International Journal of Innovations in Applied Sciences & Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

CONCEPTUALIZATION AND DESIGNING OF A MICRO
HYDRO PLANT EMPLOYING PETLON WHEEL TO
GENERATE CLEAN ENERGY

VASU GUPTA

Student of XII, DPS, VASANTKUNJ, NEW DELHI

1.0 INTRODUCTION

The reason for this venture is to pick up commonality wi Mechanical
utline of a

of the framework will be measured through experime

2.0 BASIC WORKING VALUE

private water weight to go about
upon a few variables, including:

metropolitan water organi
the normal water wei

The stream
standard,

In hydroelectric ts, calculations are based on the available hydraulic head. This is a
measurement of the nce in elevation between the water source and the turbine. For this
project, we will calculgt€ the theoretical hydraulic head based on the available water pressure.

Residential Water Pressure 45 psi
1 psi = 6894.757 Pascal

Therefore 45 psi = 3.1 x 105 N/m2
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With a specific end goal to compute the water driven head, we utilize the streamlined Bernoulli's
condition of incompressible liquids and accept that the weight at the surface of the water supply is
immaterial.

Head (m) = [Final Pressure (N/m2) — Initial Pressure (N/m2)] / Specific Weight of Water
Specific Weight of Water = (10000 kg/m3)(9.81 m/s2)

= 9810 N/m3

Therefore Net Head = [(3.1 x 10”5 N/m2) — (0)] / 9810 N/m3

Hn =31.62m

2.1 Flow Rate g:

The second principal esteem to be determined is the

known as the flow rate. To quantify the flow rate,

streamed out in 10 seconds was gathered in a huge

the substance of the can were measured by emptying lass” The accompanying is
a summery of the figurings

3.75 L in 10 seconds
0.375 L/s
q=3.75x10-4 m3s-1

2.3 Basic Calculatio

P(kW) =q(m3s-1) x Hn(m) x g(ms-2) x p(kgm-3) x (%) x [1/1000]

As this calculation is just designed to give us our upper limit, we will assume an efficiency of 100%

P(kW) =3.75 x 10-4(m3s-1) x 31.62(m) x 9.81(ms-2) x 1000(kgm-3) x [1/1000]

=0.116 kW

Or 116 Watts
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3.0 CHOICE OF GENERATOR

Three primary variables where utilized as a part of picking a generator for the venture: cost, rate of
turn, and accessible power. The greatest accessible power was computed above to be 116 watts. This
implies for security reasons, the generator ought to be evaluated for no less than a base heap of 116
watts, or we risk overheating. With the base power set as a restricting variable, the accompanying
decisions were considered.

3.1 Dedicated Electric Generator

Specialty electric generators of the scale needed for this project, ugf*available, are far too
expensive to be considered, and were rejected based on their price.

3.2 AC Motor repurposed to work as a generator

Air conditioning acceptance engines are by and large

(1/5 HP) to substantial (5 HP) electric engines a

accessible for the venture would be straightforwar i gines don't utilize
permanent magnets, an expansive capacitor is re ick off" the acceptance
procedure if the engine is to function as a generator. Since any data oth@r than what is imprinted on
the engine is practically difficult to di i rposing a second hand AC
engine with a starter capacitor was consi

venture.

3.3 Automotive Alternator

ork precisely as a generator with no progressions to its
alternative was sufficient for our application.

generators. The reasor needs to do with the rate of pivot required to create power. Since wind
turbines don't spine rapidly without the utilization of gearing, low rpm generators are required for
these applications. Be that as it may, low rpm changeless magnet DC engines are genuinely
uncommon, and as the heap builds, the speed at which the generator must turn increments quicker
than it does with rapid/low voltage generators. The accompanying chart created by
pedalpowergenerator.com abridges this point.

Graph #1.1: RPMs required to Maintain 12v VS Load Power for a 12v and 180v Motors
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As can be seen from the chart, however the high voltage generator (white line) requires less RPMs at
a low Load, at any sensible power yield it requires ordinarily a greater number of RPMs than the low
voltage generator (red line).

