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Abstract:The propeller for the aircraft is always an pull or pushed propeller. For the pull propeller it is always
driven with the help of an engine being coupled with crank shaft and for the push propeller it has been always
driven with the help of chain drive or by the pulley arrangement which means an propeller is connected to the
wheels of the vehicle through a chain or belt drive. So, that when the wheels rotate it will rotate or spin the
propeller in order to produce thrust for the forward movement. With reference to the paper “ Analysis of Down-
Wind propeller Vehicle” the selected Airfoil is NACA 6412 which does very well with the performance and a
wind driven vehicle travels faster than the wind along its direction. The analysis i carried out in the Java Prop
software to study the behaviour of NACA 6412 airfoil selected as push propeller to fly the bike in air to have the
less induced drag and also with minimum drag for the same amount of lift and wing area. Even for the Wind
Turbine it has been chosen best according to the paper” Design and Blade Optimisation of Contra rotation
double Rotor Wind turbine” for its optimum results for the 3 blades with 600 mm diameter in the front and rear.
Keywords: NACA 6412, Propeller, Wind Turbine

I.  Introduction
To drive fly the vehicle in air one always needs a requirement of thrust. The thrust is based on the
Newton’s second law of motion. The main purpose of the propeller is to cut the air and to provide the movement
(pull or push) of a vehicle in a road or in air. The best cutting angle provides the best performance of a propeller.
While the wings helps in gliding much more than propeller. Also the performance of a propeller based on its
diameter and the blade chosen for an angle of attack. The best propeller always results the minimum fuel
consumption due to the minimum drag.

Il.  Research And Analysis
Objective:

With reference to the paper: Dhakad, Amit Singh, and Arun Singh. "Power Requirement for Flying
Bike."International Journal of Innovative Research and Development 3.5 (2014), the required thrust is 88.75N
for speed (axial vel.) = 16.6 m/s=60km/hr and 487.00 for speed (axial vel.) =38.88 m/s=140km/hr, the objective
is to find the suitable propeller among 2 and 3 blades.

The input values for design and analysis in Java Prop are:

Propeller Chosen NACA 6412

Blade 2 and 3 (for analysis)
Propeller diameter 580mm=0.58mm
Propeller spinner 19 mm

Max revolution per minute 8000 rpm

Max Thrust (T) 487.00 N

Max Velocity (V) 140 km/hr

Direct Driven
Propelior

Fig 1 Side view of an Air propeller bike/vehicle (Ref): Amit Singh Dhakad, Pramod Singh. "Flying Bike
Concept." international research journal of mechanical engineering 1.1 (2014): 001-011.
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Analysis of NACA 6412 Airfoil (purpose: propeller for flying bike)

Design card:
For analysis on Java Prop we have the design output data (for two and three blade propeller) as:

£ JavaProp
Design | Arfols | Geometry | Modity | mstiAnalysis | SigieAnsiysis | FlowFied | Options |
Erter Design Parameters and press the Design IF button,
Propeler Nome: s412
Number of Blades B 2 13
Revoltions per minute rpen ;ﬁ {14nin]
Diameter D 5?8 m)
—
Spinner Dia, Dpt j018 im)
T
Velocty v. 888 fmis)
—_—
Power P v i9480 1]
I shrouded rotor I square tip
Propedsr
vAnD) 0503 vAOR) 016
Efficiancy n £4.043 % 1cadng medrm
Theust T 15584 N a 00634
Power P 9.48 W cp 00438
Torqus @ 11.28Nm Cs 0316
B o 75%R 145" PachH 357 mm
Remark The RPM satting is also used for Analysis page.
Designtl || Copy Text || Copy (1ML |

Ready |

Fig 2 (Design parameter of 2 blade propeller)

So, by putting the input values we have output with certain properties of propeller where the propeller design is
simple but without shrouded and squared tip condition.

Design card (shrouded)

= [=)x]

Designl Airfoils | Geometry I oty | Multi Analysis | Single Analysis Flowee Figld Options I

Erter Design Parameters and press the 'Design ' button.

