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Abstract:  

Unmanned aerial vehicles (UAVs) can revolutionize the medical industry's last-mile 

delivery segment. UAVs can supply necessary goods, especially in isolated and difficult 

last-to-reach locations. The papers explore design methodology that can be used to design 

UAVs suited for the prompt and effective delivery of medical goods. We have focused on 

calculating aerodynamic parameters, structural calculations, and performance parameters 

like range and endurance for designing this UAV. To better calculate aerodynamic 

parameters, we have used open-source CFD, which has acted as design verification and 

validation for the design. The results will be used as a milestone in designing and 

developing UAVs for medical deliveries. 
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Nomenclature: 
𝑆𝑤 Wing Span 

Cr Root Chord 

Ct Tip Chord 

AR Aspect Ratio 

TR Taper Ratio 

cmean Mean Aerodynamic Chord 

Clmax Maximum Lift Coefficient 

Clc Cruise lift Coefficient 

Cdo Drag Coefficient at Zero Angle of 

attack 

Lf Fuselage Length 

lopt Tail arm 

Clrequired Required Lift Coefficient 

Cdmin Minimum drag Coefficient 
Cl

Cd
 

Lift-to-drag ratio 

Clm Lift Curve Slope 

Aw Wet Area 

Cm Lowest pitching moment coefficient 

Re Reynolds Number 

Cn The moment around the yaw axis 

Cl The moment around the Roll axis 

mAh Milliampere hour 

CFD Computational fluid dynamics 

CAD Computer-Aided Design 

RAS Reynolds-Averaged Simulation 
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AoA angle of attack 

∅ roll angle 

α angle of attack 

β sideslip angle 

θ pitch angle 

φ yaw angle 

 

1. Introduction: 

Drones, also known as UAVs (unmanned aerial vehicles), are aircraft piloted remotely or 

by themselves. These nifty machines can carry gadgets like cameras and sensors, along with 

other payloads. They come with a handy autopilot feature, allowing them to handle multiple 

tasks on their own a feature that makes them super useful for certain jobs[1]. Are you aware 

that drones took their first flight during World War I [2] Thanks to the rise of TV and radio 

back then, these crafty UAVs were created to take down Zeppelins with grand results. As 

the nineties came to a close, drones started to carve out their place in warfare. However, the 

technology was quite pricey and was mostly found in military circles. Now, with recent 

leaps in tech, the drone market is booming and spreading its wings into new areas. UAVs 

are used for tons of things now like spying from the air, helping farmers, studying the 

environment, making deliveries, and even fighting battles. Let's zoom in on one use of 

delivering aid to people stuck in hard-to-reach areas. Quick, on-point, and effective 

responses are essential when disasters strike, whether caused by humans or nature. Since 

these hit spots are often out of reach, we need ways to gather info and deliver aid to those 

affected before the main help arrives. That's where drones come in [3]. We'll be talking 

about a drone type called fixed-wing UAVs. They're a favorite for mid to long-distance 

missions whe­re heavy loads are involve­d, thanks to the lift generate­d by their wings 

during flight[4]. Because of the­se traits, fixed-wing drones make­ sense for missions that 

call for fast speeds, vast distances, and significant flight times [5]. The go-to setup is a 

single rotor with a standard tail design. Most of these­ jobs are tackled by a group of small 

(mini) UAVs, either flying solo or with remote guidance. Their usual specifications are 

Low altitude, a cruising speed between 30  100km/h, able to fly up to 500 m high, 

lightweight, and capable of operating in all we­ather conditions. These small drones 

typically have a wingspan of 1-2 m and can fly even if they weigh less than 25kg [6–8]. As 

with any system, they must be reliable, useful, and operational. The present work intends 

to investigate the design, performance, and realistic programs of fixed-wing UAVs in 

catastrophe relief situations. By studying case research and present-day deployments, we 

intend to focus on the strengths and limitations of those drones. Furthermore, advancements 

in battery generation, substance science, and AI-driven navigation structures are poised to 

decorate the skills of constant-wing UAVs even similarly, making them vital gear in diverse 

fields. In conclusion, the flexibility and growing affordability of drones, in particular 

constant-wing UAVs, are reworking more than one industry. From saving lives in disaster-

bothered regions [9] to optimizing agricultural practices, these unmanned aerial cars are 

proving to be innovative. As generation continues to strengthen, we can expect even extra 

innovative and lifestyle-changing applications for drones in the destiny[10]. The key 

objectives of this study can be summarized below.  

