8.0
PERFORMANCE & OPTIMIZATION









Finally, by incorporating the results from each of the previous analyses, the performance of the design was evaluated and adjusted, in order to satisfy the flight requirements.  Of particular concern, for the prescribed mission, were the design weight (especially the payload weight) and the ground roll length required to reach takeoff.  Additionally, a minimum climb rate was stipulated.  Through an iterative process, a series of Mathcad models were employed to study the influence of main wing area and takeoff velocity for the determined groundroll.  Lastly, the performance of the final design was determined.
8.1
Trade Study
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A simple trade study was conducted to optimize the main wing area.  To be conservative, the design limit set upon ground-roll distance was 170 ft.  Based upon preliminary assumptions, a range of wing areas from 12.5 ft to 20 ft were investigated.  Within this range, the permissible wing area of the design was determined, using the ground-roll limitation of 170 ft as the discriminating factor; the results are shown in Figure 8.1.  Predictably, the groundroll length decreased as the wing area increased.  To minimize the wing area, the maximum groundroll of 170 ft was used which corresponded to a wing area of 17.75 ft2.  
Figure 8.1: Design Weight vs. Wing Chord Length

8.2
Aircraft Performance


After determining the final configuration, estimates of the aircraft performance were readily available from the aforementioned parametric models.  A brief summary of the key results follows immediately below.  Note that in Figures 8.2 and 8.3, curves for two alternate design weights are provided for comparison, whereas Figures 8.4 and 8.5 represent only the final design behavior.  
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First, Figure 8.2 illustrates the increase in groundroll distance as the velocity increases.  Most importantly, the lift-off velocity of 49.78 ft/sec is reached well within the ground-roll limit.  Next, the V-N diagram (Figure 8.3) indicates a maximum wing loading of 3 g’s, which occurs only at velocities above about 72 ft/sec.
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Figure 8.2: Ground-roll vs. Velocity


Figure 8.3: V-N Diagram


Lastly, the angle and rate of climb are also plotted as functions of velocity (Figures 8.4 & 8.5).  For the case of the angle of climb, the values are zero at low velocities, during the takeoff run.  Upon reaching the lift-off velocity (49.78 ft/sec), the aircraft leaves the runway with it’s’ maximum climb angle of roughly 10.65 degrees and a climb rate of 551.84 ft/min.  The maximum climb rate is around 700.3 ft/min, for velocities between 65 to 80 ft/sec.  The actual operation of the aircraft may not reach these performance conditions, but the analysis indicates that the aircraft will provide acceptable takeoff and climb performance for competition purposes.
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Figure 8.4: Climb Angle vs. Velocity

Figure 8.5: Rate of Climb vs. Velocity
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