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Tutorial hydroelectric turbine design 1/3 :Site power and turbine design

Tutorial hydroelectric turbine design 2/3 :Design :guide vanes or stator
Tutorial hydroelectric turbine design 3/3 :Choice sections, design draft tube

1: Power of the site 2: Propeller turbine design

1: Power of the site: In this tutorial example, we take the case of the development of a site which has an average flow of 12
m3/sec with a drop height of about 4 meters.

Evaluate the power of undeveloped site:

e The flow will be measured by the speed of the flow and the flow section of the river. a page comprising various methods
of measuring river flow was created).For our example, the flow rate is 12 m3/sec.

e The head is created by the dam water. Although the propeller or Kaplan turbines types are intended for low drop height,
a minimum height is needed to balance the pressure drops and produce pressure required to operate the guide vanes or
stator and passing through the turbine.This height will be produced by the gradient between the upstream and
downstream basinthe civil engineering work will be composed of a diversion dam, low height for installations throughout
water . Made of concrete, wood or masonry, the cost of the dam alone can render the project unviable. The height of
gross to create the dam fall, will be given by the study of the turbine. For our example, the head is estimated to be 4
meters

Ph hydraulic power in watts, of the site depends:

e The difference in height of fall H in meters, between the surfaces of the upstream and
downstream basin.
e The flow rate Q in m3/sec, through the system.
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¢ Head (meters) = upstream altitude -Downstream altitude
¢ Flow rate (m3/sec)= axial velocity(m/sec) * Section (m?2)
e Hydraulic power Ph(watts)=Q*H*g*p

with :

e p water density (1000 kg/m3)

Section =fluid passage section (area swept by the turbine) m2
g (9.81 m/s?)

Q turbine flow in m3/s

H Head m

Hydraulic raw power of our site can be evaluated : 12 X 4 X 9.81 X 1000 = 470 880 Watts (471 Kw). We will see
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that because of the various losses, the electrical power produced will be lower. The division of power produced by
the raw power, give the overall performance of our system.

2: Design of the propeller turbine.

As stated in the proposed method, nous commencerons par calculer notre hélice optimum pour le débit de 8
m3/sec. For this we use theHELICIEL software to obtain performance and 3D models of blades that we will build.

e We are launching Heliciel and open a new project hydraulic turbine type:

| s Mpmﬁ&%éiﬂﬁﬁﬁhﬁﬁmmﬁ v at 350rpm)
Files | Edit  View Prototyping Download.. Parameters

| MNew project {from 2 model) [ | Propusive air propeller (thrust generation)
& Open Propeller fan (pressure generation) faired
Open last project wind turbine (torque generation) wind wheel
b Seveass. hydroelectric turbine propeller, tidal

p -
[ Exportto x format (Direct)S) Water propeller (thrust generation)

Export to 1G5 format ( x Axis=rotation axds, y Axis = Blade axis)

Propeller axial pump (pressure generation) faired

e In tab1l.1: specifications / Fluid , we select as fluid, water (eau H20) at 10 °:

1: Project specfiications | [ 2: Blade geometry | 3 Optimize | 4 Alers(3) | Tot

1.1: Fuid | 1.2: Goal I 1.3: Operating point|
eau H20
press vap sat:  1300Pas. 995, 73g/m3
viscosty dyn:  0,001305711Pas/sec? 10°%
Speed of sound in the fluid inm / sec
1435 ‘ Change the ambient fluid ‘

e In tab 2.2 profile law, ensure that the law profile is "constant profile" and that the profile is "naca 1408." (otherwise
adjust)

(m 1:Pmumdﬂawni P 2 Biade geomety !m :tt:w-m'& ml}l't‘mmm::-] @ 30priciyps |
2.1; Blade dmensions | 2.2: Profiles Law |Pdvmdl3aurmr|

@ A) Law "constant profile”

Hélosl apply this profile to all slsments of the blads, - profie
Yous can marualy select your profie: éﬂhwﬂ |

nacal40s

Profis relative fedmess = 0,080 tmes the chord

| B) Law “profile thickness"

Salection of profiles in a thickness requined.
Héliciel selacts profiles finesse [Cx / C1) manimum comesponding to the requined thickness batier.

e Under the 3:Optimize tab, set the number of blades of the turbine, on 4 .
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_1'.!.'I 1: Project spaciications | [ 2 Blade geomety i 3 Optimze i m‘rmm|

—-—
seerch cprmum propeller rotation speeddnales | il
c . e |
Pmdirnira tHha roenbose oF hladas I e ot b, b b,

e Under the tab 1:Project specification / 1.3:Operating point, we will give as a starting value, a speed (axial) of 6m/sec
and a rotational speed of 100 rev / min. We will change these settings later to adjust our propeller.

