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Abstract: Tapered wing plan form dominates the wing design mainly because of its manufacturability, low induced drag, fewer tip 

vortices and an increase in the lift which accounts in the increase in the overall efficiency of the Wing. In this paper Selig’s S1223 aerofoil 

was used and wings with various different Taper ratios have been designed and developed in CATIA V5 and were analysed in the 

ANSYS FLUENT 16.0 and MATLAB software. The new methodology to plot the lift distribution curve and the Local coefficient of Lift 

distribution curve was developed and tested and a database of Lift Distribution graph and local coefficient of lift distribution graph 

was generated. A detailed trade study was performed on the basis of  lift distribution, the local coefficient of lift distribution and 

structural strength..  
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1) INTRODUCTION 

1.1) Motivation 

RC planes have started to captivate the global markets in recent years. Development of light weight batteries, Powerful small 

sized cameras and the development of stabilization systems are the main reason for this development. RC planes have wide 

applications and many are still under research. Defence sector is at the forefront in the research as these tiny machines can turn 

into a deadly weapon within some fractions of a second. Delivery services are currently developing a business models using these 

machines. There are many people who fly the planes as a part of their hobby. The applications are boundless so in order to explore 

this upcoming field of RC planes, there was a need of some platform where we could gain and experiment on some things, try 

and develop our own wing designs. We participated in one such competition and the whole process motivated me to explore this 

sector more. 

 

1.2) Basics 

Wings are the basic and most important part of any commercial as well as RC plane. Wings have a particular shape which produces 

the lift that can sustain the weight of an aeroplane in the air. The pilot controls the movement of aircraft using the special control 

surfaces that are located on the wings. Wings produce lift using the combination of Coanda Effect and the Newton’s Third Law 

of Motion. [1] Coanda effect explains us the behaviour of fluid particles around any object or curved body. Air being a fluid 

follows the Coanda Effect and sticks up to the aerofoil till the end. Aerofoils have a characteristic design and they tend to taper at 

the trailing edge causing the air stream to bend down as it flows. When the air bends around the surface of the wing it tries to 

separate from the airflow above it. But since air has strong reluctance to form voids, attempt to separate lowers the pressure and 

bends the adjacent streamlines above. This Lowering of the pressure propagates out at a speed of sound, causing a great deal of 

air to bend around the wing. This produces a low-pressure region on the upper surface of the wing and downwash is produced.  

Lift depends on the shape of an aerofoil and so does the Drag Force and hence the selection of aerofoil and wing design are the 

most crucial part of the design of a RC plane.  
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1.3) Aerofoil Terminology 

 

 
Figure 1 : Aerofoil Terminology 

 
The basic aerofoil shape is shown in fig 1 [2] which illustrates the basic terminology of the aerofoils.  

 

• Leading edge: It is the frontmost edge of an aerofoil. 

• Trailing edge: It is the rearmost edge of an aerofoil. 

• Camber line: A curve drawn in between the upper and lower surfaces of the aerofoil such that it is equidistant from both 

the surfaces at any point. 

• Chord line: A straight Line Connecting the Leading and Trailing edge of the aerofoil. 

• Thickness:  It is the maximum perpendicular distance between the Upper and Lower surface of an aerofoil.  

• Angle of attack (AOA): It is defined as the angle between the chord line and the relative wind or flight path. 

 

1.4)  Downwash and its effects 

 
Figure 2: Downwash 

Figure 3 : Downwash Distribution across the span. 

Wing Span 
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As the pressure difference exists between the upper and Lower sides of an aerofoil, the high-pressure air tries to curl up around 

the wing tips forming the trailing edge vortex sheets which results in the trailing tip vortices as explained in Figure 2. [3] Lifting 

Line theory expresses Wing as the Vortex Sheet and lift can be calculated by the Kutta–Joukowski theorem. A profile of downward 

force along the span which is the result of trailing edge vortices and the vortex sheet is known as downwash. Fig 3 depicts the 

profile of Downwash over the span of a finite 3D rectangular wing. Maximum Downwash can be seen at the tips and minimum 

at the centre for a rectangular Wing. This downwash distribution has many consequences and is the prime factor in deciding the 

efficiency of a particular wing. The wingspan is denoted by ‘y’ and we can say that the downwash is the function of wingspan. 

