Appendix Introduction:

The Appendix has the following structure: the first couple of Appendices give an actual database and method description of the DR2. The last part is the theoretical analysis that was used to obtain the parameters used to build the aircraft. There are discrepancies between the predicted values and the actually achieved values. Not all analyses have been repeated since the aircraft was built because the updated values were not needed.

Appendix A: 
Contact Information

Name & Email Address:

Local Address:


Phone Number:

Mark Blanton



2550 Yeager Road

765-464-2903

blantonm@expert.cc.purdue.edu

West Lafayette, IN 47906

Chris Curtis



Wiley Hall NW 98

765-495-9128

cccurtis@purdue.edu


West Lafayette, IN 47906

Loren Garrison



224 South 14th Street

765-423-4339

loreng@purdue.edu


Lafayette, IN 47905

Chris Peters



926 Rose Street


765-743-5713

chriffer@expert.cc.purdue.edu

West Lafayette, IN 47906

Jeff Rodrian



926 Rose Street


765-743-5713

rodrian@purdue.edu


West Lafayette, IN 47906

Appendix B: 
Discussion of Weighted Objectives Pertaining to the Biplane Concept

Appendix B-1

Advantages of the Biplane

Appendix B-1.1
Structural Weight

According to the findings of Daniel P. Raymer a biplane should always be considered when low structural weight is required and is more important than the aerodynamics of the aircraft. Since the aircraft designed under the given specifications has to be powered by an electrical engine but, must also carry a relatively large payload, it is very desirable to minimize the structural weight of the aircraft. He further points out that whenever good slow-flight characteristics are needed without complex flap systems, a biplane is a good choice.

It is desirable to minimize the load on the wing to simplify the structure needed to attach the wings to the fuselage. The biplane concept distributes the total load over two wings and can therefore reduce the total stress on the wing mounts.  An additional advantage of distributing the load over the two wings and achieving smaller spans is to comply with the constraint of transporting the airplane in a compact car. The conceptual layout outlines a maximum component length of 5 ft. From the mission specifications a maximum component length of 6.0 ft was determined and is, therefore, easily met.

Appendix B-1.2
Roll Rate 

The biplane configuration distributes the needed wing area over two smaller wingspans, resulting in better roll characteristics of the aircraft. Indoor flight necessitates high turn rates at low speeds, which may lead to tip stalls and adverse yaw.  The shorter wingspan will reduce these adverse conditions.

Appendix B-1.3
Fuselage Size

From the design concept displayed in Figure 3 and Figure 4, the biplane layout results in a relatively large fuselage volume. In this design the fuselage connects the two wings instead of having a ‘free’ standing upper wing as in many biplane designs. The increase in fuselage height provides enough volume to store all the required payload and flight instruments and leaves space for relocating systems for CG-shift or static-margin purposes. The space between the systems can be filled with foam to prevent damage in crashes or rough landings.  The two-wing design provides the opportunity of accessing the bottom and the top of the fuselage interior, when the wings are not mounted.

Appendix B-2

Disadvantages of a Biplane

Appendix B-2.1
Aerodynamics

The general aerodynamics of a biplane is more complicated to analyze than that of a monoplane concept. The interference effect between the two wings requires more time and skill to analyze. The presence of the two wings and the large fuselage creates larger amounts of drag.
Appendix B-2.2
Cost

The need for two wings adds a considerable amount of time to build.

Appendix B-2.3
Fuselage Size

The larger fuselage diameter causes more drag. The spacious interior will require additional interior structure to mount the required payload and flight instruments and prevent it from moving about.

Appendix B-2.4
External Gear   

The external gear on this configuration creates a large amount of drag.  Using a design that incorporates the landing gear into the fuselage, while allowing enough clearance for the propeller, would not be as significant.
Appendix B-3

Constraint Equation Derivations

Weight Estimation [oz.]

Wings:




54.40

Fuselage:



19.50


Battery:




27.65

Motor:




12.50

Payload:



18.50

Fixed Weight:



14.54

Vertical & Horizontal Tails:

  8.13

Miscellaneous:


 
  8.13




         Gross Weight:    163.35 oz = 10.2 lbs
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Stall Speed Constraint Equation
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V​stall < 20 ft/sec
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Figure B-4.1:  Aircraft 3-View Drawing
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Appendix C
Aerodynamics

Appendix C-1

Airfoil Selection

The first step in the airfoil selection process was to determine the Reynolds number range in which the aircraft would most likely fly.  To determine this, the flight altitude, the range of cruise velocities and the approximate range of wing chords were determined.  The flight altitude of 600 ft set the air density to 0.002333 slug/ft3.  The cruise velocity range was determined from the mission requirements, where Vmin = 1.15Vstall = 24 ft/s and Vmax = 30 ft/s.  The predicted range of chords based on historical data was 0.8 ft to 1.5 ft.  From these parameters, it was determined that the Reynolds number would range from 100,000 to 150,000.  

The next step in the two-dimensional analysis was compiling a database of airfoils.  The airfoils in this database were selected from the NASG website.  The data from this website was primary compiled from experimental data collected by Michael Selig at the University of Illinois at Urbana-Champaign.  Since the NASG website contained over a thousand airfoils, only airfoils with a Clmax of more than 1.35 at the predicted takeoff Reynolds number (approximately 100,000) were chosen.This process yielded a database of the following airfoils:

· Aquila

· BW 3

· CR 001

· FX 63-137

· GM 15

· GOE 417a

· NACA 6409

· PT 40a

· S 1210

· S 1223

· S 2091

· S 3014

· S 4061b

· S 4062

· S 4083a

· S 4180

· S 4233

· S 7055

· S 8037

· S 8052

· SA 7036a

· SD 6080

· SD 7037b

· SD7043

· SD 7062

· SD 8000

· SD 8040

· SG 6040

· SG 6041

· SG 6042

· SG 6043

· Spica

· USNPS

· WAS
The lift curves and drag polars of these airfoils were then plotted for comparison (Figures C-1.1 and C-1.2).  
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Figure C-1.1:  Lift Curves of Possible Airfoils (Re=100,000)
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 Figure C-1.2: Drag Polars of Possible Airfoils (Re=100,000)

Two key characteristics of the airfoils were evaluated in this comparison process. First, a high Clmax was desired so that the aircraft could obtain stall speed requirement with a minimum wing area.  Second, it was desirable for the airfoil to have a wide drag bucket with low overall drag to minimize the number of batteries required to meet the endurance requirement.  

Evaluating the airfoils with these two criteria resulted in the selection of three airfoils, the Wortmann FX 63-137, Selig S 1210, and Selig S 1223.  These three airfoils were evaluated again for the two previous criteria and also for the additional endurance criteria (Figures C-1.3, C-1.4, and C-1.5).  
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Figure C-1.3: Lift Curves of Three Final Airfoil Choices (Re=100,000)
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Figure C-1.4:  Drag Polars of Three Final Airfoil Choices (Re=150,000)
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Figure C‑1.5: Endurance Parameter for the Three Final Airfoil Choices.

To evaluate the endurance of the airfoil, the endurance parameter, Cl3/2/Cd, of the airfoils were compared.  It was desirable to have a high endurance parameter in order to maximize the endurance of the aircraft.  Of these three airfoils the best airfoil for this mission was not completely obvious.  This occurrence was mainly due to the fact no single airfoil was the best choice for all three criterion.  Ultimately, from these three criteria the Selig S 1210 was selected as the airfoil for the wings.  This decision was made for the following reasons.  First as S-1223 airfoil was eliminated because of the high drag coefficients at the approximate cruise lift coefficients of the DR2 relative to the other two airfoils (Figure C-1.4).  This decision was made even though it had the highest Clmax (Figure C-1.3) because minimizing drag was a primary concern in the aerodynamic analysis.  Since the drag coefficients for the S-1210 and FX 63-123 were comparable, the endurance parameters and lift curves were then compared.  The S-1210 had a higher Clmax (Figure C-1.3) and had slightly higher endurance parameter at the predicted cruise angle of attack of 2.  For these reasons, the Selig S-1210 airfoil was chosen for the main wings.  Lift and drag polars of the Selig 1210 airfoil are included below in Figures C-1.6 and C-1.7.

It should be noted that the shape of the airfoil was not a consideration in the airfoil selection process due to the fact that the wings were to be made from molds using composite materials.  In addition, analysis of the airfoils was not performed using the Drela’s Xfoil airfoil analysis program for three reasons.  First, there was a sufficient amount of experimental data that was available.  Second, the Xfoil program often has problems converging when airfoils are tested at low Reynolds numbers due to the occurrence of laminar separation bubbles. Third, the Xfoil program does not accurately predict stall and therefore cannot accurately compute a value for Clmax.
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Figure C‑1.6: Selig 1210 Airfoil Geometry
Figure C‑1.7: Lift Curve of the Selig 1210 Airfoil at a Reynolds Number of  101,500
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Figure C‑1.8: Drag Polar of the Selig 1210 Airfoil at a Reynolds Number of 151,900

Appendix C-2

Three-Dimensional Lift and Drag Calculations

Since the chosen configuration of the aircraft was a biplane, the typical three-dimensional lift calculations could not be used.  After some research a method for calculating the three-dimensional lift coefficients for biplanes was discovered.  This method was formulated by Warner in is book Airplane Design: Performance, Reference 1.   The Warner method uses the two dimensional lift curve slope, the gap to span ratio and the gap to chord ratio to calculate the three-dimensional lift curve slope.  

Before applying the Warner method of calculating the lift curve slope for biplanes, it is first useful to define the proper characteristics of the aircraft.  These properties include: span of each wing, chord of each wing, total wing area, and aspect ratio of each wing.  In addition, it is important to determine the gap, or the vertical distance between the upper and lower wings, the stagger, or the horizontal distance between the upper and lower wings, and the overhang, or the difference between the upper and lower wings.

Once the aforementioned quantities are determined the gap-to-span ratio, G/b, and the gap-to-chord ratio, G/c can be calculated.  These values are then used to calculate  and  using either linear interpolation with the data tables provided by Warner (Table C-2.1 and Table C-2.2), or by using the Equations C-2.1a and C-2.1b, which were determined by curve fitting the data.

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Gap-to-Span Ratio (G/bu)
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	 

	 
	bl/bu
	 
	 
	 
	G/bu
	 
	 
	 
	 

	 
	 
	0
	0.1
	0.1
	0.2
	0.2
	0.3
	0.4
	 

	 
	0.6
	0.6
	0.5
	0.5
	0.4
	0.4
	0.3
	0.2
	 

	 
	0.8
	0.8
	0.6
	0.6
	0.5
	0.4
	0.3
	0.3
	 

	 
	1
	1
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Table C‑2.1 Warner Gap to Span Ratio Parameter Data Table

	 
	 
	 
	 
	 
	 

	 
	Gap-to-Chord Ratio (G/c)
	 

	 
	
	
	
	
	 

	 
	
	G/c
	
	
	 

	 
	
	0.75
	0.079
	
	 

	 
	
	1
	0.054
	
	 

	 
	
	1.25
	0.038
	
	 

	 
	 
	 
	 
	 
	 


Table C‑2.2: Warner Gap to Chord Ratio Parameter Data Table
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(b) 
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Equation C‑2.1: Warner Curve Fits For the Determination of Coefficients a)  and b) 
Where G/c and G/b are as defined above.  Once the value for s has been determined, the Warner Biplane efficiency factor, n, can be calculated using Equation C-2.2.
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Equation C‑2.2: Warner Span Efficiency Coefficient for Equal Upper and Lower Spans

Where bu is the span of the upper wing, bl is the span of the lower wing, and  is as defined above.  The values for n and  are then used with the two-dimensional lift curve slope, Cl, to determine the three-dimensional lift curve slope, Cl, in Equation C-2.3.
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Equation C‑2.3: Warner Lift Curve Slope Equation

Where AR is the aspect ratio and Cl, , and n are as defined above.  The three-dimensional lift coefficient can then be calculated using Equation C-2.4.
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Equation C‑2.4: Three-Dimensional Lift Curve Equation

The induced drag of the aircraft was determined using a method for Warner in Reference 1.  This method calculates the induced drag in terms of the Warner biplane efficiency factor, n, in Equation C-2.5
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Equation C‑2.5:  Warner Method of Calculating Induced Drag

where CDi is the induced drag, AR is the aspect ratio, CL is the lift coefficient, and n is the Warner biplane efficiency factor.  The parasitic drag was calculated using the method described by Raymer in Reference 1.  This method uses the wetted area, Swet, skin friction coefficient, Cfc, form factor, FF, interference factor, Q, for each aircraft component along with the reference area, Sref, to calculate the total parasitic drag in Equation C-2.6
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Equation C‑2.6: Parasite Drag Buildup

where CDo is the parasitic drag, CDmisc is the miscellaneous drag, and the other quantities are as described above.  The total drag coefficient could then be calculated in the conventional manner as shown in Equation C-2.7.
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Equation C‑2.7: Total Drag Buildup

Where CD is the total drag coefficient and CDi and CDo are as defined above.

Appendix C-3

CFD Analysis

Since the configuration of the aircraft warranted the need for unconventional three-dimensional analysis techniques, the aircraft was modeled in a computational fluid dynamics (CFD) program.  The Digital Wind Tunnel, CMARC, and POSTMARC programs were used to model the three-dimensional characteristics of the aircraft.  In particular, the three-dimensional lift curve slope was determined through the CMARC/POSTMARC analysis.

Due to complexity of the configuration, the DR2 aircraft was modeled in the following four stages: single wing, biplane wings, biplane wings with a horizontal stabilizer, and the full aircraft.  The analysis of the lift curve slope was performed on the model containing just the lifting surfaces.  The primary reason for the use of the lifting surface model is that modeling the intersections of the fuselage with the wings and empennage is extremely complicated and must be exact to obtain the correct pressure distribution on the aircraft.  As a result, the entire aircraft was modeled, however it was not used for verification of the Warner method for calculating the lift curve slope of a biplane.  The Warner method resulted in lift curve slope (CL) of 3.99 rad-1, likewise the CMARC results yielded a lift curve slope of 3.92 rad-1.  Consequently, the theoretical method and the computational model are only 1.8% different and are therefore in agreement.  Furthermore, the pressure distribution for both the entire aircraft model and the lifting surface model are included in Figure C-3.1 and Figure C-3.2. 
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 Figure C-3.1:  CMARC Pressure Distribution of the DR2 Aircraft

[image: image15.png]A Postmarc v 3.3.2 (N\aae451\CmarcModelstabilitya.bin |- [=]x]

File View Display Derived Date What's New Help

gle| Rlolo| JEE | Aalalt| @lzl-{S=ln 0o

Coefficient of Pressure, Time state = 16
File: n:jaae451\cmarcmodelistabilitya.bin

0.809

0618

0.427

0.236

0.0455

0145

0336

0527

0718

-0.909





Figure C-3.2: CMARC Pressure Distribution of the Lifting Surfaces

Appendix C-4

Aspect Ratio Trade Study

Appendix C-4.1
Objective

The primary objective of this trade study is to discover the effects of varying the Aspect Ratio on an aircraft’s performance.  Varying the Aspect Ratio of an aircraft produces three primary effects.  First, as Aspect Ratio increases the induced drag decreases.  Second, as Aspect Ratio decreases the Reynolds number of the airfoil increases, and as a result the 2-Dimensional Clmax increases.  Finally, as the Aspect Ratio increases, the wingspan of the aircraft increases.  Consequently, this third effect produces three considerations.  Structurally, as the wingspan increases, the root bending moment increases.  From a manufacturing standpoint, as the Aspect Ratio increases, the wingspan might exceed the manufacturing capabilities.  The final consideration arises from the turn radius constraint.  As the Aspect Ratio increases, the wingspan might become so large that the tips stall in turning.  All of the three previous considerations will provide an upper limit on the Aspect Ratio.

Appendix C-4.2
Procedure

For the particular mission that is evaluated in this trade study, the manufacturing consideration constrains the upper limit of the Aspect Ratio.  The wings for this aircraft will be made of composite materials.  Therefore, the structures team determined that the manufacturing capabilities constrain the wingspan more than structural considerations.  The usable dimensions of the 5-axis C&C mill, which will be used to cut the molds for the wings, dictates the constraint of the manufacturing capabilities.  The maximum length of the C&C mill limits to total wingspan for a two-piece wing to 8.67 ft.  This limiting wingspan will later be converted to a limiting Aspect Ratio.  The third consideration is wing tip stall in turning due to a constrained turning radius.  For this mission, the maximum turning radius set at 50 ft.  This constraint yields a maximum wingspan of 16.7 ft, which is much more than the constraint from the manufacturing consideration.  Refer to Appendix C for the calculation of the maximum wing span for the tip stall consideration.

It has already been determined that Aspect Ratio is the parameter that will be varied.  Initially, the primary concern of this study was to gain some insight on the relationship between CLmax, CDi, and Aspect Ratio.  Furthermore, it was purposed that there would be some value of Aspect Ratio that yields the best combination of CLmax and  CDi.  However, it was initially assumed that the 3-Dimension lift coefficient would behave in the same manner as the 2-Dimensional lift coefficient; incidentally, it was discovered after some preliminary analysis that the opposite trend in CLmax occurred.  As a result instead of just observing the trends of CLmax and CDi, it was decided that the trends of the take-off weight, wing area, wingspan, Aspect Ratio efficiency factor, Reynolds number, and the lift and drag polar curves would also be observed.  To investigate these values, some parameters must be fixed.  The fixed parameters for this trade study were the loiter velocity, the take-off velocity, the stall speed, and the flight conditions (air density and viscosity). 

In order to evaluate the 2-Dimensional airfoil characteristics necessary to determine the 3-Dimensional effects, it was imperative that a mathematical model of the 2-D aerodynamics be constructed.  The first step in this process was researching and collecting airfoil data in the range of Reynolds that would most likely be evaluated based on the flight speed and the possible range of chords.  This information was collected from the UICU website1 and included data for Reynolds numbers ranging from 81,200 to 302,500.  The 2-Dimensional lift curve slope (dCl/d), maximum lift coefficient (Clmax), angle of attack for zero lift (zl), and angle of attack for stall (stall) were calculated for each Reynolds number.  A curve fit was then determined for the quantities so that the value of each quantity could be determined for any Reynolds number.  Refer to Appendix C for a table of the 2-Dimensional aerodynamic data and the graphs of the corresponding curve fits.  Once the 2-Dimensional data was obtained the Warner method for converting 2-D aerodynamic data to 3_D aerodynamic data for biplanes was employed.  

To facilitate the prescribed goal of the trade study, it was necessary to write a Matlab script that would determine the necessary values.  The Matlab script was required because the wing area of the aircraft needed to be iterated to obtain the needed information.  The necessity for iteration occurred because the wing area could not be held constant due to the fact that the Reynolds number of the airfoil is dependent on the chord.  Furthermore the Clmax of the airfoil is dependent on the Reynolds number, and the CLmax of the aircraft dictates the wing loading due to the stall speed requirement.  Consequently, each Aspect Ratio should have a different wing loading and therefore result in a different size aircraft.  Accordingly, the Matlab script iterated the wing area for each aspect ratio until it converged.  Then, the wing area and Aspect Ratio fixed the remaining aircraft parameters. Refer to Appendix D for a copy of the Matlab script used in this trade study.

Appendix C-4.3
Results

As previously mentioned, the primary result of this trade study is that the 3-Dimensional lift coefficient increases with Aspect Ratio (Figure C-3.1).  Initially, this result is counter-intuitive due to the fact that the 2-Dimensional lift coefficient decreases as Aspect Ratio increases (Figure C-3.2).  The other primary value of concern in the study is the induced drag.  As predicted, the induced drag of the aircraft decreases as the Aspect Ratio increases (Figure C-3.3).  

In addition to the two primary quantities CLmax and CDi, the trend of the Warner Aspect Ratio efficiency factor (n), which is analogous to the inverse of the span efficiency factor, was observed (Figure C-3.4).  It was noted that the opposite of the predicted trend in the Aspect Ratio efficiency factor occurred.  Specifically, as Aspect Ratio increases the Aspect Ratio efficiency factor also increased, which would therefore increase the induced drag.  However, it was previously noted that the induced drag decreased as Aspect Ratio increased.  Therefore, the induced drag factor (n/AR) was plotted against Aspect Ratio (Figure C-3.5).  This plot confirmed that the induced drag does decrease with an increase in the Aspect Ratio, despite the trend of the Aspect Ratio efficiency factor.  As a result, it can be determined that the Aspect ratio decreases faster than the Aspect Ratio efficiency factor increases.

Furthermore, the take-off weight and wing areas were plotted against the Aspect Ratio (Figure C-3.6 & Figure C-3.7).  For both of these values, the predicted trends of a decrease with an increase of Aspect Ratio occurred.  Finally, the Reynolds number was plotted against the Aspect Ratio (Figure C-3.8).  Once again, for this quantity the predicted trend of a decrease with increasing Aspect Ratio occurred.

To visually assess the effect of Aspect Ratio on all of the observed quantities, each quantity was normalized by dividing each set of values by it’s optimum value for the range of Aspect Ratios studied (Figure C-3.9).  For example, a high CLmax is desirable; so all the values of CLmax were divided by the highest value of CLmax.  Likewise, a low induced drag is desirable, so all the values of induced drag were divided by the minimum induced drag.  By normalizing the values in this manner, a normalized value of 1 relates to the optimum value, while diverging from unity represents a less desirable value.  From Figure C-3.9, one can see that CLmax, CDi, Wo, and n/AR are optimized by increasing the Aspect Ratio, where Re and n are optimized by decreasing the Aspect Ratio for the given range of Aspect Ratios.  

To decide whether the Aspect Ratio should be increased or decreased one must determine which parameter is most important.  Due to the specific mission requirements and constraints, for this case the induced drag is the most important factor.  This is primarily due to the fact that the cruise lift coefficient is extremely high (CLcruise=0.91).  Since the cruise CL is so high, a relatively large amount of lift is going to be created and therefore a large amount of induced drag.  Consequently, for this case, the most important value to optimize is the induced drag.  Therefore, the Aspect Ratio should be increased.

The final matter to resolve is determining the largest Aspect Ratio that can be chosen.  As previously stated, the maximum allowable wingspan as determined by manufacturing considerations is 8.67 ft.  The wingspan for each Aspect Ratio was computed and plotted against the Aspect Ratio (Figure C-3.13).  As a result, the maximum Aspect Ratio, which corresponds to the maximum wingspan can be determined. Using this method the best Aspect Ratio for this mission was determined to be 11.2.

Appendix C-4.4
Conclusions

The choice of designing a biplane for this mission has created a much uncertainty in the area of aerodynamics.  Much of this uncertainty arises for the lack of current information of the aerodynamic effects that result for the use of two wings that operate near each other.  Consequently, the definition of Aspect Ratio, reference area, the calculation of induced drag, and the calculation of the lift curve slope are all suspect.

It should be noted that a possible source of error in the results could be caused the 3-Dimensional aerodynamic conversions.  In this process the 2-D airfoil data was curve fit, so there will certainly be a small amount of incurred in the use of the mathematical model.  However, the range of 2-D aerodynamic values was relatively small, with in 10% of the maximum and minimum values.  As a result the fluctuations in the 2-D aerodynamic data is close to the amount of experimental error in collecting it (usually about 5%).  Consequently, it could be that the curve fit approximations are just curve fitting fluctuations due to experimental error, in which case they would be meaningless.  Nevertheless, there is no alternative to creating a mathematical model to convert the 2-D data to 3-D values short running experimental tests at all the possible Reynolds numbers, so therefore, any errors that are incurred must be tolerated.  However, it would be useful to determine the order of magnitude induced by the mathematical model in order to further analyze higher order effects, as opposed first order approximations. 

Although not all of the results followed the predicted trends, an ‘optimum’ Aspect Ratio for the given range of values and the given mission and constraints was determined.  Much additional information has been learned about the characteristics of biplane aerodynamics, which tend to be more complex and less intuitive.
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Appendix C-5
Verification of the Warner Method for Calculating the 3-D Lift Curve Slope

Appendix C-5.1
Introduction

The following study was used to verify the Warner biplane method for calculating the three-dimensional lift curve slope.  In particular, the effects of overhang and the gap ratios on the three-dimensional lift curve slope were studied.  The biplane wing configurations were adjusted to accommodate various gap lengths, spans, and chord lengths, which then created various gap-to-span ratios, and gap-to-chord ratios.  In addition to the gap ratios, the overhang of the wings was also varied.  The Warner method for calculating the lift curve slope of a biplane was then calculated and compared to the results of CMARC analysis.

Appendix C-5.2
Procedure

The Warner method uses the two-dimensional lift curve slope, the gap to span ratio and the gap to chord ratio to calculate the three-dimensional lift curve slope.  First, it is useful to define the proper characteristics of the aircraft.  These properties include span of each wing, chord of each wing, total wing area, and aspect ratio of each wing.  In addition, it is important to determine the gap, or the vertical distance between the upper and lower wings and the overhang, or the difference between the upper and lower wing spans.

Once the aforementioned quantities are determined the gap-to-span ratio, G/b, and the gap-to-chord ratio, G/c can be calculated.  These values are then used to calculate  and  using either linear interpolation with the data tables provided by Warner (Tables 5-2.1a and 5-2.1b) or by using the Equations 1a and 1b, which were determined by curve fitting the data in the tables.

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Gap-to-Span Ratio (G/bu)
	
	
	
	 

	 
	
	
	
	
	
	
	
	
	 

	 
	bl/bu
	 
	 
	 
	G/bu
	 
	 
	 
	 

	 
	 
	0
	0.1
	0.1
	0.2
	0.2
	0.3
	0.4
	 

	 
	0.6
	0.6
	0.5
	0.5
	0.4
	0.4
	0.3
	0.2
	 

	 
	0.8
	0.8
	0.6
	0.6
	0.5
	0.4
	0.3
	0.3
	 

	 
	1
	1
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


                         Table C-5.1a:  The Determination of  from bl/bu and G/bu.

	 
	 
	 
	 
	 
	 

	 
	Gap-to-Chord Ratio (G/c)
	 

	 
	
	
	
	
	 

	 
	
	G/c
	
	
	 

	 
	
	0.75
	0.079
	
	 

	 
	
	1
	0.054
	
	 

	 
	
	1.25
	0.038
	
	 

	 
	 
	 
	 
	 
	 


Table C-5.1b: The Determination of  from the Gap-to-Chord Ratio (G/c).
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Equation C‑5.1: Warner Curve Fits for the Determination of Coefficients a)  and b) .

Where G/c and G/b are as defined above. It should be noted that the above equation for  could only be used if the upper and lower spans are equal.  Otherwise, the value for  must be determined from linear interpolation of Table Ia.  Once the value for  has been determined, the Warner Biplane efficiency factor, n, can be calculated using Equation 2.
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Equation C-5.1: The Calculation for the Warner Span Efficiency Coefficient.

Where bu is the span of the upper wing, bl is the span of the lower wing, and  is as defined above.  The values for n and  are then used with the two-dimensional lift curve slope, Cl, to determine the three-dimensional lift curve slope, CL, in Equation 3.
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Equation C-5.2: The Three-Dimensional Warner Lift Curve Slope Equation.

Where AR is the aspect ratio and Cl, , and n are as defined above.

Appendix C-5.3
Results

This method was then applied for the various test parameters. The airfoil section that was used was the Selig S-1210 airfoil, which is a heavy lift, low Reynolds number airfoil.  These results were calculated and then compared to the CMARC results. A Table containing the results the analysis is shown below in Table C-5.2

	 
	 
	 
	 
	 
	 

	 
	Variable Gap
	
	
	
	 

	 
	
	
	
	
	 

	 
	Case Parameters
	Warner CL
	CMARC CL
	Percent Difference
	 

	 
	G/c=0.5, G/bu =0.0625
	3.105
	3.084
	0.68
	 

	 
	G/c=1, G/bu =0.1250
	3.487
	3.536
	1.41
	 

	 
	G/c=1.5, G/bu =0.1875
	3.683
	3.868
	5.02
	 

	 
	
	
	
	
	 

	 
	Variable Chord 
	
	
	
	 

	 
	
	
	
	
	 

	 
	Case Parameters
	Warner CL
	CMARC CL
	Percent Difference
	 

	 
	G/c=1.5, G/bu =0.1250
	3.936
	4.587
	16.54
	 

	 
	G/c=1, G/bu =0.1250
	3.487
	3.536
	1.41
	 

	 
	G/c=0.75, G/bu =0.1250
	3.12
	3.076
	1.41
	 

	 
	
	
	
	
	 

	 
	Variable Span
	
	
	
	 

	 
	
	
	
	
	 

	 
	Case Parameters
	Warner CL
	CMARC CL
	Percent Difference
	 

	 
	G/c=1, G/bu =0.1667
	3.284
	3.353
	2.10
	 

	 
	G/c=1, G/bu =0.1250
	3.487
	3.536
	1.41
	 

	 
	G/c=1, G/bu =0.1000
	3.628
	3.798
	4.69
	 

	 
	
	
	
	
	 

	 
	Variable Overhang
	
	
	
	 

	 
	
	
	
	
	 

	 
	Case Parameters
	Warner CL
	CMARC CL
	Percent Difference
	 

	 
	G/c=1, G/bu =0.1111
	3.307
	3.646
	10.25
	 

	 
	G/c=1, G/bu =0.1250
	3.487
	3.536
	1.41
	 

	 
	G/c=1, G/bu =0.1429
	3.681
	3.655
	0.71
	 

	 
	 
	 
	 
	 
	 


Table C-5.2: The Results of the CMARC and Warner Calculations of the Lift Curve Slope.

It is shown in Table II that the majority of the Warner calculations are within 5% of the CMARC results and in many cases they are below 2%.  The errors that are more than 5% correspond to cases when the gap-to-chord ratio was 1.5, which is just outside of the range of gap-to-chord ratios in the data table provided by Warner.  Therefore, these errors are most likely due to curve fitting outside of the data range, which would yield inaccurate results. Another source of errors that might be present in the results is the application of the S-1210 airfoil to the Warner method.  The Warner method, published in the 1936, was derived through a combination of theoretical analysis and experimental data.  The experimental data, which resides in the determination of the coefficients  and , were determined in an era before the time of the Selig S-1210 airfoil.  Since the S-1210 airfoil has a unique application and is quite different from the standard NACA airfoils, it is suggested that the  and  coefficients could not accurately be represented by the experimental data taken in the 1930’s and therefore could yield inaccurate results.  

Appendix C-5.4
Conclusion

The results of the analysis in this analysis suggested that the Warner method for calculating the three-dimensional lift curve slope was in agreement with the results of the CMARC analysis.  All of the errors for the cases in the range of the Warner data were within 5%.  This result suggests that the Warner method of calculating three-dimensional lift curve slopes is valid and accurate.  There are, however, a few suggestions for further research on this topic.  First, a more extensive analysis can be performed that more thoroughly tests the range of the data tables provided by Warner.  Furthermore, the analysis can be performed using a NACA airfoil, which is more consist with the type of airfoils from which the Warner method was derived.

Appendix D
Dynamic Modeling 

Appendix D-1

Dutch Roll Approximation

Stability and Control in the perturbed state flight. The method to obtain the Dutch Roll Approximation is described and derived in Ian Roskam’s “Airplane Flight Dynamics and Automatic Flight Controls”, Reference 2. The Dutch Roll mode is primarily affected by the sideslipping and yawing motion of the aircraft, the rolling effects can be neglected for the approximation.
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As described before the desired simplified model to be analyzed is 
The Lateral-Directional, Dimensional Stability Derivatives are decomposed as follows: 
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The Dimensionless Coefficients are calculated using the methods described in Roskam and by Mark Peters, References 2 and 3 respectively:
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The vertical tail volume coefficient is determined running a Class II analysis on the vertical tail. Based on empirical data Cnβ is sized to meet the Weathercock Criterion, which is a criterion of flying qualities for manned flight. According to Roskam it has to be greater than 0.0573 rad-1. Varying the Tail Volume Coefficient, VVT, Cnβ and the vertical tail moment arm lVT are calculated as shown in Figure D-1.1. Sizing the Vertical tail area to the minimum required area dictates the magnitude of other dimensionless coefficients, since they strongly depend on the moment arm, Volume Coefficient, and the vertical tail area. 
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Figure D‑1.1: Weather Cock VT Sizing

Evaluating all the obtained dimensionless coefficients with calculated Volume Coefficient and vertical tail area, and then evaluating the dimensional derivatives at the desired cruise velocity Vloiter = 30ft/s and at the local density ρ = 2.335e-03slugs/ft3 (600ft) leads to the following results:

Yβ = -6.491 ft/s2, 




Nβ = 8.2795 s-2

Yr = 0.6989ft/s




Nr = -1.0240 s-1
Yδr = 4.2192 ft/s2 





Nδr = -6.1818 s-2

Evaluating the yaw rate transfer function with the dimensional derivatives yields:
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The Aircraft model itself is analyzed to obtain the gain that makes the yaw control unstable. The root locus of the transfer function, Figure D-1.2, is analyzed for destabilizing feedback resulting in a gain of ky = 0.0067. As mentioned in the report, this part is not applicable to the aircraft for either stabilizing or destabilizing feedback due to the magnitude needed for stabilizing feedback.  

Figure D-1.2: Dutch Roll Approximation Root Locus[image: image58.wmf](
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With these Parameters defined all components needed for the aircraft yaw model are complete. This is the first component in the model analysis to obtain the gain needed to hardcode into the rate gyro. The other components needed for the dynamic model are the rate gyro itself and the servo. The servo transfer function can be approximated as a second order function neglecting the rate limiter that is due to the motor operating limit driving the torque arm. This transfer function can be obtained by doing a simple parameter ID test on the desired servo for a couple of inputs and recording the response. Again, the analysis has to take into account that the maximum motor rate is not exceeded during the parameter ID test. The general model is based on the following diagram:

The following Transfer Function is determined for the servos used to power both, the rudder and the elevator:

NO APPROPRIATE SERVO FOR DR2 IS EXPERIMENTALLY OBTAINED AS OF NOW - 

The last component needed is the rate gyro. A single constant, ky, can approximate the rate gyro. Similar to the servo transfer function determination, the rate gyro can be analyzed doing a parameter ID test. The gyro gain constant ky that is determined for destabilizing feedback is too small to be implemented in the Airtronics rate gyro. 
This concludes the entire approximate dynamic model of the DR2. Combining the transfer functions of all components and doing a root locus analysis yields the desired gain. As mentioned beforehand the result has to be taking into account that the model is strongly dependent on the accuracy of the aerodynamic analysis and the accuracy of the transfer functions of the other components. 

Appendix D-1.2
Code For Dutch Roll Approximation (Sample Code for Analysis)

% CODE TO APPORXIMATE THE DUTCH ROLL MODE OF THE DR2 (BEFORE CONSTRUCTION)

clear all

close all

iter = 1;

iter_mat = [ ];

Zeta_mat = [ ];

wnd_mat = [ ];

Svtmat = [ ];

Cfracmat = [ ];

Vvtmat = [ ];

CnBmat = [ ];

%for ARvt = 1.2:.1:3.5;

%for Vvt= .02:.002:.06;

%for Cfrac = .1:.05:1;

ARvt = 2.5;           % [ ] - AR VT

Lamvt = 10*pi/180;    % [rad] - VT Sweep

Sref = 14.7;          % [ft^2] - Reference Area      

Vvt = 0.04;           % [ ] - VT Volume Coeff.

lvt = 3.171;           % [ft] - c/4VT -> CG Logation Arm;

bw = 7.7;             % [ft] - Wing Span

etaVT = .92;          % [ ] - Dynamic Presssure Ratio 

rho = 2.335e-03;      % [slugs/ft^3] - Air Density at 600ft

g = 32.2;             % [ft/s^2] - G

Vloi = 24;            % [ft/s] - Loiter Velocity

m = 10.5;             % [lbs] - Mass of A/C 

eta_lcs = 1;        % [ ] - 

alfdelr = .65;        % [ ] - ROSKAM p.61 FIG 2.23

Izz = .96;            % [slugs-ft/s^2] - Moment of Inertia

ful = 5.5;            % [ft] - Fuselage Length

lamvt = .6;           % [ ] - Taper VT

xcg = 1.683;

q = .5*rho*Vloi^2;    % [slugs/ft/s^2] - Dynamic Pressure A/C

iter = 1;

err = 1;

Sfs = 2.8;            %[ft^2] - Fuselage Side Area

check = 0;

for Vvt = 0.02:0.0001:0.04;

   while err >= 0.1;

      Svt = Vvt*bw*Sref/lvt;% [ft^2] - VT Area

      bvt = sqrt(ARvt*Svt);

      cvt = Svt/bvt;                %Chord of the Horizontal Tail;

      crootvt = 2*cvt/(1+lamvt);    %RootChord Horizontal Tail

      ctipvt = lamvt*crootvt;       %TipChord Horizontal Tail

      caerovt = 2/3*crootvt*(1+lamvt+lamvt^2)/(1+lamvt);     % Mean Aero Dynamic Chord

      sweepvt = atan(0.5*bvt/(0.5*(crootvt-ctipvt)))-atan(0.5*bvt/(crootvt-ctipvt));     %Sweep Angle

      Yvt = bvt/3*((1+2*lamvt)*(1+lamvt));

      VTlocref = tan(sweepvt)/Yvt+.25*caerovt;

      VTlocnose = ful-(crootvt-VTlocref);

      lvt = VTlocnose - xcg;

      Svtnew = Vvt*bw*Sref/lvt;% [ft^2] - VT Area

      err = abs((Svtnew-Svt)/Svt*100);

      Svt = Svtnew;

      iter = iter+1;

   end

   err = 1;

%Lift Curve Slope of Surface: eta_lcs = 2D - liftcurve off of 2*pi

CLalfvt = 2*pi*ARvt/(2+sqrt(ARvt^2/eta_lcs*(1+tan(Lamvt)^2)+4));

CyBeta = -etaVT*Svt/Sref*CLalfvt

YBeta  = CyBeta*q*Sref/m*g;

Cyr = -2*(lvt/bw)*CyBeta

Yr = Cyr*q*bw*Sref/2/m/Vloi*g;

CLvtdelr = CLalfvt*alfdelr*etaVT;

Cydelr = Svt/Sref*CLvtdelr

Ydelr = Cydelr*q*Sref/m*g;

CnBeta = etaVT*Vvt*CLalfvt - 0.05895*(Sfs*ful/Sref/bw)

NBeta = q*Sref*bw*CnBeta/Izz;

Cnr = -CLalfvt*(2*lvt^2/bw^2)*etaVT*Svt/Sref

Nr = Cnr*q*bw^2*Sref/2/Izz/Vloi;

Cndelr = -CLalfvt*alfdelr*etaVT*Svt*lvt/Sref/bw

Ndelr = Cndelr*q*bw*Sref/Izz;

n1 = Ndelr*Vloi;

n0 = Ndelr*-YBeta + NBeta*Ydelr;

d2 = 1;

d1 = -(Nr+YBeta/Vloi);

d0 = NBeta+1/Vloi*(YBeta*Nr-NBeta*Yr);

n = [n1 n0]

d = [d2 d1 d0]

wnd_yaw = sqrt(d0)

Zeta_yaw = d1/wnd_yaw/2

wnd_mat  = [wnd_mat wnd_yaw];

Zeta_mat = [Zeta_mat Zeta_yaw];

Vvtmat = [Vvtmat Vvt];

Svtmat = [Svtmat Svt];

CnBmat = [CnBmat CnBeta];

figure

rlocus(n,d)

CnBmin = .001*180/pi;

   if CnBmin <= CnBeta & check == 0;

      lvtfin = lvt

      Svtfin = Svt

      cvtfin = cvt

      bvtfin = bvt

      Vvtfin = Vvt

      crootfin = crootvt

      ctipfin = ctipvt

      nfin = n

      dfin = d

      wndfin = wnd_yaw

      zetafin = Zeta_yaw

      check = 1;

   end

end

figure

plot(Svtmat,Vvtmat)

figure

plot(Svtmat,CnBmat,Svtmat,.001*180/pi.*ones(size(CnBmat)))

figure

plot(Svtmat,wnd_mat)

figure

plot(Svtmat,Zeta_mat)

bvtfin

Vvtfin

crootfin

ctipfin 
Appendix D-1.3
Short Period Approximation

Similar to the yaw analysis using the dutch roll approximation, the pitch dynamic model can be approximated using the short period approximation. The model is derived in Roskam’s Flight Dynamics Book, Reference 2. To solve the short period approximation the dimensional derivatives have to be obtained. They are dependent on the non dimensional coefficients as shown below:
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Appendix E
Stability and Control

Appendix E-1
Mathematical Model of the Lift, Drag and Moments of the Aircraft

The following equations for the lift and moment coefficients with elevator deflections are taken from Roskam, Reference 2. They are used for the analysis. The values presented in this Appendix represent the theoretical values determined before the construction of the aircraft and might not be completely accurate for the final DR2 model.
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Moment Coefficient With Elevator Deflections

The values for the two stability derivatives, Cle and Cme, are corrected as suggested by Mark Peters, Reference 3.  He suggests that the prediction methods generally over predict the values for Cle and Cme for model aircraft.  He proves that method dependent a correction factor can be used to adjust the values.  To account for this over-prediction, a correction factor of 0.65 is multiplied into the equations.

