Analysis of Hydraulic Turbine using MecaFlux Heliciel

Suppose that we have a stream of water with no head available then for getting power out of it we can
just only use the kinetic energy of water.

P =1 pav®

P =Power Available
p = Density of Water
A = Area of Discharge
v = Velocity of Water

Suppose we have the stream speed of 4m/s and the depth of stream is only 3m and constant i.e. there is
no variation in the depth of stream.
Our purpose is to capture energy from the stream using Hydraulic Turbine with Hydro-Kinetic
Propeller.

Now we want to design and analyze the hydraulic turbine according to the given restrictions.......

I started surfing on the internet for this specific case. I read many research articles. I came to know
about different software designed for Hydro-kinetic type of Hydraulic Turbine like Turbem, HARP etc.
If software is free then it’s not capable of drawing 3D model. On the other hand, software in which 3D
model can be drawn are not free. Then I found a very much friendly software MecaFlux Heliciel and a
great news for me on the website of this software company that I can use it freely if [ do a partnership

contract with company that I will do work on this and write an article or make a video tutorial.

I really appreciate this thought that students who could not pay for the software still they can use it

freely. It’s freedom for all.
Then I started to work on it
I found that it can do multiple analysis, calculate forces, draw velocity diagrams and estimate power
output and shaft power.
1. Project Specifications
In MecaFlux Heliciel Software, Project Specifications were inserted by selecting type of fluid,
temperature of fluid, purpose of installation and velocity of the fluid stream.

1.1  Type of Fluid
Water was selected among the list of Liquids.
One can change the ambient fluid by clicking on the tab on the bottom right side in the figure. This
software can also deal with gases too such as air is the fluid in wind turbine.
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1.1:Fuid  1.2:Goal 1.3: Opersting point

| eau H20

press vap sat: |24DDF‘as. | 598 Z3g/m3
viscosity dyn:  |0.001004544Pas/sec? | 20

Speed of sound in the fluid in m / sec

1435 Change the ambiert fluid

By clicking on the change the ambient fluid tab, a new window appears where we can select the type of
fluid and ambient temperature of the fluid as shown in below figure that water has been selected with
temperature of 20 °C.

Editeur de Viscosité-ternpérature fluides n
Fluide sélectionné:| eau H20 Température Chaleur latente Masse
Liquides Gaz sélectionnée de vaporisation molaire
eau H20 j | j |2ﬂ - 225?["}“ | 18
2 Celcius 1/Kg a1 bar g/moles
Températur| Viscosité  |Vap.Sat. Masse val. | ~
0[1.001788363 0.006 999.87
1001305711 0.013 999,73
30(.000801477 0.043 995.67
40().000653346 0.074 992.24
50| 0.00054936 0.123 988.07
60 (1.000469899 0.199 083.24
701000406134 0.312 977.81
80(.000355122 0.474 971.83
90().000314901 0.701 965.34
100().000282528 1.03 958.38
0 ' ' ' ' ; | 1201000237402 2.02 943.4
0 S0 100 150 200 250 300 1401000201105 3.68 926.4
160().000173637 6.3 907.5
1801000153036 10.23 sl v
Axe vertical: viscosité dynamique en Pascal.seconde x 10e5 { Pa-s) ® Celclus Fa.s Bars Kg/M3 a1 bar
Axe Horizontal: Température en Degrés Celsius
I Parametrer fcréer un fluide l I Utiliser ce fluide ]

1.2 Purpose/Goal
As our goal is to capture energy from the fluid stream so third option from the list was selected.
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1.3 Operating Conditions
The velocity of the fluid stream can be measured by velocimeter or can be obtained from the nearby
gauge station.
And also the propeller rotation can be entered if known but it’s not necessary as Heliciel is capable of
optimizing the propeller speed of rotation and also the no. of blades.

In our case, velocity is 4m/s as entered shown below.
) 1: Project specifications E‘ 2: Blade geometry [ % Optimize &# Mets(3) Tools (Optional) & 3D prototype

1.3:FAuid  1.2: Goal

Enter fluid velodty upstream of the blade The increase in speed caused by a
depression of Opascals, is 0 m/sec
mfs: (4
Effective Velocity estimated
7.775 noeuds m/zec
14,400 km/h
Enter the volume flow m3/sec in the duct
unstream of the propeller
3617343 m3/h = 13022.43
Enter propeller rotation speed if known Tangential flow introduced =0
rad/sec 250
250 propeller shaft rotation speed (pm) pm relative

A speed not compatible with the fluid velocity, can lead to the impossible cases operating point {masking blades, torques or negative thrust)
lUse the Optimize tab, search for optimum speed, can avoid the impossible cases.