Downwash (w) = f (y) 

 
Figure 4 : Effective and Induced Angle of Attack. 

 

Referring the fig 4. [4]  

 

• Vector V = direction and magnitude of free air stream Velocity. 

• α= Geometric Angle of Attack. 

• αi = Induced Angle of Attack 

• αe = Effective Angle of Attack. 

 

αe= α – αi 
 

Thus, as we move towards the tip of the wings for a rectangular wing, downwash increases and so does the induced angle of 

attack. Hence the effective Angle of Attack decreases which decreases the lift in the vertical direction and increases the drag along 

the direction of the air velocity. This drag is known as Induced Drag. We cannot avoid it as it is a by-product of the lift. Induced 

Drag decreases the efficiency of the wing as it requires more thrust power to overcome it and hence consumes more fuel. The 

maximum portion of the total drag generated by the wing comprises of the induced drag and hence it is very important to find 

ways in order to avoid it or find better solutions to avoid it or reduce it.  

As the effective angle of attack decreases as we move towards the tip, the lift generation per unit area also decreases. This reduces 

the local coefficient of Lift cl(y) and a profile of cl(y) can be plotted. 

 

𝑐𝑙(𝑦) =  
𝐿𝑖𝑓𝑡 𝑋 2

𝛿 𝑋 𝐴 𝑋 𝑉 𝑋 𝑉
 

 

• Local lift coefficient (cl(y)) = Coefficient of Lift per unit area at a distance y from the centre of the wing.  

• δ = Density of Fluid, air in this case. (kg/m3) 

• A = Wing Area (m2) 

• V = Relative Velocity (m/s) 

 

Thus, the Lift Distribution is the main aspect and very important part of wing designing.  

 

1.5) Remedies to the Induced Drag Problems 

The Elliptical Lift Distribution is the best-known solution to the induced drag problem as it offers the least induced drag. Many 

of the aircraft during world war 2 had elliptical wings like Submarine Spitfire. These wings were very difficult to manufacture 

and this was the major reason for their downfall. Further People understood that elliptical lift distribution can be obtained using 

the Taper Wings with certain modifications to it. Basic Idea that revolves around the Taper wings is if the Downwash is maximum 

at the tips for rectangular planform then if we provide lesser tip chord and increase the root chord proportionally then we can have 

the lower the induced drag but the same wing area thus increasing the efficiency of the wing. Thus, the Idea of Taper Wing 
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evolved. Taper ratio is the ratio of the root chord and the tip chord but the problem arises when we have to perform the trade 

studies while selecting a particular taper ratio for a particular application. The paper revolves around a similar subject. 

1.6) Taper Wing Terminology and Basics 

 

 
Figure 5 : Common tapered wing 

 
 

• Wing Span = (y) 

• Root Chord = Croot 

• Tip Chord = Ctip 

• Mean Aerodynamic Chord = MAC 

• Aspect Ratio = 
𝑦

𝑀𝐴𝐶
 

• Taper Ratio ( λ ) = 
𝐶𝑟𝑜𝑜𝑡

𝐶𝑡𝑖𝑝
 

Many of the Aerodynamic properties depend on the above characteristics of the wing. Lift is proportional to the Wing Area, 

stalling characteristics depend on the Aspect Ratios, Induced Drag depends on the Aspect Ratio too. Thus to compare any two 

wings, we need to make certain arrangements and make sure that the comparison parameters are same and they start from a 

common ground. 

2) PAPER OBJECTIVE 

There are many parameters that we must take into consideration while designing a plane. While designing a tapered wing there 

are many things which vary if we just change the taper ratio. These changes have an effect on the performance of the wing. In this 

paper, we aim to perform the trade studies for the wing with different taper ratios but same wing area, A]aspect ratio, twist angle, 

washout angle, polyhedral angle and angle of attack so that we have a common base to compare the different wings. We intend 

to analyse each wing on the CFD Fluent Solver and plot the local lift coefficient cl(y) graph using the Matlab Software and find 

the best suitable taper ratio which is suitable for our application. Lastly, we aim to establish a new methodology which can be 

used to plot local lift coefficient cl(y) graphs for different wings using the CFD Fluent and the Matlab Software and generate a 

database of the results of wings with different Taper Ratios. 

