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ABSTRACT:
Natural resources like river, stream,
waterfall can be used for the generation of power. In
this the horizontal axis impulse turbine is designed
in which water jet is impulsed which strikes
tangentially on the integrated vanes or rotor.
Turbine designing is for small applicatiom, where
limited power is generated which can be uitilised for
lighting a power bulb or for battery charg
Working on this topic resulted into deg
manufacture of the small scale low cost & Ig
turbine, for which rapid prototype manufac
technique is used and suggested.
manufactured by RP technique i
commercial use but for small g
aresa where reach of
impossible.
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ower generation
, new design of
turbine alongwie cost, low weight
manufacturing techn i duced. Also anlysis of
the turbine vane is done.

ILDESIGN FOR THE TURBINE PROTOTYPE:

Very initial consideration for the microhydro
turbine is limited space availability ranging from 1 to 5
feet for installing that designed turbine. Accordingly
limitations are kept to the sizes of the turbine parts. Rotor1 (Diameter 135)

] o] o

44 | Page


mailto:ums3333zope@gmail.com
mailto:dikshachopade@gmail.com
mailto:pkarandikar04@gmail.com

NOVATEUR PUBLICATIONS

International Journal Of Research Publications In Engineering And Technology [IJRPET]

ISSN: 2454-7875
VOLUME 3, ISSUE 3, Mar. -2017

—
—

5 =

—
—

=)
e
—
s

_'uffl '|
Wl T

ry\m/é
-*-\ \(

TN

=5

CCLO] ST 0T

Rotor2 (diameter 175)

Ring

e

b

_4.8

Stand2

IILPARTS GEOMETRIES WITH DIMENSIONS:

1

2)
3)

4)
5)
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Vanes (integrated) circular subtended angle is kept

1200 with height 32mm & depth 10 to 12mm.

Rotor-135mm, 175mm and 225mm diameter.

D, =

Pitch diameter(considering integrated vanes)of the roto
150,200 and 250mm

No of blades-08.

Insert, which is fitted into rotor, through which shaft

is passing, dimension is
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[45 x length 45.

6) Bearings -two types

a. Ball bearing-NO 1205-Inner Diameter 25, outer
diameter-52, width 12mm.

b. Cylinderical roller bearing no-16005, Inner diameter
25, outer diametere 47, width 08mm.

7) Flow velocity Vy = 1,1.5,2,2.5 and 3 m/sec

8) N rotational speed of the rotor= limit 150 to
430rpm.

9) Nethead H,, =1 feet to 5 feet.

10) Gravitational accleration g=9.81m/sec?

11) Q = flowrate of waterstream =
minimum 0.0176 5?7, maximum 0.1472 S(:n?

12) R, = Length of the rotor = 45mm
13) B, = chord of the blade

. 2
14) w = rotational speed of the rotor="2~

60
15) RPM of Rotor = 38.6 X \/H,,/D,
16) Vi = Impact velocity of water.
17) 8 = angle of blade = subtended — 120°

IV.DESIGN STEPS:
(from design of high efficiency cross flow turbi
hydropower plant by Bilal Nasir)
A) The design procedure of the cross-fight
involves the following steps:
1. Preparing the site data
This involves the calculations and

ter surface le
distance can

n channel, trash
lue. These losses

The water flow rate can b culated by measuring river

or stream flow velocity(Vr) and river cross-sectional
area (Ar),

then:

Q =V x4, (m’/sec)

(2)

2. Calculation of turbine power (Pt)

The electrical power of the turbine in Watt can be
calculated as:

Pe=QxHyXpxgxn, (W)

(3)

Where:

Q discharge [m3/s]

Hn gross head [m]

nh hydraulic efficiency [-]

p water density [kg/m3]

g gravitational acceleration [m/s?]

