraulic jump 

and energy dissipation per second in prototype? 
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The discharge through a weir is 1.5 m3/s. Find the discharge through the model of 

weir if the horizontal dimensions of the model=1/50 the horizontal dimension of 

prototype and vertical dimension of model =1/10 the vertical dimension of 

prototype. 
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A river model is to be constructed to a vertical scale of 1:50 and a horizontal of 

1:200. At the design flood discharge of 450 m3/s, the average width and depth of 

flow are 60 m and 4.2 m respectively. Determine the corresponding discharge in 

model and check the Reynolds’ Number of the model flow. 
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