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 In modern day’s transportation using 
project gives a resembled conceptual idea of
instance and used for surveillance. This may
vehicle which runs at low Reynolds number
Translowren have been discussed. 
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INTRODUCTION 
 
 Mankind has dreamed of flight
has dreamed. Flight in nature, in 
sizes, has been the seed of these dreams.
small birds and insects has always
for mankind and entire lifetimes and
devoted to the study of single species.
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ABSTRACT 

 roadways is overpowered by flying vehicles called aircraft, but expensive
of butterfly. Using light weighted, home built flying vehicle a single

may reduce the travelling time compared to roadways. In idea to bring
number and aluminum alloy can be used as a material for individual structures

Coefficient of Drag, Controllability, Reynolds number, Translowren. 

 

flight for as long as he 
 all its shapes and 

dreams. The flight of 
always held a fascination 

and careers have been 
species. We have studied 

their shapes and motions, theorized
mechanisms of flight, but 
emulate their success [1]. Ever
the sky and developed the passion
developed the basic science
transformed it to a theory, many
personalities like Leonardo 
laid the foundation and paved
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expensive and scheduled. This 
single man can transport at 
bring up a rotor installed flying 
structures of flying vehicle called 

theorized and modeled their 
 we have been unable to 

Ever since the man gazed in 
passion to fly like birds, man 

science concepts into a fact and 
many famous and eminent 
 Da Vinci; Wright Brothers 
paved the pathway to the 
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aircraft design and construction. The flying dream 
became a reality, in the year 1903. Later, the aircraft 
drew the attention and flabbergasted people all over the 
world. This gave the birth to the most prestigious 
engineering stream Aerospace engineering. The first 
complete powered aircraft named AVRO 504k was 
introduced by the British science elites. There was a 
great demand and needed advancement in various 
aspects. The aircraft production and its utilization took 
place during the world war-I prominently [2-4]. 
 
2. Conceptual Niceties: 
2.1. Aerodynamic characteristics: 
 The flying body must contain must following four 
forces Lift, Drag, Thrust and weight. Lift is the force 
that directly opposes the weight of an aircraft and holds 
the aircraft in the air lift is generated by every part of 
the aircraft. Drag refers to forces acting opposite to the 
relative motion of any object moving with respect to a 
surrounding fluid. This can exist between two fluid 
layers or a fluid and a solid surface. Thrust is the force 
which moves an aircraft through the air. Thrust is used 
to overcome the weight of the body. Thrust is 
generated by the engines of the aircraft through some 
kind propulsion system. Weight is a force that is 
always directed towards the center of the earth. The 
velocity in the leading edge of the airfoil is zero, and 
the gradually increase the over the surface of body. The 
maximum velocity occurs at the flow separation in the 
body. 
 Reynolds number is fundamentally defining ratio 
of as inertial force to viscous force. It is a 
dimensionless quantity. Reynolds number is directly 
proportional to the vehicle velocity.  

Re=
���

�  

Re α V 
 In aerodynamics, we have always considered flow 
stream lines to be smooth and regular curves in space. 
However, in a viscous flow, and particularly in 
boundary layers, life is not quite so simple. 
 There are two types of viscous flow low Reynolds 
number (laminar flow), High Reynolds number 
(turbulent flow), laminar flow occurs in which the 
streamlines are smooth and regular and a fluid element 
moves smoothly along a streamline. At low velocities, 
the fluid tends to flow without lateral mixing. 
Turbulent flow occurs in which the stream lines break 
up and a fluid element moves in a random, irregular, 
and tortuous fashion. 
 Here we have Reynolds number for different types 
of flying bodies. For a commercial aircraft the 
Reynolds number is very high and very low for 
Dragonfly. Reynolds number is directly proportional to 
velocity and inversely proportional to viscosity. 
✓  Re - < 2000(laminar flow). 

✓  Re - 2000 to 4000(Transitional (or) Critical flow). 
✓  Re -> 4000 (Turbulent flow). 
 

 
 
Fig. 2.1: Laminar flow. 
 

 
 
Fig. 2.2: Turbulent flow. 
 

 
 
Fig. 2.3: Reynolds number for varies flying bodies. 
 