 

3) OVERALL APPROACH 

A Lift can be defined as the force which opposes the weight force. Lift produced by the aerofoil can be given by the formula, 

𝐿𝑖𝑓𝑡 =  ∫ (𝑃𝑙(𝑥) − 𝑃𝑢(𝑥)). 𝑑𝑥
𝑐

0

 

 

In the above equation, ‘c’ denotes the chord length and ‘dx’ denotes the thickness of an aerofoil. Pl(x) denotes the pressure on the 

lower surface of an aerofoil x distance away from the reference point while pu(x) denotes the pressure on the upper surface of an 

aerofoil x distance away from the reference point. Now if we could manage to plot the pressure distribution curve properly then 

we can find the lift very easily. As the pressure distribution is not constant over the entire span, we use the basics of integration. 

Firstly, we have to find a way to divide the half span into number of blocks and then use the above formula to formulate the lift 

generated by the each individual block giving us an idea about the lift distribution by individual blocks and then add it up to find 

the total lift and also the Overall Lift distribution. 

 
Figure 6 : Half wing divided into small blocks. 

Wing Span (y) 

Croot 
Ctip 
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Like in figure 6 we can divide our half wingspan into a number of parts which is shown in blue colour and a yellow line is drawn 

at the centre of each block where pressure plot will be generated assuming that the entire block shares the same pressure 

distribution across the chord. It’s an assumption that we are considering but as the number of divisions goes on increasing the 

accuracy of prediction increases and vice versa.  

 
Figure 7 : Pressure Distribution Curve for a S1223 aerofoil. 

 

 
Figure 8 : Pressure Contours for S1223 aerofoil. 

 

Figure 7 represents the pressure distribution curve of Selig S1223 aerofoil at 0° Geometric Angle of Attack. We know that the 

upper surface of an aerofoil has low pressure and the lower surface of an aerofoil has high pressure. We can clearly see that in the 

in the pressure contour plot in figure 8.   

Now the Pressure contours were exported and accessed through Matlab Software where we integrated the integral and found out 

the area enclosed in between the curve. When we multiply it with the thickness of a block, we get a lift generated by each individual 

block. When we add the lift generated by individual block then we can find out the total lift generated. Next Step, we know that 

Lift can also be found out using a simple formula, 

 

𝐿𝑖𝑓𝑡 =
1

2
𝑥 𝛿 𝑥 𝐴 𝑥 𝑉𝑥𝑉 𝑥 𝐶𝑙  𝑐𝑙(𝑦) =  

𝐿𝑖𝑓𝑡 𝑋 2

𝛿 𝑋 𝐴 𝑋 𝑉 𝑋 𝑉
 

 

Now, after we found out the lift generated by each individual block, we can use the above formula and calculate the value of 

Coefficient of Lift Cl and then we can plot the lift distribution graph. This graph will help us study the basic characteristics of the 

RC plane. It will help us find the values of 3D Cl, its L/D ratio, Stalling Patterns, Induced Drag distribution. Hence, the basic aim 

of this paper is to perform the trade studies and decide the Value of Taper Ratio which is optimized in all senses. 

 

4) METHODOLOGY 

4.1) Prerequisites  

To carry on with the research paper we decided a few things beforehand. We decided to perform the trade studies for the RC 

planes and so finalized the wing area of 2400cm2. This wing area was appropriate for the RC plane wing. We also decided to go 

with the most common aspect ratio of 6. This was done to reduce the errors. Now we plot a table 1 and find the dimensions of 

root chord and tip chord as well as the length of the tapered-wings while maintaining the same wing area and aspect ratio but 

Lower Surface 

Upper Surface 
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different taper ratio. We prepared the excel sheet using some self-generated algorithms using the basic formulas that we have and 

finalized the dimensions of 10 different taper wings that we will be analysing.   

