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ABSTRACT 

Pelton turbine is the most commonly used high head impulse turbine with low discharge. For obtaining highest 
power output from runner one of the most important parameter is quality of jet which strikes bucket tangentially. The 
quality of jet and its impact work depends on the distance between the nozzle exit and runner along with its angle of strike. 
In the present paper, the effect of distance between the nozzle outlet and the runner on performance of Pelton turbine is 
discussed with the help of numerical technique. It is found that that axial flow of water is more for least (100 mm) distance 
while the radially inward and outward flow is more for larger (150 mm) distance between nozzle and runner. 
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1. INTRODUCTION 

Water is available at high head in hilly areas, so 
power generation using impulse turbine is common in 
hilly areas. Pelton is most commonly used impulse turbine 
used for high heads. Water after getting discharged from 
nozzle strikes in the form of compact jet tangentially to 
runner such that it is most of the time perpendicular to 
striking bucket. When water leaves from the nozzle, the 
cross-section of jet reduces to least diameter and then 
again it starts increasing. Least diameter of jet is found to 
be around at half the distance of nozzle diameter and that 
is called vena contracta. As the distance of jet increases, 
jet again starts to diverge. The cross-sectional area of jet 
when it strikes bucket affects overall performance of 
runner, water distribution on buckets, direction of flow. In 
present paper numerical simulation of a Pelton turbine is 
done by commercially available CFD code to study the 
effect of distance between nozzle outlet and runner on 
flow parameters. 
 
2. LITERATURE REVIEW 

Catanase et al. [1] numerically investigated jet 
from a Pelton turbine nozzle. They concluded that position 
of needle influence velocity distribution in the jet. The 
contraction diameter of the jet and its position are also 
determined. Matthias [2] et al has numerically simulated 
and validated impact of free jet on plate kept at various 
angles. Similar conditions were also applied to rotating flat 
plate runner. Experimental measurement of velocity of 
water coming out of various shapes of nozzles was done 
by Kotousov [3]. Perrig et al. [4], numerically and 
experimentally analysed flow pattern, pressure distribution 
in Pelton turbine bucket. Konnur et al. [5] have 
numerically analysed flow distribution of flat plate kept at 
various angles and applied to Pelton bucket. Experimental 
investigation of flow disturbances which affect the shape, 
orientation, and the topology of the jets leading to shift of 
the jet core from the axis of the nozzle was done by Zhang 
and Casey [6] using laser Doppler anemometry. Peron 
etal., [7] have numerically and experimentally discussed 

the importance of jet quality on Pelton turbine using two 
rehabilitation projects.  Santolin et al.[8] numerically 
studied the jet interaction process and compared the results 
experimentally. Kubota [9] experienced jet interference in 
the model of 6 jet Pelton turbine model. Fiereder et al [10] 
numerically and experimentally investigated flow in 
Pelton turbine. Guha [11] numerically simulated high 
speed water jet in the air and validated it. Benzon et al. 
[12] have used CFX and Fluent for design optimisation for 
getting appropriate jet shape. 

A lot of work has been done for jet shape and 
simulating water jet for Pelton runner. In present paper 
commercial software ANSYS CFX is used to study the 
effect of distance between the nozzle outlet and runner by 
varying the distance between them. Two cases i.e., 100 
mm and 150 mm are simulated. Numerical results for 100 
mm distance are validated against experimental available 
results from Pelton turbine model. 
 
3. GOVERNING EQUATIONS 

Fundamental governing equations of fluid 
dynamics i.e, the continuity, momentum and energy 
equations [13-14] which are in partial differential form are 
the base of CFD. These equations are based on 
conservation of mass momentum and energy. 
Continuity Equation: 
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where the volume fraction αn is given by 
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Momentum Equation: 
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4. FORMULAE USED 

The theoretical power input is given by: 
 

HQgPI                                                        (1) 

 
The actual output power is less than the above 

calculated value [1] due to friction.  Numerically 
calculated power output is given by: 
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The hydraulic efficiency is given by: 
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Time step corresponding to 1° runner rotation 

was found out using: 
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Speed coefficient is given by: 
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Blade Loading Coefficient: Pressure variation 

along streamwise direction in dimensionless form is 
expressed as: 
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Absolute velocity coefficient: 
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Loss coefficient: It is the ratio of whirl velocity at 

outlet to inlet.  
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Discharge Coefficient: In non dimensional form it is 
expressed as:  
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5. GEOMETRIC MODELING 

The domain for analysis needs to be numerically 
simulated in 2-dimensional or 3-dimensional geometry 
depending upon requirement. For the present study, 
domain from the exit of nozzle to runner is generated. 
Only three symmetrical half jets with 10 symmetrical half 
buckets (half of the rotor) were modeled due to limitation 
of computational power. The complete flow domain 
consists of stator containing water jet and rotating domain 
containing buckets. The modeling has been done by using 
commercial software. The modeled geometry of domain 
containing water jet (both short distance and long distance 
between nozzle exit and runner) and Pelton turbine has 
been shown in Figure-1, Figure-2 and Figure-3, 
respectively. 
 

