714’s Official Assembly Line Process

for

Building WW2 Piston powered Aircraft

http://home.socal.rr.com/flighttest/

This is the first part of the Assembly Line process. Part 2, when released, will cover the Black Arts and Maneuverability.

This process will help you create historically accurate aircraft for CFS/FS2000 using the actual parameters from the real aircraft. Unfortunately, a few very vocal people insist this cannot be done. The aircraft these people create use wild combinations of distorted data to quickly create an aircraft in an effort to shortcut the aircraft building process. What happens is the developer adds a fudge, this causes another part of the flight envelope to go out of tolerance, so they add another fudge to fix this. Of course, this causes another part of the envelope to go out of tolerance. So, another fudge is added. This fudge process goes on until the developer gets tired of adding fudges. Some developers can last in the fudge process longer than others, so the quality varies from developer to developer and aircraft to aircraft. These aircraft may fly ok within a very narrow range, but are total junk out side of it.

This process proves these individuals are very wrong. When you use the Assembly Line process below, you will create a very accurate flight model much faster than the developers that say it cannot be done. The process below uses physics to determine values, not fudges.

Before we begin, lets define the accuracy we are shooting for. Compare this to the “best” aircraft out there. I challenge you to find anyone’s CFS/FS2000 aircraft that meets ALL of these tolerances (and this includes Microsoft):

+/- 1% Sea Level Speed 

+/- 1% Max speed at Altitude

+/- 1% Max Speed Altitude

+/- 1% Stall Speed

+/- 1% Rate of Climb

+/- 1% Service Ceiling

+/- 1% Takeoff Distance

To help everyone, the 714th has gathered lots of information and have created standard parameters for the engines and guns. Make sure you use them if you want accurate flight models. You can find the standard Aircraft Parameters and several utilities at: 

http://home.socal.rr.com/flighttest/
You will need Microsoft Excel and the 714 Spreadsheet to design an aircraft using the process. The 714 Spreadsheet contains different pages to do the following:

· Dimensions – Calculates the Planform Drag and other parameters in Section 1204

· Aero – Creates the Section 404 Airfoil AoA vs CL properties and 473 Airfoil Moment tables

· Weight – Calculates the Basic Weight used in Section 1101

· Prop – Creates the Section 511 and 512 parameters for Prop Advance Ratio and Efficiency

· Drag – Allows you to set the correct Drag values

You will also need the following utilities located on the 714’s site:

· The AirEd.Ini file

· The CFS Calculator
Last, you will need Jerry’s AirUpdate program and Flight Test Panel.  You can find all of Jerry’s stuff at: 

http://users.erols.com/gwbeckwith/

Before you fly, set the static parameters like weight, moments of inertial, fuel tanks and dimensions. All aircraft need a baseline from which to build, and these are what give your aircraft its basic character.  It is important to fill in the static parameters as accurately as possible.

 Assembly Line Check List

	Static and Calculated Parameter Entry

	1)      AIR File SetUp

	
	1)      Sections:    401,    404,    430,    473,    511,    512,    546

	2)      Spread Sheet Input 1

	
	1)      2.1 HowTo,    2.2 Weight,    2.3 Aero,    2.4 Dim,    2.10 Prop

	Editing the AIR File

	3)      Weight

	
	1)      Section 1101:1Ch – Basic Weight

	
	2)      Section 1001 – Moments of Inertia.

	4)      Aerodynamics

	
	1)      404 – Cl vs AoA Table

	
	2)      473 – Wing Moment Coeff vs AoA Table

	
	3)      430 - Mach Drag Table

	
	4)      401 – Wing Lift vs Mach

	5)      Dimensions

	
	1)      Section 1204 – Wing

	
	2)      Section 1205 – Horizontal Stabilizer

	
	3)      Section 1206 – Vertical Stabilizer

	
	4)      Section 320 - Control Surfaces

	
	5)      Section 1004 - Landing Gear

	
	6)       Section 1005 - Scrape Points

	
	7)      Section 301 - Fuselage

	6)      Engine

	
	1)      Section 500 - Engine Piston Engine (FS98/CFS AI)

	
	2)      Section 505 - Engine CFS/FS2000 Piston Engine

	
	3)      Max RPM, Section’s 500, 505, 508, 509

	7)      Prop

	
	1)      Section 510 - Propeller Parameters

	8)      Fuel

	
	1)      Section 525-535 Fuel Tanks

	9)      Set the calculated drag parameters

	
	1)      1101:50h AoI Drag Adjustment

	
	2)      1101:30h - Parasite Drag

	Close the Air File            Parameters Set in Flight

	

	10)      Set level speeds using the Prop Spreadsheet and Drag Parameter 1101:30h

	
	1)      Prop Input Spreadsheet

	
	2)      Initial SetUp

	
	3)      Altitude where Max Speed occurs

	
	4)      Point 1 = Sea Level Max Speed

	
	5)      Fine Tune HP using 508

	
	6)      Point 2 = Max Speed at Altitude

	
	7)      Problems: Run-away propeller at altitude

	
	8)      Point 3 = Rate of Climb

	
	9)      Takeoff Roll

	
	10)    Smooth the Prop Points

	11)      Fine Tuning the Stall Speed with table 473

	
	1)      Table 473

	12)  Fine Tuning the Service Ceiling

	
	5)      Table 509 - Torque 4

	The Black Arts

	13)  Maneuverability

	
	1)      Roll Section 1101, Section 518

	
	2)      Roll while Pulling g’s Table 546.

	
	3)      Pulling g’s Section 1101, Section 517

	
	4)      Rudder Section 1101, Section 519

	14)  Stability Derivitives – The Blackest Art

	
	6)      Section 1101


Detailed Assembly Line Instructions

1. AIR File Setup

1.1. Before you begin you must set up your AIR file with default data to correctly work with the Spreadsheet.

1.2. Use AirEd to first remove and then copy (using AirEd’s copy to clipboard and add from clipboard features) the following Sections from the P-47D located at the Flight Institute:

1.2.1. 404 – Cl vs AoA Table

1.2.2. 473 – Wing Moment Coeff vs AoA Table

1.2.3. 430 - Mach Drag Table

1.2.4. 401 – Wing Lift vs Mach

1.2.5. 511 – Prop Efficiency

1.2.6. 512 – Prop Advance Ratio

1.2.7. 546 – Roll while Pulling G’s

2. SpreadSheet Input Part 1

2.1. How To

2.1.1. Enter the name of the Aircraft the Spreadsheet is for into Cell B2

2.1.2. Hit FILE, SAVE AS and save the spreadsheet using the name of the Aircraft it’s for.

2.1.2.1. Use the format CalcsVx.xx-cc-dddddd.xls where:

2.1.2.1.1. x.xxx is the version of the spreadsheet being used

2.1.2.1.2. cc is the Country Code

2.1.2.1.3. dddddd is the Aircraft Desigination

2.2. Weight Sheet

2.2.1. The Empty Weight for most WW2 fighters does not include the weight of the Guns or other Military accessories. 

2.2.2. Enter the values to calculate the Basic Weight for the Aircraft.  This is the empty weight, plus the weight of the pilot and any other non-expendable items. For the Pilot and parachute, use 200 lbs. 

2.2.3. Enter the weight of the guns, you can find this information in the Gun Standard Parameters page at the Flight Institute.  Don’t forget to enter the number of each gun carried.

2.2.4. The spreadsheet will calculate the total Basic Weight for the Aircraft from the empty weight plus the weight of the pilot, guns, and any other non-expendable items you entered.  You will enter this value into Section 1101.

2.2.5. Enter the Ammo Weight and Fuel to arrive at the Equipped Weight. This weight is only used for performance calculations within the Spreadsheet(s).

2.3. Aero Sheet

2.3.1. Enter the AoA vs CL Aerodynamic characteristics of the airfoil used by the aircraft.

2.3.2. You should not need to alter the CM data at this time.

2.4. Dim Sheet

2.4.1. Enter the dimensions for the real aircraft into row 7. Note: You only need to enter data in the green cells only.

2.4.2. Aspect Ratio Corrections

2.4.2.1.  Mono-Planes: 

2.4.2.1.1. Use a Monk Factor = 1

2.4.2.2.  Bi-Planes factor in Munk’s Span Factor using 

2.4.2.2.1.  2 wings Munk Factor=1.1

2.4.2.2.2.  3 wings Munk Factor=1.2

2.4.2.2.3. WingSpan is span of the upper wing

2.4.2.2.4. WingArea is the Area of Both Wings

2.4.2.3. Final Taper Ratio Adjustment u

2.4.2.3.1. Calculate the Taper Ratio by dividing the Tip Chord by the Root Chord

2.4.2.3.2. Find the Taper Ratio at the bottom of the graph on the ‘U Calculation’ sheet

2.4.2.3.3. Move up to the line representing the Aspect Ratio

2.4.2.3.4. Move horizontally to the left and read the u factor

2.4.2.3.5. Enter this in the ‘2.4 Dim’ sheet at Cell K7

Editing the AIR File

3. Weight

3.1. Section 1101:1Ch – Basic Weight

3.1.1. Enter the Basic Weight Calculated on the 2.2 Weight sheet. 

3.2. Section 1001 – Moments of Inertia.

3.2.1. Use the CFS Calculator to determine these values, using the aircraft dimensions and the basic weight calculated on the 2.2 Weight sheet. 

4. Aerodynamics

4.1. 404 – Cl vs AoA Table

4.1.1. It is important you use the lift coefficient values from the airfoil used on the real aircraft. This affects level speed, climb, and turn performance. Copy the data from the 2.3 Aero sheet and paste it into the file Aero.txt.  Then use AirUpdate to replace the original AIR file data with the new data you pasted into Aero.txt.

4.1.2. DO NOT forget to set the Stall Angle parameter in section 1101.

4.2. 473 – Wing Moment Coeff vs AoA Table

4.2.1. It is important you use the same moment coefficient values as the example P-47 located on at the Flight Institute. 

4.3. 430 - Mach Drag Table

4.3.1. It is important you use the same drag coefficient values as the example P-47 located at the Flight Institute. 

4.4. 401 – Wing Lift vs Mach

4.4.1. It is important you use the same lift coefficient values as the example P-47 located at the Flight Institute. 

5. Dimensions

5.1. Section 1204 – Wing

5.1.1. Copy the Data from the 2.4 Dim Sheet (Yellow Areas) to Section 1204.

5.2. Section 1205 – Horizontal Stabilizer

5.3. Section 1206 – Vertical Stabilizer

5.4. Section 320 - Control Surfaces

5.5. Section 1004 - Landing Gear

5.5.1. Make sure you turn off the steer-able parameter for tail draggers. You can use differential braking to steer on the ground using the F11 and F12 keys.

5.5.2. To set the Gear

5.5.2.1. Set the time of day to Dusk

5.5.2.2. Line the shadows up with the gear.

5.6. Section 1005 - Scrape Points

5.7. Section 301 – Fuselage

6. Engine

6.1. Section 500 - Engine Piston Engine (FS98/CFS AI)

6.1.1. The HP parameters effects the AI Aircraft’s HP.

6.2. Section 505 - Engine CFS/FS2000 Piston Engine

6.2.1. Make sure you use the parameters from the Standards listed on the Flight Test Site.

6.3. Max RPM, Section’s 500, 505, 509

6.3.1. Make sure to set the Max RPM in all these sections or you will get inconsistent power output

6.4. Special RPM Settings using 508

6.4.1. You must set the Mil and WEP RPM’s in this table to model the correct HP for MIL and WEP HP. Failure to do so will result inconsistent power output

6.4.2. Set RPM4 to the MIL RPM

6.4.3. Set RPM5 to the WEP RPM

7. Prop

7.1. Section 510 - Propeller Parameters

7.1.1. Copy the data from 10 Prop sheet to this section. 

7.1.2. The most influential parameters are the Prop Diameter and Gear Ratio.

7.1.3. Make sure you use the Gear Ratio from the Standards listed on the Flight Test Site.

8. Fuel

8.1. Section 525-535 Fuel Tanks

9. Set the drag parameters

9.1. 1101:50h AoI Drag Adjustment

9.1.1. Set to the value recommended by the 9 Drag sheet.

9.2. 1101:30h - Parasite Drag

9.2.1. Set to the value recommended by the 9 Drag sheet.

9.3. Check Drag Spreadsheet

9.3.1. Once the aircraft is flying reasonably well, you can return to the 9 Drag Sheet and review the L/D curve to insure it is in the ballpark.

Close the Air File

Parameters Set in Flight

10. Set level speeds using the Prop Spreadsheet and Drag Parameter 1101:30h

10.1. Initial SetUp

10.1.1. Prop Inputs Sheet

10.1.1.1. Enter the data required into the Prop input sheet

10.1.1.2. Use the MIL RPM to calculate the Prop efficiency

10.1.1.3. Use the Sea Level Speed Calculator to find the Sea Level speed if you do not have it.

10.1.1.4. Adjust Cell F3 until Cell M11 is equal to the max speed at altitude.

10.1.1.5. Set the Runaway Prop factor (Cell H3) to 5 to start.  If necessary, adjust the Runaway Prop factor so that the "Hi Alt" curve on the "Predicted Prop Pitch" graph is less than 65 degrees.  (Cell H6 will display "Increase Runaway Prop Factor!" if cell H3 is unacceptable.)
10.1.2. You will be defining 3 points with the 10 Prop sheet. The sheet will estimate these 3 points for you.  If they are not close enough to be useful, you may enter your own values for the prop angles in the 10 Prop sheet as you discover them.