A constrained rate of pivot is just an issue for wind turbines, on the grounds that the rotational rate of
a water turbine is a result of the water speed and the velocity across of the wheel. The outcome is
that a moderately low voltage perpetual magnet DC engine appraised no less than 116 watts is
required.

3.4.2 Chosen Motor

The engine picked was a second hand 12v Automotive Blower . No other data was
accessible yet a study of comparable brand engines uncovers t i evaluated at 120
watts, and between 2000 to 3000 RPMs.

4.0 DESIGNING THE WATER TURBINE

In an extremely relevant sense, water turbines c
reaction turbines that follow up on an adjustment in a liquid, and impulse
n oar or runner. The exact
lans is at last utilized. As a

A Pelton wheel i
and change
, along these lines boosting the efficacy of the exchange of
e plans once basic in pre-modern applications, the runners are not
emove it, as gravity has no genuine influence in the impact and

The outline and meas ents of a perfect Pelton wheel can be computed from the fundamental
details effectively calctllated previously. The accompanying is a summery of the applicable data.

Hydraulic Head: Hn = 31.62m
Flow Rate: g = 3.75 x 10-4 m3s-1

Rotation: 2000 to 3000 RPMs
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5.0 DESIGN OF THE PELTON WHEEL

The plan of the perfect Pelton Wheel can be divideded into three classifications: computing the
perfect water jet width, figuring the perfect diameter of the wheel, and ascertaining the
measurements of the runners. In the initial two cases, the estimations will be founded on the
underlying attributes compressed above, while the shape and measurements of the runners will be
resolved principally by the estimated width of the water jet.

The computations used to create the shape and measurements of our Pelton Wheel were altogether in
view of those found in: MHPG Series, Harnessing Water Power on a S Scale, Volume 9 Micro
Pelton Turbines; distributed by SKAT, Swiss Center for Appropriate J€Chnology, 1991.

5.1 The Ideal Width of the Water Jet

runners and depends on the accessible Hydraulic H
to outline the water jet width.

Absolute Velocity of the Water Jet c1: (
Nozzle Coefficient; kc (0.96 to 0.98) assu
Gravitational Constant: g ( ms-2)

Hydraulic Head: Hn

Optimal Jet Diameter:

Flow Rate: g (m3s-1)

Absolute Velocity of the Water Jet c1: (ms-1)
d=(4q/ncl) Vs

= [(4 x 3.75 x 10-4)/( 7 x 23.67)] Y

=45 mm
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5.2 The Ideal Diameter of the Pelton Wheel

The Ideal Diameter or Pitch Circle Diameter is the width of a circle ascertained from the purpose of
effect of the water jet. The water force impacts the runners towards the back of the scoops, so the
genuine breadth or Outside Diameter will be somewhat bigger. The Pitch Circle Diameter alongside
the width of the water flow will decide the speed of rotation and the torque on the wheel. The
explanation behind this is the jet width decides the speed at which the water strikes the wheel, while
the bigger the wheel, the bigger the moving arm, yet the slower its turn. In view of the picked
generator and the normal load, the Pitch Circle Diameter will be intended to deliver 2500 RPMs.

Calculation 2.1: Optimal Peripheral Velocity: ul(ms-1)

Optimal Peripheral Velocity: ul(ms-1)
Coefficient after Impact: ku (0.45 to 0.49) assume worst casg 0.45

Hydraulic Head: Hn (m)

Gravitational Constant: g (9.81 ms-2)

ul =ku (2 g Hn)%
=0.45(2x9.81x31.62)%
=11.097 m/s

Calculation 2.2: Pitch CirclgfBiameter: D (m

=0.0847 m
Or8.5cm

5.3 The Physical Dimensions of the Runners

The measurements of the runners are figured based off of the width of the water jet. The designed
formula were utilized in light of set up benchmarks. The importance behind these estimations can be
acquired from the accompanying figure.
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Figure #1.1 Ideal Dimensions of a Pelton Wheel Runner

