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ABSTRACT

Pelton turbine isatype of hydraulic turbine in which energy carried by water is converted into
kinetic energy by providing nozzle at the end of the penstock. The performance of this turbine
depends on the nozzle shape and the distributer. In this paper atterestsade o study the

effect of differentnozzle shapes, nozzle angle, distribdtend,split angle, speashape and

spear angle.

CATIA V5 and Ansys Fluent softwarewvere used to design and analysis tbé numerical
simulation for all the modelsleveloped. Forthe design and simulatioof nozzle and
distributer,a jet diameter 064.4mm,flow rate of 0.14n¥/s and the total headf 50m were
taken And also he nozzle anglef (30-45)in degreeand the spear angté (20-25)in degres
werefed to Ansys and then it gerates 82 samples. So, #féectof each angle in the range
was analyzedThe value obtained from Ansys parameter correlation depicts that nozzle angle
of 30 degreeand spear angle of 2legreegives maximurrefficiency. Andfinally the variation

of blocking distancen efficiencyand perfomance of the intended result wagtical, sample
valuesin mm from(0-93) was evaluatednd best performance was fousatl blockingdistance

of 80mm.And moreover, as the flow rate vaseseasonallpr due to flow rate regulation
ranges of flow rate in s from 0.1up to 0.009 per single nozzle wesnsidered fothe
baselineandoptimaldesign.

Results obtained from numerical simulation on contours of static pressure, conticEiby
magnitude, and velocity vectors were colored inside the fluid interior for all models. So the
comparison and analysis made on the model is based on the color magnitude on the legend bar
of velocity and pressurdhe resultshowedthat, increasingthe pipe diameter of distributer
results inthereduction of heatbss However, since the optimal diameter is 142 mmithier
increment in pipe diameter increases the cost of pipe.ofher critical and notable faar to
mention from the study wake nozzle angle and nozzle efficiency. i&s thenozzle angle
increases thaozzle efficiency decreases dineback flow at the exit of the nozzle the end,
increasing pipe diameter of distributer decreases the hydraulic energy inside the nozzle

The performance of the nozzle different flow rate ad different closing distance were
analzed and efficiency of 96.8 % waschieved Finally after the nozzle and distributer
optimizedseparatelythen by integrating both components. distributer andhozzle andheir

simulation wereanalyzedand 96.5% effiency wasobtained.

Keywords: micro-hydro Pelton turbinglistributer,nozzle,speay CFDand optimization
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Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur

CHAPTER ONE

INTRODUCTION

This chapteexplainsthe introductory parof the thesis and telle over viewof the work,
which has been doneluring the whole researchperiod The chapter highlightaabout
background, significancef the study followed by objectives of the research and organization

of the thesis provided hegdter.

1.1BACKGROUND OF THE STUDY

Human beings have been used the power of flowing water for thousands of years. The ancient
Greece used thisydropower tagrind corn and wheat to flour. The wolydro comes from

the Greek word for watetdydropower traditionally represents the energy generabgd
damminga river and using turbine systems to generate electrical poMagerwheels were

used extensively ithe ancient times, but it was only at the beginning of the 19th Century that

the invention of théaydro turbines got popularized.

It was a French engineer, Benoit Fourneyron, who developed the first commercially successful
hydraulic turbine (circa 1830).dter Fourneyron built turbines for industrial purposes that
achieved a speed of 2300 rev/min, developing about 50kW at an efficiency &0gastent

and The first radial inflow hydraulic turbine was introduce with an excellent efficiency by
American engeer James B. Franci®r a head of 10 to 100m [43].

1.2 DEFINITION AND MAJOR CLASSIFICATION OF HYDRAULIC TURBINES

Hydraulic turbine can be defined as arotary machimed wat er i s used as t he
Water or hydraukinetiucbandspobhantwa ks eefnuelt g i
mechanicali fpowerd ealnd o Acedrdingtd theiwaysof enesgiramsfeg, vy .
thereare two tyes of hydraulic turbines namely.

1. Impulseturbines and
2. Reactionturbines

1. In impulse turbines water coming out of the nozzle at the end of the penstock is made to
strike a series of buckets fitted on the periphery of the runner. The runner revolves freely in air

and the casing is not important in impulse turbine. The runner &fdhen turbine consists of

double hemispherical cups fitted on its periphdrfn e pr edomi nant type of

t Peel t on, twhhibeamei s suitabl e5f20MMa range of he
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2. In a reaction turbine, water enters all around t@gbery of runner and the runner remains

full of water every time. The water leaves from the runner is discharged into the tailrace with
a different pressuseTherefor casing is necessary for reaction turbinds.e r eact i on t u
further isutbdrtamadedwhypb i s characterized by
t hkkapl an or promelche-p ¢wime wiich osds theotential and

kinetic energy ofvater and converts it into useful mechanical energy.

Based on flowdirection, they are further classified as:

Tangential Flow

)l

1 Radial Flow
i Axial Flow
i Mixed Flow

The efficiencies of the threengriiomeidp alr et wshea

Figuraes f.ulhnhctions of the power specific speeq

107

Francis

I Pelton /—-f—\
multi-jet T Kaplan
09} /—\
®

Efficiency, 1,

08¢ a 1 1 i 1 1 )
0.04 0.1 0.2 04 1.0 2.0 40 10

Specific speed, Q__ (rad)
Figure 1.1Typical design point efficiencies of Pelton, Francis, and Kaplan turtp83s

1.2.1 SMALL-SCALE HYDROPOWER

Smalkscale hydropower was the most common way of electricity generating éatlye2®"

century. The first commercial use of hydroelectric power to produce electricity was a
waterwheel on the Fox River in Wisconsin in 1882 that supplied power for lighting to two
paper mills and &ouse[22]. Depending on individual circumstancesamyg people find that

they need to develop their own source of electrical power. Other renewable energy sources,
such as solar and wind, can be used to produce electrical power. The choice of energy source

depends on several factors, including availabiliggonomics and energy and power
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requirements. Micrdwydropower systems offer a stable, inflatjgmoof, economical and
renewable source of electricity that uses proven and available technologies. These technologies
can produce as little as 100W of eledtyi@t low costat vely competitive ratesgppropriately

designed and implemented systems can provide inexpensive energy for many years.

There can be several reasons for wanting to build a rhiggloopower system. It can be used

to generate electricity téulfill basic needs for lighting, electronic devices, computers, small
appliances, tools, washing machines, dryers, refrigerators, freezers, hot water, space heating or
cooking. Other reasons is helping to protect the environment by avoiding the ussildtitds

or to be independent of the power grid. Who are consideringroffpower generation?
Applying micro-hydropower technology in remote locations where electricity is provided by
diesel generators offers an opportunity to replace a conventiaalith a renewable energy
source. It has been demonstrated that water power can produce many times more power and

energy than several other sources for the same capital investment.

A micro-hydropower system is a natepleting and nopolluting energy sowe that has
provided reliable power in the past and is one of the most promising renewable energy sources
for the futurg/11].

So micro hydro pelton turbine has a long history and installed in in many African countries
including Ethiopia even though Ethi@gnstalled only one percent from her 15000MW.Global
installed capacity of Small hyd is around 508/ against theestimated potential of 1805

Due to its short gestation period, small hydro is attracting worldwide attention. Several

solutions have beerrgposed and successfully implemented for mitydro schemes [13]
1.2.2PELTON TURBINE COMPONENTS

Pelton turbines are impulse turbs used for high heaanhd low flow hydro applications.
Performance and reliability related components of a Pelton turbmmsist of a

distributor/manifold, housing, needlalve,nozzle, impue runner and discharge chamber [8]

Housing:-Housing is a rigid unit which consists okedle servomotor piping, feedback
mechanismsandthe deflector shafts. The shape of the wetigd sf thehousingis important

for directingthe exit water effectively away from tinenner.

Runner: -The runner consists of a set of specially shaped buckets mounted periphery
of a circular disc and which generates mechanical energy from thiedldwydraulic energy
which in the converted in then electrical energy
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DischargeChamber: - The function of the discharge chamber is to enable water exiting the
runner to fall freely toward the drainage. It also functions as a shield for the concrete work and
prevents concrete deterioration dugi®action of the water jetSorrect water legl regulation

(surge chambers) inside this chamber is critical for maximum efficiency.

Nozzle - A nozzle is often a pipe or tube of varying cross sectional area, and it can be used to
direct or modify the flow of a fluid (liquid or gas). Nozzles are @rextly used to control the
rate of flow, speed, direction, mass, shape, and/or the pressure of the stream that emerges from

them.

Distributor/Manifold: -The function of the distributor (or manifold) is to provoke an
acceleration of the water flow towardobeof the main injectors. The advantage of this design
is to keep a uniform velocity profile of the flow. Depending on the age of the turbine unit and

original hydraulic design, the distributor size may contribute to losses and turbulence.

Non-performancebut reliability related components of a Pelton turbine include the deflector,
turbine shaft, and guide bearing.

Turbine Shaft: - The turbine shaft is &ransmitterof energy between the turbine and the
generator. Whethe flowing liquid hits the turbine blade thé produce mechanicanergy.
This mechanical energin turn converted into electrical energ¥he shaft typically has a
bearing journal for oil lubricated hydrodynamic guide bearings on the turbine rumher en

Guide Bearing: - The function of the turbine guide bearing is to resist the mechanical
imbalance and hydraulic side loads from the turbine runner, thereby maintaining the turbine
runner in its centered position in the runner seals. It is typically tadwas close as practical

to the turbine runner and supported by the head cover. Turbine guide bearings &reiisual

lubricated hydrodynamibearings.

Deflectors - The deflectors serve to bend the jet away from the runner at load rejections to
avoid ahigh speed increase. It also protects the jet against exit water spray from the runner.
The deflector arc is bolted to the deflector support structure frame with the control valve of the
needle servomotors. A seal ring around the deflector shaft derirsing prevents water and

moisture from penetrating into the bearing.

By the outline of a nozzle and a spear head, the surface are shaped so as to reduce the annular

area steadily toward the exit, where they are usually conical.

Prepared by Sase Negash 4



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur 2018

Braking jet

Buckets

—— Runner
Hand wheel "
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Fig 1.2Components dPeltonturbing5] .

The typical application of Pelton turbines is in low specific speed conditemamongthe
different types of hydraulic machinery, the Pelton turbine shows an impressive part load

performance.
1.3 SIGNIFICANCE OF THE STUY

Hydropower resource is basic to generate power and Ethiopia is one of the richest in micro
hydropowessites.The country needs micro hydro turbine technologies which convert the hydro
power intoelectricity. Ethiopiahas the greateblydro powelpotential in the east Africa with a

capacityof 15 000MW, but its installed capacityot more than two percefit3].

The rural community i$n need ofelectricity. Non-commercial sources like firewood, dung
and agricultural waste are major sources efgyin rural Ethiopia. The househaléctor takes

up over 80 percent of the energy supplies. Almost all the energy usedsbyhthieseholds is
biomass based. As result, deforestation and land degradation have gone beyond control
leading to extreme logx soil fertility. Theresult that hydrgpower hasignificant contribution

by providing multiple benefits particularly in rural householdse country needs micro hydro
technologies which convert the hydro power into electri@ihere is an ongoing Phi2search

in the Addis Ababa institute of Technology which aims at building the capacity of harnessing
a micro hydro resource to generate off grid electricity. Design of runner for a Pelton turbine
completed: the distributer and nozzle not yet. So thisaresgproposed to participate in the

design and optimization of a distributer and nozzle of this turbine

This thesis gives the inspiration in micro hygrower benefit with the objectives of Design

and simulate nozzle and distributer of Pelton turbinentoeiasing and improve the net

Prepared by Sase Negash 5



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur

efficiency of the Pelton turbine and clean energy use in ruralvatbout huge construction
dans and reducing the cost of electricity production without facing problems to environment

(atmosphere) from carbon emission

Theoptimization of distributernozzle angpeamhave beemnalyzed using computational fluid
dynamics(CFD). Computational fluid dynamics (CFD) performs numerical analysis of a fluid
flow field once a finite volume grid has been created. One of the bighek¢rmes in the
engineering industry is being able to come up with efficient and optimal designs for complex
fluid flow. One of the strongest tools offered now a dalfluent Fluentis a very useful
program recently acquired ynsys So this thesis jputs significant benefit in generation of
small scale hydro power by design and optimize pelton turbine components such as nozzle,
spear and distributer for its highest performanakle. Itwould be easy to manufacture and
install small hydro power in offrid area after all components of the pelton turbine designed

and simulated well.

Finally thethesis has a significant role in producing tomponents of the micro hydvelton
turbine in anoptimized capacity to support off gnidral electrification.

1.40BJECTIVE

14.1 GENERAL OBJECTIVE

The gerral objective of this thesists design and simulate the distributer and nozzRettbn
turbine usingcommercial software idifferent shape and get best performance optimization
14.2 SPECIFIC OBJECTIVE
1 Collect geometric data of the runner of the micro hyRietionturbine designed bg PhD

candidate

1 Design and simulation of thdistributer

1 Design the spear ambzzle of a micro hydro peltorturbine

1 Optimize the design of the distributer and nozd@ga commercialCFD softwares.

1 Make structural analysis of the distributer and nozzle and select appropriate material

1 Design manually operated deflector and structural Analysis

1 Prepare work shop and assembly drawing ottmponents.
1.5 RESEARCHMETHODOLOGY

Method of analysis shows the overall steps of ki@sis activity. Methodologiesmployed in

this thesis to achieve the objective of the study includes the following steps.
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15.1 An intensive survey of literature about micro hydro pelton turbine distributer and nozzle.

This step involves collecting data from different relevant literatures, books, reseaich

experimental result which is usedasinputdata for this paper

1.5.2Geometryand design of distributer, nozzle, spear and deflé¢otoe decided
analyticdly.

From thecollecteddata overall design of distributerozzle, spear and defleciwasdone.
1.5.3Model andSimulation

For modeling and simulation purposes, distributer and nozzle with its spear alignment is drawn
on catia V5 and then exportedAasys work bench 14Lo perform thesimulation, modeling,
boundary conditiorsetup meshing, and solving were critical.

The simulationis run and hasharacterizeé the following
Headlossin thedistributer haseeninvestigatedor:

1 Different diametes.
1 Different splitting angls.

1 Differentbending radius
Nozzle-spearassemblypressuralrop andactual outletzelocity from theanalysis of CFIat

1 Different nozzle openirgor blocking distancéom 0 to 93 mm
1 Different nozzle angkeranging 3645in degree
1 Different spear angéranging 2025in degree

1 Velocity and Pressurelistributionin thesurface of the nozzlesing CFD areanalyzed
1.6 ORGANIZATION OF THE THESIS
This thesis work consists six chapters.

The first chapter discuss the general overviewhefthesis which is introduction pariThe
selected sitefor this thesis, the power efater and the way of utilizing it, statement of the

problem, the objective of the study and methodology are also presented in this chapter.

Chapter two is a literature review part. In this chapter different literatures relatéxtachydro
pelton turbire distributer andhozzle issuedoth in developing and developed countries, the

energy potential as a whole in Ethiogspecially the hydropower resources and more about
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MHP are briefly discussed. Moreover, tlethodsused in the determination of head and flow

rate of flowing riversare covered in this chapter.

Chapter three mainly focuses on the derivatibrequationsand basic concepts of MHPT.

Different theorems are also discussed which feeds for chapter four.

Chapter four. This chapter contains the main work of the thesis whiemaktical and
numerical solution will be performed heiee. the penstock, distributer, nozzle, spear and

deflector will be optimized here using empirical formula as well CFD.

Chaptefrfive is all about the results & discussihich obtained at chapteradhd then selection

of the optmized design will be done here.

Chapter sixConclusionsrecommendationand suggestions for future work are presented
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CHAPTER TWO
LITRATURE RIVIEW OF PREVIOUS WORKS

This chapter contains different literatumsmicro hydro pelton turbine distributer and nozzle.
Varieties ofinternational researgbapershave been discusséére by comparing the method
and the outcome of theiesearches. And thdrom the perspectives of these previously done

researches, this thesis has undergone further study for its intended objectives.
2.1LITRATURE REVIEW

Many researchers around the world have introduced that Pelton turbine is used faraugh

for converting hydraulic energy into mechanical energy. In this turbine, the discharge required
is comparatively low. Penstock conveys water from head race to distributor fitted with nozzle.
The nozzle converts all the available energy of water kintetic energy of jet. Number of
nozzles depends on specific speed of turbine. As number of nozzle increases, diameter of
runner decreases. The force of water jet on buckets is tangential and it produces torque on shaft
due to which runner rotates. The foemance analysis of turbine is an important aspect to
analyze its suitability under different operating conditions. Also computational fluid dynamic
(CFD) modeling is used to characterize different basic parameters of the turbine. Some of the

researchesndergone and found at hand areaéed below.

Mesa associates, Oak ridge national laboratory for the U.S. department of endiwir
research papéiHydro Power Advancement Projecd statethat, Peltorturbines are impulse
turbines used for high head (usually 100 to 1000 m or above) and low flow hydro applications.
The Pelton runner normally operates in air or near atmospheric pressure with one to six jets of
water impinging tangentially on the runn&he Pelton turbine unit comes in two shaft axis
arrangements: horizontal and vertical. This is dictated by the overall hydro plant design. The
horizontal shaft turbine (maximum of 4 jets) is more conducive for maintenance activities but
requires a largerqwerhouse. Alternatively, the vertical shaft turbine (maximum of 6 jets) is
more difficult to perform maintenancéhe purpose of the needle and nozzle is to concentrate
the jet in a cylindrical and uniform shape in order to maximize the energy transéorimethe

runner. Wear on the needle and nozzle causes a jet deformation which results in decay of

efficiency and an appearance of cavitation [8]

This paper is very useful for this reseaitlieveloping the concept adésign evethoughit

lacks simulation ofthe nozzle and the distributer
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Micro-hydro-electric power is both agfficient and reliable form of clean source of renewable
energy. It can be an excellent method of harnessing renewable energy from small rivers and
streams. The micrbydro project designed to be a rnai-river type, because it only requires

very little a no reservoir in order to power the turbine. The water will run straight through the
turbine and back into the river or stream to use it for the other purposes. This has a minimal
environmentalmpact on the local ecosystem [11]

It is useful for the cuant research because basic and general concepts about head are discussed
and represented graphically.so the overall layout of hydraulic turbine is clearly put in the

research are uséadr this research.

Dimitrios Michailidis and his advisor Prof. Dr. GedaJ.W.van Busselon on the thesi$
Conceptual Designof a DOT Farm Station. Nozzles and spear valves are devices, used in
impulse turbine®nly, to control the direction or the characteristics of wditew. The main
deferenceébetween them is that the cross sectional area of a nozzle stays constant, whereas it
can vary in the case of a spear valve lmwimg it forwards or backward®epending on the

kind of nozzle that is used, the jet converges lojpvargentportion of the nazle diameter.

What is more, there is a change in the velocity of water fhevits through the nozzle as a
consequence of its design. Both of these phenomena are described by the corii@ction

the velocity co#icient, Cv, of a nozzle, respectiveljhese two parameters characterize the

performance of a nozzle and if multiplied together result in the discharge coefficieft6{CD

This paper is critical fomy research because all of the necessary coefficetparameters
areanalyzed for the azzle even if the structural and design analysis of the nozzle are not
clearly explained and also no distributer analysis

Bilal Abdullah Nasir international journal of (ijeet) on his rese@elkignof High Efficiency

Pelton Turbine for Micro Hydro Power Plant. Oneor more water jets (nozzles) can be
provided with the Pelton turbine depending on the water flow rate and the nozzle capacity The
Pelton turbines have been given increasing interest by the research community within multiple
fields. This is due to the increasing demand for energy on a global basis in addition to the
growing focus on meeting the increasing demand by utilizing renewable energy resources. An
increase irefficiency (installing micro hydraulic turbin@) the order AL % would lead to large
increase in electrical power production which shows demand increment of micro hydro power

plant for ruralsociety[2].
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This paper is best international journal which clearly shows the design of each components of
micro hydro peltorturbine especis for my case it shows the design of nozzle, deflector and

the penstock with their parameters. Butamough simulation of these components.

Mario Peron, Etienne Parkinson, Lothar Geppert and Thomas Staubli on their research paper
Al mportance of Jet Quality on Pelton Efficiency and Cavitationo states thathe jet of a

Pelton turbine is more and more seen as a major influence parameter for the performance of a
Pelton turbine. A water jet in a Pelton turbine shows large variations of landttime scale.

Within very few centimeters between the internal region of the nozzle and the first jet diameter
downstream of detachmefm].Since jet quality is one of the critical things in optimization of
nozzle efficiency this research clearly shotes simulation only on jet quality. The design and
other procedure of the nozzle simulation are not put.

Aung Kyaw Minn, Htay Win and Nyein Aye Sam their international jomal of scientific

research
Design of 225kW Pelton Turbineavedone Performance TestingOf Model 12 Pelton

Turbined Model 12 Pelton turbine is tested in a Laboratory which is suited in Mandalay
technological University. The resource of required water is carried from the ground tank. The
water from the ground tank is pumptmdthe artificial water way by using the pump. The
required jet opening is set by turning the hand wheel incdmtkwise direction. The speed of

the turbine is measured by using a tachometer. In this test, nozzle position of Pelton turbine is
placed five positions. There are8./2/5, 3/5, 4/5 and fully open positionhe pitch circle
diameter of model 12 Pelton turbine is 96 mm and jet diameter is 10At@i5 opening
positionthe turbine maximum efficiency is below 90% at opening@@/&ition the maxnum
efficiency is 80% [Lwhichis very lowefficiency. Evenf the efficiency of the nozzle is very

low and talking about testinigjis veryusefulreference in deciding the detail internal flow of

the nozzle analytichl and numerically.

Vishal Gupta, Dr. Vishnu Prasad and Dr. Ruchi Ktareheir resear@Effect Of Jet Shape

On Flow and Torque Characteristics Of Pelton Turbine Runnero describe the quality of jet

has a great efficiencyln Pelton turbine, the energy carried by water is converted into kinetic
energy by providing nozzle at the end of penstock. The shape of jet affects the force and torque
on the bucket and runner of turbine. The nozzle of circular cross section is conusedly

Water, at high head, flows through the penstock and at the end of penstock, one or more nozzles
are fitted to convert all the available energy of water into kinetic energy. The water comes out
of the nozzle as jet and impinges on the buckets, mgutsio revolve. The impact of water jet
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produces force on bucket causing wheel to rotate. The jet of water splits equally by. splitter
Model testing is the most commdut this is time consuming, costly and does not provide
detailed flow information.CFDs used to improve optimizatiollany authors have worked for
finding out most efficient shape of nozzle. Still performance prediction of Pelton turbine for

different shapes of jets is a thrust area for research because of multiphase and tran$&int flow

According to their researclefficiency of jet is showm the following table which is less than
90% but my research aims that the efficiensyabove 95%I'he squareshapeis easier for

manufacturing because of regular shepmachiningbut less #icient than circular one

Table 2.1 Hiciency of different jet shap¢6] .

Jet shape Circular Triangular Square Elliptic
Numerical efficiency  88.03 77.8 84.72 76.56

Abhishek SharmaVishnu Prashad anénil Kumar on their research abouNumerical
Simulation of Pelton Turbine Nozzle for Different Shapes ofSpea they have done
simulation for design of spear for nozzle by applying computational fluid dynamics analysis
and using ANSYS software. Detail flow analysis of the desired model has beeioiddesign
optimization. Their design altered till the best performance or desired output is obtained. CFD
can provide the solution for different operating condition and geometry configuration in less
time and cost and found very useful for design aneld@wnent. In their works, three shapes

of spear at different mass flow rates have been analyzed using AREX30 software, the
pressure and velocity distribution are obtained and compared. Using the analysis result, the loss
variations with the nozzlesoff different spear shapes are computgld Ther results are

presented in the following table.

Table 2.2 The velocity, pressure and discharge coeffici¢Bits

B.conditior] Pressure( V(m/s) | Area(n?] Head (] HL(m)| Losscoefficient| Cv Ce Cd
Inlet 291700 5.74 | 0.4215| 31.41 | 0.48 | 0.01528 0.891(¢ 0.952 | 0.773
outlet | 58836.5 22.12 | 0.1975 | 30.936| 0.48
Inlet 451528 7.175| 0.4215 | 48.65 | 0.32 | 0.0065 0.8994 0.942 | 0.789
outlet 87639.5 27.8 | 0.1975 | 48.32 | 0.32
Inlet 661768 8.611 | 0.4215 | 71.23 | 0.382| 0.0053 0.8931 0.940 | 0.769
outlet 137604 33.389| 0.1975 | 70.89 | 0.82

As can beseen from the table the velocity coefficid@t) is very low if we calculate the

hydraulic efficiency ofnozzle=0 8"™YRA M W QG 0 & O a"QITW ww PP &N 6 i Q

Prepared by Sase Negash 12



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur

0QiL oL @i ¢ oyedRP, Whichis verylow. But thepaper is directly useful for this

researchn determining and comparing the CFD results.

Aldo Cateni, Livio Magri and Gianalberto Grego on their rese@EdonomicsOf Efficiency

Testing And Monitoring 7th International Conferend@n Hydraulic Efficiency Measurements
Optimization Of Hydro Power Plants Performandenportance Of Rehabilitation And
Maintenancé In particular for the runner profiles studigee purpose of needle and nozzle is

to concentrate the jet in a cylindrical and uniform shape in order to maximiznéngy
transformation in the runner. Wear on needle and nozzle cawtageformation which results

in a decay of efficiency and possibly an appearancawfation. Atest nozzle was connected

to the manifold of the HPP Handeck in order to measure the jet deformations from different
upstream bends,oazle geometries and dhsles.In worn nozzles, the boundary layer is
thickened and disturbed, due to an increased waviness of the walls in the nozzle pipe and nozzle
mouth[41].At their research the maximum optimization achidvelew 934 efficient pelton
turbine. And the reseeh explained how the shape of the nozzle affect the efficiency of the
nozzle which is very essential for this research even though there is no analytical design
procedure for the nozzle.

Takashi Kubota and hitomi kawekami on their researchO b s e roJet tnteréerence in

6 Nozzle Pelton Turbin@stated about the head of micro hydro pelton turbine. A pelton turbine
has been applied to higher heads.in recent yeappltes to medium and low heads less than
100m.This trend is due to the-esaluation ofthe flowing advantage of pelton turbine. And
about efficiency of the nozzle they states that through the regulation of the number of nozzles,
amulti-nozzle pelton turbine can be operated under the wide range of output power maintaining
high efficiency wihout vibration increase compared to Francis turbine. Since deflector is used
in each nozzle can defleatjet in a momentirom therunner through its rapid closgt6].