10.1.3. Find the Weight Graph (cells C69:M92), set ALL the Weights (cells B74:B84) to the efficiency calculated (for the correct number of Blades, Cells E65-H65) to set the max efficiency factor for the prop. These weight settings will be used to set the drag parameter at section 1101:30h. 

10.1.4. Use the AirUpdate program to dump just the prop parameters. Leave AirUpdate up since you will need it. 

10.1.5. Cut the Yellow 512 Section and paste it over the 512 in the Prop.txt file created by AirUpdate.

10.1.6. Cut the Yellow 511 Section and paste it over the 511 in the Prop.txt file created by AirUpdate.

10.1.7. Save the Prop.txt file

10.1.8. Use AirUpdate to update the AIR file. It will update the AIR file and create a backup copy of the AIR file with an extension of “.BAK”.

10.2. Altitude where Max Speed occurs

10.2.1. Note: You’re just setting the altitude where this occurs, not the speed.

10.2.2. You will need to set the max speed altitude at this time by adjusting the BoostGain parameter in section 505 of the AIR file. Before doing anything, you must set this to the correct number. Failure to do so will cause problems everywhere.

10.2.3. Flying 2000ft above and below the max speed altitude will help you set it.

10.2.4. Save the AIR file each time

10.2.5. Reload the Aircraft and let the speed stabilize.

10.2.6. Repeat until the Max Speed occurs at the max speed altitude.

10.3. Runaway Prop Check and Max Prop Angle Adjustment

10.3.1. After the boost gain is set, check the prop pitch on the flight test gauge when you’re flying at the max speed altitude.  If your aircraft has WEP, enable WEP.

10.3.2. The prop pitch should be less than 65 degrees; between 55 and 60 degrees is ideal.

10.3.2.1. If the prop pitch is too high, or the engine is exceeding Max RPM, increase the “Runaway Prop Factor” on the 10 Prop sheet. 

10.3.2.2. Copy the corrected 511 and 512 sections from the spreadsheet to the Prop.txt file and use AirUpdate to load them into the AIR file

10.3.2.3. Repeat until the prop angle is between 55 and 60 degrees.

10.4. Point 1 = Sea Level Max Speed

10.4.1. Restart CFS in free flight mode at Sea Level (200 ft over the water is best). Use the autopilot to hold altitude and keep the wings level. 

10.4.2. This step is only necessary if your aircraft has WEP and the WEP RPM is higher than the MIL RPM:  While the Aircraft accelerates up to speed, use the CTL-F2 and CTL-F3 to reduce the engine speed to the MIL RPM.  (Tip:  You can TEMPORARILY set Max RPM in section 505 to the MIL RPM setting for flight testing.  DON’T forget to set it back to the proper WEP RPM setting when you’re done!)

10.4.3. Go into options and set the sim rate to 4x

10.4.4. Allow the max speed at SL to stabilize. 

10.4.5. Adjust the Drag Parameter 1101:30h until the speed at Sea Level is correct. Do not forget to save the AIR file and reload the aircraft in CFS each time you change it.

10.4.6. When the airspeed is correct, look on the panel and ENTER THE PROP ANGLE in the 10 Prop sheet.

10.5. Set HP with Table 508

10.5.1. Note: The speed needs to be close to account for a Ram Air effect.  (Don’t forget to reset Max RPM in 505 if you changed it for the SL speed adjustments.)
10.5.2. With the max speed set, check the HP.  Do not use WEP.

10.5.3. At MIL RPM

10.5.3.1. If the HP is too high, decrease Torque Fac 4 in Section 508

10.5.3.2. If the HP is too low, increase Torque Fac 4 in Section 508

10.5.4. At WEP RPM, WEP engaged

10.5.4.1. If the HP is too high, decrease Torque Fac 5 in Section 508

10.5.4.2. If the HP is too low, increase Torque Fac 5 in Section 508

10.5.5. Repeat 10.4 Point 1 = Sea Level Max Speed  if necessary

10.5.6. When the Sea Speed and HP is correct exit from the AIR file.  

10.6. Point 2 = Max Speed at Altitude 

10.6.1. In CFS, start the aircraft in Free Flight at its max speed altitude

10.6.2. Let the speed stabilize

10.6.3. Look on the panel, ENTER THE PROP ANGLE in the 10 Prop sheet, and determine if the speed is too fast or too slow.

10.6.4. Go to the spreadsheet and find the Weighting graph at cells B74:B84

10.6.5. Find the point closest to the prop angle. RULE: No point can have an efficiency greater than the max efficieny set in 10.1.3. If you come to a point where you need a point greater than the max efficiency to get the speed/Rate of Climb correct there is something wrong. Post a message at the Flight Institute’s Message Board  and ask for help.

10.6.5.1. If the speed is to slow, move the point up

10.6.5.2. If the speed is to fast move the point down

10.6.6. Cut the Yellow 511 Section and paste it over the 511 in the Prop.txt file created by AirUpdate.

10.6.7. Use AirUpdate to update the AIR file. 

10.6.8. ALWAYS check to make sure the prop is not exceeding the max RPM. If it does, see below.

10.6.9. Go step 10.6.1 and repeat this process until the speed is perfect.

10.7. Problems: Run-away propeller at altitude

10.7.1. Some aircraft, especially those designed to operate at extreme high altitudes, will experience a runaway prop at high altitude. You will need to increase the Runaway Prop Factor at cell H3 until the prop angle at the max speed altitude and speed is below 65 deg. This will fix the prop exceeding the max rpm in level flight.

NOTE:  Run-away propeller at altitude is most likely to occur with WEP.  Checking for and solving this problem should be done with WEP engaged.

10.8. Point 3 = Rate of Climb

10.8.1. Use the Climb speed calculated on cell L62 of the 10 Prop sheet. This is the speed where the best “Rate” of climb occurs. Generally, this will be in the range of 150-190 mph IAS range.  At speeds below and above this, the “Rate” of climb will be less.

10.8.2. Use the same technique you used to set the level speeds with the prop. Do not forget to ENTER THE PROP ANGLE in the 10 Prop sheet. This will let you set the correct prop weighting point for the rate of climb.  

10.9. Take-Off Roll

10.9.1. You can use the leftmost point to fine tune the takeoff roll. Higher values reduce the distance, lower values increase the distance.

10.9.2. The following scenery may help:   http://user.mc.net/~drb/testplane/

10.10. Smooth the Prop Points
10.10.1. Now that you have the 3 points set, you need to smooth all the other points.

10.10.2. Do not touch the 3 points you wrote down.

10.10.3. When you are done, you should have a nice pointed graph like an upside-down V with the top passing through the Max Sea Level Speed point. If the graph is not similar then there is a problem
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11. Fine Tuning the Stall Speed with table 473

11.1. To make it easy on yourself, it is recommended you set up 473 like the example P-47. One point on zero, and the next point at the same angle the wing stalls.

11.2. Important, when you make a change to 473, you MUST make a corresponding change to 1101:Pitch Moment due to Elevator. If you lower one, you must lower the other.

11.3. If the stall speed is too high, Lower the one point under the airfoil’s stall (don’t forget to lower the 1101:pitch moment)

Black Art Adjustments

These adjustments are included for completeness to help you get a reasonably well maneuvering aircraft. This area will be addressed in part two of the Assembly Line process.

12. Maneuverability

12.1. Roll

12.1.1. Section 1101 has an entire section for roll. For rate adjustment fine-tuning use the Roll Moment and Roll Damping Parameters.

12.1.2. Section 518 will allow you to model changes in roll rate vs speed.

12.2. Roll while Pulling g’s

12.2.1. MS messed this up, it should be Roll degradation per AoA. Instead we got Roll Degradation per g

12.2.2. As an aircraft fly’s at high AoA’s (more g’s in MS’s table) the aileron is buried in the turbulence of the wing, reducing it’s ability to roll the aircraft. Some aircraft lose all aileron ability to roll the aircraft at high g’s and the pilot must use the rudder to help roll the aircraft. Some aircraft you will have to unload (reduce g) to get them to roll.

12.2.3. Table 546 allows you to model this.

12.3. Pulling g’s

12.3.1. The 13 Turn Performance Sheet will give you the approximate turn speeds, radius and rate for the aircraft. Note: this data assumes the pilot is strong enough to pull back on the stick at high speeds and/or the aircraft does not have fabric covered elevators.

12.3.2. Section 1101 has an entire section for pitch. For rate adjustment fine-tuning us the Pitch Moment Parameter.

12.3.3. Section 517 will allow you to model changes in pitch rate vs speed.

12.4. Rudder

12.4.1. Section 1101 has an entire section for yaw. For rate adjustment fine-tuning use the Yaw Moment Parameter.

12.4.2. Section 519 will allow you to model changes in yaw rate vs speed.

13. Stability Derivatives – The Blackest Art

13.1. Section 1101 – Currently work is still preceding on how to set these analytically. So, you’ll need to set these by feel. Keep watch for updates to the Assembly Line Process

714’s Official Assembly Line Process for Building WW2 Piston powered Aircraft

Version ..46A  Copyright 2000
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2.1 HowTo

		714's AIR File Worksheets     by Jerry Beckwith																Version 0.46  Copyright 2000

		Spreadsheet for:		F6F-3 Hellcat														<<< Enter the aircraft you're working on here

		Follow the Assembly Line Process in order. Save this file to the name of the Aircraft you're working on right now! For example: US P-47D10.xls, GR Fw-190A3.xls

				Cells you fill in

				Cells  you copy to AirUpdate

		Notes

		Tip:  Use Alt-Enter for hard carriage return

		Specifications:

Wingspan: 42 ft., 10 in.
Wing Area: 334 sq ft
Length: 33 ft., 10 in.
Height: 14 ft., 5 in.
Empty weight: 9,023 lb.
Powerplant: Pratt & Whitney R-2800-10 (2,000 hp)
Prop diameter = 13'1"

Armament: Six .50-caliber Browning machine guns, 40





2.2 Weight

		Assembly Step 1 - Weight								F6F-3 Hellcat										Version 0.46  Copyright 2000

		Item Type		Item Name		Weight (lbs) per Item		Number of Items		Weight of These Items (lbs)

		Empty Weight				9023				9023

		Pilot/Crew				200		1		200

		Gunsight				10		1		10

		Gun Camera				0		0		0

		Guns: Light Machine Gun				0		8		0		<<< Enter from Standard Gun Parameters Page at: http://home.socal.rr.com/flighttest/

		Guns: Heavy Machine Gun		.50 cal		66.1		6		396.6		<<< Enter from Standard Gun Parameters Page at: http://home.socal.rr.com/flighttest/

		Guns: 20mm Cannon				0		0		0		<<< Enter from Standard Gun Parameters Page at: http://home.socal.rr.com/flighttest/

		Guns: Heavy Cannon				0		0		0		<<< Enter from Standard Gun Parameters Page at: http://home.socal.rr.com/flighttest/

		Liferaft				20		1		20

		Engine Unused Fuel				6		4		24

		Engine Unused Oil				7.5		2		15

		Armor/BP Glass				125		1		125

		Radio Equipment				70		1		70

		OxygenSystem				100		1		100

		Basic Weight								9984		<< Enter This in Section 1101 Basic Weight

		Ammo Weight												Fuel Weight:		6		lbs/gal

		Item Type		Item Name		Weight (oz) per Item		Number of Items		Weight of These Items (lbs)				Fuel Tanks		Capacity		Weight (lbs)

		Ammo: Light Machine Gun								0				525 Left Tank		0		0

		Ammo: Heavy Machine Gun		.50 cal		1.45		2400		218				526 Right Tank		0		0

		Ammo: 20mmCannon								0				527 Left Aux Tank		0		0

		Ammo: Heavy Cannon								0				528 Right Aux Tank		0		0

														529 Left Tip Tank		0		0

		Total Ammo Weight		218		Lbs								530 Right Tip Tank		0		0

														531 Center Tank 1		300		1800

														532 Center Tank 2		0		0

														533 Aux Tank 2		0		0

														Total Fuel Capacity		300		gallons

														Total Fuel Weight		1800		Lbs

														Flight Test Weight		12001		Lbs





2.3 Aero

		Assembly Step 2 - Aero Parameters														F6F-3 Hellcat										Version 0.46  Copyright 2000

		Record: 0473

		Points: 17				AoA		CM																						AirFoil Used:				NACA 23015

		-3.141593		-0.45166		-180.0		-0.45166																						(for info only)

		-2.748893		-0.90332		-157.5		-0.90332

		-2.356194		-0.8		-135.0		-0.8

		-1.963495		-0.73		-112.5		-0.73																						Notes

		-1.570796		-0.65		-90.0		-0.65

		-1.178097		-0.57		-67.5		-0.57																						Tip:  Use Alt-Enter for hard carriage return

		-0.7		-0.5		-40.1		-0.5

		-0.35		-0.25		-20.1		-0.25

		0		0		0.0		0

		0.35		0.25		20.1		0.25

		0.7		0.5		40.1		0.5

		1.178097		0.58		67.5		0.58

		1.570796		0.66		90.0		0.66

		1.963495		0.76		112.5		0.76

		2.356194		0.84		135.0		0.84

		2.748893		0.90332		157.5		0.90332

		3.141593		0.45166		180.0		0.45166

		Record: 0404

		Points: 17				AoA		CL

		-3.14158		0		-180.0		0

		-2.74889		0.359863		-157.5		0.359863

		-2.35619		0.5		-135.0		0.5

		-1.96349		0.359863		-112.5		0.359863

		-1.57079		0		-90.0		0

		-0.74		-0.5		-42.4		-0.5

		-0.35		-1.1		-20.1		-1.1

		0		0.1		0.0		0.1

		0.349		1.5		20.0		1.5

		0.384		1.55		22.0		1.55

		0.41		1.2		23.5		1.2

		0.92		0.4		52.7		0.4

		1.18		0.24		67.6		0.24

		1.57079		0		90.0		0

		1.96349		-0.3598		112.5		-0.3598

		2.35619		-0.5		135.0		-0.5

		3.14159		0		180.0		0





2.3 Aero
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2.4 Dim
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U Calculation