Calculation 3.1: Bucket Width: b (mm)

b=(3.2)d
=(3.2)(4.5)
=14.4 mm

Calculation 3.2: Bucket Height: h (mm)

h=(2.7)d
=(2.7)(4.5)
=12.15mm

Calculation 3.3: Cavity Length: h1 (mm)

hl =(0.35)d
=(0.35)(4.5)
=1.6 mm

Calculation 3.4: Length to Impgct Point: h

h2 = (L.5)d
=(1.5)(4.5)

=6.75 mm

Calculati : Bucket Dep mm)

t=(0.9)d
=(0.9)(4.5)
=4.05 mm

Calculation 3.6: Cavity Width: a (mm)

a=(1.2)d
= (1.2)(4.5)

=5.4mm
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Calculation 3.6: Offset of Bucket: k (mm)

k=(0.17)d

=(0.17)(4.5)

=3.4mm

5.4 Working Values for the Pelton Wheel

Once the perfect value had been ascertained, a circumstances two wellbeig component was utilized
to deliver the working qualities. The accompanying table synopses the qualities.

Figure #1.2 Working Dimensions of a Pelton Wheel

b =28.8 mm
h=243mm
hl1=3.2mm
h2 =13.5 mm
t=8.1mm
a=10.8 mm
k=6.8 mm
D =85mm
d=45mm

ton Wheel Runners

of balsawood. This model was then utilized as the ace example for

the mass-produced r

The balsawood runner#vas then water fixed utilizing urethane veneer to avoid it adhering to the mold
material. To permit the balsawood runner to be expelled effectively from the shape, it was shrouded
in a thin layer of wax.

Creating the Formwork for the Mold Blanks:

A plywood box was purchased from the dollar-store, and its base and cover were evacuated making
it open at both finishes. This box was utilized as the formwork to encapsulate the plaster shape. Like
the balsawood runner, the plywood formwork was water fixed with urethane finish alongside a
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wooden working surface that would go about as the base. Within the container was then secured with
a thin blue wipe to make evacuating the plater form straightforward. To secure the wipe, a layer of
wax paper was included.

Making the Lower Molds:

Thin bits of wax were manipulated until they were fragile, then they were adhered to the base of the
ace example holding fast it to the working surface. More wax was utilized to plug up any gaps that
existed around the border of the example. Overabundance wax was evacuated with a X-Acto cut.

The front opening where the cavity is found (a x hl on the arrangem s stopped with a huge
molded wedge. This wedge both stopped up the opening, and additign went about as an

A thin bit of wax was added to the base of the form
With the formwork stuck set up, a wax cone was in

Utilize a paintbrush, a thin layer of petroleum jam
including the wax paper that lined the sides. This layer went about as

pelled from the mold with a X-Acto cut. With the balsawood runner
out of the shape, th was left to complete the process of drying for one day. The entire
procedure was rehasheg?tor three molds just on the off chance that one shape was to flop later on in
the production.

Cleaning up the Lower Mold

At the point when the lower mold was dry, a large number of its edges were irregular where they
touched the formwork, and the surface of the form was set apart with brushstrokes from the
petroleum jam.

375

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING




International Journal of Innovations in Applied Sciences & Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

A instrument was utilized to smooth out the sides of the lower mold leaving a little 45 degree wedge
along its border. This wedge was utilized to isolate the two parts of the shape later on. Fine
sandpaper was then used to smooth out any harsh edges made by brushstrokes left in the petroleum
jam. The sandpaper was then used to ensure that the arrangement imprints were deep and without
grooves. At last, little openings inside the surface of the mold were fixed up with plaster.

Making the Upper Mold:

The mold formwork was then constrained over the upper part of the form with enough left over at the
top to contain the upper bit of the mold. Like with the lower half, petro jam was brushed over
every one of the surfaces. The master pattern was then added to itsggOves In the lower mold. The

injato the mold. A short

simply underneath the aligned marks. As some time
thin layer of petroleum jam to keep the epoxy from

ith the hardener in a plastic up. Once blended, the blended compound
was gradually filled t mold through the opening gaps at their tops.