Which includes my head rang@fm)because range of peftdurbine most of theableshows

above 100m and efficiency can be increased by increasing number of jets.

J. Vesely and M. Varner Stated in theésearch Upgrading Of 625MW Pelton Turbine
Paper Undergoing Research Strait NozzleThe commercial CFD software Fluent was used
for the flow simulations through straight flow nozzle of rehabilitated turbine. CFD flow
simulation through straightdiv nozzle was realized as a twch a duebGlent axisymmetric
flow Efficiency of the nozzle depends on the nozzle and nsédiges and the rele opening.
Numericalflow simulation (CFD)wvas applied for the straigHbfv nozzle hydraulic efficiency
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evaluation12] .This paper are very useful for the current thesis in showing the clear procedure
of the CFD even if no information of how the dibtrter is analyzed.

Deepak Bisenl, Prof. Sunil Shukla and Dr. Blkarma on their researcpaper:
AOptimization and Simulation of Hydro-Turbine Nozzle in Based onAnsys Analysiso.
TheypresenOptimization and Simulation of hyditarbine nozzle in based dmsysanalysis.

Based on thredimensional numerical flow analysis, the flow characteristics through the water
turbine with nozzle are predicted. The Pressure and Velocity distribution of-tuytime
nozzle at different points were calculated and analyzed for a Structural analysis and CFD
analysis. The simulation results show that using nozzle can increase the pressure drop across
the turbine and extract more power from available water endiggse results provide a
fundamental understanding of the composite water tufdi@e.Even though the flow is in

three dimension the basic principle of the pressure and velocity distribution are the same.

Reiner Mack, Bartlomiej Gola, Martin Smertnigehard Wittwer and Peter Meusburger on
their research pap@vodernization Of Vertical Pelton Turbines With The Help Of CFD

And Modelo testingFifteen years ago the hydraulic design of Pelton turbines was based on
model tests only. The first step into t@mputer supported hydraulic design of Pelton runners
was done by Kubota. The first application of CFD for Pelton turbines in an industrial
environment was presented by Maclkaktand they mainly doing their research based on CFD

to optimize pelton turlnie components.one of their research area is distriBotérdistributor

lines in the prototype are casted components as they were common during the time of their
installation. Their hydraulic shape made use of acceleration bends without edges as they are
typical for to days THCone welded solution. Since no modification was for seen for the
hydraulic shape in the distributors and a reliable prediction with numerical methods was
available, a standard distributor design was used for the model test anflubece of the
individual designs was predicted with computational fiydamicg21]. From this papethe

distributer needkigh technology to manufactuamdalsothere is high loss.

Muh. Anis Mustaghfirin, Akio Miyara, Azridjal Aziz and Fumiaki Sugiton their research
paper aboubDistributer Design , Geometry Analysis and Simulation ; Uniformity of Two-

phase Flow Distribution in Curved Round DistributdRistributor plays a major role on
uniformly of the fluid flow distribution through multiplehannels, particularly in two phase

flow. Uniformity and low pressure drop are the major issue which shall be solved

Velocity contourof their research work is as follows
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b) Curved reducer

Contours of Velocity Magnituds [mixture) (m/s) (Time2.0000e-01) g Feb 10, 2012 Contours of Velocity Magnitude (mixture) (m/s) (Time-2.0000e-01) 5 Feb 10, 2012
FLUENT 6.2 (2d. dp. pbns, vaf. Jan, unsteady) FLUENT 8.3 12d. pbns. vaf, Jan, unsteady)

21708
. 195671
935

(¢) T-reducer

Fig 2.1 Velocity contour of distribute[25] .

Even if these type of distributeses for other purpose the bending of the bifurcation is not
goodin fluid flow mechanicsAs canbesea from the figure the bending of the bifurcation is
at 90 degree which creates much back flow@oilision of fluid with the bendingurface.

And the \elocity distribution also the santleroughout thélow which is minimum velocity

feeding for nozzles and asnsequence less jet power wékulted25].

PhoevosCharalampos K. Koukouvinisn Development of a Meshfree Particle Method for

the Simulation of Steady and Unsteady Free Surface Flowspplication and validation of

the method on impulse hydrauligrbines In fluid mechanics, the numerical simulation is
performed using as governing equations, relations which are established from conservation
laws; such laws state that certain quantities, such as mass, momentum and energy must be
conserved during the evolution of the described system. These governing equations are
expressed as a system of Amear, partial differential equations, which, throughuenber of
numerical methods, are eventually transformed into a system of simple algebraic equations.
The system of algebraic equations is then possible to be solved, in order to obtain a solution.
The subject of Computational Fluid Dynamics (CFD) is thestlgment of numerical methods
which enable the solution of the mathematical model represefitig flows. Through
Numerical operationsnvolving: Governing equations, Boundaryand initial conditions,
Domain discretization Numerical discretizationand Resulting algebraic equations As

computer computational power increases, more and more refined and advanced methods and
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computational models are developed in order to describe and solve complicated flow fields and
flow patterns. Today CFD has become ategnal part in the design process of products,

devices, machines or vehicles where fluid flow phenomena play an important factor on the
performance. Optimization studies are commonplace in industries, where thousands of virtual

designs are evaluated usi@§D in order tamprove desired characteristi4].

The main components which the review focused is on nozzle and distributer.Most of the
research wiuh is donen nozzle and speardicate thatheir efficiency is below 90%. As most

of the researchesditates the efficiency of the nozzle and distributer did not exceedl86%
research is aimed at optimizirntge performanceand efficiency of the nozzle and distributer
above 90%.

In the reviewsome of the researchesviewedwere usedas best referend®r the curent

researclwhile the other is less useful.
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CHAPTER THREE
DESIGN OF NOZZLE AND DISTRIBUTER

This chapter contains basic equation, mathematical formulatidoontains the main work of
the analytical design of the thesighich involves the design and analysis of nozzle and
distributer. The detail design starts from design of penstatiktributor, nozzleand spear

explicitly. The design of the nozzle and distributer basically depends on the derived equations.

The equatons includes head loss in penstock, nozzle and distributer and the basic equation
such as velocity, flow rate ,efficiency and the dynamic and static pressure will be clearly
equated herd he coefficients likevelocity, dischargand contractiomoffientwill be derived.

To summarize,this section discusses basic turbine theowyzzle and distributer design
including defining aeries of concepts, terms aratiables that are usedturbinecomponents

such as penstock, distributer, and nozxlaluation and design.
3.1 THE CONCEPT OF HEAD AND FLOW RATE

Head and flow rate are the twoostimportant things in hydrauliturbine.Head is a water
pressure which is created by the difference in elevation between the water intake and the turbine

Flow is awater quantity and is expressed as a volume per second or minute .Both head and

flow rate must be present to produce power

In a potentiaMicro hydropowesite, head is the vertical distance of waterfall. When evaluating

a potential site, head is usuallyeasured irfeet, metersor units of pressure. Head also is a
function of the characteristics of the channel or pipe through which it figwsganuse your

site's head calculation along with its flow calculation to determine the site's potential power
output When determining head, you need to consider both gross head and net head. Gross head
is the verticaldistance between the top of the penstock that conveys the water under pressure

to the point where the water discharges fromttineine.
3.2. HEAD LOSS IN PIPES

Hydro power is obtained from the potential and kinetic energy of water flowing from a height.
The energy contained in the water is converted into electricity by using a turbine coupled to a

generator.

Net head is the gross head minus the Hessks that occur when water flows from the intake to

the turbines through canals and penstock. Water loses energy (head loss) as it flows through a pipe,
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fundamentally due to the friction against the pipe wall depends on the wall material roughness and
the velocity head. The friction in the pipe walls can be reduced by increasing the pipe diameter.
However, increasing the diameter increases the cost, so a compromise should be reached between

the cost and diameter.

Water flowing through a pipe system witiends, sudden contractions and enlargement of
pipes, racks, valves and other accessories experikrssesin addition to the friction loss, a
loss due to inner viscosity. Ehloss depends on thwelocity. Theloss of head produced by

water flowing through an open valve depends on the type of the valve.

Fig.3.1. Components ampuls turbine[20].

Note: Hthe potentiahead can bebtainedu si ng Ber noul |l i 6s equation
from pointA to pointB as in fig3.1. UsingtheEu |l er 6s equation to obtai
by integrating along a streamline for steady, incompressible, frictionless flow which gives to
Eq.3.1

o 0 0 &
o < o

.. .0 e o e m o v e eme e Ao s s s
7 EA% OERA AOAT T BOIAREAOIOOOA
@) e s m e e e e e ses
OERRA AOABT 1T AN ADBAOCIODOOA
: OEAA AOAKABRAIAT
( OERAl OAEAQARB ABEGRED A
From egn3.1

<

o 0 0 . 0 0 ., 2
"Qn c w "Qn c w O
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At the surface of the river bed, the fluid moves very slowly compared to the flow along the
pipe. We sayhat®o 11, alsothe pressure is atmospheBadO A OO O G

At the exit of the nozzle the static pressure is atmospheri®. i.e.1t

Substation othe values in equation 3ahd taking in to account the total head loss in between

A to B gives the following equation

A
( — o
C

Where
( MOQE QE Oé 0 & WOQEKENE®E EUPQL | OHWQOBNR ¢ ¢& G Q
Is the elevation of the river bed and thebine?
3.3 NOZZLE PARAMETRES DERIVTION

It is assumed that théeadO is thenethead behind the nozzle, and that all pipeline and valve
losses have been accounted for elsewhere. There are, of course, losses in the nozzle itself, and
the actual velocity of discharge will be lesarttthe theoretical value. This is catered for by the

use of Coefficient of Velocity 6 , Coefficient of Contractiord , and Coefficient of

Discharged .The purposef thesecoefficients are as follow82].

Cv. :- is a parameter which tell us how the actual velocity of the flow deviate from the

theoretical velocity.

Co. - is anozzle design parameter which determines the effective area of the fluid region for

fluid flow along the longitudinal axis of the flow
Cc :-s a parameter which tell us how the jet diameter is deviededthe nozzle exiiameter
CoefficientsareCoefficientof velocity is defined by the equation:

DO 0 BEE OQO W

P T i~ s T AT e~ s s o8
OMET QOVW®G A NQO w

Actually the coefficient of discharge is a nozzle design parameter which determines the
effective area of the fluid regidor fluid flow along the longitudinal axis dheflow.

AAOBADAOA 1
OEAT OkIOBAAR ¢
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OMIiAQ i @D € 0
As it can beseen from fig3.2 thetriangular shape of the spegr which is drawn in bold line
is todetermine area of flow and the closing distance which is illustrated as follows.

db ;=
1,2
L3

L

Fig 3.2Half cross section of spear to determine closing distance

0 T Q a i Q@ faa o e Q@I Q
‘ Agr TBLOw .,
a COAI COAT 0 oD

Closing distance is tHengitudinalspace available between the nozzle exit and the spear where
a flow is allowed to let out the system. As the closing distance decreases area of flow reduces,
and closing distance increases area of flow increases.so the area of flow depends on the closing

distance a#t can be seem the following figure

needle

dm

B

\“:

A

h 4
/ _nozzle

Fig 3.3 Closing distance variation[14]

MW MO Qwa Goame ¢ a QWO
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N QQUOOBSDQO

Cc can be calculated by equation 8.&he discharge and velocity coefficients are known

5 0

5 o8
Jet diameter is ¢dqherefore determined by
Q 0 Q 080

The coefficient of pressure accounts for pressure drop in the nozzle which is calculated from

this equation:

Ca

o 1

n(b

N[O| Ce

Wheret £t i ¢ pressureh aPftree pairmtamofstiant €r @3 te
Vof reeream velochfyeenszzleamexiensyty
For incompressible flowlong the axial direction of the nozzle atise Bernoulli equation is:

: ~ P .
jwo UL EJOJ oP p

~ P
U —_—
C

This equation is geeral(energy equation at exit and inlet of nozzle) because it is true for ideal
case but ¢ at the nozzle exit is vary in actual case when it simulated at different nozzle spear

arrangement
Whee6 OEGRAIT 1AAGEEDD HT1El OAICIAO®DI BA O
Rearranging -RRhet eemsmsof orhePrest terms gives

0 O

gMG 6 oP C

Substitution into the coefficient of pressur
o w
0 - op o

P P

The velocity V at the inlet of the nozzle is adlted from the velocity head which is theoretical
valueor without lossand \b is determine fronactual analysislue to fricion and other losses

under CFD simulation.
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3.3.1 HEAD LOSSIN THE NOZZLE

Nozzle is a device which converts the total head available at the imdetiato velocity head.
This conversion incorporates veltyccoefficient for head log82]. The square of the velocity
coefficient is determined by:
©___
0 Qa4 ¢ CAENOEME ¢ d g a'Q ¢Q
0 & OO QUM ORTWBE ¢ ¢ & & QO

0P T

Head behind the Nozzle = Head after the nozzle + Headthld&zzle Therefore the head loss

is calculated by:

O O ©

5o o v
Rearranging the terms f&® and substitution ofguation gives:
© 0p 06 oPp ¢

Whered =t he Coef ficient of veAbgciatcyt uaflh itwed ofcli d v
deci detdh@FmDomesul t

Head loss coefficient is a factor which accounts for a head loss out of the total head which is
determined by this formula:

O Op 0O

0 0
3.3.2EFFICIENCYAND NET POWER OUTPUT OF THE NOZZLE

0 p O oP X

Hydraulic efficiency of nozzle is a measure of how much hydraulic energy is converted to

kinetic energyf29].

P P 6 O

o] oP Y
The theoretical velocity (neglecting losses in the nozzle) at the nozzle exit is calculated by
W ¢CO oP w

The power of the jet is dependent uponftbe rate of thewater andhespecific energyK.E)

in the jet.Thusthe powver of the jet per a single nozzle is determined by
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Where0 "M O&OL ¢ Qocymaim®d O 6 6 G-

34 HYDRAULIC DIAMETER
The hydraulic diameter is the wetted detar of the flow crossection.
Thehydraulic diametefor fluid flowing through any crossectional area is calculated byeth
formula:
TW O
0

og P

MO OQOOMIGE i | 'Qdd TBEHAIAG 0, WQ VO Qo MWD Qa Qo Qi
O ﬂo T u O © o8
U] “0 ©O
OMI'@ ¢ 60@NOG @IAMY QO IR WOME ¢ d a & 'Q
O Q¢ ¢ @WNOa @GO Q0 G @ithe spear
35HYDROSTATIC, HYDRODYNAMIC AND TOTAL PRESSURE

Let us consider a fluid flowig through a pipe of varying cross sectional area. Considering two
points A and B as shown in Figure, such that A and B are at a heiginidZz respectively
from the datum.

Fig 3.4 Datum lines for hydrestatic and hydredynamic pressufaternet]

If we consider the fluid to be stationary, thenlf & ""Where theQbdsubscr

represents the hydrostatic caSe.
Op @ Q"W 0xh o] o

0 i 0 f " o8] 1
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Wherern) ; is the hydrostatic pressure at A and, is the hydrostatic pressure BtThs,
from above we can conclude that the Hydrostatic pressure at a point in a fluid is the pressure
acting at the point when the fluid is at rest or pressure at the point due to weight of the fluid

above it.

Now if we consider the fluid to be moving, theessure at a point can be written as a sum of

two components, Hydrodynamic and Hydrostatic.

0 0f Of o] v

Using he above equation in Bernoulli's equation between points A and B.

0 p 0 _— o8 ¢

The above equations convey thedaling. The pressure at a location has both hydrostatic and
hydrodynamic components. The difference in kinetic energy arises due to hydrodynamic
components onlyin a frictionless flow, the sum of flow work due to hydrodynamic pressure
and the kinetic eneygs conserved. Such conservation shall apply to the entire flthiffie

flow is irrotational. The hydrostatic component is often called static pressure and the velocity
term, dynamic pressure. The sum of twejknown as total pressure. This imiserved in

isentropic, irrotational flow.
3.6 HEAD LOSS IN DISTRIBUTER

The key question in analyzing different type of manifolds/ distributer is the uniformity of the
flow distribution and the pressudeop. The uniformity of the flow is disturbed duethe split
angle of the bifurcation and the bendings<an be possible to reduce the disturbance due to
bending by increasing the radius. And also as the split angle gets low theifamity of the

flow decreasesincorporating head losses in the dkaiter and neglecting the elevation

difference, the Bernoulli equation will be:

0 P, v P,

o Tood O o8 X

YQwi i «©&QQLgiEs:

o 0 0 p , <
"0 c,,Q(JL) W fo} llJ

WhereO "M O®E IQBMQQI 011 Q0o 0 Q
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3.7 GIVEN DATA:

The following data wastaken fromthe PHD Candidate microhydro pelton turbine reaserch
at Addis Abeba institute of thechnology by Tilahun Nigussie.

1 471 GBIDAGA m

T ' OTEONA vumi

§ JetdiameterA v & | [which is basic for the nozzle dgsi

T ,00AT OORAE (i

1 Number ofjets (\;) =2

3.8PENSTOCK DESIGN

The penstock is the piping that brings the water from the river or stream to the pointtwhere
begins to be directed to the turbifenstocks (pipes) are used to conveying water from the
intake to the power house. They can be installed over or under the ground, depending on factors
such as the nature of the ground itself, the penstock materials, the ambient temperature and the
environmental requirement$8]. The internal penstock diame{@®p) can be estimated from

the flow rate, pipe length and gross head.
3.8.1SELECTION OF MATERIAL FOR PENSTOCK

The factors to be considered while deciding upon the material to be used for a particular
penstoclare Availability, Surfaceroughness, Desidife and maintenance, Method of jointing

and Relative cog28].

3.8.2 COMPARISON OF DIFFERENT MATERIALS

i) Steeland cast iron pipe amdely used in hydropower design and is preferable for very high
head plants that allow a long service life. Expangants should be provided at certain

intervals, depending on local climatic conditions;
ii) Prestressed concrete pipe presents a reduce cost but greater diifi¢nftiallation;

iii) Plasticand glassiber-reinforced plastipipe induces smaltiction loss, but must be buried
or wrapped to protect it from sunlight effect;

iv) Reinforcedconcrete pipe, should sewage pipe producers exist and it has a long service life,
little maintenance, low cost, but high difficulty in installation and restg@noblems.Mild

steel, uPVC and HDPE are the most common used mat&takd material ischosen for its
availability, strength and durability characteristic&ee penstock materiabn appendixon

tade 3.1.
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3.8.2CONCEPTS ON PENSTOCK DESIGN

Penstock is a significant component of the MHPT scheme and needs to be designed and

selected carefully as it represents a major expense in the total budget.

Here the main aspects to consider are head loss and capital cost. Head loss due to friction in
the pipe decreases dramatically with increasing pipe diameter. Conversely, pipe costs increase
steeply with diameter. Therefore a compromise between cost and performance is considered
for design and selection of pipe diameter and material. While degigenstocks, the first
principle is to identify available pipe options and then to decided upon acceptable head loss

(5% of the gross head is generally considej&8,) 36]

As the PHD candidate recommended it has besdacted steel material due to disrability,
with stand water hammer effect,low periodic maintainance and it does not require additional

masonry work.

3.82 ECONOMIC DIAMETER

In penstock design one of major factor is determining the diamter pipe line because of its cost
and lossTheeconomic diameter is obtained considering the incremental energy benefits from
a lower energy loss associated to a larger diameter, as well as stability of operational
conditions(i.e. water hammer and wear) with the total investment cost inbleasehéess,
emperical formulations are recommended to economic diameter estimation for small

hydropower plants by several authors, on the basis of data from existing pgB&jocks

0O 6Qudano ®o¢d o8 W
M@ £ N0 QA G Wb ¢ ¢ EQULH Qb Qi

6 Q06 £ QQQBEWQE DR G0¢ ¢ i AWQE Qi GRQH ¢ O p&h
G0N0 @BOE VOWE i &0a 0 Qi & &DQUERN

6an ®O& QU EMEMQN0 Qi WVWHd QQENE in & di oridub)

V¢ £ QD ODFTMQON® Q& i 06 PQ

0 QQi QWIGd Q¥ ofi

"OE T O QE | WEDd Y, QO &

6 Qopdh an ph

The net head available in the penstock is calculated by:
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3.83 MINIMUM THICKNESS OF STEEL PIPE

The pipe minimum thickness corresponds the pipe failure due to atmospheric pressure by the

occurance of vacuum.

For this situation, when a long pipe is forced by an external pressgregier than internal
pressurepa eat es a di f f er eaqthat ah be ohbtaingdiby thel follgwinge s s u r
equation36].

o6l = &0 &
n n n 0 ® od ¢
The steel elasticity modius (E = 206x10'*N/ m2 ) , 3 the steel Poisso

the pipe thickngs andO the pipe diameter. By substitution of therfar values on equation

3.32, yields the following result
n T® op T 60 o® O

According to European Convention for ConstructionalSteelwork (ECCS) in order to take into

account eventual geometric imperfections, fingposed the following relation

. X& L | o
n 0 T
where Rmis the atmospheric g~ 1.01%10°N/m?) and F a safetyactor (e.g. F 2.5).

Based on the above equation subtitutimg and pwm gives that the minimum stethickness

0
o) & OOp TT od v

Substituting forO ¢ og & gives the value of thickness p8t odpa.For this design
standard pipe with nominal diatee of 10 inch (250mm), outside diameter 10ii&h or
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(273mm), 266mm internal diameter and 3.40mm thickness and having specific aeight

22.61Kdm is selected as per ASTMetnic standrd as shown in appendix C
3.84 DESIGNING THE PENSTOCK FOR WRER HAMMER EFFECT

Sudden changes in the velocity of water in a pipeline results in pressure transients that develop
along the length of the pipeline, a phenomenon known as water hginaé}

In hydro power systems, waathammer is usually caused syddenopening or closure of
valvesat the bottom of the pipelinby changes in turbine operati@mdby pipe bursting.

Several measures exist that can be incorporated to reduce the risk of waten harame
Pipeline. Thesénclude:Increasinghe diameter of # pipeling Ensuring longer opening and
closing time of valvesat the bottom of the pipeline ahtstallation of eypass line around the

turbine.
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The total head including the surge is calculated by:

© 0 O uvmpp@p pogn

Checking safe condition for water hammer effgdats the gross head:

oY o8 G TTMTPT

8O 5 pt ONO0 U pMMTG A  p PR

¢ &

Therefore he penstock is safe if water hammer effésthere.

3.85 HEAD LOSS IN PENSTOCK

The head losses in the pipeline are expressed as

‘000 € CRADQ 0ee QD OQ QA " o W
Where(XJs the frictional losses caused by wall shear that is distributed along the length of the
pipeline and( is theminorlosses induced by a change in magnitude and/or direction of the
velocity of the water in the pipeliri85]. These losses that are caused by valves, elbows and

other fittings are commonly referred to as minor losses. Several methods do exist to determine

the frictional losses that are induced by wall shear in the pipeline.
3.86 DETERMINATION OF FRICTION FACTOR IN PENSTOCK
Friction factor can be found in three ways:

9 Graphical solution: Moody Diagram

1 Implicit equations: ColebroeWwhite Equation
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1 Explicit equations: Swamedgain Equation
Method 1: Moody Diagram
In this papethe Moody diagramwas usedto estimate the frictional losses in the penstock.

It is clear that in order to use the Moody diagram we must be able to obtain values of surface
roughnessThese have been measured and tabulated (and sometimes Plotted) for an extensive
range of materials used in pigisystemg$35]. Apendix D provides some representative

values.
Forcommericial stee¥ Tt@tt v |
Relative roughnessT$, becomest@t Tj @ @ TBI M P @ W

The Reynolds number is calculted with this formula:

2 6 o8 T
o

7EAGBOEGRAT TTAGEAD D A2 OEAROT A AOCBERAR GEBE D A

O EET ATOEGRA C’%\Eéﬂhnu,&pl—o

1 11 TZT T i
° T s AT @ Q 8 ¢g

i ]
623 By ™ @@l

. X Avu
0 patnu,&pl—ﬁ

Appendex Eshows the flow conditionlow regime Vs Reynoldsaomber_So for reynolds
number 7e5is thatthe flow regime is turbulant.

YQOQERIE ¢ @108 QI QOO ERDO Qd MO Qb "QEN& it it pupEL
YQ XU & O ODBTp T
Now we can calculate the frictional head$d:

2w

0z¢Q o8 p

Where ffriction factor, L-the length of penstock,-the velocity of the water, internal

diameter of penstock.
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The minor losses in the pipeline are calculated once the number of the different fittings that
will be incorporated into the pipeline is known, since the loss coefficients tmasegp these
components need to be known. The minor losses are calculated from:

yBO O

08 = 5

08 ¢

where0 is the loss coefficiet of each component in the pipeline. The loss coefficients of

fittings are reffeed to the following tablesK values.

Table 3.5 Dfferent loss coefficient for penstodksign[35] .

Maimn Pipeline

Fitting

K -Values

Quantity

Total

Entrance

o8

1

o8

S0% bend

019

3

057

45% bend

009

=

0 45

Sum of K-Walues

1.82

B U Valuewould be 182

. WBU O PZpRy g TP T ,
04 =5 o @p FRoee M

The total head loss in the penstock would®e, '© 1@ p8i¢ ¢ pH G

Interms of percentage:s—(’bp nmnog 1 P
Total head loss the penstockn percenis 3.24% which isan exllent design anacceptable

3.9 DISTRIBUTER DESIGN

Bifurcations and other complex pipe junctions frequefiilyn an integral part of a hydro
scheme. Distributers are pipes which parts the flow in to the nozzles.