• To design and develop a low-cost fixed-wing UAV design. 

• A brief overview of aircraft design methodologies that can be adopted for UAVs 

to reduce the R&D cost. 

• Using open-source tools eliminates the need for commercial software, thus again 

saving the cost of design and analysis. 

• The following work will be used as a benchmark for future design and 

optimization work by the authors. 
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2. Methodology: 

We can distinctly categorize the aircraft design process into three phases: Conceptual, 

Preliminary, and detailed design [9]. The conceptual design phase is where you decide on 

basic mission constraints defined by customer aircraft configuration required to satisfy such 

constraints. The preliminary design phase is categorized by low-fidelity CAD/CAE 

simulation to estimate the selected design's aerodynamic performance and structural 

requirements. In Conceptual design, we go through different aircraft concepts and design 

spaces. It also includes trade studies that establish a balance between two or more 

constraints/requirements[11]. The preliminary design phase includes further refinement of 

selected concepts, like finding improvements, assessment of performance, and several low-

fidelity analyses and tests. Detail design is where we start looking at how the aircraft 

fabrication processes, and testing of major subsystems like landing gear, and structure. 

Finalization of weight and performance estimation also comes under this phase. A linear 

approach has been used for designing the UAV, which begins with defining the constraints 

and calculating the Parameters, which are then used to create a CAD model followed by 

analysis/simulation. The CAD model will be used in Open FOAM simulations to validate 

the required performance. The design methodology can be validated through physical 

testing[12]. Apart from aerodynamic characteristics, we can also test the strain in different 

parts using methods such as strain guages[13]. Readers can refer to [14] for the design 

methodologies of an unmanned aerial vehicle. 

2.1 Design Constraints: 

For initial estimates of aircraft design parameters, these are the constraints that we will look 

at. 

• The entire UAV can be stored in a 1.4m x 1m x 1m box after disassembling. 

• Should be cost-effective and affordable. 

• Can belly land to deliver cargo to inaccessible places. 

• Should offer a payload capacity of more than 450 grams. 

• A Pusher-type configuration is better if we want to avoid the propeller from being 

damaged during landing. 

2.2 Aircraft configuration: 

Aircraft are going to be primarily used for delivering medical cargo, so we have to make 

them reliable, durable, cost-effective, and easy to handle. To satisfy these criteria, we 

explored original designs like V-tail, H-tail, Cruciform-tail, and Tail. A design with an H 

tail was finalized, because of the following reasons. 

1. This vertical tail has higher performance if they are in the prop wash region in a 

multi-engine turboprop. The vertical tail also increases the aerodynamic efficiency 

of the aircraft's tail [15]. 

2. The H-tail allows the twin vertical tail span to be shorter [6], for storage aboard an 

aircraft carrier, where space is limited 

3. The lateral control of the aircraft will be enhanced because of a smaller vertical tail 

span 

4. The H-tail allows the fuselage to be shorter since the entire tail is on the boom [6], 

but conventionally, the H-tail is considered being slightly heavier than other 

configurations, too. 
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2.3 Airfoil Selection and Initial Sizing 

2.3.1 Airfoil selection: 

Xflr5 was used to analyze different airfoils, performance was the key criterion for selection. 

The airfoil selection depends on aircraft requirements [16]. For simplicity, we will look at 

the following parameters to select an airfoil for maximizing aircraft performance [17].[6, 

18, 19] Can provide a decent overview of airfoil selection. 

1. Maximum lift coefficient CLmax 

2. Lowest minimum drag coefficient Cdmin 

3. Highest lift-to-drag ratio   

4. Highest lift curve slope  

5. Lowest pitching moment coefficient Cm 

And for maximizing the range and glide performance, we have two criteria to fulfill. 

1. We know that 
Cl

Cd
= tanγ-1γ being the glide angle. This means that a high 

Cl

Cd
 is crucial for 

a long glide distance [17]. 

