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MAVs are restricted in maximal dimensions, so the maximal lift force is also 
restricted. Moreover, because of the set of reasons drag force of MAV is high enough. 
One of the possible methods of characteristics improvement is a biplane design, but the 
efficiency of this method is not evident for the whole MAV with low aspect ratios and at 
low Reynolds numbers. Presented are methods and results of experimental comparison 
between monoplane and biplane MAV designs. Proposed are comparison criteria, 
experimental models are described. 

Nomenclature 
CL =  lift force coefficient 
L = wing span 
S = wing area 
λb =  aspect ratio of biplane wing 
λm = aspect ratio of monoplane wing 

I. Introduction 
ne of the MAV peculiarities is a restricted value of the wing span and, as a consequence, the restriction of 
lift force and wing “aerodynamical efficiency” for the fixed airplane mass. A set of solutions is proposed 

for increase of MAV lift and efficiency. One of them is a biplane design. 
O 
Results from  Ref. 1 show that there can be some advantage of utilization of the biplane design in comparison 
with a monoplane. But real MAV has not only the wing but also a powerplant, a fuselage, an empennage, 
control surfaces and some other devices which can increase the drag. 
Proposed is a flight investigation and comparison between the biplane and monoplane MAVs. 

II. Problem statement 
Any comparison assumes that there exists some parameter or function of parameters which we compare. For 

our task the definition of this parameter can be the problem. One of the main parameters of MAV is the flight 
time, so it was chosen for the comparison. But for the comparison clearance it should be good to know the 
charge consumed and the mean value of the current.  

Also, it is rather evident that for the right comparison between two aerodynamical designs this comparison 
must be made at the equal internal and external conditions. So, the main task for this investigation was to obtain 
this equality. 

First of all, the criteria of equality need to be defined. We define them as follows: both the airplanes must 
have the same mass, the same total wing area, the same wingspan, the same wetted areas, the same empennages 
and control surfaces, the same powerplant and other electrical devises. Also it will be preferable to make them 
from the same materials and using the same technology. 
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III. Experimental models 
As a basic design for the research the “Korshun” prototype2 was chosen. This design had demonstrated good 

stability and controllability in the previous tests. 
The experimental monoplane is shown in Fig. 1. Its main characteristics are: wingspan L=0,3 m, wing area 

S= 0.0675 m2, aspect ratio λm=1.33. 

 
Figure 1. Monoplane design with MicRotex motor and 5”×5” propeller 

 
Figure 2. Biplane design with MicRotex motor and 5”×5” propeller 

The experimental biplane is shown in Fig. 2. Its wings are equal to each other and affine similar to the 
monoplane wing, so their aspect ratio is λb=2.66. The gap between the wings was made equal to 10 sm. 

According to Prandtl biplane theory3, induced drag of biplane investigated is about 65% of induced drag of 
the monoplane investigated. Assuming the “laminar” friction, one can obtain that the biplane total drag for the 
case of flight path maximization is about 105% of monoplane total drag and about 84% for the case of flight 
time maximization.    

The “profiles” of both the biplane and monoplane were flat planes made from the foam of 4-mm thickness. 
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It should be noted that the biplane construction occurs slightly heavier then the monoplane one. So for the 
clearance of the experiment the monoplane was made of the same mass as for biplane with the help of lead 
weights. 

It is well known that the characteristics of the motors, accumulators and other devises of the same type can 
slightly differ from each other. So, the decision to use one poweplant set for both the constructions and move it 
from one construction to another was made. This powerplant set consists of a motor, a controller, an 
accumulator and a receiver. 

There was no ability to move servos from one plane to another because they were fixed with the glue but on 
both planes the servos were of the same type. No-load currents for both planes were measured, and the 
difference was about 2 mA.  So, the influence of servo characteristics difference can be assumed negligible. 

The investigations were conducted with the two types of brushless motors – Axi 2204/54 and 
MicRotex 20/5/18, propellers were 5”×5” for MicRotex and 6”×5”, 7”×6” for Axi, accumulator was Li-Pol 7.4V 
360 mAh. 

 More complex task was to make the experiments in the same weather conditions. The only way of solving 
this problem was to “catch the weather”. 

IV. Preliminary biplane tests and construction improvements 
The biplane is a more complex type of a design in comparison to monoplane because in the case of a biplane 

we can vary decalage, stagger, fuselage position and center of gravity position. 
So, was made a set of preliminary flight tests to define the values of these parameters that gives the 

appropriate characteristics of stability and controllability was carried out. First of all, the higher values of center 
of gravity height give less stability. Also, if the axis of thrust vector does not pass through the center of gravity, 
there occur some troubles in control while thrust value changes. 