Fropeler hame: G412
Mumber of Blades B: 2 [
Revolutions per minute rpm; (5000 [1min]
Diameter D: 0.58 [m]
Spinnet Dia. Dep 019 [m]
Welocity 38.68 [mis]
Power P v |94BU
Iv shrouded rator
Propeller
N0 0303 IR 016
Efficiency V3724 % Ioading medium
Thrust T 17939 N Ct 0.073
Powver P 9.46 KW Cp 0.0498
Targue 11.29 Mim Cs 0.916
[ &t T5%R 18.4° Pitch H 455 mm

Rematk: The RPM setting is alzo used for Analysis page

Design ! Copy Text Copy (HTKL)

Ready
(S —— e
iy start | N

»

Shrouded:
The characteristic of propeller says that along the length of the propeller airfoil the thrust decreases and at tip it
becomes zero. So, to avoid and to cover such thrust loss at the tip the propeller used to be shrouded and the

thrust can be maximised.
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Analysis of NACA 6412 Airfoil (purpose: propeller for flying bike)

Design card (shrouded and squared tipped)

Designl Ajrfoils | Geometry I Modify I Multi Analysis

| single Analysiz | Flow Field | - options |

Erter Desian Parameters and press the 'Design /' button.

Propeller Name: 6412
Mumber of Blades B: 2 [-1
Revolutions per minute rpm: S000 [1 fmir]
Diameter O 0.58 [m]
Spinner Dia. Dsp 019 [m]
welocity v 35 58 [rmis]
Power Pu 4 | 9460 [
IV shrouded ratar v Eoq
Propeller
“wi(nDi 0.503 IR 016
Efficiency n TIF29% loadding medium
Thrust T 17941 N ct 0.073
Power P 946 kv Cp 0.0495
Torgue @ 11.29 Mm Cs 0.918
B at 7o%R 18.4° Pitch H 456 mm

Remark: The RPM setting is also used for Analysis page.

Design it I Copy Text Copy (HTML) I

Ready
L vy <

+w Start T 9 2 L Prop N ‘ ippi. ..
Fig 4 (Design parameter of 2 blade propeller with shrouded and square tip)

& L ', 155 M

Square tip:

The square tip is the concept for creating the blades with rounded tips which produces a tip with final chord
length by the simple extrapolation of the last section and the optimum design results good for the light and
medium loaded propellers. And this is classified in terms of the coefficient of thrust. i.e.,

1. Tc > 1, (highly loaded)

2. T >0.25, (medium loaded)

3. T; <0.25, (lightly loaded)

Note: So, under both shrouded and square tip condition the thrust can be maximise additionaly.

Fropeller Mame: 5412
Mumber of Blades B: <l -1
Revolutions per minute  rpm: 5000 [ fmim]
Diameter O 0.55 [m]
Spinner Dia. Dsp: 0.19 [m]
“elnoity 35 .85 [mis]
Powver P ~ | |3460 (%]
v shrouded rotar IV Sqqusre tip
Propeller
(A 0503 wICCIRY 016
Efficiency TS 748 % Inading mediLm
Thrust T 179.44 1 i 0073
Powver P 946 Ky Cp 0.0455
Targue & 11 29 Mm = o916
E &t 7S%R 165.47 Pitch H 455 mim
Femark: The RPM setting is also used for Analysis page.
Design B I Copy Text I Copy (HTRL) I

Recycle Bin

Fig 5 (Design parameter of 3 blade propeller)
Note: From fig 4 and fig 5, on design analysis we come to know that as we go for the increase of number of
blades the propeller efficiency will increase with thrust for the same power and torque than two blade propellers

with a different angle of attack along the length of the propeller but the weight consideration is the major issue
for flight.

Q.)@ 2 zizpPm
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Analysis of two blade propeller in order to have minimum drag and weight:
Airfoils:

Design |  Airfoils | Geometry Modity | Mutii Analysis | Single Analysis | Flow Field | Options |

Select the desired airfoils and angle of attack for each station.

iR = 0.00: | clark v, Re=500'000 v v
cd300z00
angle of attack: |2 Wl LD =274 od

rR = 0533 | clark v, Re=500'000 v

angle of attack: |3 Wl

iR = 0GR | clark v, Re=500'000 v

angle of attack: |4 Wl

riR = 1.00: | Clark v, Re=s00000 ~|

angle of attack: |3 "1

Clat v, Re=500'000
TZ0

Cl=g@.