2. On the other hand, the sailplane's sink speed is given by 

Vs=
Cd

Cl
3 2⁄ √

2*w

ρs

2
                                                                               (1) 

Therefore, a high 
Cl

3 2⁄

Cd
  factor is important for a long flight [16]. 

3. The Aerofoil should exhibit high 𝐶𝑙𝑚𝑎𝑥  and low Cm to promote stability and decrease 

drag, with the lowest drag [17]. 

 

A comparison graph of lift and the drag coefficient is given in Fig. 1 FX 67-K-150/70 has 

the highest value of Cl At angles smaller than 10 deg and larger than 5 deg, whereas RG-15 

has the lowest drag coefficient. The moment of coefficient is given in Fig. 2, where we can 

see that RG-15 has the lowest moment of coefficient at 0 deg. 

Talking about the lift-to-drag ratio given in Fig. 3, FX 67-K-150/17 has the highest value 

between 5 and 10 deg angle of attack, the same thing applies to 
C

l

3
2

Cd
 The aerofoil FX 67-K-

150/17 was chosen. This aerofoil has a nice thick chamber, big enough to fit the wing's spar 

and reinforcement rods. The airfoil parameters are given in Table 1. This airfoil can further 

be optimized using the methodologies given in [20, 21]. 

 

 

Fig. 1 Graph of Cl and Cd obtained from XFLR5 
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Fig. 2 Coefficient of moment (C_m) Graph 

 
 

Fig. 3 Lift-to-drag ratios 

For horizontal stabilizer, NACA 0012 was preferred and for vertical stabilizer, NACA 0009 

was finalized because the Lift coefficient and coefficient of the moment were in a satisfied 

range. Airfoil can be optimized in the future to yield a boost in aircraft’s performance as 

given in [21]. 

Table 1 Airfoil Parameters 

 Parameter  Symbol Value 

Max lift coefficient C_lmax 1.1 

Zero drag lift coefficient C_d0 0.037 

Zero lift angle α_(C_l=0) -4.628 

Reynold number R 220,000 

Parameter Symbol Value 

Max lift coefficient C_lmax 1.1 

2.3.2 Wing and tail design:   

For smaller airplanes, a wing loading off  
20 oz

ft2
 would give us a stall speed of 31𝑚𝑝ℎ as 

given in [6, 16]. We can find the area required for the wing using this formula   

area =
weight(oz)*144

wing loading (oz f⁄ t2)
    (2) 

Note the above formula provides an area in inches. The equation used to calculate the 

geometric parameters of the wing and tail are given in [6]. The final parameters are given 
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in Table 2, Table 3, Table 4. The design of control surfaces has not been shown in the study, 

one can refer to [22] for understanding the hinge moments of different control surfaces. 

Based on which sizing can be carried out. 

Table 2 Wing Parameters 

Parameter Value Unit 

Span 1.32 m 

Area 0.235145 m2 

Root chord 0.238359 m 

Tip chord 0.095344 m 

Incidence Angle 4 deg 

Aspect Ratio 7.5  

Tapered Ratio 0.4  

Dihedral 0 deg 

Mean Chord 0.177 m 

Max Lift Coefficient 1.22  

Cruise Lift Coefficient 0.423  

Incidence angle 3.5 deg 

Sweep 3 deg 

Table 3 Horizontal Tail Parameters 

Parameter Value Unit 

Area 0.0328 m2 

Span 0.41 m 

Root chord 0.0811 m 

Tip chord 0.0811 m 

Fuselage length 0.7726 m 

Moment arm 0.5022 m 

Required Lift 

coefficient 

-0.221  

 

Table 4 Horizontal Tail Parameters 

Parameter Value Unit 

Area 0.153 m2 

Span 0.152 m 

Root chord 0.131 m 

Tip chord 0.0654 m 

Tapered Ratio 0.50  

Aspect Ratio 3  

2.3.3 Preliminary Aerodynamic Calculation: 

The preliminary aerodynamic calculation is the next stage in aircraft design after knowing 

the specifications in the conceptual design phase. This phase includes the evaluation of 

aircraft performance in terms of its aerodynamic performance, and stability requirement 

[23]. For this NASA's open-source software, OpenVSP [24] will be used. To obtain 

preliminary aerodynamic data and stability data, the aircraft model will be simulated in 

OpenVSP. The resulting geometry will be used with Open FOAM for final aerodynamic 

calculation and optimization. The final view of the design is given in Fig. 4. 
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Fig. 4  First angle projection of the Design 

 

After completing the geometric modeling, VSPAERO was used to perform some 

preliminary analysis using the vortex lattice method[25]. The lift distribution of the design 

was calculated, which was used to optimize the wing and tail plan form.  