 

 

Let the Root Chord = Croot 

And Tip Chord = Ctip 

 

Taper Ratio (λ) = =
𝐶𝑡𝑖𝑝

𝐶𝑟𝑜𝑜𝑡
  ……….(i) 

 

Mean Aerodynamic Chord (𝑀𝐴𝐶) =

(0.667 𝑋 (
1+𝜆+𝜆2

1+𝜆
)) 𝑋 𝐶𝑟𝑜𝑜𝑡 

 

Therefore, MAC = C X Croot ……..(ii) 

 

Aspect Ratio (AR) =  
𝑆𝑝𝑎𝑛

𝑀𝐴𝐶
 

 

 

 

 

Therefore, Span = AR x MAC 

 

Span = AR x (C X Croot) …….(iii) 

 

Wing Area (WA)  = 𝑆𝑝𝑎𝑛 𝑋 (
𝐶𝑟𝑜𝑜𝑡+𝐶𝑡𝑖𝑝

2
)……………(v) 

 

From (i) , (ii) , (iii) 

 

WA x 2 = (Span) x (Croot + Ctip) 

WA x 2 = (AR x (C x Croot)) x (Croot + (λ x Croot)) 

WA x 2 = 𝐴𝑅 𝑥 𝐶 𝑥 𝐶𝑟𝑜𝑜𝑡2 𝑥 (1 + 𝜆) 

Therefore,  

Croot = (
𝑊𝐴 𝑥 2

𝐴𝑅 𝑥 𝐶 𝑥 (1+𝜆)
)

1

2
 …….(vi)  

 

 

Resubstituting all the values in the algorithm we get following values of the dimensions of wings, each having wing area of 

2400cm2 and aspect ratio of 6.   

 

 

 

 

   

 

 

 

 

 

 

 

 

Table 1 : Tapered wing dimensions 

The next thing we fixed was our aerofoil. We finalized Selig S1223 as our aerofoil as it is highly cambered aerofoil and shows a 

noticeable change in the coefficient of Lift with a slight change in Angle of Attack or Reynolds Number. It is a Low Reynold 

number aerofoil and apt for our purpose. Figure 9 depicts Selig’s S1223 Aerofoil. [5] 

 

 
Figure 9 : Selig’s S1223 aerofoil 

 

Generally, the Stalling Speed of RC plane is around 8m/s -12m/s so an airspeed of 10m/s was chosen for the analysis part and 

every analysis was done as 10m/s of relative airspeed.  

Coefficient of Lift highly depends on the Reynolds Number ( Re) 

 

Re = 
𝛿 𝑥 𝑉 𝑥 𝐷

𝜇
 

Where, 

δ = Density of air, (1.225kg/m3) 

V = Relative air Speed, (10m/s) 

D = Characteristic Length 

μ = Dynamic Viscosity of air, (18.37 x 10-6 N s/m2) 

Taper 

Ratio 

Aspect 

Ratio 

Wing 

Area  Root Chord Tip Chord Span MAC 

  cm2  cm cm cm         
1 6 2400 19.995 19.995 120.03 20.005 

0.9 6 2400 21.037 18.933 120.085 20.014 

0.8 6 2400 22.171 17.736 120.276 20.046 

0.7 6 2400 23.402 16.381 120.651 20.108 

0.6 6 2400 24.737 14.842 121.273 20.212 

0.5 6 2400 26.179 13.089 122.232 20.372 

0.4 6 2400 27.728 11.091 123.649 20.608 

0.3 6 2400 29.374 8.812 125.696 20.949 

0.2 6 2400 31.100 6.220 128.614 21.435 

0.1 6 2400 32.871 3.287 132.748 22.124 
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We have the values of characteristic lengths ranging from 32.87cm to 3.827 cm. Accordingly, we have a range of Reynolds 

number from 2,19,200 to 21,900. The coefficient of lift vs angle of attack graph is influenced by the Reynolds number and the 

values of all coefficient of lift values are in between these two limits of Reynolds number.  

 

4.2) CFD Analysis using Ansys Fluent. 

The CFD analysis is mainly divided into 3 stages namely pre-processing, processing and post-processing stage. In the pre-

processing stage, the 3D-model is developed in the Cad Software and exported to analysing software where meshing is performed 

and the boundary conditions are set according to the problem statement. In the processing part, the software solves the problem 

using the finite volume method with according to the constraints and gives out the solution to the problem statement. There are 

many such solvers available with the software, we have to analyse the problem and finalize the solver which best suits our 

application. Lastly, in the post-processing stages, we have to present the solution which everybody can understand easily usually 

in pictorial representations like graphs, contours curves, animations etc and also find out the values of the solution to the stated 

problem statement. In this case mainly the lift and drag forces and the respective coefficients.  

