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Abstract—This is a space era for unmanned aerial vehicles 
(UAVs) with complex autonomous systems to have an objective 
research on interplanetary studies. The UAV design for the space 
application is a complicated approach due to its involvement with 
initial conditions such as the atmospheric data of that particular 
planet and in later stages, where the experimental testing setup 
requires a separate infrastructure to match that atmospheric 
conditions. So, where the planetary data required for design are 
density, temperature, viscosity, pressure and gravity. These are 
initial conditions which affects the design and performance 
parameters in the conceptual stage of the planetary UAV.  This 
paper describes the UAV conceptual design methodology for the 
Mars application which includes the configuration selection, 
sizing, aerodynamic analysis and performance evaluation using 
low fidelity tools such as XFLR5 and OCTAVE (Low order 
code). The design performance is compared with Earth 
atmosphere and Martian atmosphere to estimate the impact 
created by the initial conditions. However, the performance 
validation for the design on Earth atmosphere is justified in 
correlation with XFLR5 and wind tunnel data of Sky walker X8. 
But the design on Mars atmosphere is correlated with the 
literature available from recent research studies and observed to 
be fair, which would an acceptable correlation during the 

conceptual stage. 

Keywords—Conceptual design, Aerodynamics, Peformance, 
Space application, UAVs, XFLR5, OCTAVE,  Martian 
atmosphere,VLM, Low fidelity tools, space drones, Sky Walker 
X8, Wind tunnel Data.  

I. Introduction  
In the past decade, there has been a trend movement 

towards  fabricating the drones which are ready to perform 
planetary exploration. Actually, there are various ways to 
perform the research on the space objects, like through 
telescopes and satellites, launching probes , landers, orbiters, 
rovers or sending astronauts to the selected solar bodies. 
However, due to the advantages of the space drones compared 
to other approaches in the planetary exploration as shown in 
the table below. So, many researches has been administered by 
the different space agencies within the world which includes 
NASA made to use these space drones approach. 

Ongoing development of NASA’s Mars Helicopter, Mars 
Sample Return Mission and NASA’s Dragonfly to Titan there     
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TABLE 1: PLANETARY EXPLORATION APPROACHES COMPARISON 

 

is a tremendous scope for the deployment of UAV’s on the 

surface of MARS. The proposed design in this research has 
the ability to extract and deliver the samples collected by the 
rover on Mars, to the Mars Sample Return Vehicle. The design 
discussed above is capable of mapping areas of Martian 
surface very closely to examine the presence of dried up 
ancient mars lakes and in assisting the rover path planning. 
With mission specific design there is tremendous scope to 
deploy UAV’s for various experiments on Mars and 
Interplanetary atmospheric bodies. The present paper 
describes about the proposed design performance on earth and 
mars atmosphere along with evaluation in terms of 
aerodynamics.  

II. Requirements 
This consists of the system engineering approach 

requirements for UAV design in the space application as 
shown in the matrix below. In which it includes the 
requirements like initial conditions (planetary conditions/ 
atmospheric data - that can describe the earth atmosphere and 
Martian atmosphere such as air density, air viscosity, air 
pressure, temperature, wind speeds and gravity ), Reynolds 
number limitation for testing on earth atmosphere, even 
electronics such as equipments & sensors (payload 
requirement) required for the space application or launch & 
landing requirements ( affects the sizing and desired weight), 
mission duration ( endurance which affects power and speed 
requirement), aerodynamic requirements such as lift and drag 
and however, production cost requirement is very critical in 
the space exploration missions.  

  

 

 

 

 

 

FIGURE 1 : TECHNICAL REQUIREMENT MATRIX 

 Orbiter Rover Humans Drones 

Payload Low High High Moderate 
Cost Low High High Moderate 

Accuracy Low High High High 
Power Low High High Moderate 

Resources Low High High High 
Technology  High High Moderate  High 
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III. Configuration Selection 
The configuration selection is to meet the mission 

requirements mentioned in the previous section matrix. The 
following fixed wing configuration is proposed design  for the 
mission specified as follows; 

FIGURE 2 : CONCEPTUAL 3D VIEWS OF  PROPOSED DESIGN  

IV. Sizing 
The sizing of the vehicle with trends and the limitations of 

the space application is based on collected literature of the 
atmospheric data of mars & earth.  