Restore operation points to the last point of design

2. Blade Design
In blade designing procedure parameters like blade base radius, blade tip radius, chord at the
root & tip of blade, blade profile, chord distribution equation, blade materials, no. of blade
elements per blade and no. of blades were involved.
2.1 Blade Length
First of all due to the unavailability of large depth of stream a small design of turbine is required.



Blade radius at base can be adjusted and one can change it according to the requirement as rupture
in element appears in 3D model sometimes. Similarly chord at the root and tip of blade can be
adjusted.
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2.1: Blade dimensions 2 2: Profiles Law  Advanced Geometry

Blade length 0

Base blade radius =25% Of the blade tip radius Enter radius at blade tio mm
Radius mm Diameter mm

v ss0 | 1100
Blade width Change the position of the blade base i o
Chord at the root of the blade mm [stribUtion Chords blade tip chord

Distribution equation: Chord = | 1-538489E-09| T | 0-?2?2?34| _r+|500 | Apply the chords equation
Blade thickness imposed by the constant profile 7]
Base blade thickness mm La loi de profil actuellement sélectionnée est Tip blade thickness mm

"Profil constant”.
Le profil é&tant de forme constante, son
epaisseur est proportionelle & sa corde.

1576334 Thick.Relative=0.039 - Thick.Relative=0.010
Epaisseur appliguée au pied pale Epaisseur appliqguée au bout pale
mm mim

Epaisseur relative du profil = 0.110 fois la Corde
43.849 Thick.Relative=0.110 10,96 Thick.Relative=0.110

2.2 Blade Profile
Blade profile has two options.

1. Constant Profile

2. Profile Thickness

2.1: Blade dimensions = 2.2: Profiles Law  Advanced Geometry

® A) Law "constant profile”

.
Helidel apply this profile to all elements of the blade. A gded the default profile
You can manually select your profile: —
nd011sc
Profile relative thickness = 0.110 times the chord

O B) Law "profile thickness"

Selection of profiles in a thickness required.
Héliciel selects profiles finesse (Cx / Cz) maximum comesponding to the required thickness better.

In constant profile default profile is selected by clicking the tab on the right side. Heliciel has
Interactive profiles database from which one can select with a larger variation in Renoyld’s No.
i.e., 10000 to 5000000.

In our case n0011sc profile has been selected and Renoyld’s no. is 5000000.



£ inter active data base profiles - O X

database Search Creating and editing profiles  Coordinates/Cp/Bl  Lift/Drag ratio - CL  Xfoil Parameters Camber p Thickness
Bmﬂles avaiable: (1832 lines) 0.25 E‘ké @’* Uitz
EFiIe management database - Renommer Profil Edelete Row E delete Profile ;fgi
nom_profil 4 epaisseur Re cz_fmax f_max ox_fmax cm_fm: ™ 0.104
n0011sc 0.1097 10000 0.2006 4.25541 0.04714 0.0294 ;ng'—"‘f -
n0011sc 0.1097 50000 05718 2167551 0.02638 -0.0209 -0.05 -M 3
n0011sc 01087 100000 05249 3160145 001661 00357 o
nl011sc 0.1097 150000 0.5309 3326441 0.015%6 0.0373 -0.20 4
n0011se 0.1097 200000 056939 36.14062 0.0192 -0.0278 s o2 o A A A
n0011sc 0.1097 300000 07127 42 67665 0.0167 0.0321 Profile name
n0011sc 0.1087 400000 08047 475591 001632 -0.0289 |nom 1sc
nb011sc 0.1057 500000 0.8952 50.8842 0.01753 -0.0248
n0011sc 0.1097 600000 0.8604 53.24258 0.01616 0.0178
n0011sc 0.1097 700000 0.9463 55.40398 0.01708 0.0133 V Apply base profile as forced Element nb2
n0011sc 01057 800000 08163 56 29655 0.0145 -0.0082 —
nb011sc 0.1087 500000 10126 58.87205 0.0172 -0.0045
13 nl011sc 0.1097 1000000 0.8963 60.84861 0.01473 -0.0022 t Default profile {profile lzw)
P i1 1se n1ng7 ANDDNNN 1 NS R7 71458 nniazs ﬂﬂ'ﬂ) N G

Performance profile (20 = irfinite length)
View CD and CL max lift/draq ratio angle at max lift/drag
1418 12

m Tools change polar = O through 380 * — Boundary layer and Coeff. pressures

10000 50000 100DD0 150000 200000 300000 400000 500000 600000 700000 S0DDDD 900000 1000000 3000000 5000000

g Ld [coefficient drag) according attack angles

e = b

o oo o oo o
=

(SRR N

0.015 0.020 0.025 0.020 0.035 0.040 0.045 0.050

Also there are two options here wether we want to examine default profile for each element of blade or
for specific element of the blade for example in the above figure it is shown that there is an option to
select the profile for just blade element no. 2, not for the other elements of blade.