We also calculated parasite drag (combination of form drag and skin friction drag) of the 

entire design, along with the contribution of each design component. This helped us to 

optimize the fuselage shape further. Final data is given in Table 5. 

 

Table 5 Parasite drag estimation 

Component 

Name 
𝑆𝑤et (mm2) 𝐶𝑑 Total 

Connector x2 9525 0.000148 0.719238 

Rod x2 1825 0.000647 3.147925 

Horizontal 

Stabilizer 

71723.14 0.001924 9.353689 

Vertical 

Stabilizer 

62640.51 0.001565 7.611095 

wing 425584.82 0.010453 50.82138 

Fuselage 276207.07 0.005035 24.47951 

Geometry Total 4834.59656 0.020568 100 
 

2.4 Stability analysis: 

For analyzing and optimizing the stability of the design, the XFLR5 program [26]was used. 

Based on the outputs of XFLR5 location of various components will be determined along 

with geometrical parameters like fuselage length. The first step was making the plane 

statically stable and ensuring dynamic stability.The stability criteria is derived from [27] 

which talks about airplane flight Dynamics and Automatic Flight Controls. 

2.4.1. Static stability: 

The neutral point was calculated at 101.5 mm from the wing's leading edge, and a static 

margin of 15 percent was taken, which resulted in a CG to be at 75 mm from the wing's 

leading edge. Static stability is defined as the tendency of an aircraft to return to its 

equilibrium state when disturbed.[23, 28] gives a summary of the methodology that we 

have adopted for stability analysis. 
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• Longitudinal stability: For an aircraft to have longitudinal static stability, its tail 

should produce a pitching moment to cancel the moments produced by the aircraft. 

When the aircraft dives (because of disturbance) tail produces a pitching up 

moment, in case of climb (because of disturbance) a pitching down moment is 

produced [6] in Fig. 5, one can observe the variation in 𝐶𝑚 concerning the Angle 

of attack needed for a stable design. 
 

 

Fig. 5 Aircraft pitching moment coefficient along the aircraft's lateral axis. 

 

• Directional static stability: For an aircraft to be directionally stable, its tail should 

be able to produce a restoring yawing moment to cancel the yawing moments 

produced in the aircraft created because of disturbance. The restoring moment 

should be produced along the Normal axis of the aircraft as shown in Fig. 6. 

 

 
Fig. 6 Aircraft yawing moment coefficient along normal axis 

 

2.4.2. Dynamic stability: 

An aircraft's dynamic stability can be understood as the tendency to dampen the motion 

induced because of any disturbances. From the mathematics point, these disturbances are 

dubbed as modes and they are described by an eigenvector (the modal shape) and 
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Eigenvalue (frequency of mode and its damping). Eigenvalue can be understood in the 

sense of these two parameters: the period required for one complete oscillation, and the 

time required to damp to half-amplitude. A well-designed plane will have 4 natural 

longitudinal modes[29, 30]  and 4 natural lateral modes. These are given in Table 6. 

Table 6 Dynamic Stability Modes 

Longitudinal mode Lateral modes 

Two Symmetric Phugoid modes Spiral mode 

Two Symmetric short-period modes Roll damping mode 

 Two Dutch roll modes 

Phugoid, Short period, and Dutch roll modes are oscillatory [30]. When the aircraft is in the 

air, disturbances such as sudden control input or a wind gust will excite all the modes. 

Responses of short-period mode and roll damping are quick, and not noticeable by human 

eyes. Whereas responses of Phugoid and Dutch roll modes are visible to human eyes. All 

the modes are damped well, except for spiral mode, which will be damped using user 

controls. 

