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Abstract: 

Explo itation of small hydropower sources requires the use of small turbines that combine efficiency and economy which can 

conveniently cater the power needs of rural and s mall communities. Cross -flow turbines are used widely in  micro hydropower 

plants because their design is simple, are easy to maintain, they have low initial investment cost and have decent efficiency. They 

are easy to fabricate because their design is simple since the pressure inside the runner remains nearly constant that is 

atmospheric. These turbines are suitable for operation under low heads and they operate efficiently under a wide range of flow 

variations. The primary objective of this study is to numerically analyze the characteristics and the fluid flow in a cross -flow 

hydro turbine and to optimize its performance by geometrically modify ing the important parameters. The performance parameters 

of cross-flow turbine at d ifferent operating conditions under variable number of blades have been analyzed using ANSYS CFX 

code. Twelve different cases between numbers of blades under variable mass flow rates were investigated and results are shown 

in the form of power output and efficiency of the cross -flow turb ine. With the numerical results obtained it is concluded that with 

increasing the number of runner blades, at first the output power at a given discharge increases and hence, the efficiency at a 

given discharge increases, further increasing the number o f blades the power output and hence, the efficiency tends to decrea se. 
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I.  INTRODUCTIO N 

Among various renewable energy resources available 

hydropower is one of the most efficient and abundantly 

available resources present in almost every corner of the world 

today.  There has been growth in developing systems that are 

more efficient because of the available technology and 

economic v iability. Since last two-three decades, the 

developing countries have realized  that small and micro 

hydropower plants play a key role in provid ing efficient 

energy in the villages and small towns, thus enhancing their 

economic development. The schemes can provide power for 

small industries, agricultural farms and domestic uses. 

Close cross flow turbine having low initial investment cost 

and constant efficiency over variable discharge values appears 

a promising system for development of hydropower scheme in 

a remote rural areas where capital investment is not 

abundantly available. The main characteristic of the Cross-

Flow turbine is that the water jet passes twice through the 

rotor blades -arranged at the periphery of the cy lindrical rotor, 

perpendicular to the rotor shaft. Though, the peak efficiency 

obtained from cross-flow turbine is less than Francis, Kaplan 

or Pelton turbines but, the main advantage of this turbine is 

low cost and constant efficiency over a wide range of 

discharge values, operation under very low head, and 

simplicity in design. The CFD studies have become an 

alternative and very attractive tool for flow simulations. CFD 

codes have matured to provide an extensive approach to hydro 

turbine design, optimizat ion and analyzing performance 

applications. Researchers have carried out studies in the 

direction of the design, optimization and performance analysis 

of the cross-Flow turbine. Acharya et al. [6] numerically 

analyzed the characteristics and the fluid flow in a cross -flow 

hydro turbine and optimized its performance by geometrically 

modifying the several parameters. Misrak and Edessa [5] 

studied the internal flow and performance characteristics of a 

cross flow turbine using CFD tools. They observed there was a 

high pressure area inside the nozzle and near to the first stage 

runner blades. Abdullah Nasir2 concluded that in order to 

obtain a cross-flow turbine with maximum efficiency, the 

turbine parameters must be included in the design. Choi et al.  

[4] numerically investigated the effect of turbine's structural 

configuration on the performance and internal flow 

characteristics of the cross-flow turb ine model by varying the 

shapes of the nozzle, and the runner blades. Under this study 

an attempt has been made to carry out investigations on flow 

in cross-flow turbine. The simulation has been carried out with 

steady state condition and viscous flow turbulence Shear 

Stress Transport (SST) model using ANSYS-CFX Code. In 

order to investigate the flow behavior and to pred ict the 

performance of cross-flow turbine of 3.9 KW capacity has 

been considered for the analysis. 

 

II. MODELLING AND MES HING  

The basic parts of cross-flow turbine may include, blade, 

runner, casing, and flow admission area. The geometric 

dimensions of cross-flow turbine are shown in fig.1, fig.2, and 

fig.3. 

  
Fig:1.Diagram showing the construction of blade geometry 
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Fig.2– Design of the logarithmical inlet spiral 

  
Fig:3.Flow admission area of a Cross Flow turbine 

 

The geometry modeling of cross -flow turbine is done in 

ANSYS ICEM CFD 16.1. The isometric view of the modeled 

runner and casing are shown in fig.4, and fig.6.  

The meshing of the cross-flow turbine flow domain is also 

generated in ANSYS ICEM CFD as shown in fig.5, and fig.7. 

The unstructured tetrahedral mesh is adopted for flow domain 

in draft tube meshing. 

  

 
 

Fig:4. Isometric v iew of the modeled runner 

  
 

Fig;5.Meshing of runner 

  
Fig.6- Isometric view of the modeled casing 

  
 

 

 

III. BOUNDARYC ONDITIONS  

The geometry was set up such that the locations of the inlet 

and outlet boundaries are identical. Specifying the inlet  mass 

flow rate and outlet pressure are widely accepted boundary 

conditions for the simulation of hydraulic turbo machines [6]. 