FOR FURTHER CALCULA
Following are the know
p =1000kg /m3
g=9.81m/ s2

Consider, n;,

4. Calculation of the turbine speed (N):
The correlation between specific speed (Ng) and net
yead H,, is

or the cross-flow turbine as following,
V51325
S T gn0.505

(5)

Also the specific speed in terms of turbine power in Kw,
turbine speed in (r.p.m) and net head in (m) is given as,

[9]

VPt
N, =N X Tnils
(6)

From above equations (5) and (6) , the turbine speed
can be

calculated as:

N = 513.25 x H3745 /\/Pt(rpm)

()

5. Calculation of runner outer diameter (D,)

At maximum efficiency, the tangential velocity of the
runner

Outer periphery is given as [26]

Vt, = é x Cx (V2 x g x H,)(cos )

(8)

Also as we know,
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Vir = W X 22 = 2TND, /120
(9)

By comparing eq. (8) & (9) the runner outer diameter
can be calculated as :
D,=40x  (m)

(10)
6. Calculation of blade spacing (S;):
The thickness of jet entrance tj,measured at right angles

to
the tangential velocity of runner is given as [26]
(11)

Where K = constant = 0.087
The tangential blade spacing (Sb) is given as[26]

_ _Ye _ Do
b ™ sinpr — sin B1
(12)
Where, P1- blade inlet angle =30°, when Attack angle
a=16°
Thus, S, =0.174XD,
(13)

7. Calculation of the radial rim width (a):

It is the difference between the outer radiyg
inner radius (ri) of the turbine runner, aild it
equal to the blade spacing and can be given as:
a=0.174xD,

(14)

8. Calculation of the runner kL
The number of the runner g
n=mnXxD,/S,

Where, Aj =Je
As, Q=A;xV
Therefore, t; =

Q/[C x (V2 x g x H,) x J#0.233 x Q/(L x VH,,)

(16)

10. Calculation of runner length (L):

The runner length in (m) can be calculated as:
From reference [26]
LxD,=0.81xQ/VH,
(17)

LxD, =210% Q/VH,
(18)

(it is in metric units)

(it is in british units)

As we know, D, =40 X \/H—n/N

Putting above value in equation ------ (17)
L=QxN/(50%x H,)

(19)

By putting above value of
thickness (tj),

‘L’ into equation of Jet

A
_ 4
t = T
We obtain,
tj=11.7 x@

From eq. of Do,----

(Imperical  relation)

14. Calculation of the radius blade curvature (rc) [26]
. =0.163%x D,
(25)

15. Calculation of the blade inlet and exit angles
(BiandB2) [26]
The blade inlet angle can be calculated as,

tanf1 =2 Xtana
The blade exit angle [, =90° for perfect radial flow, but
it must be to f;at maximum efficiency.
(26)

equal

V.APPROACH FOR DESIGNING:

Idea of designing integrated vanes/blade on
rotor having some thickness, & shape is somewhat
semicircular whose subtended angle is kept 1200 , is
came from the concept of banki water turbine. The
difference between banki water turbine design & the
turbine designed in this paper is thatbucket which
having specific dimensions are mounted on the rotor by
nuts and bolts while turbine discussed here having
integrated vanes on the rotor this design may reduce the
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overall cost of the design & manufacture. The tangential
water flow falling on the vanes causes the vanes to rotate
& ultimately rotates the rotor, & to the keyed shaft. The
shaft on which rotor is mounted is supported in stand by
means of ball bearing in the stand.

For deciding geometry profile of the vane the
referance is taken from paper ‘Design & manufacture of
micro zero head turbine for power genreation which was
published in 2011".

A thought behind designing semicircular vane is that
when water strikes tangentially & go downwards to
enter into next vane, maximum mass of water should
enter cause the rotation of rotor to fulfill the purpose.
The thickness of vane is decided from strength to
thickness ratio.
By referring number of papers, the relationship of
applied force of water can be given as-
Fi=pXxAXV XV —u)

Where, F;= Impact force (initial force)

p = water density.

V= Free stream/waterfall velocity.

A=Designed vane area.

u=tangential velocity of vane.

It is to be decided to kept 8 numbers of
the rotor whose outer diameter is 135myy
angle between two blades is maintained is 459, V
falling some perticular heightis tangential to t
backsurface of the vane, means inig
the blade is assumed to be zero, ij

X Arclength

120

Chord dfea = 360 X 32

Area=10.667mm?
i.e= Area=0.0010667m?2
From above equation: F; = p X AV?
Take value of V= 1,1.5,2,2.5,3m/sec

1). F; = 1000 x 0.0010667 x (1)?