2.2. Controllability: 
 The vehicle is control by the Fly-by-Wire Control 
system. The location of propeller in the rear side of 
model provides in control like yaw, directional control. 
The controlling for this model is very simple. 
 
3. Vehicle Design: 
 `This model is based on the joint wing UAV 
capable of short landing and take-off and Vertical take-
off high endurance. 
 

 
 
Fig. 3.1: Isometric view. 
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Fig. 3.2: Top view. 
 

 
 
Fig. 3.3: Front view. 
 

 
 
Fig. 3.4:  Side view. 
 

 
 
Fig. 3.5 : Mission profile. 
 
3.1. Software Analysis:  
 Autodesk flow design is used to calculate the 
coefficient of Drag and drag force at velocity 25 m/s 
(90kmh). 
 

 
 
Fig. 3.1.1: Flow visualization for Translowren. 
 

 
 
Fig. 3.1.2: Flow separation on Translowren. 
 
From analysis, 
V =25m/s, 

CD = 0.39, 
D =570.325 N            (1)    
  
Where; 
V- Flow velocity. 
CD- Co-efficient of drag. 
D- Drag force. 
 
Vehicle calculation: 
Where; 
�= 1.225 kg/m3, 
�= 25 m/s,                                                     
L=3.25m,          
μ=1.789×10	
Kg/ms.   

Re=
���
μ

 

Re=
�.��
×�
×�.�


�.���×����  

Vehicle Reynolds number = Re=5.5635×10� 
 
4.Vehicle Design Calculation: 
4.1. Weight estimation: 
��=wcr+wpl+wf+wem 

�� = w�� + �� 

1 − "#$
#%

& −  "#'(
#%

&
 

 From Mission profile calculation 
#$
#%

=0.27. 
#'
#%

=0.4464. 

wcr+ wpl= 220kg. 
 wo=775.776kg, (But using Composite material to 
reduce 20% of vehicle weight) 
 Overall weight (w0) =620.621kg. 
 
4.2. Engine selection: 
 Engine is one of the primary components of the 
aircraft. It is also called as power plant, as it produces 
power to propel the airplane. The generators, pumps 
are connected to the engine. 
)
*= 25 
+

#%
 = 2.04 

Tav = 12.42KN. 
TR = 13.6620KN. 
 Thrust loading during cruise 

 (
+
,)cr = 1/(L/D)max 

 Thrust loading during take-off 

(
+
,)take-off = (

+
,)cr× (

+-./'�0$$
+12

) 

 Thrust loading during climb 

(
+
,)climb = 1/(L/D)max + 

345
36-5

 

 
Where; 
Vstl= 0.25×vcruise; Vvl = 1.22×Vstl 

7=(
8	��
8	��)1.15 
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TR=Tav×7  
 
Tabulation: 4.2.1. Thrust required and Thrust Available in various altitude. 

Altitude(km) 7 Tav (kN) Treq (kN) 
0 1 12.42 12.42 

0.6 0.933 12.42 11.48 
1.2 0.8710 12.42 10.81 
1.8 0.8126 12.42 10.09 
2.4 0.7578 12.42 9.411 
3 0.7064 12.42 8.77 

 
 From predictable calculation, the value of 
maximum thrust is 12.42kN at the zero altitude. 
Similarly, we found that the required thrust is 
decreased when the altitude increased. 
 
4.3. Propulsive device: 
 The vehicle need for 75kw so the engine produces 
12.42 kN thrust force through Propeller 
Reciprocating Engine: (O-200-A) 
 
4.3.1. Specifications: 
• Type: Four-cylinder air-cooled horizontally 
opposed piston engine. 
• Length: 28.53 in (724.7 mm). 
• Width: 31.56 in (801.6 mm). 
• Height: 23.18 in (588.8 mm). 
• Dry weight: 170.18 lb (77.19 kg) dry, without 
accessories. 
• Power output: 100 hp (75 kW). 
• Compression ratio: 7.0:1. 
• Power-to-weight ratio: 0.56 hp/lb (920 W/kg) 
 
5. Airfoil Selection: 
 From analysis NACA 2412 is enough to produce 
the necessary lift. The NACA four- digit wing sections 
define the profile by: 
 

 
 
Fig. 5.1 : NACA 2412 airfoil. 
 