2.3 Blade Material
Blade has been divided into five elements in this case. Blade material can be chosen for all elements of
blade or single element of blade just like blade profile. If strength of blade will not be appropriate the
red colour will be shown instead of green colour which is shown in the figure.
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3. Optimizing the Design
In optimization, we can find the no. of blades offering best performance, optimum propeller
speed and also one can analyze the design by changing no. of blades. Heliciel can also create
multi-analysis charts offering various parameters vs fluid speed like thrust, moment, power
output, power available according to Betz’ Limit, Velocities at exit, Head loss coefficient and
cavitation limits etc.

=) 1: Project specifications |59 2: Blade geometry 6 3:Optimize & Alets(3) Tools (Optional) §# 3D prototype Iﬂ
Mo Data
Optimi: i 'speed rotation
L B e e ) Optimization of Power Coefficient

+ ‘Chmgelhcmmbuafbladﬂ

Hic search speed rotation with

Cancel
Cavitation detection Optimize the number of blades
Allow Find the number of blades offering the best
e et i) © me. | mrathbes |

After this multiple analysis the different parameters as described earlier are plotted graphically
according to fluid speed as shown below.
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And also the values of different parameters at different velocity points can be viewed in the

tabular form in the below section as shown.

E Save [@ Enter a torque curve compared

Vimeed) nfpm)  n(Rps)  A=wRN Cp tt Torque(m)  Thrust()  Pehaft(W)  Pon(W)  deltaPlpas)  V.tanDownst V.ax Downstre T&Tﬂiﬂt E;:g o
}_- 18 L33 3609 04 0303 |03078 |434l6%  |D%6808 10063 TR 08189 0.2051 15665 1017
32 18 LBE 3B 044 0301 |3WAT MM (MRS MILE 484l -0.8531 0.50% 18214 0807
34 18 LB3E |3BS 04T D517 |4Mde8R2 (44T Ble3%9  1M4mes -S020e63  |-0.88%8 07588 350277 0818
38 18 L33 3008 047 D516 (4N 454302 98651 A7RS7 S0%L1M |90 10757 REVYE TNEL ]
38 18 L3 |28 047 3B |53 |41 103863 44004  Sls2sed |-0.%06 131 -BLITR 0614
4 18 LB 2707 Q4% |52 (Ml |495818 |1MLYL /4948 S2M6% 09987 16164 14,568 0618

4. 3D Model




A 3D prototype can be viewed and one can also play with it using commands given in the bottom bar.

For example in the figure below it has been shown the path particles in the fluid stream with green

colour.
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istribution and thicknesses of chords 5 blade elements
described by 6 Profiles

Aspect 1650 [=]
Estimated It loss %: 27539 [
Calculated lift loss % 20.999 [}

The fluid velocity and the speed of rotation are divided by 1.9

And also blade tip losses can be viewed as shown in blue color.
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5. Heliciel Results
The Delta Pressure & Head Loss Coefficient , Axial Force & Y-axis Moment, Torque around x-
axis for single blade are shown in figure.

Axial force (X) and Y-axis Moment

Delta pressure

“Torque N.m around axis X

relative to rotation direction

46958 18

Axial force(X) Newtons

SB8626 |
Torgue N.m around axis X
Press totale(bars)=-0.05
- 146563
head_loss_coefficient: Y-axis Moment
|| fated new point design [N

The comparison among Betz Limit, Power available and Shaft Power output is shown in the form
of bar graph.

Power  Efficiency

5,000.00 10,000.00 15,000 00

20,000.00 25,000.00

Betz limit:16865.10 w, P. Kinetic:28459.49 W, Upstream vortex0 W
Shaft power11541.91 W
Flux axial aval:4408.66 W ,Downstream vortex:2818.50 W

Efficiency is the ratio of shaft power to kinetic which is available power and it is 0.406.




Power

Coef Puissance helice

6. Heliciel Calculations per Element of Blade
Heliciel calculates various parameters for individual element of single blade like Lift
Coefficient, Drag Coefficient, Lift & Drag Forces, Moment & Thrust, Fluid velocities and
angles, blade angles, Strength and Torque about axis Y. These are represented in bar graphs as
shown.
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6.1 Force, Velocity and Angle Diagrams for Each Element

Heliciel is also capable of drawing velocity diagrams with full detailed knowledge of symbols and
values of physical quantities. These diagrams are self-explanatory for the students of fluid mechanics.
Go to Edit and select diagram of Forces, Velocities and angles.

i"y Study propeller capturing a flow ofezu H20 at 144 ke/h (2 blades of .35 m at 188rpm] - bt
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These Diagrams are shown For Element 1, Element 2, Element 3, Element 4 and Element 5
respectively.