These linear equations are used to determine dynamic stability and are used for NP, CG, SM, and aerodynamic derivative calculations.  Due to the nonlinear characteristics of the two-dimensional lift curve slope in the high- and low-end lift coefficient ranges for low Reynolds numbers, seen in Figure D-1.3, a nonlinear analysis is used to determine the trim conditions.  This nonlinear trim evaluation is suggested by Mark Peters in this Fall 1996 Master Thesis, Reference 3. The nonlinear model is constructed by evaluating the two-dimensional and three-dimensional lift curve slope using a finite difference analysis and then applying the previous equations for each segment in the finite difference approximation.  The nonlinear model is analyzed for static margins ranging from 10% to 24% to account for shifting in the internal arrangements and possible errors in the analysis.  The incidence angles on the upper and lower wings as well as the horizontal tail, iu=0˚, il=-2˚, and iHT=-2˚ respectively, are designed to fly the aircraft with zero degree elevator deflection at best endurance.  The design also takes into account the use of the entire elevator deflection range of  –10˚ to 10˚. The results and trim conditions are shown in Figures E-1.1 and E-1.2.
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Figure E-1.1: Trim Conditions for the Theoretical Analysis.
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Figure E-1.2: Trim Angle of Attack and Velocity.

The horizontal tail area is sized for this analysis using a modified Class II tail sizing method.  Assuming that the CG can actually be positioned as desired (here it is assumed that the CG is positioned to obtain the nominal static margin of 18%), the tail area is varied using a constant tail volume coefficient, VHT, and solving for the horizontal tail moment arm, lHT. The final horizontal tail area is determined by finding the point for which a given area, SHT, satisfies stability and a given moment arm from the CG to the AC of the horizontal tail does not exceed the fuselage length, the results are shown in Figure E-1.4.  
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Figure E-1.3: Moment Arms of the DR2.
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Figure E-1.4: Class II HT Sizing.

Using this method for sizing the horizontal stabilizer resulted in a horizontal tail area, SHT of 2.25 ft2 at an aspect ratio of 2.5 with a moment arm of lHT=3.71.   

Appendix E-2
Trim and Short Period Approximation Code (theoretical approach)

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%

%%   TRIM CONDITION EVALUATIONS

%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

clear all

close all

Ee = .4;

sm = .18;    

CMtrimmat = [];

CLtrimmat = [];

ALPHAtrimmat = [];

Vtrimmat = [];

demat = [];

smcf = [-.7 0 .6];

cf = 0;

lcv4 = 1;

for de = -10:10:10;

  derad = de*pi/180;

  %[CMTRIM,CLTRIM,ALPHATRIM,VTRIM] = TRIMEVAL(derad,Ee,sm)

[CMTRIM,CLTRIM,ALPHATRIM,VTRIM,Cm,CL,alpha] = TRIMEVALNONLIN(derad,Ee,sm,cf);

   demat1 = [demat de];   

   Cmmat(lcv4,:) = Cm;

   CLmat(lcv4,:) = CL;

   alphamat(lcv4,:) = alpha;

   lcv4 = lcv4+1;

end

lcv1 = 1;

for sm = [0.1 .18 .24]

   lcv2 = 1;

   cf = smcf(lcv1);

   for de = -10:10:10;

      derad = de*pi/180;

      [CMTRIM,CLTRIM,ALPHATRIM,VTRIM,Cm,CL,alpha] = TRIMEVALNONLIN(derad,Ee,sm,cf);

      CMtrimmat(lcv1,lcv2) = CMTRIM;

      CLtrimmat(lcv1,lcv2) = CLTRIM;

      ALPHAtrimmat(lcv1,lcv2) = ALPHATRIM*180/pi;

      Vtrimmat(lcv1,lcv2) = VTRIM;

      demat(lcv1,lcv2) = de;

      lcv2 = lcv2 + 1;

   end

   lcv1 = lcv1 + 1;

end

%FINDING THE INTERSECTIONS

figure(3)

plot(ALPHAtrimmat(1,:),CLtrimmat(1,:),'k',ALPHAtrimmat(2,:),CLtrimmat(2,:),'r',ALPHAtrimmat(3,:),CLtrimmat(3,:),'y')

figure(4)

plot(CMtrimmat(1,:),CLtrimmat(1,:),'k',CMtrimmat(2,:),CLtrimmat(2,:),'r',CMtrimmat(3,:),CLtrimmat(3,:),'y')

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%

%%  Nonlinear Trim Evaluation called from TRIMTRI in this configuration

%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%function [CMTRIM,CLTRIM,ALPHATRIM,VTRIM] = TRIMEVAL(de,Ee,sm)

function [CMTRIM,CLTRIM,ALPHATRIM,VTRIM,Cm,CL,alpha2] = TRIMEVAL(de,Ee,sm,cf)

lh = 3.1711+cf;        %[ft] - 1/4 Chord Wing to 1/4 Chord Tail

%lh = 3.1711;        %[ft] - 1/4 Chord Wing to 1/4 Chord Tail

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Aircraft Characteristics (From Sizing Code)

ARw=8;            %[ ] - Wing Aspect Ratio

ARh=4;            %[ ] - HT Aspect Ratio

Gap=1;            %[ft] - Distance Between Wings

%lh=3.15835;      %[ft] - 1/4 Chord Wing to 1/4 Chord Tail

hh=0;             %[ft] - Vertical Distance Between Wing and Tail

df=5/12;          %[ft] - Effective Fuselage Diameter

etah=0.92;        %[ ] - Tail Dynamic Pressure Ratio

lamc4=0;          %[ ] - 1/4 Chord Sweep Angle of Wing

lamw=1;           %[ ] - Taper Ratio of Wing

lamht = 0.6;      %[ ] - Taper Ratio of HT

iwu=-2.33*pi/180;     %[rad] - Incidence of Upper Wing

iwl=-4.33*pi/180;            %[rad] - Incidence of Lower Wing

ih=-2*pi/180;             %[rad] - Incidence of HT

e=0.6061;         %[ ] - 'Raymer' Span Efficency Factor from Fig.

%deda=0.4;         %[rad^-1] - Change in downwash at HT with Change in AOA

te=.6;           %[ ] - tail efficiency factor (with Flap to chord ratio = 0.4)

%sm=0.18;



%[%] - static margin

WS = 0.61;      %[lbs/ft^2] - Wingloading determined from Constraint Plot

rho = 0.002333;   %[slugs/ft^3] - Density at 600 ft altitude in SSL

%CLmax=1.3

CDo=0.0175;       %[ ] - 3-D Parasitic Drag

cw=.9642;         %[ft] - Wing Chord

cht=0.7194;       %[ft] - HT Chord

n=1.6029;         %[ ] - 'Warner' Aspect Ratio Factor

b=7.7136;         %[ft] - Wing Span

Sht=2.0;       %[ft^2] - Horizontal Tail Area

S=14.8748;        %[ft^2] - Wing Area

%HT Geometry Data

   bht = sqrt(ARh*Sht);          %Span of the Horizontal Tail

   cht = Sht/bht;                %Chord of the Horizontal Tail

   crootht = 2*cht/(1+lamht);    %RootChord Horizontal Tail

   ctipht = lamht*crootht;       %TipChord Horizontal Tail

   caeroht = 2/3*crootht*(1+lamht+lamht^2)/(1+lamht);     % Mean Aero Dynamic Chord

   sweepht = atan((crootht-ctipht)/bht);     %Sweep Angle

   Yht = bht/6*((1+2*lamht)*(1+lamht));

xacw=1.5+0.23*cw;   %aerodynamic center of wing

%Airfoil Characteristics (S 1210)

Clslopewao=5.1;          %[rad^-1] - 2-D Lift Curve Slope

Clo=.85;               %[ ] - 2-D Zero AOA Cl

alphaolw=-5*pi/180;    %[rad] - AOA for Zero Cl

Clmax=1.8;             %[ ] - Clmax

alphamin=-6*pi/180;    %[rad] - Min AOA

alphamax=15*pi/180;    %[rad] - Max AOA

k=0.0131;              %[ ] - 2-D Parabolic Drag Polar Factor

Cmw=-.25;              %[ ] - Pitching Moment

%Horizontal Tail Characteristics (NACA 0006)

Clslopeh=2*pi;         %[rad^-1] - 2-D Lift Curve Slope

Cloh=0;                %[ ] - 2-D Zero AOA Cl

alphaolh=0*pi/180;     %[rad] - AOA for Zero Cl

Clmaxh=0.85;           %[ ] - Clmax

Cmh=0;                 %[ ] - Pitching Moment

%Flap Characteristics

%Ee=0.4;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Angle of Attack Range

CL = [ ];

Cm = [ ];

clslopedata;

alpha=alpha*pi/180;

for lcv=1:length(alpha)-1

   alpha2(lcv)=0.5*(alpha(lcv+1)+alpha(lcv));

   Clslopew=(Cl(lcv+1)-Cl(lcv))/(alpha(lcv+1)-alpha(lcv));

   %Change in downwash over HT wrt to change in AOA :de/dalpha 

   Ka=(1/ARw)-(1/(1+ARw^1.7));

   Kl=(1/7)*(10-3*lamw);

   Kh=(1-hh/b)/(2*lh/b)^(1/3);

   deda=4.44*((Ka*Kl*Kh*(cos(lamc4))^0.5)^1.19);   

   %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

   %%

   %% The Following Method is taken from Warner, Airplane Design: Performance

   %%

   %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

   %3-D Wing CL slope and CLo

   CLslopewao=Clslopewao/(1+(Clslopewao/pi/ARw));

   CLslopew=Clslopew/(1+(Clslopew/pi/ARw));

   CLslopeh=Clslopeh/(1+(Clslopeh/pi/ARh));

   CLo=(0.5*(iwu+iwl)-(alphaolw))*(1.0*0.2193*180/pi);

   CLoh=(ih-alphaolh)*CLslopeh;

   %3-D Aircraft CL slope 

   Gc=Gap/cw;

   %Curve fit of data from Warner pg 259 Airplane Design Performance

   Beta=0.072*Gc^2-0.226*Gc+0.208;

   CLslope=1.5/((1/CLslopew)+n/(pi*ARw)+Beta/2);

   CLslopeavg(lcv)=CLslope;

   %CLhde

   CLhde=(CLslopeh/pi)*(acos(1-2*Ee)+2*sqrt(Ee*(1-Ee)));

   %3-D CLde

   CLde=CLslopeh*etah*(Sht/S)*te;

   %CORRECT FOR MPETERS:

   CLde = .75*CLde;

   %3-D CL slope

   CL=[CL CLo+CLslope*(0.5*(alpha(lcv+1)+alpha(lcv)))+CLde*de];

   %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

   %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

   xacwb=xacw;       %[ft] - aerodynamic center of the wing 

   %netural point (Chris Peters)

   %Non-Dimensional Neutral Point Location (xnp/cw)

   xnp=(Sht/S*etah*CLslopeh*(1-deda)*lh/cw+CLslopewao*xacwb/cw)/(CLslopewao...

      +Sht/S*etah*CLslopeh*(1-deda));

   %eo (Roskam) downwash at zero angle of attack and zero deflection

   eo=(20*CLo*(1/ARw^0.725)*(3*cw/(xnp*cw+lh))^0.25)*pi/180;

   %Cmo 

   Cmo=Cmw+(etah*cht*Sht/cw/S)*Cmh+(xnp)*(CLo+CLslopewao*(iwu+iwl)/2)-(etah*lh*Sht/cw/S)*(CLoh+CLslopeh*(ih-eo));

   %Cmhde

   Cmhde=(CLslopeh/pi)*(1-Ee)*sqrt((1-Ee)*Ee);

   %Cmde

   Cmde=((etah*Sht*cht/S/cw)*Cmhde-(etah*lh*Sht/cw/S)*CLhde);

   %CORRECT FOR MPETERS:

   Cmde = .65*Cmde;

   xcg=(-sm*cw+xnp)*cw;

   Cmslope=1.2*(CLslopew*(xcg-xacwb)/cw - etah*(Sht*lh/S/cw)*CLslopeh*(1-deda));

   %Cm

   Cm = [Cm (Cmo + Cmde*de + Cmslope*(0.5*(alpha(lcv+1)+alpha(lcv))))];

   %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

   %Calculate CD

   CD=(CDo)+(n/(pi*ARw))*CL.^2;

end

CLslopeaverage=sum(CLslopeavg)/length(CLslopeavg);

checkCm =0;

for lcv1 = (1:length(alpha)-1);

   if Cm(lcv1) <= 0 & checkCm == 0;

      CMTRIM = Cm(lcv1);

      ALPHATRIM = alpha(lcv1);

      CLTRIM = CL(lcv1);

      if CLTRIM < 0;

         CLTRIM = 0.05;

      end

      VTRIM = sqrt(2*WS/rho/CLTRIM);

      checkCm = 1;

   end

end

figure(1)

plot(alpha2.*180./pi,Cm)

xlabel('\alpha [deg]')

ylabel('Cm [ ]')

hold on

figure(2)

plot(Cm,CL)

xlabel('Cm [ ]')

ylabel('CL [ ]')

hold on

figure(3)

plot(alpha2.*180./pi,CL)

xlabel('\alpha [deg]')

ylabel('CL [ ]')

hold on

figure(4)

plot(alpha.*180/pi,Cl)

xlabel('\alpha [deg]')

ylabel('Cl [ ]')

hold on

Cmslope

Cmde

CLslope

CLde

CLo

Cmo

Return

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%

%%

Short Period Using Linear Model

%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Aircraft Characteristics (From Sizing Code)

ARw=8;            %[ ] - Wing Aspect Ratio

ARh=4;            %[ ] - HT Aspect Ratio

Gap=1;            %[ft] - Distance Between Wings

lh = 3.1711;        %[ft] - 1/4 Chord Wing to 1/4 Chord Tail

V = 24;           %[ft/s] - Cruise speed

hh=0;             %[ft] - Vertical Distance Between Wing and Tail

df=5/12;          %[ft] - Effective Fuselage Diameter

etah=0.92;        %[ ] - Tail Dynamic Pressure Ratio

lamc4=0;          %[ ] - 1/4 Chord Sweep Angle of Wing

lamw=1;           %[ ] - Taper Ratio of Wing

lamht = 0.6;      %[ ] - Taper Ratio of HT

iwu=-2.33*pi/180;     %[rad] - Incidence of Upper Wing

iwl=-4.33*pi/180;            %[rad] - Incidence of Lower Wing

ih=-2*pi/180;             %[rad] - Incidence of HT

e=0.6061;         %[ ] - 'Raymer' Span Efficency Factor from Fig.

te=0.6;           %[ ] - tail efficiency factor (with Flap to chord ratio = 0.4)

WS = 0.6066;      %[lbs/ft^2] - Wingloading determined from Constraint Plot

rho = 0.002333;   %[slugs/ft^3] - Density at 600 ft altitude in SSL

CHT = .5;         %[ ] - HT Volume Coefficient

CDo=0.0175;       %[ ] - 3-D Parasitic Drag

cw=.9642;         %[ft] - Wing Chord

cht=0.7194;       %[ft] - HT Chord

n=1.6029;         %[ ] - 'Warner' Aspect Ratio Factor

b=7.7136;         %[ft] - Wing Span

Sht=2.25;          %[ft^2] - Horizontal Tail Area

S=14.8748;        %[ft^2] - Wing Area

Iyy = .54;           %[slugs-ft^2];

m = 10.5;             % [lbs] - Mass of A/C 

g = 32.2;             % [ft/s^2] - G

%HT Geometry Data

   bht = sqrt(ARh*Sht);

   cht = Sht/bht;                %Chord of the Horizontal Tail;

   crootht = 2*cht/(1+lamht);    %RootChord Horizontal Tail

   ctipht = lamht*crootht;       %TipChord Horizontal Tail

   caeroht = 2/3*crootht*(1+lamht+lamht^2)/(1+lamht);     % Mean Aero Dynamic Chord

   sweepht = atan(0.5*bht/(0.5*(crootht-ctipht)))-atan(0.5*bht/(crootht-ctipht));     %Sweep Angle

   Yht = bht/6*((1+2*lamht)*(1+lamht));

xacw=1.5+0.23*cw;   %aerodynamic center of wing

%Airfoil Characteristics (S 1210)

Clslopew=5.1;          %[rad^-1] - 2-D Lift Curve Slope

Clo=.85;               %[ ] - 2-D Zero AOA Cl

alphaolw=-5*pi/180;    %[rad] - AOA for Zero Cl

Clmax=1.8;             %[ ] - Clmax

alphamin=-12*pi/180;    %[rad] - Min AOA

alphamax=25*pi/180;    %[rad] - Max AOA

k=0.0131;              %[ ] - 2-D Parabolic Drag Polar Factor

Cmw=-.25;              %[ ] - Pitching Moment

%Horizontal Tail Characteristics (NACA 0006)

Clslopeh=2*pi;         %[rad^-1] - 2-D Lift Curve Slope

Cloh=0;                %[ ] - 2-D Zero AOA Cl

alphaolh=0*pi/180;     %[rad] - AOA for Zero Cl

Clmaxh=0.85;           %[ ] - Clmax

Cmh=0;                 %[ ] - Pitching Moment

%Flap Characteristics

Ee=0.4;

de = 0;

sm = 0.18;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Angle of Attack Range

alpha=alphamin:0.0025:alphamax;

%Change in downwash over HT wrt to change in AOA :de/dalpha 

   Ka=(1/ARw)-(1/(1+ARw^1.7));

   Kl=(1/7)*(10-3*lamw);

   Kh=(1-hh/b)/(2*lh/b)^(1/3);

   deda=4.44*((Ka*Kl*Kh*(cos(lamc4))^0.5)^1.19);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%

%% The Following Method is taken from Warner, Airplane Design: Performance

%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%3-D Wing CL slope and CLo

CLslopew=Clslopew/(1+(Clslopew/pi/ARw));

CLslopeh=Clslopeh/(1+(Clslopeh/pi/ARh));

CLo=(0.5*(iwu+iwl)-alphaolw)*CLslopew;

CLoh=(ih-alphaolh)*CLslopeh;

%3-D Aircraft CL slope 

Gc=Gap/cw;

%Curve fit of data from Warner pg 259 Airplane Design Performance

Beta=0.072*Gc^2-0.226*Gc+0.208;

CLslope=1/((1/Clslopew)+n/(pi*ARw)+Beta/2);

%CLhde

CLhde=(CLslopeh/pi)*(acos(1-2*Ee)+2*sqrt(Ee*(1-Ee)));

%3-D CLde

CLde=CLslopeh*etah*(Sht/S)*te;

%CORRECT FOR MPETERS:

CLde = .75*CLde

%3-D CL slope

%CLa=CLo+CLslope*alpha+CLde*dea;

CL=CLo+CLslope*alpha+CLde*de;

%CLc=CLo+CLslope*alpha+CLde*dec;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%xref=nose

xacwb=xacw;       %[ft] - aerodynamic center of the wing 

%xach=1+0.25*cw+lh;       %[ft] - aerodynamic center of the horizontal tail

%netural point (Chris Peters)

   %Non-Dimensional Neutral Point Location (xnp/cw)

   xnp=(Sht/S*etah*CLslopeh*(1-deda)*lh/cw+CLslopew*xacwb/cw)/(CLslopew...

      +Sht/S*etah*CLslopeh*(1-deda));

%eo (Roskam) downwash at zero angle of attack and zero deflection

eo=(20*CLo*(1/ARw^0.725)*(3*cw/(xnp*cw+lh))^0.25)*pi/180;

%Cmo 

Cmo=Cmw+(etah*cht*Sht/cw/S)*Cmh+(xnp)*(CLo+CLslopew*(iwu+iwl)/2)-(etah*lh*Sht/cw/S)*(CLoh+CLslopeh*(ih-eo));

%Cmhde

Cmhde=(CLslopeh/pi)*(1-Ee)*sqrt((1-Ee)*Ee);

%Cmde

Cmde=((etah*Sht*cht/S/cw)*Cmhde-(etah*lh*Sht/cw/S)*CLhde);

%CORRECT FOR MPETERS:

Cmde = .65*Cmde

xcg=(-sm*cw+xnp)*cw;

Cmslope=CLslopew*(xcg-xacwb)/cw-etah*(Sht*lh/S/cw)*CLslopeh*(1-deda);

%Cm

Cm = Cmo + Cmde*de + Cmslope.*alpha;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Calculate CD

CD=(CDo)+(n/(pi*ARw))*CL.^2;

q = 1/2*rho*V^2;

Cmslopedot = -2.*CLslopeh.*etah.*(Sht*lh/S/cw)*lh*deda; %Change in mom. coeff. due to rate of change of angle of attack

Cmq = -2.2*CLslopeh.*etah.*(Sht*lh/S/cw)*lh; %Change in mom. coeff. due to pitch rate

Mdele = (q*S*cw*Cmde)/(Iyy); %Pitch angular accel. per unit elev. defl. [(rad/s^2)/rad]

Zdele = -(q*S*CLde)/m*g; %Vertical accel. per unit elev. defl. [(ft/s^2)/rad]

Mslopedot = (q*S*(cw^2)*Cmslopedot)/(2*Iyy*V); %Pitch ang. accel. per unit rate of change of angle of attack [(rad/s^2)/rad/s]

Mslope = (q*S*cw*Cmslope)/Iyy; %Pitch ang. accel. per unit angle of attack [(rad/s^2)/rad]

Zslope = (-q*S*(CLslope+((CDo)+(n/(pi*ARw))*.8^2)))/m*g; %Vert. accel. per unit angle of attack [(ft/s^2)/rad]

Mq = (q*S*(cw^2)*Cmq)/(2*Iyy*V); %Pitch ang. accel. per unit pitch rate [(rad/s^2)/rad/s]

n1=((V*Mdele)+(Zdele*Mslopedot))/V; %numerator term multiplying 's^1'

n0=((Mslope*Zdele)-(Zslope*Mdele))/V; %remaining numerator term multiplying 's^0'

wnsp=sqrt(((Zslope*Mq)/V)-Mslope) %approx. short period nat'l freq. [rad/s]

dampsp=-(Mq+(Zslope/V)+Mslopedot)/(2*wnsp) %approx. short period damping ratio

d2=1;

d1=2*dampsp*wnsp;

d0=(wnsp^2);

n = [n1 n0];

d = [d2 d1 d0];
Appendix F
Structures

 Appendix F-1
Flight Loads

The DR2 was designed to operate at a maximum load factor of 2.5 and a safety factor of 1.5, resulting in an ultimate load of 3.75.  The flight regime is visualized with a V-n diagram, showing the loads experienced at various velocities (Figure F-1.1).  
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Figure F‑1.1: V-n Diagram for DR2.

Appendix F-2

Weights, C.G. Location, and Inertias

The initial sizing was done using historical data from previous 451 designs, the final weight fractions were in close comparison for most components (Table F-2.1 & Figure F-2.2).

Table F-2.2 Estimated vs. Actual Aircraft Component Weight

	Part
	Weight (oz.)
	Weight Fraction
	Predicted Weight
	Predicted Weight Fraction
	Error

	Avionics
	9.58
	4.33%
	9.1
	5.62%
	29.8%

	Motor & Gearbox
	13
	5.88%
	12.5
	7.72%
	31.4%

	Speed Control
	1.04
	0.47%
	1.33
	0.82%
	74.7%

	Battery Pack
	30.86
	13.95%
	27.65
	17.07%
	22.4%

	Interface Box (Payload)
	18.5
	8.36%
	15
	9.26%
	10.8%

	Gyro System
	3.63
	1.64%
	3.5
	2.16%
	31.7%

	Propeller
	1.46
	0.66%
	0.73
	0.45%
	-31.7%

	Landing Gear
	9.4
	4.25%
	-
	-
	-

	Upper Wing
	46.56
	21.04%
	21.21
	13.10%
	-37.8%

	Lower Wing
	41.58
	18.79%
	21.21
	13.10%
	-30.3%

	Struts
	1.06
	0.48%
	-
	-
	-

	Horizontal Stabilizer
	4
	1.81%
	6.576
	4.06%
	124.6%

	Vertical Stabilizer
	3.5
	1.58%
	4.384
	2.71%
	71.1%

	Fuselage: (l x w x h)
	37.0788
	16.76%
	26.3044
	16.24%
	-3.1%

	Aircraft
	221.2488
	100.00%
	161.9584
	100.00%
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Figure F-2.2:  Initial Eeight Estimation Based on Previous 451 Designs.

After the initial weights were found and the aircraft geometry was established the C.G. location needed to have the target static margin of 18% was found to be 19.47 in. from the nose of the aircraft.  With proper placement of the payload and flight equipment this C.G. location was obtained (Figure F-2.3 (below) & Table F-2-2).
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	Location (in)
	 

	Part
	Weight (oz.)
	x - (F.S.) 
	y - (W.S.)
	z - (W.L.)

	Left Aileron Servo Upper (TS-10)
	0.6
	23.75
	-20.75
	6.5

	Left Aileron Servo  Lower (JR NES-331)
	0.6
	23.75
	-19.75
	-6.5

	Right Aileron Servo Upper (TS-10)
	0.6
	23.75
	20.75
	6.5

	Right Lower Aileron Servo (JR NES-331)
	0.6
	23.75
	19.75
	-6.5

	Rudder Servo (S132H)
	1.5
	26.75
	1.5
	0

	Elevator Servo (S132H)
	1.5
	26.75
	-1.5
	0

	Receiver  
	1.5
	24
	-1
	-3.5

	Receiver Battery Pack
	2.68
	26.5
	-0.5
	-3.5

	Motor & Gearbox
	13
	2
	0
	0

	Speed Control
	1.04
	5.25
	0
	1

	Battery Pack
	30.86
	14
	0
	0

	Tattle Tale 8 (payload)
	0
	15
	0
	-3

	Interface Box
	18.5
	0
	0
	0

	Gyro
	2.54
	26.5
	1
	-3.5

	Gyro Interface
	1.09
	24
	1
	-3.5

	Propeller
	1.46
	-1
	0
	0

	Landing Gear
	9.4
	17
	0
	-9.75

	Upper Wing
	46.56
	23.25
	2.00
	6.5

	Lower Wing
	41.58
	23.5
	-2
	-6.5

	Right Strut
	0.53
	21.75
	35.25
	0

	Left Strut
	0.53
	21.75
	-35.25
	0

	Horizontal Stabilizer
	4
	59.5
	0
	0

	Vertical Stabilizer
	3.5
	60.25
	0
	5.5

	 
	 
	 
	 
	 

	Fuselage: (l x w x h)
	 
	 
	 
	 

	Front (12"x4"x6")
	12.3596
	10
	0
	0

	Mid (22"x5"x12")
	12.3596
	24
	0
	0

	Rear (32"x3"x4")
	12.3596
	45
	0
	0

	 
	 
	Center of Gravity [inches from nose]

	Aircraft
	221.2488
	20.19
	0.048
	-0.30


Table F-2.2: C.G. Location Calculations.

The mass moments of inertias for the aircraft were found assuming the aircraft consists of cubes.  This assumptions works well for the internal payload and tails, but the fuselage was decomposed into several cubes to more accurately model its geometry.  The parallel axis theorem was used to transpose the individual component inertia from its centroid to the C.G. of the aircraft, the predicted inertias were in agreement with the actual values. (Table F-2.3).

	 Aircraft Moments of Inertia (oz-in^2)

	 
	Ixx
	Iyy
	Izz

	Predicted
	      0.52 
	       0.53 
	            0.97 

	Actual
	      0.60 
	       0.49 
	            0.94 

	Error
	12.83%
	6.84%
	3.32%


Table F-2.3:  Aircraft Moments of Inertia

Appendix F-3

Wing Material Selection Trade Study

Appendix F-3.1
Introduction

The ability of an aircraft to meet its design performance depends largely and the wing’s weight and aerodynamic quality.  The wing is typically 15% of the empty weight of a full size aircraft design (Ref 1, p. 51).  For the model aircraft constructed for AAE451 class this weight fraction has not been realized (Ref 2, p. 15), instead weight fractions in the order of 28% have been realized.  A high wing weight fraction negatively affects the performance of the aircraft.  To meet the aerodynamic predictions of the wing the wing geometry properties, such as airfoil cross-section and incidence angle, must be met.

The selection of wing material and construction technique largely influences the weight and aerodynamic quality of the wing.  An investigation of the effect of two different materials and their construction techniques will be analyzed to develop the tradeoffs for model aircraft wing construction methods.
Appendix F-3.2
Material Introduction

Two materials suitable for wing construction are the traditional balsa wood structure with a film covering and composite construction with little interior structure.  Balsa wood construction has been the standard for remote control aircraft construction.  The construction of a model with balsa wood can produce a relatively light structure with simple hand tools.

A new material that is now making its way into high performance electric model airplanes and sailplanes is composite construction.  Many full size aircraft employ composites due to its high strength-to-weight ratio.  A composite structure requires advanced building tools and careful construction to produce a light weigh structure.  Several types of composite fabrics that are popular in the aerospace engineering field are graphite, fiberglass, and Kevlar.  Using these materials a weight saving up to 30% have been achieved on full-scale structures (Ref 3, p. 492).
Appendix F-3.3
Strength Comparison

For a comparison of a materials stiffness and weight performance the specific modulus/ is employed.  A material that is well suited to lightweight bending applications, such as spar caps, should have a high specific modulus.  The bending deflection of a structural is inversely related to the elastic modulus.  Graphite tow has the highest specific modulus followed by plywood (Figure F-3.1). 
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Figure F-3.1: Specific Modulus for Several Common Aircraft Materials, from Ref. 4 &5.

A quantity that is very important to the overall performance of a material is the specific strength value.  The specific strength is the ratio of ultimate stress to density.  A high value of specific strength is desirable for a lightweight structure resistant to buckling and yield failure.  Graphite tow has the highest specific strength value followed by low cost E-glass.  E-glass is an inexpensive fiberglass fabric that offers similar properties of more expensive fabrics at a low cost.  Balsa’s specific strength performance is similar to the performance of mild steel. 
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Figure F-3.2: Specific Strength for Several Material, Properties from Reference 4 & 5.

Appendix F-3.3
Material Selection

After a review of the performance of the materials and feasible construction technique two materials were selected for further evaluations.  The traditional balsa wood construction was chosen for the relatively lightweight structure that can be constructed with it.  A combination of graphite tow and fiberglass was selected for it high strength and possibility of obtaining weight fractions closer to a full-scale aircraft.

The wing construction with balsa wood would employ a spruce spar, because of its high specific strength, and balsa secondary structure for ribs and leading and trailing edges.  Several previous 451 design groups have used this wing build up.

The composite wing will use a 2-ply fiberglass skin molded in a female mold and a graphite tow spar cap to assist in bending resistance.  This was construction technique was chosen using practical knowledge that will be tested to verify a successful design.
Appendix F-3.4
Structural Analysis

The analysis of the selected materials for spar construction was done with the solution to a uniformly loaded beam using Bernoulli-Euler Beam Theory (Ref 6 p. 746) were the max deflection () is given by:
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The spruce spar was assumed to be a box as shown in Figure F-3.3.
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Figure F-3.3: Spruce Spar Cross-section.

The graphite tow spar was assumed to consist of two concentrated areas separated by one inch (Figure F-3.4).  The exact area of the finished graphite tow is difficult to predict and it is assumed it will have an area similar to a 3/32” circle.
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Figure E-3.4: Graphite Tow Cross-section.

The spar utilizing graphite tow has a maximum deflection 3 times less than the maximum deflection of the spruce spar (Table E-3.1).

	Material
	E (psi)
	Iz (in4)
	 max (in)

	12k Graphite Tow
	4.00E+07
	3.45E-03
	0.283

	Spruce
	1.50E+06
	3.13E-02
	0.833


Table F-3.1: Results of Bernoulli-Euler Beam Analysis of Spars.

The weight performance of the wing structures was quantified using the ratio of wing weight-to-wing area.  From a historical database of AAE451 aircraft employing a balsa wood wing the Wwing/Swing was found to be 2.75 oz/ft2.

A weight build up using the composite construction developed above was used to estimate the weight performance of the composite wing.  The finished weight of the composite fabrics was calculated using the suggested fiber volume ratio of 50%.  This means the final weight of the composite matrix, including fiber and epoxy, is twice the weight of the dry fiber (Table F-3.2).
	 
	Surface Area (in^2)
	Fabric Weight (oz/sq. yd.)
	Number of Plies
	Fiber Volume Fraction [%]
	Weight [oz]
	Wwing/Swing [oz/ft2]

	Wing Skin
	1127.05
	2.3
	2
	50
	16.00
	2.151

	Spar
	2.3
	2.3
	2
	50
	0.03
	 

	Spar Caps
	48
	7.17E-04
	2
	50
	0.14
	 

	 
	 
	 
	 
	Total
	16.17
	2.174


Table F-3.2: Composite Wing Weight Estimation.

The Wwing/Swing ratio for the composite wing is 2.17 oz/ft2; this is a 20% reduction in final wing weight.

The strength and weight performance of the composite wing far surpass the balsa wing model.
Appendix E-3.5
Aerodynamic Finish
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To achieve the CLmax predicted for a wing using 2-d airfoil data applied to a 3-d wing the airfoil cross section must be well maintained along the span of the wing.  The typical balsa wing with a film covering does not meet this criteria with sags occurring in the film between the ribs that establish the airfoil cross section (Figure F-3.5).
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Figure E-3.5: Sagging of Film on Balsa Wing.

The definition of the airfoil cross section also relies on the skill of the fabricator of the ribs to match the correct cross section and position the ribs properly to each other.

The composite wing construction employs a 3-axis mill to machine female molds with a surface definition accuracy of .001 in. or less.  With proper surface preparation an extremely smooth wing surface can be obtained that will provide the wing characteristics used to predict the performance of the aircraft.

The best aerodynamic finish is obtained with the composite wing.
Appendix F-3.6
Manufacturing Considerations

The higher cost of manufacturing the molds required to fabricate a composite wing is offset by the reusability of the molds.  For molds that are not subjected the high heat cycles a large number of fiberglass parts can be fabricated on a single mold.

Appendix F-3.7
Conclusion/Further Analysis

The benefits of composite wing construction have been discussed above.  From the strength and aerodynamic benefits the composite wing appears to offer superior weight savings and aerodynamic quality.  The next step in this trade study is to construct a composite test model and verify the weight and strength predictions.

Appendix F-3.8
Test Results

The test wing fabricated to verify the predictions of the advantages of a composite wing showed positive results for all aspects except weight.  The weight prediction was off by a factor of 2.  This high error results from excess amount of epoxy absorbed by the foam core.  A possible solution to this problem is a honeycomb core that would not absorb epoxy.

Appendix F-4

Aircraft Structural Component Design

Appendix F-4.1
Wing Design
The design of the wing structure was done using historical data and designer knowledge.  The wing was designed to use a foam core sandwiched between a layer of fiberglass.  The foam core is not solid foam, but two sheets of foam one located on the upper surface and one located on the lower surface (Figure F-4.1 &  F-4.2). 
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Figure F-4.1:  Cross-section of Composite Wing.
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Figure F-4.2: Exploded View of Fiberglass/Core/Fiberglass Structure.

After a suitable fiberglass supplier was found, the weight of fiberglass was selected based on an acceptable finished wing weight.  The weight of fiberglass fabric gives a measure of the fabric strength.  A low weight fabric, 1.5 oz/sq. yd., is used primarily for a fine surface finish on parts.  Higher weight fabric, such as 3.0 oz/sq. yd., provide increased strength with a weight penalty.  To find the weight of a fiberglass part of the surface area of fabric used is multiplied by the weight of the fabric and a resin-to-fiber ratio.  The resin-to-fiber ratio is the ratio of the volume of resin to the volume of fiberglass used to form the composite matrix.  From Reference 10, an acceptable value for this ratio for a vacuum bagged part is 50%.  The surface area of the wing was calculated using the Ironcad model.  An acceptable weight was found using 3 oz/sq. yd. fiberglass (Table F-4.1)
	 
	Volume [in*]
	Density* [oz/*]
	Number of Plies
	Fiber Volume Fraction [%]
	Weight [oz]
	Weight/Swing [oz/ft2]

	Wing Skin
	1127.05
	1.5
	2
	50
	10.44
	2.706

	Spar
	6
	Foam w/ glass
	2
	50
	0.39
	0.101

	Foam
	60
	2.78E-02
	2
	-
	3.33
	0.864

	 
	 
	 
	 
	Total
	14.16
	3.671


Table F-4.1:  Wing Weight Estimation, Note * Indicates Varying Dimensional Quantities.
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The spar is critical for the joining of the left and right half wings.  A size constraint limits the largest aircraft piece to 6 ft., the wing span of DR2 is 7.6 ft.  A balsa and plywood spar was used with one layer of fiberglass on each side (Figure F-4.3).  

Figure F-4.3: Main Spar Bonded to Lower Wing
The plywood was used at the wing attachment.  The wings were joined with an aluminum angle, which was also used to join the wings to the fuselage (Figure F-4.4).
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Figure F-4.4: Aluminum Angle Wing Joint
The wing skins were bonded using the upper and lower molds to accurately position the wing skins.  A thin double stick tape was used to secure the wing skins to each mold.  A lightweight filler by WEST Systems was mixed with epoxy to form a bonding adhesive that was light and strong.  Filler was applied to the leading, traling edge, and the spar.

Appendix F-4.2

Mold Fabrication
The wing molds were fabricated using a 5-axis CNC mill (Figure F-4.5). 
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Figure F-4.5: 5-Axis CNC mill.

The program to run the CNC was created using Surfcam.  Surfcam allows the user to load geometry from a CAD package or define the geometry at the terminal.  The geometry of the wing molds were generated in Surfcam and then the program to run the CNC was compiled.  Three cuts were used to make each wing molds; a rough cut, final cut, and finishing cut.  The rough cut was done using the autorough command in Surfcam and a square end mill, quickly removing a significant amount of material.  The final cut was done in the spanwise direction with a ball end mill and a 0.020” scallop leaving .020” (Figure F-4.6).  The finishing cut was done in the chord wise direction with a 0.001” scallop.
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Figure F-4.5:  Final Spanwise cut of Upper Wing Skin Mold.
Appendix F-4.3

Fuselage Design
The fuselage was constructed using traditional balsa wood truss structure.  Previous 451 and historical data was used to size and space the truss members (Figure F-4.6).
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Figure F-4.6: Fuselage Structural Layout.

After several iterations the final landing gear attachment was fabricated using bass wood and a plywood plate, this provided a very strong landing gear mount (Figure F-4.7).
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Figure F-4.7:  Landing Attachment Structure.

Appendix F-4.4

Landing Gear
A composite landing gear assembly is employed on the aircraft.  This gear is shown below in Figure F-4.8.  The main landing gear is constructed of Divinycell foam with two layers of 10 oz/yd2 carbon graphite cloth.  The two 4-in. diameter rubber wheels are spaced 1.88 ft apart and provides the fuselage an 8 in clearance.  Impact loads are damped by the wheels, the struts, and the spring-loaded aluminum strip.  As the landing gear comes in contact with the ground, the wheels deflect outwards, stretching the aluminum strip.  The spring extending from the center of the strut to the aluminum strip resists the downward deflection of the strip.  After constructed, the 9.4 oz. main landing gear was loaded to 45 lb. without being damaged.

The rear landing gear was purchased and is attached to the rudder control linkage, allowing the pilot to control of the aircraft on the ground.  The rear 2.5-in. diameter foam wheel and mount can absorb mild loads and provides a 3-in. clearance for the tail.
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Figure F-4.8:  Rear and Front Landing Gear.
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Appendix G
Propulsion & Power
Appendix G-1
Introduction

This section will identify more specific information about the selection of the specific components of the propulsion and power system.  Specifically, the propeller analysis and Motocalc evaluation will be shown for a specific case to show how the selection process worked.

