AERODYNAMICS AND WING CONFIGURATION

The aerodynamic process included a preliminary investigation into two-dimensional airfoil data using XFOIL
 and the UIUC
 airfoil geometry database.  Concurrently, initial rough calculations were conducted to determine needed wing area and speed to meet the weight, thrust, and ground roll requirements.  This information was used to initiate the overall iterative design process that utilized TORNADO, a code based upon vortex lattice theory.  This tool was used to study various parameter variations (taper ratio, wing area, span, and chord length) and their effects on performance, eventually leading to a final wing design.

1.1 Airfoil Selection

Starting with the database compiled by UIUC, the top six airfoils were selected from a selection of over 1400, processed using XFOIL under the same conditions (300K and 400K Reynolds-numbers).  These airfoils were ranked by Cl/Cdmax with a Cl>1.6 and a Cd<0.02.  The selected airfoils’ Cl, Cd, and Cm data as well as manufacturability were studied and compared. This process ultimately led to the AH94145 airfoil being selected as the best choice for the proposed mission.  

The AH94145 airfoil fit the mission profile as well as provided a relatively simple construction platform with its nearly flat bottom surface and simple tail region.  The low Cm and wide low drag bucket (0>Cl>1.5 below Cd=0.015) made it very attractive.  The maximum Cl for the AH94145 airfoil is 1.6 at an 8o angle of attack; due to the camber, it also provides positive lift down to -5o angle of attack.  The horizontal tail is a NACA 0009 and the vertical tail is NACA 0012, these airfoils have a symmetric and wide drag bucket which will aid in aircraft stability.  Figure 1.1 shows all three airfoils used in the final wing configuration.

[image: image1]
Figure 1.1 - Airfoils (Wing and Tail)

1.2 Wing Configuration Refinement

Using TORNADO and wing area estimates from available power and ground roll distance, several trade studies were conducted to determine the wing configuration required to lift to the 55 lbs. weight limit: Taper ratio and span were systematically varied.  As the span increased the induce drag decreased.  Since the area was set by takeoff considerations, growth in wing weight determined the final span.  
These studies helped determine the wing’s root chord length (20 inches) and taper ratio (0.6).  TORNADO shows that this taper ratio will decrease induced drag considerably (when compared to taper ratio of 1.0) and still maintain reasonably good stall characteristics.  This can be seen in the aerodynamic stability illustrated in the local CL distribution (Figure 1.2), where stall characteristics of the main wing will not initially occur on the ailerons. This provides sufficient lift to complete the mission.  Figure 1.3 shows the original concept with the final wing design, as TORNADO models, side by side to illustrate the results of the design process mentioned above.  

[image: image2]
Figure 1.2 - 3D Wing Loadings


[image: image3]
Figure 1.3 - Original (Left) and Final Wing (Right) Configurations


Construction, particularly materials, was a large factor in the wing design.  Several tests were conducted to determine which materials and material configurations would work best for the proposed wing design.  Balsa wood truss, foam single layer fiberglass, and foam double layer fiberglass with protruded carbon fiber rods were tested for weight to strength characterization for the ribs and spars.  During the tests, the single layer foam provided the same strength to weight ratio as the balsa wood truss, however, foam construction has the added benefit of highly customized shaping characteristics.  Using this composite manufacturing technique, highly tailored structures were designed applying the proper amount of strength where needed (with the appropriate safety margins).  
1.3 Total Aircraft Aerodynamics

After setting the major planform parameters, an aerodynamic model was developed to estimate the aerodynamic characteristics of the total aircraft.  The model reflects all aspects of the aircraft design according to results from the various groups this includes: layout, propulsion, structures and weights, stability and controls, and performance.

Figure 1.4 illustrates the drag polar for the wing, excluding the other aircraft components; it clearly shows stall points for both positive and negative angles of attack, by significant increases in total drag.  The camber profile of the AH94145 airfoil gives it a relatively steady stall progression at both positive and negative angles of attack.  Figure 1.4 also illustrates an expected trend of increase induced drag with increasing lift.


[image: image4]
Figure 1.4 - Wing Drag Polar – Comparison of Induced and Profile Drag
Variation in drag with angles of attack is depicted in Figure 1.5, which illustrates the contribution of each aerodynamic component of the aircraft to the total drag profile.  It is significant to note that the increase in drag around -4 degrees angle of attack is due to the high camber of the AH94145 airfoil, which begins to stall on its lower surface at about this angle of attack.  Both Figure 1.6 and Figure 1.7 demonstrate the benefit of using the airfoil/wing configuration, chosen because it provides a wide L/D curve (and giving a wide range of reliable aircraft operation).


[image: image5]
Figure 1.5 - Drag Build-up by Components


[image: image6]
Figure 1.6 - Drag Polar (Lift vs. Drag)


[image: image7]
Figure 1.7 - Lift-to-Drag vs. Angle of Attack
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� XFOIL is an interactive program for the design and analysis of subsonic isolated airfoils created at MIT.  


Author: Mark Drela  <http://raphael.mit.edu/xfoil/>


� University of Illinois at Urbana-Champaign (UIUC) 


<http://www.ae.uiuc.edu/m-selig/ads/coord_database.html>
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