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CONFORMAL MAPPING IN HYDRODYNAMIC

C. CIOBANU*, M. CAŢĂ**, A. R. ANGHEL***
Abstract: Hydrodynamic problems can be solved directly by using the coefficients of the mapping function. The ship hull forms have been described by Lewis two-parameter conformal mapping with practical applicability for any types of ships. We present here an algorithmic method solving directly the problems which appear in architecture naval domain concerning the contour of ship's cross section. The application was made in Java language and creates both a text file and a graphical chart.
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1. Introduction


During the last 20 years, in the area of naval hydrodynamics as well as in other domains of mechanical engineering, a growing interest has occurred towards the algorithmic methods of solving some definite problems.


The shapes of the ships have been described around a point as it is difficult to describe them according to analytical mappings.


It is necessary to approximate the ship's shape by continuous functions, in order to get some practical results. A method which has imposed itself during the last few years is that of multi-parameter conformal mapping, with good results also in the case of extreme bulbous forms.


The advantage of conformal mapping is that the velocity potential of the fluid around an arbitrary shape of a cross section in a complex plane can be derived from the more convenient circular section in another complex plane. In this manner, hydrodynamic problems can be solved directly by using the coefficients of the mapping function.


The general transformation formula is given by: 
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n is the number of parameters.


Therefore we can write in turn:
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From the relation between the coordinates in the  z - plane (the ship's cross section) and the variables in the Z - plane (the circular cross section), it  follows:
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Now by using conformal mapping approximations, the contour of the ship's cross section, follows from putting 
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  in previous sections. We get: 
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The breadth on the waterline of the approximate ship's cross section is defined by 
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and the draft is defined by 
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The breadth on the waterline is obtained for 
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The scale factor is 
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2. Lewis conformal mapping


A simple transformation of the cross sectional hull form will be obtained with n = 2 in the Lewis transformation. An extended description of the representation of ship hull forms by Lewis two-parameter conformal mapping is given by Kerczek and Tuck [5] in 1969.


The two-parameter Lewis transformation of a cross section is defined by:
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where 
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For 
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 we obtain the contour of the so- called Lewis form expressed as:
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where the scale factor 
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in which 
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 is the sectional breadth on the load waterline and 
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 is the sectional draft.


The half breadth to draft ratio 
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 is given by:
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An integration of the Lewis form delivers the sectional area coefficient
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in which 
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 is the area of the cross section,
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Now the coefficients 
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 and the scale factor 
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 will be determined in such a manner that the sectional breadth,  the draft and the area of the approximate cross section and of the actual cross section are identical.


From 
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therefore
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Now, putting
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we obtain the equation
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that means:
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The Lewis form with the other solution of 
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 in the quadratic equation, namely:



[image: image75.wmf]m

m

m

a

2

9

3

3

-

-

+

-

=


are looped. As ships are „better behaving” thus solution is not considered.


It is obvious that a transformation of a half immersed circle with radius r will result for
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A typical and realistic form is presented below. More precisely we have considered a dry bulk carrier of 55.000 tone deadweight capacity.

3. Java application


The following application was made in Java language and creates both a text file and a graphical chart.

[image: image78.png]Conformal mapping in hydrodynamic [ ]
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Fig. 1. The interface of Java application


The following code is associated with “Input datum generation” option of the menu and generates a file named “input.txt” that contains the coordinates of points that will be used for plotting the graph.

if (command.equals("Input datum generation"))

{


for(int i=0;i<x.length;i++)


{bs[i]=2*x[i];


 ds[i]=y[i];


 if(bs[i]==0 || ds[i]==0) ss[i]=0;


 

else ss[i]=as[i]/(bs[i]*ds[i]);


 if(ds[i]==0) h0[i]=0;


 

else h0[i]=bs[i]/(2*ds[i]);


 c1[i]=3+4*ss[i]/Math.PI+(1-4*ss[i]/Math.PI)*((h0[i]-1)/(h0[i]+1))*((h0[i]-1)/(h0[i]+1));


 a3[i]=(-c1[i]+3+Math.sqrt(9-2*c1[i]))/c1[i];


 a1[i]=(h0[i]-1)*(1+a3[i])/(1+h0[i]);


 if((1+a1[i]+a3[i])==0) ms[i]=0;


 

else ms[i]=bs[i]/(2*(1+a1[i]+a3[i]));


 for(int j=0;j<=18;j++)


 { 
x0[i][j]=ms[i]*((1+a1[i])*Math.sin(Math.PI*j/36)-a3[i]*Math.sin(3*Math.PI*j/36));


 
y0[i][j]=ms[i]*((1-a1[i])*Math.cos(Math.PI*j/36)+a3[i]*Math.cos(3*Math.PI*j/36));