Appendix G-2
Propeller Selection Process

Before the propeller selection could be completed, a simple power train code was developed for the constraint code.  This code is located at the end of this appendix and has several arbitrary values contained in it at its current form.  This code evaluated the propulsion system from the propeller to the gearbox, to the electric motor, to the speed controller, and finally the power source.  Each step, the mechanical power required was calculated and finally the mechanical energy required transformed into electrical power.  This can be see step-wise in the code.  To meet the endurance mission, this code had output that suggested 14 batteries would be needed.

Once the constraint code had been evaluated, using every group members input, the thrust requirements became available.  These values, weight to power ratio and thrust at takeoff and cruise regimes, used in conjunction with the design requirements, were evaluated using Gold.m and Motocalc.  Gold.m is a propeller analysis program written based on Goldstein’s Theory and adapted to its current form by Professor Sulivan, an Aeronautical/Astronautical professor at Purdue University.  This code would output a given propeller thrust based on the size of the given propeller and flight speed.  Motocalc would then be used to evaluate the entire aircraft system, as well as the propeller, to determine if the flight endurance could be met.

The following flight requirements had to be met to keep the aircraft to takeoff and stay aloft:
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Table D-2.1:  Mission Thrust Requirements

Gold.m analysis of the propeller and Motocalc evaluation of motor and propeller are as follows:
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Table D-2.2:  Takeoff Conditions
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Table D-2.3:  Cruise Conditions

Based on the above information, the thrust provided by the propeller is excessive.  However, the power required by the propeller is closely sized, based on the power available to the power required by the propeller.  Although the propeller produces excessive thrust, which will guarantee all of the flight regimes, the power is quite close to the expected values, hence, in terms of power, it is not an excessive engine.  These numbers are theoretical predictions, and thus are considered to have higher performance characteristics than the actual values.  Therefore, the over thrust and greater power values, are expected, to be compensated for by the actual components and conditions.

Listed at the end of this Appendix are the codes used, in MatlabTM, to size the propulsion and power system.

Appendix G-3
Propeller Pitch Trade Study

Appendix G-3.1
Trade Study Purpose

The propeller pitch is very important to the design of an electrically powered remote controlled airplane.  Pitch is the forward advance of the propeller per revolution in inches.  The pitch therefore greatly affects the thrust and endurance of the aircraft.

For the Fall 2000 Senior Design Project a remotely controlled airplane will be constructed.  The propulsion system must have an endurance time of twelve minutes to meet the requirements of the Request for Proposal.  Therefore, the propulsive force of this aircraft is bound by the propeller size and pitch.  

Appendix G-3.2
Design Variables and Methods

The design variable for the propulsive system was limited to the propeller pitch.  This variable was determined based on the specific r/c aircraft in question.  Team DR2’s aircraft designed call for a propeller size large than the fuselage, which fixed the diameter value at a minimum of 14 inches as not to oversize the propeller.  The larger the  propeller becomes, the heavier and harder it is to turn.  Using a motor in the current inventory was another method for selecting a propeller diameter.  The diameter of 14 inches was chosen for these reasons.  Pitch therefore became the only real free variable in the propulsion system.

The first method of evaluating the propeller pitch will fix the propeller diameter.  The free variable is the propeller pitch.  Revolutions per minute (RPM, and flight speed, are other values that change but are constrained by the motor picked and flight design.  Using these constrained and free variables, the power absorbed and power generated by the propeller can be calculated.  The power absorbed and generated can then be analyzed for the given RPM and pitches.  Ultimately, the value for the propellers pitch can be determined.  This section can be completed using a simple MATLABTM script.

A second method of evaluating the propeller pitch uses the software program Motocalc.  This is used in conjunction with gold.m to evaluate the power availability of the engine and propeller selection.  Endurance time is the one of the primary missions, therefore the times provided by the pitch weight heavily on the results.

Appendix G-3.3
Evaluation of Pitch

Six different pitches were evaluated in this process.  Two were initially eliminated based on availability.  Pitches of 8, 10, and 12 were evaluated, whereas pitches of 9 and 11 were not available with diameter 14.  The preferred manufacturer of the propeller is Master Airscrew, who did not have these pitches.  

One trend that can be seen in the attached figures (Figures G-3.1- F-3.3) show both the power absorbed for a specific pitch and the effects of pitch and diameter on power.  The first plot shown on each of the figures shows the power absorbed by the propeller.  The trend from this plot is that as pitch is increased the power absorbed increases.  The second plot shows the power as a function of the RPM and pitch and diameter.    Since diameter is fixed the correct contour line can be evaluated.  In each case, the power required by such a large prop requires a high RPM.  This analysis does not account for gearing, but does however show that the high the pitch, the more power there is required.  The MatlabTM script shows the trends nicely.

Using the Motocalc software to evaluate the pitch proved more valuable once the above trends were identified.  Using a gearing ratio of 2.38:1 adjusted the power absorbed by the propeller.  In general the bigger the prop is the more power it will require to turn very fast.  However, spinning at a lower RPM setting makes larger propeller more efficient.  With this general knowledge, the analysis with Motocalc was more realistic.  Motocalc also takes into account a rough concept of the aircraft in determining flight performance at all stages of the aircrafts flight regime.

Inputting Team DR2’s design into Motocalc, and evaluating the propeller pitch for our flight variables.  Using conservative estimations on top of the Motocalc (Figure G-3.4- G-3.5) evaluation showed that the endurance time at the fixed cruise speed of 17 mph was exceeded by both the 8 and 10 inch pitched propellers.  Using gold.m, propeller thrust was exceed y both for the takeoff and cruise phase of flight (Refer to Propulsion Preliminary Design Review).  

Therefore we can see that both endurance and thrust were met.  The propeller pitch was determined to be 10 inches because of the higher amounts of thrust and power provided to the system, regardless that both propellers would work.  The 8-inch pitch was smaller and lighter, but that did not outweigh the desire to have more than enough time in endurance.  
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Figure G-3.1:  Propeller Pitch 8 Power Absorbed and RPM
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Figure G-3.2:  Propeller Pitch 10 Power Absorbed and RPM
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Figure G-3.3:  Propeller Pitch 12 Power Absorbed and RPM
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Figure G-3.4:  Full Throttle Flight Calculation taken from MotoCalcTM
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Figure G-3.5:  75% Throttle Flight Calculation taken from MotoCalcTM
Appendix G-4
Propulsion Codes
%  Propulsion System Analysis

%  Written By:  Mark Blanton

%  Class:  A&AE 451 Aircraft

%  Semester:  Fall 2000 Andrisani

%  Program:      enginebat

%  Description:  This function defines the power requirements

%                needed by the propulsion system.

%  Flight Requirements

thrust = 2.7607;                        %  Thrust required for phase of flight [lbf]

velocity = 23;                          %  Velocity Required for phase of flight [ft/s]

%  Propeller/Motor Parameters - Astro25G and Master Airscrew 14x10 Propeller

powerabsorbed = 0.39268;                %  Horsepower absorbed by the propeller [hp]

omegab = 5831;                          %  RPM of the propeller [rev/min]

N = 2.38;                               %  Gear Ratio for Astro25G [-]

Kv = 971;                               %  Motor Constant [RPM/volt]

%  Defined Parameters

nb = 0.70;                              %  Battery efficiency

batamp = 1700;                          %  Battery aperage [mA-h]

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%  Power Train Analysis

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

ftlbsreq = thrust*velocity;             %  Power required for phase of flight [ftlb/s]

hpreq = thrust*velocity/550;            %  Power required for phase of flight [hp]

torque = ftlbsreq/omegab;               %  Torque on the propeller [ft-lb]

omegam = omegab*N;                      %  Motor RPM [rev/min]

volt = omegam/Kv;                       %  Motor Required Voltage [volt]

current = (hpreq*745.69987)/volt;       %  Current Drawn [amp]

batnum = (current/(batamp/1000))/nb     %  Batteries required for flight [bat/hr]

%  This program gives a basic starting place for the battery number design.

%  Efficiencies not accounted for, hence the number is a base

% Malab version of gold.f

% Author of gold.f is Dr. Sulivan School of Aeronautics and Astronautics

% Purdue University

% Adapted in this version first by Prof. Andrisani and then by Mark Blanton

% For model aircraft propellers this code underestimates

% the power required. The underestimation is worse for RPM>10,000

% where it may underestimate by a factor of 0.5

% For RPM<10,000 the factor is about 0.75

echo off

format compact

clear

disp(' ')

disp('Start new run')

disp('Propeller Analysis using Goldsteins Classical Vortex Theory')

disp('  This code works for two bladed propellers only.')

disp(' ')

% Input constants

Din=14;      % propeller diameter (inches)

Pin=10;      % pitch of the propeller (inches)

RPM=6198;    % RPM of propeller

Vmph=20*60/88 ;

%Vmph=0 % airspeed in mph

rho=.002378; % air density (slug/ft**2) (sea level)

%rho=.002065; % air density (slug/ft**2) at 4750 feet

% Pin gives geometric angle to the flat part of the 

%   rear of the propeller

aoldeg=-6;   %-6 angle of zero lift of the propeller (degrees)

             %  measured from mean chord line (typically negative)

beta0deg=0.5; %0.5 angle from flat part of the prop to mean chord line

a=2*pi;      % lift curve slope of propeller

Cd0=.00655;      % 2-d minimum drag coefficient

k=.01;       % Cd = Cd0+k*Cl*Cl

B=2 ;        % number of blades (2 for standard type propeller)

% input nondimensional properties at each radial location 

% cR=c/R, x=r/R

x=[.3,.35,.4,.45,.5,.55,.6,.65,.7,.75,.8,.85,.9,.95,1.];

cR=.09*ones(size(x));

% END OF INPUTS

% Display inputs section

disp(['Diameter Din= ',num2str(Din),' inches'])

disp(['Pitch Pin= ',num2str(Pin),' inches'])

disp(['Angle of zero lift aoldeg= ',num2str(aoldeg),' degrees'])

disp(['Angle Flat side to mean chord beta0deg= ',num2str(beta0deg),' degrees'])

disp(['RPM= ',num2str(RPM),' rpm'])

disp(['2-d Lift curve slope a= ',num2str(a),' per rad'])

disp(['2-d Min drag coef Cd0= ',num2str(Cd0)])

disp(['k from 2-d drag polar= ',num2str(k)])

disp(['Number of blades B= ',num2str(B)])

disp(['air density rho= ',num2str(rho),' slug/ft^3'])

disp(['Airspeed Vmph= ',num2str(Vmph),' mph'])

% derived constants

V=Vmph*88/60; % airspeed in ft/sec

D=Din/12;     % Diameter in feet

R=D/2;        % Radius in feet

n=RPM/60;     % propeller frequency (rev/sec) or (hz)

omega=2*pi*n; % frequency of revolution of the propeller (rad/sec)

lamda=V/(omega*R);

r2d=180/pi;

Vt=omega*R;   % tip velocity (ft/sec)

J=V/(n*D);    % advance ratio

% Output scalar constants

disp(['Airspeed V= ',num2str(V),' ft/sec'])

disp(['Propeller Diameter D= ',num2str(D),' feet'])

disp(['Propeller Radius R= ',num2str(R),' feet'])

disp(['propeller RPS n= ',num2str(n),' hertz'])

disp(['omega= ',num2str(omega),' rad/sec'])

disp(['lamda= ',num2str(lamda)])

disp(['r2d= ',num2str(r2d),' deg/rad'])

disp(['Tip speed Vt= ',num2str(Vt),' ft/sec'])

disp(['Advance Ratio J= ',num2str(J)])

disp(' ')

%derived section constants

c=R*cR;    % chord in feet

cin=c*12;  % chord in inches

%disp(' ')

%disp('x in r/R and is nondimensional, cR=c/R, cin in the chord in inches')

%echo on

%disp([x',      cR',       cin'])

%echo off

%disp(' ')

beta1=atan(((Pin/Din)/pi)./x);

beta=beta1+(beta0deg-aoldeg)/r2d;

sigma=B*c/(pi*R);

r=x*R;

Vr=Vt*sqrt(x.*x+lamda*lamda);

phi=atan(lamda./x);

WtVt=.02*ones(size(c));  %initial guess

nr=length(c);

nr1=nr-1;

aiold=zeros(size(c));

for ii=1:40

        WaVt(1:nr1)=.5*(-lamda+sqrt(lamda*lamda+4*WtVt(1:nr1).*(x(1:nr1)-WtVt(1:nr1))));

        ai(1:nr1)=atan(WtVt(1:nr1)./WaVt(1:nr1))-phi(1:nr1);

        %ai(1:nr1)=atan((V+WaVt(1:nr1)*Vt)./(omega*r(1:nr1)-WtVt(1:nr1)*Vt))-phi(1:nr1);

        e=sum(abs(ai(1:nr1)-aiold(1:nr1)));

        iter=['Loop index= ',num2str(ii),'  error= ',num2str(e)];

        %disp(iter)

        if e<.0001 ; break; end

        aiold(1:nr1)=ai(1:nr1);

        Cl(1:nr1)=a*(beta(1:nr1)-ai(1:nr1)-phi(1:nr1));

        VeVt(1:nr1)=sqrt((lamda+WaVt(1:nr1)).^2+(x(1:nr1)-WtVt(1:nr1)).^2);

        gamma(1:nr1)=.5*c(1:nr1).*Cl(1:nr1).*VeVt(1:nr1)*Vt;

        sinphialp(1:nr1)=sin(phi(1:nr1)+ai(1:nr1));

        kappa(1:nr1)=kappa2(x(1:nr1),sinphialp(1:nr1));

        WtVt(1:nr1)=B*gamma(1:nr1)./(4*pi*Vt*r(1:nr1).*kappa(1:nr1));

end

Cl(nr)=0;

ai(nr)=beta(nr)-phi(nr);

VrVt=sqrt(lamda*lamda+1);

WaVt(nr)=VrVt*sin(ai(nr))*cos(ai(nr)+phi(nr));

WtVt(nr)=VrVt*sin(ai(nr))*sin(ai(nr)+phi(nr));

VeVt(nr)=sqrt((lamda+WaVt(nr))^2+(x(nr)-WtVt(nr))^2);

kappa(nr)=0;

Cd=Cd0+k*Cl.*Cl;

ZT=(pi/8)*(J*J+pi*pi*(x.*x)).*sigma;

ZP=pi*ZT.*x;

dCTdx=ZT.*(Cl.*cos(phi+ai)-Cd.*sin(phi+ai));

dCPdx=ZP.*(Cl.*sin(phi+ai)+Cd.*cos(phi+ai));

% Overall propeller performance

CT=trapi(dCTdx,x);

CP=trapi(dCPdx,x);

eta=CT*J/CP;

T=CT*rho*n^2*D^4;

P=CP*rho*n^3*D^5;

HP=P/550;

Pwatt=1.356*P;

torque=P/omega;

Clmax=max(Cl);

Toz=T*16;

PestWatts=1.31*D^4*(Pin/12)*(RPM/1000)^3;

% The above approximate formula works for 

% Top Flite, Zinger and Master Airscrews reasonably well.

% For Rev Up props subract .5 in from the pitch.

% For APC props use constant 1.11 instead of 1.31.

% For thin carbon fiber folding props use 1.18 instead of 1.31.

% Ref: Electric Motor Handbook, by Robert J. Boucher,

%    AstroFlight, Inc.

%echo on

%dat=[ x',     beta',     phi',     kappa',     ai',     WtVt']

%disp(' ')

%dat2=[x',     WaVt',     VeVt',    Cl',     dCTdx',    dCPdx']

%echo off

disp(' ')

disp(['Advance Ratio J= ',num2str(J)])

disp(['Thrust Coefficient CT= ',num2str(CT)])

disp(['Power Coefficient CP= ',num2str(CP)])

disp(['Propeller efficiency eta= ',num2str(eta)])

disp(['Speed V= ',num2str(V),' ft/sec'])

disp(['RPM= ',num2str(RPM),' rpm'])

disp(['Thrust T= ',num2str(T),' pounds'])

disp(['Thrust Toz= ',num2str(Toz),' ounces'])

disp(['Power used P= ',num2str(P),' ft*lbf/sec'])

disp(['Horsepower used HP= ',num2str(HP),' HP'])

disp(['Power used Pwatt= ',num2str(P),' watts'])

disp(['Torque used Q= ',num2str(torque),' ft*lbf'])

disp(['Torque used Q= ',num2str(torque*192),' in-oz'])

disp(['Clmax= ',num2str(Clmax)])

disp(' ')

disp(['Estimated power used, PestWatts= ',num2str(PestWatts),' watts, Ref: Boucher'])

disp(' ')

figure(1)

plot(x,dCTdx)

z=axis;

axis([0,1,0,z(4)])

title('Coefficient of Thrust vs. X-Position','FontSize',16);

xlabel('P(r_a)/r_r_e_f  [ ]','FontSize',14);

ylabel('dC_Tdx  [ ]','FontSize',14);

grid;

figure(2)

plot(x,dCPdx)

z=axis;

axis([0,1,0,z(4)])

title('Coefficient of Power vs. X-Position','FontSize',16);

xlabel('P(r_a)/r_r_e_f  [ ]','FontSize',14);

ylabel('dC_Pdx  [ ]','FontSize',14);

grid;

disp(' For model aircraft propellers this code underestimates') 

disp(' the power required. The underestimation is worse for RPM>10,000')

disp(' where it may underestimate by a factor of .5')

disp(' For RPM <10,000 the factor is about .75')

Appendix H
Economic Plan

Appendix H-1
Man-Hour Distribution
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The breakdown of man-hours was determined using timesheets, which were recorded every week.  The summation of the man-hours per team member can be seen in Table H-1.1.  The total number of man-hours for this project was 1805 hours.  This number can be found broken down, by week, for the team in Table H-1.2.  The total man-hour cost was $135,375 to design, build, and test DR2.
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Table H-1.1:  Engineering Man-hour Breakdown per Student.

Table H-1.2:  Engineering Man-hour Breakdown per Week for the Team.

Appendix H-2

Total Cost Prediction

Listed on the next page, Table H-2.1, is the breakdown of the total cost of the airplane.  Much like the Section 9 of the report, this breakdown shows the three different price listings:  the total price of everything, tip to tail, including donated materials, the second listing is the kit cost or the cost a sonsumer would pay for in a store, and the last, the charged dollar amount to the team.  Prices were taken from Tower Hobbies and from Hobby Time, a local R/C model shop.

Appendix I

Flight Cards

Attached on the following pages are the results of flight tests on their respective flight cards.  In their tabular form, all the pertinent flight information/numbers and notes were made after the flight was conducted.
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				2.22		0.625		0.0166		29.765414723				3.46		0.653		0.0146		36.1423940126				4.26		0.866		0.0203		39.6991126995				0.17		0.399		0.0192		13.1267772234				3.17		0.605		0.0225		20.9146472391				1.94		0.65		0.0211		24.836339035				1.22		0.546		0.0172		23.4563545308				4.24		0.745		0.0231		27.8369999864				-1.87		0.194		0.0135		6.329491579				-2.91		0.006		0.0227		0.0204739208				-0.36		0.067		0.0225		0.7707786667				-2.33		-0.004		0.0176		0				0.16		0.322		0.0141		12.9587972449				1.76		0.978		0.0405		23.8810412605				-1.08		0.065		0.0187		0.886193231				-0.89		0.138		0.0166		3.0882364286				0.22		0.684		0.0265		21.3470702183				0.56		0.356		0.0194		10.9489700307				3.13		0.833		0.0158		48.1183154744				2.43		0.598		0.0296		15.6228428752				2.12		0.538		0.0172		22.9427232596				1.62		0.538		0.0196		20.1334102074				3.23		0.829		0.0188				-1.04		0.144		0.03				0		0.873		0.025				0.92		1.136		0.028				-0.83		0.343		0.014				0.17		0.394		0.0176				1.2		0.5		0.023				0.18		0.43		0.022				2.01		0.553		0.0142				5.26		0.789		0.021				-2.91		0.011		0.0191				2.35		0.608		0.021				-0.04		0.183		0.028				-1.93		-0.088		0.016				-1.73		0.013		0.0137				0.18		0.443		0.0185				0.19		0.457		0.0148				1.77		0.494		0.0166				0.18		0.479		0.0193				-1.85		0.277		0.0199				0.15		0.296		0.0127				3.19		0.547		0.0154				-1.87		-0.082		0.0331				-3.45		-0.187		0.0206				-0.94		0.203		0.0193				0.1		0.379		0.033				2.2		0.468		0.0196				3.15		0.839		0.0201				2.06		0.539		0.015				-1.87		0.212		0.0207

				3.24		0.726		0.0184		33.6191793509				4.3		0.73		0.0159		39.2271870068				5.77		0.993		0.0181		54.6695246682				1.2		0.501		0.0179		19.8108704424				4.64		0.759		0.0206		32.0992912614				3.49		0.829		0.0186		40.5806362221				2.22		0.644		0.019		27.2003943266				6.29		0.944		0.0228		40.2275093495				-0.85		0.294		0.0162		9.8402465759				-1.88		0.136		0.02		2.5077160924				0.65		0.12		0.0253		1.6430521495				-1.31		0.138		0.0193		2.6562033531				1.18		0.415		0.0158		16.9205726949				3.28		1.118		0.0411		28.7621193083				-0.03		0.256		0.0183		7.0779722929				0.16		0.282		0.0166		9.0212262394				1.26		0.778		0.026		26.3934430175				2.08		0.501		0.0175		20.2636903382				4.55		0.961		0.0164		57.4435449842				4.05		0.819		0.0241		30.7545098655				3.59		0.684		0.0187		30.2511957639				3.15		0.694		0.0179		32.2987841925				4.24		0.922		0.0193				0.34		0.349		0.0237				1.09		0.981		0.028				1.75		1.213		0.029				0.18		0.44		0.0149				1.2		0.481		0.0181				2.22		0.604		0.0241				1.21		0.529		0.0252				3.56		0.701		0.016				7.29		0.968		0.0223				-1.9		0.076		0.0188				3.57		0.729		0.0206				1		0.362		0.0282				-0.91		0.002		0.0179				-0.66		0.171		0.0144				1.21		0.536		0.0189				1.21		0.553		0.0139				3.27		0.638		0.0165				1.22		0.617		0.0185				-0.83		0.369		0.0206				1.17		0.454		0.0137				4.73		0.684		0.0157				-0.85		0.025		0.0336				-2.37		-0.094		0.0152				0.08		0.311		0.023				1.13		0.483		0.0383				3.22		0.558		0.0209				4.59		0.953		0.0185				3.64		0.683		0.0159				-0.84		0.303		0.02

				4.27		0.815		0.0197		37.3482439581				5.99		0.879		0.0193		42.6998160015				7.3		1.1		0.0214		53.9107351863				2.21		0.595		0.0184		24.9435133946				6.2		0.907		0.0193		44.7562428389				5.02		0.963		0.0173		54.62523616				3.25		0.742		0.0191		33.4635869252				7.32		1.045		0.0219		48.7787111273				0.17		0.378		0.0171		13.5906925949				-0.86		0.26		0.021		6.3130717787				1.66		0.185		0.0293		2.7157511509				-0.01		0.265		0.0211		6.4652653729				2.2		0.51		0.0188		19.3730239285				4.85		1.267		0.0403		35.3883143324				1.01		0.34		0.0166		11.9429135196				1.18		0.415		0.0161		16.6052825205				2.27		0.87		0.0271		29.943984414				3.64		0.622		0.0183		26.8061527066				6.15		1.103		0.018		64.3562549599				5.54		0.943		0.0191		47.943989752				5.18		0.842		0.0197		39.219487216				4.67		0.846		0.0195		39.9044136012				5.27		1.015		0.0202				1.33		0.445		0.0213				2.04		1.074		0.0276				2.59		1.291		0.0303				1.21		0.545		0.013				2.23		0.569		0.0174				3.24		0.7		0.0223				2.23		0.627		0.0256				5.07		0.845		0.0185				8.32		1.056		0.0199				-0.89		0.149		0.0193				5.41		0.914		0.0186				1.87		0.48		0.0278				0.14		0.152		0.019				0.05		0.281		0.0165				2.23		0.633		0.0209				2.23		0.642		0.0144				5.03		0.801		0.0174				2.25		0.732		0.0183				0.2		0.477		0.0183				2.21		0.548		0.013				6.27		0.816		0.0191				0.25		0.152		0.0331				-1.39		-0.013		0.0142				1.06		0.397		0.0263				2.25		0.616		0.0428				4.23		0.643		0.0221				6.22		1.06		0.0219				5.24		0.834		0.0176				0.17		0.403		0.0182

				5.28		0.899		0.0206		41.3782688668				7.32		0.995		0.0225		44.1115281257				8.7		1.183		0.0296		43.4695761759				3.25		0.691		0.0179		32.0895805284				7.72		1.033		0.0207		50.7201041682				6.56		1.089		0.0185		61.4285255532				4.25		0.834		0.0196		38.8591238669				8.33		1.133		0.0209		57.7030246882				1.19		0.464		0.019		16.635021629				0.17		0.392		0.0212		11.5769255288				2.62		0.26		0.0331		4.0052721255				0.72		0.322		0.0231		7.9099152014				3.22		0.601		0.0199		23.4130844491				6.22		0.945		0.1296		7.0883101389				2.01		0.405		0.0172		14.9849082408				2.21		0.522		0.016		23.571421388				3.3		0.974		0.0263		36.5496049183				5.13		0.757		0.0224		29.4032814424				7.58		1.206		0.0216		61.3150674794				7.06		1.076		0.0166		67.2373082813				6.83		1.005		0.021		47.9766365334				6.16		0.975		0.0245		39.2953208504				6.29		1.093		0.0205				2.27		0.535		0.0179				3.1		1.179		0.0286				3.72		1.372		0.0332				2.23		0.64		0.018				3.24		0.661		0.0177				4.26		0.791		0.0222				3.25		0.726		0.0255				6.45		0.972		0.0208				9.33		1.116		0.0271				0.15		0.265		0.0204				6.68		1.031		0.0202				3.27		0.567		0.0263				1.17		0.287		0.019				1.24		0.46		0.0171				3.25		0.731		0.0224				3.25		0.729		0.0152				6.31		0.921		0.0192				3.27		0.818		0.0173				1.22		0.577		0.0197				3.23		0.624		0.0127				7.78		0.92		0.0237				1.08		0.183		0.0379				-0.29		0.096		0.0168				2.09		0.488		0.0281				2.95		0.708		0.0427				5.26		0.73		0.0238				7.69		1.167		0.0269				7.09		1.007		0.0213				1.21		0.512		0.0177

				6.29		0.984		0.0215		45.3998259325				9.23		1.146		0.0271		45.2697019925				10.35		1.284		0.0423		34.3959388537				4.25		0.782		0.0186		37.1789555658				9.29		1.152		0.0255		48.488476425				7.98		1.191		0.025		51.9909356869				5.29		0.922		0.0198		44.7127304291				9.35		1.21		0.0227		58.6343612335				2.22		0.563		0.0195		21.6634679478				1.2		0.523		0.0197		19.1993403344				3.7		0.38		0.0367		6.3827719922				1.77		0.409		0.0262		9.9835195034				4.24		0.692		0.0217		26.5276884155				7.71		0.974		0.1425		6.7456463814				3.03		0.482		0.0182		18.3865043728				3.23		0.622		0.0163		30.0952511982				4.32		1.074		0.0249		44.6999538706				6.44		0.864		0.0241		33.3237272477				9.11		1.265		0.0345		41.2398135571				8.62		1.211		0.0202		65.9727891516				8.25		1.147		0.0215		57.1355834925				7.73		1.089		0.0322		35.2927864203				7.32		1.179		0.022				3.28		0.631		0.0167				4.25		1.27		0.0287				4.85		1.461		0.0376				3.26		0.732		0.0188				4.26		0.75		0.0181				5.28		0.886		0.0212				4.27		0.822		0.0222				8.16		1.124		0.0234				10.33		1.148		0.0408				1.17		0.373		0.0241				7.98		1.145		0.0233				3.84		0.614		0.026				2.18		0.355		0.0203				2.32		0.561		0.0163				4.27		0.824		0.022				4.26		0.816		0.0176				8.1		1.077		0.0255				4.28		0.914		0.0161				2.24		0.678		0.0212				4.24		0.715		0.014				9.3		1.006		0.0299				2.31		0.292		0.0427				0.68		0.225		0.0194				3.14		0.643		0.0277				4.2		0.961		0.0359				6.27		0.825		0.024				9.26		1.291		0.0337				8.22		1.097		0.024				2.23		0.608		0.0183

				7.33		1.069		0.0239		46.2454124195				10.39		1.199		0.033		39.7845852338				11.73		1.341		0.0589		26.3650058475				5.28		0.876		0.019		43.1521618785				12.3		1.299		0.0326		45.4146662095				9.59		1.266		0.0332		42.9054513365				6.3		1.004		0.0191		52.6704709951				10.35		1.238		0.0232		59.3735452916				3.23		0.651		0.0207		25.3747129137				2.23		0.636		0.0198		25.6165407995				4.77		0.608		0.0302		15.6981482428				2.8		0.499		0.0291		12.1131704786				5.26		0.783		0.021		32.993117093				9.25		0.995		0.1941		5.1133919775				4.03		0.552		0.0195		21.0316819339				4.24		0.713		0.0164		36.7105124308				5.34		1.174		0.0234		54.3608561465				8.3		1.018		0.0263		39.0540356631				10.6		1.319		0.0459		33.0030827087				10.13		1.304		0.0311		47.880204657				9.76		1.227		0.0249		54.5842688046				9.27		1.184		0.0443		29.0819703519				8.31		1.248		0.0231				4.3		0.714		0.0176				5.22		1.35		0.0309				5.74		1.529		0.0418				4.27		0.83		0.0193				5.28		0.836		0.0193				6.31		0.979		0.0206				5.29		0.916		0.0198				9.67		1.254		0.0257				11.34		1.171		0.0452				2.19		0.474		0.026				9.92		1.25		0.031				4.86		0.703		0.0278				3.21		0.445		0.0188				3.33		0.641		0.0166				5.29		0.914		0.0203				5.28		0.903		0.0192				9.39		1.164		0.0295				5.3		0.995		0.0175				3.26		0.771		0.0238				5.26		0.803		0.0166				10.82		1.056		0.0436				3.3		0.369		0.0471				1.74		0.394		0.0199				4.32		0.811		0.0234				5.1		1.095		0.0298				7.3		0.922		0.0255				10.71		1.386		0.0422				9.9		1.22		0.0264				3.24		0.711		0.0182

				8.33		1.146		0.0251		48.8768495617																								6.29		0.963		0.0209		45.2161045727														11.1		1.302		0.0499		29.772542969				7.33		1.065		0.0233		47.1702839575														4.25		0.736		0.0205		30.8008612564				3.25		0.734		0.0182		34.5519610837				5.73		0.734		0.0231		27.2227572175				3.82		0.601		0.0291		16.0110096405				6.28		0.881		0.0202		40.9366682244				10.7		1.056		0.1924		5.6401520179				5.07		0.634		0.0207		24.3872899256				5.27		0.804		0.0166		43.4286155765				6.36		1.277		0.0262		55.0788741725				9.63		1.126		0.027		44.2531124819				12.45		1.35		0.0838		18.7178789405				11.65		1.371		0.0441		36.4013585737				11.22		1.233		0.0407		33.6395521773														9.34		1.312		0.0242				5.31		0.799		0.0208				6.35		1.449		0.0333				6.72		1.588		0.0481				5.29		0.919		0.0199				6.3		0.916		0.0217				7.31		1.065		0.0203				6.31		1.009		0.0191				11.19		1.321		0.0363				12.35		1.176		0.0543				3.22		0.552		0.0292												5.97		0.811		0.0256				4.22		0.547		0.0174				4.19		0.711		0.0162				6.3		1.003		0.0192				6.3		0.981		0.0219				11.07		1.245		0.0355				6.3		1.068		0.0206				4.27		0.864		0.0204				6.28		0.885		0.02				11.81		1.048		0.0679				4.23		0.456		0.0549				2.68		0.537		0.0196				5.23		0.9		0.0195				6.08		1.203		0.0235				8.32		1.009		0.0268				12.31		1.445		0.0576												4.27		0.805		0.0186

				9.35		1.215		0.0285		46.9915269076																								7.32		1.043		0.0214		49.7751628159																								8.32		1.12		0.0311		38.1124304616														5.28		0.817		0.0219		33.7201090116				4.26		0.828		0.02		37.671725206				6.78		0.839		0.0189		40.6612885335				4.84		0.708		0.0245		24.3155334683				7.31		0.979		0.0194		49.9312349701														6.07		0.722		0.0213		28.8022352257				6.28		0.897		0.017		49.9734972321				7.39		1.373		0.0259		62.1163662214				11.05		1.217		0.029		46.2954030508																																												10.37		1.353		0.0263				6.3		0.883		0.0229				7.16		1.512		0.0343												6.31		1.012		0.0214				7.31		0.992		0.0244				8.33		1.143		0.0225				7.33		1.09		0.0202												13.32		1.11		0.146				4.23		0.64		0.0292												7.3		0.926		0.0236				5.25		0.643		0.0165				5.47		0.819		0.0174				7.33		1.09		0.0199				7.32		1.053		0.0253												7.33		1.139		0.0228				6.32		1.037		0.0248				7.3		0.958		0.0236												5.2		0.657		0.0451				3.56		0.647		0.0173				6.2		0.995		0.0184				7.27		1.285		0.0218				9.34		1.093		0.0274																				5.29		0.894		0.0212
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		SG 6040

		SG 6042

		SG 6043

		Spica

		Trainer 60

		USNPS 4

		WASP

		WB 135






_1035032928.unknown

_1035072042.unknown

_1037395266.unknown

_1037625927.xls
equipment properties

																										(oz-in^2)		(oz-in^2)		(oz-in^2)

				x [in]		y[in]		z[in]		W [oz]		C.g x [%]		C.g y [%]		C.g z [%]		x_C.g.[in]		y_C.g. [in]		z_C.g. [in]				Ixx		Iyy		Izz

		S3101		0.85		0.43		0.78		0.60		0.5		0.5		0.5		0.425		0.215		0.39				0.04		0.07		0.05

		S148		1.59		0.78		1.42		1.50		0.5		0.5		0.5		0.795		0.39		0.71				0.33		0.57		0.39

		Receiver		1.39		2.52		0.82		1.50		0.5		0.5		0.5		0.695		1.26		0.41				0.88		0.33		1.04

		Receiver Battery		2.25		1.88		0.50		0.77		0.5		0.5		0.5		1.125		0.9375		0.25				0.24		0.34		0.55

		Motor & Gearbox		3.50		1.62		1.62		13.00		0.5		0.5		0.5		1.75		0.81		0.81				5.69		16.11		16.11

		Speed Control		2.50		1.25		0.50		1.76		0.5		0.50		0.5		1.25		0.625		0.25				0.27		0.95		1.15

		Battery Pack (2 rows, )		4.50		2.00		2.50		30.86		0.5		0.5		0.5		2.25		1		1.25				26.36		68.15		62.36

		Tattle Tale 8		5.5		2.5		1.5		18.48		0.5		0.5		0.5		2.75		1.25		0.75				13.09		50.05		56.21

		Interface Box		1.13		3.63		5.75		0.00		0.5		0.5		0.5		0.5625		1.8125		2.875				0.00		0.00		0.00

		Gyro		1.25		1.25		1.25		2.54		0.5		0.5		0.5		0.625		0.625		0.625				0.66		0.66		0.66

		Propeller		0.50		14.00		14.00		1.46		0.5		0.5		0.5		0.25		7		7				47.69		23.88		23.88

		Gyro Interface Box		2		1.5		0.5		1.09		0.5		0.5		0.5		1		0.75		0.25				0.23		0.39		0.57

		Battery Pack		4.5		2		2.5		30.86		0.5		0.5		0.5		2.25		1		1.25				26.36		68.15		62.36

		Horizontal Tail		9.00		36.00		0.25		6.00		0.5		0.5		0.5		4.5		18		0.125				648.03		40.53		688.50

		Vertical Tail		7.75		0.3125		17.28		5.00		0.5		0.5		0.5		3.875		0.15625		8.64				124.46		149.44		25.07

		Lower Wing		11.57		92.56		1.00		24.00		0.4		0.5		0.5		3.965		46.2816		0.5				17137.89		269.75		17403.64

		Upper Wing		11.57		92.56		1.00		24.00		0.4		0.5		0.5		3.965		46.2816		0.5				17137.89		269.75		17403.64

		Landing Gear		2		36		6		9.40		0.5		0.5		0.5		1		18		3				1043.40		31.33		1018.33

		Fuselage		66.00		4.00		12.00		26.00		0.4		0.5		0.5		26.4		2		6

		Front		12		4		12		4		0.5		0.5		0.5		6		2		6				53.33		96.00		53.33

		Mid		22		5		12		14		0.5		0.5		0.5		11		2.5		6				197.17		732.67		593.83

		Rear		32		3		4		8		0.5		0.5		0.5		16		1.5		2				16.67		693.33		688.67

		Right Strut		0.75		0.25		10		0.53		0.5		0.5		0.5		0.375		0.125		5				4.42		4.44		0.03

		Left Strut		0.75		0.25		10		0.53		0.5		0.5		0.5		0.375		0.125		5				4.42		4.44		0.03

		Left Aileron Servo Upper (TS-10)

		Left Aileron Servo  Lower (JR NES-331)

		Right Aileron Servo Upper (TS-10)

		Right Lower Aileron Servo (JR NES-331)

		Rudder Servo (S132H)

		Elevator Servo (S132H)

		Receiver

		Receiver Battery Pack

		Motor & Gearbox

		Speed Control

		Battery Pack

		Tattle Tale 8

		Interface Box

		Gyro

		Gyro Interface

		Propeller

		Landing Gear

		Upper Wing

		Lower Wing

		Right Strut

		Left Strut

		Horizontal Stabilizer

		Vertical Stabilizer

		Fuselage: (l x w x h)

		Front (12"x4"x6")

		Mid (22"x5"x12")

		Rear (32"x3"x4")



CCC:
Based on approximate surface area of each box

Kinda sketchy calcs for I's of LG



c.g. old

		

						Equipment		Weight [oz]

						Left Aileron Servo (S3101)		0.6

						Right Aileron Servo (S3101)		0.6

						Rudder Servo (S148)		1.5

						Elevator Servo (S148)		1.5

						Receiver		1.5

						Receiver Battery Pack		0.77

						Motor & Gearbox		13

						Battery Pack		30.86

						Tattle Tale 8		18.48

						Interface Box		0

						Gyro		2.54

						Propeller		1.46

		Xcg=2.609				Airframe

						Fuselage		26

						Horizontal Tail		6

						Vertical Tail		5

						Lower Wing		24

						Upper Wing		24

								157.81





Chart2

		Left Aileron Servo Upper (TS-10)

		Left Aileron Servo  Lower (JR NES-331)

		Right Aileron Servo Upper (TS-10)

		Right Lower Aileron Servo (JR NES-331)

		Rudder Servo (S132H)

		Elevator Servo (S132H)

		Receiver

		Receiver Battery Pack

		Motor & Gearbox

		Speed Control

		Battery Pack

		Tattle Tale 8

		Interface Box

		Gyro

		Gyro Interface

		Propeller

		Landing Gear

		Upper Wing

		Lower Wing

		Right Strut

		Left Strut

		Horizontal Stabilizer

		Vertical Stabilizer

		Fuselage: (l x w x h)

		Front (12"x4"x6")

		Mid (22"x5"x12")

		Rear (32"x3"x4")
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Chart1

		Avionics		0.0561872678

		Motor & Gearbox		0.077180313

		Speed Control		0.0082119853

		Battery Pack		0.1707228523

		Interface Box (Payload)		0.0926163756

		Gyro System		0.0216104876

		Propeller		0.0045073303

		Landing Gear		0

		Upper Wing		0.130959555

		Lower Wing		0.130959555

		Struts		0

		Horizontal Stabilizer		0.040603019

		Vertical Stabilizer		0.0270686794

		Fuselage: (l x w x h)		0.162414546



Manufactured

Predicted

Weight Fraction Percent [Component Weight / Wo]

Comparison of Weight Fractions

0.0432996699

0.0587573808

0.0047005905

0.1394809825

0.0836162727

0.0164068686

0.0065989058

0.0424861061

0.2104418193

0.1879332227

0.0047909864

0.0180791941

0.0158192948

0.1675887056



Sheet1

		

						Part		Weight (oz.)		Weight Fraction				Part		Weight (oz.)		Weight Fraction		Predicted Weight		Predicted Weight Fraction		Error

