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Abstract: 

 The fluid coming out of the runner exit o f reaction turbine has substantial amount of kinetic energy  and Draft tube is used to 

recover this kinetic energy and convert it  into useful pressure energy thus increase the efficiency of the turb ine. Hence the 

performance efficiency of the draft tube attains great importance. In case of s mall hydro power plants the tail race level is 

important as it affects the effective load acting on turbine. In this paper an attempt is made to study the effect of tail ra ce levels  on 

the performance of draft tube, and hence the performance of turbine to small hydro plants. The performance of elbow type draft 

tube at different operating conditions under variable tail race levels have been analysed using ANSYS CFX code. Four differen t 

cases of tail race level have been investigated for five different load conditions from 60% to 120% of the load. The performance 

of the draft tube for these twenty cases has been assumed on the basis of head loss coefficient, head recovery coefficient an d 

efficiency of the draft tube. It is found that at high tail race level efficiency and head recovery value found to be maximum with 

low value of head loss coefficient.  
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I.  INTRODUCTIO N 

 

Renewable energy sources  are the need of the now, looking to 

the fast depletion of conventional fossil fuels as well as their 

harmful effect on environment. So renewable sources like 

hydro power is considered as most promising source of 

energy. India has a large potential of small hydro power which 

needs to be tapped in cost effective manner. Development of 

efficient hydro turbines is the biggest challenge for these 

hydro powers sites. Generally reaction turbines are used in 

case of small hydro plants. In reaction turbine draft tube is an 

important component for its efficiency.  The primary purpose 

of the draft tube in turbine is to recover the energy at the exit  

of runner. The water leaving the runner still possess as high 

velocity and this kinetic energy would be lost if it is 

discharged freely. A draft tube consists of a conduit gradually 

increasing cross section which extends up to the tail race water 

level. The tube discharges water at reduced velocity thus 

resulting in again  of pressure head. This increases the negative 

pressure head at turbine runner exit which increase the net 

working head of the turbine. The draft tube will permit a 

suction head to be established at the runner outlet thus making 

it possible to install the turbine above the tail race without the 

loss of head. With the increase in  net working head on the 

turbine, output will also increase, thus the efficiency of the 

turbine is improved. Depending on the shape and alignment 

draft tubes are classified as; conical type, elbow type with 

circular outlet, elbow type with rectangular outlet and 

Moody's type draft tubes. The elbow type draft tube with 

rectangular outlet is mostly used in hydro turbine installations. 

Optimization of the draft tube geometry is required to improve 

its efficiency and hence the efficiency of the turbine. Due to 

the creation of negative head in the draft tube it is quite prone 

to vortex format ion and cavitation. The flow through the draft 

tube needs to be analysed to determine the pressure of such 

vortex zones and occurrence of cav itation and then measures 

have to be taken to eliminate them. Now a days computational 

flu id dynamics (CFD) is being used extensively for numerical 

simulation of flow through the draft tubes. CFD is a cost 

effective technique which facilitates trying of various options 

leading to better optimization.  . Researchers have carried out 

studies in the direction of the design, optimization and 

performance analysis of the draft tubes. PankajGohil et  al.[3] 

perform commercially  available CFD  based  flow  analysis of  

elbow  type  draft   tube  for s mall hydro plants, for 225 KW 

turbine. Sergio Galvan et al. [2] presented the optimizat ion 

methodology for the inlet velocity profile of hydraulic turb ine 

draft tube using computer optimization techniques. 

RuchiKhare et  al.[5] studied numerically  optimization of 

conical draft tube of hydraulic turbine with different length 

and diameter ratio using CFD codes. And later on they also 

performed the numerical study to predict the performance 

characteristics of draft tube of mixed flow hydraulic turb ine 

using CFX code. Nicoleta Octavia [4] observed the velocity 

and pressure distribution in draft tube length of Kaplan 

turbine- 99 using OPENFOAM program. 

 

In the present study an attempt has been made to carryout 

investigations on flow in elbow type draft tube for a small 

hydro plant. The simulation has been carried  out with steady 

state condition and viscous flow turbulence Shear Stress 

Transport (SST) with cav itation model using ANSYS-CFX 

Code. In order to investigate the flow behaviour and to  pred ict 

the performance of elbow type draft tube, a Kaplan turbine of 

15.7 MW capacity has been considered for the analysis. 

 

II. MODELLING AND MES HING  

 

The elbow draft tube has three parts namely cone, elbow and 

diffuser. The geometric dimensions of elbow draft tube are 

shown in fig.1: 
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Figure.1–standard draft tube (a) Sectional elevation; 

(b) Plan; 1–Cone; 2–Elbow; 3–Diffuser 

 

The geometry modeling of draft tube is done in ANSYS 

ICEM CFD 16.1. The isometric view of the modeled tube is 

shown in fig.2. The meshing of the draft tube flow domain is 

also generated in ANSYS ICEM CFD as shown in fig.3. The 

mesh generation is done to convert the large domain into 

number of s mall elements. Each element consists of nodes at 

which flow variables are calculated.  The unstructured 

tetrahedral mesh is adopted for flow domain in draft tube 

meshing. 

 
 

Figure.2- Isometric view o f the modeled tube 

 
 

 

Figure.3- Meshing of dra ft tube 

 

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 simulat ion of hydraulic turbo machines
 [6]

. 