• Short period mode: In short period mode there is primarily a vertical movement 

along with some pitch rate in the same phase, usually high frequency, in Fig. 7  we 

can see that this mode is well-damped for our design. This mode's behavior is 

defined by the stiffness of the negative slope of the curve. 
 
 
 

 

Fig.7 Short Period Modes 

 
 

• Phugoid modes: Phugoid mode is defined as the mode of exchange between the 

Kinetic and potential energies. When a plane dives because of reduced lift, it 

accelerates which increases the lift generating a pitch moment, so the entire aircraft 

will pitch up. This will repeat, so it needs to be dampened effectively. In Fig. 8, we 

can see that this mode is effectively damped in our design. 
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Fig.8 Phugoid Mode 

 

• Roll damping: when we have a roll about the aircraft's longitudinal axis, the wing 

coming down will experience an increase in Aoa, thus increasing the lift on that 

side. Because of the symmetry, a decrease in lift will be experienced on the other 

end of the wing. This will generate a restoring moment opposite to the roll, which 

will dampen the mode. The roll damping of the design is shown in Fig. 9 

 

 

 

Fig. 9  Roll damping mode 

 

• Dutch Roll: In Dutch roll mode, we see a combination of roll and yaw phased at 90 deg, 
usually lightly damped.One can notice the nature of Dutch roll mode from Fig. 10. 
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Fig. 10  Dutch roll 

 
 

• Spiral mode: This model is non-oscillatory as shown in Fig. 11 and slow, usually 

requiring pilot input for correction. The mode is initiated because of a rolling or 

heading disturbance, which creates a positive AoA on the fine, increasing the 

yawing moment. 

 

 

Fig. 11  Spiral mode 

 

2.5. Technical data: 

Here is data about the moment of different components of the aircraft. All the readings were 

taken from xflr5. Table 7 is for loaded cases and it contains the weight data of every 

component in the aircraft. The final CG is closer to 75mm from the nose. 
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Table 7 Analytical Moments 

S.No. Part Name Weight(grams) 

1 payload 500 

2 battery 148 

3 battery 2 148 

4 fuselage 387 

5 wing 345 

6 tail 50 

7 Tail servo 36 

8 aileron servo 24 

 total 1638 

4. High Fidelity Aerodynamics: 

The section contains the results of the final aerodynamic simulation. This simulation was 

completed in OpenFOAM, which is an open-source CFD package. The OpenFOAM (Open 

Field Operation and Manipulation) CFD toolbox is an open-source CFD package with 

tremendous community support expanding over major areas of engineering[31]. 

OpenFOAM comes packed with 80 solvers which can be expanded by the users. 

OpenFOAM can perform pre-processing (meshing) and post-processing tasks (data 

visualization). Above all, OpenFOAM will let you take full advantage of your computer 

hardware[32, 33]. 

4.1. Meshing and solver setup: 

Mesh was generated in the snappyHexMesh utility [34]. Fig. 12 shows a snapshot of the 

generated mesh. 

 

 

Fig. 12  Mesh generated using snappyHexMesh 

 

The model uses an incompressible flow solver [32, 35] that is Simple Foam. The flow 

velocity is 17m/s. 

4.2. Results: 

For calculating lift and drag coefficients, the following equations were used. 

    Cl=
L

q.s
                                                                               (3) 

Cd=
D

q.s
                                                                               (4) 
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Where L and D are the lift and drag per unit span, q is the flow dynamic pressure, and so is 

the wing area. Dynamic pressure q is defined as
𝜌𝑣2

2
, where 𝜌 is the fluid density, and v is 

the free-stream velocity[36–38]. Fig. 13 and Fig. 14 show the pressure contour and flow 

lines. 
 

 

Fig. 13  Pressure plot at 0 deg AoA 

 

 

 

Fig. 14  Stream Lines at Wingtip at 0 deg AoA 

 

From CFD data, a total Lift force of 22.8N was obtained at a cruise speed of 17m/s. The 

overall drag was estimated at around 3.95N. 
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4.3. Residuals: 

The following plot given in Fig. 15  shows the Residuals for the CFD simulation, which 

converged at 10^-4. 