 }
 


}


try{
BufferedWriter bw=new BufferedWriter(new FileWriter("input.txt"));



for(int ii=0;ii<x.length;ii++) 



for(int jj=0;jj<=18;jj++)



{
bw.write(Double.toString(x0[ii][jj]));




bw.write(" ");




bw.write(Double.toString(y0[ii][jj]));




bw.newLine();



}



bw.close();



}  catch (IOException ioe) {}


The pairs of coordinates are obtained from the following initial values of the parameters: the half breadth (x), the draft (y), and the area of the cross section (as), for a dry bulk carrier. The half breadth (x), and the draft (y) have been measured from the midship cross section, and the area of the cross section (as) has been calculated with Trapezium Method.

x={0, 7.2, 11.6, 14.4, 16, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16.4, 16, 13.6, 8, 0};

y={0, 4.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 12.4, 0};

as={0, 35.092, 147.86, 243.61, 318.06, 368.77, 386.73, 395.16, 397.3, 397.3, 397.3, 397.3, 397.3, 397.3, 397.3, 396.74, 391.72, 368.86, 297, 184.04, 26.66};

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   0.0

0.0   -   4.4

0.37959227939554996   -   4.361565688761223

0.7675237112740548   -   4.248033467995359

1.1713048071087337   -   4.064601263156071

1.5968472482251417   -   3.819559306313815

2.0478066019290666   -   3.5237572139950872

2.525084671943123   -   3.1899091226418377

3.026527288600797   -   2.8317838967454927

3.5468399661753223   -   2.463335164450289

4.077728934315969   -   2.0978299469936363

4.608259605183426   -   1.7470346590530128

5.125409620754668   -   1.420513266817868

5.614780253238265   -   1.1250846719431238

6.061419017697706   -   0.864475469055108

6.4506986445143575   -   0.6391908469132694

6.769193576765462   -   0.4466114808216764

7.005495176429541   -   0.28130881380664985

7.15091084341811   -   0.13555619970210706

7.2   -   9.390341369784692E-17

0.0   -   12.399999999999999

0.38792599765378244   -   12.298301765780753

0.8011173857334878   -   11.997695984237794

1.2627242773367489   -   11.511362088556229

1.791813378200004   -   10.860327473165992

2.401684100620313   -   10.072126717503046

3.0985866018268724   -   9.179053254299323

3.880931969129568   -   8.216121653366487

4.739051145744875   -   7.2188781471258325

5.655521684915399   -   6.221207109864638

6.606042592630648   -   5.253281233494108

7.560800017935294   -   4.339793118210406

8.48623293127177   -   3.4985866018268745

9.347080487873725   -   2.7397787100128728

10.108573376537262   -   2.065429492860541

10.738621427524972   -   1.4697795134187672

11.209849781828026   -   0.9400359278670318

11.501346007307355   -   0.45765059185190893

11.6   -   3.1817737930515983E-16

0.0   -   12.4

0.9695927227771434   -   12.327840619714813

1.944733565044777   -   12.113613567379202

2.930047447243021   -   11.763938993915474

3.9283799547705125   -   11.289415685833687

4.940070726302039   -   10.703999471024305

5.962409937890854   -   10.024192051421918

6.98931888289643   -   9.268094477535561

8.011280252117743   -   8.454388414013625
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The graphical representation of the points shows the contour of the ship’s cross section of the dry bulk carrier.

[image: image79.png]



Fig. 2. The graphical representation

4. Conclusions


This is a mathematical solution in order to obtain the contour of the ship’s cross section of different types of ships, using conformal mapping approximations.


The advantage of conformal mapping is that the velocity potential of the fluid around an arbitrary shape of a cross section in a complex plane can be derived from the more convenient circular section in another complex plane.
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Transformarea conformă în hidrodinamică

Rezumat: Problemele de hidrodinamică pot fi rezolvate direct folosind coeficienţii transformării. Formele navei au fost descrise de transformarea conformă cu doi parametri a lui Lewis cu aplicaţii practice pentru orice tip de navă. Aici prezentăm un algoritm ce rezolvă direct problemele care apar în domeniul arhitecturii navale privind conturul secţiunii transversale a navei. Aplicaţia informatică a fost realizată în limbajul Java şi creează atât un fişier cu date de ieşire cât şi o reprezentare grafică.

Cuvinte cheie: transformarea conformă, hidrodinamică, secţiune transversală a navei, reprezentarea corpului navei.
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