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 Nowadays utilization of hydroelectric power as renewable energy source is developed in the world. 
Using very low head axial turbines in rivers is one of the ways to obtain this energy. In this research, 
design and optimization of an axial hydraulic turbine with very low head(2.9m) was done. The first step 
in the optimization of turbine is generation of a suitable initial geometry. For this purpose one 
dimensional design approach based on Euler law was used. Development of computation algorithms is 
very efficient and suitable in hydraulic turbine design and performance investigation. In this research 
mesh was generated with mesh-ANSYS software and then the default domain was simulated by solving 
the 3-D Navier Stokes equations through the runner passages in the CFX software. Optimized geometry 
is obtained by optimization of Drag to Lift coefficient ratio for different blade midspans. For 
parameterization of airfoils, the “CST” method and for extraction of flow characteristics of airfoils 
XFOIL software were utilized. Then airfoil coefficients were corrected using fminsearch algorithm in 
MATLAB software to minimize the Drag to Lift  ratio .  The results  show that  the efficiency in design 
point is increased by 2.4%. 
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Fig. 1 Airfoil nomenclature [27]. 
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Fig. 2 Flowchart  of optimization and coupling of two software 

2  

1  
Table 1 Cascade design on radial stations  

                ×106      
1 0.4095  -46.820  64.33  57.11  0.3377  11.38  5.9492  2.8612  0.006  1.0500  
2  0.4835  -36.580  60.42  52.64  0.4090  15.49  7.1324  2.9534  0.0051  1.0773  
3  0.5475  -27.190  57.27  49.15  0.4691  19.55  8.2294  3.0577  0.0046  1.0909  
4  0.6048  -18.620  54.62  46.31  0.5247  23.40  9.2701  3.2100  0.0043  1.1045  
5  0.6572  -10.870  52.35  43.94  0.5771  26.96  10.270  3.4072  0.0042  1.1182  
6  0.7056  -3.9470  50.36  41.90  0.6272  30.17  11.239  3.6453  0.0041  1.1318  
7  0.7510  2.2000  48.60  40.14  0.6756  33.02  12.184  3.9198  0.0041  1.1455  
8  0.7937  7.6340  47.02  38.58  0.7226  35.53  13.108  4.2267  0.0041  1.1591  
9  0.8343  12.432  45.60  37.20  0.7684  37.72  14.015  4.5621  0.0042  1.1727  

10  0.8730  16.6730  44.30  35.96  0.8134  39.63  14.908  4.9228  0.0043  1.1864  
11  0.9100  20.4309  43.107  34.83  0.8577  41.30  15.788  5.3063  0.0044  1.2000  

2   
Table 2 Reduceed sections  

               × 106      
1 0.4095 -46.820  64.33  57.11  0.3377  11.38  5.9492  2.8612  0.006  1.0500  
2  0.6228  -15.994 53.82  45.48  0.5505  24.60  9.6074  3.3180  0.0042  1.1250  
3  0.7797  5.8972  47.53  39.08  0.7119  34.70  12.802  4.1494  0.0041  1.1625  
4  0.9100  20.4309  43.107  34.83  0.8577  41.30  15.788  5.3063  0.0044  1.2000  
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Table 3 CST coefficients for base airfoils 

NACA  
2408 

Au
  0.01244  0.0027  0.0007  0.0023  0.1760  

Al  -0.1047  -0.0004  -0.0003  -0.0002  -0.0486  
NACA  
2410 

Au
  0.1530  0.0031  0.0008  0.0026  0.2042  

Al  -0.1335  -0.0008  -0.0005  -0.0005  -0.0772  
NACA  
2413 

Au
  0.1959  0.0037  0.0010  0.0031  0.2467  

Al  -0.1763  -0.0014  -0.0006  -0.0009  -0.1200  
NACA  
2421 

Au
  0.3104  0.0053  0.0015  0.0043  0.3597  

Al  -0.2902  -0.0029  -0.0011  -0.0022  -0.2332  

4   
Table 4 Coefficients for optimized airfoils 

Optimized  
NACA 
2408 

Au
 0.2669  0.0032  0.0007  0.0020  0.0731  

Al  -0.1096  -0.0004  -0.0003  -0.0001  -0.0386  

Optimized  
NACA 
2410 

Au
 0.3106  0.0032  0.0004  0.0023  0.2890  

Al  -0.0955  -0.0006  -0.0006  -0.0003  -0.0858  

Optimized  
NACA 
2413 

Au
 0.2879  0.0048  0.0048  0.0027  0.2580  

Al  -0.1511  -0.0012  -0.0012  -0.0008  -0.0826  

Optimized  
NACA 
2421 

Au
 0.2926  0.0071  0.0071  0.0035  0.3310  

Al  -0.2804  -0.0030  -0.0030  -0.0009  -0.2076  

 

 
Fig. 3 Initial mesh and inflation 
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(a) 

 
(b) 

Fig. 4 Turbines efficiencies at various flow rates(m3s-1) and rotational speeds; (a) base geometry, (b) optimized geometry. 
4 ) a)  (b (  
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(a)  

(b) 
Fig. 5 Effective Head of turbines at various flow rates(m3s-1)  and rotational speeds; (a) base geometry, (b) optimized geometry. 

5 ; )a)  (b (  

 
(a)  

(b) 
Fig. 6 Power of turbines at various flow rates(m3s-1)  and rotational speeds; (a) base geometry, (b) optimized geometry. 

6 ; )a)  (b (  
  

5  
Table 5 Independency of mesh  

 
  

  
  )mm(    

  
)N.m(  

y+  

1  1065965 25 0.08  43268  >30  
2 1584630  17  0.04  43394  >30  
3  4321231  10  0.02  43417  <30  
4  7230916  7  0.015  43417  <30  

  
Fig. 7 Turbines efficiencies at various and rotational speeds  

7   

 

 .
   

  

  
Fig. 8 Power of  turbines at various rotational speeds  

8   

 
Fig. 9 Effective Head of  turbines at various rotational speeds  
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 .12.187m3s-1 65rpm  
  

  
Fig. 10 Pressure contour at periodic condition for one blade 

10  

 
Fig. 11 Pressure contour for runner in channel 

11  
  

  
Fig. 12 Streamline at periodic condition for one blade 

12  

  
Fig. 13 Streamline for runner in channel 
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