 
 

Figure-1. Geometry of stator domain with 
100 mm distance. 

 

 
 

Figure-2. Geometry of stator domain with 150 mm 
distance. 
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Figure-3. Geometry of rotor domain. 
 
6. MESH GENERATION 

The complete domain for analysis needs to 
discretised into small elements which are known as mesh. 
The mesh has tetrahedral and prismatic 3-D elements for 

volume and triangular elements at the surface. Prism layer 
has been applied to jet wall and bucket surface to capture 
the flow accurately. 

 
Table-1. Mesh data for short distance between nozzle exit and runner (100 mm). 

 

Part name No. of nodes No. of elements Element type 

Jet inlet 1248 
1469 
399 

Triangular 
Quadrilateral 

Jet wall 16147 31348 Triangular 

Jet symmetry 6636 
9851 
1305 

Triangular 
Quadrilateral 

Stator top opening 36340 71087 Triangular 

Stator side opening 3293 5263 Triangular 

Stator symmetry 2497 4024 Triangular 

Periodic surface 1 262 416 Triangular 

Periodic surface 2 255 402 Triangular 

Stator rotor interface 39564 77712 Triangular 

Flow space 456213 
2146945 

1089
Tetrahedral 
Pyramids 

 
7. BOUNDARY CONDITIONS 

The nozzle is fixed, so stator domain is kept 
stationary. Buckets rotate so domain containing buckets 
i.e., rotor domain has been set at speed corresponding to 
Best Efficiency Point (BEP) which is 820 rpm. SST 
turbulence model is taken for analysis because of its 
capability to capture sharp curvatures and complexities in 
the flow. 

Transient flow simulation with time step 
corresponding to l° runner rotation has been done. The 
working fluids are air and water with a reference pressure 
of 1 atmosphere. The jet inlet has been defined as inlet 

with water velocity corresponding to 50 m head. Jet 
symmetry, stator symmetry and rotor symmetry have been 
defined as symmetry and periodicity has been applied at 
both symmetric ends of the stator and rotor. Opening is 
specified at stator side opening, stator top opening, rotor 
side opening and rotor mid opening with a relative 
pressure of 0 atmospheres. Suitable interfacing is applied 
between stator and rotor domains. 
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8. RESULTS AND DISCUSSIONS 
 
8.1 Validation 

Efficiency obtained for shorter distance between 
nozzle exit and runner is compared with the efficiency of 
available model test result. Experimental efficiency is 
90.5% at rated speed and discharge whereas numerical 
efficiency is found out to be 88.03% which is in very close 
agreement. 
 

8.2 Variation in torque experienced by runner 
The torque experienced by rotor for 100 mm and 

150 mm distance is plotted in Figure-4. 
 
 
 
 
 
 

 

 
 

Figure-4. Variation in torque experienced by rotor for different distances between nozzle and bucket 
 

It is observed from Figure-4 that variation in 
torque experienced by rotor with change in bucket angular 
position is of similar type for both jets. The jet strikes the 
runner earlier in case of 100 mm distance as compared to 
150 mm distance so increase in torque with bucket angular 
position is observed for 100 mm distance. The torque 

experienced by rotor is more for 100 mm distance than 
150 mm distance nearly at all angular positions of bucket. 
 
8.3 Streamwise blade loading 

The blade loading pattern in Figure-5 indicates 
that pressure rise at inlet and blade loading is more for 100 
mm distance.  
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Figure-5. Variation in blade loading at mid span for different distances between 
nozzle and bucket. 

 
8.4 Streamwise variation in absolute velocity 

The streamwise variation of absolute velocity 
from inlet to outlet in Figure-6 shows gradual decrease of 
velocity from splitter to outlet for both distances. The 
absolute velocity at outlet is nearly same while at inlet it is 

found to be more for 100 mm distance. This is because on 
increasing the distance from nozzle exit to runner, water 
jet discharging from nozzle spreads and gives lessr impact 
to the runner. 

 

 
 

Figure-6. Variation in absolute velocity coefficient at mid span for different 
distances between nozzle and bucket. 