 

Fig. 15  Residual Plot 

 

5. Structural design and material selection : 

The structural design of a plane is a comprehensive and multifaceted method, necessitating 

a methodical and staged approach. Because of this reason, the Structure design for an 

aircraft has been divided into different stages here in our work. We are going to provide an 

in-depth expertise of the structural calculation methodologies and layout processes 

employed. Detailed structural designs and rigorous analysis may be addressed in the next 

studies. The design steps can be described in the given Flowchart in Fig. 16. 

 

 

 

 

 

Fig. 16  Design Cycle for Structure Design of Aircraft 

 

5.1 Load factor Calculation: 

To start with the Load factor calculation, firstly the Input data from the aircraft design and 

CFD  should be collected, and based on this input a V-n diagram is plotted.  A V-n diagram 

is simply a graph plotted between the velocity and the maximum attainable load factor 

during normal flight conditions. It is also called a flight envelope as it guides us on what 

type of maneuvering can be obtained by the aircraft. Hence both the aerodynamic and 

structural limitation for a given airplane can be illustrated in the V-n diagram as given in 
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Fig. 17. There are two types of structural limitation on an aircraft i.e., Limit Load factor 

and Ultimate Load. Here Limit load factor is defined as the boundary associated with the 

permanent Structural Deformation of one or parts of an airplane, if 'n' is less than the limit 

load factor, the structure may deflect during a maneuver, but it will return to its original 

state when n = 1. If n is greater than the limit load factor, then the airplane structure will 

experience permanent deformation, and it will incur structural damage. Similarly, the 

ultimate load factor is the boundary associated with outright structural failure. Airplane 

parts will break if n exceeds the ultimate load factor [39]. Detailed information can be 

obtained by referring to the Aircraft Design and Performance book by JD Anderson[40]. 

The calculation of different Speeds is given in  Table 8. 

Table 8 Calculation of different Speeds 

 

 

Fig. 17  V-n Diagram of aircraft 

 

 

• Point A: The point indicates the stall velocity condition; stall velocity is defined as 

the minimum velocity condition at 𝐶𝑙𝑖𝑚𝑎𝑥. The curve between 'o' and 'a' represents 

the maximum condition 

VStall=√
2×W×g

S×Clmax×ρ
                                                                            (5) 

• Point B: The point indicates the Corner Speed; Corner Speed is also called 

maneuvering Speed. This is the speed of the aircraft during the level turn and the 

pull-up or pull-down maneuver.  

Vcorner Speed =√
2×W×g×nmax

S×Clmax×ρ
                                                                            (6) 

• Point C: The point indicates the maximum design Cruise Speed. As we can see, the 

maximum design cruise Speed is also imposed by the curve BD which indicates 

the limit load factor on the aircraft. On cruise conditions, 𝑐𝑙𝑚𝑎𝑥 will be reduced to 

𝑐𝑙 𝑐𝑟𝑢𝑖𝑠𝑒. 

Point Velocity Parameters Load factor Velocity(m/s) 

A Stall velocity 1 8.91 

B Corner Velocity 2.5 14.09 

C Max design cruise 

Speed 

1.12 15 

D dive velocity 2 18 

E Inverted dive Speed -1 18 

F Inverted corner Speed -1 8.91 
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Vcruise =√
2×L

ρ×S×Clcruise
                                                                            (7) 

• Point D: The point indicates the maximum attainable Speed by the aircraft. Beyond 

this velocity, the aircraft undergoes permanent deformation. The Curve ‘DE’ shows 

the maximum velocity attainable of aircraft. From Aircraft design and performance 

by Jd. Anderson [39] we got a relation between the dive Velocity and Cruise 

Velocity. 

Vdive Velocity=1.2×Vcruise                                                                           (8) 

• The points 'E' and 'F' indicate the maximum load factor the aircraft can attain during 

the inverted flight. This is usually the Condition where the Cl is negative. This type 

of maneuvering is mainly done in military aircraft and is mostly restricted to 

aviation and UAVs. The yellow zone indicates the safest region for flying the UAV 

as in this the Structure will go through any permanent deformation and the 

performance of the overall UAV is also good for this reason. 

After Plotting the V-n diagram, we get the maximum load factor from the V-n diagram. 