TABLE 2: SKYWALKER X8 XFLR5 AND WT ATMOSPHERIC DATA 
 

Earth Atmosphere XLFR 5 WT units 
Density 1.225 1.225 kg/m3 

Viscosity 1.73E-05 1.73E-05 Kg/m/sec 
MAC 0.357 0.357 m 
Speed 20 20 m/sec 

Dynamic Viscosity 1.41E-05 1.41E-05 m2/sec 

 

 

FIGURE 3 : SKYWALKER X8 XFLR5 AND WT PLOT AT RE=5.00E+05 

 

Here, Table 2 describes the earth atmosphere to review the 
aerodynamics properties of Skywalker X8. And the following 
table below lists out the XFLR5 and wind tunnel data of 
Skywalker X8 at Reynolds number =5,00,000. The RSME is 
estimated to correlate the wind tunnel of the proposed design 
on the earth atmosphere and equivalent Martian atmosphere.   

TABLE 3: RSME ESTIMATION BETWEEN XFLR5 AND WT DATA 
 

 

 

 

 

 

 

 

 

 

 

 

So, the sizing is done under two cases in order to evaluate     
the XLFR5 data of the proposed design  i.e; 

(i) Proposed design at Re=5,00,000 on the earth 
atmosphere  and correlate  

(ii) Proposed design at equivalent Martian atmosphere i.e 
Re=80,000 and correlate  

The tables below describes the sizing parametric study using 
the same Reynolds number  on the earth and Martian 
atmospheres as follows; 

TABLE 4: PROPOSED DESIGN SIZING ON EARTH ATMOSPHERE 
Earth Atmosphere Proposed Design XFLR 5 scale up units 

Density 1.225 1.225 kg/m3 

Viscosity 1.73e-05 1.73e-05 Kg/m/sec 

MAC 0.7 6.9 m 

Speed 10 1.023366 m/sec 

Re 5.00e+05 5.00e+05 No units 

 

TABLE 5: PROPOSED DESIGN SIZING ON MARTIAN ATMOSPHERE 
Mars Atmosphere Mars Proposed 

Design  
Earth Scale 

down 
units 

Density 1.50e-02 1.225 kg/m3 

Viscosity 1.30e-05 1.73e-05 Kg/m/sec 

MAC 0.70 5.70 m 

Speed 10 0.020 m/sec 

gravity 3.71 9.81 m/sec2 

Re 8.08e+03 8.08e+03 no units 

 

 Re 5.00e+05  
CD XFLR 5 

CL 
WT 
CL 

Error 

0.021 0.457 0.167 0.08 

0.024 0.506 0.266 0.06 

0.029 0.585 0.361 0.05 

0.036 0.669 0.472 0.04 

0.045 0.78 0.603 0.03 

0.052 0.846 0.681 0.03 

0.072 1.02 0.853 0.03 

0.075 1.048 0.877 0.03 

0.079 1.075 0.901 0.03 

 RMSE 0.2046  
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V. Aerodynamic analysis 
The analysis was performed using XFLR5 which is an 

analysis tool that uses Lifting Line Theory, Vortex Lattice 
Method, and 3D Panel Method for calculation of the 
aerodynamic properties of the proposed design on the both 
earth atmosphere and Martian atmosphere . The following 
plots illustrate between coefficient of lift and coefficient of 
drag along with WT correlation using Skywalker X8 RMSE as 
follows;  

FIGURE 4 : PROPOSED DESIGN XLFR 5 AND CORRELATED WT PLOTS AT 
RE=5.00E+05 ON EARTH ATMOSPHERE 

FIGURE 5 : PROPOSED DESIGN XLFR 5 AND CORRELATED WT PLOTS AT 
RE=0.08E+05 ON MARTIAN ATMOSPHERE 

So, it was observed from the plots drawn that the 
aerodynamic properties at Re=5,00,000 on earth atmosphere 
are equivalent to Re=80,000 on the Martian atmosphere.  

VI. Performance evaluation  
The coefficient of drag data is generated using the method 

proposed by  M. Hassanailan[1] to the available XFLR5 
coefficient of lift data on the Martian atmosphere for the 
proposed design using octave as shown in the Figure 6.  And 
the data generated using the method proposed by 

M.Hassanailan is found to be underestimate. However, the 
correlation is fair when compared with XLFR5 data, whereas 
the method by M. Haasanailan has the first-order code and 
XFLR5 has second-order code.   