		Assembly Step 3 - Dimensions																				F6F-3 Hellcat																		Version 0.46  Copyright 2000

		Airplane Type:		Weight				Wing data:																						Clean Stall Speeds At Test Weight				G Forces At Test Weight												Airplane Type:

								Wing Span:						Average wing chord:		Wing Area  (S)		Aspect Ratio								1204:12h in MS

				Basic		Test		Measured								From Book		Multi-Wing Correction		Measured		Taper Ration Penelty

				Lbs		Lbs		Ft.		In.		Span in inches		in.		SqFt		Munk Factor				u dron u Calculation		eAR				Max CL		knots		mph		2g mph		3g mph		4g mph		5g mph		6g mph		7g mph

		F6F-3 Hellcat		9984		12001		42		10		514		94		334.0		1.00		5.49		0.992		5.45		3686		1.55		83		96		135		166		191		214		234		253		F6F-3 Hellcat

		br Hurricane Mk2		5668		8044		40		0		480		77		258.0		1.00		6.20		1.000		6.20		3241		1.45		80		92		130		159		184		206		225		243		br Hurricane Mk1

		br SeaFury FB 11		9800		14650		38		4.8		461		88		280.0		1.00		5.27		1.000		5.27		3814		1.55		100		115		163		200		231		258		283		306		br SeaFury FB 11

		br Spitfire Mk2		4517		6250		36		10		442		79		242.0		1.00		5.61		1.000		5.61		3583		1.60		69		80		113		138		159		178		195		211		br Spitfire Mk2

		br Tempest		9250		13640		41		0		492		88		302.0		1.00		5.57		1.000		5.57		3609		1.60		91		105		149		183		211		236		258		279		br Spitfire Mk2

																								0.00

		gr Bf-109E-3		4189		5875		32		4.5		389		65		174.1		1.00		6.02		1.000		6.02		3337		1.72		76		88		124		152		176		197		215		233		gr Bf-109E-3

		gr Bf-109G-6		5893		7496		32		6.5		391		64		173.3		1.00		6.11		1.000		6.11		3289		1.72		86		100		141		172		199		223		244		263		gr Bf-109G-6

		gr Bf-110F2		12346		15873		53		3.75		640		93		413.3		1.00		6.88		1.000		6.88		2924		1.72		81		94		133		162		188		210		230		248		gr Bf-110F2

		gr Bv-155		10736		13263		67		3		807		75		419.8		1.00		10.77		1.000		10.77		1872		1.72		74		85		120		147		170		190		208		225		gr Bf-110F2

		gr Fw-190A-8		7650		9656		34		5.5		414		69		197.0		1.00		6.03		1.000		6.03		3334		1.72		92		106		150		184		212		237		260		280		gr Fw-190A-8

		gr Ta-152H		8887		11501		47		4.5		569		64		250.8		1.00		8.95		1.000		8.95		2251		1.72		89		102		145		177		205		229		251		271		gr Ta-152H

																								0.00

		jp A6M2		3770		5555		39		4.5		473		70		228.4		1.00		6.79		1.000		6.79		2962		1.75		64		74		105		128		148		165		181		196		jp A6M2

		jp A6M3		3913		5155		36		2.25		434		77		232.0		1.00		5.64		1.000		5.64		3559		1.54		65		75		107		131		151		169		185		199		jp A6M3

		jp A6M5		4130		5920		36		1		433		76		229.6		1.00		5.67		1.000		5.67		3543		1.54		70		81		115		141		162		182		199		215		jp A6M5

																								0.00

		ua P-38J		12780		19000		52		0		624		76		327.5		1.00		8.26		1.000		8.26		2438		1.60		104		120		169		207		239		267		293		316		ua P-38J

		ua P-39D		5462		8850		34		0		408		75		213.0		1.00		5.43		1.000		5.43		3701		1.65		86		100		141		172		199		223		244		263		ua P-39D

		ua P-40E		6900		8400		37		3.5		448		76		236.0		1.00		5.89		1.000		5.89		3410		1.60		81		94		132		162		187		209		229		248		ua P-40E

		ua P-47D		10000		17500		40		9.75		490		88		300.0		1.00		5.55		1.000		5.55		3618		1.71		100		116		164		201		232		259		284		307		ua P-47D

		ua P-51D		7635		12100		37		0		444		76		235.8		1.00		5.81		0.992		5.76		3488		1.55		99		114		162		198		229		256		280		303		ua P-51D

		ua P-61A		21282		29700		66		0		792		120		662.4		1.00		6.58		1.000		6.58		3057		1.45		96		110		156		191		221		247		270		292		ua P-61A

		ua P-63A		6375		10500		38		4		460		75		240.0		1.00		6.12		1.000		6.12		3283		1.50		93		107		152		186		214		240		263		284		ua P-63A

																								0.00

		un F2A-3		4732		6321		35		0		420		72		208.9		1.00		5.86		1.000		5.86		3427		1.80		71		81		115		141		163		182		199		215		un F2A-3

		un F4F-4		5895		8762		38		0		456		82		260.0		1.00		5.55		1.000		5.55		3617		1.80		74		86		121		149		172		192		210		227		un F4F-4

		un F4U-1		8873		13846		40		11.73		492		92		314.0		1.00		5.35		1.000		5.35		3756		1.42		96		111		156		192		221		247		271		293		un F4U-1

		un F6F-3		9042		12186		42		10		514		94		334.0		1.00		5.49		1.000		5.49		3657		1.93		75		86		122		149		173		193		211		228		un F6F-3





10 Prop

		e		1		1		1		1		1		1		1		1		1		1		1

		Rounded		0.955		0.98		0.9939		0.9991		0.999		0.999		0.999		0.999		0.999		0.999		0.999

		4		0.912		0.9679		0.9887		0.9943		0.9963		0.9971		0.9963		0.9956		0.9934		0.99		0.986

		6		0.8808		0.95		0.9795		0.9885		0.992		0.9928		0.992		0.989		0.9856		0.9804		0.975

		8		0.8566		0.93		0.9713		0.9816		0.9851		0.9855		0.9847		0.9808		0.9756		0.9686		0.959

				0		0.1		0.2		0.3		0.4		0.5		0.6		0.7		0.8		0.9		1





10 Prop

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



Ellipitical

Rounded Tip

AR=4

AR=6

AR=8

Taper Ratio - CordTip/CordRoot      V-Shape <--> Square

u Correction Factor

Induced Drag Correction u - Penalty for non Elliptical Planform

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



10 WEP

		Assembly Step 8 - Max Speeds - Prop Set Up																F6F-3 Hellcat										Version 0.46  Copyright 2000

		Number of Engines		MIL Engine RPM		Gear ratio		Prop dia		Tip speed (mph)		Advance Ratio Scale				Runaway Prop Factor - nominal value = 5						Low Alt Air Density		Sea Level HP coef (512)		Sea Level HP coef (pitch)				High Alt Air Density		High Alt HP coef

		1		2700		2		13		627		1.75				4.2						0.00238		0.107112035		0.107112035				0.00112964		0.2931253718																										low val		0.107112035		0.0996141925		0.0846185076		0.0621249803		0.0851540678		0.0570371586		0.0811909225		0.1049697943		0.0749784245		0.0996141925		0.067480582		0.0929196904		0.0591793993

																								0.64																																		row num		1		1		1		1		2		2		3		4		4		5		5		6		6

								MPH		Altitude		MIL HP																																														high val		0.1413878862		0.1357645043		0.1245177407		0.1076475952		0.1306766827		0.1081831553		0.1312122429		0.1542413304		0.128534442		0.1519651996		0.1238482905		0.1478146083		0.1178232385

		Maximum High Altitude Speed						380		23400		2600				0																																										low pitch		15		15		15		15		20		20		25		30		30		35		35		40		40

		Maximum Mid Altitude Speed						324		0																																																high pitch		20		20		20		20		25		25		30		35		35		40		40		45		45

		Maximum Sea-Level Speed						324		0		2000																																														0.0		15.0		16.0		17.8		19.9		22.4		24.9		27.6		30.2		33.0		35.7		38.5		41.3		44.1

		Adv ratio		0		0.175		0.35		0.525		0.7		0.875		1.05		1.225		1.4		1.575		1.75		1.925		2.1																														low val		0.278491291		0.2756796		0.2700562182		0.2616211455		0.287774334		0.2752779299		0.260282245		0.2840611168		0.2660662949		0.289299869		0.2688512078		0.2918802953		0.269386768

		Airspeed		0		35		70		105		140		175		209		244		279		314		349		384		419																														row num		6		6		6		6		7		7		7		8		8		9		9		10		10

																																																										high val		0.3127671422		0.3102678613		0.3052692997		0.2977714573		0.324549466		0.3133027023		0.2998065859		0.3240625931		0.3077036641		0.3312439682		0.3124993621		0.3356726389		0.3149093829

		512																																																								low pitch		40		40		40		40		45		45		45		50		50		55		55		60		60

																																																										high pitch		45		45		45		45		50		50		50		55		55		60		60		65		65

		Record: 0512																																																								0.0		42.1		42.5		43.3		44.4		45.7		47.3		49.2		51.1		53.2		55.5		57.8		60.1		62.6

		columns: 14  rows: 12

		0.000		0.000		0.175		0.350		0.525		0.700		0.875		1.050		1.225		1.400		1.575		1.750		1.925		2.100

		15		0.107		0.100		0.085		0.062		0.032		-0.005		-0.050		-0.103		-0.163		-0.230		-0.305		-0.388		-0.478																														pitch		match		pitch index		max index		adv ratio		speed								Altitude		Density

		20		0.141		0.136		0.125		0.108		0.085		0.057		0.023		-0.016		-0.061		-0.112		-0.168		-0.230		-0.297																														15		15.0		2		2		0.175		35								0		0.002378

		25		0.176		0.171		0.162		0.149		0.131		0.108		0.081		0.050		0.014		-0.027		-0.072		-0.121		-0.175																														20		19.9		5		4		0.525		105								5000		0.002049

		30		0.210		0.206		0.199		0.187		0.172		0.154		0.131		0.105		0.075		0.041		0.004		-0.037		-0.082																														25		24.9		7		6		0.875		175								10000		0.001756

		35		0.244		0.241		0.235		0.225		0.212		0.196		0.177		0.154		0.129		0.100		0.067		0.032		-0.006																														30		27.6		8		7		1.05		209								15000		0.001496

		40		0.278		0.276		0.270		0.262		0.250		0.236		0.219		0.200		0.177		0.152		0.124		0.093		0.059																														35		33.0		10		9		1.4		279								20000		0.001267

		45		0.313		0.310		0.305		0.298		0.288		0.275		0.260		0.243		0.223		0.200		0.175		0.148		0.118																														40		38.5		12		11		1.75		349								25000		0.001065

		50		0.347		0.345		0.340		0.334		0.325		0.313		0.300		0.284		0.266		0.246		0.223		0.199		0.172																														45		44.1		14		13		2.1		419								30000		0.000889

		55		0.381		0.379		0.375		0.369		0.361		0.351		0.338		0.324		0.308		0.289		0.269		0.246		0.222																														50		44.1		14		13		2.1		419								35000		0.000736

		60		0.416		0.414		0.410		0.404		0.397		0.387		0.376		0.363		0.348		0.331		0.312		0.292		0.269																														55		44.1		14		13		2.1		419								40000		0.000582

		65		0.450		0.448		0.445		0.439		0.433		0.424		0.414		0.401		0.388		0.372		0.355		0.336		0.315																														60		44.1		14		13		2.1		419								45000		0.000459

																																																										65		44.1		14		13		2.1		419								50000		0.000361

																																																																												55000		0.00026

																																																																												60000		0.00019

																																																										MPH		0		35		70		105		140		175		209		244		279		314		349		384		419

																																																										Efficiency		0.000		0.501		0.511		0.618		0.614		0.701		0.747		0.788		0.831		0.860		0.864		0.840		0.812

																																																										MPH		0		35		70		105		140		175		209		244		279		314		349		384		419

																																																										Thrust				10745		5478		4426		3296		3012		2673		2417		2232		2053		1857		1640		1454

																																																												index		mph		thrust

																																																												9		314.1		2052.9

																																																														324.0		1997.3

																																																														349.0		1857.0

																																																								Index		SL MPH		1		760.2		542.8		487.9		421.0		402.5		379.2		360.5		346.5		332.3		316.0		297.0		279.6

																																																								10		326.5				725.3		472.9		383.2		281.4		228.0		169.7		116.2		67.3		18.2		-33.0		-86.9		-139.2

																																																										Efficiency				0.1222758262		0.2206384774		0.2960464786		0.3568815432		0.4091653098		0.4488746005		0.478548667		0.499393314		0.5111615044		0.5131560794		0.4973615921		0.2914285708

																																																										Thrust				3406		3078		2754		2491		2285		2089		1909		1743		1586		1433		1263		678

																																																								Index		HI MPH		1		621.0		590.2		558.4		531.0		508.6		486.3		464.9		444.2		423.7		402.8		378.1		277.1

																																																								11		380.5				586.1		520.4		453.7		391.4		334.1		276.9		220.6		165.0		109.6		53.8		-5.8		-141.7