 
8.5 Flow distribution 

The water volume fraction iso surface for both 
the cases (i.e., 100 mm and 150 mm distance) are shown 
in Figure-7 and Figure-8 respectively. In case of 100 mm 
distance, buckets do not get emptied fully before reaching 
in front of next jet rather a part of water sheet near to exit 
of bucket can be seen. But in case of 150 mm distance, the 
buckets get fully emptied before reaching next jet. 
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Figure-7. Flow distribution for 100 mm distance at BEP. 
 

 
 

Figure-8. Flow distribution for 150 mm distance at BEP. 
 

The water volume fraction for 100 mm and 150 
mm distance at 0.25, 0.5 and 0.75 span are shown in 
Figure-9.  

At 0.25 span, some buckets are seen fully empty 
for 100 mm distance and buckets in front of jet have water 
at mid stream length but in case of 150 mm distance no 
bucket is seen fully empty. The water is seen more at inlet 
for bucket in front of jet and less at outlet in other buckets 
at 0.5 span. As seen in Figure-9(c), water at inlet of bucket 
is observed only in the bucket which are in front of jet.

 
 

 
 

Figure-9. Variation in water volume fraction at 0.25, 0.50 and 0.75 span. 
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Table-2. Average values of velocity coefficients for different distance 
between nozzle exit and bucket. 

 

 

Distance between nozzle and bucket 

100 mm 150 mm 

Inlet Outlet Inlet Outlet 

Relative velocity 
coefficient 

0.51 0.46 0.51 0.44 

Absolute velocity 
coefficient 

1.00 0.18 1.00 0.17 

Whirl Velocity coefficient 1.00 0.06 1.00 0.07 

Tangential velocity 
coefficient 

0.49 0.49 0.49 0.49 

Flow angle 0 21.10 0 19.88 

 
Table-3. Average values of non-dimensional parameters 

for different distance between nozzle and bucket. 
 

Distance K T K L K Q ϕB η 

100 mm 0.185 0.899 0.077 0.48 88.03 

150 mm 0.170 0.874 0.077 0.48 84.62 

 
Table-4. Water distribution at exit of runner for different 

distance between nozzle and bucket. 
 

Distance 
Axial 
(%) 

Radially 
inward (%) 

Radially 
outward (%) 

100 mm 89.93 9.09 0.98 

150 mm 85.54 11.38 3.08 

The relative and absolute velocity in Table-2 is 
found to be less and whirl velocity is more for 150 mm 
distance. The flow angle at outlet for 150 mm distance is 
less than that of 100 mm. 

The torque, frictional loss and efficiency is found 
to be higher for 100 mm jet length as given in Table-3 
because of lesser loss in case of 100 mm jet length. 

It is seen from Table-4 that axial flow of water is 
more for 100 mm distance while the radially inward and 
outward flow is more for 150 mm distance. 
 
9. CONCLUSIONS 

It is found that the length of jet i.e., distance 
between nozzle exit and runner effects the performance of 
Pelton turbine. The torque experienced by runner is 
delayed for 150 mm distance and torque coefficient and 
efficiency is maximum for 100 mm distance. The blade 
loading is more for 100 mm distance.  

The absolute velocity decreases from inlet to 
outlet. The average relative, absolute and whirl velocities 
at outlet are seen to be nearly independent of jet distance. 
The flow angle at outlet decreases as the distance 
increases.  

The loss coefficient also decreases with increase 
in jet distance. The axial flow decrease and radial flow 
increase as the distance between jet and bucket is 
increased.  
 

Notations used 
 
B bucket width (m) 
C1 absolute velocity at runner inlet (m/s) 
Cp pressure coefficient 
D runner diameter (m) 
d0 diameter of jet at outlet of nozzle (m) 
d1 diameter of jet at vena contracta (m) 
g acceleration due to gravity (m/s2) 
H net available heat at inlet of nozzle (m) 
hf total head loss (m) 
k friction factor 
KC absolute velocity coefficient 
KL loss coefficient 
KQ discharge coefficient 
KT torque coefficient 
Ku speed ratio  
L bucket length (m) 
N rotational speed of runner (rpm) 
P static pressure at any point (Pa) 
PI power supplied from jet to runner 
PO Power available at the nozzle inlet (Watt) 
Q Discharge (m3/sec) 
T torque available at runner (N-m) 
U1 absolute velocity of runner (m/s) 
U2 tangential velocity of runner at outlet (m/s) 
Z number of buckets 
ηH hydraulic efficiency 
ρ density of fluid (kg/m3) 
φB speed coefficient 
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