						Left Aileron Servo Upper (TS-10)		0.6		0.27%				Avionics		9.58		4.33%		9.1		5.62%		29.8%

						Left Aileron Servo  Lower (JR NES-331)		0.6		0.27%				Motor & Gearbox		13		5.88%		12.5		7.72%		31.4%

						Right Aileron Servo Upper (TS-10)		0.6		0.27%				Speed Control		1.04		0.47%		1.33		0.82%		74.7%

						Right Lower Aileron Servo (JR NES-331)		0.6		0.27%				Battery Pack		30.86		13.95%		27.65		17.07%		22.4%

						Rudder Servo (S132H)		1.5		0.68%				Interface Box (Payload)		18.5		8.36%		15		9.26%		10.8%

						Elevator Servo (S132H)		1.5		0.68%				Gyro System		3.63		1.64%		3.5		2.16%		31.7%

						Receiver		1.5		0.68%				Propeller		1.46		0.66%		0.73		0.45%		-31.7%

						Receiver Battery Pack		2.68		1.21%				Landing Gear		9.4		4.25%		-		-		-

						Motor & Gearbox		13		5.88%				Upper Wing		46.56		21.04%		21.21		13.10%		-37.8%

						Speed Control		1.04		0.47%				Lower Wing		41.58		18.79%		21.21		13.10%		-30.3%

						Battery Pack		30.86		13.95%				Struts		1.06		0.48%		-		-		-

						Tattle Tale 8 (payload)		0		0.00%				Horizontal Stabilizer		4		1.81%		6.576		4.06%		124.6%

						Interface Box		18.5		8.36%				Vertical Stabilizer		3.5		1.58%		4.384		2.71%		71.1%

						Gyro		2.54		1.15%				Fuselage: (l x w x h)		37.0788		16.76%		26.3044		16.24%		-3.1%

						Gyro Interface		1.09		0.49%				Aircraft		221.2488		100.00%		161.9584		100.00%

						Propeller		1.46		0.66%

						Landing Gear		9.4		4.25%

						Upper Wing		46.56		21.04%

						Lower Wing		41.58		18.79%

						Right Strut		0.53		0.24%

						Left Strut		0.53		0.24%

						Horizontal Stabilizer		4		1.81%

						Vertical Stabilizer		3.5		1.58%

						Avionics				0.00%

						Fuselage: (l x w x h)		37.0788		16.76%

						Aircraft		221.2488





Sheet2

		

								Aircraft Moments of Inertia (oz-in^2)

						Ixx		Iyy		Izz

				Predicted		0.52		0.53		0.97

				Actual		0.60		0.49		0.94

				Error		12.83%		6.84%		3.32%





Inertia_old

		

								Part Moments of Inertia (oz-in^2)						Aircraft Moments of Inertia (oz-in^2)

				Part		Ixx		Iyy		Izz		Ixx		Iyy		Izz

				Left Aileron Servo (S3101)		0.040		0.067		0.045		453.894		79.516		393.640

				Right Aileron Servo (S3101)		0.040		0.067		0.045		453.894		79.516		393.640

				Rudder Servo (S148)		0.328		0.568		0.392		1.237		25.429		25.140

				Elevator Servo (S148)		0.328		0.568		0.392		1.237		25.429		25.140

				Receiver		0.878		0.326		1.035		0.938		10.002		10.651

				Receiver Battery Pack		0.841		1.186		1.916		2.008		137.830		137.393

				Motor & Gearbox		5.468		15.494		15.494		5.765		4188.627		4188.329

				Speed Control		0.266		0.953		1.146		2.605		397.759		395.612

				Battery Pack		15.449		115.938		113.887		215.671		2670.744		2468.472

				Tattle Tale 8		7.539		6.602		3.578		9.213		343.164		338.467

				Interface Box		26.952		20.025		8.404		27.339		495.425		483.417

				Gyro		0.911		0.911		0.911		1.669		210.313		209.556

				Propeller		26.133		13.083		13.083		26.152		322.659		322.640

				Nose Weight								0.095		8.750		8.655

				Upper Wing		17143.892		275.748		17403.640		18052.875		1334.021		17552.930

				Lower Wing		17137.892		269.748		17403.640		17958.050		1239.196		17552.930

												0.000		0.000		0.000

				Horizontal Stabilizer		648.031		40.531		688.500		648.174		10639.331		11287.157

				Vertical Stabilizer		115.685		134.074		18.441		371.599		9723.379		9351.832

				Fuselage: (l x w x h)

				Front (12"x4"x6")		53.333		96.000		53.333		53.476		1184.938		1142.129

				Mid (22"x5"x12")		197.167		732.667		593.833		197.547		767.665		628.451

				Rear (32"x3"x4")		16.667		693.333		688.667		16.809		5240.575		5235.766

				Aircraft								38500.2		39124.3		72151.9

														Moments of Inertia (slug-ft^2)

												0.52		0.53		0.97

														Aircraft Moments of Inertia (oz-in^2)

												Ixx		Iyy		Izz

										Predicted		0.519		0.528		0.973

										Actual		0.596		0.494		0.942

										Error		12.8%		-6.8%		-3.3%





C.G

		

										Location (in)				Equipment Dimensions [in]						Equipment Inertias [oz-in^2]						Aircraft Inertias [oz-in^2]										(w*d)		(w*d)		(w*d)

				Part		Weight (oz.)		x - (F.S.)		y - (W.S.)		z - (W.L.)		x		y		z		Ixx		Iyy		Izz		Ixx		Iyy		Izz						x		y		z

				Left Aileron Servo Upper (TS-10)		0.6		23.75		-20.75		6.5		0.85		0.43		0.78		0.039665		0.066545		0.04537		287.33		35.40		267.19						14.25		-12.45		3.9

				Left Aileron Servo  Lower (JR NES-331)		0.6		23.75		-19.75		-6.5		0.85		0.43		0.78		0.039665		0.066545		0.04537		259.43		363.85		572.52						14.25		-11.85		-3.9

				Right Aileron Servo Upper (TS-10)		0.6		23.75		20.75		6.5		0.85		0.43		0.78		0.039665		0.066545		0.04537		283.73		363.85		596.82						14.25		12.45		3.9

				Right Lower Aileron Servo (JR NES-331)		0.6		23.75		19.75		-6.5		0.85		0.43		0.78		0.039665		0.066545		0.04537		259.43		363.85		572.52						14.25		11.85		-3.9

				Rudder Servo (S132H)		1.5		26.75		1.5		0		1.59		0.78		1.42		0.3281		0.5680625		0.3920625		3.70		1073.91		1077.11						40.125		2.25		0

				Elevator Servo (S132H)		1.5		26.75		-1.5		0		1.59		0.78		1.42		0.3281		0.5680625		0.3920625		3.70		1073.91		1077.11						40.125		-2.25		0

				Receiver		1.5		24		-1		-3.5		1.39		2.52		0.82		0.87785		0.3255625		1.0353125		20.75		882.70		866.54						36		-1.5		-5.25

				Receiver Battery Pack		2.68		26.5		-0.5		-3.5		2.25		1.25		1.25		0.6979166667		1.4795833333		1.4795833333		34.20		1916.34		1884.18						71.02		-1.34		-9.38

				Motor & Gearbox		13		2		0		0		3.50		1.62		1.62		5.6862		16.1139333333		16.1139333333		5.69		68.11		68.11						26		0		0

				Speed Control		1.04		5.25		0		1		2.50		1.25		0.50		0.1570833333		0.5633333333		0.6770833333		1.20		30.27		29.34						5.46		0		1.04

				Battery Pack		30.86		14		0		0		4.5		2		2.5		26.3595833333		68.1491666667		62.3629166667		26.36		6116.71		6110.92						432.04		0		0

				Tattle Tale 8 (payload)		0		15		0		-3		5.5		2.5		1.5		0		0		0		0.00		0.00		0.00						0		0		0

				Interface Box		18.5		0		0		0		0		0		0		0		0		0		0.00		0.00		0.00						0		0		0

				Gyro		2.54		26.5		1		-3.5		1.25		1.25		1.25		0.6614583333		0.6614583333		0.6614583333		34.32		1815.49		1786.92						67.31		2.54		-8.89

				Gyro Interface		1.09		24		1		-3.5		2		1.5		0.5		0.2270833333		0.3860416667		0.5677083333		14.67		641.58		629.50						26.16		1.09		-3.815

				Propeller		1.46		-1		0		0		0.50		14.00		14.00		47.6933333333		23.8770833333		23.8770833333		47.69		25.34		25.34						-1.46		0		0

				Landing Gear		9.4		17		0		-9.75		2		36		6		1043.4		31.3333333333		1018.3333333333		1936.99		3641.52		3734.93						159.8		0		-91.65

				Upper Wing		46.56		23.25		2.00		6.5		11.64		94.08		0.5		34343.030032		526.669648		34867.75968		36496.43		27662.42		60222.59						1082.52		93.12		302.64

				Lower Wing		41.58		23.5		-2		-6.5		11.64		94.08		0.5		30669.742026		470.337714		31138.34724		32592.82		25189.65		54267.22						977.13		-83.16		-270.27

				Right Strut		0.53		21.75		35.25		0		0.75		0.25		10		4.4194270833		4.4415104167		0.0276041667		662.98		255.16		909.31						11.5275		18.6825		0

				Left Strut		0.53		21.75		-35.25		0		0.75		0.25		10		4.4194270833		4.4415104167		0.0276041667		662.98		255.16		909.31						11.5275		-18.6825		0

				Horizontal Stabilizer		4		59.5		0		0		7.75		34.56		0.3125		398.1637520833		20.0533854167		418.1520333333		398.16		14181.05		14579.15						238		0		0

				Vertical Stabilizer		3.5		60.25		0		5.5		7.75		0.3125		17.28		87.1196830729		104.6094291667		17.5467122396		192.99		12915.70		12722.77						210.875		0		19.25

																																				0		0		0

				Fuselage: (l x w x h)																																0		0		0

				Front (12"x4"x6")		12.3596		10		0		0		12		4		6		53.5582666667		185.394		164.7946666667		53.56		1421.35		1400.75						123.596		0		0

				Mid (22"x5"x12")		12.3596		24		0		0		22		5		12		174.0643666667		646.8190666667		524.2530333333		174.06		7765.95		7643.38						296.6304		0		0

				Rear (32"x3"x4")		12.3596		45		0		0		32		3		4		25.7491666667		1071.1653333333		1063.9555666667		25.75		26099.36		26092.15						556.182		0		0

								Center of Gravity [inches from nose]

				Aircraft		221.2488		20.1925090667		0.0485878341		-0.2997756372														74478.91		134158.66		198045.68						20.1925090667		0.0485878341		-0.2997756372

																								Disregard				Moments of Inertia (slug-ft^2)

																										1.0047201913		1.8097997271		2.6716353531

																										1.0071711721		1.8688424475		2.7284870561



Updated 12/2

Kinda sketchy calcs for I's of LG



Inertia

		

								Location (in)						Part Moments of Inertia (oz-in^2)						Aircraft Moments of Inertia (oz-in^2)

		Part		Weight (oz.)		x - (F.S.)		y - (W.S.)		z - (W.L.)		Ixx		Iyy		Izz		Ixx		Iyy		Izz

		Left Aileron Servo Upper (TS-10)		0.6		23.75		-20.75		6.5		0.04		0.07		0.05		287.331		35.402		267.188

		Left Aileron Servo  Lower (JR NES-331)		0.6		23.75		-19.75		-6.5		0.04		0.07		0.05		258.296		30.726		242.829

		Right Aileron Servo Upper (TS-10)		0.6		23.75		20.75		6.5		0.04		0.07		0.05		284.911		35.402		264.768

		Right Lower Aileron Servo (JR NES-331)		0.6		23.75		19.75		-6.5		0.04		0.07		0.05		255.993		30.726		240.526

		Rudder Servo (S132H)		1.5		26.75		1.5		0		0.33		0.57		0.39		3.623		65.204		68.053

		Elevator Servo (S132H)		1.5		26.75		-1.5		0		0.33		0.57		0.39		4.060		65.204		68.490

		Receiver		1.5		24		-1		-3.5		0.88		0.33		1.04		17.889		37.433		24.430

		Receiver Battery Pack		2.68		26.5		-0.5		-3.5		0.24		0.34		0.55		28.495		134.410		107.979

		Motor & Gearbox		13		2		0		0		5.69		16.11		16.11		6.885		4319.858		4318.721

		Speed Control		1.04		5.25		0		1		0.27		0.95		1.15		2.025		234.920		233.358

		Battery Pack		30.86		14		0		0		26.36		68.15		62.36		29.206		1254.316		1245.829

		Tattle Tale 8		18.5		15		0		-3		13.09		50.05		56.21		148.021		683.737		555.053

		Interface Box		0		0		0		0

		Gyro		2.54		26.5		1		-3.5		0.66		0.66		0.66		28.974		127.727		104.013

		Gyro Interface		1.09		24		1		-3.5		0.23		0.39		0.57		12.377		27.351		17.356

		Propeller		1.46		-1		0		0		47.69		23.88		23.88		47.828		679.727		679.599

		Landing Gear		9.4		17		0		-9.75		1043.40		31.33		1018.33		1882.906		966.623		1114.161

		Upper Wing		46.56		23.25		2		6.5		17137.89		269.75		17403.64		19467.985		2857.795		18016.196

		Lower Wing		41.58		23.5		-2		-6.5		17137.89		269.75		17403.64		18910.842		2323.063		18033.004

		Right Strut		0.53		21.75		35.25		0		4.42		4.44		0.03		661.211		5.775		658.057

		Left Strut		0.53		21.75		-35.25		0		4.42		4.44		0.03		664.842		5.775		661.688

		Horizontal Stabilizer		4		59.5		0		0		648.03		40.53		688.50		648.400		6221.206		6868.825

		Vertical Stabilizer		3.5		60.25		0		5.5		124.46		149.44		25.07		242.196		5883.282		5641.184

																		0.000		0.000		0.000

		Fuselage: (l x w x h)																0.000		0.000		0.000

		Front (12"x4"x6")		12.3596		10		0		0		53.33		96.00		53.33		54.473		1381.115		1337.367

		Mid (22"x5"x12")		12.3596		24		0		0		197.17		732.67		593.83		198.307		912.954		773.039

		Rear (32"x3"x4")		12.3596		45		0		0		16.67		693.33		688.67		17.807		8300.685		8294.937

						Center of Gravity [inches from nose/Thrustline/Thrustline]

		Aircraft		221.2488		20.19		0.05		-0.30								44164.881		36620.417		69836.653

																				Moments of Inertia (slug-ft^2)

																		0.60		0.49		0.94

								1.63		19.56

		Calculate CG

		Left Aileron Servo Upper (TS-10)				0.064407129		-0.0562714916		0.0176272142

		Left Aileron Servo  Lower (JR NES-331)				0.064407129		-0.0535596125		-0.0176272142

		Right Aileron Servo Upper (TS-10)				0.064407129		0.0562714916		0.0176272142

		Right Lower Aileron Servo (JR NES-331)				0.064407129		0.0535596125		-0.0176272142

		Rudder Servo (S132H)				0.1813569158		0.0101695467		0

		Elevator Servo (S132H)				0.1813569158		-0.0101695467		0

		Receiver				0.1627127469		-0.0067796978		-0.0237289423

		Speed Control				0.3209960913		-0.00605653		-0.0423957102

		Motor & Gearbox				0.1175147617		0		0

		Speed Control				0.0246780999		0		0.0047005905

		Gyro				0.3042276387		0.0114802883		-0.0401810089

		Gyro Interface				0.1182379294		0.0049265804		-0.0172430314

		Propeller				-0.0065989058		0		0

		Landing Gear

		Nose Weight				0.7222638044		0		-0.4142395349

		Upper Wing				4.8927722998		0.4208836387		1.3678718257

		Lower Wing				4.4164307332		-0.3758664454		-1.2215659475

		Right Strut						0.084441136		0

		Left Strut				0.0521019775		-0.084441136		0

		Horizontal Stabilizer				1.0757120491		0		0

		Vertical Stabilizer						0		0

		Front (12"x4"x6")				0.5586290186		0		0

		Mid (22"x5"x12")				1.3407096445		0		0

		Rear (32"x3"x4")				2.5138305835		0		0
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		AIRCRAFT PARAMETERS

		General								General

		Length		5.75		ft						0.0204		[]

		Width		7.84		ft				Ixx		0.6		slug-ft^2

		Height		2.00		ft				Iyy		0.49		slug-ft^2

		Wto		13.73		lbs				Izz		0.94		slug-ft^2

		We		10.65		lbs				CG		20.19		in

		Wbattery		1.93		lbs

		Wpayload		1.16		lbs

		Wing

		Span		7.84		ft

		Chord		0.97		ft

		Wing Area (total)		15.20		ft^2

		Aspect Ratio		8.10		[]

		Taper Ratio		1.00		[]

		Dihedral		0.00		deg

		Sweep		0.00		deg

		Upper Wing Incidence		0.00		deg

		Lower Wing Incidence		-2.00		deg

		Airfoil		S-1210

		Thickness-to-Chord Ratio		0.12		[]

		Ailerons (each)

		Span		2.17		ft

		% SemiSpan		55.25		%

		Chord		0.25		ft

		% Chord		25.81		%

		Up Deflection		10.00		deg

		Down Deflection		10.00		deg

		Horizontal Tail

		Span		2.88		ft

		Root Chord		0.81		ft

		Tip Chord		0.63		ft

		Tail Area		2.16		ft^2

		Aspect Ratio		3.83		[]

		Taper Ratio		0.77		[]

		Incidence		-2.00		deg

		Airfoil		Flat Plate

		Thickness		0.03		ft

		t/c		3.62		%

		Horizontal Stabilizer

		Span		2.88		ft

		Root Chord		0.48		ft

		Tip Chord		0.29		ft

		Elevator

		Span		2.88		ft

		% Span		100.00		%

		Chord		0.33		ft

		% Root Chord HT		0.41		%

		% Tip Chord HT		0.53		%

		Up Deflection		18.00		deg

		Down Deflection		15.00		deg

		Vertical Tail

		Span		1.44		ft

		Root Chord		0.96		ft

		Tip Chord		0.43		ft

		Tail Area		1.15		ft^2

		Aspect Ratio		1.80		[]

		Taper Ratio		0.45		[]

		Airfoil		Flat Plate

		Thickness		0.03		ft

		t/c		3.76		%

		Vertical Stabilizer

		Span		1.44		ft

		Root Chord		0.46		ft

		Tip Chord		0.18		ft

		Rudder

		Span		1.71		ft

		% Span		118.84		%

		Root Chord		0.50		ft

		Tip Chord		0.25		ft

		% Root Chord VT		0.26		%

		% Tip Chord VT		0.59		%

		Up Deflection		25.00		deg

		Down Deflection		25.00		deg

		Fuselage

		Length		5.10		ft

		Max Width		0.44		ft

		Front Width		0.21		ft

		Aft Width		0.15		ft

		Side Area		3.69		ft^2

		Top/Bottom Area		1.25		ft^2

		Wetted Area		9.98		ft^2

		Landing Gear								Propeller

		Main Gear Wheel Base		1.88		ft				Diameter		14.00		in

		Tail to Main Wheel		4.10		ft				Pitch		8.00		in

		Clearance MG		0.64-0.67		ft				Clearance, 3-Wheel		0.79-0.83		ft

		Clearance TW		0.23-0.27		ft				Clearance, 2-Wheel		0.42-0.79		ft
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		Week 1		8/21-8/27

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total				WEEK		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16				25

		Chris Peters		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Chris Peters		3		6		17.75		13.5		18.75		17.25		16		28.25		41		40.75		34.5		58.5		83.5		10		23.5		0		412.25		10306.25

		Jeff Rodrian		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Jeff Rodrian		3		6		15		12		23		12.5		29		30.5		39.5		31.5		44.25		59.5		87.5		10		23.5		0		426.75		10668.75

		Chris Curtis		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Chris Curtis		3		3		13		14.25		13.5		15.5		26		19		25.5		10.75		20.5		34		56		10		17		0		281		7025

		Mark Blanton		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Mark Blanton		3		11		16.75		14.5		20.5		21		10		20		20		14.5		21		41.5		77.5		16		20.5		0		327.75		8193.75

		Loren Garrisson		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				Loren Garrisson		0		0		22.75		10		17.25		26.75		17.5		23.75		47.25		27.25		31.5		32		65		10		21.5		0		352.5		8812.5

		Team		0.00		4.00		4.00		4.00		0.00		0.00		0.00		12.00		12.00				Team		12		26		85.25		64.25		93		93		98.5		121.5		173.25		124.75		151.75		225.5		369.5		56		106		0		1800.25

																																																										45006.25

		Week 2		8/28-9/3

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		3.00		2.00		1.00		0.00		0.00		0.00		6.00		9.00

		Jeff Rodrian		0.00		3.00		2.00		1.00		0.00		0.00		0.00		6.00		9.00

		Chris Curtis		0.00		0.00		1.00		1.00		1.00		0.00		0.00		3.00		6.00

		Mark Blanton		0.00		5.00		1.00		2.00		0.00		2.00		1.00		11.00		14.00

		Loren Garrisson		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Team		0.00		11.00		6.00		5.00		1.00		2.00		1.00		26.00		38.00

		Week 3		9/4-9/10

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		5.00		3.00		3.25		4.25		0.00		0.00		2.25		17.75		26.75

		Jeff Rodrian		5.00		3.50		0.00		4.25		0.00		0.00		2.25		15.00		24.00

		Chris Curtis		2.00		2.00		3.00		0.00		3.00		0.00		3.00		13.00		19.00

		Mark Blanton		3.00		5.00		1.25		5.00		0.00		0.00		2.50		16.75		30.75

		Loren Garrisson		3.00		5.50		2.50		5.50		0.00		2.00		4.25		22.75		22.75

		Team		18.00		19.00		10.00		19.00		3.00		2.00		14.25		85.25		123.25

		Week 4		9/11-9/17

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		2.75		1.25		1.50		1.00		2.00		5.00		13.50		40.25

		Jeff Rodrian		0.00		2.75		1.25		1.00		0.00		2.00		5.00		12.00		36.00

		Chris Curtis		1.50		2.75		3.00		0.00		1.00		0.00		6.00		14.25		33.25

		Mark Blanton		0.75		2.75		3.75		1.00		1.50		0.00		4.75		14.50		45.25

		Loren Garrisson		0.00		2.75		1.25		1.00		0.00		0.00		5.00		10.00		32.75

		Team		2.25		13.75		10.50		4.50		3.50		4.00		25.75		64.25		187.50

		Week 5		9/18-9/24

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		6.75		7.75		4.25		0.00		0.00		0.00		0.00		18.75		59.00

		Jeff Rodrian		5.00		8.00		5.00		2.00		2.00		0.00		1.00		23.00		59.00

		Chris Curtis		3.25		3.25		6.00		1.00		0.00		0.00		0.00		13.50		46.75

		Mark Blanton		4.50		7.50		5.50		3.00		0.00		0.00		0.00		20.50		65.75

		Loren Garrisson		5.25		7.75		4.25		0.00		0.00		0.00		0.00		17.25		50.00

		Team		24.75		34.25		25.00		6.00		2.00		0.00		1.00		93.00		280.50

		Week 6		9/25-10/1

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		7.00		2.50		5.75		1.00		0.00		1.00		0.00		17.25		76.25

		Jeff Rodrian		7.00		4.50		0.00		1.00		0.00		0.00		0.00		12.50		71.50

		Chris Curtis		4.00		3.00		2.50		4.00		0.00		0.00		2.00		15.50		62.25

		Mark Blanton		4.50		8.50		4.50		2.50		0.00		0.00		1.00		21.00		86.75

		Loren Garrisson		5.50		5.00		5.75		3.00		0.00		1.00		6.50		26.75		76.75

		Team		28.00		23.50		18.50		11.50		0.00		2.00		9.50		93.00		373.50

		Week 7		10/2-10/8

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		4.00		3.00		6.00		3.00		0.00		0.00		0.00		16.00		92.25

		Jeff Rodrian		4.00		13.00		6.00		2.00		0.00		0.00		4.00		29.00		100.50

		Chris Curtis		4.00		6.00		8.00		3.00		0.00		0.00		5.00		26.00		88.25

		Mark Blanton		2.50		5.00		1.00		1.00		0.50		0.00		0.00		10.00		96.75

		Loren Garrisson		6.00		4.00		0.00		5.00		0.00		0.00		2.50		17.50		94.25

		Team		20.50		31.00		21.00		14.00		0.50		0.00		11.50		98.50		472.00

		Week 8		10/9-10/15

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		0.00		1.00		7.50		2.00		8.00		9.75		28.25		120.50

		Jeff Rodrian		6.00		0.00		2.00		1.00		3.50		14.00		4.00		30.50		131.00

		Chris Curtis		6.50		5.00		0.50		3.00		0.00		0.00		4.00		19.00		107.25

		Mark Blanton		0.00		1.00		1.50		5.50		0.00		5.00		7.00		20.00		116.75

		Loren Garrisson		2.00		4.25		3.00		4.50		4.00		3.00		3.00		23.75		118.00

		Team		14.50		10.25		8.00		21.50		9.50		30.00		27.75		121.50		593.50

		Week 9		10/16-10/22

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		7.75		2.50		7.25		4.50		3.50		2.50		13.00		41.00		161.50

		Jeff Rodrian		0.00		6.00		7.00		7.00		7.00		4.50		8.00		39.50		170.50

		Chris Curtis		2.00		4.00		2.50		3.50		2.00		4.50		7.00		25.50		132.75

		Mark Blanton		8.00		1.50		0.00		3.50		0.00		5.00		2.00		20.00		136.75

		Loren Garrisson		4.00		7.25		9.50		13.00		4.00		6.50		3.00		47.25		165.25

		Team		21.75		21.25		26.25		31.50		16.50		23.00		33.00		173.25		766.75

		Week 10		10/23-10/29

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		7.50		11.00		6.50		2.25		2.50		0.00		11.00		40.75		202.25

		Jeff Rodrian		4.50		3.00		10.00		2.00		3.00		5.00		4.00		31.50		202.00

		Chris Curtis		0.00		2.75		8.00		0.00		0.00		0.00		0.00		10.75		143.50

		Mark Blanton		0.50		5.00		4.00		1.00		0.00		0.00		4.00		14.50		151.25

		Loren Garrisson		7.50		2.75		6.00		1.50		1.00		0.00		8.50		27.25		192.50

		Team		20.00		24.50		34.50		6.75		6.50		5.00		27.50		124.75		891.50

		Week 11		10/30-11/5

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		6.25		15.00		4.00		2.00		0.00		0.00		12.00		39.25		241.50

		Jeff Rodrian		5.50		6.50		4.00		6.00		4.25		6.00		12.00		44.25		246.25

		Chris Curtis		5.50		3.00		4.00		1.50		0.00		0.00		6.50		20.50		164.00

		Mark Blanton		6.00		3.00		4.00		1.50		0.00		0.00		6.50		21.00		172.25

		Loren Garrisson		7.50		12.00		4.00		2.00		0.00		0.00		6.00		31.50		224.00

		Team		30.75		39.50		20.00		13.00		4.25		6.00		43.00		156.50		1048.00

		Week 12		11/6-11/12

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		8.00		2.50		0.00		6.00		12.00		16.00		14.00		58.50		300.00

		Jeff Rodrian		8.00		2.50		1.00		6.00		12.00		16.00		14.00		59.50		305.75

		Chris Curtis		7.00		8.00		6.00		5.00		0.00		0.00		8.00		34.00		198.00

		Mark Blanton		5.50		6.00		6.00		6.00		4.00		2.00		12.00		41.50		213.75

		Loren Garrisson		0.00		0.00		0.00		6.00		7.50		9.50		9.00		32.00		256.00

		Team		28.50		19.00		13.00		29.00		35.50		43.50		57.00		225.50		1273.50

		Week 13		11/13-11/19

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		10.00		13.00		14.50		16.50		11.00		14.00		4.50		83.50		383.50

		Jeff Rodrian		10.00		13.00		16.50		16.50		13.00		14.00		4.50		87.50		393.25

		Chris Curtis		6.00		13.00		8.00		8.00		9.00		11.00		1.00		56.00		254.00

		Mark Blanton		9.50		6.50		14.50		14.00		11.00		12.50		9.50		77.50		291.25

		Loren Garrisson		7.50		10.50		9.50		14.00		8.00		12.00		3.50		65.00		321.00

		Team		43.00		56.00		63.00		69.00		52.00		63.50		23.00		369.50		1643.00

		Week 14		11/20-11/26

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		393.50

		Jeff Rodrian		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		403.25

		Chris Curtis		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		264.00

		Mark Blanton		9.00		7.00		0.00		0.00		0.00		0.00		0.00		16.00		307.25

		Loren Garrisson		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		331.00

		Team		33.00		23.00		0.00		0.00		0.00		0.00		0.00		56.00		1699.00

		Week 15		11/27-12/3

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		3.00		0.00		1.00		0.00		8.50		11.00		23.50		417.00

		Jeff Rodrian		0.00		3.00		0.00		1.00		0.00		8.50		11.00		23.50		426.75

		Chris Curtis		0.00		0.50		0.00		1.00		0.00		6.50		9.00		17.00		281.00

		Mark Blanton		0.00		0.50		0.00		2.50		4.00		4.50		9.00		20.50		327.75

		Loren Garrisson		0.00		3.00		0.00		1.00		0.00		6.50		11.00		21.50		352.50

		Team		0.00		10.00		0.00		6.50		4.00		34.50		51.00		106.00		1805.00

		Week 16		12/4-12/10

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		417.00

		Jeff Rodrian		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		426.75

		Chris Curtis		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		281.00

		Mark Blanton		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		327.75

		Loren Garrisson		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		352.50

		Team		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1805.00				135375
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Sheet1

		Week 1		8/21-8/27

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total				WEEK		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16				25

		Chris Peters		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Chris Peters		3		6		17.75		13.5		18.75		17.25		16		28.25		41		40.75		34.5		58.5		83.5		10		23.5		0		412.25		10306.25

		Jeff Rodrian		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Jeff Rodrian		3		6		15		12		23		12.5		29		30.5		39.5		31.5		44.25		59.5		87.5		10		23.5		0		426.75		10668.75

		Chris Curtis		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Chris Curtis		3		3		13		14.25		13.5		15.5		26		19		25.5		10.75		20.5		34		56		10		17		0		281		7025

		Mark Blanton		0.00		1.00		1.00		1.00		0.00		0.00		0.00		3.00		3.00				Mark Blanton		3		11		16.75		14.5		20.5		21		10		20		20		14.5		21		41.5		77.5		16		20.5		0		327.75		8193.75

		Loren Garrisson		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				Loren Garrisson		0		0		22.75		10		17.25		26.75		17.5		23.75		47.25		27.25		31.5		32		65		10		21.5		0		352.5		8812.5

		Team		0.00		4.00		4.00		4.00		0.00		0.00		0.00		12.00		12.00				Team		12		26		85.25		64.25		93		93		98.5		121.5		173.25		124.75		151.75		225.5		369.5		56		106		0		1800.25

																																																										45006.25

		Week 2		8/28-9/3

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		3.00		2.00		1.00		0.00		0.00		0.00		6.00		9.00

		Jeff Rodrian		0.00		3.00		2.00		1.00		0.00		0.00		0.00		6.00		9.00

		Chris Curtis		0.00		0.00		1.00		1.00		1.00		0.00		0.00		3.00		6.00

		Mark Blanton		0.00		5.00		1.00		2.00		0.00		2.00		1.00		11.00		14.00

		Loren Garrisson		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Team		0.00		11.00		6.00		5.00		1.00		2.00		1.00		26.00		38.00

		Week 3		9/4-9/10

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		5.00		3.00		3.25		4.25		0.00		0.00		2.25		17.75		26.75

		Jeff Rodrian		5.00		3.50		0.00		4.25		0.00		0.00		2.25		15.00		24.00

		Chris Curtis		2.00		2.00		3.00		0.00		3.00		0.00		3.00		13.00		19.00

		Mark Blanton		3.00		5.00		1.25		5.00		0.00		0.00		2.50		16.75		30.75

		Loren Garrisson		3.00		5.50		2.50		5.50		0.00		2.00		4.25		22.75		22.75

		Team		18.00		19.00		10.00		19.00		3.00		2.00		14.25		85.25		123.25

		Week 4		9/11-9/17

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		2.75		1.25		1.50		1.00		2.00		5.00		13.50		40.25

		Jeff Rodrian		0.00		2.75		1.25		1.00		0.00		2.00		5.00		12.00		36.00

		Chris Curtis		1.50		2.75		3.00		0.00		1.00		0.00		6.00		14.25		33.25

		Mark Blanton		0.75		2.75		3.75		1.00		1.50		0.00		4.75		14.50		45.25

		Loren Garrisson		0.00		2.75		1.25		1.00		0.00		0.00		5.00		10.00		32.75

		Team		2.25		13.75		10.50		4.50		3.50		4.00		25.75		64.25		187.50

		Week 5		9/18-9/24

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		6.75		7.75		4.25		0.00		0.00		0.00		0.00		18.75		59.00

		Jeff Rodrian		5.00		8.00		5.00		2.00		2.00		0.00		1.00		23.00		59.00

		Chris Curtis		3.25		3.25		6.00		1.00		0.00		0.00		0.00		13.50		46.75

		Mark Blanton		4.50		7.50		5.50		3.00		0.00		0.00		0.00		20.50		65.75

		Loren Garrisson		5.25		7.75		4.25		0.00		0.00		0.00		0.00		17.25		50.00

		Team		24.75		34.25		25.00		6.00		2.00		0.00		1.00		93.00		280.50

		Week 6		9/25-10/1

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		7.00		2.50		5.75		1.00		0.00		1.00		0.00		17.25		76.25

		Jeff Rodrian		7.00		4.50		0.00		1.00		0.00		0.00		0.00		12.50		71.50

		Chris Curtis		4.00		3.00		2.50		4.00		0.00		0.00		2.00		15.50		62.25

		Mark Blanton		4.50		8.50		4.50		2.50		0.00		0.00		1.00		21.00		86.75

		Loren Garrisson		5.50		5.00		5.75		3.00		0.00		1.00		6.50		26.75		76.75

		Team		28.00		23.50		18.50		11.50		0.00		2.00		9.50		93.00		373.50

		Week 7		10/2-10/8

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		4.00		3.00		6.00		3.00		0.00		0.00		0.00		16.00		92.25

		Jeff Rodrian		4.00		13.00		6.00		2.00		0.00		0.00		4.00		29.00		100.50

		Chris Curtis		4.00		6.00		8.00		3.00		0.00		0.00		5.00		26.00		88.25

		Mark Blanton		2.50		5.00		1.00		1.00		0.50		0.00		0.00		10.00		96.75

		Loren Garrisson		6.00		4.00		0.00		5.00		0.00		0.00		2.50		17.50		94.25

		Team		20.50		31.00		21.00		14.00		0.50		0.00		11.50		98.50		472.00

		Week 8		10/9-10/15

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		0.00		1.00		7.50		2.00		8.00		9.75		28.25		120.50

		Jeff Rodrian		6.00		0.00		2.00		1.00		3.50		14.00		4.00		30.50		131.00

		Chris Curtis		6.50		5.00		0.50		3.00		0.00		0.00		4.00		19.00		107.25

		Mark Blanton		0.00		1.00		1.50		5.50		0.00		5.00		7.00		20.00		116.75

		Loren Garrisson		2.00		4.25		3.00		4.50		4.00		3.00		3.00		23.75		118.00

		Team		14.50		10.25		8.00		21.50		9.50		30.00		27.75		121.50		593.50

		Week 9		10/16-10/22

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		7.75		2.50		7.25		4.50		3.50		2.50		13.00		41.00		161.50

		Jeff Rodrian		0.00		6.00		7.00		7.00		7.00		4.50		8.00		39.50		170.50

		Chris Curtis		2.00		4.00		2.50		3.50		2.00		4.50		7.00		25.50		132.75

		Mark Blanton		8.00		1.50		0.00		3.50		0.00		5.00		2.00		20.00		136.75

		Loren Garrisson		4.00		7.25		9.50		13.00		4.00		6.50		3.00		47.25		165.25

		Team		21.75		21.25		26.25		31.50		16.50		23.00		33.00		173.25		766.75

		Week 10		10/23-10/29

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		7.50		11.00		6.50		2.25		2.50		0.00		11.00		40.75		202.25

		Jeff Rodrian		4.50		3.00		10.00		2.00		3.00		5.00		4.00		31.50		202.00

		Chris Curtis		0.00		2.75		8.00		0.00		0.00		0.00		0.00		10.75		143.50

		Mark Blanton		0.50		5.00		4.00		1.00		0.00		0.00		4.00		14.50		151.25

		Loren Garrisson		7.50		2.75		6.00		1.50		1.00		0.00		8.50		27.25		192.50

		Team		20.00		24.50		34.50		6.75		6.50		5.00		27.50		124.75		891.50

		Week 11		10/30-11/5

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		6.25		15.00		4.00		2.00		0.00		0.00		12.00		39.25		241.50

		Jeff Rodrian		5.50		6.50		4.00		6.00		4.25		6.00		12.00		44.25		246.25

		Chris Curtis		5.50		3.00		4.00		1.50		0.00		0.00		6.50		20.50		164.00

		Mark Blanton		6.00		3.00		4.00		1.50		0.00		0.00		6.50		21.00		172.25

		Loren Garrisson		7.50		12.00		4.00		2.00		0.00		0.00		6.00		31.50		224.00

		Team		30.75		39.50		20.00		13.00		4.25		6.00		43.00		156.50		1048.00

		Week 12		11/6-11/12

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		8.00		2.50		0.00		6.00		12.00		16.00		14.00		58.50		300.00

		Jeff Rodrian		8.00		2.50		1.00		6.00		12.00		16.00		14.00		59.50		305.75

		Chris Curtis		7.00		8.00		6.00		5.00		0.00		0.00		8.00		34.00		198.00

		Mark Blanton		5.50		6.00		6.00		6.00		4.00		2.00		12.00		41.50		213.75

		Loren Garrisson		0.00		0.00		0.00		6.00		7.50		9.50		9.00		32.00		256.00

		Team		28.50		19.00		13.00		29.00		35.50		43.50		57.00		225.50		1273.50

		Week 13		11/13-11/19

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		10.00		13.00		14.50		16.50		11.00		14.00		4.50		83.50		383.50

		Jeff Rodrian		10.00		13.00		16.50		16.50		13.00		14.00		4.50		87.50		393.25

		Chris Curtis		6.00		13.00		8.00		8.00		9.00		11.00		1.00		56.00		254.00

		Mark Blanton		9.50		6.50		14.50		14.00		11.00		12.50		9.50		77.50		291.25

		Loren Garrisson		7.50		10.50		9.50		14.00		8.00		12.00		3.50		65.00		321.00

		Team		43.00		56.00		63.00		69.00		52.00		63.50		23.00		369.50		1643.00

		Week 14		11/20-11/26

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		393.50

		Jeff Rodrian		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		403.25

		Chris Curtis		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		264.00

		Mark Blanton		9.00		7.00		0.00		0.00		0.00		0.00		0.00		16.00		307.25

		Loren Garrisson		6.00		4.00		0.00		0.00		0.00		0.00		0.00		10.00		331.00

		Team		33.00		23.00		0.00		0.00		0.00		0.00		0.00		56.00		1699.00

		Week 15		11/27-12/3

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		3.00		0.00		1.00		0.00		8.50		11.00		23.50		417.00

		Jeff Rodrian		0.00		3.00		0.00		1.00		0.00		8.50		11.00		23.50		426.75

		Chris Curtis		0.00		0.50		0.00		1.00		0.00		6.50		9.00		17.00		281.00

		Mark Blanton		0.00		0.50		0.00		2.50		4.00		4.50		9.00		20.50		327.75

		Loren Garrisson		0.00		3.00		0.00		1.00		0.00		6.50		11.00		21.50		352.50

		Team		0.00		10.00		0.00		6.50		4.00		34.50		51.00		106.00		1805.00

		Week 16		12/4-12/10

				Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday		Total hrs in Week		Accumulated Total

		Chris Peters		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		417.00

		Jeff Rodrian		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		426.75

		Chris Curtis		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		281.00

		Mark Blanton		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		327.75

		Loren Garrisson		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		352.50

		Team		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1805.00				135375
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		AIRCRAFT PARAMETERS

		General								General

		Length		5.75		ft						0.0204		[]