 First digit describing maximum camber as 
percentage of the chord. Second digit describing the 
distance of maximum camber from the airfoil leading 
edge in tens of percent of the chord. Last two digits 
describing maximum thickness of the airfoil as percent 
of chord. 
 For example, the NACA 2412 airfoil has a 
maximum chamber of 2% located 40% (0.4 chords) 
from the leading edge with a maximum thickness of 
12% 0f the chord. 
 

 
 
Fig. 5.2: CL vs CD. 

 

 
 
Fig. 5.3: α vs Cl / CD . 
 
 From the fig (CL vs CD), It has been found that the 
maximum co-efficient of lift is 1.27, similarly 
maximum co-efficient of drag is 0.21. From this 
analysis, the chosen airfoil produces the significant 
upward at the low altitude. 
 
6. Selection Of Material: 
6.1. Aluminum alloy 2024: 
 It is a precipitation hardening aluminum alloy, 
containing magnesium and copper as its major alloying 
elements. It Composition are93.5%Al, 
4.4%Cu,1.5%Mg, 0.6%Mn. 
 
6.1.1. Properties: 
• Heat treatable alloy.                                     
• Very good machining characteristics.  
• High strength alloy with strength slightly higher 
than 2014(A) and 2017A and 2030. 
• High fatigue strength. Suitable for welding only by 
resistance welding.  
• Corrosion resistance only with cladding or other 
protection 
In additionally add to the Composite material like 
carbon fiber so increase the strength to weight ratio. 
 
7. Vehicle Specification: 
7.1. Vehicle parameters: 
Gross weight = 620.621kg. 
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Crew = 1 (or) 2. 
Vehicle overall length= 3.25m. 
Airfoil= 2412. 
Wing span= 2.76m. 
Root chord= 0.35m. 
Tip chord= 0.25m. 
Max.thickness for vehicle= ft (or) 0.75m. 
Propeller diameter= 2.5 ft (or) 0.75m. 
 
7.2. Performance: (Approximately): 
Range= 250km. 
Altitude=3km. 
Vehicle calculation for theoretically 
D= 1/2ρv2scD           
Dtheoritical=1/2((1.225) × (25)2× (1.28× 2.27) × (0.5))   
* (for cone sectional element ref CD=0.5)      
Dtheoretical=556.15 N. ------------------(2)  
 In this vehicle has navigation system, propulsion 
system, and control system, so easily operate the 
vehicle. The vehicle needs in Short Take-off and 
landing and Vertical Take-off and Landing. 
 
Result and Discussion 
 
• The new flying vehicle design by the Open VSP 
software has been developed for the short distance 
flying purpose. Concerning the performance of the 
vehicle configuration; it has been found that the 
required thrust force was decreased when increasing 
the altitude.  
• By the analytical investigation; the drag co-
efficient is 0.39 at the velocity of 25m/s, it shown that 
the low speed vehicle furnished for obtain the low 
backward force at the prescribed speed Again. We 
consider the weight. We found that the maximum 
requirement is not exceeds the limit which the 
capability of power plant. 
• The represents that the rate of drag force in the 
theoretical (2) and analytical (1) has been given 
approximately the same. Then these implications for 
the for the future applications will be possible for the 
low Reynolds number. 
• The experimental analysis on the performance of 
this assessment may not be known accurately. But this 
concept highlights the uniqueness of the low speed 
vehicle. 
 
 
 

Conclusion: 
• From this flying vehicle, we determine the way of 
the future aviation. We found that the preliminary 
design of the vehicle will attain the most successful 
stage in the field of aviation.  
• The result shown that the performance of the 
vehicle was proved approximately. Several low speed 
flying vehicle concepts promise the performance. By 
the way, we design this vehicle by the character of joint 
wing UAV. The controllability of the vehicle was 
characterized. The numerical and theoretical evolutions 
are concluded that this low speed high performance 
vehicle will possible in the future. 
• The corresponding value of this vehicle existing 
concepts by the advantage of more efficient and 
economical. 
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