The following table shows the tabulation of the five types of bifurcation
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Table 3.6Clarification of each distributer

Bifurcation Parts of Split angle Bending Lengsthirm)
option bifurcation (degree) radius{mmm)
TUnder option
1 Inlet Feference Frame
Outlet lower o E1ale] 3.3
Ourtlet upper 30 E1ale] 3.3
2 Inlet Feference Frame
COutlet lower 20 300 1.3
COutlet upper 30 E1ale] 1.5
3 Inlet Feference Frame
COutlet lower 30 200 oo
Outlet upper 40 2000 1.
=4 Inlet Feference Frame
Ouatlet lovwer 30 300 1.3
Outlet upper 40 =1aln] 1.2
5 Inlet Feference Frame
Outlet lovwer 30 300 2.0
Outlet upper 40 I00 1.7

Hydro-Works uses the modern method iaternal reinforcing where it is appropriate, and
computational fluid dynamic (CFD) analysis is used to ensure weather the flow is stable flow
and low head lossgxb,29] So the design and analysis of the distributer is carried out by
globally acceptedoftware called Ansys .Basically the design of distributers depends on the
manufacturing technology available to produce it. There are many types of consideration due
to splitting angle, bending radius, distributer diameter in designing of distributecatitun
but for the current design five types of consideration is used to simulate the distributer interms

of manufacturing and jointing capabilities as shown in above table 3.6.
3.9.1DESIGNTHE GEOMETRYOF DISTRIBUTER USING CATIA V5

The following figure is a simple layout which shows how the splitting angle and other
consideration of the distributer parameteéth its nozzle set araligned with 400mmpitch
diameter of runnerThe distributeiis drawn by cat V5 and tabulated ithe abovetable 3.6
interms of split angle, bending radius, and length. The geometry analysis are calculated
depending on the runnpitchdiameter The following figure shows the geometrical constraints

at split angle of Agthe sum of the lower and uppeliging angle)
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1700 mm
R 300 mm

9400mm

RUNNER

R 200 mm

Fig 3.5Distributergeometrywith the runner diameter

RR [

Y vz

I

&
o

ﬁ 4z Spear
s
L-extended
|- 130 \ N \"

Stator Guide Nozzle

Fig 3.6 The nozzle length and its clearance between the runner and nozzle exit

From figure 3.5 and 3.6 the exteded length(stator guide),the nozzle lendtrealghrance
betweemozzle exis andThe distance between nozzle and bucket taking into account the
minimum clearance between the nozzle ankeétscwas given a350mm aretaken from

nozzle designvhich gives 457mm.

3.10NOZZLE DESIGN

A nozzle is ggradually converging short tetwhich is fitted at the outleif thedistributor for

the purpose of converting the total energy of the flowing water into kinetic energy. Nozzles are
used where high velocities of flow are required to be develdpet] and10].
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Lb
% Rni

—daf

\° \gﬁ"Mf

Nozzle

Relief piston
Compression spring Elbow Stator Guide

Fig 3.7Nozzlei Spear alignment with the stator guide and distributer
In impulse turbines, it is required to convert whole of hydraulic energy into kinetic energy

The flow regulating devicere frequentlyused to control the mas®w rate direction and

shapeof the stream that emerges from them.

Velocity increases rapidly in the passage through the nozzle, and surface are exposed to the
risk of wear. They can be severely eroded by abrasive matter in the water, resulting in a

disturbed jetloss of efficiency, and wear on the bucket.

Discharge is regulated by the spear mowrglly. Whenthe penstock and the nozzle are filled

with water, forces act upon the nozzle with the tendency to mowet ibf position. Load
changes can have the saeffect. While the turbine is in operation vibrations occur, aith

effect of moving the turbine from its position. These are reasons why the nozzles and the

turbine must béixed together and why the turbine must be rigidly fastened on its [#2a8k
3.10.1MATERIAL SELECTION FOR NOZZLE

Selection of material of nozzle is also thain property function in thefficiency of the nozzle
design.The best material suited to work in corrosive environment is stainless steel, so we shall
have discuss different types apbperties of stainless ste#e mean steelslayed with at

least 12%chromium([7, 46].

Martensitic steetsMartensitic steels have the highest strength but thlsdowest corrosion

resistance of the stainless steels.

Martensitic steels with high carbon contents maselgarded as toasteels. Owingo their high
strength in combination with sonmedrrosion resistance, martensitic steels are suitable for

applications which sybct the material to botborresion and wearAn example is irhydro-
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electricturbines A martensiticaustertic structure i®btained by isreasing the nickel content
slightly compared with thenartensitic steels. These steels also often hasleglatly lower

carbon content. The range of applioas is largely the same as for martensitic steels

Due to corrosion and weggsistance | have selected Martensitic tE&Cr 4Ni stainless steel)

for my MHPT design schenas shown in the following tahle

Table3.7 For Properties of 13Cr 4Ni stainless st¢é] .

13Cr-4Ni Chemical composition(mass fraction) wt.%

Max.(2%)

Chemical Min.(%6)

0.05

0.30 0.60

0.50 1.00
12.0 14.0

N 3.50 4.50
0.70

Mo 0.40

0.030

0.030

Table3.8 Mechanicaproperties of 13Cr 4Ni stainless st¢é].

13Cr-4Ni Mechanical Properties

Tensile strength 231-231 ob/MPa
00.2 =/MPa

Yield Strength 154

3.10.2GEOMETRY OF NOZZLE AND SPEAR

Lb
Ln
N Rn
87
] ng c
d 5 3
o =l P
F 1
_ _ _ - _ __da| _ @ do o
= ¥_, \ '
o
— Spear
N T

Stator Guide Nozzle
Fig 3.8 Nomenclature of spear and nozzle dimension
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When calculating the diameter of the nozzle it must be considerati¢habsssectional area
of the jetwill be smaler than the area of the nozzle exit openiyga contraction factor

(coefficient of contractionY he jet contraction factor is in thengeof 1.6for holes with sharp

edges, to 1.05 for nicely rounded edp3).

If exitis sharp edge there is high contraction of jet which exit from the nozzle which need

high manufacturing capability and if rounded edge the contraction facomishowess.

1. Nozzle exit diameter is calculated under consideration of contraction factor
Takingthe contraction factor 1.25, the orifice diameter will@ap p& @ p& v
veaa o¢a

2. Thebulb size is larger than the nozgeit diameteby 20% to 30%. Take 25%he bulb
radius of curvaturevill bePA A p& v AA p& e Wi [ Yo i [4O]

3.The spear angle isintherange200 A t o 25A°[10so take U=25

4.The nozzle angleisintheramg of 3 0A t o °41BJA, so take b=35
5. Todetermine thelbcking space ¢losing distance)C, weshall haveo see the triangle

needletip. WhereL is length of needle tip excluding the bulb psee fig 3.2
L. Q0 U
"O¢ a — — oua
o q q
Using mathematical modelling
The needle tip length will 8 FOAT o TOAd v J x 8 &
By similarity of trianglesheoremwe have

0F0 @ Qdc Folc i Qi 1 & CRXNE D E'QE "B IQ0 Q'
0 0p ‘ X & p > o@ ad
Qu ® Y
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To be more safe take the valuebtocking distancé)o ¢ &
6. Diameteof spear shaf» 1 ¢ QEQIDAHG KD QI® Y V8B e 0d 4.

The spear shaft is around an half less than the jet diameter this is because of the spear fillet
radius and spear bulb radid$e following parameters also determine in reference to the jet
diameter [1 2,and 40.

7. Lengthof needle tipn A o YOEIBAROE AT AQA® x vBepxol i

8.Curve of nozzlexitradius? cgOEIBAMOE AT ROAECR v8B8epgmil
9. Nozzleinternal diameterAT o ¢ VEAREAT Ao Ouuv s pxmili
10.Speafilletradius,2 O M@ MYAEAG ny 8 ¢ I

11.Thenozzle must be designed in such a way that the pressure loss is as small as possible and
that thus the nozzle coefficient is increased. An increased velocity of the water means higher
lossesn pressureThat is why the part of the nozzle, in which thdewdas a high speed, has

to be as short gzossible.SoNozzle length can be calculatedtermsof penstock diameter
and jet diameter, T ——

WhereAD DPAT OAEAE ADAOCE ME Al AOAO

1 coou MOATowoncl i

12. Thenozzle exits have to be located as close tdP#lton runner as possible to prevent the

jet from divergingthe designed diameter. The distance between nozzle and bucket taking into

account the minimum clearance between the nozzle and buckets waaggiven

8 Mcus T™WcurtmmguTl

The nozzle exits have to be located as close to the Pelton runner as possible to prevent the jet
from diverging the designed diameter. The required distance was bigger than the calculated
above, due to inconsistencies in the manufacture of buckets aneethéo have a minimum
distance of safety betwedme nozzle and Peltaanner P]
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CHAPTER FOUR
MODELING AND SIMMUL ATION OF NOZZLE AND DISTRIBUTER

This chapter contains the main work of the thesis which involvesitigeling and simlation
of nozzle and distributehe modelingof the nozzle and distributer basically depends on the

geometricvalueswhichis decidé in chapter threesing empiricand analytical formulas.

4.1 COMPUTATIONAL FLUID DYNAMICS (CFD) AND THE PROCEDURE USED TO
ACCOMPLISH THE SIMULATION

Pelton turbines in the past have been leading to an achievement of the hydraulic efficiency of
over 90 %. Further optimization and enhancement of turbine efficiencies through model tests,
however, seenotbe difficult to achieve, because the potential for further improvement cannot
be accurately revealed, identified, and quantified, neither by flow visualization nor by
measurements of the system efficiency. Because of the related high costs in thestodatt
mainly because of the advanced achievements in both the analytical calculations and the

numerical simulations based computational fluid dynami¢€FD) [24].

The necessity of validation of CFD simulatidres its background in the fabiat theCFD
simulations are based on the use ofipaldr and different turbulenaeodels in solving the

NaiverStokes equations. Sbe computational results migfitst have to be validated.

Ansys fluent software is an engineering program which estimatefothg@arameters based

on Principles of fluid flow numerically.

fPrinciple of conservation of mass: it state

Continuity equation has been derived on this principle.
fPrinciple of conservation of energy: it
d e st r o yhe Hasdis of tRisPrincipléke energy equation is derived.
fPrinciple of conservation of moment um: it
the product of the force and time increment during which it acts is equal to change in
momentum of the body. Momentum equation is derived in this basis.
Continuity equation:- Therate of increase of the fluid mass contained within the region must
be equalo the difference between the rate at which the fluid mass enters the region and the
rate at which the fluid mass leaves the region.
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However, if the flow is steady, the rate of increab@uid mass within the region is equal to
zero, then the rate at weh the fluid mass enters the region is equal to the rate at which the
fluid mass leaves the region.
P10 1o 10
To T T ® T ®
Momentum equation-Accor ding to Newtonds Second Law o

Tt

a body inany direction is equal to resultants of all body and surface forces in that direction.

o 1o To fo . prdite e e
To T 16 1o TeT e Th Te
o 1o to fo . prd'tole s
To To Ta I T Te T 16
o 1o 1o 1o PP T o T o o
T o T ® T ® T ® "TO" T T To

O E TOREARMAONRO A & BRH AAFNOR@AA T UDOH OA@MIAGC T AMEROET A
I &1 OERQT ADAEATQOWIOESD A AR T O

4.2 MODELLING OF THE DISTRIBUTER

The five types of distributezonsideration ardrawn by catia V5 anthserted to ANSYS 14
by using differentesignp a r a me t split asgée, bendikgadius, and lengtthe simulation
will be done The followingmodelshows the geometrical constraints at split angle &f 70

Thefollowing procedure were usea the simulation of distributor

3D Modeling of the distributer:-The 3D model is preparddom the assembly of nozzle,
speardistributer and three junctioglbow as one body using CATIA V5 and imported in to
Ansys workbench design modeler softwdtéhas been cleaned up split edges and faces for
further use in meshing up to the software peynThefluid body is symmetrical in the upper

and lowemifurcation here the geometry is split into two bodies which symmetry to each other.
One symmetrical body is used and the other suppressed to save the time and computer RAM

needed to run the meshdasolution.
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The following figure shows tasks made in Ansigsign modeleriM)

=l 8 A: 4. ditributer(40-30-R200 best)
g F= K¥Plane
g T ZXPlane
g T ¥EPlane
- Import1
el Mergel
o Merge2
Merge3
a5 MMerged
Merges
Merget
Merge?
Mergeg
Merges
Mergel1l
Mergell
Mergel12
Mergel3
Mergeld

- owia Mergels

e M Slicel

e edls Unfreezel

=] M@ 2 Parts, 2 Bodies
fege £ PartBody
b @@ PartBody

Fig 4.1 Geometry clean up and symmetry body operated in Ansys

Discretization (Meshing) of the fluid region-Figure 4.1 shows the general setting used to
discretize thdluid model for the analysis purposehe method used here to discretize the

fluid body is automatic. In Ansys language automatic means the combination of tetrahedral
and sweep method. It findsveep abléody automatically discretizes and the rest becomes
tetrahedral. In my case all meshes are tetrahedral asde®p abléody found in the fluid
region since the fluid region is a single body.

Outline L3
(&) Project
B (@] Model (A3)

-/ & Geometry

/@ Virtual Topology

&
(/2% Coordinate Systems
-] Symmetry
/4 Symmetry Region
(-8 Connections
-, Mesh
/4% Inflation
oA Infiation 2
B, Vertex Sizing
A8 Automatic Method
L Face Sizing
- @) Named Selections
inlet
/1 outlet lower
/& outlet upper
/& symmetry

Details of "Project” LS
Author sasse negash
Subject Design and simulate nozzle and distributer of..,

Inflation layer and refinment made in the wall of
fluid body

Prepared for Dr.ing. Edessa D.
=/ Information
First Saved Sunday, October 15, 2017
Last Saved Monday, October 16, 2017
Product Version |14.0 Release
=1| Project Data Management
Save Project Before Solution | No
Save Project After Solution | No

Fig4.2 3D Meshmodel

Named selections are used here for easy selection in fluent solver pages for boundary values
insertion.Patch conforming tetrahedral method useégesand faceshe first step to start

meshingmethod and at last the volume.
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In sizing control on curvature is usedaidvancedize function to refine only at curvature and
bending zones to capture more cells for fluent solver since there are losses at that area more
than the straight on@he mesh method is set to patch confoigrto control and refine regions

where small hole and podkeegions are available. Aséanbe see from above figurespear

wall fluid region is well captured by thraethod.

Grid Dependent Testfor Distributer :-The quality of the mesh plays a significant role in the
accuracy and stability of the numerical computation. The attributes associated with mesh
guality are node point distribution, smoothness, and skewRegsrdless of the type of mesh
used inadomain,checking the quality ahegrid is essentialA good technique of limiting the

mesh quality for a specific application like CFD is to see the result deviation as the mesh gets
fine and good.

The following table shows the mesh quality improvement relatéide results

Table 4.1Grid dependent test table for the distributer

Size Size pressure in lower Average
mm ;I mm ;I mm ;I ms*-1 ms”-1 ms*-1 Pa Pa Pa
40 15 45 2.5548 4.5177 4.5948 4.7366E+H5 4.6324E+05 4.6235E+05 24529 10131 0.99847 0.87667
30 5 35 2,536 4.6758 4.6796 4.737TIEHIS 4.6367E+05 4.6269E+05 1.2999E-+05 37508 0.99944 0.87965
20 3 25 2.5244 4.6605 4.6635 4.7373EH5 4.6383E+05 4.6306E+05 2.3685E+05 68773 0.99965 0.88657
10 3 15 2,5193 4.6254 4.6423 4. 7375EH5 4.6395E+05 4.6332E+05 3.8203E+05 1.1225E+05 0.99578 0.83887

Looking the velocity results interms of the mesh refinement it becoragmificant as mesh
size gets smallHere refining the mesh anymore is not important since the result is @0 mo
improving for this CFD application.ferefore, the mesh erified! Low Orthogonal Quality

or high skewness values are not recommended

4.2.1 FLUENT PROBLEM SETUP PAGES

General problem setup page- Pressure based, absolute velocity formulation,steady

flow is set in general page.

General

e ANSY

scale... Chedk Report Quality 14.q

e )

Mesh Oct 16, 2017
ANEYS FLUENT 14.0 (3d, dp, phns, ske)

Fig 4.3General problenset up pagpage
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Model: standard Ke, standard wall function is used to model the turbulent fluid scheme.

Problem set up model:Multiphaseis off because only single phasaised.e. water iniquid
state.The energy also offince there is no heat transfer (heat exchange) or theremsaitter
considering temperature afthndard k epsilon wall functiois used to modeblrbulent flow

since the flow isunder theviscoustab in the following set up figure

In flow modeling pageonly turbulent modelings applicable forthis flow equation.The
Viscous tab lists different types of viscous modeling.
Reynoldsno estimates the flow pattern W?ether the flow is turbulentrarrar.
e s BZA CBFTRC QI
2 AOEME 6OOERIODEHL e
P8 Tt L ,&p—ﬁ

> AOEMEOOOEADGAOS—° p® Aai the appendig Fromtable 3.4the
8 J—

v v Av

flow is turbulentatthe inlet and out let of the distributer

Problem Setup Models Problem Setup Materials
Guene-ral paacs General Materials
Material Multiphase -off Models

T Energy - OFF faterials) eter iU
Phases Viscous - Standard k-2, Standard Wall Fn Phases ;\iraher-hquld
Cell Zone Conditions Radiation - Off cell Zone Conditions Sold
Boundary Conditions Heat Exchanger - Off - i

i Boundary Conditions aluminum
Mesh Interfaces Specdies - Off ¥

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Run Calculation

Discrete Phase - Off

Acoustics - Off
Eulerian Wall Film - Off

Solidification & Melting - Off

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Calculation

Results < Results
Graphics and Animations Graphics and Animations
Plots Edit... Plots
Reports

Reports

7
Problem Setup
!

Zone Mame

1 General

! | partbody

+ Models

I -

. Materials Material Name |\ ateriquid w | | Edit.

| Phases

. ell Zone Conditions]
! Boundary Conditions
! Mesh Interfaces

+ Dynamic Mesh

I:l Frame Motion I:l Laminar Zone |:| Source Terms
[ Mesh Motion [ Fixed Values
I:l Porous Zone

Fig 4.4Problem seup general model and materials set up

Material :-water in liquid state is added to the list from Ansys fluent material library for later
use in cell zone condition

Cell zone condition-water is fluid for the analysis.

Boundary conditions:-there are one inlet, two outlet and symmetry boundary conditions as
depicted in the following figure.
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General

Problem Setup Boundary Conditions il
locels
;errv‘e;a\ Zone Materials
o Phases
Waterls Cell Zone Conditions

Phases

Cell Zone Conditions Mesh Interfaces
Zone Name Dynamic Mesh Zone Name
Mesh Interfaces | inlet Reference Values ‘ outiet_lower
Dynamic Mesh Solut
Reference Values ousen
solut Momentum |Thermal| Rad\ahanl Speclasl DPM | Mulhphasel ups | Solution Methods Momentum |Therma\| Radlanonl Speuesl DPM | Mu\hphasel uos |
clagen Solution Controls
Solution Methods Reference Frame | apeojyta Moritors Reference Frame ppeoiste v
Solution Controls itiali
Gauge Total Pressure (pascal) Solution Initaization Mass Flow Specification Method yags Flow Rate
Mw‘nlmrs | 476921.2 total pressure in Calculation Activities lass Flow Ra v
Solution Initialization Run Calaulati Mass Flow Rate (kg/s!
Caleulation Acthities Supersonic/lnital Gauge Fressure (pascal) 470000 constant . UL Sldaton bl 34537 CEEELIST v
Run Calculation e ic i
ceals Directon Specifiation Method yormal to Baundiry Graphics and Animations | [  SuPersenic/nital Gauge Pressure (pascal) [ 470000 constant v
Plots
Graphics and Animations Turbulence Reports Direction Specification Method | o tward Normals v
Plots -
Reports Specification Method Intensity and Hydraulic Diameter Turbulence
Turbulent Intensty (%) ’74 Specfication Method | fytergity and Hycraviic Dismeter -
Hydraulic Diameter (m) [ 25 T ST ) o s
Hydraulic Diameter () [g hyd
H - P
OK Cancel Help
oK Cancel Help

Fig 4.5Problem set up inlet aand out I&oundary conditon

Inlet and exit of distributer - at the inlet of the distributer the fluid has Hydraulic energy that

it hasobtainedrom the static head incorporating the loss available in the penstock

Mass flow rate is taken at the exit of the distributer

o AL AR LY 1 r\ roer e, \) e, bR 1] U
0 QiR & v X QO < W W)

T T 0 BoL Q
C i
And at the inlet the total gauge pressure or energy is feed to Ansys by adding the hydro dynamic

and hydrostatic energy using equation 3.23

T8t X

0 HC( tm; COR) P TBY L k) —
. &g
T

|
=

TX ¢ @OA

The turbulence intensif@is defined as the ratio of the remeansquare of the velocity
fluctuations,6 to the mean flow velocitd

For internal flows, the turbulence intensity at the inlets is totally dependent on the upstream
history of the flow. If the flow upstem is undedeveloped and undisturbed, you can use a
low turbulence intensity. If the flow is fully developed, the turbulence intensity may be as high
as a few percent. The turbulence intensity at the core of adellgloped duct flow can be
estimated fom the following formula derived from an empirical correlation for pipe flows:

0 — ™ YC T
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6 X s
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Turbulence is set to intensity of 4% since there are factors like distributer bendings, elbows

which increases the turbulence intensity.
Hydraulic diametel® ¢ @dpa QQi 61 D G ANDI
0O M™MICMWIocTP A QQi 01 VDA QI

Symmetry and walksymmetry and wall boundaries has been added to fully constrain the

fluid model for thefluent solver.

Problem Setup Boundary Conditions
General Trrz
Model; inlet
Materials interior-partbody
Phases outlet_lower
Cell Zone Conditions outlet_upper
a nonsy =
Mesh Interfaces wall-partbody

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Run Calculation

Results
Graphics and Animations Type
Plots mixture symmetry
Reports
Edit... Copy...
Parameters... Operating Conditions. ..
Display Mesh... Periodic Conditions...

[ Highlight Zone

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditions

Boundary
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations

Plots
Reports

tions]

Boundary Conditions

Zone
inlet

interior-partbody
outlet_lower
outlet_upper

Type jin]
mixture wall w1
Ediit.... Copy... Profiles...
Parameters... Operating Conditions. ..
Display Mesh... Periodic Conditions. ..

[ Highlight Zone

Fig 4.6 Problem set up boundary condition at different zone

Solution method:-The solution method is used to set the necessary methods. For example in

the pressurgelocity couple methot used to be consider the velocity and presstieet. In

spatial discretization the pressure, the momentum, turbulent kinetic energy anchturbule

dissipation rate must set to the second order equation to be solved
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Problem Setup Solution Methods
General Pressure-Velodcty Coupling
Models
Materials Scheme
Phases | Coupled p |

Cell Zone Conditons
Boundary Conditons
Mesh Interfaces Gradient
Dyrniamic Mesh

Spatal Discretizaton

Reforence valuos |Least Squares Cell Based L |
R Pressure
Soluton
. Second Order L |
Solution Methods o= =
Soluton Controls KMERE NIESLSNE
Monitors |Sec::r1r:.| Order Upwind L |
Soluton Initalizaton Turbulent Kinetic Energy
Calculaton Activities |Semr1d Order Upwind et |
Run Calculation Turbulent Dissipaton Rate
Results Second Order Upwind ot |
Gra| ics and Animations
Ph Transienk Formulation
Flots
Reports

Mon-Iterative Time Advancement
Frozen Flux Formulaton
[ ] Pseudo Transient

[ 1 High ©rder Term Relaxaton
Default

Fig 4.7 Solution methodset up page

Monitor and convergence criterion-The residuals for continuity equation, X, y, and z
velocity, k, andv is set to 106 and the convergence criterion to absolai& maximum
iteration isgiven to be 1000 if it does not converge check again the mesh or other set up.

Problem Setup Monitors

General Residuals, Statistic and Force Monitors

Models

Materials

Fhases

Cell Zone Conditions

Boundary Conditions Options Equations

I'[t;'lesh Ill'lt:'f:;ES Frint to Cansale Residual Manitor Check Convergence Absolute Criteria =~ »

ynamic e continuity o of | 1e-06

Reference Values Plot

Solution p— & w-velodty le-08
1

Solution Methods [+ |Curves... || Axes... -

Solution Controls ) y-velodty 1e-08

Iterations to Pllglc

Solution Initizlization 1000 = z-velocity 1e-08 v

Calculation Activities

Run Calculation Residual Values Convergence Criterion
Results Iterations to Store [ Mormalize Iterations |absnlute v |

Graphics and Animations 1000 % 5 =

Plots

Reports Scale

[] compute Local Scale
| OK | | Plot | | Renormalize | | Cancel | | Help

Fig 4.8 Monitoring setup

Solution initialization :-The solver is initialized by standard method computeah firdet

Ansys guesses the pressure and the velocity at the inlet immediately whealtbedaagy in
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the inlet is feed and solutias initializedas it displayed 44 pa and 3.72m/s in the following

figure.

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference values
Soluton

Soluton Methods
Soluton Controls
Monitors
Calculaton Actvites
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Results
Graphics and Animatons
Plots
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Solution Initialization
Initalizaton Methods
() Hybrid Initialization
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Compute from
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Reference Frame
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Gauge Pressure {pascal)
| 470000

® Velocity (mfs)
| 3. 723891
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| ~F.65273e-16
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| 0.03328167

Turbulent Dissipaton Rate (m2/s3)
| 0.05358087

Fig 4.9 Solution initialization and initialguess

Calculation run:-the number of iteration to calculate is to 360first stage and if the

solution not converge we continue up to 1000 and above or check the mesinaigiaen

number of iteration interval to 1.

Residuals
continuity 10404
x-veloci
ty 1e+02
y-velocity l
—z-velocity 1e+00 |
k \
Te-02 |
epsilon \
Te-04 (
10-06
Te-00
Te-10
0

100 200 300

Iterations

400 500 600

Nov 26, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

1

Fig 4.10Convergence graph

Thesoluion proceeds until either one of the convergence criteria achieved or the number of

iteration reached. In this case the solution is not exactly converged-atil@enearly

achieved. As the solution goes the solver in not getting lower and lower ttheatesirve.
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Therefore it igeasonablyo stop at iteration numbef 500since almost all of the equation
reaches 18,
Validation of the results-The standard wall funain k epsilon model valid 100 <Y+ >30

so as depicted ithe following graph ranges between 35 and 100 fovatues.

R B T T NN — o

4 g cases View1l ~
4 (&3] fluid 40 30 R300 best
4 & partbody
PE inlet
|+ outlet_lower
tet_upper
% wall partbody
a User Locations and Plots 8 000e+001
Contour 1 7.500e+001

& Default Transform
[}} pefaultLegend view 1

7.000e+001
6.500e+001
6.000e+001
5.500e+001
5.000e+001

4.500e+001
4.000e+001

(E) wireframe
4 [E] Report
gi» Title Page
> &> File Report
> &> Mesh Report
> &> Physics Report
> &> Solution Report
User Data
> =, chart1
b Display Properties and Defaults

3.500e+001

Fig4.11 Y+ range contour

The key question in analyzing different type of manifolds/ distributer is the uniformity of the
flow distribution and pressure drop. l.e. as a whole head losses

The total head loss in different types of bifurcation designs are simulated based on different
distributer diameter , split angle, and bending radius are calculated and summarized in table in
chapter five (result and discussion part) with the numemgsailts from Ansys fluent CFD post
software.