 

4.3) Pre-Processing  

       4.3.1) Model Generation 

Using the data which we finalized in the previous step, we designed the 3D models of all the wings using the CAD software 

CATIA V5. Figure 6 is a model of wing with the Taper Ratio of 0.5. The root chord of 26.17cm and the tip chord of 13.08 were 

imported from the database of S1223 air foil and then profiled with the Multi-section command followed by the mirror command 

and created as a single entity using the Boolean add command.   

 
Figure 10 :Geometric  Model of tapered wing generated in Catia V5 

 

4.3.2) Design of Fluid Domain 

The model was then exported to Ansys Workbench 16.0 and the flow domain or the enclosure was designed in design modeler. 

The C section enclosure is commonly used and is known to replicate conditions which are closer to the real life.  

The Boolean operation was used to subtract the solid wing from the fluid domain which is a prime requirement of the finite 

volume method. The aerofoil faces were name selected so that we can plot the different pressure contours onto the aerofoil surface 

in the later parts of the analysis.   

 
Figure 11 : C section enclosure around the aerofoil generated in Design Modeller in Ansys Workbench 16.0 

4.3.3) Grid Generation 

The Grid Generation was performed in ICEM CFD Software in Ansys Workbench. We grid generated consisted of Tetrahedrons 

elements with a finer mesh and 20 layers of inflation added around the aerofoil with the growth rate of 1.2. The enclosure is face 
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meshed and the face sizing of the aerofoil was chosen to me 5mm while that of the enclosure was chosen to be 30mm.  The main 

reason for using the tetrahedral mesh was that it takes less computational time while keeping in mind the accuracy and since the 

aerofoil is a complex shape the tetrahedral mesh is the best option. 

 

 
Figure 12 : Mesh Generation 

4.4.4) Boundary Conditions and Solver 

The boundary conditions were set up in the Fluent Solver and the pressure-based solver was chosen as we were performing the 

analysis at a very low mach number approximately 0.029 mach where density will remain almost constant. The analysis was 

performed at the stalling speed of an RC plane because it gives us the fair idea about the lift and drag forces and also about the 

performance.  Spalart-Allmaras was selected as the turbulence model because of low mach number and one-equation turbulence 

model that provide superior accuracy around boundary wall and unstructured mesh with much less computational time. [6] Plus, 

this model was specifically developed for the analysis of aerofoils and wings. Boundary conditions were set up as the inlet velocity 

with velocity assigned using the cartesian system and it was normal to the aerofoil in the negative Z direction with a magnitude 

of 10m/s and pressure outlet was set up as normal atmospheric conditions. Aerofoil and other faces of enclosures were also set up 

as walls. The second order upwind discretization was used for momentum and modified turbulent viscosity and reference values 

were calculated from the velocity inlet. The force monitors were applied in the respective directions to calculate the lift and drag 

and the solution was initiated with all the values taken with reference to the inlet velocity. The iteration process was started and 

the solution converged. 

 

4.4) Post Processing 

After the solution converged, we divided the half wing into 15 blocks mathematically and highlighted an aerofoil at the centre of 

each part which will help us study that particular block better. In the Figure 14, half wing is divided into exact 15 blocks and the 

yellow highlighted line represents the position of highlighted air foil which will help us understand the properties of that respective 

block better.  [7] To know the exact position of highlighted aerofoil we designed an algorithm in MS-Excel . Figure 15 will give 

us an idea about the algorithm which we had developed and its outcomes.  

Figure 13 : : Half wing divided into small blocks. 
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Figure 14 : Self-Generated Algorithm for dividing Wings into equal Parts. 

 

The inputs to the algorithm are root chord, tip chord and half span. Using the basic trigonometry and geometry we divided the 

half-wing into small blocks. The Blue Highlighted points in figure 15 are the coordinates where iso-surface along the z-axis on 

the aerofoil are marked. A yellow highlighted aerofoil represents the entire block and all the properties of that particular block 

will be represented by this particular aerofoil. Now after we have highlighted each aerofoil, we plot a graph of static pressures vs 

the chord in Ansys Fluent. We export the plots and open and save them in MS-excel sheets to access them using the Matlab 

Software. The figure 16 shows the Aerofoils highlighted along with the pressure contours. The figure 17 shows the static pressure 

vs chord length plot of 1st and 15th Aerofoil. The 18 last figure shows the static pressure graphs for all the 15 aerofoils and this 

data is exported and arranged in MS Excel which can be accessed using Matlab Software. [8]  

 

 
Figure 15 : Selection and Marking of aerofoils. 