		Width		7.84		ft				Ixx		0.6		slug-ft^2

		Height		2.00		ft				Iyy		0.49		slug-ft^2

		Wto		13.73		lbs				Izz		0.94		slug-ft^2

		We		10.65		lbs				CG		20.19		in

		Wbattery		1.93		lbs

		Wpayload		1.16		lbs

		Wing

		Span		7.84		ft

		Chord		0.97		ft

		Wing Area (total)		15.20		ft^2

		Aspect Ratio		8.10		[]

		Taper Ratio		1.00		[]

		Dihedral		0.00		deg

		Sweep		0.00		deg

		Upper Wing Incidence		0.00		deg

		Lower Wing Incidence		-2.00		deg

		Airfoil		S-1210

		Thickness-to-Chord Ratio		0.12		[]

		Ailerons (each)

		Span		2.17		ft

		% SemiSpan		55.25		%

		Chord		0.25		ft

		% Chord		25.81		%

		Up Deflection		10.00		deg

		Down Deflection		10.00		deg

		Horizontal Tail

		Span		2.88		ft

		Root Chord		0.81		ft

		Tip Chord		0.63		ft

		Tail Area		2.16		ft^2

		Aspect Ratio		3.83		[]

		Taper Ratio		0.77		[]

		Incidence		-2.00		deg

		Airfoil		Flat Plate

		Thickness		0.03		ft

		t/c		3.62		%

		Horizontal Stabilizer

		Span		2.88		ft

		Root Chord		0.48		ft

		Tip Chord		0.29		ft

		Elevator

		Span		2.88		ft

		% Span		100.00		%

		Chord		0.33		ft

		% Root Chord HT		0.41		%

		% Tip Chord HT		0.53		%

		Up Deflection		18.00		deg

		Down Deflection		15.00		deg

		Vertical Tail

		Span		1.44		ft

		Root Chord		0.96		ft

		Tip Chord		0.43		ft

		Tail Area		1.15		ft^2

		Aspect Ratio		1.80		[]

		Taper Ratio		0.45		[]

		Airfoil		Flat Plate

		Thickness		0.03		ft

		t/c		3.76		%

		Vertical Stabilizer

		Span		1.44		ft

		Root Chord		0.46		ft

		Tip Chord		0.18		ft

		Rudder

		Span		1.71		ft

		% Span		118.84		%

		Root Chord		0.50		ft

		Tip Chord		0.25		ft

		% Root Chord VT		0.26		%

		% Tip Chord VT		0.59		%

		Up Deflection		25.00		deg

		Down Deflection		25.00		deg

		Fuselage

		Length		5.10		ft

		Max Width		0.44		ft

		Front Width		0.21		ft

		Aft Width		0.15		ft

		Side Area		3.69		ft^2

		Top/Bottom Area		1.25		ft^2

		Wetted Area		9.98		ft^2

		Landing Gear								Propeller

		Main Gear Wheel Base		1.88		ft				Diameter		14.00		in

		Tail to Main Wheel		4.10		ft				Pitch		8.00		in

		Clearance MG		0.64-0.67		ft				Clearance, 3-Wheel		0.79-0.83		ft

		Clearance TW		0.23-0.27		ft				Clearance, 2-Wheel		0.42-0.79		ft
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Lift Curves 2

		-8.09		-8.39		-5.98		-8.09

		-7.02		-6.97		-5.3		-7.19

		-6.14		-5.87		-4.17		-6.07

		-4.87		-5.29		-3.14		-5.14

		-3.84		-3.98		-2.13		-4.15

		-2.61		-2.97		-1.07		-3.08

		-1.69		-1.81		-0.06		-2.05

		-0.52		-0.86		0.98		-1.04

		0.23		0.18		2.02		0

		1.37		1.28		3.05		1.02

		2.48		2.33		4.05		2.05

		3.54		3.2		5.08		3.09

		4.25		4.41		6.11		4.11

		5.38		5.51		7.14		5.13

		6.46		6.33		8.14		6.15

		7.52		7.34		9.17		7.16

		8.5		8.6		10.19		8.2

		9.51		9.55		11.2		9.17

		10.48		10.61		12.26		10.21

		11.42		11.5		13.33		11.23

		12.37		12.61		14.52		12.23

		13.57		13.54		15.49		13.19

		14.49		14.73		16.44		14.16

		15.61		15.67		17.38		15.17

		16.62		16.66		18.27		16.2

		17.4		17.67		19.23		17.19

		18.34		18.51		20.23		18.2

		19.52		19.66		19.15		19.19

		20.47		20.69		18.03		20.21

		21.43		21.79		17.09		19.27

		22.5		22.58		16.09		18.24

		23.21		23.48		15.19		17.3

		24.36		24.33		14.07		16.19

		22.89		22.91		13.08		15.14

		21.93		21.83		12.03		14.1

		21.02		20.92		11.07		13.18

		19.98		19.97		10.13		12.19

		18.95		18.93		9.13		11.25

		17.95		17.94		8.19		10.19

		16.85		17.08		7.16		9.21

		15.77		16.13		6.17		8.16

		14.78		15.09		5.17		7.17

		14.12		14.08		4.14		6.15

		13.06		12.99		3.12		5.12

		12.06		12.08		2.07		4.08

		11.11		10.92		1.04		3.09

		10.02		9.81		0.04		2.07

		9.05		8.95		-0.97		1.02

		7.88		7.76		-2.01		0.02

		6.87		6.88		-3.03		-0.99

		5.89		5.79		-4.1		-2.04

		4.95		4.73		-5.13		-3.08

		3.97		3.96		-6.16		-4.09

		2.8		2.72				-5.14

		1.82		1.75				-6.27

		0.85		0.89				-7.15

		-0.16		-0.22				-8.13

		-1.2		-1.1

		-2.26		-2.12

		-3.39		-3.11

		-4.5		-4.4

		-5.5		-5.23

		-6.32		-6.38

		-7.25		-7.19

		-8.2		-8.25
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Cl versus Angle of Attack for the S-1210 Airfoil
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Cl slope vs Re
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Reynolds Number

Cl slope (rad^-1)

Cl slope versus Reynolds Number for the S-1210 Airfoil
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Alpha ZL vs Re
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Reynolds Number

Zero Lift Angle of Attack (rad)

Zero Lift Angle of Attack versus Reynolds Number for the S-1210 Airfoil
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Stall Alpha vs Re
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Stall Angle of Attack (rad)

Stall Angle of Attack versus Reynolds Number for the S-1210 Airfoil
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Curve Fit Data

				Curve Fit Data		TRADE STUDY		LOREN GARRISON		AAE451

				Reynolds Number		Clmax		Clmax eq		% Difference

				81200		1.796		1.789		0.374

				91300		1.780		1.793		0.748

				101500		1.812		1.797		0.806

				151900		1.811		1.818		0.362

				201800		1.841		1.838		0.189

				252100		1.862		1.858		0.234

				302500		1.881		1.878		0.170

				Reynolds Number		Cl slope		Clslope eq		% Difference

				81200		5.042		5.109		1.341

				91300		5.005		5.112		2.139

				101500		5.086		5.116		0.581

				151900		5.106		5.156		0.997

				201800		5.124		5.260		2.655

				252100		5.292		5.468		3.318

				302500		5.536		5.816		5.071

				Reynolds Number		Alpha Zero Lift		Alpha Zero Lift eq		% Difference

				81200		-5.000		-4.988		-0.232

				91300		-5.000		-5.039		-0.778

				101500		-5.000		-5.090		-1.798

				151900		-5.500		-5.342		-2.875

				201800		-6.000		-5.591		-6.810

				252100		-6.000		-5.843		-2.618

				302500		-6.000		-6.095		-1.582

				Reynolds Number		Alpha Max		Alpha Max eq		% Difference

				81200		14.340		13.985		2.476

				91300		14.310		14.036		1.918

				101500		13.340		14.087		5.596

				151900		14.120		14.339		1.547

				201800		15.090		14.588		3.327

				252100		14.520		14.840		2.200

				302500		15.120		15.092		0.188

				Reynolds Number		Cl ZL		CL ZL eq		% Difference

				81200		0.750		0.749		0.068

				91300		0.800		0.803		0.434

				101500		0.850		0.858		0.989

				151900		0.850		0.850		0.000

				201800		0.850		0.850		0.000

				252100		0.850		0.850		0.000

				302500		0.850		0.850		0.000
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Lift Curve Data

		

				Airfoil:		S1210

				Builder:		M. Allen

				Comment:		clean

				Number o		f Reyno		lds #'s:

				8

				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:

				61100								81200								91300								101500								151900								201800								252100								302500

				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:

				53								53								53								53								65								65								53								57

				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm

				-6.22		-0.273		-0.25				-6.42		-0.301		-0.25				-6.12		-0.281		-0.25				-6.23		-0.257		-0.25				-8.09		-0.241		-0.25				-8.39		-0.252		-0.25				-5.98		-0.063		-0.25				-8.09		-0.24		-0.25

				-5.15		-0.168		-0.25				-5.22		-0.249		-0.25				-5.16		-0.21		-0.25				-5.18		-0.122		-0.25				-7.02		-0.248		-0.25				-6.97		-0.225		-0.25				-5.3		0.234		-0.25				-7.19		-0.193		-0.25

				-4.15		0.183		-0.25				-4.04		0.194		-0.25				-3.99		0.231		-0.25				-3.98		0.339		-0.25				-6.14		-0.187		-0.25				-5.87		-0.09		-0.25				-4.17		0.433		-0.25				-6.07		-0.06		-0.25

				-2.97		0.369		-0.25				-3		0.364		-0.25				-2.99		0.431		-0.25				-3.08		0.501		-0.25				-4.87		0.199		-0.25				-5.29		0.218		-0.25				-3.14		0.58		-0.25				-5.14		0.28		-0.25

				-1.98		0.504		-0.25				-1.94		0.56		-0.25				-1.91		0.601		-0.25				-2.03		0.664		-0.25				-3.84		0.407		-0.25				-3.98		0.454		-0.25				-2.13		0.697		-0.25				-4.15		0.436		-0.25

				-0.96		0.614		-0.25				-0.71		0.705		-0.25				-0.89		0.724		-0.25				-1		0.764		-0.25				-2.61		0.607		-0.25				-2.97		0.582		-0.25				-1.07		0.8		-0.25				-3.08		0.575		-0.25

				0.04		0.742		-0.25				0.22		0.801		-0.25				0.08		0.814		-0.25				-0.04		0.85		-0.25				-1.69		0.701		-0.25				-1.81		0.704		-0.25				-0.06		0.9		-0.25				-2.05		0.688		-0.25

				1.01		0.83		-0.25				1.12		0.895		-0.25				1.36		0.934		-0.25				1.05		0.955		-0.25				-0.52		0.808		-0.25				-0.86		0.793		-0.25				0.98		1.007		-0.25				-1.04		0.788		-0.25

				2.18		0.95		-0.25				2.33		0.99		-0.25				2.13		1.006		-0.25				2.09		1.057		-0.25				0.23		0.879		-0.25				0.18		0.895		-0.25				2.02		1.108		-0.25				0		0.894		-0.25

				3.09		0.968		-0.25				3.28		1.04		-0.25				3.34		1.115		-0.25				3.14		1.159		-0.25				1.37		0.993		-0.25				1.28		1.003		-0.25				3.05		1.209		-0.25				1.02		0.998		-0.25

				4.25		0.914		-0.25				4.2		1.013		-0.25				4.31		1.189		-0.25				4.22		1.244		-0.25				2.48		1.099		-0.25				2.33		1.11		-0.25				4.05		1.304		-0.25				2.05		1.101		-0.25

				5.16		0.91		-0.25				5.36		0.992		-0.25				5.27		1.272		-0.25				5.23		1.332		-0.25				3.54		1.193		-0.25				3.2		1.192		-0.25				5.08		1.39		-0.25				3.09		1.205		-0.25

				6.11		0.954		-0.25				6.27		0.946		-0.25				6.27		1.351		-0.25				6.32		1.428		-0.25				4.25		1.253		-0.25				4.41		1.302		-0.25				6.11		1.476		-0.25				4.11		1.301		-0.25

				7.1		0.946		-0.25				7.21		0.97		-0.25				7.3		1.44		-0.25				7.17		1.5		-0.25				5.38		1.348		-0.25				5.51		1.388		-0.25				7.14		1.563		-0.25				5.13		1.394		-0.25

				8.05		0.984		-0.25				8.21		1.012		-0.25				8.5		1.536		-0.25				8.28		1.585		-0.25				6.46		1.445		-0.25				6.33		1.46		-0.25				8.14		1.643		-0.25				6.15		1.477		-0.25

				8.98		1.019		-0.25				9.24		1.094		-0.25				9.43		1.598		-0.25				9.39		1.663		-0.25				7.52		1.533		-0.25				7.34		1.544		-0.25				9.17		1.717		-0.25				7.16		1.561		-0.25

				10.24		1.056		-0.25				10.49		1.631		-0.25				10.33		1.662		-0.25				10.21		1.721		-0.25				8.5		1.605		-0.25				8.6		1.645		-0.25				10.19		1.773		-0.25				8.2		1.642		-0.25

				11.14		1.085		-0.25				11.38		1.699		-0.25				11.49		1.736		-0.25				11.19		1.772		-0.25				9.51		1.679		-0.25				9.55		1.712		-0.25				11.2		1.806		-0.25				9.17		1.708		-0.25

				12.08		1.121		-0.25				12.55		1.755		-0.25				12.32		1.755		-0.25				12.35		1.786		-0.25				10.48		1.73		-0.25				10.61		1.77		-0.25				12.26		1.834		-0.25				10.21		1.765		-0.25

				13.27		1.122		-0.25				13.42		1.774		-0.25				13.48		1.772		-0.25				13.34		1.812		-0.25				11.42		1.757		-0.25				11.5		1.791		-0.25				13.33		1.852		-0.25				11.23		1.798		-0.25

				14.28		1.154		-0.25				14.34		1.796		-0.25				14.31		1.78		-0.25				14.27		1.809		-0.25				12.37		1.78		-0.25				12.61		1.816		-0.25				14.52		1.862		-0.25				12.23		1.824		-0.25

				15.35		1.193		-0.25				15.33		1.303		-0.25				15.46		1.768		-0.25				15.17		1.797		-0.25				13.57		1.798		-0.25				13.54		1.826		-0.25				15.49		1.861		-0.25				13.19		1.842		-0.25

				16.37		1.194		-0.25				16.42		1.234		-0.25				16.18		1.173		-0.25				16.15		1.193		-0.25				14.49		1.804		-0.25				14.73		1.835		-0.25				16.44		1.856		-0.25				14.16		1.851		-0.25

				17.15		1.225		-0.25				17.44		1.266		-0.25				17.49		1.203		-0.25				17.38		1.237		-0.25				15.61		1.809		-0.25				15.67		1.84		-0.25				17.38		1.855		-0.25				15.17		1.854		-0.25

				18.17		1.272		-0.25				18.44		1.215		-0.25				18.23		1.22		-0.25				18.33		1.225		-0.25				16.62		1.798		-0.25				16.66		1.829		-0.25				18.27		1.854		-0.25				16.2		1.841		-0.25

				19.24		1.284		-0.25				19.24		1.281		-0.25				19.37		1.274		-0.25				19.32		1.323		-0.25				17.4		1.792		-0.25				17.67		1.814		-0.25				19.23		1.831		-0.25				17.19		1.836		-0.25

				20.33		1.289		-0.25				20.26		1.325		-0.25				20.48		1.316		-0.25				20.4		1.335		-0.25				18.34		1.762		-0.25				18.51		1.806		-0.25				20.23		1.826		-0.25				18.2		1.84		-0.25

				19		1.291		-0.25				18.91		1.238		-0.25				18.91		1.261		-0.25				19.21		1.268		-0.25				19.52		1.275		-0.25				19.66		1.794		-0.25				19.15		1.847		-0.25				19.19		1.836		-0.25

				18.19		1.228		-0.25				18.03		1.257		-0.25				17.88		1.231		-0.25				18.03		1.274		-0.25				20.47		1.296		-0.25				20.69		1.768		-0.25				18.03		1.84		-0.25				20.21		1.881		-0.25

				17.16		1.275		-0.25				16.94		1.253		-0.25				16.95		1.177		-0.25				16.99		1.228		-0.25				21.43		1.343		-0.25				21.79		1.76		-0.25				17.09		1.85		-0.25				19.27		1.839		-0.25

				16.03		1.203		-0.25				16.05		1.246		-0.25				16.05		1.188		-0.25				15.98		1.207		-0.25				22.5		1.351		-0.25				22.58		1.748		-0.25				16.09		1.86		-0.25				18.24		1.843		-0.25

				14.92		1.163		-0.25				15.03		1.344		-0.25				14.95		1.214		-0.25				15.09		1.196		-0.25				23.21		1.398		-0.25				23.48		1.739		-0.25				15.19		1.858		-0.25				17.3		1.836		-0.25

				14.1		1.092		-0.25				14.03		1.391		-0.25				14.09		1.218		-0.25				14.15		1.272		-0.25				24.36		1.483		-0.25				24.33		1.709		-0.25				14.07		1.854		-0.25				16.19		1.845		-0.25

				13.08		1.108		-0.25				13.27		1.741		-0.25				13.07		1.268		-0.25				13.11		1.26		-0.25				22.89		1.352		-0.25				22.91		1.772		-0.25				13.08		1.839		-0.25				15.14		1.845		-0.25

				12.06		1.064		-0.25				12.21		1.705		-0.25				12.08		1.729		-0.25				12.15		1.794		-0.25				21.93		1.338		-0.25				21.83		1.763		-0.25				12.03		1.819		-0.25				14.1		1.842		-0.25

				10.94		1.097		-0.25				11.19		1.661		-0.25				11.22		1.693		-0.25				11.21		1.758		-0.25				21.02		1.309		-0.25				20.92		1.778		-0.25				11.07		1.796		-0.25				13.18		1.835		-0.25

				10.17		1.054		-0.25				10.24		1.605		-0.25				10.21		1.637		-0.25				10.28		1.716		-0.25				19.98		1.291		-0.25				19.97		1.778		-0.25				10.13		1.76		-0.25				12.19		1.817		-0.25

				8.99		0.998		-0.25				9.19		1.53		-0.25				9.15		1.562		-0.25				9.27		1.647		-0.25				18.95		1.226		-0.25				18.93		1.804		-0.25				9.13		1.705		-0.25				11.25		1.791		-0.25

				8.04		0.972		-0.25				8.14		1.446		-0.25				8.08		1.481		-0.25				8.23		1.57		-0.25				17.95		1.233		-0.25				17.94		1.815		-0.25				8.19		1.634		-0.25				10.19		1.755		-0.25

				7.11		0.941		-0.25				7.18		1.35		-0.25				7.19		1.411		-0.25				7.19		1.486		-0.25				16.85		1.23		-0.25				17.08		1.821		-0.25				7.16		1.552		-0.25				9.21		1.704		-0.25

				6.13		0.927		-0.25				6.05		0.905		-0.25				6.06		1.314		-0.25				6.13		1.396		-0.25				15.77		1.223		-0.25				16.13		1.832		-0.25				6.17		1.47		-0.25				8.16		1.629		-0.25

				5.09		0.894		-0.25				5.04		0.939		-0.25				5		1.225		-0.25				5.1		1.306		-0.25				14.78		1.253		-0.25				15.09		1.841		-0.25				5.17		1.384		-0.25				7.17		1.548		-0.25

				4.06		0.862		-0.25				3.91		0.979		-0.25				3.9		1.136		-0.25				4.2		1.228		-0.25				14.12		1.811		-0.25				14.08		1.834		-0.25				4.14		1.297		-0.25				6.15		1.462		-0.25

				3.1		0.926		-0.25				2.9		0.977		-0.25				2.98		1.066		-0.25				3.17		1.149		-0.25				13.06		1.787		-0.25				12.99		1.822		-0.25				3.12		1.201		-0.25				5.12		1.376		-0.25

				2.14		0.919		-0.25				2		0.938		-0.25				2.04		0.983		-0.25				2.11		1.046		-0.25				12.06		1.762		-0.25				12.08		1.802		-0.25				2.07		1.098		-0.25				4.08		1.281		-0.25

				1.1		0.84		-0.25				1		0.847		-0.25				0.9		0.871		-0.25				1.01		0.936		-0.25				11.11		1.747		-0.25				10.92		1.776		-0.25				1.04		0.996		-0.25				3.09		1.184		-0.25

				-0.12		0.692		-0.25				-0.03		0.747		-0.25				-0.08		0.772		-0.25				-0.06		0.832		-0.25				10.02		1.714		-0.25				9.81		1.725		-0.25				0.04		0.896		-0.25				2.07		1.082		-0.25

				-1.07		0.577		-0.25				-1.02		0.65		-0.25				-1.2		0.67		-0.25				-1.16		0.733		-0.25				9.05		1.646		-0.25				8.95		1.665		-0.25				-0.97		0.795		-0.25				1.02		0.975		-0.25

				-1.97		0.503		-0.25				-2.11		0.512		-0.25				-2.19		0.541		-0.25				-2.01		0.651		-0.25				7.88		1.557		-0.25				7.76		1.564		-0.25				-2.01		0.694		-0.25				0.02		0.873		-0.25

				-3.11		0.346		-0.25				-3.15		0.313		-0.25				-3.16		0.367		-0.25				-3.18		0.461		-0.25				6.87		1.473		-0.25				6.88		1.492		-0.25				-3.03		0.576		-0.25				-0.99		0.771		-0.25

				-4.27		0.192		-0.25				-4.16		0.163		-0.25				-4.3		0.156		-0.25				-4.09		0.292		-0.25				5.89		1.39		-0.25				5.79		1.401		-0.25				-4.1		0.424		-0.25				-2.04		0.67		-0.25

				-5.14		-0.182		-0.25				-5.35		-0.283		-0.25				-5.33		-0.235		-0.25				-5.18		-0.147		-0.25				4.95		1.304		-0.25				4.73		1.308		-0.25				-5.13		0.244		-0.25				-3.08		0.552		-0.25

				-6.28		-0.246		-0.25				-6.32		-0.313		-0.25				-6.35		-0.289		-0.25				-6.15		-0.254		-0.25				3.97		1.224		-0.25				3.96		1.245		-0.25				-6.16		-0.102		-0.25				-4.09		0.419		-0.25

				Tabulate		d from		data in file JG00127.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00484.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00485.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00128.DAT & reduced using program Q01.00L				2.8		1.117		-0.25				2.72		1.129		-0.25				Tabulate		d from		data in file AB00489.DAT & reduced using program Q01.00L				-5.14		0.249		-0.25

																																				1.82		1.029		-0.25				1.75		1.036		-0.25												-6.27		-0.107		-0.25

						1.291								1.796								1.78								1.812						0.85		0.936		-0.25				0.89		0.949		-0.25						1.862						-7.15		-0.199		-0.25

																																				-0.16		0.838		-0.25				-0.22		0.84		-0.25												-8.13		-0.256		-0.25

																																				-1.2		0.743		-0.25				-1.1		0.755		-0.25												Tabulate		d from		data in file JG00494.DAT & reduced using program Q01.00L

																																				-2.26		0.645		-0.25				-2.12		0.658		-0.25

																																				-3.39		0.486		-0.25				-3.11		0.542		-0.25												File s12		10.lft		created on 12-05-1997 at 15:25:51 using program FORMAT

																																				-4.5		0.28		-0.25				-4.4		0.362		-0.25

																																				-5.5		-0.109		-0.25				-5.23		0.202		-0.25														1.881

																																				-6.32		-0.215		-0.25				-6.38		-0.177		-0.25

																																				-7.25		-0.244		-0.25				-7.19		-0.236		-0.25

																																				-8.2		-0.24		-0.25				-8.25		-0.242		-0.25

																																				Tabulate		d from		data in file JG00545.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00544.DAT & reduced using program Q01.00L

																																						1.811								1.841





Drag Polar Re=101,100
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		0.531

		0.677

		0.79

		0.873

		0.981

		1.074

		1.179

		1.27

		1.35

		1.449
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		1.689

		1.74

		1.792



Cl

Cd

Drag Polar of the S-1210 Airfoil at a Reynolds Number of 101,100
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Drag Polar Re=151,900
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Cl

Cd

Drag Polar of the S-1210 airfoil at a Reynolds Number of 151,900

0.0217

0.0161

0.0162

0.017

0.0189

0.0201

0.0208
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0.0262
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Drag Polar Data

		

				Airfoil:		S1210

				Builder:		M. Allen

				Comment:		clean

				Number of		Reynold		s #'s:

				7

																																																																																																				Average R		eynolds		#:

				Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												300800

				101100																100400																150500																200900																250500																247600																Number of		angles		of att		ack:

				Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										18

				16																1																17																16																16																1																alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>

				alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						-5.1		0.294		0.0203		0.0204		0.0199		0.0204		0.0205

				-3.97		0.352		0.0307		0.03		0.0304		0.0305		0.032				12.29		1.775		0.0398		0.0372		0.0425		0.0395		0.0402				-3.82		0.424		0.0217		0.0219		0.0217		0.0216		0.0216				-4.14		0.449		0.0188		0.0188		0.0191		0.0183		0.0189				-4.14		0.426		0.017		0.0166		0.0173		0.0176		0.0164				12.3		1.839		0.0337		0.0332		0.0353		0.0323		0.034				-4.1		0.447		0.0148		0.0144		0.0151		0.0152		0.0146

				-3.03		0.531		0.0257		0.0252		0.0276		0.026		0.0241																				-2.88		0.594		0.0161		0.0131		0.017		0.0179		0.0164				-3.15		0.589		0.014		0.0136		0.014		0.0144		0.0139				-3.12		0.571		0.0128		0.0127		0.013		0.0128		0.0128																				-3.05		0.586		0.0116		0.0118		0.0116		0.0115		0.0115

				-2.04		0.677		0.0228		0.0224		0.0258		0.021		0.0222																				-1.83		0.708		0.0162		0.017		0.0159		0.016		0.0159				-2.18		0.695		0.0138		0.0134		0.0127		0.0149		0.0141				-2.16		0.686		0.0125		0.0124		0.0122		0.013		0.0125																				-2.03		0.698		0.0116		0.0117		0.0112		0.0119		0.0117

				-0.95		0.79		0.0256		0.0224		0.0283		0.0321		0.0195																				-0.78		0.81		0.017		0.0177		0.0162		0.0171		0.017				-1.15		0.795		0.0148		0.0144		0.0137		0.0164		0.0148				-1.09		0.79		0.0135		0.0135		0.0124		0.0146		0.0137																				-1.03		0.796		0.0126		0.0127		0.0118		0.0131		0.0128

				0		0.873		0.025		0.0242		0.0283		0.0259		0.0214																				0.21		0.907		0.0189		0.018		0.0186		0.0203		0.0188				-0.02		0.909		0.0158		0.0155		0.0151		0.0171		0.0157				-0.05		0.896		0.0145		0.0142		0.0136		0.0156		0.0144																				0.02		0.904		0.0135		0.0135		0.0125		0.0144		0.0135

				1.09		0.981		0.028		0.0251		0.0297		0.0324		0.0249																				1.39		1.024		0.0201		0.0195		0.0202		0.0213		0.0195				0.92		1.001		0.0165		0.016		0.016		0.0177		0.0163				1.01		1.005		0.015		0.0147		0.0144		0.016		0.015																				1.01		1.005		0.0138		0.0136		0.0129		0.0149		0.0138

				2.04		1.074		0.0276		0.0235		0.0299		0.0317		0.0256																				2.33		1.118		0.0208		0.0202		0.0212		0.0217		0.0202				1.95		1.106		0.0172		0.0168		0.0164		0.0183		0.0172				2.05		1.11		0.0157		0.0155		0.0154		0.0162		0.0155																				2.09		1.116		0.0146		0.0144		0.0142		0.0153		0.0145

				3.1		1.179		0.0286		0.0248		0.0313		0.031		0.0273																				3.14		1.195		0.0216		0.0211		0.0218		0.0226		0.0208				2.94		1.2		0.018		0.0177		0.0171		0.019		0.0181				3.02		1.204		0.0163		0.0164		0.016		0.0168		0.0162																				3.1		1.217		0.0151		0.0152		0.0147		0.0153		0.015

				4.25		1.27		0.0287		0.0277		0.0294		0.0327		0.025																				4.14		1.285		0.0221		0.0213		0.0224		0.0236		0.021				4		1.299		0.0187		0.0183		0.0182		0.0196		0.0186				4.09		1.306		0.017		0.0171		0.0164		0.0176		0.0169																				4.13		1.316		0.0157		0.0158		0.0149		0.0164		0.0156

				5.22		1.35		0.0309		0.0264		0.0342		0.0346		0.0282																				5.33		1.384		0.0238		0.023		0.0248		0.0245		0.0229				5.1		1.39		0.019		0.019		0.0187		0.0195		0.0188				5.03		1.387		0.017		0.017		0.0165		0.0176		0.0169																				5.15		1.409		0.0158		0.0159		0.0151		0.0164		0.0158

				6.35		1.449		0.0333		0.0285		0.035		0.0375		0.0324																				6.35		1.468		0.0252		0.0247		0.0258		0.0257		0.0245				6.16		1.485		0.0201		0.0196		0.02		0.0205		0.0201				6.16		1.483		0.0178		0.0182		0.0171		0.0181		0.0179																				6.17		1.493		0.0163		0.0166		0.0156		0.0166		0.0165

				7.16		1.512		0.0343		0.0298		0.0335		0.0393		0.0347																				7.35		1.548		0.0262		0.0256		0.0269		0.0263		0.0262				7.16		1.568		0.0211		0.0207		0.0209		0.0214		0.0214				7.19		1.572		0.0187		0.0186		0.0183		0.0188		0.0189																				7.13		1.571		0.0172		0.0173		0.0164		0.0174		0.0176

				8.28		1.607		0.0336		0.0287		0.0328		0.0376		0.0354																				8.17		1.61		0.0268		0.0263		0.0277		0.0265		0.0268				8.16		1.646		0.0221		0.0218		0.0223		0.0219		0.0225				8.18		1.651		0.0197		0.0195		0.0193		0.0198		0.0201																				8.23		1.66		0.0183		0.0182		0.0179		0.0184		0.0187

				9.39		1.689		0.0345		0.0314		0.0337		0.0378		0.0351																				9.49		1.706		0.0277		0.0273		0.028		0.0274		0.028				9.37		1.737		0.0236		0.023		0.0235		0.0237		0.024				9.41		1.738		0.0213		0.0213		0.0209		0.0211		0.0218																				9.14		1.721		0.0195		0.0194		0.0191		0.0193		0.0201

				10.2		1.74		0.0334		0.0309		0.0313		0.0378		0.0334																				10.32		1.758		0.0287		0.0288		0.0279		0.0288		0.0294				10.47		1.793		0.0262		0.0263		0.027		0.0252		0.0264				10.24		1.779		0.0233		0.0234		0.0232		0.0228		0.0237																				10.23		1.778		0.0224		0.0224		0.0222		0.0219		0.023

				11.22		1.792		0.0336		0.0359		0.0279		0.0367		0.0341																				11.27		1.794		0.0315		0.0315		0.0322		0.0308		0.0313				11.66		1.821		0.0317		0.0313		0.0341		0.0301		0.0314				11.28		1.81		0.0278		0.028		0.0285		0.0269		0.0278																				11.27		1.812		0.0273		0.0271		0.0283		0.0267		0.027

																																				12.31		1.816		0.0375		0.0379		0.0387		0.036		0.0373																																																				12.27		1.835		0.0339		0.0328		0.0358		0.033		0.0341

																																																																																																				File s121		0.drg cr		eated		on 12-05-1		997 at 15		:25:59 us		ing program FORMAT





TO & Curise Data

		TAKE OFF																								CRUISE

		Average Reynolds #:								Average Reynolds #:																Average Reynolds #:								Average Reynolds #:

		101500								101100																151900								150500

		Number of angles of attack:								Number of angles of attack:																Number of angles of attack:								Number of angles of attack:

		53								16																65								17

		alpha		Cl		Cm				alpha		Cl		Cd		Spanwise Cd's >>>										alpha		Cl		Cm				alpha		Cl		Cd		Spanwise Cd's >>>

		-6.23		-0.257		-0.25				-3.97		0.352		0.0307		0.03		0.0304		0.0305		0.032				-8.09		-0.241		-0.25				-3.82		0.424		0.0217		0.0219		0.0217		0.0216		0.0216

		-5.18		-0.122		-0.25				-3.03		0.531		0.0257		0.0252		0.0276		0.026		0.0241				-7.02		-0.248		-0.25				-2.88		0.594		0.0161		0.0131		0.017		0.0179		0.0164

		-3.98		0.339		-0.25				-2.04		0.677		0.0228		0.0224		0.0258		0.021		0.0222				-6.14		-0.187		-0.25				-1.83		0.708		0.0162		0.017		0.0159		0.016		0.0159

		-3.08		0.501		-0.25				-0.95		0.79		0.0256		0.0224		0.0283		0.0321		0.0195				-4.87		0.199		-0.25				-0.78		0.81		0.017		0.0177		0.0162		0.0171		0.017

		-2.03		0.664		-0.25				0		0.873		0.025		0.0242		0.0283		0.0259		0.0214				-3.84		0.407		-0.25				0.21		0.907		0.0189		0.018		0.0186		0.0203		0.0188

		-1		0.764		-0.25				1.09		0.981		0.028		0.0251		0.0297		0.0324		0.0249				-2.61		0.607		-0.25				1.39		1.024		0.0201		0.0195		0.0202		0.0213		0.0195

		-0.04		0.85		-0.25				2.04		1.074		0.0276		0.0235		0.0299		0.0317		0.0256				-1.69		0.701		-0.25				2.33		1.118		0.0208		0.0202		0.0212		0.0217		0.0202

		1.05		0.955		-0.25				3.1		1.179		0.0286		0.0248		0.0313		0.031		0.0273				-0.52		0.808		-0.25				3.14		1.195		0.0216		0.0211		0.0218		0.0226		0.0208

		2.09		1.057		-0.25				4.25		1.27		0.0287		0.0277		0.0294		0.0327		0.025				0.23		0.879		-0.25				4.14		1.285		0.0221		0.0213		0.0224		0.0236		0.021

		3.14		1.159		-0.25				5.22		1.35		0.0309		0.0264		0.0342		0.0346		0.0282				1.37		0.993		-0.25				5.33		1.384		0.0238		0.023		0.0248		0.0245		0.0229

		4.22		1.244		-0.25				6.35		1.449		0.0333		0.0285		0.035		0.0375		0.0324				2.48		1.099		-0.25				6.35		1.468		0.0252		0.0247		0.0258		0.0257		0.0245

		5.23		1.332		-0.25				7.16		1.512		0.0343		0.0298		0.0335		0.0393		0.0347				3.54		1.193		-0.25				7.35		1.548		0.0262		0.0256		0.0269		0.0263		0.0262

		6.32		1.428		-0.25				8.28		1.607		0.0336		0.0287		0.0328		0.0376		0.0354				4.25		1.253		-0.25				8.17		1.61		0.0268		0.0263		0.0277		0.0265		0.0268

		7.17		1.5		-0.25				9.39		1.689		0.0345		0.0314		0.0337		0.0378		0.0351				5.38		1.348		-0.25				9.49		1.706		0.0277		0.0273		0.028		0.0274		0.028

		8.28		1.585		-0.25				10.2		1.74		0.0334		0.0309		0.0313		0.0378		0.0334				6.46		1.445		-0.25				10.32		1.758		0.0287		0.0288		0.0279		0.0288		0.0294

		9.39		1.663		-0.25				11.22		1.792		0.0336		0.0359		0.0279		0.0367		0.0341				7.52		1.533		-0.25				11.27		1.794		0.0315		0.0315		0.0322		0.0308		0.0313

		10.21		1.721		-0.25																				8.5		1.605		-0.25				12.31		1.816		0.0375		0.0379		0.0387		0.036		0.0373

		11.19		1.772		-0.25																				9.51		1.679		-0.25

		12.35		1.786		-0.25																				10.48		1.73		-0.25

		13.34		1.812		-0.25																				11.42		1.757		-0.25

		14.27		1.809		-0.25																				12.37		1.78		-0.25

		15.17		1.797		-0.25																				13.57		1.798		-0.25

		16.15		1.193		-0.25																				14.49		1.804		-0.25

		17.38		1.237		-0.25																				15.61		1.809		-0.25

		18.33		1.225		-0.25																				16.62		1.798		-0.25

		19.32		1.323		-0.25																				17.4		1.792		-0.25

		20.4		1.335		-0.25																				18.34		1.762		-0.25

		19.21		1.268		-0.25																				19.52		1.275		-0.25

		18.03		1.274		-0.25																				20.47		1.296		-0.25

		16.99		1.228		-0.25																				21.43		1.343		-0.25

		15.98		1.207		-0.25																				22.5		1.351		-0.25

		15.09		1.196		-0.25																				23.21		1.398		-0.25

		14.15		1.272		-0.25																				24.36		1.483		-0.25

		13.11		1.26		-0.25																				22.89		1.352		-0.25

		12.15		1.794		-0.25																				21.93		1.338		-0.25

		11.21		1.758		-0.25																				21.02		1.309		-0.25

		10.28		1.716		-0.25																				19.98		1.291		-0.25

		9.27		1.647		-0.25																				18.95		1.226		-0.25

		8.23		1.57		-0.25																				17.95		1.233		-0.25

		7.19		1.486		-0.25																				16.85		1.23		-0.25

		6.13		1.396		-0.25																				15.77		1.223		-0.25

		5.1		1.306		-0.25																				14.78		1.253		-0.25

		4.2		1.228		-0.25																				14.12		1.811		-0.25

		3.17		1.149		-0.25																				13.06		1.787		-0.25

		2.11		1.046		-0.25																				12.06		1.762		-0.25

		1.01		0.936		-0.25																				11.11		1.747		-0.25

		-0.06		0.832		-0.25																				10.02		1.714		-0.25

		-1.16		0.733		-0.25																				9.05		1.646		-0.25

		-2.01		0.651		-0.25																				7.88		1.557		-0.25

		-3.18		0.461		-0.25																				6.87		1.473		-0.25

		-4.09		0.292		-0.25																				5.89		1.39		-0.25

		-5.18		-0.147		-0.25																				4.95		1.304		-0.25

		-6.15		-0.254		-0.25																				3.97		1.224		-0.25

																										2.8		1.117		-0.25

																										1.82		1.029		-0.25

																										0.85		0.936		-0.25

																										-0.16		0.838		-0.25

																										-1.2		0.743		-0.25

																										-2.26		0.645		-0.25

																										-3.39		0.486		-0.25

																										-4.5		0.28		-0.25

																										-5.5		-0.109		-0.25

																										-6.32		-0.215		-0.25

																										-7.25		-0.244		-0.25

																										-8.2		-0.24		-0.25
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x/c

z/c

S-1210 Airfoil
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Airfoil Coordinates
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Lift Curve Re=101,500
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Increasing Angle of Attack

Decreasing Angle of Attack

Angle of Attack (deg)

Cl

Lift Curve of the S-1210 Airfoil at a Reynolds Number of 101,500
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Lift Curve Re=151,900
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Increasing Angle of Attack
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Angle of Attack (deg)
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Lift Curve of the S-1210 Airfoil at a Reynolds Number of 151,900
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Clmax vs Re
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Lift Curves 1

		-6.22		-6.42		-6.12		-6.23

		-5.15		-5.22		-5.16		-5.18

		-4.15		-4.04		-3.99		-3.98

		-2.97		-3		-2.99		-3.08

		-1.98		-1.94		-1.91		-2.03

		-0.96		-0.71		-0.89		-1

		0.04		0.22		0.08		-0.04

		1.01		1.12		1.36		1.05

		2.18		2.33		2.13		2.09

		3.09		3.28		3.34		3.14

		4.25		4.2		4.31		4.22

		5.16		5.36		5.27		5.23

		6.11		6.27		6.27		6.32

		7.1		7.21		7.3		7.17

		8.05		8.21		8.5		8.28

		8.98		9.24		9.43		9.39

		10.24		10.49		10.33		10.21

		11.14		11.38		11.49		11.19

		12.08		12.55		12.32		12.35

		13.27		13.42		13.48		13.34

		14.28		14.34		14.31		14.27

		15.35		15.33		15.46		15.17

		16.37		16.42		16.18		16.15

		17.15		17.44		17.49		17.38

		18.17		18.44		18.23		18.33

		19.24		19.24		19.37		19.32

		20.33		20.26		20.48		20.4

		19		18.91		18.91		19.21

		18.19		18.03		17.88		18.03

		17.16		16.94		16.95		16.99

		16.03		16.05		16.05		15.98

		14.92		15.03		14.95		15.09

		14.1		14.03		14.09		14.15

		13.08		13.27		13.07		13.11

		12.06		12.21		12.08		12.15

		10.94		11.19		11.22		11.21

		10.17		10.24		10.21		10.28

		8.99		9.19		9.15		9.27

		8.04		8.14		8.08		8.23

		7.11		7.18		7.19		7.19

		6.13		6.05		6.06		6.13
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		4.06		3.91		3.9		4.2