43 MODELING AND FLOW SIMMULATION OF NOZZLE AND SPEAR

Geometric modeling and CFD simulatiohthe nozzle and spear at the whole ceesgionwill
be carried out in this stegnd knoving the relationof the independent and dependent variable

.S0 in this step includes differgp@rametertike

e e e

y
y

{
&
.

s

Fig 4.12spear and nozzle angl&]

1 Velocity distribution using different nozzle anglethe whole cross section of nozzle

a7
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1 Velocity distribution usinglifferent spear anglat the whole cross section of spear
1 Pressure distribution insidine nozzleusing differentparameterdike spear bulbradius,

nozzlecurvature, blockinglistance, spedillet radiusetc.
4.31 ANSYSFLOW SIMULATION OF SPEAR ANDNOZZLE.

Design of spear and nozzle of the Pelton turbine depends on the flow properties of the fluid. A
poor design of a spear will result in a reduced ftatg because of the backflow and voirtocity

in the fluid [10]. Similarly, a poor nozzle design also reduces the conversion of hydraulic
energy to kinetienergyi.e. Resultdow efficiency. Differentdesign configuration wenased

to analyze the flow and iefficiency. The better the design the better the flovepatand the
efficiency too. A series of steps are follav® get the final Ansys report.

3D Modeling of the nozzle -For modelling of thefluid, Ansysdesign modeler software is
used. To start with the analysis the region of the fluid domain is taken beé¢hspaceegion

of the nozzle and spear. The nozzle and spear are dimensioalegbdytheir geometry was
calculatedand  modeling of A half section ofthe spear and nozzle was drawrhe
dimensions are parameterized for later design configuration of the analgsiarter (96) of

the model is revolved to sathe time needed to compute the result of the entire model by 75%.

Nov 24, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

Fig 4.13 3D modelingor current design point

At the exit of the nozzle the fluid region is extended so that the boundary condition is applied
at streamlined zone.

Discretization (M eshing) of the fluid region:AnsysFluent softwarés used to discretize the

mesh of the fluid domain. The resolution of the mesh depends on the method used and the

complexity of the fluid geometrylhe refinement of theneshis continueduntil its effect on
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result is negligible. Basically the mesh qualg determined Yo different parameters like aspect

ratio, skewnessnd orthogonal quality of the mesh mod&thogonal quality ranges from zero

to one. The closer the nueabto 1 the better thguality. Themodel is inflated near the nozzle

and spear wall to get fine meshes for timdulence modeio capture morgradients (slope,

hill and ramps}he place which may have loss relative than othieatthe result getsalid.

Theoveralldiscretization procage and methots put in the following table

Table 4.2Mesh method description

Meshing method

Inflated surface Sizing (sphere of influence

Automatic

Nozzle and spear wall At the spear tip vertex

As putted in the above table automatic mesh method is used in the discretization since there is

bend, fillet andvarying cross section in the flow idjusedautomatically and inflation is used

at the nozzle and spear wall as well the spear tip anexveldces are used by sizing.

MNov 24, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

Fig 4.14 3D Model meshing

Verification of mesh quality is checked by different method. One of the decisive checking

mechanism is that for different mesh siezeminimum, maximum and face mesh size the mesh

guality is vaying and stops at some point, even if there is huge difference in number of element

and nodes.

Grid dependent tegor the nozzlein order to verifythe numerical accuracy of the results

obtained, it is necessary to compare results on different meshes.
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The following ables shows the mes$ettingsyesultsand other parameters related tordsults
of using the same angles and remaining different parameters unchanged ,the mesh refinement

have seen in lowmedium and high

Sono need to explain athe tables, the target is showing that wh mesh quality, element
number, element nodmaximum and minimum mesh size vary the result is unchanged.

Low refinement

Table 4.3Low refinemenimesh quaty for spear and nozzle at an anglé28, 35 degrees

P123-
P128 - P129 - Piig
P121- P122 - Vertex Vertex - ; P119- P13 -
P120 - Mesh Max b . = | Infiation Infiation = P113-
Face Sz n7 MMe;h - Smr';g Ig_phere b E1Smngt - et e Ty TeiE e v | P112-V_out ~ aMESh v | P133-MeshMNodes ~ E1Meshts -
3 Size adius emen = Rate Min verage emen
Size
mm j mm j mm j mm j Pa ms"-1
30 30 10 6 5 12 0.25688 | 4.6826E+05 25,255 0.88817 6116 16283

Medium refinement:

Table 4.4Medium refinement mesh quality for spear and nadzi angle of25, 39 degrees

P140 - P141-

P124- P125- P126 - Inflation I:ﬂlaz;on | Vertex Vertex P1_15 P1_14 P11~ PID- P13%- P137-
Mesh Max ¥ | Mesh I\"!ax M M Growth ™ S, Mesh | Mesh T nlet_static_pressure b V out Y| Meho v Men v
Size Face Size Layers Sphere Element i Nodes Elements

Rate : : Ay, Min
Radiss Size
mm j mm j mm j mm j Pa ms”-1
25 17 § 12 10 2.5 0.83405 | 0.30403 | 4.6909E+05 26,556 To07 13375

Final refinement;

Table 4.5-inal refinement mesh quality for spear and noatlanangle of (25, 3bdegrees

P143- P87 - Vertex P88 - Inflation P142- P102 P48 -
P144 - Mesh . . . . P53 - Mesh P83 - Mesh P0 - Mesh P91 - Mesh
Mesh Max ¥ M Szng ¥ | Maxmum v | Inflation ¥ - Y| P47-Vout Y| inkt ¥ ) " " b "
Size THER Element Size Layers Growth Rate Ain pressure = = = R
mm j mm j mm j ms”1 Fa
0 10 25 5 1.2 0.021883 || 26.555 469196405 | 0.36463 24533 8812 0.89247

As it canbesea from the table the exit velocity and inlet static pressure are not getting changed
or negligible as the meshinimum quality achieves from 0.36 0.35 As the mesh quality
varies from 03 to 0.035 the result obtained is unchanged so no need of maxin@gmguality

if no result change. Due to this we can save tim&esoan nowconclude that the numerical

solution isverified when the mesh minimum orthogonal quality reaches or nears 0.3.

For mesh methodutomaticmeshingmethodis used so that fluent seamatically applies the
best method for CF3olver. Depending the minimum mesh quality obtained hatber
optimization of the rest parametdifse nozzle and spear angle will be done.
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The different design pointwill be analyzed at almost the same meglality (orthogonal
quality, aspect ratio, skewnes®)d discussed later in result and discussion session. dhree
the best optimizedesign configuratioswill be also analyzed and discussed in deep for refined
mesh

4.3.3FLUENT PROBLEM SETUP PAGES

After setting up mesh parameters the next step will be setting up different fluent pages.

In general page the quality of the mesh interms of aspect ratio (inflation) and orthogonal
quality is enquired and tabulated in the above table. Pressure baseteahdflow solver
setting is settedsravity remainunchecked. Theolver set up is the same us of distributer the
model, the material and the cell zone condition are the same except the boundary condition
value the method also the same in analysis sterd ofrepetition Theflow is 3D model and

symmetry.

Meshimg
Mesh Generatiomn
Soluton Setup
Gencerall
Models
Mat=rials
Fhases
Cell Zons Conditions
Boundary Conditons
Mesh Interfaces
Drymamic Mesh
Reference values
Solution
Soluton Methods
Soluton Controls
Momitors
Solution Initialization
Caloulation Activiies
Roun Calculaton

Results

Graphics and Animatons

Plots

General
Mesh
Scale. .. Chedck Report Quality
Display. ..

Solwver

Twpe velodty Formulaton

() Pressure -Based () Absolute

) Density-Based ) Relatwve

Time
- Steady
) Transient

[ Grarwvity Units. ..

Help

Reports

Fig 4.15Ansys problem setup page

Reynolds o estimates the flowattern wheter the flow is turbulent or laminar
6.2 A TE&JQI—C)ZT@ Tl

2 AOEA uBi ]&A@O— I zopmA@Av
p8tn+46
i ,
e o BpZA OHEZITEBLO Y]
2 AOEIA UADE O O | zomAg@d Ao
p8tn+46

This shows that the flow is turbulant with standard wall functioguéded by the following
table.Appendix E shows wall treatment conditions and ndimentional first cell distance

for different reynolds number
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Model:-StandardK-epsilon, standardwall function model is used to characterize turbulent

flow regimethrough the nozzlsince it is accurate for higher Reynolds nunflmev. Thevalue
listed in the table.e. 0.09 1.44and 1 is Ansys default value

FProbl Sety &
reblem Setup E2 Viscous Maodel
General
odels] Model Model Constants
Material —
Materials ) Invisad Cmu -
Cell Zone Conditions L=r r=s

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference values
Salution

Solution Methods

Solution Controls

Monitors

Solution Initalization

Spalart-allmaras {1 egn)
k-epsilon {2 egn)

Reynolds Stress {F egn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
) Large Eddy Simulaton (LES)

|D.|39

C1-Epsilon

| 1,494

C2-Epsilon

| 1.92

TEE Prandd Mumber

| 1

Calculation Activities k-epsilon Model ~
Run Calculaton () Standard User-Defined Functions
Results Lt RMG Turbulent Viscosity
Graphics and Animatons {_J) Realizable norne L]
Plots Mear-Wall Treatment Prandt Mumbers
Reports .
(@) sStandard wWall Functons TKE Prandtd Mumber
Scalable Wall Functions
Mon-Equilibrium wWall Functions nens -
Enhanced wall Treatment TDR Prandd Mumber
) User-Defined Wall Functions none [

iable
vari
{(type
olid
or—so
{tyup
writing vertical_ sy
writing horizontal_

Options
[] Curvature Correction

Ok Cancel Help

Fig 4.16Fluent problem setup modeling

From fluent material data base water is copied to the list in drop down menu to select it as fluid

cell zonelater.

Boundary Condition page- The boundary conditions are applied at the inled antlet

surfaces ofhe domain

Inlet Boundary Condition:-Total gage pressure is set at inlet boundary which is calculated

belowand its direction with normal to the inlet surface i.e., at inlet of nozzle domain is applied.

As mentioned in the distributer the same princgoidy the head and thei/are different for
the nozzle. The net head is the head behind the distributer and the inlet area for the nozzle is

the distributediameter with a diameter of 142mm.
"YE O'ORAA Qi | Wi £ RIADd QOTANQI ¢ QOHDOOD 61 Q
At the inlet of the nozzle there is a flow rate as well energy head.

P

. . 0
G p v ool O
¢ O

7 "QO0-"w
q
Where Q is flow rate for single distributer which is 0.G7&m

Ain inlet area of nozzle which is 142mm
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H is net head available at the nozzle inlet whicloisd after subtraction of distributer head
loss which is47.98m

0 n~C( EM ' W WA QﬂJpTﬁS\)LIJE ww&jJ—T@Tc
! A TR
T

T X 0 UOXA

Therefore the total inlet gage pressure is dependent on thevahbeity. As thoughit is
parameterized undémsysfluentworkbenchparameter option.

The theoretical velocity (neglecting losses) atdki¢ of nozzlewould be:

w O UG i) TRy o® T

Hydraulicdiametel® O O O o dnodi Oa QowaREQQ

Hydraulic diameter is the perimeter of the flow through a pipe

O T XTMMIo¢ T oap Qi FMOo1 | WRIOYVEQE 6

After the smulation of the distributer the value of the diameter of the distributer is set to

142mm but the spear road diameter is unchanged so the hydraulic diametetheilMegghted

flow region is diameter of nozzle minus diameter of spear.

O T T (Mo THp

The turbulence intensif@is defined as the ratio of the remeansquare of the velocity
fluctuations,6 to the mean flowelocity, 6

For internal flows, the turbulence intensity at the inlets is totally dependent on the upstream
history ofthe flow. If the flow upstream is undéeveloped and undisturbed, you can use a
low turbulence intensity. If the flow is fully developed, the turbulence intensity may be as high
as a few percent. The turbulence intensity at the core of adellgloped dct flow can be

estimated from the following formula derived from an empirical correlation for pipe flows:
[32] 0O — ™ YC 7

0
CY'Q Yy o ™ Ynnmn.. - obPnt Q

oYQ pYp — T Y P
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Turbulence is set to intensitf 4 % since there are factors like distributegndings, elbows

which increases the turbulence intensity

Problem Setup Boundary Conditions

General
Models
Materials

interior-solid
outet
wert_symmetry
weall-solid

Zone Mame
" inlet |

Momentum | Thermal | Radiation | Speces | DPmM | Multiphase | wos |

Reference Frame |Absg|ute - |
Gauge Total Pressure (pascal) " a70587.6 | |tn|3| pressure in - |
e ]| © | | constant ~ |
Direction Specification Method |N°rm3| i oamnclea [ |
Turbulence
Specification Method |Ir~mensn:y and Hydraulic Diameter e |
Turbulent Intensity (%) “ 2 |
[E]
Hydraulic Diameter {m) “ O.11 | &=

ok | |cancel| | Help |

Fig 4.17 Inlet boundary condition setup for pressure

Outlet Boundary Condition:- The reference pressure at the outlet ofetkiernal domain was

set equal to dtmospheri¢rtd QO A Qi ). 61 Q
Turbulence is set to intensitf 5 %.

At the exit the diameter is 68mm and set to the out let boundary condition as 0.068m

Boundary Conditions

Zone Name
Zonge
horizontal_symmetry || outlet ‘
inlet

interiorsolid Momentum IThermaIl Radiaﬁonl Speciesl DPM I Mulﬁphasel uDs I

wertical_symmetry

wall-solid Gauge Pressure (pascal) || i} ‘ |consiz:nt

Backflow Direction Spedification Method |Normal to Boundary

[]Radial Equilibrium Pressure Distribution
|:| Average Pressure Spedfication
[IT1arget Mass Flow Rate

Turbulence

Spedification Method Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%&) || 5

Phase Backflow Hydraulic Diameter {m) ” 0.068
mixture pressure-outlet v
| Edit... | | Copy... ||Proﬁ|e5... | = | |C Il | Hel |
ancel =
| Parameters... | |Operaﬁng Conditions. .. i

Fig 4.180utlet boundary ondition setup for pressure

Wall Conditions:-The walls of all the domains are assumed to be smooth and no slip condition

is assigned
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Roughness height for commericial stel T8tt v | |
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Fig 4.19Boundary condition setup for solid wall
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Fig 4.20 The solution method setup

The RMS residualarget has been set to 1xi®¢or termination of the continuitgquation
kinetic turbulence energk) and turbulence dissipation)(calculationsand 500number of
iteratiors for convergences.
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The scaled residual curve for the current design point is as shown below

Residuals NI\ ] Z
continuity 1e+04
—x-velocity .
— y-velocity
—2z-velocity 1e+00
k

—epsilon

1e-02

1e-04

1e-06

1e-08

1e-10
o 100 200 300 400 500 600

Iterations

Scaled Residuals May 08, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 4.21 Scaled residual curve for current design point

Validation of the simulation result-The validation of theesult using first cell distance is
important specially when there is no experimental results. Therefore as you can see from the
Y+ figure, the Y+ curve for refined mesh tells it is big enough to pass the range for turbulent

flow regime. l.e. Y+ o Tt

The y+ values are varied for different flow condition and also it depends on the Reynold
numberif Y+ <5 viscous sub layers region, 5< Y+< buffer region, Y+> 30 fully turbulent
region and also it varies depending on the model in this thesis standardnetitiri kepsilon
method is used as mention in table 4.7, the valoé¢ the y+ region is meet amdlid as shown

in the following figure.

4§ Cases
4 @l Current design point
o 6 skt
195 rorzontal_symmery
JP% et
195 outet
193 verscsl_symemetry
195 wal soid
4§ User Locations and Plots
VB comor 1
& Defoult Transform
¥ B Defaustiegend view 1
¥ & wreframe
4 Gl Report
¥ @ TePage
¥ @ FleReport
¥ MeshReport
¥ @ Physcs Report
] & Soumon Repoct
¥ [A) User Data
2] Display Properties and Defaults

MNov 24, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 4.22 Y+ valuesfor refined mesh
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As depicted from the pressure graph mesh refinment is unnecessary changing any further since
there is no change in pressure value. The result of the numerical solution is thextdoed

mesh quality of around 0.3.

pressure line along x axis

Pressure[Pa ]
o
|

T T
o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

pressure line along x axis for final refinment

pressure line along x axis for low refinment

pressure line along x axis for medium refinment 1 1

Fig 4.23 Static pressure along ithe direction of flow on the curve of nozzle and spear wall.
4.4 SIMULATION OF INTEGRATED NOZZLE AND DISTRIBUTER

The simulation of the integrated distributer and nozzle is simulated usingptireal
distributer and nozzleuery and each procedure is t@me as that of distributer and nozzzle
simulation and here the integrated simulation head loss is equal to the head loss in the

distributer plus the head loss in the nozzle.

4.4.1 GEOMETRY OF INTEGRATED NOZZLE AND DISTRIBUTER

1_._—’ *
MNov 24, 2017

ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig4.24 the 3D model ofintegrated nozzle and distributer
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4.4.2 THE INTEGRATED NOZZLE AND DISTRIBUTER MESH

Fig4.25 mesh for the integrated nozzle and distributer

Grid dependent test for the integrated nozzle and distributerLooking the velocity and the

total pressure results interms of the mesh refinement it becomes insignificaimizsim mesh

size gets small

Here refining the mesh anymore id imaportant since the result shows no more change in its

valueas it can be seen in able 4Therefore, the mesk verified!

Table 4.6Mesh verification for integratedozzle and distributer.

P18 - P14 - P15 -
PS5 - PG - P - F10
Mesh _ P4-Mesh = e L e P = Filil= - P12- total total
Mirn Max Size ud B = I' b Vi V_jet_lower V_jet_upper pressure pressure
Size M= fame n lower upper
T T =T =T =T = =1

20 30 5.027E+HD5 1.5039E+05 || 0.89734 3.8614 29.253 29.025 4. 7518E+05 4. 7578E+05
10 25 5.027E+O05 1.5089E+05 0.89734 3.1872 29.553 29.031 4. 7816E+05 4.7579E+05
5 20 6.2256E+05 1.8584E+05 0.89588 3.1864 29.553 29.031 4. 7816E+05 4.7576E+05

4.4.3 PROBLEM SETUP PAGES FOR INTEGRATED NOZZLE AND DISTRIBUTER

General problem setup page - Pressure based, absolute velocity formulation, and steady

flow is set in generglage
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Graphics and Animations

Plots
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Dec 30, 2017

ANEYE FLUENT 14.0 (2d, dp, phns, olow)

Fig 4.26 The general setup page
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Reynolds o estimates the flow pattern whether the flow is turbulent or laminar.

| ,
e A e BZA (BRI GO
2 AOEME 6OOERIDDSHL O |
p8rnu,&p—6
8—2 8

2 AOEIA UBDE G- S—anAcpcapA(p

v v Av

The Renold numbeshows that the flow is turbulant a@iandard Kepsilon, standard wall
functionmodel is used to characterize turbulent floywthe following table

[ Er——.

Preblem Setup Wiscous Model
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| Model Model Constants
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Qpread o
:e" Zens Condl.h_ons (:] Spalart-allmaras (1 eqn) | o.02
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Fig 4.27 The standard k epsiloarbulan model

Material: -water in liquid state is added tioe list from Ansys fluent material library for later

use in cell zone condition
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Fig 2.28 The material setup page
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Cell zone condition-water is usedor the analysis.

Boundary conditions.-there are one inlet, two outlet and symmetry boundary conditions

L: Mesh v General

Models

Materials

Phases

Cell Zone Conditions

Mesh Interfaces

Problem Setup | Boundary Conditi

General

Models

Materials

Phases

Cell Zone Conditions

Ehan Dynsmic Mesh Zone Name
Mesh Interfaces |m\et Aeference Values | outlet_lower
Dynarmic Mesh
Reference Values Selution
cou Momentum | Thermal | Radition | Species| DPM | Mutphase| uDs | Solution Methods Momentum | Thermal | Radation | Species| DPM | Muliphase | uDs |
olution
Solution Controls
Solution Methods Reference Frame | apsojute Moritors Reference Frame | apsoly e v
Solution Controls o nitsizati
Gauge Total Pressure (pascal) i Solution Initislization Mass Flow Specification Method [mass Flow Rate
Mu‘m‘m ‘ 476921.2 total pressure in o At ass Flow Ra v
Solution Initialization
Calculation Actvities Supersonic/Initial Gauge Pressure {pascal) [ 270000 constant R“TCE'E"‘E""” Mass Flow Rate (ka/s] 34,937 mass outfion v
Results
Run Calculation
nesite Direction Specification Method | yormeal o Boundary Graphics and Arimations Supersonic/Initial Gauge Pressure (pascal) 470000 constant v
Plots
Graphics and Animations Turbulence Reports Direction Spedfication Method | oty ard Normals v
Plots -
Reports Specification Method | 1ptensity and Hydraulic Diameter Turbulence
Turbulent Intensity (%) ,47 Spedfication Method | ntensity and Hydrauiic Diameter v
Hycraulic Diameter (m) ,0.2657 Turbulent Intensity (%) 4 .
Hycraulic Diameter () [ 3 hya
H - i
ok | [cancel| | Help
ok | [cancel| | Heb

Fig 4.29Problem set up inlet aand out let Boundary conditon

Inlet and exit of distributer-At the inlet of the distributer the fluid has Hydraulic energy that
it hasobtainedfrom the static head incorporating tless available in the penstoddass

flow rate is taken at the exit of the distributer

~

o AL &L 1 r\ roer e, \) e, bR 1] U
0 QiR & v X QO < W W)

T T 0 BoL 'Q
C i
And at the inlet the total gauge pressure or energy is fefausis by adding the hydro dynamic

and hydrostatic energy using equation 3.23

p 0 P T8t X )
0 w~MC( EM'— w wap utﬂJkaﬁquE ww&p—(p(p TX 0 OA
’ A ™ 9
T

The turbulence intensif@is defined as the ratio of the remieansquare of the velocity

fluctuations,06 to the mean flow velocito

For internal flows, the turbulence intensity at the inlets is totally dependent on the upstream

history of the flow. If the flow upstream is undgeveloped and undisturbed, you can use a
low turbulence intensity. Ihie flow is fully developed, the turbulence intensity may be as high
as a few percent. The turbulence intensity at the core of adellgloped duct flow can be

estimated from the following formula derived from an empirical correlation for pipe flows:

0 — ™I YC T
6 % s
oY Q vd v Aué— ™ LV® Au~ ob QQi 01 Wb GHEOD
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OYQ pp Ao — ™ pPp A, A®PQQI 01 VOO QI

Turbulence is set to intensity of 4% since there are factorgligtebuter bendings, elbows
which increases the turbulence intensity.

C Papd QQi 01 WHGHDDQRG & £ Q¢ a RBLWO
Symmetry and walsymmetry and wall boundaries has been added to fullyireamshe

fluid model for the fluent solver.

HydraulicdiameterO

Outlet Boundary Condition - The reference pressure at the outlet ofetkternal domain was

set equal to latmospherit§ ¢3Qw "AQ Qi ). TaurbuEnce is set to intensiof 5 %.

At the exit thediameter is 68mm and set to the out let boundary condition as 0.068m

Boundary Conditions
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B

oK Cancel Help

Fig 4.30The out let boundary condition of the integrated nozzle and distributer

The solution method is set toupled, standarand second order upwind methods.
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Fig 4.31 thesolution methodet up page
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CHAPTER FIVE
RESULT AND DISCUSSION

Theresultanddiscussiorof the nozzlespearalignmentdistributerand the integrated nozzle
distributeroptimizationis presentetiereusingaglobally accepted software, Ansys fluefnd
thestress analysjglesignand structurasimulationof mechanical components such as nozzle,

spear and deflector has been dasmg Ansys mechanical softwaya this chapter as well.

The result and discussion of distributer and nozzle with its spear aligimagbéen done.
Depending the performance we ngib@ selection of our best optimized dedigis beertaken

as afinal result and conclusion will follow thesult anddiscussion.

The result and discussion mainly focus on the decissive termgidssure drop,out let
velocity, efficiency and discharge. These terms are measurkedkipg the output figure of
the distributer,nozzle and spedihe figuresor legend baincluded in the analysiswere

pressure contour,velocity contciine stream line of the floandthe vorticity contour of the

flow.
5.1 ANSYSFLUENT SIMULATION RESULTS OF DISTRIBUTIR

Hereanalysis of flow simulation of distributer has been tatennderthe consideration of
getting minimumhead loss ands well it must be manufacturabio after the simulatiohas
been done the decision has been made depending on the result obteenegult is presented
in the following table for each of the five bitation.