Ready
_
‘s start

rop : 5,

Fig 6 (Airfoil characteristics under Re=500000)

Note: The best performance of an airfoil depends on the blade angle. And by default the angle of attack is set as
3 degree always for best performance. And here we can see the red dot for coefficient of drag = 0.0200 and
coefficient of lift = 0.549

Geometry card:

Design | airfois | Geometry | Modity | Muli Analysis | Single snalysis | Flow Field | options |
Propeller Geometry
TR EIR B Ll T 3 H T T
-1 I-1 1 -1 [mm] [mm] [mm] [mm] 1
0.0000 Spinner - - - = = s -
0.0500 Spinner - - = - -
0.1000 Spinner - = s - - - o ==
01500 Spinner - - = s -
0.2000 Spinner - - - B -
0.2500 Spinner - - = s -
0.3000 Spinner - - = = = - .
0.3:300 02652 327 oF 1015 827 408.3 102 KClark v %
< —
shiowy: views | PitchiDiameter

Adrthil 1 Aiji z | ‘ Alel Mil‘l

Side View

[

—

Copy Text Copy (HTRML) | Print... I Save... | Import... I

Read
A S—
75 start e o =

> [

» ] g
of the Two

waProp

Fig 7 (Geometry
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Analysis of NACA 6412 Airfoil (purpose: propeller for flying bike)

ava

= JavaProp

Design | awfols | Geometry | oty | Mutisnsysis | Single Analysis | Flow Field | options |

Propeller Geometry.

- o 5 5 T - o - ST Rt
06000 01733 222 0.4 174.0 3048 4434 6.3 interpalzt

0 8500 01574 20 08 1885 456 434 3 56 Clark %, R
0.7000 01402 200 08 2030 405 4635 a0 interpolat
0.7:300 01233 18.1 0.4 21735 338 4738 4.4 interpalzt
0.5000 04070 184 08 2320 30 484 .4 38 interpolst
08300 0.0a01 177 k] 2455 261 4934 3.2 interpolat
0.8000 00717 172 08 261.0 208 a07.0 26 interpalzt
083500 0.0495 167 048 2755 143 21941 18 interpolst
1.0000 0.002:3 163 08 290.0 0y 231 6 0.1 Clark ™, R »
4 ¥

showy: Views | Pitch/Diameter

[IpREEEAN

Adrfoil 1 AiJ il2 A

Side View

A

Copy Text Copy (HTML) | Print... | Save... | Import... |

Design | airfoilz | Geometry | Modity | Mutisnslysie | Single Ansiysiz | Flow Field | options |
Propeller Geometry.
e W L o e roe o w3 R LI e
05000 | 04755 222 s 174.0 509 4454 63 |interpolat
06500 | 04574 210 0.4 186.5 455 454.3 56 |lark v, F
07000 | 04402 200 08 2030 405 4638 50 |interpolat
07500 | 04235 191 0.8 2775 358 473.8 44 |internolat
nsoo0 | oaovo 154 o0& 2320 30 4544 38 |interpolat
08500 | 00801 177 09 246.5 261 4954 3.2 |interpolat
nsooo | o7z 172 na 261.0 205 507.0 26 |interpolat
08500 | 00495 167 09 2755 143 5194 18 |interpolat
10000 | 00025 163 0a 2a0.0 07 531.6 04 |tk v, F v
< >
shavwe: Wiews Pitch/Diameter |
10 O

Pitch/Diameter

[1E:)

oo R
0.0 0.5 1.0

Copy Text Copy(HTMLJl Print...l Save...l Impart...