 

Figure 16 : Static Pressure Distribution along the chord of 1st and 15th aerofoil.  
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Figure 17: Static pressure distribution along the chord of all highlighted aerofoils. 

 

 
Figure 18 : Static pressure Curve exported to MS-Excel and accessed through Matlab and used for Integration. 

  

Then, we developed a small Algorithm in Matlab software which helped us access the pressure distribution data and perform the 

operations in Matlab. Area enclosed in between the curve gives us the value of the integral of that function.  

We plotted the graphs from the data which was exported using Ansys Fluent Software and used the self-developed algorithm to 

find the value of the area enclosed in between the 2 curves which denote the pressure distribution across the upper and lower parts 

of an air foil. We got the value of integral and then we multiplied it with the width of an air foil to find the overall lift generated 

by that particular block on the wing. We repeated the similar procedures and found out the lift generated by each individual block 

on the wing. The total lift is therefore addition of lift generated by each individual block. When we find the lift, we can easily find 

the Coefficient of Lift at that particular block on the wing as area of each block is already known and plot the lift distribution 

curve. Figure 20 and 21 depict the lift generated by each block on the half wingspan and figure 22 is the coefficient of lift 

distribution curve for the half wingspan.  

 
Figure 19 : Lift Distribution curve generated through Matlab. 
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Figure 20 : Lift generated by each Individual Block 

 

 
Figure 21 : Local Coefficient of Lift Distribution across the Half Wing span. 

 
 

Figure 22 : Lift obtained after Analysis in Ansys CFD. 
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We can conclude that the results which we got through Matlab and the results from the Ansys analysis are nearly identical. The 

half wing according to Ansys analysis produces a lift of 13.41N/2 = 6.705N and the results which we got after adding individual 

lift of each block was 6.568 N. Thus, we get an error of approximately 2% which is acceptable for the analysis of RC planes. If 

we increase the number of divisions, our accuracy will increase but the complexity increases too. Considering the optimized 

number of divisions, this process is acceptable and can be used to find the lift distributions of various wings. Lastly, we can find 

the local coefficient of lift distribution which gives us some idea about the stall patterns and other important characteristics of the 

plane behaviour. Accordingly, we prepared the report of all the wings and analysed it considering the various parameters and 

performed a detailed trade study and finalized the best combination of the wing.   

  

5) RESULTS AND DISCUSSION 

After the simulation of all 3D wings was complete, we analysed the results and studied them on the parameters like local 

coefficient of lift distribution, lift distribution, stall characteristics and structural characteristics.  All the wing models have a wing 

area of 2400cm2, Aspect Ratio of 6, S1223 aerofoil and the simulation was carried out at a constant velocity of 10m/s. The results 

are as follows. Figure number 24 to 33 depicts the pressure distribution of aerofoils. Figure number 34 to 43 depicts the real lift 

distribution in Newton’s of all the aerofoils. Figure number 44 to 53 depicts the part wise lift distribution of all the air foils. Figure 

number 54 to 63 depicts the real distribution of 3D Lift coefficient of all the air foils. Figure 64 to 73 depicts the part wise 

distribution of 3D Lift Coefficient of all the air foils. Part wise distribution graphs are just for illustration purpose as they can help 

us easily understand the patterns in the observations. 

 
Sr No.  Parameter Observation and Discussion 

 

 

 
 

5.1)  

 

 

 

 

Lift Distribution 

• After studying the graphs (figure 34 to figure 43), we can observe that the wing area distribution 

dominates the lift distribution graph. But the graph isn’t particularly a straight line which suggests 
that other parameters do make their contribution in the process. 

• As the taper ratio decreases the lift generation graph turns conical and as the Taper ratio increases, it 

transforms into rectangular distribution, we can observe this phenomenon in the figures (34 to 43).  
But the transformation of conical distribution into rectangular distribution takes place with the graph 

taking the shape of an elliptical distribution.  

• The intermediate stages with taper ratio of 0.4 and 0.5 show approximately elliptical lift distribution. 

