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Abstract : Applying similarity theorem on the study of water flow around ship’s hull, 

similarity criterias are obtained, by which it can be determined physical size values of the 

prototype vessel, based on measurements performed on the model ship.. 

1. Introduction 

According to the theory of similarity on a single scale, it can be established a complex 

relationship between the physical sizes contributing to the evolution of  studied phenomenon. This 

relationship is set by „” theorem, which represents a connection between similarity criterias obtained 

between the physical sizes of the analyzed phenomenon. 
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This ecuation consisting all the similarity criterias is called criterial ecuation and represents 

the first study stage on the phenomenon model. 

 

2. Establishment of Criterion Equation of Water Flow Phenomenon Around the Ship 

In the first phase of the study it is determined the physical quantities which are dependant on 

the flow of water around the ship’s hull: 

                f ( L, B, T,  , d, n, v,  ,  , g, R) = 0                                                            (2.1) 

        where:     

L – ship length  [m];  

B – overall breadth [m];  

T – ship draught   [m];  

  – boundary layer thickness [m];  

d – propeller diameter [m];  

n – propeller speed [rot/s];   

v – propeller transfer speed [m/s];  

  – water density [ 3/ mkg ];  

  – water dynamic viscosity [kg/ms]; 

g–gravitational acceleration [ 2/ sm ];  

R – ship advance resistance [ 2/ smkg  ]. 
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As main physical sizes it is chosen: propeller diameter d, water density   , and water velocity 

through the propeller disk. According to  theorem, it will result n-k = 11-3= 8 as non-dimensional 

complex sizes. In the first phase, relation 2.1 will have the following form: 

 1110987654321 xxxxxxxxxx
RTBLgndv x                    (2.2)          

Operating with measuring units in SI for physical sizes from relation 2.2 it will be obtained: 
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or     1165421110987653211151 223 xxxxxxxxxxxxxxxxxx
smkg
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The condition of homogeneity of the dimensional relation leads to the following system of equations: 
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The dimensional matrix of variables is constructed: 
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Applying Kronecker’s theorem, it is calculated the rank of dimensional matrix, which is of the order 3: 
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Since all the minors of ordinal 4 are null, it results that the main determinant is of ordinal 3 

and the rank is r=3. System 2.4 is usually solved by Cramer’s rule and system solution matrix is 

obtained: 
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The number of lines in the above matrix represents the number of non-dimensional complexes which 

fully describe the phenomenon studied. In case of the water flow around ship’s hull, non-dimensional 

complexes are the following: 
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 Thus, function 2.1 becomes a function of 8 non-dimensional complexes which represents the 

criterial ecuation of the studied phenomenon: 
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From this equation, it is deducted the physical size intended to be calculated, namely ship’s resistance.  
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3. Conclusion 

Knowing the similarity criteria of the water flow phenomenon around the ship’s hull and 

having physical sizes results on the single scale model it can be easily determined the value of these 

physical sizes on the prototype ship for which this study was made. The relationships established 



 

between physical sizes on the model and those on the prototype are called the law of the model. 
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