The following five tables shows that five bifurcation (distributer) results fdoisys
simulation

Ansyssimulation result for bifurcation type 1

Table 5.1 Pessure and velocity distribution for bifurcation type 1

PIM4-safc PI0S-shc | Pl6-cymamic | PU7-dhmenic - . s
PIOB-VIwer ¥ PU43-Q v | pressreoutet Y| peswreoufet v pessreotet ;| peswreoufst v PIOS-Vupper v PI-UR Y v v T
Q lower Qupper | pressurein
lower upper pper loner
ms™-1 m*3s"-1 fa Pa fa Fa ms™1 ms*1 mistl | mA3st Fa
) 0.14 46121E05 40109405 11235 1136 4762 154 407 407 4 T3R5
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Ansyssimulation result for bifurcation type 2

Table5.2 Ressure and velocity distribution for bifurcation type 2

- pITI Pif
P169 -dynamic _ | dynamic ) P167 - static o : : P168 -stafic
esre bver v pessre v dm v esure bver v smhc. v PIBS-Q ¥ | Pi4-Vupper Y | PIE3-Vlewer - P2-Vn T pressre per v
PrEssUrEmn pressure in
Upper
Fa Pz Pz fa Pz m*3st-1 ms*-1 ms”1 ms*1 fa
1197 117 18668 4,6351E+03 47374 | 014 47408 47238 2536 46314403
Ansyssimulation result for bifurcation type 3
Table 5.3 PPessure and velocity distribution for bifurcation type 3
‘ P97 - utet P98 -t . P4 nt P8 - et
P13 - stafic : : : A5 - et otal : Pi4f- Pi3- Pi40- : P135- Pi%-
Y dmaicpresare ;- | dyamc Y v odhfc v . Y dmanic T PIM-Q Y v
mresalre qufiet e o esslr ey . tpner Ui 1 Jover e Q_loner 0 tpoer
fa fa P2 Pa Pa ms*1 ms*1 ms*L Pa - O m*3s*l
46382405 11157 3673 4 THYZEH05 4 373405 47315 154 4715 1115 0.14 207 {07
Ansyssimulation result for bifurcation type 4
Table 5.4 Pessure and velocity distribution for bifurcation type 4
Pi32- Pi31- Pi23- ‘ PL30-
) ‘ ; P129 - static ‘
o | dmamic | dynamic | Pi25- . Pi6- . .| slic 3 stac | PLB- | PlE®-
Ll pressure pressure Vin V_lower e pressUre Wme pressure 0 lower 0_upper
lower upper in Upper
m*35°-1 Pa Fa ms"-1 mg"-1 ms*-1 Pa Pa Pa m*35°-1 m*35°-1
0.4 11123 11114 25241 4706 47192 4TITEAS | 4635 | 4E0FEHS | 007 207
Ansyssimulation result for bifurcation type 5
Table 5.5 Pessure and velocity distribution for bifurcation type 5
‘ P1i5- P113- P1S0 -
R N SO o O = S PO .7 (B P S
- pressure lower V lower pressure Vin pressure e pressure Q lower Q_upper pressure
tpper lower Upper n
m*3s™-1 Fa ms*-1 Fa ms*-1 Fa ms"-1 Pa m*3s™-1 m*3g-1 Pa
0.14 46193405 4708 4624E405 2555 11108 46905 11044 .07 207 4 T30

As it can beseen in thebove five tableshe simulation has been dotine selection will be
done bas#g on head los and the out let velocitye total head loss in different types of
bifurcation designs is calculated and summarized as follows with the numerical results from

Ansysfluent CFD post softwarky usingequation 3.25.

The results from the upper almver distributerare added because to know the total loss from

the unit integration and select the nozzle and distributer integration with minimum loss.
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Table 5.6 Kad loss ad pressure drop calculated values for different bifurcation

Bifurcation Parts of bif fi _ Bending _ IHead
arts ot biturcation | gpjt Length, | Velocity, | '0SS;
; ; angle ; m m/s
Consideration Under consideration g radius, m
mm
Reference
Inlet - 2.55
1 Frame
Outlet lower 0 300 3.3 4.77 0.448
Outlet upper 30 300 3.3 4.7 0.49
Total head Ios-
Reference
Inlet 2.52
2 Frame
Outletlower -20 300 1.3 472 0.23
Outlet upper 30 300 15 4.74 0.30
Total head los
Reference
Inlet 2.52
3 Frame
Outletlower -30 200 0.9 471 0.21
Outlet upper 40 200 1.0 4,73 0.32
Total head Ios-
Reference
Inlet 2.52
4 Frame
Outlet lower -30 300 1.0 4.69 0.17
Outlet upper 40 300 1.2 471 0.22
Total head los
Reference
Inlet 2.55
5 Frame
Outlet lower -30 300 2.0 4.7 0.33
Outlet upper 40 300 1.7 4.69 0.63

Total head loss
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As the length of the pipencreases the loss alscrease.Thaimulation results prooveshis
reality in the above table atflrcation considaration 1 and 5. Since the length of Hee
distrbuter is very high there is high loss which is shown ircodmlir. Due to this reasoreject
these two types of bifurcatioiWhen we see bifurcation type 2,3 anchéyt have almost equal
hydraulic loss but different length and radius. To select the best ondliesa three distributer
let wesee the presse contour and velocity contaur

5.1.1 PRESSURE CONTOUR FOR DISTRIBUTER

Asit canbe seen in thiollowing figure 5.2 and 5.3 its pressur@ntourshows thalow pressure
at the bending radius of the distributer which is not good pressure distrithiicimis sudden
change in pressurespecially in distributdsifurcation @nsideration2 and 3 In the bifurcation
consideration ofl and 5 has high lossp bifurcation consideration 4 is smooth transition of

pressure as wedls less head loss was obtained due to this advantageselsated.

Nov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.1 Rressure distributiorior bifurcationconsiderationl(Lower and upper distributer at
splitting angle 20 and 30 degree respectively, bending radius 300mm, and length 3.3m)
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MNov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

Fig 5.2 Ressure distribution fobifurcationconsideratior2(Lower and upper distributer at
splitting argle of 20 and 30, lower and upper distributer 1.3m and 1.5m lengthaispy
and both 300mm bending radius)

Nov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.3 Rressure distribution fobifurcationconsideratior3(Lower and upper distributer at
splitting angle of 30 and 40, lower and uppkstributer 0.9 m and 1m length respectively
and both 200mm bending radius)
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Moy 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.4 Ressure distribution fobifurcationconsideration 4(Lower and upper distributer at
splitting angle of 30 and 40, lower and upper distributer 1 m and 1.2m length rgspect
and both 300mm bending radius)

Nov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

Fig 5.5 Ressure distribution fobifurcationconsideratiorb (Lower and upper distributer at
splitting angle of 30 and 40, lower and upper distributer 2 m and 1.7 m length respectively
and both 300mm bending radius)
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5.1.2VELOCITY CONTOUR

The velocity contours shows how the velocity is distridute the flow pattern of each
bif urcation consideration. The following figure shows the distribution of the velocity with in

the five types of consideration and one of thermselected

MNov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

Fig 5.6 \elocity distribution forbifurcationtype XLower and upper distributer at splitting
angle 0 and 30 degree respectively, bending radius 300mm, and length 3.3m)

MNov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.7 \klocity distribution of bifurcation type @ower and uppedistributer at splitting
angle of 20 and 30, 1.3m and 1.5m length respectively and both 300mm bending radius
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Noy 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.8 \klocity distribution of bifurcation type(Bower and upper distributer at splitting
angle of 30 and 40, 0.9 m and 1m length respegtaetl both 200mm bending radius)

. .-,;}?:
T R R

Moy 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.9 Velocity distribution of bifurcation typéléwer and upper distributer at splitting
angle of 3Gand 40 degree, 1 m and 1.2m length respectively and both 300mm bending

radius)
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Nov 25, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Fig 5.10 Velocity distribution of bifurcation typ® ( Lower and upper distributer at splitting
angle of 30 and 40, lower and upper distributer 2 m and 1.7m length respectively and both
300mm bending radius)

Still in velocity contour there is a huge differermetween distbuter 2, 3, and 4.As you see
distributer 2 and 3 the velocity contour is not good because atittied pendingradius) of
the distributethere isvery high velocity in red color but when we came to distribfater (4)
the distribution ismooth and best especially the lower elbdvereforedistributertype 4 is

best optimizednterms of splitangle, bendingadius and length
5.1.3 HEAD LOSS CALCULATIONBASED ON DIFFERENT DISTRIBUTE®IAMETER

From previous analysis the distributeojgtimized interms of bending radius, split angle and
length. The next simulation aimed at further optimization based on the diapit@zed and

selected diameteHead loss analysis at different diameter for bifurcation type 4

From appendix Rtdiamete of 150 mm there is highest head loss. So we can reject it from the
comparison. Next since the goal of the thesis focus on optimization, at diameter 160mm and
170mm the head loss is minimum but when we see the outlet velocity which is inlet for the
nozzleis very small. A distributer having a diameter of 150mm and 142 mm has highest outlet
velocity which enhances the nozzle to produce a high jet power i.e. directly convert into kinetic
energy. It is fact that when choosing the distributer diameter, tivgeaffy of the nozzle has

to be observed at different nozzle diameter since there will be high head loss when the
efficiency drops a little. This will be verified looking t@ble 5.11 and Table 5.2Bepending

on this fact a distributer having a diamedérl42mm is selected comparing the head loss in
distributer andhozzle. Theollowing table summarized for different diametee thead loss has

been calculated in the following table.

70
Prepared by Sase Negash



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Turt| 2018

Table 57 The head loss calculation for the 4 differelimetaes

. : Parts of D . Head
Bifurcation| . . ' Bending Out let
bifurcation | (mm) Sp”f I(_en)gth, Velocity, loss,
. Under angle radius, | M
option consideration (mm) (m/s) (m)
266 | Referencdq
Inlet 2.52
Frame
Outlet lower| 142 -30 300 1.0 | 4697 | 0172
Outlet upper| 142 40 300 1.2 | 4710 | 0.226

266 | Referencs
Inlet 2.52
Frame
Outlet lower| 150 -30 300 1.0 412 | 0.23
Outlet upper] 190 40 300 1.2 415 | 0.23

266 | Reference
Inlet 2.52
Frame
Outlet lower| 160 30 300 1.0 362 | 013
Outlet upper 160 40 300 1.2 3.64 0.17

Prepared by Sase Negash

266 Reference
Inlet 2.52
Frame
Outlet lower| 170 -30 300 1.0 3.25 0.11
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From the Ansys result iappendixG and H the following conclusion are made.

The pressure distribution of a distributer having a diameter of 170mm is smooth comparing to
the rest. Fromthe concept of fluid mechanics #@se dianeter decreasethe pressurerop
increasedut in other word the velocity of the flow getting high. asthe flow rate which is
multiplication of area and velocityso decreasing the diameter will let the velocity to be high

since flow rate is constant in constant diameter of distributer.

One of themain purpose of distributer is to direct flow to the neszlin addition to this the
distributer has to be a little bit a converging pipe in need of transition to kinetic energy (convert
potential energy to kinetic) and the flow has to be undisturbed to increase the performance of
the nozzle. Dependingn this fct a distributer havingnaoutletdiameter of 142mm is best
suited among the rest since it has a high velocity chahdbe exit of the distributeas
compared to the others. This distribution is clearly seen from the dark red and yellow colors,
as theyare denoted for higher velocitywelocity legend barLooking the velocity distribution

of a distributer having a diameter 170mm, it has a smooth velocity distribution. But as a

function of a distributer this is not the advantage.

As a whole a distributer havingdsameterof 142nmis selected even if it has a medium head
loss and rouglpressuralistribution comparing to the others. This is compensated looking the

velocity distribution and the higher nozzle efficiert®mand.
5.2NOZZLE AND SPEAR RESULT AND DISCUSSION

The optimization of nozzle and spear shape first requires attention to identiigingost
important factors thahfluence the performance (efficiency) value. To identify this influential
parametershe parameter arrelation tool in Ansys design explorare usedso that finally to
be able to exclude unimportant parameters in design optimization goahtableduce the
number of design pointhe design points are the nozzle and spear parameteate$ign of

experiments (DOE).
5.2.1 SAMPLING OF DESIGN POINTS

AThe Parameters Correlation method will perform simulations based on a random sampling of
the design space (using Latin Hypercube sampling), so as to identify teaton between

all parameters.

ALatin hypercubePoints are randomly placed, but care is taken to ensure that no two points

share input parameters of the same value.
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The followingtables showshe input parameters used, general setting filled and convergence
of design points created in the pater correlation tab property.

Table 5.8Sampling of design points to select best nozzle angle from 83 sample

atic B2: Parameters Correlation * o x
A B c

= @ Parameters Correlation

= Input Parameters
= @ design parameters (A1)
b P15 - bulb_diameter

b P16 - blocking_distance
b P95 - nozzle_dimater_half
b P12 -spear_filet

b P20 - nozzle_curvature

b P86 - nozzle_angle

b P87 -spear_angle
p P93 - extennded_length

Properties of Outline A2: Correlation * o x

A B |

Property Value
Preserve Design Points After DX Run

RIE|E|e|e (<o n &lun
M EEEEEEE

wlm |-

e Retain Files for Preserved Design Points

5 = Parameters Correlation

& Reuse the samples already generated

7 Correlation Type Spearman ;I
a Mumber Of Samples 83

g Auto Stop Type Enable Auto Stop =1
10 Mean Value Accuracy 0.01

11 Standard Deviation Accuracy 0.02

1z Convergence Check Frequency 85

i3 Size of Generated Sample Set 82

14 Converged Yes

Auto Stop TypeThe number of samples qeired to calculate correlation is determined
according to convergences of means and standard deviations of output parameters. At each
iteration, convergences of means and standard deviations are checked against accuracy
provided. The iteration stops whextcuracy is met, or number of samples exceeds the

maximum valueset by the user, whichever comes first.
The following table shows the input parameters set for the parameter correlation. The checked

mark shows the parameter is d$er the parameter corgeglon.

Table 59 Set input parameters

Cutdine of Schematc B2: Parameters

= = Paramseters Correlaton
= ImputParamsters
= @ design parameters (&A1)
Cp P15 - bulb__diameter

[+ P15 - blacking_distance
(%9 P25 - nozzle_dimater_half
O P19 - spear_fillet

fp P20 - nozzle_curvabure

Cp P85 - nozzle_angle

E)p P87 - spear_angle
O Pa3 - extennded_length
Cp P24 - rod_diameter_half

NOEEEEEREM

NN GGG

[ Po2s - orifice_diameter_half
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The following table shows the boundilimits and properties of checkegbut parameters

Table5.10Propertiesof checked input parameters

In this setting theanalysis is done and the following table shows different sampling design

points and the result got from Ansys parameter correlation

| Properties of Outine AS: P15) SR Properiies of Outine A5: Pis) B x - = x
A B A B A B
1 Property Value 1 Property Value 1 Property value
e crea  [EEWN-cees j_
3 Urits a Units 3 Uinits
4 Type Design Variable 4 Type Design Variable 4 Type Design Variable:
5 Classification Contiruous 5 Classification Continucus 5 Classification Contriuous
& = Vo 5 6
= Initial Value 35 7 Initial Value a5 7 Initial Value 50
8 Lower Bound 75 a8 Lower Bound 15 -] Lowwer Bound (1]
9 Upper Bound 100 E] Upper Bound o0 El Upper Bound 30
GLIE] rovertes of Outine A9:p20 ALY Froverbes of Outine A10: Pes ~ 8 x
A B A B A B
1 Property Value 1 Property Viahse 1 Property Value
3 Urits I~ = Units 3 Units
4 Type Diesign Variable 4 Type Deesign Variable 4 Type Design Variable
5 Classification Continuous 5 Classification Continuaus s Classification Continuous
-« ERECHNNNE - O | -
7 Tnitial Value 22.5 7 Iritial Wahue 70 7 Initial Value 45
8 Lower Bound 15 8 Lower Bound S0 8 Lower Bound 30
g Upper Bound 50 9 Upper Bound 85 9 Upper Bound 45
~w %
A B
1 Froperty Value
2 -
3 Units
4 Type Design Variable
[ Classification Continuous
) -
T Initial Value 20
8 Loveer Bownd m
) Upper Bound 25

Input parametersP15- bulb diameter ; P16blocking distance ; P9bnozzle dimater_half ;

P19- spear fillet ; P20 nozzle curvature ; P86nozzle angle ; P87 spear angle.

Output parameters P84 - Vout (m s?1); P98- inlet staticpressure Rg; P99 - inlet total

pressure (PaP100- inlet velocity (m s21); P101- inlet dynamic pressure (Rd&105- outlet

dynamic pressure (Pa); P10a@utlet total pressure (Pa).

Table5.11 Samplingoints of the parameter correlation and their output parameters results
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Name | P15 P16 P95 P19 | P20 | P86 P87 P84 P98 P99 P100 P101 | P105 P107
1 85.4 | 40.5 80.3 37.0 | 81.7 | 40.3 | 20.2 | 24.2 | 468467 | 478855| 4.6 | 10389 | 310433 | 310264
2 99.4 | 53.2 73.3 479 | 63.9| 34.1 | 243 | 28.3 | 458065| 478855| 6.5 | 20791 | 414497 | 414701
3 92.7 | 69.0 71.6 30.1 | 685 | 35.7 | 23.7| 28.6 | 455311 | 478855 | 6.9 | 23545| 424744 | 425261
4 97.8 | 36.2 75.7 272 | 624 | 444 | 228 | 23.9 | 465825| 478855 | 5.1 | 13031 | 308634 | 308488
5 75.0 | 495 60.6 285 | 66.4 | 41.6 | 23.4| 26.6 | 437233 | 478855 | 9.1 | 41623 | 374825| 374938
6 78.6 | 28.1 81.9 42.3 | 835 | 33.2 | 23.1| 23.7 | 469682 | 478855 | 4.3 9173 | 296969 | 296799
7 82.7 | 56.4 73.6 46.7 | 779 | 446 | 23.2| 26.6 | 460705| 478855| 6.0 | 18151 | 373997 | 374157
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8 999 | 314 61.7 444 | 65.1 | 31.8 | 22.3| 25.4 | 443754 | 478855| 8.4 | 35101 | 339534 | 339502
9 79.2 | 383 79.0 37.4 | 55.6 | 43.4 | 21.2| 23.4 | 468496 | 478855| 4.6 | 10359 | 290639 | 290449
10 81.6 | 25.7 64.1 29.0 | 60.1 | 42.3 | 21.6 | 19.5 | 461155| 478855| 6.0 | 17701 | 220213 | 219945
11 774 | 56.9 72.8 17.7 | 60.6 | 35.8 | 21.5| 27.7 | 458450 | 478855| 6.4 | 20406 | 396268 | 396642
12 84.3 | 60.5 85.8 43.7 | 50.8 | 349 | 22.7| 28.0 | 468326 | 478855| 4.6 | 10530 | 404893 | 405451
13 80.1 | 64.5 89.4 379 | 71.8 | 36.2 | 23.1| 27.9 | 470010 | 478855| 4.2 8846 | 403847 | 404772
14 83.9 | 394 60.0 254 | 740 | 36.6 | 23.5| 26.1 | 437046 | 478855| 9.1 | 41810 361318 | 361067
15 83.8 | 15.5 74.1 279 | 84.0| 38.7 | 244 | 14.4 | 473560 | 478855| 3.3 5295 | 141017 | 140584
16 90.0 | 175 84.0 36.3 | 70.8 | 425 | 22.9| 15.2 | 475380 | 478855| 2.6 3475 | 142513 | 142376
17 84.9 | 60.1 88.7 325 | 71.1 | 41.8 | 24.2| 26.9 | 470280 | 478855| 4.1 8576 | 382729 | 383424
18 98.2 | 515 77.3 153 | 695 | 440 | 21.5| 26.0 | 464714 | 478855| 5.3 | 14141 | 357437 | 357347
19 89.0 | 69.6 66.2 46.5 | 50.3 | 37.2 | 24.7| 28.3 | 446618 | 478855| 8.0 | 32238| 421001 | 422079
20 949 | 523 71.6 41.0 | 80.1 | 43.2 | 22.4| 26.4 | 458767 | 478855| 6.3 | 20089 | 370182 | 370092
21 86.0 | 58.2 65.5 295 | 79.3 | 30.9 | 20.6 | 285 | 445152 | 478855| 8.2 | 33704 | 415829 | 415953
22 829 | 36.3 86.2 310 | 62.7 | 395 | 21.4| 23.6 | 471479 | 478855| 3.8 7377 | 297077 | 296933
23 91.4 | 305 84.5 451 | 60.8 | 30.4 | 20.1 | 24.2 | 470421 | 478855 | 4.1 8435 | 309121 | 308944
24 88.2 | 411 69.0 440 | 75.0 | 30.7 | 23.0| 27.6 | 453373 | 478855| 7.1 | 25483| 393360 | 393511
25 80.9 | 61.8 70.3 41.1 | 76.7 | 40.0 | 22.6 | 27.6 | 455217 | 478855| 6.9 | 23638| 397470 | 397726
26 86.7 | 28.3 72.3 315 | 755 | 43.0 | 24.0| 215 | 465997 | 478855| 5.1 | 12858 | 260576 | 260285
27 96.3 | 22.6 64.4 16.5| 72.7 | 40.8 | 25.0 | 19.3 | 461721 | 478855| 5.9 | 17134 232029| 231638
28 81.1 | 21.3 77.9 26.1 | 67.3 | 405 | 21.8| 17.6 | 472597 | 478855| 3.5 6258 | 176679 | 176273
29 75.7 | 45.6 87.3 485 | 79.8 | 36.4 | 23.6| 26.6 | 470046 | 478855| 4.2 8810 | 367567 | 367795
30 88.6 | 44.1 68.1 459 | 77.6 | 38.7 | 23.9| 26.6 | 453716 | 478855| 7.1 | 25140| 372475| 372523
31 90.6 | 63.2 67.5 40.3 | 76.2 | 38.4 | 22.2| 27.9 | 450035| 478855| 7.6 | 28820| 406135| 406356
32 87.5 | 39.3 63.1 33.7 | 57.7 | 305 | 20.2 | 26.8 | 443497 | 478855| 8.4 | 35359 | 373336 | 373333
33 98.7 | 62.1 77.3 321 | 559 | 37.3 | 23.6 | 28.1 | 462335| 478855| 5.8 | 16520 | 412215 412573
34 942 | 311 75.0 43.1 | 58.4 | 445 | 242 | 229 | 466471 | 478855| 5.0 | 12384 | 285156 | 285008
35 96.8 | 345 80.4 174 | 816 | 34.7 | 21.7| 25.2 | 467612 | 478855 | 4.7 | 11244 | 334215| 334145
36 849 | 387 73.1 299 | 749 | 440 | 243 | 245 | 463019 | 478855| 5.6 | 15837 | 324397 | 324161
37 99.3 | 374 63.3 154 | 676 | 425 | 23.2| 24.2 | 450326 | 478855 | 7.6 | 28530 319611 | 319307
38 92.6 | 20.8 79.9 43.6 | 849 | 43.3| 20.7| 16.3 | 474055| 478855| 3.1 4801 | 153133 152701
39 97.3 | 525 65.6 37.6 | 58.8 | 33.1 | 229 28.1 | 446134 | 478855 | 8.1 | 32721 | 407273 | 407291
40 75.3 | 40.9 71.8 222 | 76.0 | 41.9 | 20.3| 24.1 | 462482 | 478855 | 5.7 | 16373 | 307672 | 307526
41 78.4 | 43.0 81.1 329 | 71.3 | 30.9 | 235 274 | 466080 | 478855| 5.1 | 12775| 387954 | 388200
42 82.2 | 326 89.3 39.2 | 55.9 | 40.2 | 23.0| 23.1 | 472790 | 478855| 3.5 6066 | 285298 | 285204
43 100.0 | 49.2 61.5 345 | 72.7 | 30.7 | 24.7| 27.8 | 436594 | 478855 | 9.2 | 42262 | 396307 | 396384
44 79.2 | 66.4 72.8 179 | 799 | 316 | 246 | 289 | 456396 | 478855 | 6.7 | 22460 432875| 433371
45 81.2 | 66.7 80.5 499 | 60.3 | 39.6 | 22.2| 27.5 | 465599 | 478855| 5.2 | 13256 | 394697 | 395460
75
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46 77.0 | 448 85.9 444 | 645 | 443 | 247 | 25.2 | 470307 | 478855 | 4.1 8549 | 338807 | 339102
47 83.9 | 175 75.7 309 | 81.3 | 36.8 | 24.1| 17.0 | 472252 | 478855 | 3.6 6604 | 175600 | 175370
48 799 | 18.4 64.5 325 | 82.0| 40.0 | 22.4| 16.2 | 467048 | 478855| 4.9 | 11808 | 161467 | 161162
49 83.6 | 62.5 68.4 48.4 | 69.7 | 39.9 | 21.3| 27.4 | 452547 | 478855 | 7.3 | 26308 | 393676 | 393878
50 83.3 | 59.2 61.0 435 | 59.6 | 37.6 | 245| 28.1 | 434134 | 478855 | 9.5 | 44722 | 409832 | 409842
51 89.8 | 68.1 84.5 41.2 | 65.5| 37.0 | 20.5| 27.8 | 467754 | 478855 | 4.7 | 11101 | 400992 | 401222
52 84.4 | 60.6 82.9 36.6 | 83.7 | 38.8 | 23.3| 27.4 | 467084 | 478855 | 4.9 | 11772 | 394296 | 394844
53 97.8 | 54.7 69.2 16.6 | 76.9 | 449 | 244 | 26.8 | 454806 | 478855| 7.0 | 24049 | 381821 | 381905
54 88.6 | 33.7 714 26.8 | 78.3 | 31.3 | 21.8| 26.1 | 459138 | 478855| 6.3 | 19718 | 355202 | 355173
55 946 | 29.1 76.9 476 | 66.3 | 37.7 | 22.0| 22.8 | 467847 | 478855 | 4.7 | 11008 | 279831 | 279649
56 855 | 41.8 64.6 455 | 64.0 | 32.2 | 22.8| 27.4 | 445539 | 478855 | 8.2 | 33317 | 389731 | 389918
57 825 | 654 75.8 41.7 | 66.0 | 38.2 | 20.9| 27.6 | 461611 | 478855| 5.9 | 17244 | 397779 | 397990
58 91.3 | 27.0 89.7 38.1| 61.2 | 36.0 | 23.4| 226 | 473107 | 478855 | 3.4 5749 | 276563 | 276648
59 87.7 | 19.4 69.4 485 | 625 | 36.6 | 20.9| 17.7 | 468616 | 478855| 4.5 | 10239 | 179550 | 179273
60 80.6 | 21.4 66.9 185 | 54.3 | 328 | 22.1| 20.9 | 462133 | 478855 | 5.8 | 16723 | 238432| 238123
61 86.8 | 425 74.8 22.7 | 55.7 | 40.9 | 21.8 | 25.2 | 463712 | 478855| 5.5 | 15144 | 335924 | 335836
62 95.9 | 36.1 81.6 33.8 | 53.6 | 43.8 | 249 | 24.0 | 469190 | 478855 | 4.4 9665 | 314921 | 314903
63 80.8 | 68.6 74.0 23.6 | 824 | 424 | 23.1| 27.4 | 459964 | 478855 | 6.1 | 18891 | 397679 | 398531
64 75.8 | 30.6 79.2 427 | 55.1 | 36.5 | 23.9| 23.7 | 468261 | 478855| 4.6 | 10594 | 299445 | 299396
65 88.2 | 33.0 63.7 46.9 | 78.7 | 34.4 | 22.3| 25.4 | 448373 | 478855| 7.8 | 30482| 340313 | 340213
66 90.3 | 63.9 85.3 255 | 53.2 | 334 | 21.9| 284 | 467760 | 478855 | 4.7 | 11095| 415464 | 416114
67 97.2 | 28.2 82.0 38.6 | 80.7 | 30.2 | 24.0| 25.6 | 468141 | 478855| 4.6 | 10715| 344927 | 344637
68 85.1 | 25.0 78.0 322 | 614 | 411 | 25.0| 20.4 | 470418 | 478855 | 4.1 8437 | 238942 | 238585
69 87.0 | 229 78.6 18.8 | 80.4 | 353 | 20.1| 19.8 | 471264 | 478855| 3.9 7592 | 214030 | 213819
70 89.0 | 43.9 79.8 259 | 79.2 | 341 | 21.1| 26.7 | 465848 | 478855| 5.1 | 13008 | 370734 | 370813
71 86.2 | 16.6 68.1 405 | 515| 389 | 21.6| 154 | 470510| 478855| 4.1 8346 | 142689 | 142359
72 78.6 | 26.5 66.4 353 | 72.1 | 30.4 | 20.4| 23.0 | 457962 | 478855 | 6.5 | 20894 | 280696 | 280518
73 98.2 | 50.5 83.7 424 | 745 | 346 | 21.4| 27.4 | 467662 | 478855 | 4.7 | 11194 | 388661 | 388705
74 80.3 | 69.5 61.9 246 | 50.2 | 33.8 | 20.4| 28.6 | 435405| 478855 | 9.3 | 43450 | 420156 | 420212
75 92.7 | 22.0 70.2 46.6 | 51.8 | 40.5| 23.7| 19.3 | 467165| 478855 | 4.8 | 11691 | 216777 | 216743
76 934 | 61.7 87.1 20.6 | 52.2 | 35.6 | 22.6 | 28.1 | 468877 | 478855| 4.5 9979 | 407668 | 407946
77 923 | 295 83.4 39.6 | 63.4| 305 | 20.7| 24.2 | 469988 | 478855 | 4.2 8868 | 308785 | 308857
78 99.2 | 314 74.6 341 | 832 | 349 | 21.1| 242 | 464737 | 478855 | 5.3 | 14119| 310834 | 310817
79 93.8 | 39.7 86.7 216 | 69.9 | 353 | 224 | 26.1 | 470107 | 478855 | 4.2 8748 | 353761 | 353992
80 829 | 56.9 88.9 251 | 77.9 | 31.8 | 24.8| 285 | 469425| 478855 | 4.3 9430 | 418481 | 419145
81 775 | 23.9 60.2 169 | 62.1 | 40.8 | 23.6 | 19.8 | 454948 | 478855 | 6.9 | 23908 | 229485| 229074
82 91.6 | 457 78.4 315 | 574 | 325 | 242 | 279 | 463604 | 478855| 5.5 | 15251 | 401879 402002
76
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The followingfig shows the relationships the input parameters tatveoutputparameters

Linear Correlation Matrix SRS
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l15 bulb_diameter
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P1& - blocking_distance

PS5 - nozzle_dimater_half

P19 - sp=ar_fillet

P20 - nozzle_curvature

:
{4

PEGE - nozzle_angle H

PET - sp=ar_angle

P93 - extennded_length

P24 - Wout

P92 - inlet static pressure

Fig 5.11Linear correlation between input and output parameters

The closer to the extremed. (or 1) the stronger the relationship. The low colors indicate that
bulb diameter, spear fillet, and nozzle curvature radius have low impact on theofesult

© GO& V& d GadHIQDi | And tkeblind color and medium intensity colors tells that
blocking distance, nozzle diameter, nozzle angle, spear angle and extended length have an

impact on the resultsy & Q& & @Y IQDi ) ab theGnalysis.