FIGURE 6 : PROPOSED DESIGN XFLR5, CORRELATED WT AND 
HASSANAILAN METHOD DATA PLOTS AT RE=80,000 ON MARS 

VII. Conclusion 
Finally, the described methodology would be useful during 

the conceptual stage in costly space drone missions. However, 
it can reduce the efforts and cost in the design process. The 
observation made in the present papers such as the same 
aerodynamic properties for the proposed design ( MAC=0.7 m 
& Speed =10m/s) at Re=5.00e+05 on earth and Re=0.008e+5 
on mars. Furthermore investigate is needed in the high fidelity 
tools and hence, correlate with  available XLFR5 data.      

Acknowledgment  
The acknowledgement statement is to Stingfly Aerospace 

Pvt Ltd., Hyderabad, India. We would like to thank Stingfly 
Aerospace for providing us opportunity to contribute to their 
in-house research project. 

References 
[1] M. Hassanalian, D. Rice, S. Johnstone, and A. Abdelkefi, “Planetary 

exploration by space drones: design and challenges,” 2018 Aviation 
Technology, Integration, and Operations Conference, Atlanta, Georgia, 
June 25-29 2018. DOI: https://doi.org/10.2514/6.2018-3027 

[2] Mostafa Hassanalian, Devyn Rice, and Abdessattar Abdelkefi, 
“Aerodynamic performance analysis of fixed wing space drones in 
different solar system bodies,” AIAA SciTech Forum, 2018 AIAA 
Aerospace Sciences Meeting, Kissimmee, Florida, January 8-12 2018. 
DOI: https://doi.org/10.2514/6.2018-1533 

[3] K. Gryte, R. Hann, M. Alam, J. Roháč, T. A. Johansen and T. I. Fossen, 
"Aerodynamic modeling of the Skywalker X8 Fixed-Wing Unmanned 
Aerial Vehicle," 2018 International Conference on Unmanned Aircraft 
Systems (ICUAS), Dallas, TX, 2018, pp. 826-835. 

[4] M. Hassanalian, A. Abdelkefi, " Classifications, applications, and design 
challenges of drones: A review," USA, 28 April 2017. DOI: 
http://dx.doi.org/10.1016/j.paerosci.2017.04.003. 

[5] Karthik M A , Srinivasan K , Srujan S , Subhash Holla H S , Suraj Jain 
M , " Design and CFD Analysis of a Fixed Wing for an Unmanned 
Aerial Vehicle, " IJLERA, ISSN: 2455-7137. 



                 Proc. Of the International E-Conference on Advances in Engineering,Technology and Management-ICETM 2020 
                               Copyright © Institute of Research Engineers and Doctors. All rights reserved.   
                                                  ISBN: 978-1-63248-188-7 DOI:10.15224/978-1-63248-188-7-03 

14 
 

[6] Jaw-Kuen Shiau Der-Ming Ma, Chih-Wei Chiu, "Optimal Sizing and 
Cruise Speed Determination for a Solar-Powered Airplane," Journal of 
Aircraft , March 2010, Tamkang University, National Kaohsiung 
Normal University, DOI: 10.2514/1.45908. 

[7] Ahmed Aboelezz,*, Yunes Elqudsi, Mostafa Hassanalian, Ahmed 
Desoki,  "Wind Tunnel Calibration, Corrections And Experimental 
Validation For Fixed-Wing Micro Air Vehicles Measurements," USA, 
21 January 2020. 

[8] M. Drela and H. Youngren, Xfoil manual, 
http://web.mit.edu/aeroutil_v1.0/xfoil_doc.txt,  2001. 

[9] A. Deperrois, "XFLR5 analysis of foils and wings operating at low 
reynolds numbers,"  2013. 

[10] K. Cunningham, D. Cox, D. Murri, and S. Riddick, “A piloted 
evaluation of damage accommodating flight control using a remotely 
piloted vehicle,” in AIAA Guidance, Navigation, and Control 
Conference, 2011, https : / / ntrs .nasa . gov / archive / nasa / casi . ntrs 
.nasa.gov/20110014794.pdf. 

[11] N. M. Jodeh, “Development of autonomous unmanned aerial vehicle 
research platform: modeling, simulation, and flight testing,” PhD thesis, 
Air force institute of technology, 2006. 

[12] R. W. Beard and T. W. McLain, Small Unmanned Aircraft. Princeton 
University Press, 2012. 

[13] M. Faria, J. Pinto, F. Py, J. Fortuna, H. Dias, R. Martins, F. Leira, T. A. 
Johansen, J. Sousa, and K. Rajan, “Coordinating uavs and auvs for 
oceanographic field experiments: Challenges and lessons learned,” in 
Robotics and Automation (ICRA), 2014 IEEE International conference 
on, IEEE, 2014, pp. 6606–6611. 