1: Project specfications | ¢ 2: Blade geometry | §f* 3: Optimize | 45 Alets(3) | Tools (Option;

| 1.1: Fuid | 1.2 Goal | 1.3: Operating poirt |

Enter fluid velocity upstream of the blade The increase in speed caused by a
depression of Opascals, is
mjs: 6 4 TRRITIEDT misec
Effective Velocity estimated
11,663 noeuds mfsec g
21,600 kmfh

Enter the volume flow m3/secin the duct upstream of the propeller

Enter propeller rotation speed i known Intreduced tangential flow = 0 rad /
- == 100 .
100| propeller shaft rotation speed fpm)  pm relative

-

e Select the blade geometry / dimensions blade tab to enter the radius blade tip and blade root radius(diameter of the
propeller, and the hub): By varying the swept section, we will control the axial velocity for the given flow 12 m/sec.

>0

¢ Velocity axiale(m/sec) = flow (m3/sec) / swept section (m?2)

enter the basic parameters:

Blade tip radius=1000mm

Radius blade root= 60% (600mm)

Chord blade root= 738 mm

Blade tip Chord= 1138 mm

Click "linearize" in the distribution area of chords to get a straight blade.
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¢ In this example we want a distribution chord giving a slightly curved blade. To achieve exactly the same
distribution as this example, we can directly enter the equation for distribution of our cords in three fields
provided for this purpose. Our equation is: -0.0031457 r2 + 6.033248 r -1749.469 , Enter these values and
dick "Apply equation chords".(cords values and the equation may be slightly altered during the application of
the equation)

If you have previously entered speed 6 m/sec, You should get a flow rate (top left in speed counter)
12.064.m3/sec like this:

.!'l'l 1. Project spechcaons | B T B promatry | 1D|-m| .i.mm|'ro-m§
| 21 iade cemarmorn 33 Frotnn Lo | Achapecast Gecmtry
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1] 1
TN [ Comem] [EL
Dasiinsbens Eusbon: Chord = 007195606 g 4 LOTIN. g -175,451 m-p..?n?-.mnﬂi
e s 1 by tha .
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Changing the speed or blade length, leads, of course, the change in flow. We have chosen the values of
velocity and length giving us the flow rate imposed 12 m3/sec..

e Qur turbine is penstock. The "Duct" option must be checked:

LOEI0T BXL

1000 — .
“ 0400 o000 am 500 600 700 800 900 1 :{
Duct (ignore blade tip losses)

Ticking the option Duct relaunch calculation of the propeller..
e Without further ado, in the 3:0ptimize tab, we are launching a search for optimum rotation speed::

Heliciel will build the optimum twist and evaluate the performance of our turbine based on a series of speed
rotations tested and will stop on the optimum rotation speed, here we got a performance propeller, 0,47 at 53,19
revolutions per minute::

m 1:mm‘h 1mw| W 3; Optimize |;ﬁ. mnlmummlﬁmmml

ool Pulssancelaxe vertical)] en fonction oo la vitesse rotation par minete

1,0 -
0,84
M_/mmﬂ??
0,4 4
0.2
0.0 4

/] il 20 o 40 0 (]
Automatic search speed rlation wih ficency .|-| lmwwdm

Fropedar 4pales ] _— 1 =
Optimum speed selecied 53 e / - e

Optimiae the number of blades Caviation detestion
o o Find the rumber of blades offerng the best | Test cepth fmeters): 710 7

oy et I :
The Power coefficient max with 4 blades is 0,4726515 -

at 53,199%9rev [min .'I'IE. Fhulti Anak

The optimum twist suitable for this operating point and the 3D model of our propeller was built. Our performance
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could be improved by changing the width and distribution of cords to get dose to the Betz limit, but suffice 0.47 in
this tutorial trying to keep it simple and fast.

Couldn't load plugin.

We could start manufacturing the blade editing 3D IGS file... but optimizations will follow, as the introduction of a
tangential velocity by the distributor(guide vanes), and creating a draft tube ...Take care to save your project,
because we'll come back later.. We will now use the results of this turbine configuration for following: evaluate the
effect of a tangential introduction upstream of the propeller caused by a guide vanes

Chapter Summary hydroelectric turbines::

e kaplan hydraulic turbine energy capture 1/3 :Components Overview
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