IUT MAV2013, Part I: Aerodynamic design of tailless
wing and body configuration

Mohammadreza Radmanesh (Rezaradmanesh90@hotmail.com), *Iman Samani
(imansamani2020@yahoo.com), Mostafa Hassanalian (Mostafa.Alian@gmail.com), Ahmad
Sedaghat (sedaghat@cc.iut.ac.ir), Mahdi Niliahmadabadi (m.nili@cc.iut.ac.ir), and Omid
Nematollahi (O.Nematollahi@gmail.com)

Department of Mechanical Engineering, Isfahan University of Technology,
Isfahan 84156-83111, I.R. of Iran

ABSTRACT

In this paper, a procedure is presented to select the MAV airfoil shape without horizontal tail and
to study all parameters of airfoil selection. A number of suitable airfoil sections are examined.
Using the proposed procedure, a vast range of airfoils can be evaluated in such a way that the
time required for design and flight tests reduces. In this method, the trial and flight tests are key
components to conform the most design procedures. Having designed the air vehicle weight, it is
necessary that the most fitted plan-form be selected for the defined mission. The designed fixed
wing and body configuration for the IUT MAV2013 is presented here.

Keywords: Micro Aerial Vehicle (MAV); Aerofoil flows, CFD, Tailless wing and body.

NOMENCLATURE
Wro Total weight of air vehicle at takeoff h Flight height
Wstr  Air vehicle structure weight TsL Trust at sea level while taking off

X The distance between aerodynamic
cg

w weight of air vehicle pay load i
PL g pay center and the center of aravity

Wg  Battery weight C Reference chord
Wpp  Propulsion weight of air vehicle Cw Lift coefficient generated by the
S Weight ratio in different flight phases L Distance betwegn center of gravity
and aerodvnamic center of tail
o Trust constant in different flight Sh Horizontal tail area
q  Dynamic pressure Cin  Tail lift coefficient
Ky Polar second-order coefficient Cnegbody  Pitching moment around foil center of
K,  Polar first-order coefficient Sw Wing area
Cp Lift drag coefficient equals zero Cmacw  Wing pitching coefficient around the

n  Lift to vehicle weight in various flight 4Acr4 Sweep angle of air vehicle in 0.25
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1. INTRODUCTION

Micro air vehicles (MAV) are very significant due to their application in civil, military and
industry researches along with their low weight which is their specific characteristic. They are
unmanned and their sizes are less than 1 meter. According to defined mission, the MAYV size
with its mounted equipments can vary. Their small sizes compared with the other unmanned air
vehicles (UAV) causes the MAVs to have an extensive operation field. Although their small
sizes reduce the structure costs, the related electronic equipments are very expensive. Also, they
are of high sensitivity in design and performance because of their small sizes. On the other hand,
airfoil design and optimization is very important in aerodynamics because of its significant role
in flight. Therefore, the MAVs bodies are completely made of airfoil to have a better
performance [1].

However, they can be categorized into the fixed wings, quad rotors, flapping and vertical flier
kinds as shown in Figure 1. The MAVs flight like other unmanned air vehicles by remote control
because the human attendance is difficult, dangerous or even impossible. With regard to the
mentioned specifications, micro air vehicles have the potential for performing missions like
detecting, patrolling. The first research on MAVs was performed in RAND institution (1993). At
that work, multiple studies were done on the air vehicles smaller than 5 cm which were able to
perform detecting and rescuing missions [2].

Because the MAVs are very small-size and low speed, the Reynolds number are very low that
results in unique aerodynamic conditions. [3]. On the other hand, the limited wing surface causes
the generated lift force to be low. Plan-forms, the top view of MAVs [4], are in the form of
Delta, Zimmerman, Inverse Zimmerman, Rectangular, Elliptical and irregular ones. Some
different plan-forms are shown in Figure 2. Aerodynamic optimization of plan-forms causes the
aspect ratio of air vehicle to be increased incorrectly and impractically [5]. In classic planes, the
shape of the plan-form should be selected in the preliminary steps [6]. Because, the design
methods are aimed at improving specific conditions of air vehicle plane, and the proposed design
plan can be adapted to the other design cycles, some parts are mentioned beforehand, briefly.

Fig. 1. samples of MAVs



Fig. 2. Samples of Plan-forms

2. XFLRS5

XFLR5 is open source software which analyzes 3D problems and as a matter of fact, it is the
advanced version of XFoil software. This software has multiple abilities such as airfoil analysis;
planning and drawing wing, foil, tail and the other components. Therefore, it is used for the
aerodynamic analysis of a modified inverse Zimmerman plan-form shown in Figure 3 and
stability control [7].

Fig. 3. Sketch of Polars on Plan-form in XFLR5

3. DESIGN METHODOLOGY

As mentioned before, in order to start designing, it is necessary that mission be defined. The
mission that the MAV is run into is very important. In other words, the mission represents the
loads MAV needs and specifies the mission endurance. Therefore, some weights of the
equipment would be varying according to the mission.

