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Problem Statement: It is required to calculate the value of Cp for given λ for a given wind machine. The variation of Cp with λ is given as 
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where a’, a and λr are connected by relations 
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Solution: Step length for λ is taken as 1 and its variation is required upto 49, as then it nearly approaches to Betz limit and remain constant. To compute it λr is taken in step of 0.1 and then a, a’ are generated with the help of iterations. Then to initial guess of a, initially data for λr is generated by assuming a and keeping 
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. Then for each value of λr value of a is obtained by iteration, and criteria for termination is chosen as, change in theoretical value of λr and calculated value of  λr (from a, a’) should be less than 0.094204. This we taken as relaxation parameter. Then from using relation 
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 a’ is computed. Now a. a’ are known for each value of λr. Thus the integrand 
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 can be computed for each value of λ by trapezoidal rule. Value of λ chosen was from 1 to 49 and step length of 0.1.

Program Code:
#include<stdio.h>

#include<math.h>

#define h 0.1

void main()

{


float a[71],a_[71],lr[71];


float x[500],gx,sum=0,I=0,fx[500];


int i=0,n,j;


float a1,a1_;


a[0]=0.251,a_[0]=61.75,lr[0]=0;


clrscr();


for (i=1;i<=10;i++)


{



a[i]=a[i-1]+0.005;



a_[i]=(1-3*a[i])/(4*a[i]-1);



lr[i]=(4*a[i]-1)*sqrt((1-a[i])/(1-3*a[i]));


}


for (i=11;i<=25;i++)


{



a[i]=a[i-1]+0.002;



a_[i]=(1-3*a[i])/(4*a[i]-1);



lr[i]=(4*a[i]-1)*sqrt((1-a[i])/(1-3*a[i]));


}


for (i=26;i<=27;i++)


{



a[i]=a[i-1]+0.001;



a_[i]=(1-3*a[i])/(4*a[i]-1);



lr[i]=(4*a[i]-1)*sqrt((1-a[i])/(1-3*a[i]));


}


for (i=28;i<=30;i++)


{



a[i]=a[i-1]+0.0001;



a_[i]=(1-3*a[i])/(4*a[i]-1);



lr[i]=(4*a[i]-1)*sqrt((1-a[i])/(1-3*a[i]));


}


for(i=31;i<=33;i++)


{



a[i]=a[i-1]+0.00001;



a_[i]=(1-3*a[i])/(4*a[i]-1);



lr[i]=(4*a[i]-1)*sqrt((1-a[i])/(1-3*a[i]));


}


x[0]=0;


fx[0]=0;


for(i=1;i<=490;i++)


{



x[i]=x[i-1]+0.1;



//determine f(x)



j=0;



do



{




j++;



}while(x[i]>lr[j]);



a1=a[j];



do



{



  gx=(4*a1-1)*sqrt((a1-1)/(3*a1-1));



  a1=a1-0.0000001;



}while(fabs(x[i]-gx)>0.094204);



a1_=(1-3*a1)/(4*a1-1);



fx[i]=a1_*(1-a1)*x[i]*x[i]*x[i];

//

printf("\n%.2f\t%.4f",x[i],fx[i]);


}


for(i=1;i<=49;i++)


{



for(j=1;j<10;j++)



{




sum=sum+0.1*fx[10*(i-1)+j];



}



sum=sum+0.05*(fx[i-1]+fx[10*(i-1)+j]);



I=8*sum/(i*i);



printf("\nValue of integral for lambda = %d is %f",i,I);


}

} 

Results :The Values of Cp with λ are found to be 

	Cp
	λ
	Cp
	λ
	Cp
	Λ

	0
	0
	17
	0.553306
	34
	0.561382

	1
	0.387531
	18
	0.554108
	35
	0.561678

	2
	0.45965
	19
	0.554853
	36
	0.561969

	3
	0.490033
	20
	0.555523
	37
	0.562265

	4
	0.508023
	21
	0.556141
	38
	0.562494

	5
	0.519713
	22
	0.556696
	39
	0.562738

	6
	0.527331
	23
	0.557221
	40
	0.563013

	7
	0.532926
	24
	0.5577
	41
	0.563262

	8
	0.537182
	25
	0.558152
	42
	0.563524

	9
	0.540559
	26
	0.558571
	43
	0.563781

	10
	0.543248
	27
	0.558966
	44
	0.56405

	11
	0.54554
	28
	0.559353
	45
	0.564298

	12
	0.547335
	29
	0.55972
	46
	0.564547

	13
	0.548902
	30
	0.560083
	47
	0.564784

	14
	0.550229
	31
	0.56043
	48
	0.565013

	15
	0.551376
	32
	0.560762
	49
	0.565232

	16
	0.552409
	33
	0.561085
	
	