Here, In our case, we have a maximum load factor of 2.5. We have a fixed maximum load 

factor by following the [41] FAR.23 Regulations. After getting the maximum load factor, 

we will find our section-wise lift distribution. The section-wise lift distribution can be 

obtained by the CFD software. If the design is in the already stage, and the wing CFD is 

not available, then we can find out the Lift distribution using Schrenk's approximation [42]. 

In Table 9 below, we have calculated the lift distribution; we have divided the wing Semi 

Span into 8 different sections and after that; we have found the lift acting at each section 

and assumed that the lift will be acting at the local mean aerodynamic chord of the section. 

After obtaining the lift distribution, we multiplied the lift distribution with the maximum 

load factor and 1.5 'g' Condition to attain the maximum design load. 

Maximum design Load = 𝑀ax. Load factor × 1.5                                                   (9) 

As we have mentioned above the total wingspan is 1.328 m i.e., the wing Semi Span is 664 

mm here we have divided the wing Semi Span into 8 sub-stations at 83 mm and then we 

locate the Centroid Station of each station where we are assuming the net lift for each 

section is acting. 

Table 9 Lift Distribution vs Wing Semi-Span 

Centroid Station Lift distribution at Cruise 

Condition 

Lift distribution at 4''''(N) 

41.5 1.57963 6.31852 

124.5 1.50319 6.01276 

207.5 1.36701 5.46804 

290.5 1.19832 4.79328 

373.5 0.986 3.944 

456.5 0.758754 3.035016 

539.5 0.49401 1.97604 

622.5 0.248478 0.993912 

 

From Table 9, above we can see the trend of lift distribution vs Station. This denotes an 

elliptical lift distribution, which means the maximum load will be acting at the root and as 

we move through the tip, the Load will decrease. As we obtained the lift distribution, we 

are now ready to find out the load acting on each spar. We are considering two circular 

tubes as a spar. Initially, we have assumed that the main Spar would be at 25% of the Chord 

length, the rear Spar would be at 60% of the Chord length and the Cp would be initially 

assumed at 45% now the reaction force on each spar will be found out by solving the 

moment balance. 
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After calculating the force distribution given in Table 10 on the frontal and the rear Spar 

now, we will calculate the shear force and bending Moment (as given in [43] )acting on the 

Frontal and rear Spar given in Table 11. Here we are assuming at the tip the shear force and 

bending Moment will be zero and as we Move towards the root, the shear force and the 

bending moment will increase significantly. The formula for calculating the Shear force 

and bending moment is given below:  

S.Fx=P+S.F(X−1)                                                                            (10) 

S.Fx= Shear force at Station 'x'. 

P =Load acting between the Station ‘x’ and ‘'x-1'’. 

S.FX−1 = Shear force at Previous Station. 

 

𝐵. 𝑀𝑥 = 𝐵. 𝑀(𝑥−1) + 𝑃 × (
𝑦

2
)                                                             (11) 

B.M𝑥= Bending Moment at Station ‘x’. 

P =Load acting between the Station ‘x’ and ‘x-1’. 

Mx-1 = Bending Moment at Previous Station. 

(
𝑦

2
) = Half of the distance between the Span. 

Table 10 Force distribution on Frontal and Rear Spar 

Station Force on frontal Spar Force on the Rear Spar 

41.5 2.707937143 3.610582857 

124.5 2.576897143 3.435862857 

207.5 2.343445714 3.124594286 

290.5 2.054262857 2.739017143 

373.5 1.690285714 2.253714286 

456.5 1.300721143 1.734294857 

539.5 0.8468742857 1.129165714 

622.5 0.4259622857 0.5679497143 

 

Table 11 Shear force and Bending Moment Calculation 

Station Shear Force 

(N) on frontal 

Spar 

Bending Mo-

ment diagram 

on frontal Spar 

(N-mm) 

Shear force on 

rear Spar (N) 

Bending Mo-

ment on Rear 

Spar (N-mm) 