F, = 1.0667N
2). F, = 1000 X 0.0010667 x (1.5)?
F, = 2.4N

3). F, = 1000 x 0.0010667 x (2)°

F, = 4.2668N
3). F, = 1000 X 0.0010667 x (2.5)
F, = 6.6668N
4). F, = 1000 x 0.0010667 x (3)
F, = 9.6N

From above explained designed procedure,

As circumferance of rotor is 2nR=2XmX75=
471.23mm

And blade spacingis S, 74 X D,

D,,= Rotor pitch
Vy=Flow veloci
P=p,, X g X H, X1, X Q|

Q = Area of turbine X Flow velocity (V)

As we know,

ow velocity Vy=1m/s.
n 2
Q; = 7 (Dp?) X V¢
T 2
Q; =Z(0'15)X1
Q; = 0.0176m3/s
II-For flow velocityV=1.5m/s
T
Q; = 7 (Dp?) x Vg

T
Q; =7 (Dp?) X 1.5

Q, = 0.0265m3/s
ITI-For flow velocity V,=2m/s

n 2
Q=5 0P xV;

n 2
Q3= 2 (Dp*) x2
Q3 = 0.0353m3/s
Case I- For Net head 1 feet means 0.3m.
PL = py X g X Hy X1, X Q4
P1=1000 % 9.81 X 0.3 X 0.8 x 0.0176

P1=41.43 watt]

B, =8, X B X By X B, X B
B, = 1000 x 9.81 x 0.3 x 0.8 X 0.0265

P2=62.39 watt]
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B; =0, X B X By X B, X B
B; = 1000 x 9.81 X 0.3 X 0.8 X 0.0353

P3=83.11 watt
Case II- For Net head 0.5m.
B, =B, xB x By x 8, X8

P1=1000 X 9.81 X 0.5 X 0.8 x 0.0176
B, =08, xB x By x 8, X0
B, = 1000 x 9.81 X 0.5 x 0.8 x 0.0265
IP2= 103.986 watt]
B; =0, x B x By x B, X8
@; = 1000 x 9.81 x 0.5 X 0.8 x 0.0353

P3=138.51 watt]

VILMATERIAL AND MANUFACTURING:
Selection of material: for the designed parts, as FDM
RP technology is finalized to manufacture those parts so
ABSM30-thermoplastic material is decided, to use this
material having following properties: ABS M30
(acryolonitrile butadine sterene M30) is 25 to 70 percen
stronger than standard ABS (acryolonitrile butgg
sterene).

Greater tensile, impact, and flexural strength tj
standard Stratasys ABS.
Layer bonding is significantly stronger for a more

durable part than standard Stratasys ABS.
Versatile Material: Good for forg
applications.

ABS M30 parts are stronge
feature details.
Tensile strength=36
Tensile elongatio
Flexural stress=61Mp
Izod impactz139]/m

functional

Young’s modulus
N/m2 OR GPA)

VIILFORTUS SYSTEM OE))DM RP TECHNIQUE:

Fortus 3D production system offer unparalleded
versatility and capability to turn CAD files into real parts,
which are tough enough to be used as advanced
conceptual  models, prototyping,
manufacturing tools and end use-parts. Variety of
products can be produce just by loading different files
and materials, which is not possible by traditional

functional

machining processes. Fortus system can produce a real
end use thermoplastic parts directly form CAD files

without using expensive tooling. Fortus 3D system is
streamline process from design through manufacturing,
reducing costs and eliminating traditional barriers along
the way.

IX.SOFTWARE USED IN FDM:

Insight software: Insight software prepares 3D digital
parts files (o/p as and .STL file) to be manufactured on a
fortus system by automatically slicing and generating
support structure and mat extrusion path in a single
push of button. If nece can override insights

yu

of parts as well as the time
iency of the FDM process.

LA
b

Pred ofor manufacturing turbine parts |

||

.

AES material is seleected 1o process through FOM. |
¥

FOM L-Print machine |
1
CAD file of pants in . STL file format is sent to machine |
[N
Convertion of madels in sliced. Into harizontal lavers by quickslice saftw are_ part
arientation for building.

| Derction of necessary support structure & generated by support wark |
softw are.

|
ol
| Slize thickness setinto 0,057 o 0. 762mm |

bl
-
Materialin the form of filament is dispensed thraugh dual tip mechnism int
extrusion head & heated to semiliquid state, primary material is used to
produce geometry & secondary

L
V‘

Deposition of semiliquid materialinta ultra thin layer from FOM head.