Next, tests for the rational value of stagger for this model were conducted. On the one hand1, the positive 
stagger can give better aerodynamical characteristics. On the other hand, this action moves the aerodynamical 
center aft (for fixed dimension of fuselage), and it implies a smaller value of the control surfaces lever. Also, 
high values of stagger give some design problems. So, the value of the stagger was chosen to be 25 mm.  

There occurs some inconvenience during the hand-launch of the biplane because there was “nowhere to 
grip”. So, small ledge for fingers on the lower part of lower wing was made (but this “device” produced 
additional drag during the flights). 

V. Experiments and results 
A set of flight experiments at various air temperatures and various wind conditions was carried out during 

the autumn 2006 and summer 2007. The experiments were conducted above the field; the planes were remotely 
piloted by the same operator. Planes flew along the trajectories that are in shape between a square and a circle 
with the characteristic “diameter” of about 50 m. This value was defined by the pilot’s ability to control without 
troubles. 

It is known that the characteristic of accumulators decrease during the usage, so each experiment result can 
not be so good as the previous ones. To avoid this problem we change the planes from time to time several times 
without any improvements of accumulators (including the absence of accumulator balancing procedure). But 
these changes did not show any difference between the flight characteristics obtained during latest and 
preceding tests. 

The measurements of the charge consumed were made with the help of a charger (Kokam JJ Power)  several 
hours after the experiment at the same temperature. It should be noted that we are not sure that the charger gives 
the right value of the current consumed, but the higher value shown by the charger corresponds to the higher 
value of the current consumed, so we can compare the results at least qualitatively. 

It should be noted that during the flight the current was appreciable for the accumulators used (4-6C). For 
these currents the “total efficiency” of the whole MAV is rather sensitive to the current. 

Also, the estimated lift coefficient during the flights was about CL=0.4. As at this CL the induced drag is high 
enough comparing to the profile drag, so one can expect better results for a biplane. 

The best results for the “autumn” experiments and their conditions are shown in Table 1. Mass of MAV was 
125 g, the motor was MicRotex.  

Table 1 
Type Time Charge Current Temperature Pressure Humidity 
Biplane 7 min 44 sec 248 mAh 1.92 A 20C 737 mm 80% 
Monoplane 8 min 40 sec 232 mAh 1.61 A 20C 738 mm 93% 
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The best results for the “summer” experiments with Axi motor and 6”×5” propeller are shown in Table 2. 
Table 2. 

Type Time Charge Current Temperature Pressure Humidity 
Biplane 9 min 46 sec 277 mAh 1.7 A 240C 741 mm 60% 
Monoplane 10 min 40 sec 267 mAh 1.48 A 230C 754 mm 49% 

 
The best results for the “summer” experiments with Axi motor and 7”×6” propeller are shown in Table 3.  

But it should be noted that there were no enough data to state that there were really the best results. 
Table 3. 

Type Time Charge Current Temperature Pressure Humidity 
Biplane 9 min 22 sec 275 mAh 1.76 A 230C 746 mm 94% 
Monoplane 11 min 10 sec 271 mAh 1.46 A 230C 753 mm 73% 

 
There was no wind during the flights with the best results. 
From all these results one can see that for this type of comparison there is no advantage of biplane design in 

comparison with monoplane design. To explain this fact one needs to make a set of thorough wind tunnel tests 
or numerical investigation. But we can propose several reasons that can explain this fact. First, in the case of the 
biplane there exist some additional elements of construction that provide the necessary rigidity, and they give an 
additional drag. Second, in the case of monoplane the wing is in the flow from propeller while in the case of 
biplane the influence of this flow is lower. Third, the flow near the wings can be not laminar but more complex, 
so the friction drag as function of the wing chord length differs from the laminar case. And fourth, less stability 
of the biplane assumes that control devices (servos) worked more often and consume some extra amount of 
energy. Also there can be other explanations.   

But it does not mean that the biplane is not better than the monoplane in the case of MAVs with low aspect 
ratio. First of all, we compare the designs with the equal wing area. But in the case of the biplane it is possible to 
make the total wing area up to twice of the monoplane with the same wing span and chord. So, this biplane can 
carry up to the double mass comparing to the monoplane. Also, one can change the parameters of biplane 
construction that can give some advantages.  

Conclusions 
The results obtained show that there was no advantage of biplane design in comparison with monoplane of 

the same total wing area. But the advantage of biplane can become apparent when the total wing area of biplane 
is higher than wing area of monoplane.   
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