This particular lift distribution is the most effective lift distribution as per the proven theories because 

the induced drag induced in such combinations is the lowest as compared to all other lift distribution 
patterns  

• We can more easily understand the shape of lift distribution if we look at the part wise distribution 

figures. (figure 44 to 53).   

• Rectangular distribution has many cons like it generates high tip vortices and also has high induced 

drag which reduces the efficiency of the wing. On the other tapered wing increases the wing 
efficiency by reducing the tip vortices and induced drag value.  

• The added advantage of the Conical Lift distribution is the lower tip deflection in the wings. The 

conical lift distribution decreases the bending moment which is imposed on the spar and as the 

bending moment decreases the dimensions of spar can be reduced which in turn decreases the empty 

wing of the plane.  
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5.2) 

 

 

 

 

 

 

 

 

Local Coefficient of 

Lift Distribution 

• After studying the graphs (figure 54 to figure 63), we observe that as the taper ratio reduces the 

Maximum value of the local coefficient of lift shifts outwards away from the root towards the tip. 

This can also be observed from the pressure contours graph (figure 24 to figure 33). The dark blue 

region denotes the contours with lower pressure, as the taper ratio decreases the dark blue region 
tends to shift towards the tip.  

• This proves that as the taper ratio is reduced the stalling tendency shifts towards the tip i.e. the Wing 

with Taper ratio 1 has the tendency of root stalling and the wing with Taper ratio 0.1 has the tendency 

of tip stalling. But tip stalling conditions can cause the tip to stall abruptly causing a loss of lift 

unexpectedly and can cause unexpected rolls.   

• As the taper ratio differs the induced drag distribution changes accordingly; when the taper ratio is 

reduced the drag generated by the tip vortices is reduced and hence overall drag is reduced.  

• For the taper ratios of 0.4 (figure 57) and 0.5 (figure 59) the graph of the local coefficient of lift is 

nearly or approximately a straight line. This means that all the wing has the same value of the local 

coefficient of lift. This particular condition is the exact requirement of elliptical wing distribution. 
All the Wing has nearly the same value of the local coefficient of lift and hence all the wing stalls at 

the same time. The Induced Drag generated by this wing is lowest among all the wings with similar 

parameters and the downwash is constant for the given span. Hence has the highest Lift/Drag ratio 
and the highest of the efficiency.   

 

 

 

5.3) 

 

 

 

 

 

 

Structural 

Strength and Lift 

Distribution across 

the wingspan 

 

• After studying the lift distribution, we can calculate the dimensions of spar required for that particular 

wing. For structural design of the wing we assume it as a cantilever beam and apply the loads 

accordingly and plot the shear force and bending moment diagram. These diagrams help us get a 

clear picture of the scenario and helps us to optimize the spar design.  

• In a Remote-Controlled Plane spar weight is the prime consideration as majority of the empty weight 

comprises of the spar weight.  After studying the distribution pattern, we can formulate it into a point 
load. The location of this point from the root chord is the deciding parameter which gives us the 

dimensions of the spar which are the main supporting structure of any wing as they transfer the load 

to the main body.  

• As the taper ratio increases the lift distribution curve slightly turns into a rectangular distribution 

which shifts the force point towards the tip chord which in turn increases the bending moment. 
Greater the bending moment, bigger is the size of spar that should be used to sustain the greater 

bending moments. So, as the taper ratio increases the size of spars tend to increase thus increasing 

the empty weight.  

• But as the taper ratio decreases, the chord of an aerofoil also decreases which in turn reduces the 

maximum thickness of an aerofoil, so the spar selection is a tedious process as a single spar cannot 
be inserted.  

• Thus, spar selection becomes complicated as the taper ratio reduces.  

 

 

Pressure Contours: Figures (fig 24 to fig 33) are the pressure contours of aerofoils. They depict the pressure distribution across 

the wings. 

 

 
Figure 23: Taper Ratio 0.1    Figure 24: Taper Ratio 0.2 

 

 
Figure 25:Taper Ratio 0.4     Figure 26:Taper Ratio 0.3 
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Figure 27:Taper Ratio 0.5     Figure 28:Taper Ratio 0.6 

 
Figure 29:Taper Ratio 0.8     Figure 30:Taper Ratio 0.7 

 

 
Figure 31:Taper Ratio 0.9     Figure 32:Taper Ratio 1 

 

Original lift distribution: Figure 34 to figure 43 show us the real lift distribution across the half span.  

