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Abstract

The main objective of this paper is analysis of stress in the distributor to find out optimum thickness for safe and satisfactory working at
different load condition. To describe how different plate segments required fabricating wyes branches to ensure greater reliability. The
distributor of Pelton turbine consists of pipe segments and wyes branches which are then connected to nozzle. A wyes branch, where the
distributor bifurcates has a very complex shape and is very difficult to design. A practical case of distributor of 6 jets vertical Pelton tur-

bine of 43 MW power has been carried but using UG-NX software.
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1. Introduction

Hydroelectric power is one of the major sources of energy
throughout the world and is the cheapest and most pollution free
source of electric power. In the world of hydropower, the total
power available in water under pressure is converted into mechan-
ical energy by the use of different types of hydro turbines under
different working condition of head and discharge. The hydro
turbines can broadly be classified into two classes, i.e. reaction
and impulse turbine, depending on the energy exchange between
the runner and the flow. Hydropower turbines are classified based
on head height, or the height of the fall of water is as below-

Low head (10 to 60m) - Kaplan turbine
Medium head (30 to 500m) - Francis turbine
High head (more than 250m) — Pelton turbine

Pelton turbines belong to the family of free jet turbines. Pelton
turbines with a horizontal shaft are designed with up to three noz-
zles; turbines with a vertical oriented shaft have three to six noz-
zles.

Distributor is the part of the Pelton turbine to facilitate pressurized
water flow from MIV (Main Inlet Valve) and to feed to the noz-
zle-jet assembly, which in turn strikes the water jet to the runner
buckets. In multi-jet turbine system, distributor is surrounding the
runner. The turbine distributer is composed of curved pipes with
bends and bifurcations. The purpose of distributor is to share
evenly the flow between the nozzles (from 1 to 6) from which the
jets are ejected towards the runner converting the potential energy
of flow into kinetic energy.

The overall dimensions and shape of the distributor are deter-
mined on the basis of following considerations: -

a) The water should enter in each nozzle-jet assembly at a uniform
flow rate.

b) The flow in the distributor should satisfy the equal area of
cross-section through each nozzle-pipe.

The distributor of Pelton turbine is shown in fig.1

Fig. 1: Multi Nozzle distributor arrangement.
2. Design of Distributor

2.1. Making a Solid Model

We modify the distributor which design with cast wye branches.
The present work distributor the application of a totally fabricated
distributor, with wyes branches as well as connector pipes being
manufactured by fabrication.

The preliminary thickness is assumed on the basis of previous
projects which have the nearly same head & output. The inlet
&outlet dia. of the distributor is 1100mm and 523 mm. if it is
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required to determine the thickness of distributor so that it can
withstand a given internal pressure p then we have to ensure that
the maximum stress developed in the shell does not exceed the
permissible tensile stress(6t) of the shell material. Since the cir-
cumferential stress is higher one, therefore, the shell is designed
on this stress basis.

Now, 6¢ =pd/2t, where t is the required thickness of the shell.

Table 1: Chemical composition of material

Steel grade P460NL1
Material number 1.8915
% by mass(max)

Fe 95.02 t0 95.6
© 0.2

Si 0.6

Mn 11tol.7
P 0.025

S 0.01

Al 0.02

Cr 0.3

Cu 0.7

Mo 0.1

N 0.025

Nb 0.05

Ni 0.8

Ti 0.03

\Y 0.2
Nb+Ti+V 0.22

The initial thickness we used are 25, 27, 42, & 48mm.

Fig. 2: wye branch of distributor

Fig. 3: wye branch of distributor (inner face)
2.2. Mesh Generation

For meshing of different segments of the distributor following
mesh properties are used: -

Total number of meshes in the part: 1

Total number of elements in the part: 5061

Total number of nodes in the part: 10320

Element type: C Tetra (10)

Element size: 96.2

Max.Jacobian:10

Fig. 4: Meshing of Wye-2
2.3. Applying Boundary Condition

Load, constraints, and simulations objects are all considered
boundary conditions. User can also create boundary conditions
using icon on the Advanced Simulation Toolbar.