		Airspeed		0		35		70		105		140		175		209		244		279		314		349		384		419

		Sea-level		15.0		16.0		17.8		19.9		22.4		24.9		27.6		30.2		33.0		35.7		38.5		41.3		44.1																																sea-level										high altitude										climb

		High Alt		42.1		42.5		43.3		44.4		45.7		47.3		49.2		51.1		53.2		55.5		57.8		60.1		62.6																														index		mph		pitch						index		mph		pitch						index		mph		pitch

		Measured																																																								9		314.1		35.7						10		349.0		57.8						4		139.6		22.4

																																																												326.5		36.7								380.5		59.9								170		24.6

																																																												349.0		38.5								383.9		60.1								174.5		24.9

																				Climb MPH  >>>				170

						Number of Blades				2		3		4		5				Pitch @ SL		Pitch @ ALT		Pitch @ Climb

						Max Weighting				0.830		0.869		0.873		0.885				36.7		59.9		24.6

																				36.7		59.9		24.6

																				326		381		<< Est MPH

						0		1

																																																				Scratch Pad

		Pitch		Weighting																																								Pitch

		15		0.56																																								15

		20		0.62																																								20

		25		0.704																																								25

		30		0.788																																								30

		35		0.869																																								35

		40		0.869																																								40

		45		0.803																																								45

		50		0.709																																								50

		55		0.626																																								55

		60		0.54																																								60

		65		0.064																																								65

		511

																																						511 Curve Width				4

		Record: 0511

		columns: 14  rows: 12

		0.000		0.000		0.175		0.350		0.525		0.700		0.875		1.050		1.225		1.400		1.575		1.750		1.925		2.100

		15		0.000		0.559		0.559		0.552		0.517		0.426		0.232		0.000		0.000		0.000		0.000		0.000		0.000

		20		0.000		0.280		0.473		0.619		0.619		0.611		0.573		0.471		0.257		0.000		0.000		0.000		0.000

		25		0.000		0.208		0.368		0.498		0.608		0.703		0.703		0.693		0.651		0.535		0.291		0.000		0.000

		30		0.000		0.198		0.356		0.488		0.601		0.699		0.787		0.787		0.776		0.728		0.599		0.326		0.000

		35		0.000		0.169		0.310		0.432		0.538		0.633		0.719		0.796		0.868		0.868		0.856		0.803		0.660

		40		0.000		0.138		0.256		0.361		0.454		0.538		0.615		0.685		0.751		0.811		0.868		0.868		0.856

		45		0.000		0.107		0.202		0.287		0.363		0.433		0.497		0.557		0.612		0.664		0.713		0.759		0.802

		50		0.000		0.095		0.178		0.253		0.321		0.382		0.439		0.492		0.541		0.586		0.629		0.670		0.708

		55		0.000		0.084		0.157		0.223		0.283		0.338		0.388		0.434		0.477		0.518		0.556		0.591		0.625

		60		0.000		0.072		0.136		0.193		0.244		0.291		0.334		0.374		0.412		0.447		0.479		0.510		0.539

		65		0.000		0.009		0.016		0.023		0.029		0.035		0.040		0.044		0.049		0.053		0.057		0.060		0.064
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13 Turn Performance

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0
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2 Blades

		



Weighting

Pitch@SL

Pitch@Alt

Pitch@Climb

Weight Graph



3 Blades

		



Efficiency

Efficiency vs Airspeed



4 Blades

		



Thrust

Thrust vs Airspeed



5 Blades

		wep																										Version 0.46  Copyright 2000

		HP		Eng rpm		Gear ratio		Prop dia		Tip speed (mph)		HP coef				Estimated SL speed (mph)						Advance Ratio Scale						Runaway Prop Factor

		2400		2700		2		13		627		0.1284312458				346						1.75						4.2

		0.77

		Adv ratio		0		0.175		0.35		0.525		0.7		0.875		1.05		1.225		1.4		1.575		1.75		1.925		2.1

		Airspeed		0		35		70		105		140		175		209		244		279		314		349		384		419

		512

		0.000		0.000		0.175		0.350		0.525		0.700		0.875		1.050		1.225		1.400		1.575		1.750		1.925		2.100

		15.000		0.107		0.100		0.085		0.062		0.032		-0.005		-0.050		-0.103		-0.163		-0.230		-0.305		-0.388		-0.478

		20.000		0.141		0.136		0.125		0.108		0.085		0.057		0.023		-0.016		-0.061		-0.112		-0.168		-0.230		-0.297

		25.000		0.176		0.171		0.162		0.149		0.131		0.108		0.081		0.050		0.014		-0.027		-0.072		-0.121		-0.175

		30.000		0.210		0.206		0.199		0.187		0.172		0.154		0.131		0.105		0.075		0.041		0.004		-0.037		-0.082

		35.000		0.244		0.241		0.235		0.225		0.212		0.196		0.177		0.154		0.129		0.100		0.067		0.032		-0.006

		40.000		0.278		0.276		0.270		0.262		0.250		0.236		0.219		0.200		0.177		0.152		0.124		0.093		0.059

		45.000		0.313		0.310		0.305		0.298		0.288		0.275		0.260		0.243		0.223		0.200		0.175		0.148		0.118

		50.000		0.347		0.345		0.340		0.334		0.325		0.313		0.300		0.284		0.266		0.246		0.223		0.199		0.172

		55.000		0.381		0.379		0.375		0.369		0.361		0.351		0.338		0.324		0.308		0.289		0.269		0.246		0.222

		60.000		0.416		0.414		0.410		0.404		0.397		0.387		0.376		0.363		0.348		0.331		0.312		0.292		0.269

		65.000		0.450		0.448		0.445		0.439		0.433		0.424		0.414		0.401		0.388		0.372		0.355		0.336		0.315

										Intermediate data - Do not edit.

		low val		0.107112035		0.0996141925		0.1245177407		0.1076475952		0.0851540678		0.1081831553		0.0811909225		0.1049697943		0.0749784245		0.0996141925		0.1238482905		0.0929196904		0.1178232385

		row num		1		1		2		2		2		3		3		4		4		5		6		6		7

		high val		0.1413878862		0.1357645043		0.162167621		0.1486715046		0.1306766827		0.1537057702		0.1312122429		0.1542413304		0.128534442		0.1519651996		0.1753066973		0.1478146083		0.17159348

		low pitch		15		15		20		20		20		25		25		30		30		35		40		40		45

		high pitch		20		20		25		25		25		30		30		35		35		40		45		45		50

		0.0		18.1		19.0		20.5		22.5		24.8		27.2		29.7		32.4		35.0		37.8		40.4		43.2		46.0

		Airspeed		0.0		34.9		69.8		104.7		139.6		174.5		209.4		244.3		279.2		314.1		349.0		383.9		418.8

		MIL		15.0		16.0		17.8		19.9		22.4		24.9		27.6		30.2		33.0		35.7		38.5		41.3		44.1

		Airspeed		0		35		70		105		140		175		209		244		279		314		349		384		419

		WEP		18.1		19.0		20.5		22.5		24.8		27.2		29.7		32.4		35.0		37.8		40.4		43.2		46.0

				Intermediate data - Do not edit.

		pitch		match		pitch index		max index		adv ratio		speed

		15		0.0		1		1		0		0

		20		19.0		3		3		0.35		70

		25		24.8		6		5		0.7		140

		30		29.7		8		7		1.05		209

		35		35.0		10		9		1.4		279

		40		37.8		11		10		1.575		314

		45		43.2		13		12		1.925		384

		50		46.0		14		13		2.1		419

		55		46.0		14		13		2.1		419

		60		46.0		14		13		2.1		419

		65		46.0		14		13		2.1		419

		Adv ratio		0		0.175		0.35		0.525		0.7		0.875		1.05		1.225		1.4		1.575		1.75		1.925		2.1

		Airspeed		0		35		70		105		140		175		209		244		279		314		349		384		419

		511

		0.000		0.000		0.175		0.350		0.525		0.700		0.875		1.050		1.225		1.400		1.575		1.750		1.925		2.100

		15.000		0.000		0.559		0.559		0.552		0.517		0.426		0.232		0.000		0.000		0.000		0.000		0.000		0.000

		20.000		0.000		0.280		0.473		0.619		0.619		0.611		0.573		0.471		0.257		0.000		0.000		0.000		0.000

		25.000		0.000		0.208		0.368		0.498		0.608		0.703		0.703		0.693		0.651		0.535		0.291		0.000		0.000

		30.000		0.000		0.198		0.356		0.488		0.601		0.699		0.787		0.787		0.776		0.728		0.599		0.326		0.000

		35.000		0.000		0.169		0.310		0.432		0.538		0.633		0.719		0.796		0.868		0.868		0.856		0.803		0.660

		40.000		0.000		0.138		0.256		0.361		0.454		0.538		0.615		0.685		0.751		0.811		0.868		0.868		0.856

		45.000		0.000		0.107		0.202		0.287		0.363		0.433		0.497		0.557		0.612		0.664		0.713		0.759		0.802

		50.000		0.000		0.095		0.178		0.253		0.321		0.382		0.439		0.492		0.541		0.586		0.629		0.670		0.708

		55.000		0.000		0.084		0.157		0.223		0.283		0.338		0.388		0.434		0.477		0.518		0.556		0.591		0.625

		60.000		0.000		0.072		0.136		0.193		0.244		0.291		0.334		0.374		0.412		0.447		0.479		0.510		0.539

		65.000		0.000		0.009		0.016		0.023		0.029		0.035		0.040		0.044		0.049		0.053		0.057		0.060		0.064

		MPH		0		35		70		105		140		175		209		244		279		314		349		384		419

		MIL Efficiency		0.000		0.501		0.511		0.618		0.614		0.701		0.747		0.788		0.831		0.860		0.864		0.840		0.812

		MPH		0.000		34.901		69.801		104.702		139.602		174.503		209.403		244.304		279.205		314.105		349.006		383.906		418.807

		MIL Thrust				10745		5478		4426		3296		3012		2673		2417		2232		2053		1857		1640		1454

		MPH		0		35		70		105		140		175		209		244		279		314		349		384		419

		WEP Efficiency		0.000		0.337		0.462		0.558		0.609		0.701		0.782		0.792		0.868		0.837		0.854		0.797		0.784

		MPH		0		35		70		105		140		175		209		244		279		314		349		384		419

		WEP Thrust				8664		5945		4791		3921		3616		3361		2915		2796		2397		2202		1869		1683

																																Top Speed

				MIL		760		543		488		421		402		379		361		346		332		316		297		280				MIL

						725		473		383		281		228		170		116		67		18		-33		-87		-139		10		326

				WEP		683		565		508		459		441		425		396		388		359		344		317		301				WEP

						648		496		403		320		266		216		152		109		45		-5		-67		-118		10		346
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		Assembly Step 7 - Drag										F6F-3 Hellcat												Version 0.46  Copyright 2000

										1101-30h		1204-12h						1101-30h		1101:50h		AoI

		Enter Baseline 1101-30h Here >>>								48		3686						30		1191		3.0		<<< Enter Final Air File Parameters Here

		Section 404 Data
(From Aero Sheet)						Aspect Ratio		Baseline Cd0		Baseline CD min		Baseline Max L/D				Matching Cd0		CD min with AoI		Max L/D with AoI		Est CL (max SL speed)				Suggested 1101:30h		Suggested 1101:50h

								5.426		0.021769		0.021791		14.0				0.021769		0.020174		16.0		0.134				30.1		-1191

		-3.14158		0

		-2.74889		0.359863																								49.1		1369

		-2.35619		0.5

		-1.96349		0.359863																				Instructions

		-1.57079		0

		-0.74		-0.5																				1) Set J3 (1101:50h) to zero
2) Set K3 (AoI) to zero
3) Set E3 (Baseline 1101:30h) to suggested value
4) Set K3 (AoI) to correct value
5) Set J3 (1101:50h) to suggested value
6) Set I3 (1101:30h) to suggested value

		-0.35		-1.1

		0		0.1

		0.349		1.5

		0.384		1.55

		0.41		1.2

		0.92		0.4

		1.18		0.24

		1.57079		0

		1.96349		-0.3598

		2.35619		-0.5

		3.14159		0

																																1.55

																																10

		AoA (Radians)		Low AoA		AoA Index		High AoA		Low CL		High CL		AoA (degrees)		dCL/ dAoA		CL		Estimated CDp		Estimated CDx		Estimated CDi		Scaled CD w/o 1101:50		Scaled L/D w/o 1101:50		Estimated Cdaoi		Scaled CD w/AoI & 1101:50		Scaled L/D w/AoI & 1101:50		Index

		-0.1745329252		-0.35		7		0		-1.1		0.1		-10		0.0598398601		-0.4983986007		0.0139998011		0		0.0145735018		0.363422093		-1.37		-0.0260841674		0.682629		-0.73		1

		-0.1570796327		-0.35		7		0		-1.1		0.1		-9		0.0598398601		-0.4385587406		0.0139998011		0		0.0112840716		0.3305277908		-1.33		-0.0229523911		0.618417		-0.71		2

		-0.1396263402		-0.35		7		0		-1.1		0.1		-8		0.0598398601		-0.3787188805		0.0139998011		0		0.0084148079		0.3018351536		-1.25		-0.0198206148		0.558407		-0.68		3

		-0.1221730476		-0.35		7		0		-1.1		0.1		-7		0.0598398601		-0.3188790205		0.0139998011		-0.0193983831		0.0059657107		0.2773441814		-1.15		-0.0166888385		0.308614		-1.03		4

		-0.1047197551		-0.35		7		0		-1.1		0.1		-6		0.0598398601		-0.2590391604		0.0139998011		-0.0170693305		0.0039367799		0.2570548742		-1.01		-0.0135570622		0.280298		-0.92		5