Velocity diagram of forces and torque Blade element selected [ =]

Heéliciek: Diagram of angles, speeds and forces of the blade element No.2 at lift point located at 0.261 meters from the axis [~ |




Heéliciek: Diagram of angles, speeds and forces of the blade element No.3 at lift point located at 0,344 meters from the axis B




Heéliciel: Diagram of angles, speeds and forces of the blade element No.5 at lift point located at 0.500 meters from the axis E




Results & Calculation Notes Summary
For the summary of calcultaions performed for the 5 individual elements of blade, click an icon
higlighted mentioning Calculation notes.

& Study propeller capturing a flow ofeau H2O at 14.4 km/h (2 blades of .55 m at 188rpm)

Files Edit View Prototyping update available: Version3.2.4.4 date 17/11/2015  Parameters

Sd, . i} P @
[welocits " G -1 1 B ] G; m 1:| Calculation notes l F? 2 Blade qet

A new window will apear representing the summary of all calculations.

<] Editor calculation notes - X
EH3
caleull
Heliciel Motes Calculation of 2/6/2016 10:31:39 PM -
Study propeller capturing a flow ofeau H20 at 14,400 km/h (2 blades of 0,55 m at 188rpm)
The blade is divided into 5 elements.
The first element is located at 137.5
The blade tip i located at 550
Design [ blade twist calculated at operating point determined by:
—> Rotation speed =4meters / second
> Rotation speed =188rotations per minute
The performance of this calculation note is given in the state:actualise_nouveau_peint_design
Torgue per blade: 293. 1306 Nm (rotation direction)
Propeller torque:586.2611 Nm (rotation direction)
Thrust per blade:2347.909 N (flow direction)
Propeller thrust: 4695818 N (flow direction)
Kinetic energy fluid upstream propeller: 28453,43 W
propeller shaft power: 11541.91'W
Betz limit: 17989.21 W
Efficency (propeller shaft power / kinetic energy fluid upstream propeller):0.41
Table of results (exduding design) per elements for a blade only:
Position = location of the element R.mm = distance axis, C.mm = chord of the profile, app = apparent angle resiting from the combination of the rotation and fiid speed in degrees .
Pasition Radius_mr Chord_mm  Apparent_angl Apparent+induced, Attackangle pitch cL [es] Finesse Re_palar Reynolds  Coef_axial_induct Coef_tangential_in axial_induct_m_s  tangential_induct_r F_Pran *
» Base el. 1(n 138 400 55.9 37.5 8 28.5 0.8963 | 0.01473 60.84861 1000000 1919814 0.3009 0.3463 -1.203 0.937 0.995
Centerel.1 179 370 8.7 34.0 - 25.9 0.8963 | 0.01473 60.84861 1000000 1958849 0.2806 0.2142 -1.122 0.754 0.985
Base el. 2(n00... |220 340 @7 30.3 8 22.3 0.8963 | 0.01473 60.84861 1000000 1991941 0.2750 0.1472 -1.100 0.637 0.967
Center el.2 261 310 379 26.9 - 19.2 0.8963 |0.01473 |60.84861 1000000 2007154 0.2755 0.1078 -1.102 0.555 0.944
Base el 3(n00... |302 280 339 24.1 8 16.1 0.8963 | 0.01473 60.84861 1000000 1996107 0.2777 0.0826 -1.111 0.492 0.913
Center el.3 344 250 0.6 213 - 13.9 0.8963 |0.01473 |60.84861 1000000 1952959 0.2811 0.0654 -1.124 0.442 0.873
Base el 4(n00... |385 220 27.8 18.7 8 1.7 0.8963 | 0.01473 60.84861 1000000 1873621 0.2857 0.0531 -1.143 0.403 0.819
Center el.4 426 120 255 17.9 - 9.9 0.8963 |0.01473 |60.84881 1000000 1755192 0.2924 0.0445 -1.170 0.373 0.745
Base el. 5(n00... |468 160 235 16.1 8 8.1 0.8963 | 0.01473 60.84861 1000000 1595580 0.3101 0.0386 -1.241 0.355 0.645
Center el.5 509 130 218 133 8.5 0.8963 |0.01473 |80.84851 1000000 1393253 0.3801 0.0367 -1L.440 0.368 0.495
Tip blade . |550 100 0.3 12.8 8 4.8 0.8963 | 0.01473 60.84861 1000000 1393253 0.3601 0.0367 -1.440 0.398 0
* v
< >
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