¥
.

Toolpath generated by quickslice is followed by FOM head.

X. Flowchart for manufacturing of pico hydro turbine

XIL.THEORY OF DESIGN:

Under this topic actual design of vertical flow
waterwheel turbine is discussed. Uptill now work on
designing and manufacturing of metallic water turbine
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for various purposes was done. So accordingly various
head ranges turbines like high head, medium head, low
head, micro head and pico head were designed,
manufactured and was used for different applications.
Aim of project is to design and to manufacture the
turbine which can be efficiently used which having low
design and manufacture cost also should be light in
weight. By keeping this concept in mind, different parts
of turbine are started to design. Initially primary
conceptual drawing is completed. Sizes of parts are
limited by space availability, and as type of hydro power
is initially decided, which fixes range of power
generation. After completing these basic things, next step
was to it into 3D parts by using any 3D software. For 3D
modeling of these parts Pro-e-wildfire software was
used. Now for minimizing weight as well as cost
advanced additive manufacturing technology was
decided to use namely-Rapid prototyping. What is this
RP technology and its different techniques it was
explained in earlier chapter. By studying FDM RP
technique is finalized. All 3D parts model are shown in
appendix-I.

In a design rotor and shaft sizes are 4
important, by theoretical calculations there is 3
in power generation by changing the rotorg
what was those changes we taken three different s
rotor-135mm, 175mm, and 225mm. as a case study.
So accordingly RP machine enquiry

RP-Fortus
of this technique

rts light in weight,
also life period is mor llic part as they are free
from corrosion, which ces the life of parts. The
peoples given estimatiogfof manufacturing cost of those
parts which is nearly 1.5lacs. Initially by including all
cost parameters manufacturing cost goes very high. But
after few years cost of product becomes very less. The
parts coming through the machine are end user parts.
Before actually manufacturing these parts it was
necessary to anlyze the very important part of turbine
that is rotor, vanes integrated on outer periphery of
rotor. So analysis of vane for checking stress strength at
the given condition was checked in ansys14.5 software.

XIL.TABULAR PRESENTATION OF ALL ANALYZED
PARAMETERS FOR ALL THREE CASES:

Similarly, case three in which rotor size is 225mm and
rotor pitch diameter is 250mm also vane size is different
having thickness 4mm, height is 50mm.Accordingly
results obtained are presented in tabular form as

follows:-

Case | Fubdia | P(D | Aven | Velooty| foce | Presure | Vield Sventh | Voo nuses s (M) | Deformat
m o (me| ol s [ N [ A | Mp h il

| 1] 1 m| 4 0| ool

) ‘ L3500 | 000004901

3618400 | 03

] {01840 | 000014871

w4 11040 | 00008

A iU. 8800 | 000y

w4 450 | 008888

250 {) 1009100 | 0.00014545

000653 1 L07802] 40 4 1793900 | 000025858

000695 | 13| 16845605 | 680 4 2003000 | 0000404

I I 2360 | (0010

XIII. Advantages & Disadvantages of Microturbine-
Advantages:

Table3: Tabular presentation of all analyzed parameters.

e Especially in mountainous areas where Grid

Connection is expensive and

hydro turbine is used.

unreliable micro

e Micro turbines are few moving parts, compact

systems, good efficiency.

e Micro turbines can operate continuously or On-
demand and be either grid connected or stand alone.
Not like the big hydro plants that use dams and
create giant lakes behind the dams, micro-hydro
plants only divert a small fraction of the stream and

they don’t need a water storage pool.

e Inrare cases where the site is close to grid lines, part
of the produced power can be sold back to the

utility, and the grid serves as backup.
e The micro hydro plant requires low maintenance.
e Microhydro systems produce no pollution
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DISADVANTAGES:

= As the power demand increases the size of the plant
cannot be easily expandable.

=  During the summer season there will be less flow
and therefore less power output. Advanced planning
and research will be needed to ensure adequate
energy requirements.
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