		-0.0872664626		-0.35		7		0		-1.1		0.1		-5		0.0598398601		-0.1991993003		0.0139998011		-0.014740278		0.0023280157		0.240967232		-0.83		-0.0104252859		0.256183		-0.78		6

		-0.0698131701		-0.35		7		0		-1.1		0.1		-4		0.0598398601		-0.1393594403		0.0139998011		-0.0124112254		0.001139418		0.2290812549		-0.61		-0.0072935096		0.236269		-0.59		7

		-0.0523598776		-0.35		7		0		-1.1		0.1		-3		0.0598398601		-0.0795195802		0.0139998011		-0.0100821729		0.0003709868		0.2213969428		-0.36		-0.0041617333		0.220558		-0.36		8

		-0.034906585		-0.35		7		0		-1.1		0.1		-2		0.0598398601		-0.0196797201		0.0139998011		-0.0077531204		0.0000227221		0.2179142957		-0.09		-0.001029957		0.209048		-0.09		9

		-0.0174532925		-0.35		7		0		-1.1		0.1		-1		0.0598398601		0.0401601399		0.0139998011		-0.0054240678		0.0000946239		0.2186333136		0.18		0.0021018193		0.201740		0.20		10

		0		0		8		0.349		0.1		1.5		0		0.0700132078		0.1		0.016379901		-0.0030950153		0.0005866922		0.2235539965		0.45		0.0052335956		0.222434		0.45		11

		0.0174532925		0		8		0.349		0.1		1.5		1		0.0700132078		0.1700132078		0.016379901		-0.0007659627		0.0016958038		0.2346451132		0.72		0.0088978038		0.220174		0.77		12

		0.034906585		0		8		0.349		0.1		1.5		2		0.0700132078		0.2400264156		0.016379901		0.0015630898		0.0033800908		0.2514879831		0.95		0.012562012		0.223665		1.07		13

		0.0523598776		0		8		0.349		0.1		1.5		3		0.0700132078		0.3100396234		0.016379901		0.0045538437		0.0056395531		0.2740826061		1.13		0.0162262202		0.239525		1.29		14

		0.0698131701		0		8		0.349		0.1		1.5		4		0.0700132078		0.3800528313		0.016379901		0.0077421358		0.0084741907		0.3024289823		1.26		0.0198904283		0.263112		1.44		15

		0.0872664626		0		8		0.349		0.1		1.5		5		0.0700132078		0.4500660391		0.016379901		0.0109304279		0.0118840037		0.3365271116		1.34		0.0235546365		0.292451		1.54		16

		0.1047197551		0		8		0.349		0.1		1.5		6		0.0700132078		0.5200792469		0.016379901		0.01411872		0.0158689919		0.3763769941		1.38		0.0272188447		0.327542		1.59		17

		0.1221730476		0		8		0.349		0.1		1.5		7		0.0700132078		0.5900924547		0.016379901		0.0173070121		0.0204291555		0.4219786297		1.40		0.0308830529		0.368385		1.60		18

		0.1396263402		0		8		0.349		0.1		1.5		8		0.0700132078		0.6601056625		0.016379901		0.0204953041		0.0255644944		0.4733320185		1.39		0.0345472611		0.414979		1.59		19

		0.1570796327		0		8		0.349		0.1		1.5		9		0.0700132078		0.7301188703		0.016379901		0.0236835962		0.0312750086		0.5304371604		1.38		0.0382114693		0.467325		1.56		20

		0.1745329252		0		8		0.349		0.1		1.5		10		0.0700132078		0.8001320782		0.016379901		0.0268718883		0.0375606981		0.5932940555		1.35		0.0418756774		0.525423		1.52		21

		0.1919862177		0		8		0.349		0.1		1.5		11		0.0700132078		0.870145286		0.016379901		0.0300601804		0.0444215629		0.6619027037		1.31		0.0455398856		0.589272		1.48		22

		0.2094395102		0		8		0.349		0.1		1.5		12		0.0700132078		0.9401584938		0.016379901		0.0332484725		0.051857603		0.7362631051		1.28		0.0492040938		0.658873		1.43		23

		0.2268928028		0		8		0.349		0.1		1.5		13		0.0700132078		1.0101717016		0.016379901		0.0364367646		0.0598688185		0.8163752597		1.24		0.052868302		0.734226		1.38		24

		0.2443460953		0		8		0.349		0.1		1.5		14		0.0700132078		1.0801849094		0.016379901		0.0396250566		0.0684552093		0.9022391674		1.20		0.0565325102		0.815331		1.32		25

		0.2617993878		0		8		0.349		0.1		1.5		15		0.0700132078		1.1501981172		0.016379901		0.0428133487		0.0776167753		0.9938548282		1.16		0.0601967183		0.902187		1.27		26

		0.2792526803		0		8		0.349		0.1		1.5		16		0.0700132078		1.2202113251		0.016379901		0.0460016408		0.0873535167		1.0912222422		1.12		0.0638609265		0.994796		1.23		27

		0.2967059728		0		8		0.349		0.1		1.5		17		0.0700132078		1.2902245329		0.016379901		0.0491899329		0.0976654335		1.1943414093		1.08		0.0675251347		1.093156		1.18		28

		0.3141592654		0		8		0.349		0.1		1.5		18		0.0700132078		1.3602377407		0.016379901		0.052378225		0.1085525255		1.3032123296		1.04		0.0711893429		1.197268		1.14		29

		0.3316125579		0		8		0.349		0.1		1.5		19		0.0700132078		1.4302509485		0.016379901		0.055566517		0.1200147928		1.4178350031		1.01		0.0748535511		1.307131		1.09		30

		0.3490658504		0.349		9		0.384		1.5		1.55		20		0.024933275		1.500094072		0.0058332505		0.0587548091		0.1320222958		1.5379100325		0.98		0.0785088577		1.317069		1.14		31

																										0.0628568951						0.0580977341

																										2

		Coefficient Definitions:

		AR = 20,000 / 1204:12h

		Cd0 = 1101:30h / 2,205

		CdP = (1101:50h / 14,950)^2 * 1204:12h * dCL/dAoA / * 100

		CDx = CL * 1101:50h * 1204:12h * dCL/dAoA / 6,750,000

		CDi = CL^2 / (Pi*AR)

		CDaoi = CL sin (1204:0Eh)
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		Assembly Step 9 - Turn Performance Measurements												Version 0.46  Copyright 2000

		G-Force		2		3		4		5		6		7

		Speed (mph)		135		166		191		214		234		253

		Speed (feet per second)		198		243		280		313		343		371

		Bank Angle (degrees)		60.0		70.5		75.5		78.5		80.4		81.8

		Turn Radius (feet)		704		647		630		623		619		616

		Turn Time (seconds)		22		17		14		12		11		10

		Turn Rate (degrees/second)		16		21		25		29		32		34





		NACA 924

		Number of Blades =		2				Figure 9						Figure 10a - 2 Blade

								Pc/k		eff				V+W/nD		k		e/k

		Air Density (slugs/cu ft)		0.002378

		Horsepower		2000				0		1				0.4		0.75		0.82

		Speed (mph)		324				0.1		0.9775				0.8		0.53		0.62

		Engine Speed (rpm)		2700				0.2		0.958				1.2		0.365		0.46

		Engine/Prop Gear Ratio		2				0.3		0.941				1.6		0.26		0.35

		Prop Diameter (ft)		13				0.4		0.927				2		0.18		0.28

								0.5		0.913				2.4		0.145		0.235

		Rotational Speed (rps)		22.5				0.6		0.902				2.8		0.12		0.205

		Speed (fps)		475.2				0.7		0.894				3.2		0.095		0.175

		V/nD (J)		1.6246153846				0.8		0.887				3.6		0.08		0.155

		Pct = 2*P/(rho V^3 pi R^2)		0.0649538576				0.9		0.882				4		0.07		0.13

								1		0.88				4.4		0.06		0.119

														4.8		0.05		0.105

		Maximum efficiency		94.02%

		Induced efficiency		93.97%

		Net efficiency		83.00%

								Table A

		Pc = 2kw(1+w)(1+e/k w)		w = ratio of displacement velocity to forward velocity (W/V)		W (fps) = rearward displacement velocity of helical vortex surface		(V+W)/nD		k1		k2		k		e1/k1		e2/k2		e/k

		0		0		0		1.6246153846		0.26		0.18		0.2550769231		0.35		0.28		0.3456923077

		0.0505222012		0.1		47.52		1.7870769231		0.26		0.18		0.2225846154		0.35		0.28		0.3172615385

		0.0965151404		0.2		95.04		1.9495384615		0.26		0.18		0.1900923077		0.35		0.28		0.2888307692

		0.1434056863		0.3		142.56		2.112		0.18		0.145		0.1702		0.28		0.235		0.2674

		0.1921117658		0.4		190.08		2.2744615385		0.18		0.145		0.1559846154		0.28		0.235		0.2491230769

		0.2388916198		0.5		237.6		2.4369230769		0.145		0.12		0.1426923077		0.235		0.205		0.2322307692

		0.2880714408		0.6		285.12		2.5993846154		0.145		0.12		0.1325384615		0.235		0.205		0.2200461538

		0.3336568493		0.7		332.64		2.7618461538		0.145		0.12		0.1223846154		0.235		0.205		0.2078615385

		0.3738226939		0.8		380.16		2.9243076923		0.12		0.095		0.1122307692		0.205		0.175		0.1956769231

		0.4067550332		0.9		427.68		3.0867692308		0.12		0.095		0.1020769231		0.205		0.175		0.1834923077

		0.4369058698		1		475.2		3.2492307692		0.095		0.08		0.0931538462		0.175		0.155		0.1725384615

						w1		w2		Pc1		Pc2

		w @ Pct		0.1313779824		0.1		0.2		0.0505222012		0.0965151404				<<< Table A

		(V/nD)(1+w)		1.838054076

		k (mass coefficient)		0.2123891848		0.26		0.18								<<< Figure 10

		e/k		0.3083405367		0.35		0.28								<<< Figure 10

		Pc/k		0.3058246945

		Maximum efficiency		0.9401845428		0.941		0.927								<<< Figure 9

		Cs (thrust coefficient)		0.0617330748

		Pc (ideal power coefficient)		0.0656959521

		ta (axial drag loss)		0.0054838088

		tr (rotational drag loss)		0.002076

		Cst (net thrust)		0.0562492661

		Pct (total power coefficient)		0.067772

								Figure 3a - Circulation Coefficients - 2 Blades

				0.1		0.2		0.3		0.4		0.5		0.6		0.7		0.8		0.9		0.95

		0.5		0.36		0.6		0.73		0.81		0.83		0.85		0.82		0.75		0.6		0.44

		0.75		0.24		0.43		0.57		0.65		0.69		0.7		0.66		0.59		0.456		0.33

		1		0.17		0.32		0.43		0.51		0.54		0.55		0.53		0.48		0.37		0.27

		1.25		0.13		0.24		0.33		0.4		0.43		0.45		0.43		0.384		0.29		0.22

		1.5		0.1		0.18		0.26		0.32		0.35		0.355		0.36		0.32		0.24		0.18

		1.75		0.08		0.15		0.215		0.27		0.29		0.3		0.3		0.275		0.215		0.15

		2		0.064		0.125		0.18		0.23		0.25		0.255		0.26		0.24		0.18		0.13

		2.25		0.05		0.1		0.15		0.19		0.22		0.217		0.223		0.2		0.16		0.115

		2.5		0.04		0.08		0.13		0.16		0.18		0.185		0.19		0.175		0.14		0.095

		2.75		0.035		0.07		0.11		0.136		0.15		0.16		0.16		0.15		0.12		0.08

		3		0.03		0.06		0.09		0.12		0.13		0.14		0.14		0.13		0.1		0.07

																		cl =		0.5

		x		tan O		K1(x)		K2(x)		K(x)		O (radians)		O (degrees)		sig cl		bcl		b (ft)		sig		cd		sig cd x/sin O		sig cd x^3/sin O

		0.1		5.5110096095		0.08		0.064		0.0743645391		1.3912944531		79.7		0.1111804684		0.2292171468		0.4584342937		0.2223609368

		0.2		2.7555048047		0.15		0.125		0.1411945924		1.2226670854		70.1		0.0997833301		0.4134933567		0.8269867134		0.1995666602		0.4		0.0169841699		0.0006793668

		0.3		1.8370032032		0.215		0.18		0.2026724294		1.0722898075		61.4		0.0884394629		0.5505384749		1.1010769499		0.1768789258		0.1		0.0060416513		0.0005437486

		0.4		1.3777524024		0.27		0.23		0.2559113478		0.9429509775		54.0		0.0766399148		0.635751023		1.2715020459		0.1532798297		0.02		0.0015151936		0.000242431

		0.5		1.1022019219		0.29		0.25		0.2759113478		0.8339765203		47.8		0.0601715798		0.6230023634		1.2460047269		0.1203431596		0.01		0.0008124606		0.0002031152

		0.6		0.9185016016		0.3		0.255		0.2841502663		0.7429434539		42.6		0.0469765243		0.5826515882		1.1653031763		0.0939530487		0.008		0.0006666699		0.0002400012

		0.7		0.7872870871		0.3		0.26		0.2859113478		0.6669409522		38.2		0.0369349933		0.5335694212		1.0671388424		0.0738699865		0.007		0.0005851463		0.0002867217

		0.8		0.6888762012		0.275		0.24		0.2626724294		0.6032212485		34.6		0.027165445		0.4478385534		0.8956771069		0.0543308899		0.006		0.0004597023		0.0002942095

