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Abstract— Aircraft performance depends on both 

environmental and design factors. The flight operations at 

various altitudes differ due to change in air density and lift 

generated on aircraft. This project investigates effect of 

temperature on aerodynamic characteristics of aircraft. The 

aircraft design taken is UAV (Unmanned Aircraft Vehicle) 

designed for stealth and surveillance operations which are 

required to flow at high altitudes. The CAD model of aircraft 

is developed in CREO design software and CFD analysis is 

performed using ANSYS CFX. Lift force, drag force 

generated on aircraft is studied at various altitudes. The 

turbulence model used for analysis is k-epsilon. 
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I. INTRODUCTION 

The shape and design of an aircraft can dramatically influence 

how the aircraft is handled and controlled. The stability and 

control derivatives are essential for flight simulation and 

handling qualities. Wind tunnel test are a common method 

that results in derivatives that are highly accurate. The 

problem with wind tunnel tests is that they are very expensive 

and can be extremely time consuming. Also, the wind tunnel 

models are scaled down to fit in the tunnel, and this can have 

a dramatic change on the results, since the results do not 

always scale up as easily. Air will flow over a smaller body 

differently than a larger body, due to the changes in flow 

characteristics. 

Over the past couple of decades, computer 

simulation has become much more prevalent. Current CFD 

software’s are is much more accurate than they once were and 

are is becoming more user-friendly, but still the mesh 

generation for a model can be difficult and requires a great 

deal of experience. These software’s can be used over and 

over again. Also, many different test cases can be run to 

determine flying qualities in various situations. There are also 

several different programs that are readily available that can 

produce highly reliable results. With the use of CFD, the cost 

and time required for prototyping has reduced drastically over 

the years, thereby accelerating the design and development of 

modern aircrafts 

In the present study, CFD approach for analysis has 

been adopted to understand the aerodynamic characteristics 

of a UAV (Unmanned aircraft vehicle). UAV’s are built for 

maneuverability and high altitude flying  

A. UAV Model Design 

UAV selected for analysis is predator now being used by U.S 

air force primarily for spying missions. 

A lot of research is being carried out from the last 

decade in automotive field and the safety is one of the main 

concerns and is always play an important  

 
Fig. 1: U.A.V. design 

B. Standard Atmospheric Modelling 2 

For purpose of pressure altimeter calibrations, rocket and 

aircraft performance vertical distribution of quantities like 

pressure, temperature and velocities are required. Since 

temperature never remains constant therefore hypothetical 

model is required for approximation. The model is named as 

standard atmospheric model and is devoid of dust, sirt or any 

other solid particles and particulates. The first standard 

atmospheric model was developed in Europe and United 

States in 1920’s and later internationally accepted model was 

developed by 1950’s by ICAO (International Civil Aviation 

Organization) 

 
Table 1: Sea level atmospheric condition by ICAO 

C. Temperature Modelling 

Both temperature and density varies with altitude and are 

interrelated. The temperature variation with respect to 

altitude within the troposphere is given. 

 
T0 is temperature at sea level and height is measured 

in meters. Temperature decreases with altitude as   

 
Fig. 2: Temperature at various spheres 
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D. Density Modelling 

At known temperature and pressure density is given by 

following equation where R is gas constant, p is pressure  

 

II. METHODOLOGY 

A. Analysis of UAV 

For this model preparation the main parts are only considered 

like fuselage, wing, horizontal tail and vertical tail and 

propulsion system 

 
Fig. 3: CAD model of U.A.V 

B. Governing Equations in CFD 

Governing equation of CFD is Navier’s Stokes equation and 

based on conservation of mass, momentum and energy. The 

Navier-Stokes equations are vector equations, meaning that 

there is a separate equation for each of the coordinate 

directions. There are thus three different momentum 

equations that together comprise the Navier-Stokes Equations 

1) Continuity Equation 

 
2) Momentum Equation 

There are thus three different momentum equations that 

together comprise the Navier-Stokes Equations 

3) Energy Equation 

 
ANSYS CFX is more than just a powerful CFD code. 