Ready

op e Srippi... ] f__;‘: i

Fig 9 (Twoblade propeller results with pitch along the diameter)

Therefore form the geometry card (Fig 6, 7 and 8) we have:

1. The 3D view of the propeller in red color and also the front and side view (fig 6)
2. The different properties like

(@) “r’ is the radius station or origin i absolute dimensions

(b) ‘c‘is the chord length in absolute dimensions

(c) ‘R’ is the radius of the propeller in m
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Analysis of NACA 6412 Airfoil (purpose: propeller for flying bike)

(d) ﬁ is the relative radius of propeller and can be read along the length of it.
(e)% is the relative chord along the length of the propeller radius.

(f) ‘H’ is the pitch in mm

(9) ‘t’ is the thickness of an propeller along the diameter of an propeller.

Note: Since the spinner is only to mount and spin the propeller their thickness, pitch and angle of radius is left
blank as it nothing to do with it.

Modify card:

Design

Ready

Airfoils

Modlify Propeller Geometry.
Change Blade Angle by:
Scale Blade Angle by:
Increase Chard by:

Scale Chord by

Taper Chord kby:

Wi at riR =0 (1.0 = undisturbed inflov).

HR wehere v =1
Threading ine at % chord:

Traiing ecige thickness:

v

= P
Fig 10 (The default

Geometry | Modify | huti Anaiysis

Single Analysis Flowy Figlcl
poo
from g
0.000 [mm]
ffom
1.000 [ tipioot
1.000 [-1
pso
33.000 [35]
0.500 [%]

Moy il |

r

desired data of

res

The modify card is to modify in creation as per our requirement.

Multi Analysis card:

an propeller

options |

Design Ajrfoilz Geometry moddity Muhlti Analysis I Single Analysis Flowy Field Qptions I
Propeller Off-Design Analysis for full vwhD range.
wiinD)y wi{OR) Ct Cp Cs Tc Pc n n* stalle
-1 3] -1 I-1 3] 3] -1 %] %] %]
0.000 0.000 0.208538 | 0.085189 [ 0.0000351 [ 9.9999939 | 9.999999 0.01 0.01 3.001
0.050 0.016 0.207958 | 0.072093 | 0.054604 | 9.9939939 | 9.999999 14.43 12.48 2700
0.100 0.032 0175819 | 0.057401 [0162816 [ 9.999999 | 9.999999 2012 2517 0.00!
01350 0.045 0166033 | 0.085803 | 0.245127 [ 9.999999 | 9.999999 29.03 35.92 000!
0.200 0.064 0.155020 | 0.083355 [ 0.328733 [ 9.668903 | 9.999999 37.20 4562 0.00!
0.250 0.050 0143280 | 0.050299 | 0.413995 | 55637762 | 9.999999 44 61 54.30 000!
03500 0.095 01307368 | 0076537 | 0501587 | 3693124 | 7 218546 51.24 6207 0oo0 3
= R RS [P I p— p—— — =
show: Coefficients Cp, Ct | Coefficients Pc, Te Thrust Powver Fpm Torgue

v Add to existing plots | Analysis with rpm=prescribed | (Resultz are valid for B, rpm, D, p from Design card)

Ready

Analyzel | Copy Text | Copy (HTRL) | Print... | Save... |

Frop

Fig 11 (The

[4 >

multi analysis result)
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Analysis of NACA 6412 Airfoil (purpose: propeller for flying bike)

Design Ajrfails Geometry I Machity I Muninnalysisl Single Analysis | Flowy Field | Options |

Propeller Off-Design Analkysis for full vnD range.

Tc Pc n n* stalled [ pm Power Thrust Y
[-1 -1 [l [%] [l Imis] | [1/min] [kw] [kH]
51 |9.999999 | 9.999999 0om 001 3.00! 0.00 8000 16.183 0512
E04 | 9999398 | 5.9998999 1443 12.48 27.o0! 387 8000 13.695 0511
16 |9.999399 | 9.999993 2012 2517 0.00! T3 000 16.603 0.432
27 [9.993335 | 9.539999 2903 3592 ooa! 1160 8000 16.300 0.408
733 | 9066903 | 8.999998 | 37.20 45.62 000! 15.47 8000 15.834 0.351
986 | 5837762 | 5.999999 | 4461 54.30 0.00! 18.33 8000 15.254 0.352
SE7 | 36090124 | 7218546 | 5124 E2.07 0.00 23.20 8000 14.539 0321
7R 12 441R31 | 4 DFRADR s7n FRR A9 nnn Ny annn 13 R7R n=2r4 o]
< 3
show: Coefficients Cp, Ct | Coefficients Pc, Tc Thrust Power rpm Torgue