		0.9		0.6123344011		0.215		0.18		0.2026724294		0.5494395827		31.5		0.0171192759		0.3170993515		0.6341987029		0.0342385517		0.006		0.0003540499		0.0002867804

		0.95		0.5801062747		0.15		0.13		0.1429556739		0.525663313		30.1		0.0109839082		0.2146385293		0.4292770585		0.0219678164

		integral (sig cd x/sin O)		0.0027419044

		integral (sig cd x^3/sin O)		0.0002776374





		NACA 924

		Number of Blades =		3				Figure 9						Figure 10 - 3 Blade

								Pc/k		eff				V+W/nD		k		e/k

		Air Density (slugs/cu ft)		0.002378

		Horsepower		2000				0		1				0.4		0.82		0.86

		Speed (mph)		324				0.1		0.9775				0.8		0.64		0.71

		Engine Speed (rpm)		2700				0.2		0.958				1.2		0.48		0.56

		Engine/Prop Gear Ratio		2				0.3		0.941				1.6		0.35		0.43

		Prop Diameter (ft)		13				0.4		0.927				2		0.26		0.35

								0.5		0.913				2.4		0.205		0.3

		Rotational Speed (rps)		22.5				0.6		0.902				2.8		0.16		0.26

		Speed (fps)		475.2				0.7		0.894				3.2		0.13		0.24

		V/nD (J)		1.6246153846				0.8		0.887				3.6		0.105		0.18

		Pct = 2*P/(rho V^3 pi R^2)		0.0649538576				0.9		0.882				4		0.09		0.15

								1		0.88				4.4		0.07		0.11

														4.8		0.06		0.08

		Maximum efficiency		95.65%

		Induced efficiency		95.63%

		Net efficiency		86.90%

								Table A

		Pc = 2kw(1+w)(1+e/k w)		w = ratio of displacement velocity to forward velocity (W/V)		W (fps) = rearward displacement velocity of helical vortex surface		(V+W)/nD		k1		k2		k		e1/k1		e2/k2		e/k

		0		0		0		1.6246153846		0.35		0.26		0.3444615385		0.43		0.35		0.4250769231

		0.0703990484		0.1		47.52		1.7870769231		0.35		0.26		0.3079076923		0.43		0.35		0.3925846154

		0.1396302397		0.2		95.04		1.9495384615		0.35		0.26		0.2713538462		0.43		0.35		0.3600923077

		0.2100194304		0.3		142.56		2.112		0.26		0.205		0.2446		0.35		0.3		0.336

		0.2803674067		0.4		190.08		2.2744615385		0.26		0.205		0.2222615385		0.35		0.3		0.3156923077

		0.345903426		0.5		237.6		2.4369230769		0.205		0.16		0.2008461538		0.3		0.26		0.2963076923

		0.4094353969		0.6		285.12		2.5993846154		0.205		0.16		0.1825692308		0.3		0.26		0.2800615385

		0.463224861		0.7		332.64		2.7618461538		0.205		0.16		0.1642923077		0.3		0.26		0.2638153846

		0.5220533118		0.8		380.16		2.9243076923		0.16		0.13		0.1506769231		0.26		0.24		0.2537846154

		0.5783641266		0.9		427.68		3.0867692308		0.16		0.13		0.1384923077		0.26		0.24		0.2456615385

		0.6257893491		1		475.2		3.2492307692		0.13		0.105		0.1269230769		0.24		0.18		0.2326153846

						w1		w2		Pc1		Pc2

		w @ Pct		0.0922652494		0		0.1		0		0.0703990484				<<< Table A

		(V/nD)(1+w)		1.7745109282

		k (mass coefficient)		0.3107350412		0.35		0.26								<<< Figure 10

		e/k		0.3950978144		0.43		0.35								<<< Figure 10

		Pc/k		0.2090329347

		Maximum efficiency		0.9564644011		0.958		0.941								<<< Figure 9

		Cs (thrust coefficient)		0.0620756052

		Pc (ideal power coefficient)		0.0649137129

		ta (axial drag loss)		0.0041570263

		tr (rotational drag loss)		0.001732

		Cst (net thrust)		0.0579185789

		Pct (total power coefficient)		0.066646

								Figure 3b - Circulation Coefficients - 3 Blades

				0.1		0.2		0.3		0.4		0.5		0.6		0.7		0.8		0.9		0.95

		0.5		0.36		0.6		0.76		0.834		0.883		0.91		0.88		0.85		0.706		0.55

		0.75		0.24		0.44		0.6		0.694		0.760		0.8		0.79		0.72		0.575		0.44

		1		0.17		0.33		0.47		0.571		0.637		0.67		0.67		0.6		0.469		0.35

		1.25		0.13		0.25		0.37		0.457		0.520		0.56		0.55		0.5		0.379		0.29

		1.5		0.1		0.185		0.285		0.369		0.430		0.47		0.46		0.42		0.317		0.24

		1.75		0.08		0.15		0.24		0.307		0.357		0.39		0.38		0.36		0.283		0.2

		2		0.064		0.13		0.19		0.250		0.297		0.33		0.33		0.3		0.234		0.18

		2.25		0.05		0.105		0.17		0.217		0.253		0.28		0.28		0.26		0.208		0.15

		2.5		0.04		0.08		0.14		0.180		0.213		0.24		0.24		0.23		0.187		0.13

		2.75		0.035		0.075		0.12		0.160		0.190		0.21		0.22		0.2		0.167		0.12

		3		0.03		0.07		0.11		0.137		0.160		0.18		0.19		0.18		0.145		0.11

																		cl =		0.5

		x		tan O		K1(x)		K2(x)		K(x)		O (radians)		O (degrees)		sig cl		bcl		b (ft)		sig		cd		sig cd x/sin O		sig cd x^3/sin O

		0.1		5.4098775488		0.08		0.064		0.0784313006		1.3880124363		79.5		0.0797194288		0.1092700799		0.2185401598		0.1594388576

		0.2		2.7049387744		0.15		0.13		0.1480391257		1.2166854688		69.7		0.0712251259		0.1959409261		0.3918818522		0.1424502519		0.4		0.0121498558		0.0004859942

		0.3		1.8032925163		0.24		0.19		0.2350978144		1.0644732752		61.0		0.0698701306		0.2886073058		0.5772146116		0.1397402612		0.1		0.0047936498		0.0004314285

		0.4		1.3524693872		0.307		0.25		0.3014115084		0.9341213899		53.5		0.0614672072		0.3383778378		0.6767556756		0.1229344144		0.02		0.0012231108		0.0001956977

		0.5		1.0819755098		0.357		0.297		0.3511173772		0.824751742		47.3		0.0521206265		0.3582683674		0.7165367348		0.1042412529		0.01		0.0007097235		0.0001774309

		0.6		0.9016462581		0.39		0.33		0.3841173772		0.7337238925		42.0		0.0432036495		0.3559274424		0.7118548848		0.086407299		0.008		0.0006193702		0.0002229733

		0.7		0.7728396498		0.38		0.33		0.3750978144		0.6579589642		37.7		0.0329512578		0.3163345468		0.6326690937		0.0659025155		0.007		0.0005280796		0.000258759

		0.8		0.6762346936		0.36		0.3		0.3541173772		0.5945974034		34.1		0.0248937795		0.2728381268		0.5456762536		0.0497875591		0.006		0.000426617		0.0002730349

		0.9		0.6010975054		0.283		0.234		0.2781958581		0.5412260988		31.0		0.0159672205		0.1967030575		0.3934061151		0.0319344409		0.006		0.0003347249		0.0002711271

		0.95		0.5694607946		0.2		0.18		0.1980391257		0.5176614559		29.7		0.010337777		0.1343759244		0.2687518488		0.020675554

		integral (sig cd x/sin O)		0.0020785132

		integral (sig cd x^3/sin O)		0.0002316446





		NACA 924

		Number of Blades =		4				Figure 9						Figure 10b - 4 Blade

								Pc/k		eff				(V+W)/nD		k		e/k

		Air Density (slugs/cu ft)		0.002378

		Horsepower		2000				0		1				0.4		0.84		0.88

		Speed (mph)		324				0.1		0.9775				0.8		0.66		0.73

		Engine Speed (rpm)		2700				0.2		0.958				1.2		0.5		0.58

		Engine/Prop Gear Ratio		2				0.3		0.941				1.6		0.37		0.45

		Prop Diameter (ft)		13				0.4		0.927				2		0.28		0.37

								0.5		0.913				2.4		0.225		0.32

		Rotational Speed (rps)		22.5				0.6		0.902				2.8		0.18		0.28

		Speed (fps)		475.2				0.7		0.894				3.2		0.15		0.24

		V/nD (J)		1.6246153846				0.8		0.887				3.6		0.125		0.2

		Pct = 2*P/(rho V^3 pi R^2)		0.0649538576				0.9		0.882				4		0.11		0.17

								1		0.88				4.4		0.09		0.13

														4.8		0.08		0.1

		Maximum efficiency		95.89%

		Induced efficiency		95.88%

		Net efficiency		87.34%

								Table A

		Pc = 2kw(1+w)(1+e/k w)		w = ratio of displacement velocity to forward velocity (W/V)		W (fps) = rearward displacement velocity of helical vortex surface		(V+W)/nD		k1		k2		k		e1/k1		e2/k2		e/k

		0		0		0		1.6246153846		0.37		0.28		0.3644615385		0.45		0.37		0.4450769231

		0.075116065		0.1		47.52		1.7870769231		0.37		0.28		0.3279076923		0.45		0.37		0.4125846154

		0.1504810163		0.2		95.04		1.9495384615		0.37		0.28		0.2913538462		0.45		0.37		0.3800923077

		0.2284302384		0.3		142.56		2.112		0.28		0.225		0.2646		0.37		0.32		0.356

		0.3077666731		0.4		190.08		2.2744615385		0.28		0.225		0.2422615385		0.37		0.32		0.3356923077

		0.3836607337		0.5		237.6		2.4369230769		0.225		0.18		0.2208461538		0.32		0.28		0.3163076923

		0.4589552098		0.6		285.12		2.5993846154		0.225		0.18		0.2025692308		0.32		0.28		0.3000615385

		0.5257558093		0.7		332.64		2.7618461538		0.225		0.18		0.1842923077		0.32		0.28		0.2838153846

		0.596768364		0.8		380.16		2.9243076923		0.18		0.15		0.1706769231		0.28		0.24		0.2675692308

		0.664648972		0.9		427.68		3.0867692308		0.18		0.15		0.1584923077		0.28		0.24		0.2513230769

		0.7258452071		1		475.2		3.2492307692		0.15		0.125		0.1469230769		0.24		0.2		0.2350769231

						w1		w2		Pc1		Pc2

		w @ Pct		0.0864713261		0		0.1		0		0.075116065				<<< Table A

		(V/nD)(1+w)		1.7650980314

		k (mass coefficient)		0.3328529429		0.37		0.28								<<< Figure 10

		e/k		0.4169803937		0.45		0.37								<<< Figure 10

		Pc/k		0.1951428069

		Maximum efficiency		0.9589471527		0.9775		0.958								<<< Figure 9

		Cs (thrust coefficient)		0.0621289022

		Pc (ideal power coefficient)		0.0647972196

		ta (axial drag loss)		0.0039870554

		tr (rotational drag loss)		0.001770

		Cst (net thrust)		0.0581418468

		Pct (total power coefficient)		0.066567

								Figure 3c - Circulation Coefficients - 4 Blades

				0.1		0.2		0.3		0.4		0.5		0.6		0.7		0.8		0.9		0.95

		0.5		0.33		0.61		0.77		0.85		0.9		0.93		0.94		0.9		0.8		0.63

		0.75		0.19		0.43		0.61		0.73		0.78		0.83		0.84		0.83		0.66		0.5

		1		0.13		0.32		0.48		0.59		0.68		0.72		0.73		0.72		0.55		0.4

		1.25		0.09		0.24		0.38		0.48		0.57		0.61		0.62		0.58		0.46		0.33

		1.5		0.065		0.18		0.3		0.4		0.48		0.52		0.53		0.49		0.39		0.28

		1.75		0.05		0.15		0.24		0.33		0.4		0.44		0.45		0.42		0.33		0.24

		2		0.04		0.12		0.2		0.28		0.33		0.37		0.38		0.35		0.28		0.21

		2.25		0.035		0.09		0.17		0.23		0.28		0.32		0.33		0.31		0.24		0.18

		2.5		0.033		0.08		0.15		0.2		0.24		0.28		0.29		0.28		0.215		0.16

		2.75		0.03		0.07		0.13		0.17		0.21		0.24		0.25		0.24		0.19		0.14

		3		0.03		0.06		0.11		0.14		0.18		0.21		0.22		0.21		0.17		0.12

																		cl =		0.5

		x		tan O		K1(x)		K2(x)		K(x)		O (radians)		O (degrees)		sig cl		bcl		b (ft)		sig		cd		sig cd x/sin O		sig cd x^3/sin O

		0.1		5.3948964582		0.05		0.04		0.0493960787		1.3875161392		79.5		0.0468240748		0.048115829		0.0962316579		0.0936481495

		0.2		2.6974482291		0.15		0.12		0.1481882362		1.2157826056		69.7		0.0665063847		0.137133031		0.274266062		0.1330127693		0.4		0.0113487074		0.0004539483

		0.3		1.7982988194		0.24		0.2		0.237584315		1.0632963106		60.9		0.0658687285		0.2039164572		0.4078329144		0.131737457		0.1		0.0045220762		0.0004069869