At the point when the‘gap was filled, it was left to remain for two hours. Now, the epoxy was dry,
yet not totally hard. The masking tape was expelled, and the two parts of the mold were aired out.
The incomplete epoxy pattern was expelled from the mold, and left to solidify on a sheet of wax

paper.
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Preparing the mold for a subsequent pouring

Once the epoxy pattern was expelled, every single outstanding smear of epoxy gum were evacuated
with a X-Acto cut. Any harms made amid the opening of the mold were repaired with wax, and a
layer of petroleum

jam was reapplied to the surface of the shape. The two parts of the mold were held set up with
another layer of concealing tape.

Cleaning up the Epoxy Patterns

At the point when the epoxy pattern were expelled from the moldsgffiey were joined to additional
material that either framed in mistakes in the shape that created a

were from fundamental components like the air gaps. In eith

through a few steps.

The initial step was to utilize a X-Acto Knife to exp
the end of the flange where it joins the opening gap,

The second step was to sand the surface of the epox ingsand paper. This evacuated
any little imperfections created via air openings left in the plaster mold #The third stage was to clean
the epoxy design with a Dremel device. Wimgthree phases are gPthe accompanying picture.

Every runner was cleaned with the Dre
expel any petroleum jam still

that an imperial coupli Y4 inch was machined to a diameter of 9/32 or 7.143 mm.

Holes were then drilled to attach the coupling to the disc portion of the peloton wheel.

Part 1V Construction of the Acrylic Disc (and Redesign)

The first outline required each of the Pelton Wheel's runners to be mounted on a vast acrylic plate.
An early gauge for the extent of the wheel was set at 20 cm with a specific end goal to keep the
speed ofrotation bellow 1000 rpms, which at the time was viewed as a protected speed. In that
capacity, two extensive 20 cm acrylic wheels were developed to sandwich the epoxy runners.
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Prior to the wheel was put together, a trial of the engine/generator was buy attaching the shaft of the
motor to a cordless dril ,run and its leads associated with a multi-meter. It was demonstrated that the
generally high running rate of the engine (2000 - 3000 rpm), implied that it delivered low voltage at
the low speeds created by the drill. The outcome was that more examinations concerning the perfect
running pace were made, and eventually the diameter across of the wheel was made small, (8.5 cm;
see part | of the report for subtle elements).

With a much small distance across, any defects in the wheel would be significantly additionally
harming to the arrangement of the runners than it would have on a bigger wheel. The outcome was
that a more precise strategy for building the wheel was produced.

had been with the
ce @cross of the

and the clamp was gradually fixed with the goal t
wheels were sanded to a smooth round wrap up.

Part V Redesigning the Pelton Wheel Runners

Precision Mounting of the Runners infike Radial Plain:

Each of the runners was then stuck onto tI t step was to line up the runner’s centre line

piter line completely matched the radial line
ensured that each runner was exactly spaced in the

about as a mount for t nners. The opening in the circle would go about as a marker for the focal
point of turn, while th¢machine screw connected to the axis perpendicular to the plane of rotation .
Before each of the runners was cut, a line was made on their flanges to show the outspread focus
line.

Keeping in mind the end goal to arrange these inside lines on the acrylic circle, radial lines were
scratched onto one surface of the plate.

A heap of washers was then added to the focal point of the wheel. Not at all like the acrylic circle
and machine screw, these washers would be stuck for all time inside the wheel. The washers filled
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two needs: to save the hub of revolution after the acrylic plate and the machine screw were expelled,
and to go about as a spacer to guarantee that every runner was situated a similar separation from the
focal point of pivot, i.e. the diameter of the washer.

Wax was then included between the radial lines so they could incidentally hold the runners without
concealing the guide lines. Accurately as a Pelton Wheel, the middle edge of each of the runners
must have the capacity to part the waterjet. This implies every runner's edge must be set precisely
parallel with the plane of turn. To finish this, the acrylic plate holding the runners was held in a drill
press by the machine screw. This setup empowered the plate to be turned through the pivot of
revolution. A laser level was then clamed set up at the level of the water 4

Sticking the Runners into the Wheel:

Once each of the runners was legitimately situated in
were held set up with a layer of epoxy tar. This was
the wheel was still held in the penetrate press.

After the runners were held set up, wax formwork w.
basic layer of epoxy tar was pored on the top surface.

Once the top surface had solidified, the
surface.

