
 

 

 

Abstract—In this paper numerical studies have been carried out 

on a biologically inspired computational model of Rhinoceros Beetle 

(Oryctesnasicornis) subjected to changes in flow physics during 

propelling at different angles of attack and orientation. Detailed 

analyses have been carried out using a three dimensional K-omega 

SST model with the biomimetic structure. Parametric analytical 

studies have been carried out using refined 3D grids and the fine flow 

features are captured with different lateral and longitudinal tilt. We 

comprehended that any combination of angles of attack in lateral and 

longitudinal axes, between the lateral angle of attack 6 degrees and 

the longitudinal angle of 40 degrees, the beetle could fly efficiently 

without experiencing stall. This study is a pointer towards for 

predicting the best aerodynamic performance of biologically 

propelling MAVs for various industrial applications. The authors 

deduced from a lucrative biomimetic design of Allomyrina dichotama 

that for certain latitudinal angles of attack such as beyond 8 degrees, 

flight would tend to be aerodynamically inefficient due to the 

reduction in the lift coefficient irrespective of the longitudinal tilt of 

the beetle wing.    

 

Keywords—Beetle wings aerodynamics, biomimetic, MAVs, 

Rhinoceros Beetle. 

 

I. INTRODUCTION 
 

LTHOUGH Unmanned Aerial Vehicles have been put 

under research for several years; there are still many 

unresolved problems of academic interest [1]-[13]. It is 

well known that insects perform highly maneuverable yet 

stable flight that is rarely found from manmade fixed- or 

rotary-wing aircraft. It is also remarkable that they manage all 

these maneuvers through only a pair of wings, whereas 

manmade aircraft utilize thrusters and various other control 

surfaces, such as flaps, rudders, and ailerons, to maintain their 

flight. The wings of the insect can be defined to have three 

independent rotational degrees of freedom (stroke positional, 

feathering, and deviation angle), and it is believed that the 

insect can control each of them, with their complex muscles 

and exoskeleton structure. However, when it comes to an 

engineered implementation in an insect-inspired micro air 

vehicle (MAV), there are extreme difficulties, because of the 
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very tight weight budget of the system. At present, only a 

limited number of actuators and limited complexity of 

mechanisms are possible to be installed in a flyable flapping 

wing micro air vehicle (MAV) [13], thus the control 

characteristics of the system can easily be under actuated. 

Therefore, the key thing for implementing flight control to the 

flapping MAV is how to obtain full control authorities to all of 

the six degrees of freedom motions, with a limited number of 

possible control inputs. To better understand the fundamental 

mechanics of the flight control of the insect, and to utilize the 

knowledge for realizing manmade flapping MAVs, several 

interdisciplinary studies between biology and aerospace 

engineering have been conducted. 

 A UAV, also known as drone, is an aircraft without a 

human pilot on board. Its flight is controlled either 

autonomously by computers in the vehicle or under the remote 

control of a pilot on the ground or in another vehicle. As in 

any field of study, these vehicles are aimed at being more 

efficient and durable without compromising the features of a 

manned aircraft that perform similar functions. One of the 

primary concerns of such aircrafts used for military purposes 

is stealth, their ability to make their movements oblivious to 

targeted viewership and the other being endurance: their 

ability to withstand wear and tear. Over the decades, such 

topics were extensively researched, while this paper is yet 

another attempt concerning two of the aforementioned 

concerns.  

 

Fig. 1 Allomyrina dichotoma 

 

Stealth, in military terms, also termed LO technology (low 

observable technology), is a sub-discipline of military tactics 

and passive electronic countermeasures, which cover a range 

of techniques used with personnel, aircraft, ships, submarines, 

missiles and satellites to make them less visible (ideally 

invisible) to radar, infrared, sonar and other detection 

methods. In this paper,  as an attempt to camouflage the UAV, 
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biomimicry, imitation of models that already exist in nature, is 

ventured, presuming that humans always look at nature for 

complex problems. Over a pool of choices, Rhinoceros beetle 

(Allomyrina dichotoma See Fig.1) is selected for its superior 

ability to function in various media based on the findings from 

the prototype designed and fabricated by Nguyen et al. [1].    