		0.4		1.3487241145		0.33		0.28		0.3269803937		0.9327952118		53.4		0.0622031183		0.2566475085		0.5132950169		0.1244062366		0.02		0.0012389704		0.0001982353

		0.5		1.0789792916		0.4		0.33		0.3957725512		0.8233693594		47.2		0.0548001494		0.2823410879		0.5646821759		0.1096002988		0.01		0.0007471658		0.0001867914

		0.6		0.8991494097		0.44		0.37		0.4357725512		0.7323449636		42.0		0.0457154453		0.2823122866		0.5646245732		0.0914308905		0.008		0.0006563839		0.0002362982

		0.7		0.770699494		0.45		0.38		0.4457725512		0.6566177019		37.6		0.0365221849		0.2628382349		0.5256764698		0.0730443698		0.007		0.0005863256		0.0002872996

		0.8		0.6743620573		0.42		0.35		0.4157725512		0.5933112767		34.0		0.0272576466		0.2239689319		0.4479378639		0.0545152932		0.006		0.0004680182		0.0002995317

		0.9		0.5994329398		0.33		0.28		0.3269803937		0.5400024399		30.9		0.0175011387		0.1616431829		0.3232863657		0.0350022773		0.006		0.0003676294		0.0002977798

		0.95		0.5678838377		0.24		0.21		0.2381882362		0.5164698502		29.6		0.0115945078		0.1129969018		0.2259938037		0.0231890156

		integral (sig cd x/sin O)		0.0019935277

		integral (sig cd x^3/sin O)		0.0002366871





		NACA 924

		Number of Blades =		5				Figure 9						Figure 10 - 5 Blade

								Pc/k		eff				(V+W)/nD		k		e/k

		Air Density (slugs/cu ft)		0.002378

		Horsepower		2000				0		1				0.4		0.87		0.91

		Speed (mph)		324				0.1		0.9775				0.8		0.69		0.76

		Engine Speed (rpm)		2700				0.2		0.958				1.2		0.53		0.61

		Engine/Prop Gear Ratio		2				0.3		0.941				1.6		0.4		0.48

		Prop Diameter (ft)		13				0.4		0.927				2		0.32		0.41

								0.5		0.913				2.4		0.255		0.35

		Rotational Speed (rps)		22.5				0.6		0.902				2.8		0.21		0.31

		Speed (fps)		475.2				0.7		0.894				3.2		0.17		0.26

		V/nD (J)		1.6246153846				0.8		0.887				3.6		0.135		0.21

		Pct = 2*P/(rho V^3 pi R^2)		0.0649538576				0.9		0.882				4		0.12		0.18

								1		0.88				4.4		0.1		0.14

														4.8		0.09		0.13

		Maximum efficiency		96.27%										5.2		0.09		0.12

		Induced efficiency		96.26%										5.6		0.09		0.11

		Net efficiency		88.54%										6		0.09		0.11

								Table A

		Pc = 2kw(1+w)(1+e/k w)		w = ratio of displacement velocity to forward velocity (W/V)		W (fps) = rearward displacement velocity of helical vortex surface		(V+W)/nD		k1		k2		k		e1/k1		e2/k2		e/k

		0		0		0		1.6246153846		0.4		0.32		0.3950769231		0.48		0.41		0.4756923077

		0.0833363587		0.1		47.52		1.7870769231		0.4		0.32		0.3625846154		0.48		0.41		0.4472615385

		0.1717165779		0.2		95.04		1.9495384615		0.4		0.32		0.3300923077		0.48		0.41		0.4188307692

		0.2631722558		0.3		142.56		2.112		0.32		0.255		0.3018		0.41		0.35		0.3932

		0.3539540452		0.4		190.08		2.2744615385		0.32		0.255		0.2754		0.41		0.35		0.3688307692

		0.4414216953		0.5		237.6		2.4369230769		0.255		0.21		0.2508461538		0.35		0.31		0.3463076923

		0.5349629292		0.6		285.12		2.5993846154		0.255		0.21		0.2325692308		0.35		0.31		0.3300615385

		0.6220512318		0.7		332.64		2.7618461538		0.255		0.21		0.2142923077		0.35		0.31		0.3138153846

		0.703038132		0.8		380.16		2.9243076923		0.21		0.17		0.1975692308		0.31		0.26		0.2944615385

		0.7731335926		0.9		427.68		3.0867692308		0.21		0.17		0.1813230769		0.31		0.26		0.2741538462

		0.8310106509		1		475.2		3.2492307692		0.17		0.135		0.1656923077		0.26		0.21		0.2538461538

						w1		w2		Pc1		Pc2

		w @ Pct		0.0779417994		0		0.1		0		0.0833363587				<<< Table A

		(V/nD)(1+w)		1.751240831

		k (mass coefficient)		0.3697518338		0.4		0.32								<<< Figure 10

		e/k		0.4535328546		0.48		0.41								<<< Figure 10

		Pc/k		0.1756687909

		Maximum efficiency		0.9627445858		0.9775		0.958								<<< Figure 9

		Cs (thrust coefficient)		0.0619219248

		Pc (ideal power coefficient)		0.0643269428

		ta (axial drag loss)		0.0035086009

		tr (rotational drag loss)		0.001649

		Cst (net thrust)		0.058413324

		Pct (total power coefficient)		0.065976

								Figure 3cd - Circulation Coefficients - 5 Blades

				0.1		0.2		0.3		0.4		0.5		0.6		0.7		0.8		0.9		0.95

		0.5		0.330		0.605		0.775		0.848		0.899		0.930		0.945		0.920		0.817		0.705

		0.75		0.190		0.430		0.610		0.723		0.788		0.840		0.860		0.845		0.681		0.560

		1		0.130		0.315		0.480		0.595		0.685		0.735		0.755		0.740		0.576		0.460

		1.25		0.090		0.235		0.378		0.486		0.578		0.635		0.650		0.620		0.488		0.385

		1.5		0.065		0.178		0.300		0.406		0.493		0.550		0.565		0.535		0.419		0.330

		1.75		0.050		0.140		0.240		0.335		0.412		0.465		0.485		0.460		0.359		0.285

		2		0.040		0.115		0.200		0.283		0.345		0.395		0.415		0.395		0.307		0.245

		2.25		0.035		0.088		0.170		0.237		0.293		0.340		0.360		0.345		0.266		0.213

		2.5		0.033		0.078		0.145		0.203		0.252		0.295		0.310		0.305		0.236		0.190

		2.75		0.030		0.068		0.125		0.175		0.220		0.260		0.275		0.270		0.209		0.165

		3		0.030		0.058		0.105		0.147		0.190		0.225		0.245		0.240		0.189		0.148

		3.25		0.03		0.055		0.089		0.137		0.173		0.209		0.229		0.227		0.171		0.126

		3.5		0.03		0.055		0.083		0.127		0.157		0.196		0.211		0.211		0.16		0.114

		3.75		0.03		0.055		0.081		0.122		0.149		0.186		0.207		0.207		0.147		0.104

		4		0.03		0.055		0.081		0.122		0.144		0.177		0.2		0.2		0.142		0.102

																		cl =		0.5

		x		tan O		K1(x)		K2(x)		K(x)		O (radians)		O (degrees)		sig cl		bcl		b (ft)		sig		cd		sig cd x/sin O		sig cd x^3/sin O

		0.1		5.3728420389		0.05		0.04		0.0499503668		1.386780647		79.5		0.0423695977		0.0348094503		0.0696189006		0.0847391953

		0.2		2.6864210194		0.14		0.115		0.1398759169		1.2144454047		69.6		0.0561909007		0.0926038151		0.1852076302		0.1123818014		0.4		0.0095932285		0.0003837291

		0.3		1.7909473463		0.24		0.2		0.239801467		1.0615545289		60.8		0.0595147253		0.1472443349		0.2944886698		0.1190294506		0.1		0.0040898232		0.0003680841

		0.4		1.3432105097		0.335		0.283		0.3347419071		0.9308342081		53.3		0.0570024959		0.1879638147		0.3759276294		0.1140049919		0.02		0.0011370391		0.0001819263

		0.5		1.0745684078		0.412		0.345		0.4116674573		0.8213267541		47.1		0.0510192693		0.2100982567		0.4201965135		0.1020385386		0.01		0.0006969366		0.0001742342

		0.6		0.8954736731		0.465		0.395		0.4646525673		0.730308733		41.8		0.0436249878		0.2153505196		0.4307010392		0.0872499755		0.008		0.0006277921		0.0002260051

		0.7		0.7675488627		0.485		0.415		0.4846525673		0.6546381046		37.5		0.0355330472		0.2044346135		0.4088692271		0.0710660944		0.007		0.0005719162		0.0002802389

		0.8		0.6716052549		0.46		0.395		0.4596773839		0.5914138375		33.9		0.0269652346		0.1771475638		0.3542951276		0.0539304692		0.006		0.0004643047		0.000297155

		0.9		0.5969824488		0.359		0.307		0.3587419071		0.5381977585		30.8		0.0171795275		0.1268730434		0.2537460868		0.0343590549		0.006		0.000361964		0.0002931908

		0.95		0.5655623199		0.285		0.245		0.284801467		0.5147126888		29.5		0.0124034884		0.0966586534		0.1933173068		0.0248069768

		integral (sig cd x/sin O)		0.0017543004

		integral (sig cd x^3/sin O)		0.0002204564





		Airspeed		0		40		80		120		160		199		239		279		319		359		399		439		479

		Measured				16.2		17.9		20		22.2		24.5		27.1		29.6		32.3

		index		TAS		IAS		alt		pitch		climb		gforc		hdng		turn		bank		roll		prop		hp		thrst		AoA		Stall

		41		41		40.2		364		12.58		0		0.88		351		3		0.4		0		16.2		1980		7812		15.61		0

		42		47.4		46.5		364		12.49		0		0.88		350		3		0.4		0		16.3		1987		7267		15.48		0

		43		53.3		52.4		365		12.35		0		0.82		348		3		0.2		0		16.7		1990		6774		15.4		0

		44		58.8		58		365		12.19		0		0.91		347		2		0.2		0		17		1986		6173		15.24		0

		45		63.8		63		365		12.04		0		0.93		346		2		0.2		0		17.2		1985		5706		15.24		0

		46		68.5		67.7		365		11.9		0		0.9		345		2		0.2		0		17.4		1985		5355		15.24		0

		47		72.9		72		365		11.78		1		0.67		344		2		0.2		0		17.6		1985		5101		15.09		0

		48		76.9		76.1		365		11.75		1		0.83		343		1		0.1		0		17.7		1984		4894		14.93		0

		49		81.1		80.4		365		11.59		3		0.7		342		1		0.1		0		17.9		1984		4698		14.7		0

		50		84.9		84.1		365		10.96		1		0.97		341		1		0.1		0		18.1		1985		4539		14.07		0

		51		88.6		87.8		365		9.92		2		0.88		341		1		0.1		0		18.3		1986		4403		13.12		0

		52		92.6		91.8		365		8.65		3		0.98		340		0		0		0		18.5		1985		4275		11.75		0

		53		96.3		95.5		365		8.02		3		0.95		340		0		0.2		0		18.7		1985		4173		11.09		0

		54		98.8		98.2		365		11.21		-3		0.96		340		0		0.4		0		18.9		1984		4115		14.04		0

		55		101.5		100.8		365		12.9		19		1.13		340		0		2.1		-3		19		1983		4040		15.41		0

		56		103.3		102.8		368		16.77		183		1.27		339		1		4.5		-5		19.1		1984		4024		17.32		0

		57		104.3		103.7		373		21.28		485		1.45		338		1		5.8		-2		19.2		1983		4007		19.78		0

		58		106.3		105.7		383		22.43		864		1.36		338		1		6.8		-2		19.2		1983		3959		18.58		0

		59		108		107.4		395		22.97		1263		1.27		337		2		8.8		-4		19.3		1983		3950		17.07		0

		60		109		108.5		410		24.04		1599		1.22		336		2		10.9		-4		19.4		1983		3942		16.5		0

		61		110.6		109.9		427		22.58		1854		1.13		336		0		6.1		10		19.4		1983		3909		14.56		0

		62		112.8		112.1		442		17.82		1977		0.78		337		-3		-2.8		20		19.5		1983		3885		9.44		0

		63		114.4		113.7		460		15.14		1934		0.67		338		-1		-14.5		26		19.7		1981		3877		7.87		0

		64		115.9		115.2		472		12.15		1722		0.58		338		0		-19.9		11		19.7		1983		3867		6.48		0

		65		118		117.3		484		11.43		1425		0.63		338		0		-18.7		-2		19.8		1984		3854		7.11		0

		66		119.6		118.8		491		12.62		1126		0.85		339		0		-14.4		-9		19.9		1985		3848		9.59		0

		67		120.9		120.2		497		13.24		964		1.03		338		0		-9.5		-11		20		1985		3806		11.17		0

		68		124		123.2		505		10.88		864		0.95		338		1		-2.7		-15		20.1		1986		3704		9.6		0

		69		126.5		125.7		512		8.91		806		0.87		338		0		1.9		-10		20.3		1986		3618		8.45		0

		70		128.9		128.1		517		8.21		728		0.89		338		0		5.6		-8		20.4		1986		3533		8.43		0

		71		131.4		130.4		522		6.94		631		0.93		338		0		8.6		-6		20.6		1983		3442		8.32		0

		72		134.3		133.4		525		3.62		483		0.72		339		0		10.4		-4		20.7		1987		3365		5.81		0

		73		137.2		136.2		527		1.93		254		0.69		339		0		9.4		2		20.9		1987		3289		5.26		0

