


Model Analysis





• Model: It is a small scale replica of the actual structure
• Prototype: It is the actual structure
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Hydraulic Similarity or Similitude:
        In order to have a complete idea about the construction and working of a hydraulic structure or machine, it is 
    very essential that the model should represent its prototype completely and  fully in all respects. The similarity
    between the prototype and its model is known as hydraulic  similarity or hydraulic similitude.

        There are three kinds of similarities which a model should possess in order that it may reproduce the behaviour 
   of its  prototype: 

       - Geometric similarity
       - Kinematic similarity
       - Dynamic similarity



Geometric Similarity

width



Kinematic Similarity



Dynamic Similarity





Velocity of Water in the Prototype for the given 
velocity in Undistorted Model



Discharge of Prototype for the Given Discharge of an 
Undistorted Model



Force of Resistance of the Prototype for the Given Force of 
Resistance of an Undistorted Model



Speed of the Prototype for the Given Speed of an Undistorted 
Model
Consider a undistorted model geometrically similar to a prototype, like a centrifugal pump or turbine



Time of Emptying a Prototype for the Given Time of 
Emptying of an Undistorted Model



Velocity of Water in the Prototype for the Given Velocity 
of Water of a Distorted Model



Discharge of Prototype for the Given Discharge of a 
Distorted Model

Consider a distorted model of a prototype like a weir,notch, spillway etc





Math: The discharge over a model, which is reduced to 1:100 in all its dimensions is 1.5 
litre/s. What is the corresponding discharge in the prototype?

Q = q x (s)2.5  = 1.5 x (100)2.5  = 150000 litre/sec = 150 m3 / s

Math:  The resistance on a ship is to be found out from the model tests on 1:60 model in wind tunnel. 
If the drag on the model was found t 0.005 N, what will be the drag on the prototype? Take the density 
of the air as 1.2 kg/m3  

F = f x (ρp / ρm )x s3 = 0.005 x ( 1030/1.2) x (60)3    

= 927000 N

The mass density of sea water is 1030 kg/m3



 Math  :



   Math:   
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Introduction to Dimensional Analysis



Fundamental Dimensions:



24. Bulk Modulus N/m2



Dimensional 
Analysis

The dimensional analysis is a mathematical technique which deals with 
the dimensions of the physical quantities involved in the phenomenon.

Application:

1. To know if any equation is dimensionally homogeneous or 
not.(Example in next slide)

2. To find out dimension. Suppose, Area = Length x Width = L x L = L2

3. In unit conversion.

4. To solve complex engineering problem.

5. In model and prototype related topics.



Example 1

Example 2

Dimensional Homogeneity
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Methods of Dimensional Analysis:
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Rayleigh’s Method



MATH EXAMPLE ON 
RAYLEIGH’S METHOD
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Math Example of Rayleigh’s Method:
Question:

Solution











Buckingham’s 
Method or 

Buckingham’s pi 
Theorem



Steps of Buckingham’s Methods are given below:

Following Points must be considered while selecting repeating variables:





Buckingham’s Pi 
Theorem Math 

Example



Math: Prove that the discharge over a spillway is given by the relation-

Here, n = 5
m = 2

So we need (n-m)=(5-2)=3 pi terms
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Math Example 2 (Buckingham’s Pi theorem):

The resisting force (F) of a supersonic plane during flight can be considered as dependent upon the length of aircraft (l),
Velocity (V), air viscosity (μ),air density (ρ),bulk modulus of air(k). Express the functional relationship between

These variables and the resisting force.

Given,
Resisting force =F
Length of the aircraft = l
Velocity of the aircraft = V
Air viscosity = μ
Air density = ρ

Bulk modulus of air=K

Here, total variables, n=6
Fundamental dimensions, m=3
So pi terms required=n-m=(6-3)=3

solution
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Types of Forces Present in a Moving Liquid:

When a liquid is in motion, some forces are always involved in the phenomenon of flow. But there are always 
one or two forces, which dominate the other forces, and they govern the flow of the liquid and keep it in motion.
The following which forces are present in a moving liquid, are important from the subject point of view:

• Inertia Force
• Viscous Force
• Gravity Force
• Surface Tension Force
• Pressure Force
• Elastic Force



Inertia Force:
The inertia force is the product of mass and acceleration of flowing liquid, and is always existing in the phenomenon

of the liquid flow.

Viscous Flow:
The viscous force is the product of shear stress, due to viscosity and cross-sectional area of flow.

Gravity Force:
The gravity force is the product of mass and acceleration, due to gravity of a flowing liquid.

Surface Tension Force:
The surface tension force is the product of surface tension per unit length and length of the surface of flowing 

liquid.

Pressure Force:
The pressure force is the product of intensity of pressure and the area of a flowing liquid.

Elastic Force:
The elastic force is the product of the elastic stress and the area of a flowing liquid.



Reynold’s Number:



Froude’s Number:
The Froude’s number is the ratio of inertia force and gravity force. If gravity force is the predominating force in the model

and prototype, dynamic similarity is said to exist between the two, when the Froude’s number of the model and prototype
is same.

y



Weber’s Number:

The Weber’s number is the ratio of inertia force to the surface tension force. If the surface tension force is the predominating
force in the model and prototype, dynamic similarity is said to exist between the two, when the Weber’s number for the model
and prototype is the same.



Euler’s Number:
The Euler’s number is the ratio of inertia force and pressure force. If the pressure force is the predominating force 

in the model and the prototype, dynamic similarity is said to exist between the two, when the Euler’s number for the model
and prototype is same.



Mach Number or Cauchy Number:

(



MATH EXAMPLES



g for model and prototype are same as
both are in earth

p means prototype
m means model
Vr= velocity ratio
ar = accelaration ratio
Tr = time ratio
Qr=dicharge ratio

Pressure in prototype, Pp = 
Fp Vp

1000

Example





Kinematic viscosity



Math: A channel model 250 mm deep is discharging water with a velocity of 1.5 m/s. Find the velocity of
water in the channel 4 m deep, if the model has dynamic similarity with its prototype and the flow is
governed by Froude law.

scale ratio, Lr = (Lp/Lm) = (4/0.25) = 16 /1 



Math: Water flows over a crest of 1:35 model spiilway and the velocity measured at a particular point is 0.4 m/s.
What velocity does this represent in the prototype? The force exerted on a certain area of the model is measured 
to be 0.12 N. What would be the force on the corresponding area in the prototype? The model has dynamic similarity
with the prototype and flow is governed by Froude number.

Vp

g is same for model and prototype

Here, Density is same
2.37 m/s

5145 N



See the math carefully, some corrections are made in the question