Sensitivities NSRS
1 P15 - bulb diamebar e
o9 - P15 - blocking_distance s
- POS - nozzle_dimater_half
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Cutput Parameters

Fig 5.12 Sensitvity bar for defined parameter set
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As it canbeseen from the sensitivity bar blocking distance have a direct correlation §D@)
nozzle angle have a reverse correlati@®( to the outlet velocity of the nozzle. On same way
nozzle diameter have a direct influence (0.8) and blocking distance a reverse infl0etge (
on inlet static pressure of the nozzle. For the case oliglletity blocking distance have direct
impact (0.45) and nozzle diameter a reverse imp@dB)( Other parameters such &ulb
diameter spear fillet, extended lengtepear angl@andnozzle curvature lies on the horizontal
axis (.e. zero sensitivityor negligibleinfluence on the output paramefershis means that

they are unimportant or less influential parameters to the result of the optimization.

After all this analyzing | can conclude that nozzle angle, blocking distance, and nozzle diameter
would be the most important parameters in optimizingdésign. Optimizatioof the results

using Ansys design explorer direct optimizattonl by only altering only the most important
parameters predicts well for just screening the thiste canilate degin points fortheir
highest value o ,6 I o &8

5.2.2EFFECT OF NOZZLE ANGLE ON THEOUTPUT RESULTS

While optimizing thed b ki ¢ & the nozzle angle is altered in bounds oft84% to get
design of experiments as shown on the following tabfe rest of the design parameters are
set constant to get only the effect of the nozzle angle.

Table 5.12DOE only for nozzle angle

N x
Fle View Toos Units Hep

New [50pen... |dll save [l save As... ‘ # Update ~ Previen 2]Clear GeneratedData /& Refresh ‘ Resume |@Rammmpmm ¥ Compact Mode

nts (Optimal Space-Filing Design : Maximum Entropy : Maximum Number OF Cydes = 10 : User-Defined Sa R X
A 8 ~ D F 1 3 K L M N
1 Enabled P19 -inlet P151- P152-
3« D 7E - a P141- o P207 - - P26- ol e oo ||| P122- L P21~ Pt-vout | SRETEL | ket | outiettotal
z esign of Expenimen nozzle_angle | hydraulic_efficency Cv -~ cp cd (ms~-1) s “('ESWE velodity pressure
3 B InputParameters (ms~-1) (Pa)
4 EIEEE) 2 |30s 90.677 0.95225 || 0.83825 094377 | 0.60777 | 29.32 4,547 405 5.9528 4,2231E405
: To P158 - total_irlet_gage_pressurs | [ EES 90.223 004386 || 0.53%86 004385 | 0.60777 | 29.2% 4,5485E 405 59301 419856405
e fp P137-bub_diameter ] S 89.978 094857 || 0.64073 094428 | 0.60777 | 29.20 4.551£405 58943 41635405
7 T P138 - blocking_distonce @] 5 | 335 83.871 094272 || 0.6471 094421 | 0.60777 | 29.0% 4,5536E405 5.8562 41277405
5 T P139 - spear filet @] ES 86.963 0.9325% || 0.85174 09438 | 0.60777 | 8B.713 4.5557E405 5.8255 40962405
9 B P10 -nozde curvatre o 7 | 3ms 88.037 0.93828 || 0.84775 094463 | 0.60777 | 28.89 4.5576E 105 5,727 40853405
m [ rra——— EE 86.571 09304 || 0.85321 00427 | 0.60777 | 28.6% 4,559E +05 57631 40328405
ES 85,348 092384 || 0.85783 094406 | 0.60777 | 28,445 4,5623E405 6,727 3.999%405
11 (b P142-spear_angle (=]
PE 85.307 0.92362 || 0.65804 094428 | 0.60777 | 28.438 45633405 57123 3.9831E405
12 [ P143 - extennded_length =
PRES 84.345 0.9184 0.56178 09441 | 0.60777 | 28.277 4.5652405 5.6572 3.340+405
13 (p P1%4-rod_dameter_half 0
¢ i & 12 |05 85.013 0.92202 | 0.85917 0.94546 | 0.60777 | 28.389 4.5685E 105 5.6297 2,203 105
P45 -
E r" nozme_dmater e 13| 415 84,662 092012 || 0.66054 094557 | 0.60777 | 28.33 457405 56008 388196405
15 P P14 -orifice_diameter_half 0 14 | 425 82,603 090885 || 0.66872 03453 | 0.60777 | 27.984 4,5711E+05 55906 3.8529E405
16 T _P197-Hiyir 0 15 |45 31735 0.90407 || 0.57226 094444 | 0.60777 | 27.8% 457316405 5.515 3.8355E405
v
el B PL23-V theoreteal M & | 445 80.604 0.8978 0.67696 094406 | 0.50777 | 27.643 4.5746E405 6.5383 3.8239E405
S A
A ‘ B ~
1 Property Value
2 =
2 Units
4 Type Design Variable
5 Classification Continuous ;I
5 2
7 Initial Value 30
8 Lower Bound EY
) Upper Bound 5
Use
10 Manufacturable =]
Values v |¢ >
o Ready (1 Show Progress |4 Show 2 Messages.
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Now when we go to optimization, objective and their impuréaof levels are set as shown

on the following table and the output resaitsd 5 ho¢ & .

Table 5.130ptimization ofd 5 e ® O W a 60 QE & D& @@ Wa 'Q

Table of Schematic B4: Optimization

A B D E F H I a
i P141 - nozzle_angle P206 - C_v P203 - A_in P208 - C_c P209 - d_jet P122 -Cp P211-C_d
2 Optimization Domain
3
4
5 ves
& Objective | Mo Objective | Maximize _=l|Mo Objective = ||Maximize = |||Mao Objective = || Maximize =[N0 objective x|
Target
v Value
8 Importance Higher ;I Lower ;I Lower ;I
L
10
Candidate i »
11 A 30.008 +r ¥ 0.95507 0.015025 PrEn 0.63637 43.273 ¥ 0.94383 0.60777
12 B = 31.508 Jryr 0.949967 0.015025 ¥ 0.63999 43.519 ¥ 0.94392 0.60777
13 C = 33.008 i 0.94372 0.015025 XX 0.694402 43.793 ¥ 0.94399 0.60777

Optimizing the design by altering nozaagle only and fixing the other parameters yields a

highest value of Cat 30 degree as shown on Higve table.

5.2.3 EFFECT OINOZZLE DIAMETER ON THE OUTPUT RESULTS
While optimizing thed b i ¢ & the nozzle diameter is altered to get design of experiments
as shown on the following table.

The rest of the design parameters are set constant to get only the effect of the nozzle diameter.

Table 5.14DOE only for nozzle diameter

iy x
File View  Tools Units Help
[new Zopen... [l save Bl save s, | 7 Updste 1 Freview

Outline of Schematic B2: Design of Experimel

A 8
1 Enabled
14 P145 - nozzle_dmater_half
15 P146 - orifice_diameter_half ]
15 P147 - H_hydr [ 2 75 0.50492 0.85127 || 0.64257 0.95538 | 0.61164 | 29.39 4,5071E+05 5.1867 4.2243E+05
7 123 -v_theoretical @] 3 60 0.53522 0.94259 || 0.62325 0.88288 | 0.58771 | 29.035 4,2952E+05 5.9364 4,2059E +05
15 P202 - A_out [&] 4 63.75 0.5027 0.8501 0.62511 0.51038 | 0.59677 | 29.254 4,4053E +05 8.7578 4,2378E+05
o P125-Q @] 5 50 0.53935 0.84836 || 0.65322 0.57908 | 0.51840 | 29.2 4,6093E+05 4.2233 4,206E+05
= 5 OutputParameters 6 86.25 0.50022 09438 0.65152 0.5751 0.61816 | 25.213 4.6823E+05 4.6097 4.1981E+05
= 5@ nseD 7 67.5 0.505 0.85154 || 0.6338 0.53014 | 0.60327 | 29.307 4.4386E+05 7.7462 4.24E+05
22 Pj P148 - Vout 8 71.25 0.90751 0.95263 0.63829 0.9445 0.60805 29.332 4.5499E+05 6.9101 4.2296E+05
3 P:! P149 - inlet static pressure 9 82.5 0.89782 0.94754 0.65063 0.9699 0.6165 29.175 4.6604E+05 5.0618 4.2082E+05
24 Pj P151 - inlet velocity 10 78.75 0.90367 0.95061 0.64629 0.96361 0.61437 29.2659 4.6327E+05 5.5835 4.2168E+05
25 pd P152 - outlet total pressure
26 pd P153 - Mesh Min
27 pd P154 - Mesh Average
Fil pd P207 - hydraulic_efficency
29 5d P205-C v s

< >

I show Progress || AAishow I
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Now when we go to optimization, objective and their importance of levels are set as shown on
the following table and the output resuifsd i hid & & .

Table 5.150ptimization ofd 5 fE ® O W a 60 QE D& & QN QO G Qo Qi

Table of Schematic B4: Optimization

A B D F H I 3
P145 - .
1 nozde_dimater_half || P206 -C_v P208 - C_c P209 - d_jet P122-Cp P211-C_d
2 = Optimization Damain
3 Lower Bound &0
4 Upper Bound 90
5 = Optimization Objectives
4 Objective Mo Cbjective ;I Maximize ;I Maximize ;I Mo Objective ;I Maximize ;I Maximize ;I
7 Target Value
8 Importance Higher ;I Lower ;I Lower ;I Lower ;I

Constraint

e Handling

10 = Candidate Points

i1 Candidate A 77.655 Y 0.95096 Y 0.64529 || 43.88 Jrdr 096145 | v 0.61365
12 Candidate B 72.105 _‘.'*’*,’;.‘, 0.95248 || — 0.63934 43.475 % 0.94726 Jr  0.60896
13 Candidate C 75.885 v 0.95118 Y 0.564378 || 43.777 Y 0.95755 | v 0.61235

Optimizing the design by alteringpzzle diameteonly and fixing the other parameters yields

a highest value of Cat 72mm half nozzle diameter as shown on the above Azldewhole

reading the tabkefor objective (higher, defaul and lower)set for the most important

parameters yields begtlue for the coefficient of velocity, pressudéschargeand contraction

in rank of higher value requiremeaita nozzle angle of 8and142mm nozzle diametéry the

Ansys optimization tolo Therefore thredesign pointgonfigurationsncluding the current DP
U=8p=90 P=H3=08 5 (P=H3=59) will be analyzedat different nozzle openingy

Ansysfluent simulation.

5.2.4EFFECT OF BLOCKING DISTANCE ON THE OUTPUT RESULTS

and

Table5.16Candi date pointds. spear
Candi dat ¢ Nozzle angle Spear angle
Candidate= 35 25
Candidatej| . 30 20
Candidater 30 25

The following table showsandidaté 6 ¢current DP)geometrical parametricalueinterms

efficiency at different nozzle opening.
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Table 5.1Dimensional values of current design point

. [N _ P19B- m | g e E e HEE P .| PIS. PIAO- | PML- PI4Z-
V/_theoretical total_inlet_gage_pressure -Q C bulb_diameter blocking_distance ™ | spear_filet nozzle_curvature nozze_angle spear_angle
its  mstl =/pa | mA_SlSA

DR 1 30.68 4,7959E4+05 0.0036298 || 0.07 0.61765 85 il 225 120 35 25

DP 11 30.68 4, T850E405 0.0036298 || 0.07 0.61765 | 85 2 25 120 35 bi]

DR2 30.68 4,7959E4+05 0.0036298 || 0.07 0.61765 85 30 225 120 35 25

DP 10 30,83 47959405 0.003%298 || 0.07 D.61765 | 85 34 225 m 35 5

Current 30.68 4.7959E+05 0.0036298 || 0.07 0.61765 85 B 225 120 35 25

DP 4 30,83 47959405 0.003%298 || 0.07 D.61765 | 85 50 225 m 35 5

DP 12 30.68 4.7959E+05 0.0036298 || 0.07 0.61765 85 55 225 120 35 25

PS5 30,83 47959405 0.003%298 || 0.07 D.61765 | 85 &0 225 m 35 5

DP6 30.68 4.7959E+05 0.0036298 || 0.07 0.61765 85 ] 225 120 35 25

oP7 30,83 47959405 0.003%298 || 0.07 D.61765 | 85 3 225 m 35 5

DP 13 30.68 4,7959E+05 0.0036298 || 0.07 0.61765 g5 &8 225 120 35 25

oP 14 30,83 4,7959E405 0.003%298 || 0.07 0.61765 | 85 n 225 m 3 5

DP 15 30.68 4,7959E+05 0.0036298 || 0.07 0.61765 g5 72 225 120 35 25

P8 30,83 4,7959E405 0.003%298 || 0.07 0.61765 | 85 73 225 m 3 5

DP 16 30.68 4,7959E+05 0.0036298 || 0.07 0.61765 g5 75 225 120 35 25

0P 17 30,83 4,7959E405 0.003%298 || 0.07 0.61765 | 85 7 225 m 3 5

DP 18 30.68 4,7959E+05 0.0036298 || 0.07 0.61765 g5 80 225 120 35 25

And its performance determining coefficients are tabulated below
Table5.180ut put parameterdés result of curr
) Pi52- P154-
SN AL 0 26 e i TG R - 18 A R
Units kgkg™-1 ms*-1 Pa ms*-1 Pa

DP1 0.54133 073578 | 083845 | 26,182 57.082 097649 | 22574 4,73E+05 34612 23824405 | 0.3095 08934

DP11 0.63186 0.7943 077702 | 30,569 52837 097483 | 437 47213405 3.8617 2887TIE405 | 0.28144 0.883

DP2 0.70849 0.84172 | 0.7338 1. 43,898 097432 | 2534 47103405 4.1384 3.2596E+05 0.3318 0.8932

DP 10 076698 0.87577 | 070526 | 37.107 47.958 0.9745¢ | 26.869 4, 704E405 4.2873 3.4708E +05 0.35281 0.85102

Current 0.78692 0.88708 | 0.69627 | 38.071 47346 097384 | 27.216 4,699E+05 44015 3.6503E405 | 022655 0.88315

DP 4 0.86184 092835 | 0.66532 | 41.6% 45,242 097392 | 8.482 4,6901E405 4,5893 39543405 | 0.25237 0.88553

Dp12 0.87648 0.93%21 | 065974 | 42404 44.852 09787 | BIB 46831405 45428 40BIE405 | 0.35719 0.88712

DP 5 0.86714 0.9312 066328 | 41952 45.103 097316 | 28.%69 46863405 4.6803 4073405 | 0.3%% 0.88415

DP& 0.8204 09058 0.68188 | 39.693 4,368 09701 | 2nA 46836405 47318 4185405 | Q.27 0.88433

DP7 0.8153% 0.90297 | 0.68402 | 39.447 4,513 0.97065 | 27.703 4,6832E405 4.745%9 4, 2154405 0.36461 0.88739

DP13 0.80828 0.89904 | 0.68701 | 38,105 4,716 0.9703 27.583 4,6828E+05 4.7537 4, 2289 +05 0.32289 0.88758

DP 14 0.79273 0.83035 | 0.69371 | 38.352 47.172 0.96%3 | 27.316 4,6825E 405 4.7607 423BE+05 | 0.3339 0.88537

DP 15 0.76573 0.87506 | 0.70584 | 37.046 47.997 0.96841 | 26.847 4,6819E405 4717 4. BE+05 0.36477 0.88793

DPg 0.74466 0.86204 | 0.71575 | 36.027 48.671 0.96747 | 26475 4,6818E 405 47751 4,3059E405 | 0.313%4 0.88749

DP 16 0.72251 0.85001 | 0.72664 | 34953 8.412 0.96632 | 26.078 4.6812E405 4,786 4362E405 | 0.27701 0.88675

DpP 17 0.66479 081535 [ 075753 | 32182 51512 0.96307 | 25.015 4,6803E405 48072 4,5058E405 | 0.34801 0.8859

DP 18 0.60852 073008 |01 | 9.4 33.841 0.95957 | 23933 4,68E+05 48123 46309E405 | 0.30848 0.88317

The following table Bows candidaté 6 geometrical parametric values at different nozzle

opening.The nozzle diameter of this DP candidate is got from the optimization of nozzle

performance at nozzle diameter of 72mm. To show this diameter is better than the two (77 and

76) nozzle diameters the results are observed in table.
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Table5.19 Hydraulicefficiency at different nozzle diameter

of

P174 - blocking_distance  ~ | P181 - nozde_dimater_half .= | P225-V_out ~ | P207 -hydraulic_effidgency ~ | P210-MNet_head ~
ms™=1
71 30.181 °5. 77 45.45
=] ) 29,508 92.509 44,904
a0 80 29.914 95.067 45.632
Table 5.2(Dimensional values of candidabe
Mane =y faruia ||| A"/ P2570 [~ st stamtar || g iance | e et | o sarvaten | o gect | spam e ||| e imatr. || ramarnin
s . S -
DP 31 30.68 0.015025 007 75 5 23 50 30 20 71 4,7959E+05
OP§ 30.68 0.015025 007 7 10 23 50 30 20 71 4,7959E+05
DP 4 3068 0,015025 007 73 20 23 50 30 20 71 4.7959E+05
op2 30.68 0.015025 007 75 30 23 50 30 20 71 4,7959E+05
DOP3 3088 0.015025 007 7 38 23 50 30 20 71 4.7959E+05
DPT 30.68 0,015025 007 73 50 23 50 30 20 71 4.7959E+05
DP 10 30.68 0.015025 007 75 55 23 50 30 20 71 4,7959E+05
OP & 30.68 D.015025 007 7 &0 23 50 30 20 71 4.7959E+05
DP 14 30.68 0.015025 007 73 86 23 50 30 20 71 4.7959E+05
DP g 30.68 0.015025 007 75 63 23 50 30 20 71 4,7959E+05
DP 11 30.68 D.015025 007 75 69 23 50 30 20 71 4,7959E+05
P 12 30.68 0.015025 | 0.07 7 70 3 50 30 2 71 4.7959E+05
0P 9 30.68 0.015025 | 0.07 75 73 23 50 30 20 71 479596405
0P 18 30.68 D.015025 007 7 75 23 50 30 20 71 4,7959E+05
0P 19 30.68 0,015025 | 0.07 75 78 23 50 30 20 71 4,7959E+05
Current 3068 0.015025 0.07 75 a0 23 50 30 20 71 4,7959E+05
DP 24 30.68 0.015025 007 a0 80 23 50 30 20 71 4.7959E+05
DP 25 30.68 0.015025 007 I 8 80 23 50 30 20 71 4.7959E+05
DP 25 30.68 0.015025 0.07 a0 an 23 50 30 20 71 4,7959E+05
DP 27 30.68 0.015025 007 n 80 23 50 30 20 71 4.7959E+05
DP 28 30.68 D.015025 007 I 75 80 23 80 30 20 71 4.7959E+05
DP 29 3068 0.015025 | 0.07 75 a0 23 30 30 20 71 4.7959E+05
DP 30 30.68 D.015025 007 75 80 23 120 30 20 71 4.7959E+05
DP 21 30.868 D.015025 007 I 75 85 23 50 30 20 71 4.7959E+05
OP 22 30.68 0.015025 | 0.07 75 0 23 50 30 20 71 4,7959E+05
DP 23 30.68 0.015025 007 75 100 23 50 30 20 71 4,7959E+05
And its performance determining coefficients araitated below
.
Table5.210ut put parameter @s result
A S AL AM AN AD AP Y z A AB AC AE AF
e e e e e e e e e e e e e
Units Pa Pa Pa Pa i m5"-1 ms#-1
DP 31 0.63537 4. 746 +05 92822 93169 970.2 0.944 18,874 0.43444 1.4525 9.0594 99.451 31541 13.38
DP 5 0.63433 A.TAE+DS 1.3141E405 1.3219E405 7001.2 0.93856 24,277 0.49272 1.2874 11,653 87.544 374338 15.117
DP 4 0.63243 4.66E+05 2.3313E405 2.33465E405 13377 0.94267 49,657 0.70467 0.89748 23.835 51029 51765 21.619
DP2 0.63079 4.6126E405 3.2142E405 3.1932E405 18442 0.94179 67,409 0.82103 0.75829 32,35 52.244 60771 25.189
DP 3 0.62985 4.5871E405 3.6276E+05 3.6319E405 20991 0.94198 75,987 0.87742 0.71761 36,954 48.798 64344 26.919
DoP7 0.62824 4.5635E405 4.053TE405 4.0263E405 23323 0.94195 85,488 0.9246 0.67947 41,034 46,204 68346 28.367
DP 10 0.62775 4.5583E405 4, 1418E405 4.1126E405 23851 0.94212 87,668 0.93631 0.67045 42,081 45.591 69112 B.7%
DP& 0.62733 4.5511E405 4. 2404E405 4.2375E405 24593 0.94205 90,134 0.94939 0.68077 43,264 44,932 70117 2.127
DP 14 0.62589 4.5983E405 4.2623E405 4.2016E405 24836 0.94218 91,405 0.95606 0.6557 43.875 44,538 7.0532 29,332
OP8 0.62677 4.5451E405 4.3074E405 4.3504E 405 25140 0.94228 92,674 0.95267 0.65107 44,483 44,273 7.0959 29.535
DP 11 0.62671 4.5969E 405 4.281TE405 4.3279E 405 25015 0.94223 92,155 0.95997 0.65284 44,234 44,393 7.0788 29.452
DP 12 0.62685 4.5453E405 4.2985E405 4.3461E405 25115 0.94232 92,657 0.95259 0.65101 44,475 44,269 7.0926 29.532
DP9 0.6265 4.5443E405 4.327E405 4.3637E405 25221 0.94238 93,145 0.96512 0.64914 44,71 44,142 7.1077 2.61
DP 18 0.62641 4.5431E405 4.3576E+05 4.3808E405 25336 0.9423 93,455 0.95672 0.64797 44,858 44,062 71244 29.659
DP 19 0.62629 4.535E+05 4.4656E+05 4,424 405 25846 0.94055 92,542 0.95199 0.65103 44,42 44.27 7.1961 29.514
Current 0.62522 4.53E+H05 4.6149E405 4.5569E 405 25534 0.94154 96,77 0.98372 0.63558 46,45 43.288 7.3971 320.181
DP 24 0.62522 4.5374E 405 4.4343E405 4,4356E 405 25899 0.94146 94,211 0.97062 0.64517 45,221 43872 7.2048 2.719
DP 25 0.62522 4.537TEH05 4.4398E+05 4.4317E405 25877 0.94142 94,121 0.97016 0.54543 45,178 43,893 7.2039 2.754
DP 26 0.62522 4.5379E+H05 4.434TE+H05 4.4262E 405 25857 0.94119 93,922 0.96913 0.64516 45,082 43.939 7.2104 2.733
DP 27 0.62522 4.537TE+H5 4.439E 405 443149405 25354 0.94159 94,213 0.97064 0.64516 45,222 43.871 7,197 2.719
DP 28 0.62522 4.5368E405 4.485E405 4.4337E 405 25960 0.9405% 92,991 0.965432 0.64939 44,636 44,158 72112 29,585
DP 29 0.62522 4.5369E 05 4.4955E+05 4.4521E405 25000 0.94154 94,647 0.97287 0.64358 45,431 43.77 72167 29.348
DP 30 0.62522 4.5374E 405 4.4356E 405 4,4356E 405 25903 0.9414 94,065 0.95987 0.64557 45,151 43,905 7.2029 2.756
DP 21 0.62509 4.5344E 405 4.5199E405 4.4763E 405 2191 0.94044 93,633 0.95764 0.64703 44,944 43,998 7.2451 29,687
DP 22 0.62502 4.5334E 405 4.554TE+05 4.5281E405 26275 0.94136 95,435 0.97691 0.54082 45,809 43.576 7.2579 2.972
DP 23 0.62505 4.5348E405 4.598E405 4.6183E405 26127 0.94243 95,677 0.98325 0.63573 46,405 43,297 7.23719 30.1686
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The following table showsandidaté 6 geometrical parametric vals@terms efficiency at

different nozzle opening.