0 13.946386 3463.3825 18.595182 4617.8434 

83 11.238449 2418.2119 14.984599 3224.2825 

166 8.661552 1592.3618 11.548736 2123.1491 

249 6.3181063 970.70601 8.4241417 1294.2747 

332 4.2638434 531.5551 5.6851246 708.74013 

415 2.5735577 247.80295 3.4314103 330.40393 

498 1.2728366 88.177587 1.6971154 117.57012 
 

5.2 Material Selection: 

As we can, the Load for our aircraft is very low, so we prefer the easily available carbon 

tubes that have good mechanical properties[44]. Instead of using ribs and stiffeners, we are 

using a San foam material for the overall wing. The mechanical properties of San foam can 

be taken from the [45]. The estimated weight for both the Wing will be around 240 grams 

by using the Material mentioned above. 
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5.3 Finite Element Analysis of the Wing: 

By breaking complex systems down into smaller, more manageable components, a 

numerical approach called finite element analysis (FEA)[46] is used to analyze the 

structural behavior of the systems. Using Finite Element Analysis (FEA) [47] to analyze a 

wing can reveal information about its overall performance, stress distribution, and structural 

integrity. Here we are going to do the Static structural analysis of the wing and we will note 

down the total deformation and Von-misses Stress in the Wing at Maximum Loading 

Condition. A Computer-aided design is shown in Fig. 18 . We have used two Circular Spars 

and wing skins, ribs and stiffener have been avoided and solid wing skin has been made by 

San foam. 

 

Fig. 18  Structure Design of Wing 

5.4 Analysis Set-up: 

In the analysis set-up, we will define the mesh Condition and the Boundary Condition. Both 

Meshing and Boundary Conditions play an important role in Solving any FEA analysis here 

we have defined the boundary Condition as a Static load of 40N acting in the Wing at 4g 

Condition and the fixed Support is given at the Root section. The default Meshing 

Parameters have been used for the Static Analysis test. 

5.4.1. Static Analysis Result: 

Here Fig. 19, Fig. 20, and Fig. 21 represent the Static analysis test of Wing. Here we have 

found out that at 4g Loading Condition, the maximum deformation in the Wing was 6 cm 

and the Average deformation was around 1.8 cm similarly the maximum Von-mises Stress 

for the wing is around 67.59 MPa, and the average stress in the overall wing 4.5 Mpa which 

justifies that the wing design can sustain the maximum Maneuvering Load Condition. The 

static analysis test gives the motivation to move ahead in the design. In future Work we can 

do the Composite analysis of the Wing and FSI [48] of the Wing can be done to predict the 

real lift behavior of the Wing and the Wing design can be optimized. 

 

 

Fig. 19 Static deformation of Wing 
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Fig. 20  Von -Mises Stress on Wing Skin 

 

 

Fig. 21  Von-Mises Stress on Spar 

 

6. Conclusion and Future Work: 

The design process was initiated with design constraints, based on which parameters were 

calculated. OpenVSP was used for initial drag estimation, and fuselage shaping to house all 

the components.XFLR5 was employed for aerofoil selection and stability calculations to 

ensure the design is stable and efficient. OpenVSP exported the final CAD model for final 

aerodynamic simulation in OpenFOAM where CL and CD were calculated. This served as 

validation for the design's viability. Projected flight time exceeds 15 minutes with an 

approximate range of 15.3 kilometers at 17 meters per second cruise velocity. Before 

estimating this performance made  preliminary calculations to select the motor.Our H-tail 

drone plan took shape through 3d printing, composite materials, and thermoplastics. It 

holded vital cargo within its body that was accessed quickly. Capable of delivering supplies 

to hard-to-reach areas during disasters, it had no landing gear and simply lands on its 

stomach as the carbon fiber body is tough enough to handle it. Flight distance varies around 

20 km, based on battery and payload weight. Strong CFD/CAD tools helped us design this 

drone. Future work involves  the prototype to be taken under extensive tests to improve its 

design with a 3D-printed model in a wind tunnel. This will test our fluid dynamics model's 

accuracy. Plus we plan in-depth studies on how fluid reacts with the drone's structure. This 

will help us understand how it performs better. Later versions of the drone might have 

landing gear for easier landing and take-off plus it  could tweak the drone's design to carry 

more cargo. This would make it more useful for different situations. The design is not just 

about aiding in calamities. It can help with shipping goods, checking on Mother Nature, 

and farming tools. Its unique­ style and tough build give it an edge. It can handle various 

tasks and the top-notch sensors and self-guiding systems will smooth out its workload and 

adaptability. 
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