and Curve Plotted for Cp-λ is as follows

[image: image8.emf]Cp Lambda Curve

0

0.1

0.2

0.3

0.4

0.5

0.6

0 10 20 30 40 50

Lambda

Cp


Critical Review: With present termination criteria and relaxation factor, the program is optimal and can able to produce results. These are some data on number of iteration it takes to solve for a with given λr. 
	λr
	Cumulative No. of iteration
	λr
	Cumulative No. of iteration
	λr
	Cumulative No. of iteration

	0.1
	    4
	2.8
	112953
	20.7
	382322

	0.2
	   10
	2.9
	115910
	20.8
	382612

	0.3
	   18
	3.0
	117120
	20.9
	382896

	0.4
	   28
	3.1
	117146
	21.0
	383174

	0.5
	   39
	3.2
	126482
	21.1
	383446

	0.6
	   52
	3.3
	134476
	21.2
	383712

	0.7
	   67
	3.4
	141234
	21.3
	383973

	0.8
	   84
	3.5
	146852
	21.4
	384228

	0.9
	  102
	3.6
	151417
	21.5
	384477

	1.0
	  121
	3.7
	155008
	21.6
	384721

	1.1
	 4039
	3.8
	157695
	21.7
	384960

	1.2
	 4060
	3.9
	159541
	21.8
	385193

	1.3
	 4082
	4.0
	160606
	21.9
	385421

	1.4
	10816
	19.3
	377583
	22.0
	385644

	1.5
	10839
	19.4
	377967
	47.8
	410790

	1.6
	21103
	19.5
	378343
	47.9
	410907

	1.7
	23799
	19.6
	378712
	48.0
	411023

	1.8
	23823
	19.7
	379074
	48.1
	411139

	1.9
	36512
	19.8
	379429
	48.2
	411254

	2.0
	44113
	19.9
	379777
	48.3
	411369

	2.1
	 47217
	20.0
	380118
	48.4
	411483

	2.2
	 47242
	20.1
	380452
	48.5
	411597

	2.3
	 65166
	20.2
	380780
	48.6
	411710

	2.4
	 79907
	20.3
	381101
	48.7
	411823

	2.5
	 91790
	20.4
	381416
	48.8
	411935

	2.6
	101098
	20.5
	381724
	48.9
	412047

	2.7
	108080
	20.6
	382026
	49.0
	412158


Clearly from the above Table the number of iteration goes excessive high. and this is with these relaxation parameter. 
Effect of Relaxation parameter 

Relaxation = 0.1 Programs runs success fully but not desirable as step length itself is 0.1, number of iteration for λr = 49 was 406303
Relaxation = 0.09 Program could not iterate after λr= 46.7 and number of iteration for this λr = 413739

Relaxation = 0.08 Program could not iterate after λr= 45.8 and number of iteration for this λr = 422887

Relaxation = 0.01 Program could not iterate after λr= 22.8 and number of iteration for this λr = 620074

Relaxation = 0.001 Program could not iterate after λr= 10.4 and number of iteration for this λr = 628001

Note: Since already program has done lot of computations to simplify and approximate solutions, for integration trapezoidal rule is used. And this is also found to be in good accuracy as at λ = 49, this gives Cp = 0.565 and which is near Betz limit(16/27) = 0.593.  

Also relaxation on a does not serve purpose as then iteration stops at small values of λr. Although it reduces number of iteration for particular value of λr. 

Form this program the value of a varies from 0.25 to 0.333 and value of a’ goes from 61.75 to 0. and λr goes from 0 to 49. 

Effect of constrain on a
· if delta a (new a – old a) = 0.000001 program stops iterating after λr = 22.1 and number of iterations required = 39870 lesser than previous case.

· if delta a (new a – old a) = 0.00001 program stops iterating after λr = 10.5 and number of iterations required = 5633 lesser than previous case.

· if delta a (new a – old a) = 0.001 program stops iterating after λr = 2.3 and number of iterations required = 439 lesser than previous case.
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