		3.1		2.9		2.98		3.17

		2.14		2		2.04		2.11
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Cl versus Angle of Attack for the S-1210 Airfoil
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Lift Curves 2

		-8.09		-8.39		-5.98		-8.09

		-7.02		-6.97		-5.3		-7.19

		-6.14		-5.87		-4.17		-6.07

		-4.87		-5.29		-3.14		-5.14

		-3.84		-3.98		-2.13		-4.15

		-2.61		-2.97		-1.07		-3.08

		-1.69		-1.81		-0.06		-2.05

		-0.52		-0.86		0.98		-1.04

		0.23		0.18		2.02		0

		1.37		1.28		3.05		1.02

		2.48		2.33		4.05		2.05

		3.54		3.2		5.08		3.09

		4.25		4.41		6.11		4.11

		5.38		5.51		7.14		5.13

		6.46		6.33		8.14		6.15

		7.52		7.34		9.17		7.16

		8.5		8.6		10.19		8.2

		9.51		9.55		11.2		9.17

		10.48		10.61		12.26		10.21

		11.42		11.5		13.33		11.23

		12.37		12.61		14.52		12.23

		13.57		13.54		15.49		13.19

		14.49		14.73		16.44		14.16

		15.61		15.67		17.38		15.17

		16.62		16.66		18.27		16.2

		17.4		17.67		19.23		17.19

		18.34		18.51		20.23		18.2

		19.52		19.66		19.15		19.19

		20.47		20.69		18.03		20.21

		21.43		21.79		17.09		19.27

		22.5		22.58		16.09		18.24

		23.21		23.48		15.19		17.3

		24.36		24.33		14.07		16.19

		22.89		22.91		13.08		15.14

		21.93		21.83		12.03		14.1

		21.02		20.92		11.07		13.18

		19.98		19.97		10.13		12.19

		18.95		18.93		9.13		11.25

		17.95		17.94		8.19		10.19

		16.85		17.08		7.16		9.21

		15.77		16.13		6.17		8.16

		14.78		15.09		5.17		7.17

		14.12		14.08		4.14		6.15

		13.06		12.99		3.12		5.12

		12.06		12.08		2.07		4.08

		11.11		10.92		1.04		3.09

		10.02		9.81		0.04		2.07

		9.05		8.95		-0.97		1.02

		7.88		7.76		-2.01		0.02

		6.87		6.88		-3.03		-0.99

		5.89		5.79		-4.1		-2.04

		4.95		4.73		-5.13		-3.08

		3.97		3.96		-6.16		-4.09

		2.8		2.72				-5.14

		1.82		1.75				-6.27
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Cl slope (rad^-1)
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14.34

14.31

13.34

14.12

15.09

14.52

15.12



CL zl vs Re

		81200

		91300

		101500



0.75

0.8

0.85



Curve Fit Data

				Curve Fit Data		TRADE STUDY		LOREN GARRISON		AAE451

				Reynolds Number		Clmax		Clmax eq		% Difference

				81200		1.796		1.789		0.374

				91300		1.780		1.793		0.748

				101500		1.812		1.797		0.806

				151900		1.811		1.818		0.362

				201800		1.841		1.838		0.189

				252100		1.862		1.858		0.234

				302500		1.881		1.878		0.170

				Reynolds Number		Cl slope		Clslope eq		% Difference

				81200		5.042		5.109		1.341

				91300		5.005		5.112		2.139

				101500		5.086		5.116		0.581

				151900		5.106		5.156		0.997

				201800		5.124		5.260		2.655

				252100		5.292		5.468		3.318

				302500		5.536		5.816		5.071

				Reynolds Number		Alpha Zero Lift		Alpha Zero Lift eq		% Difference

				81200		-5.000		-4.988		-0.232

				91300		-5.000		-5.039		-0.778

				101500		-5.000		-5.090		-1.798

				151900		-5.500		-5.342		-2.875

				201800		-6.000		-5.591		-6.810

				252100		-6.000		-5.843		-2.618

				302500		-6.000		-6.095		-1.582

				Reynolds Number		Alpha Max		Alpha Max eq		% Difference

				81200		14.340		13.985		2.476

				91300		14.310		14.036		1.918

				101500		13.340		14.087		5.596

				151900		14.120		14.339		1.547

				201800		15.090		14.588		3.327

				252100		14.520		14.840		2.200

				302500		15.120		15.092		0.188

				Reynolds Number		Cl ZL		CL ZL eq		% Difference

				81200		0.750		0.749		0.068

				91300		0.800		0.803		0.434

				101500		0.850		0.858		0.989

				151900		0.850		0.850		0.000

				201800		0.850		0.850		0.000

				252100		0.850		0.850		0.000

				302500		0.850		0.850		0.000
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Lift Curve Data

		

				Airfoil:		S1210

				Builder:		M. Allen

				Comment:		clean

				Number o		f Reyno		lds #'s:

				8

				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:

				61100								81200								91300								101500								151900								201800								252100								302500

				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:

				53								53								53								53								65								65								53								57

				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm

				-6.22		-0.273		-0.25				-6.42		-0.301		-0.25				-6.12		-0.281		-0.25				-6.23		-0.257		-0.25				-8.09		-0.241		-0.25				-8.39		-0.252		-0.25				-5.98		-0.063		-0.25				-8.09		-0.24		-0.25

				-5.15		-0.168		-0.25				-5.22		-0.249		-0.25				-5.16		-0.21		-0.25				-5.18		-0.122		-0.25				-7.02		-0.248		-0.25				-6.97		-0.225		-0.25				-5.3		0.234		-0.25				-7.19		-0.193		-0.25

				-4.15		0.183		-0.25				-4.04		0.194		-0.25				-3.99		0.231		-0.25				-3.98		0.339		-0.25				-6.14		-0.187		-0.25				-5.87		-0.09		-0.25				-4.17		0.433		-0.25				-6.07		-0.06		-0.25

				-2.97		0.369		-0.25				-3		0.364		-0.25				-2.99		0.431		-0.25				-3.08		0.501		-0.25				-4.87		0.199		-0.25				-5.29		0.218		-0.25				-3.14		0.58		-0.25				-5.14		0.28		-0.25

				-1.98		0.504		-0.25				-1.94		0.56		-0.25				-1.91		0.601		-0.25				-2.03		0.664		-0.25				-3.84		0.407		-0.25				-3.98		0.454		-0.25				-2.13		0.697		-0.25				-4.15		0.436		-0.25

				-0.96		0.614		-0.25				-0.71		0.705		-0.25				-0.89		0.724		-0.25				-1		0.764		-0.25				-2.61		0.607		-0.25				-2.97		0.582		-0.25				-1.07		0.8		-0.25				-3.08		0.575		-0.25

				0.04		0.742		-0.25				0.22		0.801		-0.25				0.08		0.814		-0.25				-0.04		0.85		-0.25				-1.69		0.701		-0.25				-1.81		0.704		-0.25				-0.06		0.9		-0.25				-2.05		0.688		-0.25

				1.01		0.83		-0.25				1.12		0.895		-0.25				1.36		0.934		-0.25				1.05		0.955		-0.25				-0.52		0.808		-0.25				-0.86		0.793		-0.25				0.98		1.007		-0.25				-1.04		0.788		-0.25

				2.18		0.95		-0.25				2.33		0.99		-0.25				2.13		1.006		-0.25				2.09		1.057		-0.25				0.23		0.879		-0.25				0.18		0.895		-0.25				2.02		1.108		-0.25				0		0.894		-0.25

				3.09		0.968		-0.25				3.28		1.04		-0.25				3.34		1.115		-0.25				3.14		1.159		-0.25				1.37		0.993		-0.25				1.28		1.003		-0.25				3.05		1.209		-0.25				1.02		0.998		-0.25

				4.25		0.914		-0.25				4.2		1.013		-0.25				4.31		1.189		-0.25				4.22		1.244		-0.25				2.48		1.099		-0.25				2.33		1.11		-0.25				4.05		1.304		-0.25				2.05		1.101		-0.25

				5.16		0.91		-0.25				5.36		0.992		-0.25				5.27		1.272		-0.25				5.23		1.332		-0.25				3.54		1.193		-0.25				3.2		1.192		-0.25				5.08		1.39		-0.25				3.09		1.205		-0.25

				6.11		0.954		-0.25				6.27		0.946		-0.25				6.27		1.351		-0.25				6.32		1.428		-0.25				4.25		1.253		-0.25				4.41		1.302		-0.25				6.11		1.476		-0.25				4.11		1.301		-0.25

				7.1		0.946		-0.25				7.21		0.97		-0.25				7.3		1.44		-0.25				7.17		1.5		-0.25				5.38		1.348		-0.25				5.51		1.388		-0.25				7.14		1.563		-0.25				5.13		1.394		-0.25

				8.05		0.984		-0.25				8.21		1.012		-0.25				8.5		1.536		-0.25				8.28		1.585		-0.25				6.46		1.445		-0.25				6.33		1.46		-0.25				8.14		1.643		-0.25				6.15		1.477		-0.25

				8.98		1.019		-0.25				9.24		1.094		-0.25				9.43		1.598		-0.25				9.39		1.663		-0.25				7.52		1.533		-0.25				7.34		1.544		-0.25				9.17		1.717		-0.25				7.16		1.561		-0.25

				10.24		1.056		-0.25				10.49		1.631		-0.25				10.33		1.662		-0.25				10.21		1.721		-0.25				8.5		1.605		-0.25				8.6		1.645		-0.25				10.19		1.773		-0.25				8.2		1.642		-0.25

				11.14		1.085		-0.25				11.38		1.699		-0.25				11.49		1.736		-0.25				11.19		1.772		-0.25				9.51		1.679		-0.25				9.55		1.712		-0.25				11.2		1.806		-0.25				9.17		1.708		-0.25

				12.08		1.121		-0.25				12.55		1.755		-0.25				12.32		1.755		-0.25				12.35		1.786		-0.25				10.48		1.73		-0.25				10.61		1.77		-0.25				12.26		1.834		-0.25				10.21		1.765		-0.25

				13.27		1.122		-0.25				13.42		1.774		-0.25				13.48		1.772		-0.25				13.34		1.812		-0.25				11.42		1.757		-0.25				11.5		1.791		-0.25				13.33		1.852		-0.25				11.23		1.798		-0.25

				14.28		1.154		-0.25				14.34		1.796		-0.25				14.31		1.78		-0.25				14.27		1.809		-0.25				12.37		1.78		-0.25				12.61		1.816		-0.25				14.52		1.862		-0.25				12.23		1.824		-0.25

				15.35		1.193		-0.25				15.33		1.303		-0.25				15.46		1.768		-0.25				15.17		1.797		-0.25				13.57		1.798		-0.25				13.54		1.826		-0.25				15.49		1.861		-0.25				13.19		1.842		-0.25

				16.37		1.194		-0.25				16.42		1.234		-0.25				16.18		1.173		-0.25				16.15		1.193		-0.25				14.49		1.804		-0.25				14.73		1.835		-0.25				16.44		1.856		-0.25				14.16		1.851		-0.25

				17.15		1.225		-0.25				17.44		1.266		-0.25				17.49		1.203		-0.25				17.38		1.237		-0.25				15.61		1.809		-0.25				15.67		1.84		-0.25				17.38		1.855		-0.25				15.17		1.854		-0.25

				18.17		1.272		-0.25				18.44		1.215		-0.25				18.23		1.22		-0.25				18.33		1.225		-0.25				16.62		1.798		-0.25				16.66		1.829		-0.25				18.27		1.854		-0.25				16.2		1.841		-0.25

				19.24		1.284		-0.25				19.24		1.281		-0.25				19.37		1.274		-0.25				19.32		1.323		-0.25				17.4		1.792		-0.25				17.67		1.814		-0.25				19.23		1.831		-0.25				17.19		1.836		-0.25

				20.33		1.289		-0.25				20.26		1.325		-0.25				20.48		1.316		-0.25				20.4		1.335		-0.25				18.34		1.762		-0.25				18.51		1.806		-0.25				20.23		1.826		-0.25				18.2		1.84		-0.25

				19		1.291		-0.25				18.91		1.238		-0.25				18.91		1.261		-0.25				19.21		1.268		-0.25				19.52		1.275		-0.25				19.66		1.794		-0.25				19.15		1.847		-0.25				19.19		1.836		-0.25

				18.19		1.228		-0.25				18.03		1.257		-0.25				17.88		1.231		-0.25				18.03		1.274		-0.25				20.47		1.296		-0.25				20.69		1.768		-0.25				18.03		1.84		-0.25				20.21		1.881		-0.25

				17.16		1.275		-0.25				16.94		1.253		-0.25				16.95		1.177		-0.25				16.99		1.228		-0.25				21.43		1.343		-0.25				21.79		1.76		-0.25				17.09		1.85		-0.25				19.27		1.839		-0.25

				16.03		1.203		-0.25				16.05		1.246		-0.25				16.05		1.188		-0.25				15.98		1.207		-0.25				22.5		1.351		-0.25				22.58		1.748		-0.25				16.09		1.86		-0.25				18.24		1.843		-0.25

				14.92		1.163		-0.25				15.03		1.344		-0.25				14.95		1.214		-0.25				15.09		1.196		-0.25				23.21		1.398		-0.25				23.48		1.739		-0.25				15.19		1.858		-0.25				17.3		1.836		-0.25

				14.1		1.092		-0.25				14.03		1.391		-0.25				14.09		1.218		-0.25				14.15		1.272		-0.25				24.36		1.483		-0.25				24.33		1.709		-0.25				14.07		1.854		-0.25				16.19		1.845		-0.25

				13.08		1.108		-0.25				13.27		1.741		-0.25				13.07		1.268		-0.25				13.11		1.26		-0.25				22.89		1.352		-0.25				22.91		1.772		-0.25				13.08		1.839		-0.25				15.14		1.845		-0.25

				12.06		1.064		-0.25				12.21		1.705		-0.25				12.08		1.729		-0.25				12.15		1.794		-0.25				21.93		1.338		-0.25				21.83		1.763		-0.25				12.03		1.819		-0.25				14.1		1.842		-0.25

				10.94		1.097		-0.25				11.19		1.661		-0.25				11.22		1.693		-0.25				11.21		1.758		-0.25				21.02		1.309		-0.25				20.92		1.778		-0.25				11.07		1.796		-0.25				13.18		1.835		-0.25

				10.17		1.054		-0.25				10.24		1.605		-0.25				10.21		1.637		-0.25				10.28		1.716		-0.25				19.98		1.291		-0.25				19.97		1.778		-0.25				10.13		1.76		-0.25				12.19		1.817		-0.25

				8.99		0.998		-0.25				9.19		1.53		-0.25				9.15		1.562		-0.25				9.27		1.647		-0.25				18.95		1.226		-0.25				18.93		1.804		-0.25				9.13		1.705		-0.25				11.25		1.791		-0.25

				8.04		0.972		-0.25				8.14		1.446		-0.25				8.08		1.481		-0.25				8.23		1.57		-0.25				17.95		1.233		-0.25				17.94		1.815		-0.25				8.19		1.634		-0.25				10.19		1.755		-0.25

				7.11		0.941		-0.25				7.18		1.35		-0.25				7.19		1.411		-0.25				7.19		1.486		-0.25				16.85		1.23		-0.25				17.08		1.821		-0.25				7.16		1.552		-0.25				9.21		1.704		-0.25

				6.13		0.927		-0.25				6.05		0.905		-0.25				6.06		1.314		-0.25				6.13		1.396		-0.25				15.77		1.223		-0.25				16.13		1.832		-0.25				6.17		1.47		-0.25				8.16		1.629		-0.25

				5.09		0.894		-0.25				5.04		0.939		-0.25				5		1.225		-0.25				5.1		1.306		-0.25				14.78		1.253		-0.25				15.09		1.841		-0.25				5.17		1.384		-0.25				7.17		1.548		-0.25

				4.06		0.862		-0.25				3.91		0.979		-0.25				3.9		1.136		-0.25				4.2		1.228		-0.25				14.12		1.811		-0.25				14.08		1.834		-0.25				4.14		1.297		-0.25				6.15		1.462		-0.25

				3.1		0.926		-0.25				2.9		0.977		-0.25				2.98		1.066		-0.25				3.17		1.149		-0.25				13.06		1.787		-0.25				12.99		1.822		-0.25				3.12		1.201		-0.25				5.12		1.376		-0.25

				2.14		0.919		-0.25				2		0.938		-0.25				2.04		0.983		-0.25				2.11		1.046		-0.25				12.06		1.762		-0.25				12.08		1.802		-0.25				2.07		1.098		-0.25				4.08		1.281		-0.25

				1.1		0.84		-0.25				1		0.847		-0.25				0.9		0.871		-0.25				1.01		0.936		-0.25				11.11		1.747		-0.25				10.92		1.776		-0.25				1.04		0.996		-0.25				3.09		1.184		-0.25

				-0.12		0.692		-0.25				-0.03		0.747		-0.25				-0.08		0.772		-0.25				-0.06		0.832		-0.25				10.02		1.714		-0.25				9.81		1.725		-0.25				0.04		0.896		-0.25				2.07		1.082		-0.25

				-1.07		0.577		-0.25				-1.02		0.65		-0.25				-1.2		0.67		-0.25				-1.16		0.733		-0.25				9.05		1.646		-0.25				8.95		1.665		-0.25				-0.97		0.795		-0.25				1.02		0.975		-0.25

				-1.97		0.503		-0.25				-2.11		0.512		-0.25				-2.19		0.541		-0.25				-2.01		0.651		-0.25				7.88		1.557		-0.25				7.76		1.564		-0.25				-2.01		0.694		-0.25				0.02		0.873		-0.25

				-3.11		0.346		-0.25				-3.15		0.313		-0.25				-3.16		0.367		-0.25				-3.18		0.461		-0.25				6.87		1.473		-0.25				6.88		1.492		-0.25				-3.03		0.576		-0.25				-0.99		0.771		-0.25

				-4.27		0.192		-0.25				-4.16		0.163		-0.25				-4.3		0.156		-0.25				-4.09		0.292		-0.25				5.89		1.39		-0.25				5.79		1.401		-0.25				-4.1		0.424		-0.25				-2.04		0.67		-0.25

				-5.14		-0.182		-0.25				-5.35		-0.283		-0.25				-5.33		-0.235		-0.25				-5.18		-0.147		-0.25				4.95		1.304		-0.25				4.73		1.308		-0.25				-5.13		0.244		-0.25				-3.08		0.552		-0.25

				-6.28		-0.246		-0.25				-6.32		-0.313		-0.25				-6.35		-0.289		-0.25				-6.15		-0.254		-0.25				3.97		1.224		-0.25				3.96		1.245		-0.25				-6.16		-0.102		-0.25				-4.09		0.419		-0.25

				Tabulate		d from		data in file JG00127.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00484.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00485.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00128.DAT & reduced using program Q01.00L				2.8		1.117		-0.25				2.72		1.129		-0.25				Tabulate		d from		data in file AB00489.DAT & reduced using program Q01.00L				-5.14		0.249		-0.25

																																				1.82		1.029		-0.25				1.75		1.036		-0.25												-6.27		-0.107		-0.25

						1.291								1.796								1.78								1.812						0.85		0.936		-0.25				0.89		0.949		-0.25						1.862						-7.15		-0.199		-0.25

																																				-0.16		0.838		-0.25				-0.22		0.84		-0.25												-8.13		-0.256		-0.25

																																				-1.2		0.743		-0.25				-1.1		0.755		-0.25												Tabulate		d from		data in file JG00494.DAT & reduced using program Q01.00L

																																				-2.26		0.645		-0.25				-2.12		0.658		-0.25

																																				-3.39		0.486		-0.25				-3.11		0.542		-0.25												File s12		10.lft		created on 12-05-1997 at 15:25:51 using program FORMAT

																																				-4.5		0.28		-0.25				-4.4		0.362		-0.25

																																				-5.5		-0.109		-0.25				-5.23		0.202		-0.25														1.881

																																				-6.32		-0.215		-0.25				-6.38		-0.177		-0.25

																																				-7.25		-0.244		-0.25				-7.19		-0.236		-0.25

																																				-8.2		-0.24		-0.25				-8.25		-0.242		-0.25

																																				Tabulate		d from		data in file JG00545.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00544.DAT & reduced using program Q01.00L

																																						1.811								1.841
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Drag Polar of the S-1210 Airfoil at a Reynolds Number of 101,100
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Cl

Cd

0.0217

0.0161

0.0162

0.017

0.0189

0.0201

0.0208

0.0216

0.0221

0.0238

0.0252

0.0262

0.0268

0.0277

0.0287

0.0315

0.0375



Drag Polar Data

		

				Airfoil:		S1210

				Builder:		M. Allen

				Comment:		clean

				Number of		Reynold		s #'s:

				7

																																																																																																				Average R		eynolds		#:

				Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												300800

				101100																100400																150500																200900																250500																247600																Number of		angles		of att		ack:

				Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										18

				16																1																17																16																16																1																alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>

				alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						-5.1		0.294		0.0203		0.0204		0.0199		0.0204		0.0205

				-3.97		0.352		0.0307		0.03		0.0304		0.0305		0.032				12.29		1.775		0.0398		0.0372		0.0425		0.0395		0.0402				-3.82		0.424		0.0217		0.0219		0.0217		0.0216		0.0216				-4.14		0.449		0.0188		0.0188		0.0191		0.0183		0.0189				-4.14		0.426		0.017		0.0166		0.0173		0.0176		0.0164				12.3		1.839		0.0337		0.0332		0.0353		0.0323		0.034				-4.1		0.447		0.0148		0.0144		0.0151		0.0152		0.0146

				-3.03		0.531		0.0257		0.0252		0.0276		0.026		0.0241																				-2.88		0.594		0.0161		0.0131		0.017		0.0179		0.0164				-3.15		0.589		0.014		0.0136		0.014		0.0144		0.0139				-3.12		0.571		0.0128		0.0127		0.013		0.0128		0.0128																				-3.05		0.586		0.0116		0.0118		0.0116		0.0115		0.0115

				-2.04		0.677		0.0228		0.0224		0.0258		0.021		0.0222																				-1.83		0.708		0.0162		0.017		0.0159		0.016		0.0159				-2.18		0.695		0.0138		0.0134		0.0127		0.0149		0.0141				-2.16		0.686		0.0125		0.0124		0.0122		0.013		0.0125																				-2.03		0.698		0.0116		0.0117		0.0112		0.0119		0.0117

				-0.95		0.79		0.0256		0.0224		0.0283		0.0321		0.0195																				-0.78		0.81		0.017		0.0177		0.0162		0.0171		0.017				-1.15		0.795		0.0148		0.0144		0.0137		0.0164		0.0148				-1.09		0.79		0.0135		0.0135		0.0124		0.0146		0.0137																				-1.03		0.796		0.0126		0.0127		0.0118		0.0131		0.0128

				0		0.873		0.025		0.0242		0.0283		0.0259		0.0214																				0.21		0.907		0.0189		0.018		0.0186		0.0203		0.0188				-0.02		0.909		0.0158		0.0155		0.0151		0.0171		0.0157				-0.05		0.896		0.0145		0.0142		0.0136		0.0156		0.0144																				0.02		0.904		0.0135		0.0135		0.0125		0.0144		0.0135

				1.09		0.981		0.028		0.0251		0.0297		0.0324		0.0249																				1.39		1.024		0.0201		0.0195		0.0202		0.0213		0.0195				0.92		1.001		0.0165		0.016		0.016		0.0177		0.0163				1.01		1.005		0.015		0.0147		0.0144		0.016		0.015																				1.01		1.005		0.0138		0.0136		0.0129		0.0149		0.0138

				2.04		1.074		0.0276		0.0235		0.0299		0.0317		0.0256																				2.33		1.118		0.0208		0.0202		0.0212		0.0217		0.0202				1.95		1.106		0.0172		0.0168		0.0164		0.0183		0.0172				2.05		1.11		0.0157		0.0155		0.0154		0.0162		0.0155																				2.09		1.116		0.0146		0.0144		0.0142		0.0153		0.0145

				3.1		1.179		0.0286		0.0248		0.0313		0.031		0.0273																				3.14		1.195		0.0216		0.0211		0.0218		0.0226		0.0208				2.94		1.2		0.018		0.0177		0.0171		0.019		0.0181				3.02		1.204		0.0163		0.0164		0.016		0.0168		0.0162																				3.1		1.217		0.0151		0.0152		0.0147		0.0153		0.015

				4.25		1.27		0.0287		0.0277		0.0294		0.0327		0.025																				4.14		1.285		0.0221		0.0213		0.0224		0.0236		0.021				4		1.299		0.0187		0.0183		0.0182		0.0196		0.0186				4.09		1.306		0.017		0.0171		0.0164		0.0176		0.0169																				4.13		1.316		0.0157		0.0158		0.0149		0.0164		0.0156

				5.22		1.35		0.0309		0.0264		0.0342		0.0346		0.0282																				5.33		1.384		0.0238		0.023		0.0248		0.0245		0.0229				5.1		1.39		0.019		0.019		0.0187		0.0195		0.0188				5.03		1.387		0.017		0.017		0.0165		0.0176		0.0169																				5.15		1.409		0.0158		0.0159		0.0151		0.0164		0.0158

				6.35		1.449		0.0333		0.0285		0.035		0.0375		0.0324																				6.35		1.468		0.0252		0.0247		0.0258		0.0257		0.0245				6.16		1.485		0.0201		0.0196		0.02		0.0205		0.0201				6.16		1.483		0.0178		0.0182		0.0171		0.0181		0.0179																				6.17		1.493		0.0163		0.0166		0.0156		0.0166		0.0165

				7.16		1.512		0.0343		0.0298		0.0335		0.0393		0.0347																				7.35		1.548		0.0262		0.0256		0.0269		0.0263		0.0262				7.16		1.568		0.0211		0.0207		0.0209		0.0214		0.0214				7.19		1.572		0.0187		0.0186		0.0183		0.0188		0.0189																				7.13		1.571		0.0172		0.0173		0.0164		0.0174		0.0176

				8.28		1.607		0.0336		0.0287		0.0328		0.0376		0.0354																				8.17		1.61		0.0268		0.0263		0.0277		0.0265		0.0268				8.16		1.646		0.0221		0.0218		0.0223		0.0219		0.0225				8.18		1.651		0.0197		0.0195		0.0193		0.0198		0.0201																				8.23		1.66		0.0183		0.0182		0.0179		0.0184		0.0187

				9.39		1.689		0.0345		0.0314		0.0337		0.0378		0.0351																				9.49		1.706		0.0277		0.0273		0.028		0.0274		0.028				9.37		1.737		0.0236		0.023		0.0235		0.0237		0.024				9.41		1.738		0.0213		0.0213		0.0209		0.0211		0.0218																				9.14		1.721		0.0195		0.0194		0.0191		0.0193		0.0201

				10.2		1.74		0.0334		0.0309		0.0313		0.0378		0.0334																				10.32		1.758		0.0287		0.0288		0.0279		0.0288		0.0294				10.47		1.793		0.0262		0.0263		0.027		0.0252		0.0264				10.24		1.779		0.0233		0.0234		0.0232		0.0228		0.0237																				10.23		1.778		0.0224		0.0224		0.0222		0.0219		0.023

				11.22		1.792		0.0336		0.0359		0.0279		0.0367		0.0341																				11.27		1.794		0.0315		0.0315		0.0322		0.0308		0.0313				11.66		1.821		0.0317		0.0313		0.0341		0.0301		0.0314				11.28		1.81		0.0278		0.028		0.0285		0.0269		0.0278																				11.27		1.812		0.0273		0.0271		0.0283		0.0267		0.027

																																				12.31		1.816		0.0375		0.0379		0.0387		0.036		0.0373																																																				12.27		1.835		0.0339		0.0328		0.0358		0.033		0.0341

																																																																																																				File s121		0.drg cr		eated		on 12-05-1		997 at 15		:25:59 us		ing program FORMAT





TO & Curise Data

		TAKE OFF																								CRUISE

		Average Reynolds #:								Average Reynolds #:																Average Reynolds #:								Average Reynolds #:

		101500								101100																151900								150500

		Number of angles of attack:								Number of angles of attack:																Number of angles of attack:								Number of angles of attack:

		53								16																65								17

		alpha		Cl		Cm				alpha		Cl		Cd		Spanwise Cd's >>>										alpha		Cl		Cm				alpha		Cl		Cd		Spanwise Cd's >>>

		-6.23		-0.257		-0.25				-3.97		0.352		0.0307		0.03		0.0304		0.0305		0.032				-8.09		-0.241		-0.25				-3.82		0.424		0.0217		0.0219		0.0217		0.0216		0.0216

		-5.18		-0.122		-0.25				-3.03		0.531		0.0257		0.0252		0.0276		0.026		0.0241				-7.02		-0.248		-0.25				-2.88		0.594		0.0161		0.0131		0.017		0.0179		0.0164

		-3.98		0.339		-0.25				-2.04		0.677		0.0228		0.0224		0.0258		0.021		0.0222				-6.14		-0.187		-0.25				-1.83		0.708		0.0162		0.017		0.0159		0.016		0.0159

		-3.08		0.501		-0.25				-0.95		0.79		0.0256		0.0224		0.0283		0.0321		0.0195				-4.87		0.199		-0.25				-0.78		0.81		0.017		0.0177		0.0162		0.0171		0.017

		-2.03		0.664		-0.25				0		0.873		0.025		0.0242		0.0283		0.0259		0.0214				-3.84		0.407		-0.25				0.21		0.907		0.0189		0.018		0.0186		0.0203		0.0188

		-1		0.764		-0.25				1.09		0.981		0.028		0.0251		0.0297		0.0324		0.0249				-2.61		0.607		-0.25				1.39		1.024		0.0201		0.0195		0.0202		0.0213		0.0195

		-0.04		0.85		-0.25				2.04		1.074		0.0276		0.0235		0.0299		0.0317		0.0256				-1.69		0.701		-0.25				2.33		1.118		0.0208		0.0202		0.0212		0.0217		0.0202

		1.05		0.955		-0.25				3.1		1.179		0.0286		0.0248		0.0313		0.031		0.0273				-0.52		0.808		-0.25				3.14		1.195		0.0216		0.0211		0.0218		0.0226		0.0208

		2.09		1.057		-0.25				4.25		1.27		0.0287		0.0277		0.0294		0.0327		0.025				0.23		0.879		-0.25				4.14		1.285		0.0221		0.0213		0.0224		0.0236		0.021

		3.14		1.159		-0.25				5.22		1.35		0.0309		0.0264		0.0342		0.0346		0.0282				1.37		0.993		-0.25				5.33		1.384		0.0238		0.023		0.0248		0.0245		0.0229

		4.22		1.244		-0.25				6.35		1.449		0.0333		0.0285		0.035		0.0375		0.0324				2.48		1.099		-0.25				6.35		1.468		0.0252		0.0247		0.0258		0.0257		0.0245

		5.23		1.332		-0.25				7.16		1.512		0.0343		0.0298		0.0335		0.0393		0.0347				3.54		1.193		-0.25				7.35		1.548		0.0262		0.0256		0.0269		0.0263		0.0262

		6.32		1.428		-0.25				8.28		1.607		0.0336		0.0287		0.0328		0.0376		0.0354				4.25		1.253		-0.25				8.17		1.61		0.0268		0.0263		0.0277		0.0265		0.0268

		7.17		1.5		-0.25				9.39		1.689		0.0345		0.0314		0.0337		0.0378		0.0351				5.38		1.348		-0.25				9.49		1.706		0.0277		0.0273		0.028		0.0274		0.028

		8.28		1.585		-0.25				10.2		1.74		0.0334		0.0309		0.0313		0.0378		0.0334				6.46		1.445		-0.25				10.32		1.758		0.0287		0.0288		0.0279		0.0288		0.0294

		9.39		1.663		-0.25				11.22		1.792		0.0336		0.0359		0.0279		0.0367		0.0341				7.52		1.533		-0.25				11.27		1.794		0.0315		0.0315		0.0322		0.0308		0.0313

		10.21		1.721		-0.25																				8.5		1.605		-0.25				12.31		1.816		0.0375		0.0379		0.0387		0.036		0.0373

		11.19		1.772		-0.25																				9.51		1.679		-0.25

		12.35		1.786		-0.25																				10.48		1.73		-0.25

		13.34		1.812		-0.25																				11.42		1.757		-0.25

		14.27		1.809		-0.25																				12.37		1.78		-0.25

		15.17		1.797		-0.25																				13.57		1.798		-0.25

		16.15		1.193		-0.25																				14.49		1.804		-0.25

		17.38		1.237		-0.25																				15.61		1.809		-0.25

		18.33		1.225		-0.25																				16.62		1.798		-0.25

		19.32		1.323		-0.25																				17.4		1.792		-0.25

		20.4		1.335		-0.25																				18.34		1.762		-0.25

		19.21		1.268		-0.25																				19.52		1.275		-0.25

		18.03		1.274		-0.25																				20.47		1.296		-0.25

		16.99		1.228		-0.25																				21.43		1.343		-0.25

		15.98		1.207		-0.25																				22.5		1.351		-0.25

		15.09		1.196		-0.25																				23.21		1.398		-0.25

		14.15		1.272		-0.25																				24.36		1.483		-0.25

		13.11		1.26		-0.25																				22.89		1.352		-0.25

		12.15		1.794		-0.25																				21.93		1.338		-0.25

		11.21		1.758		-0.25																				21.02		1.309		-0.25

		10.28		1.716		-0.25																				19.98		1.291		-0.25

		9.27		1.647		-0.25																				18.95		1.226		-0.25

		8.23		1.57		-0.25																				17.95		1.233		-0.25

		7.19		1.486		-0.25																				16.85		1.23		-0.25

		6.13		1.396		-0.25																				15.77		1.223		-0.25

		5.1		1.306		-0.25																				14.78		1.253		-0.25

		4.2		1.228		-0.25																				14.12		1.811		-0.25

		3.17		1.149		-0.25																				13.06		1.787		-0.25

		2.11		1.046		-0.25																				12.06		1.762		-0.25

		1.01		0.936		-0.25																				11.11		1.747		-0.25

		-0.06		0.832		-0.25																				10.02		1.714		-0.25

		-1.16		0.733		-0.25																				9.05		1.646		-0.25

		-2.01		0.651		-0.25																				7.88		1.557		-0.25

		-3.18		0.461		-0.25																				6.87		1.473		-0.25

		-4.09		0.292		-0.25																				5.89		1.39		-0.25

		-5.18		-0.147		-0.25																				4.95		1.304		-0.25

		-6.15		-0.254		-0.25																				3.97		1.224		-0.25

																										2.8		1.117		-0.25

																										1.82		1.029		-0.25

																										0.85		0.936		-0.25

																										-0.16		0.838		-0.25

																										-1.2		0.743		-0.25

																										-2.26		0.645		-0.25

																										-3.39		0.486		-0.25

																										-4.5		0.28		-0.25

																										-5.5		-0.109		-0.25

																										-6.32		-0.215		-0.25

																										-7.25		-0.244		-0.25

																										-8.2		-0.24		-0.25






_1037400297.xls
Airfoil

		1

		0.99837

		0.99398

		0.98753

		0.97908

		0.96811

		0.95437

		0.93796

		0.91898

		0.89754

		0.87376

		0.84779

		0.8198

		0.78997

		0.75851

		0.72561

		0.69151

		0.65642

		0.62058

		0.58423

		0.54763

		0.51105

		0.47473

		0.43891

		0.40378

		0.36955

		0.33652

		0.30456

		0.27347

		0.24341

		0.21445

		0.18681

		0.16069

		0.13622

		0.11351

		0.09269

		0.07388

		0.05719

		0.04282

		0.03068

		0.02054

		0.01239

		0.00626

		0.00217

		0.00016

		0.00023

		0.00337

		0.01034

		0.02071

		0.03417

		0.05052

		0.06959

		0.09118

		0.11512

		0.14119

		0.16911

		0.19906

		0.23157

		0.2667

		0.30427

		0.34404

		0.38575

		0.42909

		0.4737

		0.51919

		0.56515

		0.61113

		0.65666

		0.70127

		0.74446

		0.78575

		0.82465

		0.86071

		0.89349

		0.92255

		0.94754

		0.96791

		0.98299

		0.99284

		0.99828

		1



x/c

t/c

0

0.00101

0.00397

0.00832

0.01317

0.01811

0.02328

0.02874

0.03443

0.04032

0.04637

0.05254

0.05879

0.06506

0.0713

0.07747

0.08349

0.08932

0.0949

0.10016

0.10505

0.10948

0.11335

0.11653

0.11892

0.12046

0.12091

0.12

0.11784

0.11462

0.11047

0.10556

0.09994

0.09362

0.08672

0.07932

0.07149

0.06332

0.05484

0.04593

0.03672

0.02755

0.01866

0.0103

0.00277

-0.00345

-0.00773

-0.0107

-0.01324

-0.01529

-0.01685

-0.01786

-0.0183

-0.0181

-0.01715

-0.01524

-0.01183

-0.00697

-0.00124

0.00504

0.01158

0.01814

0.02446

0.03032

0.03551

0.03986

0.0432

0.04543

0.04646

0.04625

0.04479

0.04214

0.03837

0.03364

0.02809

0.02192

0.0153

0.0089

0.0039

0.00095

0



Airfoil Coordinates

		

						S1210 12%

						s		z

						1		0

						0.99837		0.00101

						0.99398		0.00397

						0.98753		0.00832

						0.97908		0.01317

						0.96811		0.01811

						0.95437		0.02328

						0.93796		0.02874

						0.91898		0.03443

						0.89754		0.04032

						0.87376		0.04637

						0.84779		0.05254

						0.8198		0.05879

						0.78997		0.06506

						0.75851		0.0713

						0.72561		0.07747

						0.69151		0.08349

						0.65642		0.08932

						0.62058		0.0949

						0.58423		0.10016

						0.54763		0.10505

						0.51105		0.10948

						0.47473		0.11335

						0.43891		0.11653

						0.40378		0.11892

						0.36955		0.12046

						0.33652		0.12091

						0.30456		0.12

						0.27347		0.11784

						0.24341		0.11462

						0.21445		0.11047

						0.18681		0.10556

						0.16069		0.09994

						0.13622		0.09362

						0.11351		0.08672

						0.09269		0.07932

						0.07388		0.07149

						0.05719		0.06332

						0.04282		0.05484

						0.03068		0.04593

						0.02054		0.03672

						0.01239		0.02755

						0.00626		0.01866

						0.00217		0.0103

						0.00016		0.00277

						0.00023		-0.00345		0.00345

						0.00337		-0.00773		0.00773

						0.01034		-0.0107		0.0107

						0.02071		-0.01324		0.01324

						0.03417		-0.01529		0.01529

						0.05052		-0.01685		0.01685

						0.06959		-0.01786		0.01786

						0.09118		-0.0183		0.0183

						0.11512		-0.0181		0.0181

						0.14119		-0.01715		0.01715

						0.16911		-0.01524		0.01524

						0.19906		-0.01183		0.01183

						0.23157		-0.00697		0.00697

						0.2667		-0.00124		0.00124

						0.30427		0.00504		0.00504

						0.34404		0.01158		0.01158

						0.38575		0.01814		0.01814

						0.42909		0.02446		0.02446

						0.4737		0.03032		0.03032

						0.51919		0.03551		0.03551

						0.56515		0.03986		0.03986

						0.61113		0.0432		0.0432

						0.65666		0.04543		0.04543

						0.70127		0.04646		0.04646

						0.74446		0.04625		0.04625

						0.78575		0.04479		0.04479

						0.82465		0.04214		0.04214

						0.86071		0.03837		0.03837

						0.89349		0.03364		0.03364

						0.92255		0.02809		0.02809

						0.94754		0.02192		0.02192

						0.96791		0.0153		0.0153

						0.98299		0.0089		0.0089

						0.99284		0.0039		0.0039

						0.99828		0.00095		0.00095

						1		0		0





Lift Curve Re=101,500

		-6.23		20.4

		-5.18		19.21

		-3.98		18.03

		-3.08		16.99

		-2.03		15.98

		-1		15.09

		-0.04		14.15

		1.05		13.11

		2.09		12.15

		3.14		11.21

		4.22		10.28

		5.23		9.27

		6.32		8.23

		7.17		7.19

		8.28		6.13

		9.39		5.1

		10.21		4.2

		11.19		3.17

		12.35		2.11

		13.34		1.01

		14.27		-0.06

		15.17		-1.16

		16.15		-2.01

		17.38		-3.18

		18.33		-4.09

		19.32		-5.18

		20.4		-6.15



Increasing Angle of Attack

Decreasing Angle of Attack

Angle of Attack (deg)