It is perfectly understood from concepts drawn out by them 

that the biological wing structure of the mentioned beetle 

could be used for efficient flying of MAVs. Recent 

discoveries in the field of MAV have led us to understand that 

insects without tail, unlike birds, have greater maneuverable 

abilities. They makes use only of their flapping wings to 

change their speed and attitude, which is so fascinating that a 

number of researches were attributed to structural mechanism 

of insect wings in flight.  

UAVs find a lot of applications in various fields, especially 

in places man cannot risk to venture. The authors understand 

the need for a machine that is efficient and endurable, and it is 

surprising many of the flight mechanisms of beetles remain 

unexplored. The membranous and fragile yet strong wings of 

the beetle twist and turn at appropriate moments creating 

instantaneous changes in aerodynamics in the vicinity. Beetle 

wings vary in size and cross-section for different species. The 

authors have made an attempt to capture some of these 

mechanisms to ascertain the aerodynamic backgrounds for the 

changes in the flight movements associated with those 

mechanisms.  

Endurance, another concern, is appropriated in this paper, 

through finding the maximum aerodynamic efficiency 

achieved by suitable range of angles of attack. This is done by 

creating a computational model of the beetle body and wing 

and exposing them to various aspects of flow physics aimed 

over a range of positions in terms of axes of rotation of the 

wings. This produced the results in terms of pressure 

differences between the upper and lower surfaces of the wing; 

that are studied in the later part of this paper and an attempt is 

made to conclude the efficient angles of attack for takeoff and 

cruise.  

For a beetle flying in aerospace, the flapping wings easily 

overcome turbulence and the inherent pitching stability causes 

it to takeoff in the vertical direction as stated through findings 

from Hoang Vu Phan et al [12]. Part of the aerodynamic 

efficiency depends upon the angle of attack during takeoff, 

landing and cruise, which should be appropriate enough to 

overcome the stalling an MAV is likely to go through during 

various flying conditions. 

While mimicking nature, we were faced with several 

problems in design parameters, one such being a muscular 

enclosure of the wing called an elytron. Favored by evolution 

in wings of many beetles, elytra are structural parts of the 

wing that assist the beetles to adapt to any kind of habitats 

without affecting the feeble musculature of the wing. While 

this is all very good for the life of the beetle, the extra 

protection comes at a cost of reduced efficiency, say L. 

Christopher Johannsonet al [2]. So we decided to eliminate the 

elytra in the final design of the beetle wing.  

Fatigue is an inevitable part of any mechanism, may it be 

natural or artificial. While it cannot be fully thwarted facing 

natural inconsistency, fatigue can be minimized with suitable 

techniques that don’t compromise efficiency and safety during 

flight. One should attempt to increase the endurance by 

choosing an appropriate material for minimum wear and tear.  

Unlike many other birds and insects, Rhinoceros Beetle can 

fly both forward and backward motion. The backward force is 

provided by the negative latitudinal orientation of the wings. 

This inverts the pressure difference enabling the beetle to fly 

in backward direction.  

Of 300,000 beetle species, Allomyrina dichotoma is one of 

the largest species with high load carrying capacity. With its 

designing and fabrication process already made possible by Q. 

V. Nguyen et al., [1], however very little is known about the 

aerodynamic aspects such as the lateral and longitudinal 

orientation of the wings with respect to the central axes, and 

how far a mimicked beetle could go without unnecessarily 

wasting its energy on flapping of the wings. Fortunately, 

Computational Fluid Dynamics proves to be a key to ascertain 

the lucrative design for a successful flight in terms of range 

and endurance. 