[14] F. Gavilan, M. R. Arahal, and C. Ierardi, “Image deblurring in roll angle 
estimation for vision enhanced aav control,” IFAC-PapersOnLine, vol. 
48, no. 9,pp. 31–36, 2015. 

[15] M. Stachura and E. Frew, “Communication-aware information-gathering 
experiments with an unmanned aircraft system,” Journal of Field 
Robotics, vol. 34, no. 4, pp. 736–756, 2017. 

[16] Nam, T., “A generalized sizing method for revolutionary concepts under 
probabilistic design constraints," Doctoral Dissertation, Georgia Institute 
of Technology, 2007. 

[17] S. C. Smith, “A computational and experimental study of nonlinear 
aspects of induced drag,” 1996. 

[18] S. F. Hoerner, Fluid-dynamic drag: Practical information on 
aerodynamic drag and hydrodynamic resistance. Hoerner Fluid 
Dynamics Midland Park, NJ, 1965. 

[19] A. Deperrois, About XFLR5 calculations and experimental 
measurements, Accessed 15.09.2014. Available: http : / / www . xflr5 . 
com / docs / Results_vs_Prediction.pdf. 

[20] Rohatgi, A. (2012) WebPlotDigitalizer: HTML5 based online tool to 
extract numerical data from plot images. Version 3. [WWW document] 
URL http://arohatgi.info/WebPlotDigitizer/app/ (accessed on March 
2020). 

[21] A. Zolich, T. A. Johansen, K. Cisek, and K. Klausen, “Unmanned aerial 
system architecture for maritime missions. design & hardware 
description,” in Research, Education and Development of Unmanned 
Aerial Systems (RED-UAS), 2015 Workshop on, IEEE, 2015, pp. 342–
350. 

[22] M. Sadraey, A Systems Engineering Approach to Unmanned Aerial 
Vehicle Design, Proceedings 2010 ATIO, Texas, United States, pp. 3–
15, 2010. 

[23] M. Hassanalian, M. Radmanesh, S. Ziaei-Rad, Sending instructions and 
receiving the data from MAVs using telecommunication networks, in: 
Proceeding of International Micro Air Vehicle Conference (IMAV2012), 
Braunschweig, Germany, 3–6 July, 2012. 

[24] T.J. Mueller, Aerodynamic Measurements at Low Reynolds Numbers 
for Fixed Wing Micro-Air Vehicles, Hessert Center for Aerospace 
Research, University of Notre Dame, 1999. 

[25] Colozza, A., Michelson, R.C. and Naqvi, M.A., “Planetary Exploration 
Using Biomimetics-An Entomopter for Flight on Mars”, Phase II Final 
Report, NASA Institute for Advanced Concepts Project NAS5-98051, 
2002. 

 

About Author (s): 

 

Sai Vinay Sandapeta is the research 
scholar and recently awarded with 
Bachelor of Technology degree in 
aeronautical engineering from Jawaharlal 
Nehru Technological University, 
Hyderabad, India. He had published 
various research articles and filed patents 
in the field of UAVs.  

Sai Kiran Parre is a researcher at a 
startup and recently awarded with 
Bachelor of Technology in Aeronautical 
engineering from Jawaharlal Nehru 
Technological University, Hyderabad, 
India. He had published various research 
articles and conducts field experiments. 

Srinath Chanda is awarded recently with 
Bachelor of Technology in Aeronautical 
engineering from Jawaharlal Nehru 
Technological University, Hyderabad, 
India. He is a UAV enthusiast and 
develops new configurations and tests 
them frequently.. 

Vaddempudi Sai Naveen is awarded 
recently with Bachelor of Technology in 
Aeronautical engineering from 
Jawaharlal Nehru Technological 
University, Hyderabad, India. He is a 
passionate about exploring the 
application of UAV’s in different 

applications.  

Bandi Naga Sai Krishna Nikhil is an 
experienced Aeronautical Engineer with 
a lot of exposure to application of 
Aerodynamics in automobile industry. 
He is a regular advisor of aerodynamics 
to various companies. 

 
 
 

Rohan Bhagat is awarded recently with 
Bachelor of Technology in Aeronautical 
engineering from Jawaharlal Nehru 
Technological University, Hyderabad, 
India. He is excited to pursue his 
Master’s Aerospace engineering. 
. 

 
 
 