Having defined the mission, the MAV weight can be estimated according to the loads induced on
it. The results of numerous researches show that the weight must be analyzed to find the form
and size of plan-forms. One way to weight estimation is statistical methods in which the weight
is estimated according to the equation between the body and takeoff weight. Using the statistical
data and plotting different profiles, it seems there is a linear equation between Log (W-Str) and
Log (W-TO) of air vehicle. Having weight data of similar air vehicles, drawing the log profiles
and calculating takeoff weight in terms of structure weight, a linear equation is concluded as
follows.

1)
Wro =Wy +Wpp +Wp +Wpg



Wstr = XWTO (2)

Regarding to the statistical population, Fig. 4 has been drawn.
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Fig. 4. Statistical diagram for (Log(W_Str) vs. Log(W_Tot))

Therefore, for total weight estimation, the x value should be calculated. Weight of equipment is
estimated 300 grams. Also, according to the above profile and database, the structure weight to
total weight ratio is estimated 0.33. Considering the fact that the total weight of structure and
equipment is the only unknown parameter, its value is estimated 450gr as below:

WB=120 g,

WPL.: 140 g,

WPP=110 g,
The structure weight is 130gr of which 20gr is considered as the margin error.
The sweep back angle for Delta and Inverse Zimmerman plan-forms is assumed 25 degrees to
create the best condition for MAV. Also, for MAV with Plan-form1, the sweep back angle is 11-
12 degrees. The cruise speed is selected 20 m/s based on which Reynolds number is obtained
520000. Considering m = 450gr, air density = 1.225 kg/m3 and airfoil aspect ratio = 1.5, the

wing area is obtained 12.6 dcm2. The plan-form shape with its sizes is shown in Fig. 5.

Table 1. Plan form performances in the
same conditions

Plan form CL L/D | CLp | %0,
Zimmerman | 0.035 | 3.45 | 1.19 gg
Inv. 55-
. oy | 0.038 (364|119 |
Rectangular | 0.034 | 3.31 | 1.21 22
Elliptical | 0.035 | 3.36 | 1.18 | 2




Delta 0.034 | 3.35 | 1.19 gg
MAY Plan- 55-
MM 0039 | 372|121 | o

Fig. 5. Plan-form that used for
designing the MAV

The MAV Plan-form 1 is a modified version of inverse Zimmerman plan-form which was
designed by Isfahan University of Technology design team.

Now, it is time to choose the appropriate airfoil. Having specified all aerodynamic parameters,
the airfoil type can be chosen to meet the prescribed aerodynamic specifications. In cruise speed,
the equation is:

1
mg=L=Epv28C|_ (3)

Minimum value of 3D lift coefficient calculated from the above equation is 0.143. Therefore, the
selective airfoil must satisfy the lift coefficient. All analysis is performed at angle of attack of 4
degrees. The investigated airfoils are showed in table 2.

The MAV Plan-form is a modified design of inverse Zimmerman plan-form which was designed
by Isfahan University of Technology design team. All analysis is performed at leading angle of 4
degrees. Airfoils have been investigated are showed in Table 1.

Table 2. Airfoil tested for the vehicle

Airfoils | Lift Coefficient | Pitching moment
mh81 0.689 -0.009




s5020 0.592 -0.003
s5010 0.58 -0.004
goe’44 0.814 -0.017
fx05h126 0.746 -0.039
ah80136 0.628 -0.01
mh104 0.612 -0.011
B29tip 0.683 -0.035
E169 0.443 0.003

Because of the large and non-negligible errors caused by the designing equations the charts
introduced later is used [8]. With regard to using airfoils mh81 in previous projects, the same
airfoil is used for micro air vehicle. The effect of adapting airfoil on micro air vehicle is to
increase the pitching moment by changing airfoil geometry via flapping. Figures 6 and 7 show
the effect of flap angle on lift and pitching moment coefficients, respectively.
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Fig. 6. effect of flap angle on lift coefficient Fig. 7. effect of flap angle on pitching moment
coefficient



It is obvious from profiles, increasing flap angle of tail leads to pitching moment increment
and lift coefficient reduction. As documented from plots, to meet pitching moment at 85% of
Chord line and 50% of airfoil location, flapping is seen and a coefficient of 0.02438 is obtained.
This angle is 5 degrees. After considering the volume coefficient of the vertical tail 0.6, defining
the tail place, the exact location of the elevators and aria of them, the final stage of designing had
been done.

4. CONCLUSION

The methodology proposed in this research, showed that the time spent during the designing and
manufacturing the fixed wing MAV decreases enormously. Also in this project a new method
has been investigated to stabilize the fixed wing MAV longitudinally by changing in airfoil
geometry. The airfoil selected for this project was mh81 that for the designing purpose and also
designing aerodynamic needs, some changes in row thickness had been done. The next step was
to change the airfoil by changing in reflex of the airfoil for the purpose of improving of pitching
moment. The result of the study has worked perfectly in Re=520000 and also proves the
efficiency of the methodology proposed.
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