 

 

 
Figure 33:Taper Ratio 0.1     Figure 34: Taper Ratio 0.2 
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Figure 35: Taper Ratio 0.4     Figure 36: Taper Ratio 0.3 

 
Figure 37: Taper Ratio 0.5     Figure 38:Taper Ratio 0.6 

 
Figure 39: Taper Ratio 0.7     Figure 40: Taper Ratio 0.8 

 
Figure 41: Taper Ratio 1     Figure 42: Taper Ratio 0.9 
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Part wise lift distribution: Figure 44 to figure 53 show us the part wise lift distribution across the half wing span.  

 
Figure 43:Taper Ratio 0.1        Figure 44:Taper Ratio 0.2             Figure 45:Taper Ratio 0.3 

 

 
Figure 46:Taper Ratio 0.6         Figure 47:Taper Ratio 0.5           Figure 48:Taper Ratio 0.4 

 

 
Figure 49:Taper Ratio 0.7        Figure 50:Taper Ratio 0.8               Figure 51:Taper Ratio 0.9 

 

 
Figure 52:Taper Ratio 1 

Original local coefficient of lift distribution: Figure 54 to figure 63 shows the real local coefficient of lift distribution across the 

half wing span. 

 
Figure 53: Taper Ratio 0.1     Figure 54: Taper Ratio 0.2 
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Figure 55: Taper Ratio 0.3     Figure 56: Taper Ratio 0.4 

 
Figure 57: Taper Ratio 0.6     Figure 58: Taper Ratio 0.5 

 
Figure 59 : Taper Ratio 0.7    Figure 60: Taper Ratio 0.8 

 
Figure 61 : Taper Ratio 0.9    Figure 62: Taper Ratio 1 
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Part wise local coefficient of lift distribution: Figure 64 to figure 73 show us the part wise local coefficient of lift distribution 

across half wing span. 

 
Figure 63:Taper Ratio 0.1  Figure 64:Taper Ratio 0.2   Figure 65:Taper Ratio 0.3 

 

 
Figure 66:Taper Ratio 0.6  Figure 67:Taper Ratio 0.5   Figure 68:Taper Ratio 0.4 

 

 
Figure 69:Taper Ratio 0.7  Figure 70:Taper Ratio 0.8   Figure 71:Taper Ratio 0.9 

 

 
Figure 72:Taper Ratio 1 
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6) CONCLUSION 

 
After the research, we concluded that for any RC plane a Taper Ratio of 0.4 or 0.5 might be the best possible taper ratio to go 

with if there isn’t any sweep angle or dihedral or polyhedral angle involved. The main disadvantage of using a strong tapered 

wing is the very high value of local coefficient of lift at the tips which can prove fatal during the stall conditions. On the other 

hand rectangular wings are more stable in the stalling conditions but are not very efficient as compared to the tapered wings or 

elliptical wings. Wings with taper ratio 0.4 and 0.5 have near about elliptical lift distribution and according to the existing theories 

they are very much efficient. 

  This methodology which we used for plotting the graphs is tried and tested and works properly with an error of 

approximately 2%. This error can be minimized if the analysis is carried out with a greater number of parts. As the parts increases, 

the complexity of the problem increases so considering our priority 15 parts were perfect for our application. This methodology 

can be used for a wide number of wing designs and the results are genuine and trustworthy. We can easily get the distribution of 

3D Coefficient of Lift around the span which is of great importance to any designer. The custom wing designs are possible with 

this approach and we can easily predict the behaviour of the wing as well as choose the properties which we desire using this 

approach. The Lift Distribution is useful for the Reinforcement designing and for weight reduction and weight optimization.  

 

7)FUTURE SCOPE 

We have assumed the wing without any twist angle or washout angle. Lower Taper Ratios can be more efficient if a certain degree 

of twist is provided to them. Also, the dihedral angle has certain effects on the performance of the wing. The perfect combination 

considering the Twist angle, Taper Ratio, Aspect ratio, Washout Angle, Dihedral angle etc can be found out using a similar 

methodology. This will lead us in finding the perfect efficient wing design which is more efficient and better.  
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