Table 5.22imensional values of candidate

its |ms1 x]lpa sl m3saa
DP& 30.68 4,7955E+05 0.07 0.60885 90 10 25 0 kil 25
DP1 3068 4,T959E 405 0.07 0.60885 a0 0 25 80 El 5
oP2 30.68 4,7959E+05 0.07 0.60885 90 30 25 80 30 25
DP 4 30.68 4,7959E 405 0.07 0.50885 90 k! 5 80 kil 5
DP5 30.68 4,7955E+05 0.07 060883 90 0 2 a0 30 25
Curent | 30.68 4,7959E +05 0.07 0.60885 ] 55 2 80 k] 25
DP7 30.68 4,7935E+00 0.07 0.60833 90 a0 2 a0 30 25
0P8 30.68 4, 7959 +05 0.07 0.60885 ] 0 25 80 k] 25
DP 10 30.68 4,7935E+00 0.07 0.60833 90 73 2 a0 30 25
DPil | 30.68 4, 7959 +05 0.07 0.60885 a0 80 2 80 30 25
DP13 30.68 4,7939E+00 0.07 060833 83 a0 2 a0 30 25
P14 | 30.68 4, 7959 +05 0.07 0.60885 80 80 2 80 30 25
DP17 30.68 4.7939E+03 0.07 0.60883 90 83 2 a0 30 25
P18 | 30.68 4, 7959 +05 0.07 0,60885 90 90 2 80 30 25
DP 19 30.68 4.7939E+03 0.07 0.60883 90 100 2 a0 30 25

And its performance determining coefficients are tabulated below
Table 5.23 Qtputpaa met er 6 s resbult of candi
P207 - P206 P208 - P210 - P208 - P221- P143 - P149 - inlet P.151_ P152 - qutlet

Name | hydraulc_effidency © | -Cv | Cc | MNethead | djet cp 7| vout 7| staticpressure " vd':ztw " | totalpresswe

Units kg kg"-1 ms"-1 Pa ms"-1 Pa
DP& 0.28322 0.53218 | 11441 13.702 77,796 0.96748 16,327 4,7525E+05 2.9444 1.2103E+05
OP 1 0.62709 0.79183 | 0.75885 30,338 52,282 0.95156 24,295 4.6529E+05 5.3472 2.8189E+05
OP 2 0.79372 0.89091 | 0.6834 38.4 46,471 0.94862 27,333 4.609E+05 6.1955 3.6198E+05
OP 4 0.84936 0.92161 | 0.66064 41,092 44,923 0.94586 28.275 4,5835E+05 6.518 3.955E+05
DP 5 0.90346 0.95051 | 0.64055 43.71 43,558 0.946593 25.162 4,5703E+05 6.7177 4,1882E+05
Current 0.92429 0.9614 0.63329 4717 43.064 0.94738 29,496 4, 5668E+05 6.7654 4,2543E+05
OP7 0.90658 0.95214 | 0.63545 43.86 43,483 0.94509 29.212 4,5615E+05 6.8455 4, 3104E+05
DOP8 0.857 0.92574 | 0.65769 41,462 44,723 0.94027 28,402 4. 554/EH05 6.9414 4.4019E+05
DP 10 0.73667 0.88694 | 0.68546 38.059 46.679 0.93482 27211 4.554E+05 6.9469 4, 5796E+05
DP 11 0.78092 0.88369 | 0.683%8 37.781 46.851 0.93405 27112 4,5528E+05 6.9624 4,5892E+05
DP 13 0.77828 0.8822 0.69015 37,653 46.93 0.93374 27.066 4,5529E+05 6.9671 4,5937E+05
DP 14 0.77395 0.87974 | 0.69208 37444 47.061 0.93335 26,991 4.5531E+05 6.968 4,592E+05
DP 17 0.77525 0.8804% | 0.69149 37.507 47.022 0.93353 27.013 4,5523E+05 6.9644 4,5943E+05
DP 18 0.77093 0.87802 | 0.69343 37.297 47,153 0.93322 26,938 455226405 6.9611 4.6046E+05
OP 19 0.75398 0.87406 | 0.69558 36.962 47.367 0.93305 26,816 4,552E+05 6.9386 4.6086E+05

Organizing and ordering the values of the coefficiamtable summarized dsllows. These

dat

values are calculated using the formula in chapter three after the actual velocity and pressure

founded in Ansys simulation.
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Table 5.24 ¥lues of coefficient of velocity, contraction, and pressure for the three candidate
points @ different blocking distance.

Closing distance C_w C_c c d
= — ! _ C p
A 0.73 0.84 0.62 097
20 B 0.7 0.8% 0.63 0.94
C 0.7s 077 0.6 0_95
N 0.84 0.73 0.62 097
30 B 0.82 077 0.63 0.9
C 0._8% 0.68 0.6 095
N 0.88 0.6% 0.62 097
38 B 0877 0.71 0.62 0.94
C 0592 0.66 0.6 0_94
N 0.92 066 062 097
50 B 0.95 0.64 0.61 0.94
C 0.95 0.64 0.6 0.94
N 0936 0.66 0.62 097
55 B 0.93 0.67 0.62 0.94
C 0.96 0.63 0.6 0.95
a0 LN 0.93 0.66 0.62 097
B 0.949 0.66 0.62 0.94
C 0.95 0.64 0.6 0.94
N 0._8% 0.6% 0.62 097
70 B 0.962 0.65 0.62 0.94
C 0.52 0.65 0.6 0.94
A 078 0.7 0.62 097
80 B 0983 0.63 062 0_94
C 0.88 0.6% 0.6 0.93

The comparison of the candidate DPs is based on coefficient of velocity, discharge, contraction,
and pressurd.he green, yellow, and red colors indicates the highest, medium and lowest value
respectively.The higher these values the best will be the overall performance of the nozzle.
But it so hard to get all of them higher, that is why optimization needed. Cioylae results
candidate DB has an optimized result having higher importancé&fat closing distance of
80mmBut ¢ G,&ms GCalues are low, medium and mediuvespectivelyThepressure

and velocity distribution are listed on appendix | and J from the result the flowing conclusion

are made.

The pressure contour of the thi2ie (design pointfandidates shows that the pressure is higher

at the inlet of the nozzle amgtting lowe and lower as the crossection is converging.

The velocity distribution is smoothly increasing as the flow gets out of the nozzle in contrary
to the pressure distribution. Looking the velocity tooms, the velocity contour of

U = 8-6 = 2Has a littlebit roughespeciallyat the inlet of the nozzle, which is unwanted.

The following charts shows the relation of nozzle efficientatis pressure, and net head at

different nozzle openings for differespear and nozzle configuration.
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Analyzing the efficieng versus nozzle opening giathe reccolor { o Th) ¢ mdas a

higher efficiency than the other colored curves but looking inlet static pressure curve versus
blocking distance it has the mdsghervalue than the other curves in whaléits nozzle
opening rangeinterms of pressure drop the light daddor { o URJ ¢ v) &urve hasn
advantage over the other curves, but in contrary it has the second lowest value interms of
efficiency in most of nozzle opening range. The blue colotede [ o URJ ¢ ™) sthe

second hosen interms of theressurelropversus blocking distance in most of its entire nozzle
opening range. Interms of efficiency and pressure drop optimization the orange colored curve

is the best optimized one.

5.3 COMPARISON BETWEEN THEBASE LINE DESIGN AT AN ANGLE OF (25, 35)
DEGREESAND OPTIMIZED DESIGN AT ANGLE OF (20, 30)DEGREES

The comparison clearly shows that how the efficiency and performance of the nozzle at
different flow rate are improved. Alifferentseasn the flow rate is not the same, due to this
reason thaimulationshas performed at different flow rate ranging from 0.009 to 0.1 as the

given orreferencdlow rate is 0.07 rfis for each nozzle

Table 5.29nput parameter for reference design of sp@ad nozzle angle (25, 35) degree

respectively
\d_ﬂ:elife;:tﬂl 3 to!al_inletp_ql:g; _pressure MEL IS bulbp_é?;-eter 3 blodd:gl?;s-mnce = spsiff)ﬁﬁet 4 nozﬂ:_lgﬂ'n;awe 3 no;lz;r;g\e 3 5;:;2_- 4 hydr:iﬁn-weter =
vy v e
30.68 4.6992E+05 0.008 85 38 225 120 35 25 0.138
30,68 4, 7022E+05 0.02 85 38 22.5 120 35 25 0,138
30,68 4,7139E+05 0.04 85 38 22.5 120 35 25 0,138
30,58 4.7332E+05 0.06 85 ki 225 120 35 25 0.138
30,58 4. 7433E+05 0.07 83 i} 225 120 ] 25 0.138
30.68 4.7604E+05 0.08 85 38 22,5 120 35 25 0.138
30.68 4.7952E+05 0.1 85 38 225 120 35 25 0.138

Table 5.280utput parameter for reference design of spear and nozzle angle (25, 35)degree

respectively

FER- ) Pz p211

hydrau:?gﬂ_’ldency | FHIESC ff:ﬂ_i b N:tz_ jlfe;d b/ Pdﬁzt_ M| clZiomy ) rmielair smh!etltc b P:I\:'Se:IL::;:iIiI;‘I\!IEt b otlétlt b C- 4 =
pressure pressure =
T e = a1 =

0.77103 0.87308 0.70341 37.303 47.832 0.97384 26,94 4.6043E+05 | 4.3589 3.5767E+05 | 0.61765
0.77154 0.87837 0.70317 37.327 47.8156 0.97384 26,949 4.6073E+05 | 4.3584 3.579E+05 0.61765
0.77345 0.87946 0.70231 37.419 47,757 0.97384 26,982 4.6187E+H)5 | 4.3637 3.5879E+05 | 0.61765
0.77663 0.88127 0.70087 37.573 47.659 0.97384 27.037 4.6377EHD5 | 4.3727 3.6026E+05 | 0.61765
0.7787 0.88244 0.69993 37.673 47,596 0.97384 27.073 4.65E+05 4.3785 3.6122E+05 | 0.61765
0.73109 0.83379 0.69886 37.739 47.523 0.97384 27.115 4.6642E+05 | 4.3852 3.6233E+05 | 0.61765
0.78681 0.88703 0.69632 38.066 47.348 0.97384 27.214 4.6984E+05 | 4.4012 3.0498E+05 | 0.61765

86

Prepared by Sase Negash



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton TurtI 2018

Table 527 Input parameter for optimizedesignby CFD of spear and nozzik an angleof

(20, 30)degresrespectively

P173-

| bub_diameter

HlE=

blocking_distance 4

P173-

= P176 -
spear_filet

nozzle_curvature

P177-

.| pmB-
nozzle_angle

spear_angle

P181-

nozzle_dimater_half 2

P22 -

pressure in

=

ot 5
hydra_dimeter

P13-
V_theoretical

75

80

7

53
4.6992E+05

0.11

30.68

75

80

71

4.6893E+05

0.11

30.68

75

80

71

4. 7022E+)5

0.11

30.68

75

80

7

4.7139E+05

0.11

30,68

75

80

71

4.7332E+05

0.11

30.68

75

80

71

474586 +05

0.11

30,68

75

80

7

4.7604E+05

0.11

30,68

75

80

BlEBE B EBEBEE

71

4.7952E+H)5

0.11

30.68

Table 528 output parameter fooptimizeddesignby CFD of spear and nozzk anangleof

(20, 30) degre=respectively

F206 - FEEE =
F207 - - 06 | pzos-  _ P210-  _ | P208- _ P22s - _ | P225-  _ state total | Pzmi-

hydraulic_eflidency — c_ec Met_head d_jet V_in V_out pressure pressue c_p

94,9149 0.9749249 0.549278 45.559 “43.709 7.r£253 ! Z;r.‘ﬁg 4.“38:'3-'—05 . 525“‘“34—05 Dlgq‘lnﬁq
a4.92 0.97427 | 0.6427% a5.582 43.707 7.227 29.891 4. 4386E 405 4.5267E405 | 0.94154
a4.976 0.97456 | 0.64257 45,588 43.655 72251 29.895 4. 4413E+05 4.5283E405 | 0.94154
a5.15 0.97545 | 0.64198 a5.672 43.655 7.2357 29.927 44535 +05 4.5376E+05 | 0.94154
95.487 0.97717 0.549085 45.8349 43.578 7.2485 29.98 4. 4709E 405 4.5537E405 0.9491549
as5.812 0.97883 | 0.6397% a5.99 43.504 7.2809 30,031 4. 4826E+05 4.5692E405 | 0.94154
o6.024 0.97992 | 0.63505 a6.091 43.456 7. 2689 30,064 4. 4966E +05 4.5793E+05 | 0.94154
95.719 0.983496 0.63675 45.4925 “43.299 F.2952 30.173 4. 5296E+05 4.61249E+4+05 0.949154%

Comparison table and graphmadified design andbase line.

This portion is simulated due to seasovealiation of flow rate even if the given flow rate is

0.07n¥/s it is not constant throughout the year at summer and winter there is a flow rate

variation. The following tablshows thdast optimized nozzle at different flow rate and the

first designed nade without optimization in different flowate. Sinceall of the above

simulation is done by assuming the flow rate is the same for all condition.so now the optimized

nozzle performs a good efficiency at different season as shown in the table.

Table 529 Comparison table for different flow rate conditiat (2Q 30) and (25 35 degres

25-35 degree

Q 20-30 degree(Modified Design by CFD) | (Reference Design)

flow rate(m3/s) Efficiency (%) Efficiency (%)
0.009 85.91400084 70.10323628
0.01 86.92027569 75.10626439

0.02 94.97600909 77.15400639

0.04 95.14984421 77.34493298

0.06 95.48675408 77.66314931

0.07 95.81154814 77.86998244

0.08 96.02367801 78.10865386

0.1 96.7194482 78.68143915
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Flow rate vs efficiency

100 —0— 20-30 degree(Optimized Design k

<) CFD
5 )
> 90
8 25-35 degree (Base line Design)
Q
Qo 80
=
Ll

70

0 0.02 0.04 0.06 0.08 0.1
Flow rate (m”3/s)

Fig 5.31Efficiency vs flow rate for the referendesign and modified(improved) design

5.4STRESS ANALYSIS ANDSTRUCTURAL SIMMULATION
5.41 STRESS ANALYSIS OF NOZZLE

Al
¢3 ™ T O

7EAOA T ET EIxNDEEA EI@BOUUIT A

O o

0 ET OABDOAMAGEIAUINTI A OOOAIN EAEGAOEAI

The material selected is 13Cr 4Ni stainless steel (martensitic, its yield strength is
3 putT-)0!

Then we have the design strength T ¢3 T Epuv T p g 0 O

The total head is the summation of gross and surge head:

O O O umppd podw

The maximum pressure at which the nozzle subjected is therefore:

0Q02" "Q p oaP wwd) i T pHO OO

Al ™% X

°© 0 FTTm m o lomrm @

0 '@ £ 110D BN

ca a
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5.4.2 STRUCTURAL ANALYSIS OF NOZZLE USING ANSYS SOFTWARE

Structural analysis of nozzle using Ansys software for its stress, deformation, and safety
factor is that to prove that the analytical design safe i.e. the selected material and its safety
factor are goodr not in handling the flow. The following table shows the engineering data of

material of nozz|¢40]

Table 5.8 Engineering data for nozzle material

QOutline of Schematic A2: Engineering Data

3Cr 4ni stainless steel

A B C
1 Property Value Unit |
2 T4 Density 7350 kg m~-3 =l
3 % Isotropic Secant Coefficient of Thermal Expansion
& |@ T4 Isotropic Elasticty
7 Derive from Young's Modulus and Po... ;I
8 Young's Modulus 2E+11 Pa =
9 Poisson's Ratio 0.3
10 Bulk Modulus 1.6667E+11 Fa
11 Shear Modulus 7.6923E+10 Pa
12 El Alternating Stress Mean Stress E5 Tabular
16 El Strain-Life Parameters
24 T4 Tensile vield Strength 154 MPa =
25 T4 Compressive Yield Strength 154 MPa =
26 7] Fersie Ulimate Strength 4,6E+08 Pa =]
) Ta compressiveUtimate Srengia 0 Pa =]
SENLE I
L WEEEANNAE!
E |I I ‘& -LUA_}f:' i JIRESRA
Fig 5.17Mesh style used in discretization of nozzle
Table5.31 Result verificaton of mesh refinement
P13 -Mesh ; P14-Totdl
; P17 - Mesh Min L P12 - Mesh Max P11 -Mesh P16 - Equivalent . P15 - Safety Factor . | P10 -Mesh
PI3-Presare Magitde = | °° T v | PodmityMn Y e e T | ks T SressManum T | DEomaion T T PO S e
Size Maximum
MPa j mm j mm j mm j mm j MPa mm
16 01 01 15 15 2207 0017562 3.647 0.37213 0.78223
16 7 ] 10 12 42,988 0.017786 3.5824 044852 073561
18 13 bl 20 i 42322 00176571 3.6388 0.53102 085202
18 5 45 5 5 42.39% 0.017578 36324 0.89242 099185
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Looking at table 5.31as the mesh refined the stress, deformation and factor of safety are not

changing that much.

The factor of safety is therefore 3.6 we can say that the nozzle is safe against internal pressure

that will devebp during the operation.

0.00 S0.00 100.00 (mm) 00 50.00 100.00 (rnem)
L — S— | S— S
2500 75.00 25.00 75.00

G Print Preview, Preview, Print Preview, Preview,

Fig 5.18Equivalent von miss stress and deformation contour of nozzle

The stress and deformation distribution is higher at the inlet periphery of the nozzle and they

are decreasing to the exit periphery of the nozzle.

S¢:
0.00 50.00 100.00 {ram)
[ S S
25.00 75.00

y A Print Preview » Report Preview /. |

Fig 5.19Safety factor distribution of nozzle

The safety factor distribution along the axis of the nozzle is increasing from 3.6 to 15 where
the minimum safety around the inlet periphery of the nozzle and maximum at the exit periphery.

5.43 STRESS ANALYSIS OF SPAR ROD

The needle will be constantly under tension because the rod diameter is smaller than the

diameter of the nozzle outlet diameter

90
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A A xEARAEDI UDOAKREAT ADAOOIAEAT AOGAO
The maximum stress developed on the needle is esdclby:

3 ( A A &
M - T
A

A TBLO Y T8O G o
3 wwE) p o wp - T @@ DA

The stress must be less than 66% of the yield stress of the material that | have used. Stainless
steel is recommended because the needle is submerged dimetheThen AISI 1006
(Martensitic hot rolled Steé¥ ¢ x 00 §, were used which yield stress is much higher, but is

selected its corrosion resistance properties

Table 5.32Property of hot rolled and cold rollethaterial [46]

=2 3 4 5

Tensile Tield

SAE and/or Proces- Strength, Strength,

UNS No. AISI No. sing MPa (kpsi) MPa (kpsi)
1 O0S0 100&E HR 300 (43) 170 (24)
D 330 (48) 280 (41)
S1TO100 1010 HR 320 (47) 180 (248)
D 370 (53) 300 (44)

S1O1 50 1015 HR 340 (50) 190 (27.5)
D 3290 (5&8) 320 (47)
S1O180 1O18 HE A0 [(58) 220 |32)
D AAC () 370 |54)

The maximum force applieo the needle shaft when regulating the needle at the turbine inlet

will be:

A 3 ® @
AZTBLO &
T T

& A

o Xt .

Safety factor check of the needle shaft for Axial stress that resist for crushing

DO QI "DOFRNOQ X @D Y T YO T GEp X TP p&O OO

The yield strength of the material .is higher
Therefore t e needle valve is safe

BUCKLING CHECK :-Checking for buckling the spear rod: critical slenderness ratio is

calculated by:

| CA # %

E 3U e
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~z 7 Z A oz o~z

e o s ODAANMREAT AOKEO .
E OAAEZDOAOEH— = POl

=

, , CAN#% QAN ZPpEZQMYX TMTITIT .
E E 3U DX T o8

AERAQGEITANT CEER BAAPEHGFCMEAT BQABEAQ

=  po@hl P QIE po@d pol I ¢xi

5.44 STRUCTURAL ANALYSIS OF SPEAR USING ANSYS

5
\Zo X
0.00 500.00 1000.00 {mm)
250.00 750.00

Fig 5.20Safety factodistribution along the rod length for static(crushing) at critical length

0.00061562 Min

0.00 500.00 1000.00 {mrm)
250.00 750.00

Fig 5.21Sress distribution along rod length

92
Prepared by Sase Negash



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Turt| 2018

0 Min

0.00 500.00 1000.00 {mrm)
N .
250.00 750.00

Fig 5.22Total deformation along the rod axis

-0.0081567
-0.010493 Min

1000.00 (mm) /k
z X

Fig 5.23 Buckling deformation along rod axis at load multiplier of 0.944

As proved ly the ansys simmulation shown in the above picture the safety factor is 0.9445 at
a length of 2.7m and therfore the length of the spear to be manufactured should be less than
2.7m.becuase when | design analiticaly | used slender ness ratio which isi¢hklerigth is

a QO & QN 6 adxé.7m.the safty factor at that critical point idflwe use less than 2.7m

we are safe

From the structural analysis the designed spear is safe because the minimum safety factor in
the simmulation is @.55,because the stress developed on the spear and the selected material
of the spear are related by safety factor.
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5.45 DEFLECTOR DESIGN

100.00 (mm)

75.00

Fig 5.24 3D model of deflector

Deflectors have the function of diverting the water flow or part of it between the nozzle and
the runner in such a way that it does not hit the buckets. These may be used for an emergency
stop or to regulate the turbine

If the power has to be reduced quickhe governor moves the jet deflector into the jet, thus
diverting part of the water from the buckets and reducing the power transferred to the runner.
The governor then adjusts the discharge by slowly moving the needle. Meanwhile the deflector

is gradwally withdrawn.

Instead of a costly regulating mechanism with needle and spear it is often easier and cheaper
to regulate the turbine with a jet deflector. If the necessary quantity of water is always available,
this method has also other advantages. mkgoation with a slow closing, hand operated
penstock valve the allowable pressure of the penstock pipe would not be much higher than the

static head because no water hammer effextgid, 3]
5.4.6THE HYDRO-DYNAMIC FORCE IN EACH DEFLECTOR

The followingfigure shows that Ris the total length of the deflacttirat is the torque acting
on the deflactor and is the radius at which the pivot is applied andsFhydrodynamidorce
on thedeflactor[2].

"z 2@ WWRP TBIE o BOU
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4 A O AEDAK®H O

Fd AEAOMRE! odzpgip OFT2 O
p®» wOr2 O
b
3 The bending moment actiram the deflector
SR VS PRSP 1S SUURR 0 S VO arm given as:

Rd
N
@)

Yo p®d w—
p U b &

The moment required acting on the deflector

arm given as:
v "Yz'O

Fig 5.25Hydrodynamic force acting Where"O "Qfriction factor acted upon by
on the deflactor bearings ¢ 1.2)

The required force in each deflector isg4 428& pudEPR
given as: pwOY 8 Where
& & O &GFE2 O OEDI I AAGET

5.47 DESIGN THE DEFLECTOR FOR THE BENDING STRESS DUE TO THE WATER
JETFORCE CREATED ON THE DEFLECTOR

ZOE? EADAOAATT A Al BT AO@EAROTCRA @ HHERAMA OT O

The second moment of inertia for hollow tube with circular esestion would be:

Wherel "QE 0 0 i G Qod @EHE (IQQIQE & @I 10d @QO |
i 1 o

Where t is théhickness of the deflector

O
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When designing the crosection of the deflector must be large enough to deflect the whole

water jet. This means the inner radius must be greater than the water jet radius.

Materid Fe E220 is used recommerdas per IS: 1871(Part4)987. The data table is put on
appendixC attable 5.38

&AADE@E@DNIO&!OE%A BOAOCOBROGREED A AGADOO
- T @ TECCIPT TOPHOI o0 |

4 z0 pwOY O O

oo i 0 i

T T

Rearranging the terms for moment arm:

TOopHOL o |
£

As the moment arm varies the torque needed to deflect the water jet also varies so the optimum
moment arm has to be set regarding the available space andttreal cost needed due to the
change in moment arm. The following table shows the relation of the momefl,asafety

factor, internal diameter and thickness of the deflector, and torque required to deflect the water

Table 5.33The torquerequirement versus moment arm interms of safety factor and thickness

n = %mm) t(mm) g (mm) Ty = 1.908ryg(N.m)
1 27.2 2 91 174

2 27.2 3 81 154
26 272 3 70 133
2.5 272 4 86 164
2.5 27.2 5 99 189

"0t d od Ghi ¢ gaai x @ ah
EOET OQOE qADHE RoG&E 1 QI A QOO QL QA ®
5.48. ANALYSIS OF DEFLECTOR USING ANSYS SOFTWARE

Thedesgn is safe as shown in the simulated figure the minimum safety factor is 2.67
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100.00 {mm)

Fig 5.26 Deflector safety factor using Ansys

5.4.9 DEFORMATION OF DEFLECTOR AND STRESS ANALYSIS

From the relation of safety factor and stress 2 the maximum stress that the

selected material with stand loads up to 72MPa at safety fact@rafs2mulation
(numerical analysis) and analytical solution is very much nearest eaclsotihés best and

safe design.

The following two figures shwes the deformation and stress respectively.