Integration into the ANSYS workbench platform provides 

superior bi-directional connections to all major CAD 

systems, powerful geometry modification and creation tools 

with ANSYS Design modeler, advanced meshing 

technologies in ANSYS meshing, and easy drag and drop 

transfer of data and results to share between applications 

Rear slant angle is taken into account. This paper 

investigates numerically the flow around the Ahmed body for 

the base slant angles 25 and 35. It is found that there is a 3% 

decrement in drag when different slant angles were used. 

Simulations, with several turbulence models, have been 

carried out for the generic Ahmed body with 25and 35 slant 

angles.  

III. PROBLEM FORMULATION 

Aerodynamic evaluation of air flow over an object can be 

performed using analytical method or CFD approach. On one 

hand, analytical method of solving air flow over an object can 

be done only for simple flows over simple geometries like 

laminar flow over a flat plate. If air flow gets complex as in 

flows over a bluff body, the flow becomes turbulent and it is 

impossible to solve NavierStokes and continuity equations 

analytically. On the other hand, obtaining direct numerical 

solution of Navier-stoke equation is not yet possible even 

with modern day computers. In order to come up with 

reasonable solution, a time averaged Navier-Stokes equation 

is being used (Reynolds Averaged Navier-Stokes Equations 

– RANS equations) together with turbulent models to resolve 

the issue involving Reynolds Stress resulting from the time 

averaging process. In present work the k-e turbulence model 

with non-equilibrium wall function is selected to analyze the 

flow over the generic passenger car model. This k-e 

turbulence model is very robust, having reasonable 

computational turnaround time, and widely used by the auto 

industry.  

IV. MODELLING AND CFD ANALYSIS 

A. Computational Domain  

The CAD model in .igs format is imported in ANSYS CFX 

module where a continuum is defined and meshed using tetra 

elements. 

 
Fig. 4: Computational Domain 

 
Fig. 5: Meshed model 

B. Boundary Conditions 

Domain is defined, inlet, outlet and opening boundaries are 

defined .Inlet air velocity is set to 65m/sec and other 

boundaries are set to opening boundary. 

 
Fig. 6: Boundary Conditions 

C. Solution 

Setting up of convergence criteria r.m.s residual values are set 

to 1e-5 for pressure, velocity and energy 

D. Post Processing 

Contour plots of pressure, velocity is plotted along with 

vector plot also to understand the flow across U.A.V. 
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V. RESULT AND DISCUSSION 

Pressure, lift force, drag force of entire aircraft is calculated 

by software at various altitudes. 

 
Fig. 7: Pressure distribution 

 
Fig. 8: Lift force 

 
Fig. 9: Drag force 

The pressure, drag force and lift force are analyzed 

at 5000ft, 8000ft, 10000ft, 14000ft and 18000ft respectively. 

The atmospheric pressure and temperature changes with 

respect to altitude and hence needed to be evaluated at each 

altitude and then the data are fed in ANSYS CFX domain 

definition. The results obtained is given in below. 

 
Table 2: results 

 
Fig. 10: Bar graph of pressure, velocity 

 
Fig. 11: Density at varying altitudes 

 
Fig. 12: Pressure at varying altitudes 

 
Fig. 13: Drag force at varying altitudes 

 
Fig. 14: Lift force at varying altitudes 

VI. CONCLUSION 

1) CFD analysis of U.A.V car is performed and pressure, 

velocity, lift force, drag force experienced by vehicle is 

determined by ANSYS software. 

2) With increase in altitude the lift force, drag force and 

pressure experienced by U.A.V decreases. 

3) Pressure, density decreases with altitude and hence 

affects pressure experienced by U.A.V linearly  

VII. FUTURE SCOPE 

1) Further scope lies in improving design of U.A.V to 

increase negative lift. 

2) Blended wing body aircraft could be analysed to get 

better lift at high altitudes  
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