The different mass flow rate conditions at inlet  And static 

pressure under different draft  tube positions are as given in  

Table 1. The walls  of draft tube are assumed to be smooth 

with no slip and draft tube domain as stationary. Shear Stress 

Transport (SST) is used as turbulence model.  

 

The hydro power plant operates under the different  load 

conditions depend on available water potential in  terms of 

flow rates. Normally hydro plants operate between 60% to 

120% of p lant rated capacity load. Under the present study, 

the investigation has been carried out for 20 different 

conditions. The 5 different flow rates conditions between 

120 % load to 60% load were considered. Tail race 

submergences of four different levels considered are as 

mentioned as Case1, Case2, Case3 and Case4.The boundary 

conditions considered at inlet and outlet of draft tube for the 

different cases are as given in Table 1. 

 

 

Table 1: Boundary Conditions Considered for the  

Analysis 

 

IV. RES ULTS  AND DISCUSS IONS 

 

The numerical results are obtained for five different flow 

conditions and four different submerged levels of a draft tube. 

The hydraulic efficiency, head recovery coefficient, head 

recovery and head loss coefficient are calculated using the 

following expressions; 

 

Head loss,                                           (1) 

 

Head loss coefficient = (ρ*g*HL
)/ Pti                               (2) 

 

Head recovery, HL                      (3) 

 

Head recovery coefficient,  Pti        (4) 

 

Efficiency, g )                                  (5) 

 

The pressure and velocity variation contours at 100% load for 

all the four cases are shown in Fig. 5 and 6 respectively. The 

trend of pressure and velocity contours found to be similar for 

all cases. The pressure of bottom portion at bend has been 

found as -318954 Pa, -309825 Pa, -308819 Pa, and -297985 Pa 

for Case1, Case2, Case3, and Case4 respectively. Pressure at 

inlet periphery and bend part is observed a very low in Case1. 

These surface areas will be more prone to cavitation as shown 

in fig.4. 

At Inlet of Draft 

Tube 

At Outlet of Draft Tube  

Load 

(% ) 

Mass Flow 

Rate (Kg/s) 

Cases Tail Race 

Level  

Pressure

s (Pa) 

120 66648 

Case 1 

Case 2 

Case 3 

Case 4 

Zero 

Low 

Medium 

High  

0 

9810 

19620 

29430 

110 61094 

100 55540 

80 44432 

60 33324 
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Figure.4 Cavitation prone zone 

 

 
Figure.5 Pressure Contours at different submerged levels 

with 100% load condition 

 

 
Figure.6 Velocity Contours at different submerged levels 

with 100% load condition 

 

The value of average velocity at outlet has been found as 

14.42 m/s, 14.35 m/s, 13.98 m/s and 13.61 m/s for Case 1, 

Case 2, Case 3 and Case 4 respectively.  

The variation of head loss coefficient with different flow rates 

under four submergence levels is shown in Fig.7 The head loss 

coefficient has been found to be approx. 0.45 for all flow rates 

in case 1. The increase in mass flow rates is attributed to 

increase in head loss coefficient for Case 2, Case 3 and Case 4. 

The variation in head loss coefficients found to be small. At 

100% load condition the head loss coefficient have been found 

to be 0.458994, 0.342327, 0.258518, and 0.127209 for Case 1, 

Case2, Case 3 and Case 4 respectively. 

 

 

Figure.7 Variation of Head Loss Coefficient with MFR 

 

Figure.8 Variation of Head Recovery Coefficient with MFR 

 

Figure.9 Variation of Efficiency with MFR 

 

Fig.8 shows the variation of head recovery coefficient with 

different flow rates for all the 4-Cases. The head recovery 

value obtained is high in Case4. Values of head recovery 

coefficient have been found as 1.148119627, 1.243381186, 

1.380677157, and 1.528098385 for Case1, Case2 Case 3 and 

Case4 respectively at 100% flow rate condition. It has been 

found that head recovery increases as with the flow rate 

increases. Fig.9 shows the variation in efficiency with 

different flow rates under four cases. The maximum efficiency 

values of 55.25%, 57.13%, 59.23%, and 62.01% for Case1, 

Case2, Case3 and Case4 respectively have been found 

correspond to the flow of 120%. The efficiencies are quite low 

may be because of cavitation model used for present 

simulation. 
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V. CONCLUS ION 

Based on the numerical simulat ion study of the flow 

through the draft tube under different submergence level the 

following conclusions can be drawn. 

 The General CFD model does not give realistic picture 

of the flow condition in the draft tube no change in the 

efficiency is observed with change in submergence 

level. 

 Simulation of flow with cavitation model pred icts the 

flow condition in the draft tube more accurately as the 

effect of negative pressure inside the draft tube are 

modelled in a better way .hence the effect of 

submergence on efficiency can be seen. 

 The draft tube efficiency which is the function of head 

recovery and head loss coefficient depends upon the 

submergence of draft tube tail race.  

 It is observed that the efficiency increases with an 

increase in the submergence level the efficiency 

increase by about 6% on increase the submergence 

level by 3 meter. 

 For given submergence level it is observed that the 

efficiency increase with an increase in the mass flow 

rate on increasing the load from 60% to 120% of the 

rated condition the efficiency is seen to increase in the 

range of 6 to 9%. 
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