I¥ Addto existing plots | Analysis with rpm=prescribed | (Resutts are valid for B, rpm, D, p from Design card)

Analyzel | Copy Text | Copy (HTML) | Print... | Save... |

Ready
77 start ® @2 7 £ sapop

Fig 12 (The multi analysis result with various properties like power and thrust)
Therefore according to the multi analysis we have the different values based on the constant rpm=8000. i.e.,
(a) Different velocity (v) in m/s deliver by propeller rotating with constant speed.
(b) Power also varies from initial point to the final point with the thrust.

Flow Field:

Design Aijrfoils Geometry I Modify | Multi Analysis | Single Analysis FIuwFieldI Options

Off-Design Flow Field for single winD value. Colors indicate local axial velocity.

Wah= 1.
W= 0.

-15 Wi

08463 o 11837 13074

(Results are valid for B, rpm, D, ¥, p from Design card)

Anglyzel Prirt...

B

.orgfre

rop =

Fig 13 (The flow around propeller)

Here from the flow field we see that the (V,): axial flow speed increment increases immediately after
the propeller and also the (V;): the tangential velocity increases immediately after the propeller.

Since, the ratio (V,/V) for red colour start with 1.1537 and it is around 1.1973 and 0.136. And for the
yellow colour the ratio (V,/V) starts with 1.3074 and it is around 1.3945 and 0.1478 around the propeller with
the delivering velocity.
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Option card:

Dresign Mirfoilz Geatmetry Modlify Multi Analysis Single Analysis Flowy Fieldd Options |

Adiust the desired Option(s).
JavaProp
“ersion 1.64 - February 1, 2014,

Copyright @ 2001 -2014 Martin Hepperle

= Translations -~
- Translation to English by Martin Hepperls, 2001.

- Translation to German by Martin Hepperle, 2001 .

- Translation to French by Giorgio Tosao, 2002

- Transglation to talian by Giorgio Tosa, 2002

- Translation fo0 Portuguese (European) by Jodo Alveirinha Correis, 2008, bt

= Your current system settings
- YOUr user name s use.
*ou are running Windows XP| Java version 1.7.0_11 Java memory is 15744 kB
- System language code is en.
- Selected country is United States, selected language is English.

Courtry Settings: English (Urited States) % | (decimal character is: ')
Density p ’122107 [kepim=]

Kinematic Yiscosity v, |0.000014607 [mits]

Speed of Sound & 340,29 [mis]

Save.. | Load... | [ Clear preferences on exit

i .
ata for approximate result)

aProp Snipping ... i)@ﬁ: 2:09 PM

Fig 3 (Standard d

The option card is to set the data as per the standardization to get the appropriate result.

Validation:

According tom the reference paper:

1. Amit Singh Dhakad, Pramod Singh. "Flying Bike Concept." international research journal of mechanical
engineering 1.1 (2014): 001-011 &

2. Dhakad, Amit Singh, and Arun Singh. "Power Requirement for Flying Bike." International Journal of
Innovative Research and Development 3.5 (2014).

The force required for to overcome the drag (D) = F=ma, is 280kg*0.648m/s2 = 181.44 N through
mathematical modelling and the thrust obtained on analysis for three conditions are T= 155.84N in fig 2 (for
unshrouded and unsquared tip propeller), T = 179.39 N in fig 3 (for shrouded propeller) and
T = 179.41 N in (fig 4) for both shrouded and squared tip propeller). Hence the analysis validates the
mathematical modelling meeting the nearby target with a difference 0.02%.

I11.  Conclusion
On analysis it is very clear that two blade propeller has (efficiency) n = 73.729 % and the three blade
propeller has 1 = 73.748 producing the same thrust with constant power. Therefore keeping the weight into
consideration it is better to have the two blade propeller for flying bike. And as the coefficient of thrust T; =
0.073 the propeller is lightly loaded.
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