100.00 {rmm)

Fig 5.27 Total deformation ofleflector
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63.581 Max
56.518
40.456
42.303

35.33

28.267
21.204
14.142
7.0789
0.016132 Min

100.00 {ram)

Fig 5.28 Equivalent(von mises) stress déflector

5.4.10.DESIGN OF CIRCULAR FLANGED PIPE JOINT

by Flange e
T __.——F__::_‘ Pipe ' - _{_T_} |
| Vo W P T .
Dy g “'/—ﬂ f —T—'\i—,,n’f_ﬁ;_.__‘,q_.__-‘
R ] P . 1 "
i r A, \
-—y -0 __{D.____'____ L
i : s ' L ¥ i
LR = ) ] - p
{ t—j | o EE}'__://IP' |

Packing

La} i)
Fig 5.29 Circular flangedpipejoint [46]

Consider a circular flanged pipe joint as shown irufégs.30 In designing such joints, it is
assumed that the fluid pressure acts in between the flanges and tends to separate them with a
pressure existing at the point of leaking. The bolts are reciaitaite up tensile stress in order

to keep the flanges together.

The effective diameter on which the fluid pressure acts, just at the point of leaking, is the
diameter of a circle touching the bolt holes. Let this diameter.dEA is the diameter of bb

hole and$ is the pitch circle diameter, thén $ A

4 EAROAEEIGBUED D AOBRAE AWEAR /T—\$ 20

Leti . Of AIR&I hOO

A Al AEAT R@EA MG@E0 AOI E OOBAIGEIAA O AIOEBM BOO
4 E A O AR GCEACGOAA AMBEATT Gh-OF0 24K 21

The thickness of the flange is obtained by considering a segment of the flange as in fig.
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The bending moment is taken about the sectiof, ¥hich is tangential to the outside of the

pipe. Let the widtlof the segment i®and the distance of this section from the center of the
bolt isUTherefore bending moment on each bolt due to the &tce UANd resisting moment

onthe flangef z: Wherek AAT AIE® KT OBDAIGEA Al EAADEAI
OAADEITAIOT EBROT GOA A O HEEHR Al %2/3@2 o

The pipes may be strengthened by providing greater thickness near the flanges ¢egual to
The flange may be strengthened by providing ribs equal to thickhésstf)/2

The flange mateai is cast iror® Z— #HOEQRATIC# according to Weisb

given in the following table.
Table 5.34\eisbackconstan{46].

Mearerial Clast iromn Mild sreel Zinc and Lead
Copper

Constant (C) in mmn 9 3 4 5

Allowable tensile stress will be:

A pt1- AAAOIOERA M Aol ThEIAABOIT 1

ATSET OA/OE MITA @EIAI Upt AT i

Other dimensions of a flanged joint for a cast iron pipe may be fixed as follows:

Nozzle thickness) oa &

Nominal diameter of boltéA T v Cp i | poi DT AEGRERAI EIA@BIT T £

A Mo pnii pol it é€®d00OQNAEDMmMended by design considerations

the bolt nominal diameter s never be less than 16mm so in my case 13mm. therefore the

nominal diameter for my design of flange joint is 16mm

Number of bolts] m8t¢ x v $& T8I P T cp®p LVBOAQAT 1 OO
Thickness of flanged p® Oocl | p®zo ol | x® 1 I

Width of flangdl’ ¢& A ¢c®zp @ o@ i 1OAdX | |

Outside diameter of flangk, $ ¢ Oc¢" pt1¢gzo czox pyul i
Pitch circle diameter of bolts,

$ $ c¢OgApqgliiprggzo ¢czpo pg pwci i
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Thecircumferential pitch of theolts is given byd -$ -zpwg ol |

In order to make the joint legkroof, the value 0® should be betweeq A ando TA .

, AGDOAEAM A o po o p @l ISince the circumferentiapitch as obtained
above (i.e. 8) iswithing TA Y 1oc mMA  p ¢ stherefore the design is satisfactory.

5.5 THE PRESSURE AND VELOCITY CONTOUR OF THE INTEGRATED NOZZLE
DISTRIBUTER ANSYS SIMULATION RESULT

The pressure is very high at the inlet of the distributer while the velocity is very lowiriethe

The reverse is true at the exit of the nozzle the pressure is almost negligible while the velocity
is very highi.e. the potential energy at the nozzle exit is converted to kinetic energy. The

following simulation result clearly shows this fact.

Tale 535 Theresult of integrated nozzldistributer

P #9-tota P15~ tota
P8 -Mesh PS5 -Mesh PG -Mesh P11- P12- P14-total
e 'ﬁ' T aese T Bements | tedes | PR T vietlwer 7| vietipe 7| preswelower T | PESRIE T
Units Pa | msA-1 ms1 Pa Pa
Cmenl' | 0.18202 | 0.89734 5,027 +05 | L50SE+05 :EE"_OL 29.553 2.025 4.7518E+05 4.757EHS

5.5.1 The Pressure Contour of the Integrated NeRi&ibuter Design.

As it can be seen from the following figure the pressure is very high throughout the cross
section (4.7% 10° pa) and at the exit the pressure energy converted to kinetic esteagyhe

exit pressure is almost zero.

Y
.
¥

Dec 30, 2017
ANSYE FLUENT 14.0 (3d, dp, pbno, ohw)

Fig 5.30The pressure contour of the integrated notdistributergeometry

5.5.2 The velocity contour of the integrated noafilributer
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Thevelocity is very low except at the nozzle exit which is around 30m/s as it isdisteud
velocity legend bar.at the split angle the velocity is below 3m/s i.e between Om/s to 3m/s.

Dec 30, 2017
ANSYE FLUENT 14.0 (34, dp, pbno, Shw)

Fig 5.31Thevelocitycontour of the integrated nozaldistributer.
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION

6.1 CONCLUSION.

The objective of the study was to optimize efficiency of nozzle and distributer by varying their
corresponding parameters. Accordingly design analysis and simulations were made for each of
the following nozzle parameters:nozzle angle, spear angle, spé#et radius, blocking
distance, nozzle diameter, bulb radius, nozzle curvature, and spear radius. The numerical values
obtained from the resulting analysis shows the insignificance of those parameters but, blocking
distance, nozzle angle and nozzle deééen. So due to their significance, blocking distance,
nozzle angle, and nozzle diameter were the main concerns of this study in optimizing nozzle
efficiency. And then further investigation was made on blocking distance, nozzle diameter,

nozzle angle, anspear angle to be analyzed for best flow pattern and less head loss.

To optimize the distributers; split angle, bending radius, length of the distributer and their
diameters were essential parameters to select minimum head loss and maximum efficiency.
The bending radius from 200mm to 300mm , the diameter from 142mm to 170mm and the
splitting angle from O degree to 70 degree variatrasused to meet the turbine blade properly
which is by using 400mmpitch circle diameter of the runnéWhenthe length othe distributer
increase the head loss increase due tq thies effectof length has been considered in

minimizing the headbss.

The results obtained from the study shows that increasing the pipe diameter of distributer
results in the reduction of helbs. However, since the optimal diameter is 142 damto its

high total gaug@ressurefurther increment in pipe diameter causes the fall irtdted gauge
pressureat the inletof nozzle because the exit of the distributethe inlet for the noze.

Total gaugepressurenlet wasused due to hydraulic energy at the inlet of the distribarter
nozzledue toeffect ofheadand flow rateMoreover, an increase in diameter of the distributer

for specified flow rate has decreased total gauge preastive nozzle inlet which in turn leads

to high head loss and decreased nozzle efficieiel.continual increment in pipe diameter
causes the rise in cost of pipe tdbe distributeat 300mm bending radius, 70 degree splitting
angle 1m and 1.2 m lenfgtof lower and upper distributer respectivelgd 142mndistributer

diameter isselected asptimal design and simulation resuttsthe investigation
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For the design and simulation of nozzle, a jet diameter of 54.4mm, flow rate of*G: Bird

the ptal head of 50mvastaken. The nozzle angle of (3®) in degree and the spear angle of
(20-25) in degreavasfed to Ansysandthen it generates 82 samples. So, the effect of each
angle in the rangevasanalyzed on the performance and efficiency of the nozzle and spear
alignment inthe parameter correlation subpart of Ansaftware. The value obtained from

Ansys parameter correlation depicts that nozzle angle of 30 degree and spear angle of 20 degree
is where maximum efficiency and performance is obtained.

Then further simulatiomwas done bysing tiree candidates obzzle andgpearangle i.e. (25

35), 20, 30) and (25 30) in degree are used with var@t of blocking distance from {93)

mm and nozle diameter 142 mm to 160mm and finally nozzle and spear angl8@28at a

blocking distancef 80mm with 142 mm nozzle diameter achidvezzle efficiency of 96.8%.

The critical and notable factéwrm the simulation of the nozzle was as it caisd® from the
studywasthe nozzle angle and nozzle efficiency. i.e. As the nozzle angle increases the nozzle

efficiency decreases due to back flow at the exit of the nozzle when the con angle is very high.

Since flow rate varies seasonally, its range f@binto 0.009 s were analyzed. And then the
optimized nozzle performs well at various values of flow rate compared to the baseline design.
After both nozzle and distributer were optimized separately, they were integrated and simulated
to compare their aoesponding results. The result obtained shows the additive values of head
loss obtained from nozzle and distributer equals to the head loss in their intedrasiiy
structural simulation of each components amalywed and as the result showi the
mechanical componentgereenough to handle the fluitbw through eacltomponentith
enoughsafety factorAfter the whole simulatiomasconductedthe best optimizedesign and
simulation geometry of the distributer and the nozzle componevese prepared for
manufacturing and each of the componevesedrawn in detail
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6.2. RECOMMENDATION
6.21 Recommendation
For further investigation and fulfilling this micro hydro pelton turbine project in generating
electric power for off grid area the followimgcommendationare very important for future
work.

1 As thedesign,fluid flow simulation, structurasimulation and the manufacturing drawing
are completed here the next recommendation will be manufacturing cf@aglonents, as
the details othemanufacturing drawing specification and design parameters.

9 During load variation there is damage on the mechanical @aoemisso there must be
automatic controlling unit to control the load variatian servomotor

1 Lastly it is recommended to prepameni manual taperateproperlythe micro hydro pelton

turbine.

Prepared by Sase Negash 104



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur

REFERENCE

[1] Aung Kyaw Minn, Htay Win and Nyein Ay8an internationgburnal of scientificDesign
of 225kW PeltonTurbine Mandalaytechnological University/ol.03, Issue.24September
2014, Pagest8364842

[2] Bilal Abdullah Nasir international journal of (ijeeDesign of high efficiency pelton turbine

for micro hydro power Planfolume 4, Issue 1, Januatyebruary (2013), pp. 17183

[3] Abhishek Sharma, Vishnu Prashad and Anil Kumar Numerical Simulation of Pelton
Turbine Nozzle for Different Shapes of Spktaulana Azad National Institutef Technology,
Bhopal (India)Received: November 09, 2010; Accepted: December 11, 2010)

[4] Michele MannoHydraulic Turbines and Hydroelectric Power PlanBepartment of
Industrial Engineering University of Rome «Tor Vergata2/05/2013

[6] Vishal Gupta, Dr. Vishnu Prasad and Dr. Rukhiare Effectof Jet Shape on Flow and
Torque Characteristics of Pelton Turbine Runk@t. 4, Issue ersionl), January 2014.

[7] Mario Peron, Etienne Parkinson, Lothar Geppert and Thomas Shawlolitance of jet
guality on pelton efficiency and cavitatid®@®081 milano 3rd-6th September International
Conference on Hydraulic Efficiency Measurements

[8] Mesa associates, Oak ridge national laboratorytife U.S. department of ener@est
Practice Catalo@eltonTurbine on07/24/2012

[9] Aravinda/l kottasamyesign and fabrication of laboratory scale mikyalropelton turbine
Mechanical Engineering Univeity Malaysia Pahang NOVEMBER 2010

[10] Deepak Bisenl, Prof. Sunil Shukla and PiK.Sharma Optimizatioand Simulation of
Hydro-Turbine Nozzle in Based on Ansys Analysis International Journal of Advance
Engineering and Research Developniéolume 1)ssue 10, Octobe2014

[11] M. M. Alnakhlani, Mukhtar, D. A. Himawanto, A. Alkurtehil & D. Danardofiect of

the Bucket and Nozzle Dimension on the Performance of a Pelton Water Turbine Mechanical
Engineering Department, Sebelas Maret University, Sulakiaxdonesia November 18, 2014
[12] J. Vesely and M. VarneA Case Study ofupgradingof 62.5MW Pelton Turbine
mechanical Engineering a.s., Czech Republic

[13]Water for agriculture and energy in Africa ministerial conference on water for agriculture
and eergy inAfrica: the challenges of climate change: Sirte, Libyan Arab Jamahamgal5
17 December 2008

Prepared by Sase Negash 105



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur

[14] Micro Hydro Power Resource Assessment Handbook Prepared for Asian and Pacific
Centre for Transfer of Technologythe United Nation$ Economic and Social; Commission
for Asia and the Pacific (ESCAP); By Dilip Singh; September 2009

[15] Dr. M.N. Shesha Prakash, Professor, J.N.N. College of Engineering, Shimoga Hydraulics
and Hydraulic Machines

[16] Takashi Kubota anditomi kawekami Observation of jet interference #N6zzle pelton

turbine modernization of large Kaplan runner (updating of U.S wells hydroelectric project)

[17] CavaddPortugal English electric and BersinBanadalknglish electric ) impulse turbine

pelton wheel

[18] Bilal Abdullah NasirDesign of Micro- Hydro - Electric Power Statiorinternational
Journal of Engineering and Advanced Technology (IJEAT) ISSN: 228958, Volume2,
Issue5, June 2013

[19] Zh. Zhang Pelton Turbines Swiss Federal Institute of Technology in Zurich Switzerland
January 2016

[20] Prof. Q.H. Nagpurwala hydraulic turbine ppt

[21] Reiner Mack, Bartlomiej Gola, Martin Smertnig, Bernhard Wittwer and Peter Meusburger
Modernization of vertical Pelton turbines with the Help of CFD and moaléP/04/201622]
Mohammed Taih Gatte and Rasim Azeez KadHydro Power project

[22] M. Sahu, Kishanjit Kumar Khatua, Kanhu Charan Patra, and T. Naik developed laminar

flow in pipe using computational Fluid dynamiRsurkela India February 2009

[23] E HernandeDesign and construction of an impulse turtfih@rida, Colombia November
2013

[24] PhoevosCharalampos K. Koukouvingevelopment of a meshfree particle method for the
simulation of steady and unsteady free surface flows: application and validation of the method
on impulse hydraulic turbineblational Technical University of AtherSchool of Mechanical
Engineeringluly 2012

[25] Muh. Anis Mustaghfirin, Akio Miyara, Azridjal Aziz and Fumiagugino; Uniformityof
Two-phase Flow Distribution in Curved Round Distributbepartment of Mechanical
Engineering, Saga Universitpl.33 012)

[26] Amod Panthee, Hari Praséttopane an®hola Thapa CFD Analysis of Pelt&unner
Internationallournal of Scientific and Research Publications, Volume 4, Issue 8, August 2014

Prepared by Sase Negash 106



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur

[27] Professor Arn&jglle HYDROPOWERIN NORWAY NorwegianUniversity of Science
and Technology December 2001

[28] Dilip Singh Micro Hydro Power Resource Assessment Handbook Asian and Pacific
Centre for Transfer of Technology Of the United Natibiisconomic and Social Commission
for Asia and the PacifiSeptembe 2009

[29] M V Subbarao Professor Mechanical Engineering Depart@Ebt Analysis of Free Jets

& Flows In Air Nozzles & Jets for Pelton Wheels 2009

[30] Faiz Ahmed Meeran, Muhammad Arslan, Ali Raza Mansha and Aamir £8gidn and
Optimization ofPelton Wheel Turbine for Tubeell international journal of multidisciplinary
sciences and engineering, vol. 6, no. 9, September 2015
[32]http'www.codecogs.compagescatgem@dtegoryengineerindluid mechanicpipeshead

loss

[33] Trainers Textboolsmal Hydro Power (SHP) Modul®linistry of New and Renewable
Energy Government of India

[34] Prof. J:L. KUENY Objectives for Small Hydrotechnology Institute national
polytechnique deGrenobleecole nationale supérieur@d@dhy dr aul i que et de
grenoble

[35] Professor Maarten J. Kampeesign and implementation of a lawest grid connected
10kw hydropower systenMarch 2010

[36] A. Carvalho Quintel&uideline for Design of small hydropower pladtdy 1999.

[37] andreas von flotow micrdnydro penstock design oregon state university me 406:
independent projects june 2, 2012

[38] Fluent User Services Centsww.fluentusers.com

[39]Markus Eisenring harnessing water power on small scale sermgcaf hydro pelton
turbine hand book manual volume 9

[40] Tilahun Nigussie micro hydro pelton turbine design and manufacturing PHD Research at
Addis Ababa institute ofechnology 2016

[41] Aldo Cateni, Livio Magri and Gianalberto Gre@ptimization of hydo power plants
performance Importance of rehabilitation and mainten&umnomics of Efficiency Testing

and Monitoring 7th International Conference on Hydraulic Efficiency Measurements,
September 3réth 2008, Milan, Italy

[42] Matthew Gass, and Hetch HetcModification of Nozzlesfor the Improvementof

Efficiency of Pelton Type Turbine®loccasin Ca USAR002

Prepared by Sase Negash 107


http://www.fluentusers.com/

Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Tur 2018

[43] Fluid Mechanics and Thermodynamics of Turbomachi&exyh Edition2010S.L.
Dixon, andC.A. Hall.
[44] Akhilesh Arvind Nimje and Gopal DhanjodReco-Hydro-Plant for Small Scale Power

Generation in Remote Villagéssue 1 Ver. Il (Jan. 2015), PP-69

[45] Bryan Patrick HeYan Design of a Low Head Pico Hydro Turbine for Rural Electrification
in Camerooruniversity of Guelph, Ontario, Canada April, 2012

[46]R.S. KHURMI and J.K. GUPTAext book of machine design fourteenth edition 2005

Prepared by Sase Negash 108



Design And Simulation Of The Distributer And Nozzle Of A Micro Hydro Pelton Turt| 2018

APPENDICES
APPENDIX A: MANUFACTURING DRAWINGS OF THE COMPONENTS
l. Nozzle
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ll.  Spear
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[ll.  Stator guide
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V.

Bifurcation

I. upperbifurcation

All dimensions are in mm
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ii. Lower bifurcation
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V.  Straight Bifurcation

I. upperStraight Bifurcation
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All dimensions are AMTT
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il. Lowerstraight Bifurcation
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VI.  Nozzle packing box
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VII.  Three junctiordistributer
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VIII. Deflector
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IX.

Assembly drawing.

| G
Sase Negash

Part Mo/Part Name Dimension Qty
1 Spear 132X2700 2
2 Nozzle MEBXD142X97 52
3 Stator Guide [F142X130 2
4 Bifurcation M142XR300 2
5 MNozzle Packing Box?120%85 2
6 straight bifurcation 0142X316 2
7 Penstock 1266 1
all gimensions are in mn AAIT
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APPENDIX B: MOODY CHART

Friction factor as a function c={ o 2nd" T for round pipesthe Moody chart
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APPENDIXC- DATA TABLES FOR DIFFERENTDESIGN

Table 3.1 @mparison of penstock mater{@5]

Charactersticks Steel Unplasticized Poly Vinyl High-density Polyethlene
of commom pipe i
cholride Upwo (HDPE)
material
Cost Expensive Cheapest Cheap
Friction It has moderat resistance Low resistance to flow Low resistance to flow
Sunlight Susceptible to sunlight Dieteriorates when subjected Suscpectible to sunlight
to sunlight
Corrosion Does corrode Good resistance to corrosion Good resistance to corrosion
Weight Heanw Light Light
Mlax. pressure 189 9barr 25 bar 25 barr
Miax diameter GO0mm F00mm 1000
Joining Mhioderat pipes are either Easvy, features a spigot and Difficult, different pipes |
welded or bolted together | socket joimt: need to be welded together
Fragile Wery resistance to Wery fragile specially at low Less fragile than Upwe
damage tempratures
Expansition and Little About ten times more than About ten times more than
contracticn steel steel

Table 3.2Nominal steel pipe size as peSTMfrom

U.S./IMETRIC
SCHEDULE

DESIGNATIONS
=4 .625 sSTD 40 40s 0.342 8.69 33.94 50.54 8.241 227.12
22S 2445 xXs 80 80Ss O.500 12.70 a8.77 72.60 8.625 21<.10
XX 0.875 2223 81.85 121.85 7.875 200.049
10 10.750 5s O.134 3.40 15.21 22.61 10.482 266.20
250 273.0 10s 0.165 4.9 18.67 27.78 10.420 264.62
o.188 4.78 21.23 31.62 10.374 263.449
20 0.250 &6.35 28.06 41.76 10.250 260.30
30 0.307 7.80 34.27 51.01 10.136 257.40
STD 40 40s 0.365 27 40.52 S50.29 10.020 254 46
xXs &0 80s O.500 12.70 54.79 81.53 .750 247 .60
80 O.594 15.09 54.49 °5.98 .562 242.82
100 oO.71<9 18.26 77.10 11471 @.312 236.48
120 O.844 21.449 8<9.38 133.01 .062 230.12
140 XX 1.000 25.40 104.23 155.10 8.750 222.20
160 1.125 28.58 115.75 17227 8.500 215.849
11 11.750 STD 40 40s 0.375 S.S3 a45.60 &57.2921 11.000 279.4a4a
27S 298.5 xXs 80 80s O.500 12.70 S&0.13 89.51 10.750 273.10
XX 0.875 2223 101.72 151.46 10.000 254.049

Table 3.3Roughness value for different material tyj38]

Pipe material Roughness,_ =)
Cast 1romn O 2

Commercial steel and wrought o _O45

iron

Concrete O 32-3 0

IDraswra tubi_tlg O O001LsS

Galvanized iron o 15

Plastic. (and slass) O.O(smoothy
Riveted steel O 99 O
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Table 3.4Flow RegimeVs Reynolds N[38]

Reyvnolds no

Flow regime

Y+ (first cell height)

Re = 2000

Laminar

Y+= Pipe radius /38

2000 = Re = 15000

treatment

Turbulent. enhanced wall

Y+ <5

Re = 15000

function

Turbulant, standard wall

Y+ = 30

Table 5.38 Indiarstandard designation of steel according to I1S: 1570(part 1)
1978(reaffirmed 1993)

IS - 1570 (Part D-1978 (Reaffirmed 1993).

Indian standard Tensile Yield stress Adirrirrivarn Uses as per IS - IS71 (Part I))— 1987
designation strengih (ALinirrtaerrs) percentage (Reaffirmed 1993)
(AdLirzirrzearn) Nrrrrn~ elongation
Nrrarre”
Fe 290 290 170 7 It is used for plain drawn or enamelled
Fe E 220 290 220 > parts, tubes f:or oil well casing, steam,
= = SS3 = water and air passage., cycle. motor
cycle and automobile tubes, rivet bars
and wire.
Fe 310 310 180 26 These steels are used for locomotive
Fe E 230 310 230 26 ca:‘i:lics and carlslms?lurcr't. screw stock
= and other general engineering purposes.
Fe 330 330 200 26
Fe E 250 330 250 26

APPENDIXD- Ansys simulation resutablefor distributer type 4 at different diameter

At D=

142mm

P132-
P223- 5 5 P128- P128 - static P130 - static
pressure in prlowa' pr upper = - pper pressure in lower upper LPper
kgs*-1 j Pa j m*3s"-1 Pa Pa mat-1 msh-1 msh-1 Pa Pa Pa mA3sh-1 m*3sh-1
69.874 4.7692E405 0.14 10952 10857 2.5193 4.6473 4.7104 4.7375E+05 4.6423E+05 4.6363E+05 0.07 .07
At D=150mm
P246 - P24 - P250 - P253-
P247 - mass total P243 - static static P251 - static total P252 - total : P255 -
outflow Dres... d_hyd pressure pressure Pressure Upper pressure ¥ pressure lower " J| P2V |~ V_lower | P2s6-Vupper
in in lower upper
kgs-1 j Pa j m j Pa Pa Pa Pa Pa mg#-1 mg*-1 mg*-1
69.874 470926405 0.118 4737405 | 460036405 | 4.6607E+D3 4.7434E+00 4.74E+05 2.5206 41240 41539
At D=160mm
P231- P235 - P240 -
p232- total Pass-stabe | AR smse | eamev _opamev o P2RC 0 poatdyemic | | dynamic
outflow mass pressure pressure lower esss..re n pressure upper lower -vin eyssna..r:ch pressure lower pressure
in H upper H upper
kgs”-1 j Pa j Pa Pa Pa ms"-1 ms"-1 ms"-1 Pa Pa Pa
69.874 476926405 | 4.5904E+05 4.7374E405 4,6859E405 | 3.6422 3.6276 2.5209 3178 6734.3 6713.1
At D=170mm
P296 - P27 -
p294 - . . ) p301
P293 - total | L g static static P238 - static = P29g- | P300- =
pressure in a55 d_hyd pressure pressure pressure upper V_upper V_lower .
outflow : V_in
in lower =
Pa j kg s~-1 j m d Pa Pa Pa ms*-1 ms*-1 ms"™-1
4,7892E+05 69.874 0,133 4.7374E+05 | 4.7074E+05 | 4.7034E+05 3.2485 3.2489 2.524
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Appendix E Pressure contowf the distributer for the different diameter
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Appendix G Pressure Contour Of Nozzle At Different Nozzle and spear Angles

Nov 26, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

pressure contour U=3-6 =20

Moy 26, 2017
AMSYS FLUENT 14.0 (3d, dp, phns, ske)

Pressure contourcU=3-6 =25

Moy 26, 2017
AMSYS FLUENT 14.0(3d, dp, phns, ske)

Pressure contourc(U=3-6 =235
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APPENDIX H- Velocity Contour Of Nozzle For Different Nozzle And Spear Angles

Nov 26, 2017
ANSYS FLUENT 14.0 (3d, dp, pbns, ske)

Velocity contour oU = 3-6 = 24 closing distance @0mm

Nov 26, 2017
ANSYS FLUENT 14.0 (3d, dp, phns, ske)

Velocity contouroU=3-6 =8 5

Mov 26, 2017
AMSYS FLUEMT 14.0 (3d, dp, phns, ske)

Velocity contouroU = 38iH =23 5
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