Cl

Lift Curve of the S-1210 Airfoil at a Reynolds Number of 101,500

-0.257

1.335

-0.122

1.268

0.339

1.274

0.501

1.228

0.664

1.207

0.764

1.196

0.85

1.272

0.955

1.26

1.057

1.794

1.159

1.758

1.244

1.716

1.332

1.647

1.428

1.57

1.5

1.486

1.585

1.396

1.663

1.306

1.721

1.228

1.772

1.149

1.786

1.046

1.812

0.936

1.809

0.832

1.797

0.733

1.193

0.651

1.237

0.461

1.225

0.292

1.323

-0.147

1.335

-0.254



Lift Curve Re=151,900

		-8.09		24.36

		-7.02		22.89

		-6.14		21.93

		-4.87		21.02

		-3.84		19.98

		-2.61		18.95

		-1.69		17.95

		-0.52		16.85

		0.23		15.77

		1.37		14.78

		2.48		14.12

		3.54		13.06

		4.25		12.06

		5.38		11.11

		6.46		10.02

		7.52		9.05

		8.5		7.88

		9.51		6.87

		10.48		5.89

		11.42		4.95

		12.37		3.97

		13.57		2.8

		14.49		1.82

		15.61		0.85

		16.62		-0.16

		17.4		-1.2

		18.34		-2.26

		19.52		-3.39

		20.47		-4.5

		21.43		-5.5

		22.5		-6.32

		23.21		-7.25

		24.36		-8.2



Increasing Angle of Attack

Decreasing Angle of Attack

Angle of Attack (deg)

Cl

Lift Curve of the S-1210 Airfoil at a Reynolds Number of 151,900

-0.241

1.483

-0.248

1.352

-0.187

1.338

0.199

1.309

0.407

1.291

0.607

1.226

0.701

1.233

0.808

1.23

0.879

1.223

0.993

1.253

1.099

1.811

1.193

1.787

1.253

1.762

1.348

1.747

1.445

1.714

1.533

1.646

1.605

1.557

1.679

1.473

1.73

1.39

1.757

1.304

1.78

1.224

1.798

1.117

1.804

1.029

1.809

0.936

1.798

0.838

1.792

0.743

1.762

0.645

1.275

0.486

1.296

0.28

1.343

-0.109

1.351

-0.215

1.398

-0.244

1.483

-0.24



Clmax vs Re

		81200

		91300

		101500

		151900

		201800

		252100

		302500



Reynolds Number

Clmax

Clmax versus Reynolds Number for the S-1210 Airfoil

1.796

1.78

1.812

1.811

1.841

1.862

1.881



Lift Curves 1

		-6.22		-6.42		-6.12		-6.23

		-5.15		-5.22		-5.16		-5.18

		-4.15		-4.04		-3.99		-3.98

		-2.97		-3		-2.99		-3.08

		-1.98		-1.94		-1.91		-2.03

		-0.96		-0.71		-0.89		-1

		0.04		0.22		0.08		-0.04

		1.01		1.12		1.36		1.05

		2.18		2.33		2.13		2.09

		3.09		3.28		3.34		3.14

		4.25		4.2		4.31		4.22

		5.16		5.36		5.27		5.23

		6.11		6.27		6.27		6.32

		7.1		7.21		7.3		7.17

		8.05		8.21		8.5		8.28

		8.98		9.24		9.43		9.39

		10.24		10.49		10.33		10.21

		11.14		11.38		11.49		11.19

		12.08		12.55		12.32		12.35

		13.27		13.42		13.48		13.34

		14.28		14.34		14.31		14.27

		15.35		15.33		15.46		15.17

		16.37		16.42		16.18		16.15

		17.15		17.44		17.49		17.38

		18.17		18.44		18.23		18.33

		19.24		19.24		19.37		19.32

		20.33		20.26		20.48		20.4

		19		18.91		18.91		19.21

		18.19		18.03		17.88		18.03

		17.16		16.94		16.95		16.99

		16.03		16.05		16.05		15.98

		14.92		15.03		14.95		15.09

		14.1		14.03		14.09		14.15

		13.08		13.27		13.07		13.11

		12.06		12.21		12.08		12.15

		10.94		11.19		11.22		11.21

		10.17		10.24		10.21		10.28

		8.99		9.19		9.15		9.27

		8.04		8.14		8.08		8.23

		7.11		7.18		7.19		7.19

		6.13		6.05		6.06		6.13

		5.09		5.04		5		5.1

		4.06		3.91		3.9		4.2

		3.1		2.9		2.98		3.17

		2.14		2		2.04		2.11

		1.1		1		0.9		1.01

		-0.12		-0.03		-0.08		-0.06

		-1.07		-1.02		-1.2		-1.16

		-1.97		-2.11		-2.19		-2.01

		-3.11		-3.15		-3.16		-3.18

		-4.27		-4.16		-4.3		-4.09

		-5.14		-5.35		-5.33		-5.18

		-6.28		-6.32		-6.35		-6.15



Re=61100

Re=81200

Re=91300

Re=101500

Angle of Attack (deg)

Cl

Cl versus Angle of Attack for the S-1210 Airfoil

-0.273

-0.301

-0.281

-0.257

-0.168

-0.249

-0.21

-0.122

0.183

0.194

0.231

0.339

0.369

0.364

0.431

0.501

0.504

0.56

0.601

0.664

0.614

0.705

0.724

0.764

0.742

0.801

0.814

0.85

0.83

0.895

0.934

0.955

0.95

0.99

1.006

1.057

0.968

1.04

1.115

1.159

0.914

1.013

1.189

1.244

0.91

0.992

1.272

1.332

0.954

0.946

1.351

1.428

0.946

0.97

1.44

1.5

0.984

1.012

1.536

1.585

1.019

1.094

1.598

1.663

1.056

1.631

1.662

1.721

1.085

1.699

1.736

1.772

1.121

1.755

1.755

1.786

1.122

1.774

1.772

1.812

1.154

1.796

1.78

1.809

1.193

1.303

1.768

1.797

1.194

1.234

1.173

1.193

1.225

1.266

1.203

1.237

1.272

1.215

1.22

1.225

1.284

1.281

1.274

1.323

1.289

1.325

1.316

1.335

1.291

1.238

1.261

1.268

1.228

1.257

1.231

1.274

1.275

1.253

1.177

1.228

1.203

1.246

1.188

1.207

1.163

1.344

1.214

1.196

1.092

1.391

1.218

1.272

1.108

1.741

1.268

1.26

1.064

1.705

1.729

1.794

1.097

1.661

1.693

1.758

1.054

1.605

1.637

1.716

0.998

1.53

1.562

1.647

0.972

1.446

1.481

1.57

0.941

1.35

1.411

1.486

0.927

0.905

1.314

1.396

0.894

0.939

1.225

1.306

0.862

0.979

1.136

1.228

0.926

0.977

1.066

1.149

0.919

0.938

0.983

1.046

0.84

0.847

0.871

0.936

0.692

0.747

0.772

0.832

0.577

0.65

0.67

0.733

0.503

0.512

0.541

0.651

0.346

0.313

0.367

0.461

0.192

0.163

0.156

0.292

-0.182

-0.283

-0.235

-0.147

-0.246

-0.313

-0.289

-0.254



Lift Curves 2

		-8.09		-8.39		-5.98		-8.09

		-7.02		-6.97		-5.3		-7.19

		-6.14		-5.87		-4.17		-6.07

		-4.87		-5.29		-3.14		-5.14

		-3.84		-3.98		-2.13		-4.15

		-2.61		-2.97		-1.07		-3.08

		-1.69		-1.81		-0.06		-2.05

		-0.52		-0.86		0.98		-1.04

		0.23		0.18		2.02		0

		1.37		1.28		3.05		1.02

		2.48		2.33		4.05		2.05

		3.54		3.2		5.08		3.09

		4.25		4.41		6.11		4.11

		5.38		5.51		7.14		5.13

		6.46		6.33		8.14		6.15

		7.52		7.34		9.17		7.16

		8.5		8.6		10.19		8.2

		9.51		9.55		11.2		9.17

		10.48		10.61		12.26		10.21

		11.42		11.5		13.33		11.23

		12.37		12.61		14.52		12.23

		13.57		13.54		15.49		13.19

		14.49		14.73		16.44		14.16

		15.61		15.67		17.38		15.17

		16.62		16.66		18.27		16.2

		17.4		17.67		19.23		17.19

		18.34		18.51		20.23		18.2

		19.52		19.66		19.15		19.19

		20.47		20.69		18.03		20.21

		21.43		21.79		17.09		19.27

		22.5		22.58		16.09		18.24

		23.21		23.48		15.19		17.3

		24.36		24.33		14.07		16.19

		22.89		22.91		13.08		15.14

		21.93		21.83		12.03		14.1

		21.02		20.92		11.07		13.18

		19.98		19.97		10.13		12.19

		18.95		18.93		9.13		11.25

		17.95		17.94		8.19		10.19

		16.85		17.08		7.16		9.21

		15.77		16.13		6.17		8.16

		14.78		15.09		5.17		7.17

		14.12		14.08		4.14		6.15

		13.06		12.99		3.12		5.12

		12.06		12.08		2.07		4.08

		11.11		10.92		1.04		3.09

		10.02		9.81		0.04		2.07

		9.05		8.95		-0.97		1.02

		7.88		7.76		-2.01		0.02

		6.87		6.88		-3.03		-0.99

		5.89		5.79		-4.1		-2.04

		4.95		4.73		-5.13		-3.08

		3.97		3.96		-6.16		-4.09

		2.8		2.72				-5.14

		1.82		1.75				-6.27

		0.85		0.89				-7.15

		-0.16		-0.22				-8.13

		-1.2		-1.1

		-2.26		-2.12

		-3.39		-3.11

		-4.5		-4.4

		-5.5		-5.23

		-6.32		-6.38

		-7.25		-7.19

		-8.2		-8.25



Re=151900

Re=201800

Re=252100

Re=302500

Angle of Attack (deg)

Cl

Cl versus Angle of Attack for the S-1210 Airfoil

-0.241

-0.252

-0.063

-0.24

-0.248

-0.225

0.234

-0.193

-0.187

-0.09

0.433

-0.06

0.199

0.218

0.58

0.28

0.407

0.454

0.697

0.436

0.607

0.582

0.8

0.575

0.701

0.704

0.9

0.688

0.808

0.793

1.007

0.788

0.879

0.895

1.108

0.894

0.993

1.003

1.209

0.998

1.099

1.11

1.304

1.101

1.193

1.192

1.39

1.205

1.253

1.302

1.476

1.301

1.348

1.388

1.563

1.394

1.445

1.46

1.643

1.477

1.533

1.544

1.717

1.561

1.605

1.645

1.773

1.642

1.679

1.712

1.806

1.708

1.73

1.77

1.834

1.765

1.757

1.791

1.852

1.798

1.78

1.816

1.862

1.824

1.798

1.826

1.861

1.842

1.804

1.835

1.856

1.851

1.809

1.84

1.855

1.854

1.798

1.829

1.854

1.841

1.792

1.814

1.831

1.836

1.762

1.806

1.826

1.84

1.275

1.794

1.847

1.836

1.296

1.768

1.84

1.881

1.343

1.76

1.85

1.839

1.351

1.748

1.86

1.843

1.398

1.739

1.858

1.836

1.483

1.709

1.854

1.845

1.352

1.772

1.839

1.845

1.338

1.763

1.819

1.842

1.309

1.778

1.796

1.835

1.291

1.778

1.76

1.817

1.226

1.804

1.705

1.791

1.233

1.815

1.634

1.755

1.23

1.821

1.552

1.704
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Curve Fit Data

				Curve Fit Data		TRADE STUDY		LOREN GARRISON		AAE451

				Reynolds Number		Clmax		Clmax eq		% Difference

				81200		1.796		1.789		0.374

				91300		1.780		1.793		0.748

				101500		1.812		1.797		0.806

				151900		1.811		1.818		0.362

				201800		1.841		1.838		0.189

				252100		1.862		1.858		0.234

				302500		1.881		1.878		0.170

				Reynolds Number		Cl slope		Clslope eq		% Difference

				81200		5.042		5.109		1.341

				91300		5.005		5.112		2.139

				101500		5.086		5.116		0.581

				151900		5.106		5.156		0.997

				201800		5.124		5.260		2.655

				252100		5.292		5.468		3.318

				302500		5.536		5.816		5.071

				Reynolds Number		Alpha Zero Lift		Alpha Zero Lift eq		% Difference

				81200		-5.000		-4.988		-0.232

				91300		-5.000		-5.039		-0.778

				101500		-5.000		-5.090		-1.798

				151900		-5.500		-5.342		-2.875

				201800		-6.000		-5.591		-6.810

				252100		-6.000		-5.843		-2.618

				302500		-6.000		-6.095		-1.582

				Reynolds Number		Alpha Max		Alpha Max eq		% Difference

				81200		14.340		13.985		2.476

				91300		14.310		14.036		1.918

				101500		13.340		14.087		5.596

				151900		14.120		14.339		1.547

				201800		15.090		14.588		3.327

				252100		14.520		14.840		2.200

				302500		15.120		15.092		0.188

				Reynolds Number		Cl ZL		CL ZL eq		% Difference

				81200		0.750		0.749		0.068

				91300		0.800		0.803		0.434

				101500		0.850		0.858		0.989

				151900		0.850		0.850		0.000

				201800		0.850		0.850		0.000

				252100		0.850		0.850		0.000

				302500		0.850		0.850		0.000
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Lift Curve Data

		

				Airfoil:		S1210

				Builder:		M. Allen

				Comment:		clean

				Number o		f Reyno		lds #'s:

				8

				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:				Average		Reynold		s #:

				61100								81200								91300								101500								151900								201800								252100								302500

				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:				Number o		f angle		s of attack:

				53								53								53								53								65								65								53								57

				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm				alpha /		Cl		/  Cm

				-6.22		-0.273		-0.25				-6.42		-0.301		-0.25				-6.12		-0.281		-0.25				-6.23		-0.257		-0.25				-8.09		-0.241		-0.25				-8.39		-0.252		-0.25				-5.98		-0.063		-0.25				-8.09		-0.24		-0.25

				-5.15		-0.168		-0.25				-5.22		-0.249		-0.25				-5.16		-0.21		-0.25				-5.18		-0.122		-0.25				-7.02		-0.248		-0.25				-6.97		-0.225		-0.25				-5.3		0.234		-0.25				-7.19		-0.193		-0.25

				-4.15		0.183		-0.25				-4.04		0.194		-0.25				-3.99		0.231		-0.25				-3.98		0.339		-0.25				-6.14		-0.187		-0.25				-5.87		-0.09		-0.25				-4.17		0.433		-0.25				-6.07		-0.06		-0.25

				-2.97		0.369		-0.25				-3		0.364		-0.25				-2.99		0.431		-0.25				-3.08		0.501		-0.25				-4.87		0.199		-0.25				-5.29		0.218		-0.25				-3.14		0.58		-0.25				-5.14		0.28		-0.25

				-1.98		0.504		-0.25				-1.94		0.56		-0.25				-1.91		0.601		-0.25				-2.03		0.664		-0.25				-3.84		0.407		-0.25				-3.98		0.454		-0.25				-2.13		0.697		-0.25				-4.15		0.436		-0.25

				-0.96		0.614		-0.25				-0.71		0.705		-0.25				-0.89		0.724		-0.25				-1		0.764		-0.25				-2.61		0.607		-0.25				-2.97		0.582		-0.25				-1.07		0.8		-0.25				-3.08		0.575		-0.25

				0.04		0.742		-0.25				0.22		0.801		-0.25				0.08		0.814		-0.25				-0.04		0.85		-0.25				-1.69		0.701		-0.25				-1.81		0.704		-0.25				-0.06		0.9		-0.25				-2.05		0.688		-0.25

				1.01		0.83		-0.25				1.12		0.895		-0.25				1.36		0.934		-0.25				1.05		0.955		-0.25				-0.52		0.808		-0.25				-0.86		0.793		-0.25				0.98		1.007		-0.25				-1.04		0.788		-0.25

				2.18		0.95		-0.25				2.33		0.99		-0.25				2.13		1.006		-0.25				2.09		1.057		-0.25				0.23		0.879		-0.25				0.18		0.895		-0.25				2.02		1.108		-0.25				0		0.894		-0.25

				3.09		0.968		-0.25				3.28		1.04		-0.25				3.34		1.115		-0.25				3.14		1.159		-0.25				1.37		0.993		-0.25				1.28		1.003		-0.25				3.05		1.209		-0.25				1.02		0.998		-0.25

				4.25		0.914		-0.25				4.2		1.013		-0.25				4.31		1.189		-0.25				4.22		1.244		-0.25				2.48		1.099		-0.25				2.33		1.11		-0.25				4.05		1.304		-0.25				2.05		1.101		-0.25

				5.16		0.91		-0.25				5.36		0.992		-0.25				5.27		1.272		-0.25				5.23		1.332		-0.25				3.54		1.193		-0.25				3.2		1.192		-0.25				5.08		1.39		-0.25				3.09		1.205		-0.25

				6.11		0.954		-0.25				6.27		0.946		-0.25				6.27		1.351		-0.25				6.32		1.428		-0.25				4.25		1.253		-0.25				4.41		1.302		-0.25				6.11		1.476		-0.25				4.11		1.301		-0.25

				7.1		0.946		-0.25				7.21		0.97		-0.25				7.3		1.44		-0.25				7.17		1.5		-0.25				5.38		1.348		-0.25				5.51		1.388		-0.25				7.14		1.563		-0.25				5.13		1.394		-0.25

				8.05		0.984		-0.25				8.21		1.012		-0.25				8.5		1.536		-0.25				8.28		1.585		-0.25				6.46		1.445		-0.25				6.33		1.46		-0.25				8.14		1.643		-0.25				6.15		1.477		-0.25

				8.98		1.019		-0.25				9.24		1.094		-0.25				9.43		1.598		-0.25				9.39		1.663		-0.25				7.52		1.533		-0.25				7.34		1.544		-0.25				9.17		1.717		-0.25				7.16		1.561		-0.25

				10.24		1.056		-0.25				10.49		1.631		-0.25				10.33		1.662		-0.25				10.21		1.721		-0.25				8.5		1.605		-0.25				8.6		1.645		-0.25				10.19		1.773		-0.25				8.2		1.642		-0.25

				11.14		1.085		-0.25				11.38		1.699		-0.25				11.49		1.736		-0.25				11.19		1.772		-0.25				9.51		1.679		-0.25				9.55		1.712		-0.25				11.2		1.806		-0.25				9.17		1.708		-0.25

				12.08		1.121		-0.25				12.55		1.755		-0.25				12.32		1.755		-0.25				12.35		1.786		-0.25				10.48		1.73		-0.25				10.61		1.77		-0.25				12.26		1.834		-0.25				10.21		1.765		-0.25

				13.27		1.122		-0.25				13.42		1.774		-0.25				13.48		1.772		-0.25				13.34		1.812		-0.25				11.42		1.757		-0.25				11.5		1.791		-0.25				13.33		1.852		-0.25				11.23		1.798		-0.25

				14.28		1.154		-0.25				14.34		1.796		-0.25				14.31		1.78		-0.25				14.27		1.809		-0.25				12.37		1.78		-0.25				12.61		1.816		-0.25				14.52		1.862		-0.25				12.23		1.824		-0.25

				15.35		1.193		-0.25				15.33		1.303		-0.25				15.46		1.768		-0.25				15.17		1.797		-0.25				13.57		1.798		-0.25				13.54		1.826		-0.25				15.49		1.861		-0.25				13.19		1.842		-0.25

				16.37		1.194		-0.25				16.42		1.234		-0.25				16.18		1.173		-0.25				16.15		1.193		-0.25				14.49		1.804		-0.25				14.73		1.835		-0.25				16.44		1.856		-0.25				14.16		1.851		-0.25

				17.15		1.225		-0.25				17.44		1.266		-0.25				17.49		1.203		-0.25				17.38		1.237		-0.25				15.61		1.809		-0.25				15.67		1.84		-0.25				17.38		1.855		-0.25				15.17		1.854		-0.25

				18.17		1.272		-0.25				18.44		1.215		-0.25				18.23		1.22		-0.25				18.33		1.225		-0.25				16.62		1.798		-0.25				16.66		1.829		-0.25				18.27		1.854		-0.25				16.2		1.841		-0.25

				19.24		1.284		-0.25				19.24		1.281		-0.25				19.37		1.274		-0.25				19.32		1.323		-0.25				17.4		1.792		-0.25				17.67		1.814		-0.25				19.23		1.831		-0.25				17.19		1.836		-0.25

				20.33		1.289		-0.25				20.26		1.325		-0.25				20.48		1.316		-0.25				20.4		1.335		-0.25				18.34		1.762		-0.25				18.51		1.806		-0.25				20.23		1.826		-0.25				18.2		1.84		-0.25

				19		1.291		-0.25				18.91		1.238		-0.25				18.91		1.261		-0.25				19.21		1.268		-0.25				19.52		1.275		-0.25				19.66		1.794		-0.25				19.15		1.847		-0.25				19.19		1.836		-0.25

				18.19		1.228		-0.25				18.03		1.257		-0.25				17.88		1.231		-0.25				18.03		1.274		-0.25				20.47		1.296		-0.25				20.69		1.768		-0.25				18.03		1.84		-0.25				20.21		1.881		-0.25

				17.16		1.275		-0.25				16.94		1.253		-0.25				16.95		1.177		-0.25				16.99		1.228		-0.25				21.43		1.343		-0.25				21.79		1.76		-0.25				17.09		1.85		-0.25				19.27		1.839		-0.25

				16.03		1.203		-0.25				16.05		1.246		-0.25				16.05		1.188		-0.25				15.98		1.207		-0.25				22.5		1.351		-0.25				22.58		1.748		-0.25				16.09		1.86		-0.25				18.24		1.843		-0.25

				14.92		1.163		-0.25				15.03		1.344		-0.25				14.95		1.214		-0.25				15.09		1.196		-0.25				23.21		1.398		-0.25				23.48		1.739		-0.25				15.19		1.858		-0.25				17.3		1.836		-0.25

				14.1		1.092		-0.25				14.03		1.391		-0.25				14.09		1.218		-0.25				14.15		1.272		-0.25				24.36		1.483		-0.25				24.33		1.709		-0.25				14.07		1.854		-0.25				16.19		1.845		-0.25

				13.08		1.108		-0.25				13.27		1.741		-0.25				13.07		1.268		-0.25				13.11		1.26		-0.25				22.89		1.352		-0.25				22.91		1.772		-0.25				13.08		1.839		-0.25				15.14		1.845		-0.25

				12.06		1.064		-0.25				12.21		1.705		-0.25				12.08		1.729		-0.25				12.15		1.794		-0.25				21.93		1.338		-0.25				21.83		1.763		-0.25				12.03		1.819		-0.25				14.1		1.842		-0.25

				10.94		1.097		-0.25				11.19		1.661		-0.25				11.22		1.693		-0.25				11.21		1.758		-0.25				21.02		1.309		-0.25				20.92		1.778		-0.25				11.07		1.796		-0.25				13.18		1.835		-0.25

				10.17		1.054		-0.25				10.24		1.605		-0.25				10.21		1.637		-0.25				10.28		1.716		-0.25				19.98		1.291		-0.25				19.97		1.778		-0.25				10.13		1.76		-0.25				12.19		1.817		-0.25

				8.99		0.998		-0.25				9.19		1.53		-0.25				9.15		1.562		-0.25				9.27		1.647		-0.25				18.95		1.226		-0.25				18.93		1.804		-0.25				9.13		1.705		-0.25				11.25		1.791		-0.25

				8.04		0.972		-0.25				8.14		1.446		-0.25				8.08		1.481		-0.25				8.23		1.57		-0.25				17.95		1.233		-0.25				17.94		1.815		-0.25				8.19		1.634		-0.25				10.19		1.755		-0.25

				7.11		0.941		-0.25				7.18		1.35		-0.25				7.19		1.411		-0.25				7.19		1.486		-0.25				16.85		1.23		-0.25				17.08		1.821		-0.25				7.16		1.552		-0.25				9.21		1.704		-0.25

				6.13		0.927		-0.25				6.05		0.905		-0.25				6.06		1.314		-0.25				6.13		1.396		-0.25				15.77		1.223		-0.25				16.13		1.832		-0.25				6.17		1.47		-0.25				8.16		1.629		-0.25

				5.09		0.894		-0.25				5.04		0.939		-0.25				5		1.225		-0.25				5.1		1.306		-0.25				14.78		1.253		-0.25				15.09		1.841		-0.25				5.17		1.384		-0.25				7.17		1.548		-0.25

				4.06		0.862		-0.25				3.91		0.979		-0.25				3.9		1.136		-0.25				4.2		1.228		-0.25				14.12		1.811		-0.25				14.08		1.834		-0.25				4.14		1.297		-0.25				6.15		1.462		-0.25

				3.1		0.926		-0.25				2.9		0.977		-0.25				2.98		1.066		-0.25				3.17		1.149		-0.25				13.06		1.787		-0.25				12.99		1.822		-0.25				3.12		1.201		-0.25				5.12		1.376		-0.25

				2.14		0.919		-0.25				2		0.938		-0.25				2.04		0.983		-0.25				2.11		1.046		-0.25				12.06		1.762		-0.25				12.08		1.802		-0.25				2.07		1.098		-0.25				4.08		1.281		-0.25

				1.1		0.84		-0.25				1		0.847		-0.25				0.9		0.871		-0.25				1.01		0.936		-0.25				11.11		1.747		-0.25				10.92		1.776		-0.25				1.04		0.996		-0.25				3.09		1.184		-0.25

				-0.12		0.692		-0.25				-0.03		0.747		-0.25				-0.08		0.772		-0.25				-0.06		0.832		-0.25				10.02		1.714		-0.25				9.81		1.725		-0.25				0.04		0.896		-0.25				2.07		1.082		-0.25

				-1.07		0.577		-0.25				-1.02		0.65		-0.25				-1.2		0.67		-0.25				-1.16		0.733		-0.25				9.05		1.646		-0.25				8.95		1.665		-0.25				-0.97		0.795		-0.25				1.02		0.975		-0.25

				-1.97		0.503		-0.25				-2.11		0.512		-0.25				-2.19		0.541		-0.25				-2.01		0.651		-0.25				7.88		1.557		-0.25				7.76		1.564		-0.25				-2.01		0.694		-0.25				0.02		0.873		-0.25

				-3.11		0.346		-0.25				-3.15		0.313		-0.25				-3.16		0.367		-0.25				-3.18		0.461		-0.25				6.87		1.473		-0.25				6.88		1.492		-0.25				-3.03		0.576		-0.25				-0.99		0.771		-0.25

				-4.27		0.192		-0.25				-4.16		0.163		-0.25				-4.3		0.156		-0.25				-4.09		0.292		-0.25				5.89		1.39		-0.25				5.79		1.401		-0.25				-4.1		0.424		-0.25				-2.04		0.67		-0.25

				-5.14		-0.182		-0.25				-5.35		-0.283		-0.25				-5.33		-0.235		-0.25				-5.18		-0.147		-0.25				4.95		1.304		-0.25				4.73		1.308		-0.25				-5.13		0.244		-0.25				-3.08		0.552		-0.25

				-6.28		-0.246		-0.25				-6.32		-0.313		-0.25				-6.35		-0.289		-0.25				-6.15		-0.254		-0.25				3.97		1.224		-0.25				3.96		1.245		-0.25				-6.16		-0.102		-0.25				-4.09		0.419		-0.25

				Tabulate		d from		data in file JG00127.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00484.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00485.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00128.DAT & reduced using program Q01.00L				2.8		1.117		-0.25				2.72		1.129		-0.25				Tabulate		d from		data in file AB00489.DAT & reduced using program Q01.00L				-5.14		0.249		-0.25

																																				1.82		1.029		-0.25				1.75		1.036		-0.25												-6.27		-0.107		-0.25

						1.291								1.796								1.78								1.812						0.85		0.936		-0.25				0.89		0.949		-0.25						1.862						-7.15		-0.199		-0.25

																																				-0.16		0.838		-0.25				-0.22		0.84		-0.25												-8.13		-0.256		-0.25

																																				-1.2		0.743		-0.25				-1.1		0.755		-0.25												Tabulate		d from		data in file JG00494.DAT & reduced using program Q01.00L

																																				-2.26		0.645		-0.25				-2.12		0.658		-0.25

																																				-3.39		0.486		-0.25				-3.11		0.542		-0.25												File s12		10.lft		created on 12-05-1997 at 15:25:51 using program FORMAT

																																				-4.5		0.28		-0.25				-4.4		0.362		-0.25

																																				-5.5		-0.109		-0.25				-5.23		0.202		-0.25														1.881

																																				-6.32		-0.215		-0.25				-6.38		-0.177		-0.25

																																				-7.25		-0.244		-0.25				-7.19		-0.236		-0.25

																																				-8.2		-0.24		-0.25				-8.25		-0.242		-0.25

																																				Tabulate		d from		data in file JG00545.DAT & reduced using program Q01.00L				Tabulate		d from		data in file JG00544.DAT & reduced using program Q01.00L

																																						1.811								1.841





Drag Polar Re=101,100

		0.352

		0.531

		0.677

		0.79

		0.873

		0.981

		1.074
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		1.27

		1.35

		1.449

		1.512

		1.607

		1.689

		1.74

		1.792



Cl

Cd

Drag Polar of the S-1210 Airfoil at a Reynolds Number of 101,100
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Drag Polar Re=151,900
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Cl

Cd

Drag Polar of the S-1210 airfoil at a Reynolds Number of 151,900

0.0217

0.0161

0.0162

0.017

0.0189

0.0201

0.0208

0.0216

0.0221
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0.0252

0.0262

0.0268
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0.0287

0.0315

0.0375



Drag Polar Data

		

				Airfoil:		S1210

				Builder:		M. Allen

				Comment:		clean

				Number of		Reynold		s #'s:

				7

																																																																																																				Average R		eynolds		#:

				Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												Average R		eynolds		#:												300800

				101100																100400																150500																200900																250500																247600																Number of		angles		of att		ack:

				Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										Number of		angles		of att		ack:										18

				16																1																17																16																16																1																alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>

				alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						alpha /		Cl   /		Cd		/  Spanwi		se Cd's >		>>						-5.1		0.294		0.0203		0.0204		0.0199		0.0204		0.0205

				-3.97		0.352		0.0307		0.03		0.0304		0.0305		0.032				12.29		1.775		0.0398		0.0372		0.0425		0.0395		0.0402				-3.82		0.424		0.0217		0.0219		0.0217		0.0216		0.0216				-4.14		0.449		0.0188		0.0188		0.0191		0.0183		0.0189				-4.14		0.426		0.017		0.0166		0.0173		0.0176		0.0164				12.3		1.839		0.0337		0.0332		0.0353		0.0323		0.034				-4.1		0.447		0.0148		0.0144		0.0151		0.0152		0.0146

				-3.03		0.531		0.0257		0.0252		0.0276		0.026		0.0241																				-2.88		0.594		0.0161		0.0131		0.017		0.0179		0.0164				-3.15		0.589		0.014		0.0136		0.014		0.0144		0.0139				-3.12		0.571		0.0128		0.0127		0.013		0.0128		0.0128																				-3.05		0.586		0.0116		0.0118		0.0116		0.0115		0.0115

				-2.04		0.677		0.0228		0.0224		0.0258		0.021		0.0222																				-1.83		0.708		0.0162		0.017		0.0159		0.016		0.0159				-2.18		0.695		0.0138		0.0134		0.0127		0.0149		0.0141				-2.16		0.686		0.0125		0.0124		0.0122		0.013		0.0125																				-2.03		0.698		0.0116		0.0117		0.0112		0.0119		0.0117

				-0.95		0.79		0.0256		0.0224		0.0283		0.0321		0.0195																				-0.78		0.81		0.017		0.0177		0.0162		0.0171		0.017				-1.15		0.795		0.0148		0.0144		0.0137		0.0164		0.0148				-1.09		0.79		0.0135		0.0135		0.0124		0.0146		0.0137																				-1.03		0.796		0.0126		0.0127		0.0118		0.0131		0.0128

				0		0.873		0.025		0.0242		0.0283		0.0259		0.0214																				0.21		0.907		0.0189		0.018		0.0186		0.0203		0.0188				-0.02		0.909		0.0158		0.0155		0.0151		0.0171		0.0157				-0.05		0.896		0.0145		0.0142		0.0136		0.0156		0.0144																				0.02		0.904		0.0135		0.0135		0.0125		0.0144		0.0135

				1.09		0.981		0.028		0.0251		0.0297		0.0324		0.0249																				1.39		1.024		0.0201		0.0195		0.0202		0.0213		0.0195				0.92		1.001		0.0165		0.016		0.016		0.0177		0.0163				1.01		1.005		0.015		0.0147		0.0144		0.016		0.015																				1.01		1.005		0.0138		0.0136		0.0129		0.0149		0.0138

				2.04		1.074		0.0276		0.0235		0.0299		0.0317		0.0256																				2.33		1.118		0.0208		0.0202		0.0212		0.0217		0.0202				1.95		1.106		0.0172		0.0168		0.0164		0.0183		0.0172				2.05		1.11		0.0157		0.0155		0.0154		0.0162		0.0155																				2.09		1.116		0.0146		0.0144		0.0142		0.0153		0.0145

				3.1		1.179		0.0286		0.0248		0.0313		0.031		0.0273																				3.14		1.195		0.0216		0.0211		0.0218		0.0226		0.0208				2.94		1.2		0.018		0.0177		0.0171		0.019		0.0181				3.02		1.204		0.0163		0.0164		0.016		0.0168		0.0162																				3.1		1.217		0.0151		0.0152		0.0147		0.0153		0.015

				4.25		1.27		0.0287		0.0277		0.0294		0.0327		0.025																				4.14		1.285		0.0221		0.0213		0.0224		0.0236		0.021				4		1.299		0.0187		0.0183		0.0182		0.0196		0.0186				4.09		1.306		0.017		0.0171		0.0164		0.0176		0.0169																				4.13		1.316		0.0157		0.0158		0.0149		0.0164		0.0156

				5.22		1.35		0.0309		0.0264		0.0342		0.0346		0.0282																				5.33		1.384		0.0238		0.023		0.0248		0.0245		0.0229				5.1		1.39		0.019		0.019		0.0187		0.0195		0.0188				5.03		1.387		0.017		0.017		0.0165		0.0176		0.0169																				5.15		1.409		0.0158		0.0159		0.0151		0.0164		0.0158

				6.35		1.449		0.0333		0.0285		0.035		0.0375		0.0324																				6.35		1.468		0.0252		0.0247		0.0258		0.0257		0.0245				6.16		1.485		0.0201		0.0196		0.02		0.0205		0.0201				6.16		1.483		0.0178		0.0182		0.0171		0.0181		0.0179																				6.17		1.493		0.0163		0.0166		0.0156		0.0166		0.0165

				7.16		1.512		0.0343		0.0298		0.0335		0.0393		0.0347																				7.35		1.548		0.0262		0.0256		0.0269		0.0263		0.0262				7.16		1.568		0.0211		0.0207		0.0209		0.0214		0.0214				7.19		1.572		0.0187		0.0186		0.0183		0.0188		0.0189																				7.13		1.571		0.0172		0.0173		0.0164		0.0174		0.0176

				8.28		1.607		0.0336		0.0287		0.0328		0.0376		0.0354																				8.17		1.61		0.0268		0.0263		0.0277		0.0265		0.0268				8.16		1.646		0.0221		0.0218		0.0223		0.0219		0.0225				8.18		1.651		0.0197		0.0195		0.0193		0.0198		0.0201																				8.23		1.66		0.0183		0.0182		0.0179		0.0184		0.0187

				9.39		1.689		0.0345		0.0314		0.0337		0.0378		0.0351																				9.49		1.706		0.0277		0.0273		0.028		0.0274		0.028				9.37		1.737		0.0236		0.023		0.0235		0.0237		0.024				9.41		1.738		0.0213		0.0213		0.0209		0.0211		0.0218																				9.14		1.721		0.0195		0.0194		0.0191		0.0193		0.0201

				10.2		1.74		0.0334		0.0309		0.0313		0.0378		0.0334																				10.32		1.758		0.0287		0.0288		0.0279		0.0288		0.0294				10.47		1.793		0.0262		0.0263		0.027		0.0252		0.0264				10.24		1.779		0.0233		0.0234		0.0232		0.0228		0.0237																				10.23		1.778		0.0224		0.0224		0.0222		0.0219		0.023

				11.22		1.792		0.0336		0.0359		0.0279		0.0367		0.0341																				11.27		1.794		0.0315		0.0315		0.0322		0.0308		0.0313				11.66		1.821		0.0317		0.0313		0.0341		0.0301		0.0314				11.28		1.81		0.0278		0.028		0.0285		0.0269		0.0278																				11.27		1.812		0.0273		0.0271		0.0283		0.0267		0.027

																																				12.31		1.816		0.0375		0.0379		0.0387		0.036		0.0373																																																				12.27		1.835		0.0339		0.0328		0.0358		0.033		0.0341

																																																																																																				File s121		0.drg cr		eated		on 12-05-1		997 at 15		:25:59 us		ing program FORMAT





TO & Curise Data

		TAKE OFF																								CRUISE

		Average Reynolds #:								Average Reynolds #:																Average Reynolds #:								Average Reynolds #:

		101500								101100																151900								150500

		Number of angles of attack:								Number of angles of attack:																Number of angles of attack:								Number of angles of attack:

		53								16																65								17

		alpha		Cl		Cm				alpha		Cl		Cd		Spanwise Cd's >>>										alpha		Cl		Cm				alpha		Cl		Cd		Spanwise Cd's >>>

		-6.23		-0.257		-0.25				-3.97		0.352		0.0307		0.03		0.0304		0.0305		0.032				-8.09		-0.241		-0.25				-3.82		0.424		0.0217		0.0219		0.0217		0.0216		0.0216

		-5.18		-0.122		-0.25				-3.03		0.531		0.0257		0.0252		0.0276		0.026		0.0241				-7.02		-0.248		-0.25				-2.88		0.594		0.0161		0.0131		0.017		0.0179		0.0164

		-3.98		0.339		-0.25				-2.04		0.677		0.0228		0.0224		0.0258		0.021		0.0222				-6.14		-0.187		-0.25				-1.83		0.708		0.0162		0.017		0.0159		0.016		0.0159

		-3.08		0.501		-0.25				-0.95		0.79		0.0256		0.0224		0.0283		0.0321		0.0195				-4.87		0.199		-0.25				-0.78		0.81		0.017		0.0177		0.0162		0.0171		0.017

		-2.03		0.664		-0.25				0		0.873		0.025		0.0242		0.0283		0.0259		0.0214				-3.84		0.407		-0.25				0.21		0.907		0.0189		0.018		0.0186		0.0203		0.0188

		-1		0.764		-0.25				1.09		0.981		0.028		0.0251		0.0297		0.0324		0.0249				-2.61		0.607		-0.25				1.39		1.024		0.0201		0.0195		0.0202		0.0213		0.0195

		-0.04		0.85		-0.25				2.04		1.074		0.0276		0.0235		0.0299		0.0317		0.0256				-1.69		0.701		-0.25				2.33		1.118		0.0208		0.0202		0.0212		0.0217		0.0202

		1.05		0.955		-0.25				3.1		1.179		0.0286		0.0248		0.0313		0.031		0.0273				-0.52		0.808		-0.25				3.14		1.195		0.0216		0.0211		0.0218		0.0226		0.0208

		2.09		1.057		-0.25				4.25		1.27		0.0287		0.0277		0.0294		0.0327		0.025				0.23		0.879		-0.25				4.14		1.285		0.0221		0.0213		0.0224		0.0236		0.021

		3.14		1.159		-0.25				5.22		1.35		0.0309		0.0264		0.0342		0.0346		0.0282				1.37		0.993		-0.25				5.33		1.384		0.0238		0.023		0.0248		0.0245		0.0229