The different mass flow rate conditions at inlet and static 

pressure under different number of turbine blades are as given 

in Table 1. The walls of casing are assumed to be smooth with 

no slip and casing domain as stationary while runner as 

rotational. Shear Stress Transport (SST) is used as turbulence 

model. The simulation has been carried  out using Shear Stress 

Transport k-omega turbulence model.  

 

Table 1: Boundary Conditions Considered for the Analysis 

 

At Inlet of Casing At Outlet of Draft Tube  

Load 

(% ) 

Mass Flow 

Rate (Kg/s) 

Cases Number 

of 

Blades 

Pressures 

(atm) 

120 480  Case 1 

Case 2 

Case 3 

Case 4 

18 

22 

26 

30 

1 

1 

1 

1 
100 400 

75 300 

 

IV. RES ULTS  AND DISCUSS IONS 

The numerical results are obtained for three d ifferent flow 

conditions and four different blade numbers for cross flow 

turbine. The hydraulic efficiency and the power output are 

calculated using the following expressions; 

 

Efficiency η = (Tω / γQH)*100  (1) 

Power Output P = Tω   (2) 

 

Fig.8 show the pressure distribution for 18 number of b lades 

turbine operating at 0.3, 0.4, and 0.48 m3/s discharge 

conditions. Since the pressure in  the runner o f a cross -flow 

turbine is atmospheric, all the figures  show it clearly with a 

slight variation in the trend that occurred due to change in the 

discharge values.Fig.9 show the velocity contours for 18, 22, 

26 and 30 numbers to turbine blades operating at 0.40 m3/s 

discharge. As from the figure it is clear that the velocity 

increases rapidly at nozzle and then starts to decrease as to 

passes through the turbine blades and becomes nearly zero at 

the draft tube exit. 

    

 
Fig.8- Pressure Contours at different discharge conditions for 

18 number of turbine b lades 
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Fig.9 Velocity Contours at different numbers of turbine b lades 

with 100% discharge condition 

 
 Fig.10- Variat ion of Efficiency v/s Number of blades  

 

  
 

Fig.11- Variation of efficiency v/s Discharge 

 

  
Fig.12- Variation of output power v/s number of blades 

 

From fig.10 it is observed that for 22 blade numbers and 

0.4m3/s discharge, turbine gives maximum efficiency. It is 

also seen that for 0.48 m3/s discharge, efficiency increases 

rapidly from 18 to 22 blade numbers and with the increas e of 

the number of turbine blades further, efficiency reduces 

gradually. For 0.30 and 0.40 m3/s discharge efficiency 

increases gradually with the increase of the number of turbine 

blades upto 22 and with the further increase of the number of 

turbine blades efficiency decreases gradually. It is seen from 

fig.11 that as the discharge increases efficiency first increases 

than decreases. It is also observed that for 22 numbers of 

turbine blades it gives minimum efficiency at 0.4 m3/s. While,  

the minimum efficiency is given at  18 numbers of blades for 

0.3 m3/s discharge. It is also seen that for 22 and 26 numbers 

of turbine blades the efficiency decreases slowly with 

increasing discharge, but in case of 18 and 30 numbers of 

turbine blades the efficiency drops rapid ly after the peak 

efficiency point with further increasing the discharge. It is 

seen from the fig.12 that as the number of turbine b lades 

increases, total output power also increases for constant 

discharge. It gives maximum output power for 0.48 m3/s 

discharge for any numbers of blades. Trend of the graph 

shows that it increases first rapidly then beyond 22, it 

increases slowly and after some t ime it reduces It is clear from 

the figure that for 0.3 m3/s discharge the variation in the 

number of turbine blades does not show much variat ion to the 

output power, on the other hand, for 0.4 and 0.48 m3/s 

discharge the variation is significant.  

 

V. CONCLUS ION 

Based on the numerical simulation study of the flow through 

the cross-flow turbine under different number of b lades and 

variable discharge conditions the following conclusions are 

drawn. 

 The flow pattern in the flow passage of runner and 

casing is affected by number of runner blades and mass flow 

rate. 

 Results show that efficiency first increase rapid ly 

then it tends to decrease slowly. For 0.40 m3/s discharge, 

when the number of turbine blades increase from 18 to 22 the 

power output increases 3.25% and the efficiency increases 

2.4%. For 30 numbers of b lades power output decreases 2.35%  

and the efficiency decreases 2%. 

 It is seen that as the discharge increases, efficiency 

first increases then it decreases after attaining maximum value. 

Maximum efficiency of 76.10% is obtained for 22 number of 

runner blades at 0.40 m3/s discharge. 
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