II. NUMERICAL METHOD OF SOLUTION 

Numerical simulations were carried out with the help of a 

three dimensional SST k-omega turbulence model. The results 

are obtained using control volume technique using 

incompressible ideal gas as medium. The viscosity is 

computed using Sutherland’s formula. Polygon mesh is used 

to mesh the body and the wing to get accurate and refined 

results. Initial temperature and the velocity of gas against the 

suspended beetle (which is maintained to be 5 m/s in all cases) 

are initialized during each case running.  

 The wing is attached to the body by a rolling joint for 

reducing the frictional losses produced during flapping of the 

wings. While the total wingspan is set to be 15 cm, limits for 

the orientation of wing with respect to the central axes are 

fixed to be between +50 degrees to -20 degrees in the 

longitudinal front and between +12 degrees to -6 degrees in 

the latitudinal front.  Figure 2 shows the 3D grid system in the 

computational model of the beetle. Figure 3 shows the entire 

computational domain. 
 

 

Fig. 2  3D Grid system in the computational model of the beetle 
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Fig. 3  Grid system in the computational domain of the beetle model. 

III. RESULTS AND DISCUSSION 

Typically, the efficiency of any MAV is governed by two 

factors: the angle of attack at which the model is flying and 

the pressure difference produced between the upper and lower 

surfaces of the model due to the flapping wings. The 

propelling force in forward motion is created by the combined 

action of the flapping wings and the pressure differences 

created. Note that the orientation of the wing flapping plays a 

major role for the efficient flow of air around the body that 

suits the necessary maneuver intended by the beetle. In other 

words, the angle of attack in both longitudinal and latitudinal 

aspects of the wing determines the flight performance.    

 In an effort to find the suitable angle of attack for an 

efficient flying, we have employed trial and error methods 

playing between latitudinal and longitudinal aspects of the 

beetle wing orientation. For instance, keeping the latitudinal 

angle of attack of the wing fixed at a specific angle, 

longitudinal angle of attack is changed to find out the 

performance of the beetle in aerospace. Figure 4 is 

demonstrating the Cp at the front of the Beetle with various 

flying angles of attack in lateral direction with 30 degree 

longitudinal tilt. Figure 5 is demonstrating the Cp at the top of 

the Beetle with various flying angles of attack in lateral 

direction with 30 degree longitudinal tilt. Figure 6 is 

demonstrating the Cp at the bottom side of the Beetle with 

various flying angles of attack in lateral direction with 30 

degrees longitudinal tilt. Figure 7 shows the turbulence at the 

top of the beetle produced due to various lateral angles of 

attack maintaining longitudinal angle of attack as 30 degrees. 

Figure 8 represents the turbulence created at the bottom side 

of the beetle at various latitudinal angles of attack, 

maintaining longitudinal angle of attack as 30 degrees. 

 Note that the upstroke and down stroke limits for angle of 

attack vary between +60 degrees to -40 degrees, but these 

extremities are reached only during takeoff and landing. This 

work is mainly concerned with the cruise condition of the 

beetle headed in forward motion.  

Figures 4-15 are demonstrating the flow features of the 

Beetle at various flying conditions. The numerical results 

generated through this study will aid the MAV designer to 

design a beetle with better performance. 

 
Fig. 4 Demonstrating the Cp at the font side of the Beetle with 

various flying angles of attack in lateral direction with 30 degree 

longitudinal tilt. 

 

 
 

Fig. 5 Demonstrating the Cp at the top of the Beetle with various 

flying angles of attack in lateral direction with 30 degrees 

longitudinal tilt. 

 

 

 
Fig. 6 Demonstrating the Cp at the bottom of the Beetle with various 

flying angles of attack in lateral direction with 30 degrees 

longitudinal tilt. 
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Fig.7 Demonstrating the turbulence at the top of the Beetle with 

various flying angles of attack in lateral direction with 30 degrees 

longitudinal tilt. 

 

Fig. 8 Demonstrating the turbulence at the bottom of the Beetle with 

various flying angles of attack in lateral direction with 30 degrees 

longitudinal tilt. 