		4.22		1.244		-0.25				6.35		1.449		0.0333		0.0285		0.035		0.0375		0.0324				2.48		1.099		-0.25				6.35		1.468		0.0252		0.0247		0.0258		0.0257		0.0245
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				3.24		0.726		0.0184		33.6191793509				4.3		0.73		0.0159		39.2271870068				5.77		0.993		0.0181		54.6695246682				1.2		0.501		0.0179		19.8108704424				4.64		0.759		0.0206		32.0992912614				3.49		0.829		0.0186		40.5806362221				2.22		0.644		0.019		27.2003943266				6.29		0.944		0.0228		40.2275093495				-0.85		0.294		0.0162		9.8402465759				-1.88		0.136		0.02		2.5077160924				0.65		0.12		0.0253		1.6430521495				-1.31		0.138		0.0193		2.6562033531				1.18		0.415		0.0158		16.9205726949				3.28		1.118		0.0411		28.7621193083				-0.03		0.256		0.0183		7.0779722929				0.16		0.282		0.0166		9.0212262394				1.26		0.778		0.026		26.3934430175				2.08		0.501		0.0175		20.2636903382				4.55		0.961		0.0164		57.4435449842				4.05		0.819		0.0241		30.7545098655				3.59		0.684		0.0187		30.2511957639				3.15		0.694		0.0179		32.2987841925				4.24		0.922		0.0193				0.34		0.349		0.0237				1.09		0.981		0.028				1.75		1.213		0.029				0.18		0.44		0.0149				1.2		0.481		0.0181				2.22		0.604		0.0241				1.21		0.529		0.0252				3.56		0.701		0.016				7.29		0.968		0.0223				-1.9		0.076		0.0188				3.57		0.729		0.0206				1		0.362		0.0282				-0.91		0.002		0.0179				-0.66		0.171		0.0144				1.21		0.536		0.0189				1.21		0.553		0.0139				3.27		0.638		0.0165				1.22		0.617		0.0185				-0.83		0.369		0.0206				1.17		0.454		0.0137				4.73		0.684		0.0157				-0.85		0.025		0.0336				-2.37		-0.094		0.0152				0.08		0.311		0.023				1.13		0.483		0.0383				3.22		0.558		0.0209				4.59		0.953		0.0185				3.64		0.683		0.0159				-0.84		0.303		0.02

				4.27		0.815		0.0197		37.3482439581				5.99		0.879		0.0193		42.6998160015				7.3		1.1		0.0214		53.9107351863				2.21		0.595		0.0184		24.9435133946				6.2		0.907		0.0193		44.7562428389				5.02		0.963		0.0173		54.62523616				3.25		0.742		0.0191		33.4635869252				7.32		1.045		0.0219		48.7787111273				0.17		0.378		0.0171		13.5906925949				-0.86		0.26		0.021		6.3130717787				1.66		0.185		0.0293		2.7157511509				-0.01		0.265		0.0211		6.4652653729				2.2		0.51		0.0188		19.3730239285				4.85		1.267		0.0403		35.3883143324				1.01		0.34		0.0166		11.9429135196				1.18		0.415		0.0161		16.6052825205				2.27		0.87		0.0271		29.943984414				3.64		0.622		0.0183		26.8061527066				6.15		1.103		0.018		64.3562549599				5.54		0.943		0.0191		47.943989752				5.18		0.842		0.0197		39.219487216				4.67		0.846		0.0195		39.9044136012				5.27		1.015		0.0202				1.33		0.445		0.0213				2.04		1.074		0.0276				2.59		1.291		0.0303				1.21		0.545		0.013				2.23		0.569		0.0174				3.24		0.7		0.0223				2.23		0.627		0.0256				5.07		0.845		0.0185				8.32		1.056		0.0199				-0.89		0.149		0.0193				5.41		0.914		0.0186				1.87		0.48		0.0278				0.14		0.152		0.019				0.05		0.281		0.0165				2.23		0.633		0.0209				2.23		0.642		0.0144				5.03		0.801		0.0174				2.25		0.732		0.0183				0.2		0.477		0.0183				2.21		0.548		0.013				6.27		0.816		0.0191				0.25		0.152		0.0331				-1.39		-0.013		0.0142				1.06		0.397		0.0263				2.25		0.616		0.0428				4.23		0.643		0.0221				6.22		1.06		0.0219				5.24		0.834		0.0176				0.17		0.403		0.0182

				5.28		0.899		0.0206		41.3782688668				7.32		0.995		0.0225		44.1115281257				8.7		1.183		0.0296		43.4695761759				3.25		0.691		0.0179		32.0895805284				7.72		1.033		0.0207		50.7201041682				6.56		1.089		0.0185		61.4285255532				4.25		0.834		0.0196		38.8591238669				8.33		1.133		0.0209		57.7030246882				1.19		0.464		0.019		16.635021629				0.17		0.392		0.0212		11.5769255288				2.62		0.26		0.0331		4.0052721255				0.72		0.322		0.0231		7.9099152014				3.22		0.601		0.0199		23.4130844491				6.22		0.945		0.1296		7.0883101389				2.01		0.405		0.0172		14.9849082408				2.21		0.522		0.016		23.571421388				3.3		0.974		0.0263		36.5496049183				5.13		0.757		0.0224		29.4032814424				7.58		1.206		0.0216		61.3150674794				7.06		1.076		0.0166		67.2373082813				6.83		1.005		0.021		47.9766365334				6.16		0.975		0.0245		39.2953208504				6.29		1.093		0.0205				2.27		0.535		0.0179				3.1		1.179		0.0286				3.72		1.372		0.0332				2.23		0.64		0.018				3.24		0.661		0.0177				4.26		0.791		0.0222				3.25		0.726		0.0255				6.45		0.972		0.0208				9.33		1.116		0.0271				0.15		0.265		0.0204				6.68		1.031		0.0202				3.27		0.567		0.0263				1.17		0.287		0.019				1.24		0.46		0.0171				3.25		0.731		0.0224				3.25		0.729		0.0152				6.31		0.921		0.0192				3.27		0.818		0.0173				1.22		0.577		0.0197				3.23		0.624		0.0127				7.78		0.92		0.0237				1.08		0.183		0.0379				-0.29		0.096		0.0168				2.09		0.488		0.0281				2.95		0.708		0.0427				5.26		0.73		0.0238				7.69		1.167		0.0269				7.09		1.007		0.0213				1.21		0.512		0.0177

				6.29		0.984		0.0215		45.3998259325				9.23		1.146		0.0271		45.2697019925				10.35		1.284		0.0423		34.3959388537				4.25		0.782		0.0186		37.1789555658				9.29		1.152		0.0255		48.488476425				7.98		1.191		0.025		51.9909356869				5.29		0.922		0.0198		44.7127304291				9.35		1.21		0.0227		58.6343612335				2.22		0.563		0.0195		21.6634679478				1.2		0.523		0.0197		19.1993403344				3.7		0.38		0.0367		6.3827719922				1.77		0.409		0.0262		9.9835195034				4.24		0.692		0.0217		26.5276884155				7.71		0.974		0.1425		6.7456463814				3.03		0.482		0.0182		18.3865043728				3.23		0.622		0.0163		30.0952511982				4.32		1.074		0.0249		44.6999538706				6.44		0.864		0.0241		33.3237272477				9.11		1.265		0.0345		41.2398135571				8.62		1.211		0.0202		65.9727891516				8.25		1.147		0.0215		57.1355834925				7.73		1.089		0.0322		35.2927864203				7.32		1.179		0.022				3.28		0.631		0.0167				4.25		1.27		0.0287				4.85		1.461		0.0376				3.26		0.732		0.0188				4.26		0.75		0.0181				5.28		0.886		0.0212				4.27		0.822		0.0222				8.16		1.124		0.0234				10.33		1.148		0.0408				1.17		0.373		0.0241				7.98		1.145		0.0233				3.84		0.614		0.026				2.18		0.355		0.0203				2.32		0.561		0.0163				4.27		0.824		0.022				4.26		0.816		0.0176				8.1		1.077		0.0255				4.28		0.914		0.0161				2.24		0.678		0.0212				4.24		0.715		0.014				9.3		1.006		0.0299				2.31		0.292		0.0427				0.68		0.225		0.0194				3.14		0.643		0.0277				4.2		0.961		0.0359				6.27		0.825		0.024				9.26		1.291		0.0337				8.22		1.097		0.024				2.23		0.608		0.0183

				7.33		1.069		0.0239		46.2454124195				10.39		1.199		0.033		39.7845852338				11.73		1.341		0.0589		26.3650058475				5.28		0.876		0.019		43.1521618785				12.3		1.299		0.0326		45.4146662095				9.59		1.266		0.0332		42.9054513365				6.3		1.004		0.0191		52.6704709951				10.35		1.238		0.0232		59.3735452916				3.23		0.651		0.0207		25.3747129137				2.23		0.636		0.0198		25.6165407995				4.77		0.608		0.0302		15.6981482428				2.8		0.499		0.0291		12.1131704786				5.26		0.783		0.021		32.993117093				9.25		0.995		0.1941		5.1133919775				4.03		0.552		0.0195		21.0316819339				4.24		0.713		0.0164		36.7105124308				5.34		1.174		0.0234		54.3608561465				8.3		1.018		0.0263		39.0540356631				10.6		1.319		0.0459		33.0030827087				10.13		1.304		0.0311		47.880204657				9.76		1.227		0.0249		54.5842688046				9.27		1.184		0.0443		29.0819703519				8.31		1.248		0.0231				4.3		0.714		0.0176				5.22		1.35		0.0309				5.74		1.529		0.0418				4.27		0.83		0.0193				5.28		0.836		0.0193				6.31		0.979		0.0206				5.29		0.916		0.0198				9.67		1.254		0.0257				11.34		1.171		0.0452				2.19		0.474		0.026				9.92		1.25		0.031				4.86		0.703		0.0278				3.21		0.445		0.0188				3.33		0.641		0.0166				5.29		0.914		0.0203				5.28		0.903		0.0192				9.39		1.164		0.0295				5.3		0.995		0.0175				3.26		0.771		0.0238				5.26		0.803		0.0166				10.82		1.056		0.0436				3.3		0.369		0.0471				1.74		0.394		0.0199				4.32		0.811		0.0234				5.1		1.095		0.0298				7.3		0.922		0.0255				10.71		1.386		0.0422				9.9		1.22		0.0264				3.24		0.711		0.0182

				8.33		1.146		0.0251		48.8768495617																								6.29		0.963		0.0209		45.2161045727														11.1		1.302		0.0499		29.772542969				7.33		1.065		0.0233		47.1702839575														4.25		0.736		0.0205		30.8008612564				3.25		0.734		0.0182		34.5519610837				5.73		0.734		0.0231		27.2227572175				3.82		0.601		0.0291		16.0110096405				6.28		0.881		0.0202		40.9366682244				10.7		1.056		0.1924		5.6401520179				5.07		0.634		0.0207		24.3872899256				5.27		0.804		0.0166		43.4286155765				6.36		1.277		0.0262		55.0788741725				9.63		1.126		0.027		44.2531124819				12.45		1.35		0.0838		18.7178789405				11.65		1.371		0.0441		36.4013585737				11.22		1.233		0.0407		33.6395521773														9.34		1.312		0.0242				5.31		0.799		0.0208				6.35		1.449		0.0333				6.72		1.588		0.0481				5.29		0.919		0.0199				6.3		0.916		0.0217				7.31		1.065		0.0203				6.31		1.009		0.0191				11.19		1.321		0.0363				12.35		1.176		0.0543				3.22		0.552		0.0292												5.97		0.811		0.0256				4.22		0.547		0.0174				4.19		0.711		0.0162				6.3		1.003		0.0192				6.3		0.981		0.0219				11.07		1.245		0.0355				6.3		1.068		0.0206				4.27		0.864		0.0204				6.28		0.885		0.02				11.81		1.048		0.0679				4.23		0.456		0.0549				2.68		0.537		0.0196				5.23		0.9		0.0195				6.08		1.203		0.0235				8.32		1.009		0.0268				12.31		1.445		0.0576												4.27		0.805		0.0186

				9.35		1.215		0.0285		46.9915269076																								7.32		1.043		0.0214		49.7751628159																								8.32		1.12		0.0311		38.1124304616														5.28		0.817		0.0219		33.7201090116				4.26		0.828		0.02		37.671725206				6.78		0.839		0.0189		40.6612885335				4.84		0.708		0.0245		24.3155334683				7.31		0.979		0.0194		49.9312349701														6.07		0.722		0.0213		28.8022352257				6.28		0.897		0.017		49.9734972321				7.39		1.373		0.0259		62.1163662214				11.05		1.217		0.029		46.2954030508																																												10.37		1.353		0.0263				6.3		0.883		0.0229				7.16		1.512		0.0343												6.31		1.012		0.0214				7.31		0.992		0.0244				8.33		1.143		0.0225				7.33		1.09		0.0202												13.32		1.11		0.146				4.23		0.64		0.0292												7.3		0.926		0.0236				5.25		0.643		0.0165				5.47		0.819		0.0174				7.33		1.09		0.0199				7.32		1.053		0.0253												7.33		1.139		0.0228				6.32		1.037		0.0248				7.3		0.958		0.0236												5.2		0.657		0.0451				3.56		0.647		0.0173				6.2		0.995		0.0184				7.27		1.285		0.0218				9.34		1.093		0.0274																				5.29		0.894		0.0212

				10.36		1.241		0.0359		38.5090871311																								8.34		1.126		0.0225		53.1037349783																								9.33		1.145		0.0352		34.8069177132														6.28		0.912		0.021		41.4737172736				5.28		0.917		0.0196		44.8020547201				7.82		0.929		0.0198		45.222897075				5.86		0.805		0.0201		35.9333545974				8.33		1.064		0.0204		53.7999998571														7.1		0.816		0.0225		32.7606658459				7.31		0.983		0.0187		52.1181114458				8.4		1.459		0.0274		64.317976848				12.66		1.202		0.0368		35.810376149																																												11.35		1.366		0.0276				7.27		0.964		0.0245				8.28		1.607		0.0336												7.33		1.091		0.0217				8.32		1.061		0.0282				9.34		1.21		0.0253				8.34		1.144		0.0227																				5.25		0.752		0.0292												8.17		0.998		0.025				6.29		0.748		0.0179				6.32		0.898		0.0188				8.35		1.166		0.0217				8.34		1.131		0.0242												8.34		1.203		0.0291				7.33		1.118		0.0277				8.31		1.021		0.028												6.37		0.883		0.0298				4.94		0.782		0.0161				7.28		1.095		0.0197				8.39		1.366		0.023				10.35		1.176		0.0282																				6.3		0.982		0.0237

				11.36		1.28		0.0385		37.6144074771																								9.36		1.198		0.0259		50.627381172																								10.33		1.166		0.039		32.2836937323														7.31		1.005		0.021		47.9766365334				6.3		1.002		0.0209		47.9905023684				8.82		0.994		0.0242		40.9509716335				6.89		0.895		0.0193		43.8709707149				9.33		1.11		0.0252		46.4070462923														8.11		0.897		0.0252		33.7122798788				8.32		1.062		0.0223		49.0774412761				9.42		1.532		0.0291		65.1621130459																																																						12.36		1.35		0.0364				8.57		1.061		0.0284				9.39		1.689		0.0345												8.35		1.179		0.024				9.34		1.118		0.0322				10.35		1.24		0.0312				9.34		1.168		0.0307																				6.28		0.849		0.0298												9.03		1.069		0.0269				7.35		0.847		0.0194				7.47		1.02		0.0214				9.37		1.225		0.0266				9.35		1.192		0.0274												9.35		1.256		0.0343				8.35		1.195		0.0297				9.32		1.062		0.0364												7.25		0.987		0.0261				5.84		0.86		0.0167				8.25		1.16		0.0245				9.35		1.413		0.0257				11.38		1.256		0.0299																				7.33		1.07		0.0253
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				1.21		0.538		0.0153		25.7918196121				1.42		0.462		0.0123		25.5304136787				2.71		0.699		0.0251		23.2831664084				-0.85		0.287		0.0189		8.1350652544				1.64		0.436		0.024		11.9955037873				0.39		0.429		0.0181		15.5241333071				0.18		0.448		0.0175		17.1347973434				2.2		0.555		0.0206		20.0711498939				-2.89		0.082		0.0136		1.7265607753				-3.95		-0.126		0.0293		0				-1.44		-0.024		0.0219		0				-3.38		-0.161		0.0165		0				-0.87		0.22		0.0135		7.6436404975				0.21		0.859		0.0336		23.6946592943				-2.14		-0.118		0.0156		0				-1.91		0.008		0.0162		0.044169244				-0.79		0.581		0.0287		15.4305818245				-1.08		0.099		0.0166		1.8764833006				1.63		0.667		0.0164		33.2158142237				0.87		0.341		0.0362		5.5007638125				0.43		0.374		0.0149		15.3504508307				0.04		0.384		0.0202		11.7800047916				2.2		0.739		0.018				-1.68		0.038		0.0314				-0.95		0.79		0.0256				-0.01		1.048		0.0244				-1.85		0.246		0.0149				-0.84		0.301		0.0162				0.18		0.398		0.0209				-0.84		0.324		0.0197				-0.07		0.282		0.0125				3.23		0.596		0.0178				-3.94		-0.075		0.0183				0.45		0.423		0.0203				-1.07		0.037		0.0269				-2.94		-0.18		0.0165				-2.76		-0.087		0.0157				-0.83		0.349		0.0167				-0.84		0.341		0.0143				0.31		0.306		0.0155				-0.85		0.339		0.0179				-2.86		0.195		0.0189				-0.88		0.138		0.0115				1.67		0.413		0.0156				-3.01		-0.169		0.0302				-4.47		-0.281		0.0253				-1.97		0.108		0.0208				-0.87		0.3		0.0338				1.18		0.362		0.0212				1.54		0.643		0.027				0.24		0.342		0.0138				-2.89		0.114		0.0226

				2.22		0.625		0.0166		29.765414723				3.46		0.653		0.0146		36.1423940126				4.26		0.866		0.0203		39.6991126995				0.17		0.399		0.0192		13.1267772234				3.17		0.605		0.0225		20.9146472391				1.94		0.65		0.0211		24.836339035				1.22		0.546		0.0172		23.4563545308				4.24		0.745		0.0231		27.8369999864				-1.87		0.194		0.0135		6.329491579				-2.91		0.006		0.0227		0.0204739208				-0.36		0.067		0.0225		0.7707786667				-2.33		-0.004		0.0176		0				0.16		0.322		0.0141		12.9587972449				1.76		0.978		0.0405		23.8810412605				-1.08		0.065		0.0187		0.886193231				-0.89		0.138		0.0166		3.0882364286				0.22		0.684		0.0265		21.3470702183				0.56		0.356		0.0194		10.9489700307				3.13		0.833		0.0158		48.1183154744				2.43		0.598		0.0296		15.6228428752				2.12		0.538		0.0172		22.9427232596				1.62		0.538		0.0196		20.1334102074				3.23		0.829		0.0188				-1.04		0.144		0.03				0		0.873		0.025				0.92		1.136		0.028				-0.83		0.343		0.014				0.17		0.394		0.0176				1.2		0.5		0.023				0.18		0.43		0.022				2.01		0.553		0.0142				5.26		0.789		0.021				-2.91		0.011		0.0191				2.35		0.608		0.021				-0.04		0.183		0.028				-1.93		-0.088		0.016				-1.73		0.013		0.0137				0.18		0.443		0.0185				0.19		0.457		0.0148				1.77		0.494		0.0166				0.18		0.479		0.0193				-1.85		0.277		0.0199				0.15		0.296		0.0127				3.19		0.547		0.0154				-1.87		-0.082		0.0331				-3.45		-0.187		0.0206				-0.94		0.203		0.0193				0.1		0.379		0.033				2.2		0.468		0.0196				3.15		0.839		0.0201				2.06		0.539		0.015				-1.87		0.212		0.0207

				3.24		0.726		0.0184		33.6191793509				4.3		0.73		0.0159		39.2271870068				5.77		0.993		0.0181		54.6695246682				1.2		0.501		0.0179		19.8108704424				4.64		0.759		0.0206		32.0992912614				3.49		0.829		0.0186		40.5806362221				2.22		0.644		0.019		27.2003943266				6.29		0.944		0.0228		40.2275093495				-0.85		0.294		0.0162		9.8402465759				-1.88		0.136		0.02		2.5077160924				0.65		0.12		0.0253		1.6430521495				-1.31		0.138		0.0193		2.6562033531				1.18		0.415		0.0158		16.9205726949				3.28		1.118		0.0411		28.7621193083				-0.03		0.256		0.0183		7.0779722929				0.16		0.282		0.0166		9.0212262394				1.26		0.778		0.026		26.3934430175				2.08		0.501		0.0175		20.2636903382				4.55		0.961		0.0164		57.4435449842				4.05		0.819		0.0241		30.7545098655				3.59		0.684		0.0187		30.2511957639				3.15		0.694		0.0179		32.2987841925				4.24		0.922		0.0193				0.34		0.349		0.0237				1.09		0.981		0.028				1.75		1.213		0.029				0.18		0.44		0.0149				1.2		0.481		0.0181				2.22		0.604		0.0241				1.21		0.529		0.0252				3.56		0.701		0.016				7.29		0.968		0.0223				-1.9		0.076		0.0188				3.57		0.729		0.0206				1		0.362		0.0282				-0.91		0.002		0.0179				-0.66		0.171		0.0144				1.21		0.536		0.0189				1.21		0.553		0.0139				3.27		0.638		0.0165				1.22		0.617		0.0185				-0.83		0.369		0.0206				1.17		0.454		0.0137				4.73		0.684		0.0157				-0.85		0.025		0.0336				-2.37		-0.094		0.0152				0.08		0.311		0.023				1.13		0.483		0.0383				3.22		0.558		0.0209				4.59		0.953		0.0185				3.64		0.683		0.0159				-0.84		0.303		0.02

				4.27		0.815		0.0197		37.3482439581				5.99		0.879		0.0193		42.6998160015				7.3		1.1		0.0214		53.9107351863				2.21		0.595		0.0184		24.9435133946				6.2		0.907		0.0193		44.7562428389				5.02		0.963		0.0173		54.62523616				3.25		0.742		0.0191		33.4635869252				7.32		1.045		0.0219		48.7787111273				0.17		0.378		0.0171		13.5906925949				-0.86		0.26		0.021		6.3130717787				1.66		0.185		0.0293		2.7157511509				-0.01		0.265		0.0211		6.4652653729				2.2		0.51		0.0188		19.3730239285				4.85		1.267		0.0403		35.3883143324				1.01		0.34		0.0166		11.9429135196				1.18		0.415		0.0161		16.6052825205				2.27		0.87		0.0271		29.943984414				3.64		0.622		0.0183		26.8061527066				6.15		1.103		0.018		64.3562549599				5.54		0.943		0.0191		47.943989752				5.18		0.842		0.0197		39.219487216				4.67		0.846		0.0195		39.9044136012				5.27		1.015		0.0202				1.33		0.445		0.0213				2.04		1.074		0.0276				2.59		1.291		0.0303				1.21		0.545		0.013				2.23		0.569		0.0174				3.24		0.7		0.0223				2.23		0.627		0.0256				5.07		0.845		0.0185				8.32		1.056		0.0199				-0.89		0.149		0.0193				5.41		0.914		0.0186				1.87		0.48		0.0278				0.14		0.152		0.019				0.05		0.281		0.0165				2.23		0.633		0.0209				2.23		0.642		0.0144				5.03		0.801		0.0174				2.25		0.732		0.0183				0.2		0.477		0.0183				2.21		0.548		0.013				6.27		0.816		0.0191				0.25		0.152		0.0331				-1.39		-0.013		0.0142				1.06		0.397		0.0263				2.25		0.616		0.0428				4.23		0.643		0.0221				6.22		1.06		0.0219				5.24		0.834		0.0176				0.17		0.403		0.0182
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				3.24		0.726		0.0184		33.6191793509				4.3		0.73		0.0159		39.2271870068				5.77		0.993		0.0181		54.6695246682				1.2		0.501		0.0179		19.8108704424				4.64		0.759		0.0206		32.0992912614				3.49		0.829		0.0186		40.5806362221				2.22		0.644		0.019		27.2003943266				6.29		0.944		0.0228		40.2275093495				-0.85		0.294		0.0162		9.8402465759				-1.88		0.136		0.02		2.5077160924				0.65		0.12		0.0253		1.6430521495				-1.31		0.138		0.0193		2.6562033531				1.18		0.415		0.0158		16.9205726949				3.28		1.118		0.0411		28.7621193083				-0.03		0.256		0.0183		7.0779722929				0.16		0.282		0.0166		9.0212262394				1.26		0.778		0.026		26.3934430175				2.08		0.501		0.0175		20.2636903382				4.55		0.961		0.0164		57.4435449842				4.05		0.819		0.0241		30.7545098655				3.59		0.684		0.0187		30.2511957639				3.15		0.694		0.0179		32.2987841925				4.24		0.922		0.0193				0.34		0.349		0.0237				1.09		0.981		0.028				1.75		1.213		0.029				0.18		0.44		0.0149				1.2		0.481		0.0181				2.22		0.604		0.0241				1.21		0.529		0.0252				3.56		0.701		0.016				7.29		0.968		0.0223				-1.9		0.076		0.0188				3.57		0.729		0.0206				1		0.362		0.0282				-0.91		0.002		0.0179				-0.66		0.171		0.0144				1.21		0.536		0.0189				1.21		0.553		0.0139				3.27		0.638		0.0165				1.22		0.617		0.0185				-0.83		0.369		0.0206				1.17		0.454		0.0137				4.73		0.684		0.0157				-0.85		0.025		0.0336				-2.37		-0.094		0.0152				0.08		0.311		0.023				1.13		0.483		0.0383				3.22		0.558		0.0209				4.59		0.953		0.0185				3.64		0.683		0.0159				-0.84		0.303		0.02

				4.27		0.815		0.0197		37.3482439581				5.99		0.879		0.0193		42.6998160015				7.3		1.1		0.0214		53.9107351863				2.21		0.595		0.0184		24.9435133946				6.2		0.907		0.0193		44.7562428389				5.02		0.963		0.0173		54.62523616				3.25		0.742		0.0191		33.4635869252				7.32		1.045		0.0219		48.7787111273				0.17		0.378		0.0171		13.5906925949				-0.86		0.26		0.021		6.3130717787				1.66		0.185		0.0293		2.7157511509				-0.01		0.265		0.0211		6.4652653729				2.2		0.51		0.0188		19.3730239285				4.85		1.267		0.0403		35.3883143324				1.01		0.34		0.0166		11.9429135196				1.18		0.415		0.0161		16.6052825205				2.27		0.87		0.0271		29.943984414				3.64		0.622		0.0183		26.8061527066				6.15		1.103		0.018		64.3562549599				5.54		0.943		0.0191		47.943989752				5.18		0.842		0.0197		39.219487216				4.67		0.846		0.0195		39.9044136012				5.27		1.015		0.0202				1.33		0.445		0.0213				2.04		1.074		0.0276				2.59		1.291		0.0303				1.21		0.545		0.013				2.23		0.569		0.0174				3.24		0.7		0.0223				2.23		0.627		0.0256				5.07		0.845		0.0185				8.32		1.056		0.0199				-0.89		0.149		0.0193				5.41		0.914		0.0186				1.87		0.48		0.0278				0.14		0.152		0.019				0.05		0.281		0.0165				2.23		0.633		0.0209				2.23		0.642		0.0144				5.03		0.801		0.0174				2.25		0.732		0.0183				0.2		0.477		0.0183				2.21		0.548		0.013				6.27		0.816		0.0191				0.25		0.152		0.0331				-1.39		-0.013		0.0142				1.06		0.397		0.0263				2.25		0.616		0.0428				4.23		0.643		0.0221				6.22		1.06		0.0219				5.24		0.834		0.0176				0.17		0.403		0.0182

				5.28		0.899		0.0206		41.3782688668				7.32		0.995		0.0225		44.1115281257				8.7		1.183		0.0296		43.4695761759				3.25		0.691		0.0179		32.0895805284				7.72		1.033		0.0207		50.7201041682				6.56		1.089		0.0185		61.4285255532				4.25		0.834		0.0196		38.8591238669				8.33		1.133		0.0209		57.7030246882				1.19		0.464		0.019		16.635021629				0.17		0.392		0.0212		11.5769255288				2.62		0.26		0.0331		4.0052721255				0.72		0.322		0.0231		7.9099152014				3.22		0.601		0.0199		23.4130844491				6.22		0.945		0.1296		7.0883101389				2.01		0.405		0.0172		14.9849082408				2.21		0.522		0.016		23.571421388				3.3		0.974		0.0263		36.5496049183				5.13		0.757		0.0224		29.4032814424				7.58		1.206		0.0216		61.3150674794				7.06		1.076		0.0166		67.2373082813				6.83		1.005		0.021		47.9766365334				6.16		0.975		0.0245		39.2953208504				6.29		1.093		0.0205				2.27		0.535		0.0179				3.1		1.179		0.0286				3.72		1.372		0.0332				2.23		0.64		0.018				3.24		0.661		0.0177				4.26		0.791		0.0222				3.25		0.726		0.0255				6.45		0.972		0.0208				9.33		1.116		0.0271				0.15		0.265		0.0204				6.68		1.031		0.0202				3.27		0.567		0.0263				1.17		0.287		0.019				1.24		0.46		0.0171				3.25		0.731		0.0224				3.25		0.729		0.0152				6.31		0.921		0.0192				3.27		0.818		0.0173				1.22		0.577		0.0197				3.23		0.624		0.0127				7.78		0.92		0.0237				1.08		0.183		0.0379				-0.29		0.096		0.0168				2.09		0.488		0.0281				2.95		0.708		0.0427				5.26		0.73		0.0238				7.69		1.167		0.0269				7.09		1.007		0.0213				1.21		0.512		0.0177

				6.29		0.984		0.0215		45.3998259325				9.23		1.146		0.0271		45.2697019925				10.35		1.284		0.0423		34.3959388537				4.25		0.782		0.0186		37.1789555658				9.29		1.152		0.0255		48.488476425				7.98		1.191		0.025		51.9909356869				5.29		0.922		0.0198		44.7127304291				9.35		1.21		0.0227		58.6343612335				2.22		0.563		0.0195		21.6634679478				1.2		0.523		0.0197		19.1993403344				3.7		0.38		0.0367		6.3827719922				1.77		0.409		0.0262		9.9835195034				4.24		0.692		0.0217		26.5276884155				7.71		0.974		0.1425		6.7456463814				3.03		0.482		0.0182		18.3865043728				3.23		0.622		0.0163		30.0952511982				4.32		1.074		0.0249		44.6999538706				6.44		0.864		0.0241		33.3237272477				9.11		1.265		0.0345		41.2398135571				8.62		1.211		0.0202		65.9727891516				8.25		1.147		0.0215		57.1355834925				7.73		1.089		0.0322		35.2927864203				7.32		1.179		0.022				3.28		0.631		0.0167				4.25		1.27		0.0287				4.85		1.461		0.0376				3.26		0.732		0.0188				4.26		0.75		0.0181				5.28		0.886		0.0212				4.27		0.822		0.0222				8.16		1.124		0.0234				10.33		1.148		0.0408				1.17		0.373		0.0241				7.98		1.145		0.0233				3.84		0.614		0.026				2.18		0.355		0.0203				2.32		0.561		0.0163				4.27		0.824		0.022				4.26		0.816		0.0176				8.1		1.077		0.0255				4.28		0.914		0.0161				2.24		0.678		0.0212				4.24		0.715		0.014				9.3		1.006		0.0299				2.31		0.292		0.0427				0.68		0.225		0.0194				3.14		0.643		0.0277				4.2		0.961		0.0359				6.27		0.825		0.024				9.26		1.291		0.0337				8.22		1.097		0.024				2.23		0.608		0.0183

				7.33		1.069		0.0239		46.2454124195				10.39		1.199		0.033		39.7845852338				11.73		1.341		0.0589		26.3650058475				5.28		0.876		0.019		43.1521618785				12.3		1.299		0.0326		45.4146662095				9.59		1.266		0.0332		42.9054513365				6.3		1.004		0.0191		52.6704709951				10.35		1.238		0.0232		59.3735452916				3.23		0.651		0.0207		25.3747129137				2.23		0.636		0.0198		25.6165407995				4.77		0.608		0.0302		15.6981482428				2.8		0.499		0.0291		12.1131704786				5.26		0.783		0.021		32.993117093				9.25		0.995		0.1941		5.1133919775				4.03		0.552		0.0195		21.0316819339				4.24		0.713		0.0164		36.7105124308				5.34		1.174		0.0234		54.3608561465				8.3		1.018		0.0263		39.0540356631				10.6		1.319		0.0459		33.0030827087				10.13		1.304		0.0311		47.880204657				9.76		1.227		0.0249		54.5842688046				9.27		1.184		0.0443		29.0819703519				8.31		1.248		0.0231				4.3		0.714		0.0176				5.22		1.35		0.0309				5.74		1.529		0.0418				4.27		0.83		0.0193				5.28		0.836		0.0193				6.31		0.979		0.0206				5.29		0.916		0.0198				9.67		1.254		0.0257				11.34		1.171		0.0452				2.19		0.474		0.026				9.92		1.25		0.031				4.86		0.703		0.0278				3.21		0.445		0.0188				3.33		0.641		0.0166				5.29		0.914		0.0203				5.28		0.903		0.0192				9.39		1.164		0.0295				5.3		0.995		0.0175				3.26		0.771		0.0238				5.26		0.803		0.0166				10.82		1.056		0.0436				3.3		0.369		0.0471				1.74		0.394		0.0199				4.32		0.811		0.0234				5.1		1.095		0.0298				7.3		0.922		0.0255				10.71		1.386		0.0422				9.9		1.22		0.0264				3.24		0.711		0.0182

				8.33		1.146		0.0251		48.8768495617																								6.29		0.963		0.0209		45.2161045727														11.1		1.302		0.0499		29.772542969				7.33		1.065		0.0233		47.1702839575														4.25		0.736		0.0205		30.8008612564				3.25		0.734		0.0182		34.5519610837				5.73		0.734		0.0231		27.2227572175				3.82		0.601		0.0291		16.0110096405				6.28		0.881		0.0202		40.9366682244				10.7		1.056		0.1924		5.6401520179				5.07		0.634		0.0207		24.3872899256				5.27		0.804		0.0166		43.4286155765				6.36		1.277		0.0262		55.0788741725				9.63		1.126		0.027		44.2531124819				12.45		1.35		0.0838		18.7178789405				11.65		1.371		0.0441		36.4013585737				11.22		1.233		0.0407		33.6395521773														9.34		1.312		0.0242				5.31		0.799		0.0208				6.35		1.449		0.0333				6.72		1.588		0.0481				5.29		0.919		0.0199				6.3		0.916		0.0217				7.31		1.065		0.0203				6.31		1.009		0.0191				11.19		1.321		0.0363				12.35		1.176		0.0543				3.22		0.552		0.0292												5.97		0.811		0.0256				4.22		0.547		0.0174				4.19		0.711		0.0162				6.3		1.003		0.0192				6.3		0.981		0.0219				11.07		1.245		0.0355				6.3		1.068		0.0206				4.27		0.864		0.0204				6.28		0.885		0.02				11.81		1.048		0.0679				4.23		0.456		0.0549				2.68		0.537		0.0196				5.23		0.9		0.0195				6.08		1.203		0.0235				8.32		1.009		0.0268				12.31		1.445		0.0576												4.27		0.805		0.0186

				9.35		1.215		0.0285		46.9915269076																								7.32		1.043		0.0214		49.7751628159																								8.32		1.12		0.0311		38.1124304616														5.28		0.817		0.0219		33.7201090116				4.26		0.828		0.02		37.671725206				6.78		0.839		0.0189		40.6612885335				4.84		0.708		0.0245		24.3155334683				7.31		0.979		0.0194		49.9312349701														6.07		0.722		0.0213		28.8022352257				6.28		0.897		0.017		49.9734972321				7.39		1.373		0.0259		62.1163662214				11.05		1.217		0.029		46.2954030508																																												10.37		1.353		0.0263				6.3		0.883		0.0229				7.16		1.512		0.0343												6.31		1.012		0.0214				7.31		0.992		0.0244				8.33		1.143		0.0225				7.33		1.09		0.0202												13.32		1.11		0.146				4.23		0.64		0.0292												7.3		0.926		0.0236				5.25		0.643		0.0165				5.47		0.819		0.0174				7.33		1.09		0.0199				7.32		1.053		0.0253												7.33		1.139		0.0228				6.32		1.037		0.0248				7.3		0.958		0.0236												5.2		0.657		0.0451				3.56		0.647		0.0173				6.2		0.995		0.0184				7.27		1.285		0.0218				9.34		1.093		0.0274																				5.29		0.894		0.0212

				10.36		1.241		0.0359		38.5090871311																								8.34		1.126		0.0225		53.1037349783																								9.33		1.145		0.0352		34.8069177132														6.28		0.912		0.021		41.4737172736				5.28		0.917		0.0196		44.8020547201				7.82		0.929		0.0198		45.222897075				5.86		0.805		0.0201		35.9333545974				8.33		1.064		0.0204		53.7999998571														7.1		0.816		0.0225		32.7606658459				7.31		0.983		0.0187		52.1181114458				8.4		1.459		0.0274		64.317976848				12.66		1.202		0.0368		35.810376149																																												11.35		1.366		0.0276				7.27		0.964		0.0245				8.28		1.607		0.0336												7.33		1.091		0.0217				8.32		1.061		0.0282				9.34		1.21		0.0253				8.34		1.144		0.0227																				5.25		0.752		0.0292												8.17		0.998		0.025				6.29		0.748		0.0179				6.32		0.898		0.0188				8.35		1.166		0.0217				8.34		1.131		0.0242												8.34		1.203		0.0291				7.33		1.118		0.0277				8.31		1.021		0.028												6.37		0.883		0.0298				4.94		0.782		0.0161				7.28		1.095		0.0197				8.39		1.366		0.023				10.35		1.176		0.0282																				6.3		0.982		0.0237

				11.36		1.28		0.0385		37.6144074771																								9.36		1.198		0.0259		50.627381172																								10.33		1.166		0.039		32.2836937323														7.31		1.005		0.021		47.9766365334				6.3		1.002		0.0209		47.9905023684				8.82		0.994		0.0242		40.9509716335				6.89		0.895		0.0193		43.8709707149				9.33		1.11		0.0252		46.4070462923														8.11		0.897		0.0252		33.7122798788				8.32		1.062		0.0223		49.0774412761				9.42		1.532		0.0291		65.1621130459																																																						12.36		1.35		0.0364				8.57		1.061		0.0284				9.39		1.689		0.0345												8.35		1.179		0.024				9.34		1.118		0.0322				10.35		1.24		0.0312				9.34		1.168		0.0307																				6.28		0.849		0.0298												9.03		1.069		0.0269				7.35		0.847		0.0194				7.47		1.02		0.0214				9.37		1.225		0.0266				9.35		1.192		0.0274												9.35		1.256		0.0343				8.35		1.195		0.0297				9.32		1.062		0.0364												7.25		0.987		0.0261				5.84		0.86		0.0167				8.25		1.16		0.0245				9.35		1.413		0.0257				11.38		1.256		0.0299																				7.33		1.07		0.0253

				12.37		1.298		0.0471		31.397215335																								10.36		1.213		0.0299		44.6807045791																																												8.31		1.049		0.0258		41.6431454973				7.33		1.094		0.0201		56.9285242201				9.87		1.04		0.0303		35.0031702583				7.91		0.954		0.0242		38.5041194595				10.34		1.122		0.0367		32.3834579258														9.26		0.991		0.0277		35.6148166324				9.34		1.135		0.0246		49.1539796327				10.42		1.56		0.0353		55.1965828754																																																						13.36		1.329		0.0413				9.16		1.1		0.0303				10.2		1.74		0.0334												9.37		1.268		0.0254				10.35		1.148		0.0397				11.37		1.245		0.0406				10.36		1.197		0.0384																				7.3		0.962		0.0256												10.07		1.159		0.0294				8.35		0.939		0.0231				8.44		1.109		0.0241				10.36		1.232		0.0324				10.37		1.254		0.031												10.37		1.301		0.0367				9.37		1.259		0.0372				10.34		1.078		0.0539												8.3		1.085		0.0247				7.03		0.943		0.0225				9.29		1.246		0.0286				10.33		1.424		0.0295				12.39		1.329		0.0327																				8.34		1.151		0.0281
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