Following boundary condition are applied in the distributor.

I The symmetric boundary condition is applied for all the
segments as the segment are spilited in two parts.

1. The fixed boundary condition is applied at the edges of
the spilited segments.

1l. The pressure of 60.6 kg/cm?is applied all over the mod-
el for various segments of distributor.

Fig. 5: Loading& Boundary Condition on wye branch

3. Result & Discussion

Stress analyses for all the segments of distributor are done suc-
cessfully using NASTRAN SOLVER. For this purpose, the mod-
els are prepared using parametric modeling method. Advantage of
parametric modeling is that any dimension, model updated auto-
matically.

The result of various segments is shown in figures in which

Red Color- shows region of maximum stress.

Blue Color- shows region of minimum stress.

Intermediate Color- shows regions having stress values between
maximum and minimum.

If the maximum stress as indicated by red color exceeds the max-
imum allowable stress, then plate thickness is changed. Again the
program is run with new sets of inputs and analysis is performed.
The process is repeated again &again until the maximum stress in
all the segments of the distributor is less than maximum allowable
thickness of various segments of the distributor.

Table 2: Allowable Mechanical Properties of Material

Steel Grade Name PA60N1
Material Number 1.8915
Usual Delivery Condition N?;g:jal_
Yield Strength(N/mm?) <16 mm 460
>16 to <35 450
>35 to <50 440
>50 to <70 420
>70 to <100 400
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>100 to <150 380
Tensile Strength (N/mm?) For Prod-

uct Thickness in mm e U
>70 to <100 540 To 710
>100 To < 150 520 To 690

Elongation (%) For Product Thick- <70 mm 17

ness in mm
>70 To >150 16

In case of wye-2, for first iteration the model has been prepared
without using the sickle plate, the FEM & stress analysis is carried
out, the maximum stresses are above the limit at wye section. The
thicknesses of various sections taken are 25, 27, 42, & 48mm.

Fig 6: First Iteration of Wye -2

For second iteration of one of the section (near wye section) is
increased from42 to 44 &48 to 50mm. sickle of 100mm thickness
is placed at wye section (to reduce the average stress). Now the
FEM &stress analysis is carried out, the maximum stresses are
787.7 N/mm? at sickle plate &average stresses are 397.85N/mm?>.

\.—--_- —

Fig 7: Second Iteration of Wye -2

For third iteration, thickness of sickle plate increased from100 to
130 mm and thickness at wye section 44 to 46 mm & 27 to 32mm.
Now the FEM & stress analysis is carried out, the maximum
stresses are 98.45 N/mm? at sickle plate &average stresses are
50N/mm?,

Fig 8: Third Iteration of Wye -2

Fig 9: Final Result of Wye -2

As per design norms, if the average stress is less than 1/5™ of ul-
timate tensile strength of material or 1/3" of the yield strength of
the material it is taken as acceptable design. Here as the value of
average stress (50N/mm?) is below the 1/5" of ultimate tensile
strength of material (570/5=114N/mm?) or 1/3 rd of the yield
strength of material (450/3=150N/mm?), So this value has been
accepted.

4. Conclusion

In the present work distributor has been analysed to check effec-
tiveness of various design features and the optimization of struc-
ture under various conditions. From the analysis, the general ob-
servations and conclusion:

e  Fabrication is more convenient method of manufacturing a
distributor. It reduces the manufacturing time considerably
as compared to the casting variant. In fabrication technique,
the entire distributor is broken into large number of small
piece. Steel plate of required size for various pieces are tak-
en, rolled and joined by welding to form a distributor.

e As per the general practice of design of a distributor, the
allowable safe pressure within a distributor must be lies
than 1/3" of the tensile strength or 1/5™ of ultimate tensile
strength of chosen material.

e FEM has a very effective tool for designers in the field of
structural of design of hydraulic components.

e As the stresses increased the permissible limits in some
segments, been made to arrive at a safer value of pressure.
The final thickness of plates obtained are 25,32,46,50 mm.

e From the present work, a distributor for a Pelton turbine has
been designed. Better safety margins have been achieved.
The analysis gives saving in total cost of design.
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