 

The above contours suggest the possibilities for the beetle 

body to undergo twists and turns allowing the engineers to 

perform a variety of maneuvers. Note that an increase in 

aerodynamic efficiency cannot be solely attributed to increase 

in differential difference between the upper and lower surfaces 

of the beetle wing and it should be safe to say that for certain 

latitudinal angles of attack, depending upon the design of the 

beetle, lift produced will be higher, which could be made use 

of, especially during takeoff. Furthermore, the authors have 

carried out parametric analytical studies for individual cases 

developing vector contours for various angles of attack 

playing between different combinations of latitudinal and 

longitudinal tilts. Figure 9 represents velocity vector in the 

side view of the beetle for various latitudinal angles of attack 

with 30-degree longitudinal tilt. Figure 10 represents the 

velocity vector in top view of the beetle for various latitudinal 

angles of attack with 30-degree longitudinal tilt.   

 

 

Fig. 9 Demonstrating the velocity vectors in the side view of the 

beetle for various latitudinal angles of attack with 30-degree 

longitudinal lilt. 

 

 

Fig. 10 Demonstrating the velocity vector in the top view of the 

beetle for various latitudinal angles of attack with 30-degree 

longitudinal tilt. 
 

 

Fig. 11 Demonstrating the locations of planes and their respective 

local pressure distribution at various distances from root to tip. 
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Fig. 12 Demonstrating the velocity vector in the top view of the 

beetle for various latitudinal angles of attack with 30-degree 

longitudinal tilt. 

 

 For latitudinal angles of attack 9 degrees and 12 degrees, 

divergence was detected. Therefore we stop increasing the 

latitudinal angle for further parametric analytical study. 

However, we analyzed local pressure distributions by 

changing the location indicating pressure contours from root 

to tip to better understanding the reason for divergence. 

Figures 11 and 12 demonstrate the locations of various planes 

in the beetle wing and their respective pressure distribution 

along the plane. It could be clearly understood from the above 

contours that, no matter what the size of the beetle wing is, for 

the demonstrated latitudinal angles of attack, the flight would 

fail. For other combinations involving longitudinal angles of 

attack other than 30 degrees, cases were successfully run and 

results were extracted. From all these results, we have found 

out that for certain latitudinal angles of attack, the beetle of 

mentioned design would fail for flight irrespective of the 

longitudinal tilt of the wing. 

The authors deduced from a lucrative biomimetic design of 

Allomyrina dichotama that for certain latitudinal angles of 

attack such as beyond 8 degrees, flight would tend to be 

inefficient owing to the formation of flow separation and 

turbulence at the upper surface irrespective of the longitudinal 

tilt of the beetle wing.  
 

IV. CONCLUDING REMARKS 
 

It has been understood through parametric analytical studies  

in abundance, that aerodynamic efficiency depends on both 

lateral and longitudinal tilt of the beetle wing owing to the fact 

that coefficient of pressure variation is detected in all cases. 

This is mainly due to the fact that a pressure difference is 

created between the upper and lower surfaces of the wing 

during the tilt. Through this study the authors have understood 

that at certain angles of attack, the beetle could fly with high 

lift coefficient and less drag warranting high endurance.   

Experience gained through this paper leads to say that one can 

numerically simulate biologically propelling beetle for various 

industrial applications. We comprehended that any 

combination of angles of attack in lateral and longitudinal 

axes, between the lateral angles of attack 6 degrees and the 

longitudinal angles of attack 40 degrees, the beetle could fly 

efficiently without experiencing stall. This study is a pointer 

towards for predicting the best aerodynamic performance of 

MAVs for various industrial applications. The authors 

deduced from a lucrative biomimetic design of Allomyrina 

dichotama that for certain latitudinal angles of attack such as 

beyond 8 degrees, flight would tend to be inefficient due to the 

reduction in the lift coefficient irrespective of the longitudinal 

tilt of the beetle wing.  
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