The basic idea for ator mount was to design it in such a way as to allow for maximum
access to the wheel. As$Hch, the structural part of the machine consists of a single piece of plywood,
with the remaining parts: wheel housing, generator, and the legs, simply being bolted to it.

The generator mount was constructed from one piece of plywood, with a hole cut in the centre for
the generator. Holes were drilled along the perimeter in order to attach the wheel housing. In
addition, four small holes were drilled at the corners to be used as pilot holes to attach the legs that
would eventually support the completed machine.

In order to waterproof the bottom of the mount, the back of mount has a piece of acrylic sheet glued
to it.
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In order to waterproof the outside of the machine, all wooden parts were painted with varnish. Now,
the structure of the wheel had been pored, and 24 hours had passed giving the epoxy tar time to cure.
Similarly as with the underlying molds, a blade was utilized to evacuate huge blemishes or dribble
marks, and a buffing wheel was utilized to tidy up the surface for painting.

After the wheel had been cleaned and cleaned, a preliminary coat was included. When dry, any
trickle imprints were sanded away.

The pole coupling was then incidentally appended to the wheel by the machine screw. The coupling
was situated so access to the pole screw could be come to between thegainners. Gaps where then
bored through the epoxy plate to hold the coupling to the wheel.

The wheel was then painted to give a safe layer to the complete

ole neckline with a little wipe ring cut from a dishtowel. The pole
straightforwardly hitting the opening. By absorbing the wipe oil,
any beads of wate
the thin layer of oil.

Building the Wheel

As said over, one of the advantages of the Pelton Wheel is that it doesn't need an exactness wheel
lodging. To plan the lodging, two things were thought about: it must be effectively removable with a
specific end goal to give most extreme access to the wheel, and it must make a watertight seal when
connected.
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The wheel lodging comprises of a vast acrylic box open toward one side, with a spine circling the
edge. Openings were penetrated in the flangs to join it to the plywood, and to ensure that it could be
squeezed cozily against the acrylic layer on the base surface of the generator mount.

The wheel lodging was built out of shatterproof acrylic sheet incase a mishap was to happen when
the wheel was turning at high speeds. The sides were stuck with epoxy, and after that metal sections
were tightened place to include quality. After the paste had dried, silicon was added to waterproof
the joints. An opening was penetrated in one corner to securely give water a chance to out of the
lodging

.Part X1l Adding the Water Pipes

One of the advantages to mounting the Pelton Wheel in a flat

reasonable to expect a perpetual water supply, yet as
diminished. The outcome is that different water pla
single flow would be utilized for testing. This impli
was important.

The channels were developed out of
simplicity of sticking. Two flow control
they were connected by strung CPVC app

the flow rate is re . Jor a pragmatic application this would not be the situation as it is
reasonable to accept aNB#hending water supply, however as we are utilizing a private water pip, it
would be decreased. THe outcome is that different water planes were included for show purposes, yet
just a single jet would be utilized for testing. This implies a strategy for opening and shutting water
lines was vital.

The funnels were built out of prefab CPVC pipe as a result of its minimal effort and simplicity of
sticking. Two flow control valves were added to permit a decision of water planes, and they were
appended by strung CPVC apparatuses rather than paste.

The channels were then connected to the top surface of the generator mount by CPVC locks.
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The water planes were additionally worked from CPVC. Metal fittings were utilized to connect the
pipe to extraordinary 4mm garden-hose fly spouts. The channels were developed with a "T" joint
rather than a 90 degree turn. This permits access to the back of the water planes for later
arrangement.

Part X1V Building the Rectifier Circuit

The power delivered by a DC engine filling in as a generator is ordered as immediate current,
however the voltage still wavers between its most extreme voltage and zero contingent upon the
position of the windings as for the magnets. With a specific end goal togive an all the more stable

out the DC control.

The rectifier circuit was developed from extra bits of acrylic.
on the top plate, with the diode laying on the base plate
fastened together with bits of house wire.

Part XV Final Assembly

With all the individual partsare completed, the finished machine was gatllered by appending the legs
with wood paste and four screws, then py joining the wheel lodging @#ong its border with machine
screws and wing-nuts.
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