		74		140		139		525		1.37		-10		0.76		339		0		6.7		6		21.1		1988		3216		5.74		0

		75		142.8		141.9		522		1.62		-246		0.89		339		0		4.5		4		21.3		1988		3151		6.64		0

		76		145.5		144.6		518		2.48		-388		1.05		339		0		3		3		21.4		1988		3090		7.61		0

		77		148.2		147.3		514		3.72		-407		1.19		339		0		2.1		2		21.6		1987		3036		8.38		0

		78		150.5		149.6		512		4.98		-311		1.28		338		0		1.6		1		21.7		1987		2994		8.78		0

		79		152.6		151.8		512		6.14		-116		1.33		338		0		1.3		0		21.8		1987		2955		8.82		0

		80		154.6		153.8		515		6.88		126		1.32		338		0		1.2		0		21.9		1987		2923		8.46		0

		81		156.5		155.8		519		7.02		375		1.24		338		0		1.1		0		22		1987		2892		7.65		0

		82		158.3		157.6		525		6.63		586		1.14		338		0		1		0		22.1		1987		2868		6.74		0

		83		160		159.3		532		5.71		714		1.02		338		0		0.9		0		22.2		1987		2843		5.7		0

		84		161.7		161		538		4.41		737		0.89		337		0		0.9		0		22.3		1987		2817		4.73		0

		85		163.5		162.8		543		2.96		654		0.8		337		0		0.8		0		22.4		1987		2792		4.01		0

		86		165.3		164.6		546		1.59		486		0.75		337		0		0.7		0		22.6		1987		2768		3.57		0

		87		167.4		166.5		547		0.58		257		0.76		337		0		0.7		0		22.7		1984		2738		3.54		0

		88		169.6		168.7		546		0.02		18		0.82		337		0		0.6		0		22.8		1986		2719		3.81		0

		89		171.8		170.9		544		-0.09		-174		0.91		337		0		0.5		0		23		1987		2699		4.23		0

		90		174.1		173.2		541		0.22		-307		1.02		337		0		0.4		0		23.1		1988		2680		4.73		0

		91		176.2		175.4		537		0.77		-354		1.12		337		0		0.3		0		23.3		1988		2662		5.13		0

		92		178.3		177.5		535		1.52		-312		1.2		337		0		0.3		0		23.4		1988		2646		5.42		0

		93		180.3		179.5		534		2.18		-200		1.24		337		0		0.2		0		23.5		1987		2632		5.48		0

		94		182.1		181.3		534		2.65		-42		1.24		337		0		0.1		0		23.6		1987		2621		5.32		0

		95		183.9		183.4		536		2.79		124		1.19		337		0		0.1		0		23.7		1991		2617		4.91		0

		96		185.5		185		539		2.6		260		1.11		337		0		0.1		0		23.8		1989		2603		4.39		0

		97		187.1		186.7		542		2.1		344		1.02		337		0		0		0		23.9		1988		2591		3.84		0

		98		188.7		188.3		545		1.4		355		0.94		337		0		0		0		24		1987		2584		3.36		0

		99		190.3		189.9		548		0.67		298		0.89		337		0		0		0		24		1987		2576		3.02		0

		100		192.1		191.7		549		0.04		187		0.87		337		0		0		0		24.1		1987		2570		2.87		0

		101		193.9		193.5		548		-0.4		54		0.89		337		0		0		0		24.2		1987		2564		2.91		0

		102		195.8		195.4		547		-0.48		-66		0.95		337		0		0		0		24.3		1987		2559		3.12		0

		103		197.8		197.3		545		-0.36		-151		1.03		337		0		0		0		24.4		1983		2549		3.37		0

		104		199.5		199		544		-0.05		-182		1.09		337		0		0		0		24.5		1986		2551		3.59		0

		105		201.3		200.8		543		0.29		-156		1.14		337		0		0		0		24.7		1987		2537		3.69		0

		106		203		202.6		542		0.59		-86		1.16		337		0		0		0		24.8		1987		2524		3.67		0

		107		204.7		204.3		543		0.76		8		1.14		337		0		0		0		24.9		1987		2511		3.51		0

		108		206.2		205.9		544		0.72		86		1.1		337		0		0		0		25		1987		2500		3.26		0

		109		207.7		207.4		545		0.46		144		1.05		337		0		0		0		25.1		1987		2483		2.96		0

		110		209.3		208.9		547		0.11		160		0.99		337		0		0		0		25.2		1987		2465		2.68		0

		111		210.8		210.4		548		-0.2		135		0.97		337		0		0		0		25.3		1987		2451		2.54		0

		112		212.3		212		548		-0.49		83		0.96		337		0		0		0		25.4		1987		2435		2.45		0

		113		213.8		213.6		548		-0.63		23		0.98		337		0		0		0		25.5		1987		2422		2.49		0

		114		215.5		215.3		548		-0.67		-23		1.02		337		0		0		0		25.6		1987		2407		2.56		0

		115		217		216.8		547		-0.59		-49		1.06		337		0		0		0		25.7		1987		2397		2.64		0

		116		218.5		218.4		547		-0.48		-49		1.08		337		0		0		0		25.8		1987		2385		2.68		0

		117		219.9		219.7		547		-0.39		-29		1.09		337		0		0		0		25.9		1987		2377		2.66		0

		118		221.3		221.2		547		-0.35		3		1.08		337		0		0		0		26		1987		2366		2.58		0

		119		222.7		222.6		547		-0.41		31		1.06		337		0		0		0		26.1		1987		2356		2.45		0

		120		224.1		224.1		548		-0.52		51		1.04		337		0		0		0		26.2		1987		2346		2.32		0

		121		225.4		225.5		548		-0.64		55		1.02		337		0		0		0		26.2		1987		2338		2.23		0

		122		226.8		226.8		549		-0.77		46		1.02		337		0		0		0		26.3		1987		2331		2.16		0

		123		228		228.1		549		-0.88		25		1.02		337		0		0		0		26.4		1987		2324		2.12		0

		124		229.4		229.4		549		-1.01		3		1.01		337		0		0		0		26.5		1987		2318		2.06		0

		125		232		232.2		548		-0.96		-16		1.05		337		0		0		0		26.6		1987		2307		2.13		0

		126		237		237.3		549		-0.92		32		1.05		337		0		0		0		27		1987		2288		1.97		0

		127		241.7		242.1		550		-1.28		4		1.03		337		0		0		0		27.2		1987		2268		1.77		0

		128		246.2		246.7		550		-1.24		3		1.06		337		0		0		0		27.6		1987		2259		1.74		0

		129		250.7		251.3		550		-1.45		7		1.03		337		0		0		0		27.8		1987		2252		1.56		0

		130		254.9		255.6		551		-1.48		3		1.05		337		0		0		0		28.1		1987		2248		1.51		0

		131		258.9		259.8		551		-1.63		3		1.04		337		0		0		0		28.4		1987		2248		1.38		0

		132		262.8		263.8		551		-1.65		7		1.05		337		0		0		0		28.6		1987		2250		1.33		0

		133		266.6		267.8		552		-1.81		0		1.04		337		0		0		0		28.9		1987		2254		1.21		0

		134		270.4		271.7		552		-1.82		1		1.05		337		0		0		0		29.1		1987		2257		1.18		0

		135		273.8		275.2		552		-1.92		9		1.04		337		0		0		0		29.3		1987		2265		1.07		0

		136		277.5		279.1		553		-1.94		5		1.05		337		0		0		0		29.5		1987		2274		1.04		0

		137		280.9		282.6		553		-2.04		3		1.04		337		0		0		0		29.7		1987		2275		0.96		0

		138		284		285.8		553		-2.06		8		1.05		337		0		0		0		29.9		1987		2272		0.92		0

		139		287.2		289.2		553		-2.16		0		1.04		337		0		0		0		30.1		1987		2247		0.86		0

		140		289.9		292		553		-2.14		-10		1.07		337		0		0		0		30.3		1987		2213		0.87		0

		141		292.4		294.6		554		-2.19		34		1.03		337		0		0		0		30.5		1987		2185		0.75		0

		142		294.7		297		554		-2.31		-6		1.04		337		0		0		0		30.7		1987		2159		0.73		0

		143		296.9		299.3		554		-2.26		6		1.05		337		0		0		0		30.8		1987		2136		0.72		0

		144		299		301.6		554		-2.39		-7		1.03		337		0		0.1		0		31		1987		2116		0.66		0

		145		300.9		303.5		554		-2.31		16		1.04		337		0		0		0		31.1		1987		2099		0.65		0

		146		302.6		305.3		554		-2.4		-6		1.04		337		0		0		0		31.2		1987		2084		0.63		0

		147		304.2		307		554		-2.38		1		1.04		337		0		0		0		31.3		1987		2069		0.6		0

		148		305.6		308.5		555		-2.4		6		1.04		337		0		0		0		31.4		1987		2057		0.58		0

		149		307		309.9		555		-2.43		7		1.03		336		0		0		0		31.5		1987		2047		0.55		0

		150		308.3		311.3		556		-2.43		6		1.04		336		0		0		0		31.6		1987		2035		0.55		0

		151		309.4		312.4		556		-2.45		6		1.04		336		0		0		0		31.7		1987		2026		0.53		0

		152		310.5		313.6		556		-2.47		6		1.04		336		0		0		0		31.7		1987		2019		0.51		0

		153		311.4		314.6		556		-2.49		3		1.04		336		0		0		0		31.8		1987		2010		0.51		0

		154		312.4		315.6		557		-2.48		6		1.04		336		0		0		0		31.9		1987		2005		0.5		0

		155		313.2		316.5		557		-2.5		6		1.04		336		0		0		0		31.9		1987		1999		0.48		0

		156		314		317.3		557		-2.5		5		1.05		336		0		0		0		32		1987		1993		0.49		0

		157		314.8		318.1		558		-2.55		0		1.04		336		0		0		0		32		1987		1988		0.46		0

		158		315.5		318.9		558		-2.55		0		1.04		336		0		0		0		32.1		1987		1982		0.46		0

		159		316.2		319.6		558		-2.55		0		1.04		336		0		0		0		32.1		1987		1979		0.45		0

		160		316.7		320.2		558		-2.57		0		1.03		336		0		0		0		32.2		1987		1974		0.43		0

		161		317.3		320.8		558		-2.57		0		1.04		336		0		0		0		32.2		1987		1971		0.44		0

		162		317.9		321.4		558		-2.58		0		1.04		336		0		0		0		32.2		1987		1968		0.43		0

		163		318.4		321.9		558		-2.57		1		1.04		336		0		0		0		32.3		1987		1963		0.43		0

		164		318.8		322.4		558		-2.57		7		1.04		336		0		0		0		32.3		1987		1962		0.41		0

		165		319.2		322.8		558		-2.57		6		1.04		336		0		0		0		32.3		1987		1959		0.41		0

		166		319.6		323.2		559		-2.57		6		1.04		336		0		0		0		32.3		1987		1955		0.41		0

		167		320		323.6		559		-2.58		6		1.04		336		0		0		0		32.4		1987		1954		0.4		0

		168		320.3		324		560		-2.58		6		1.04		336		0		0		0		32.4		1987		1950		0.4		0

		169		320.6		324.3		560		-2.59		6		1.04		336		0		0		0		32.4		1987		1949		0.4		0

		170		320.9		324.6		560		-2.59		6		1.04		336		0		0		0		32.4		1987		1946		0.39		0

		171		321.1		324.9		560		-2.59		6		1.04		336		0		0		0		32.4		1987		1944		0.39		0

		172		321.4		325.1		561		-2.6		6		1.04		336		0		0		0		32.5		1987		1944		0.38		0

		173		321.6		325.4		561		-2.61		6		1.04		336		0		0		0		32.5		1987		1942		0.38		0

		174		321.8		325.6		562		-2.6		6		1.04		336		0		0		0		32.5		1987		1941		0.38		0

		175		322		325.8		562		-2.61		1		1.04		336		0		0		0		32.5		1987		1938		0.38		0

		176		322.2		326		562		-2.61		3		1.04		336		0		0		0		32.5		1987		1938		0.37		0

		177		322.4		326.2		562		-2.61		4		1.04		336		0		0		0		32.5		1987		1937		0.37		0

		178		322.6		326.4		563		-2.61		5		1.04		336		0		0		0		32.5		1987		1936		0.37		0

		179		322.7		326.5		563		-2.61		6		1.04		336		0		0		0		32.6		1987		1934		0.37		0

		180		322.8		326.7		563		-2.63		6		1.04		336		0		0		0		32.6		1987		1935		0.36		0

		181		323		326.8		563		-2.64		0		1.04		336		0		0		0		32.6		1987		1933		0.36		0

		182		323.1		327		563		-2.65		0		1.04		336		0		0		0		32.6		1987		1932		0.36		0

		183		323.2		327.1		563		-2.65		0		1.04		336		0		0		0		32.6		1987		1932		0.36		0

		184		323.4		327.2		563		-2.64		0		1.04		336		0		0		0		32.6		1987		1930		0.36		0

		185		323.5		327.3		563		-2.68		0		1.03		336		0		0		0		32.6		1987		1929		0.35		0

		186		323.6		327.5		563		-2.64		0		1.05		336		0		0		0		32.6		1987		1929		0.37		0

		187		323.7		327.6		563		-2.62		6		1.04		336		0		0		0		32.6		1987		1928		0.36		0

		188		323.7		327.6		563		-2.66		0		1.04		336		0		0		0		32.6		1987		1929		0.36		0

		189		323.8		327.7		563		-2.65		0		1.04		336		0		0		0		32.6		1987		1927		0.36		0

		190		323.9		327.8		563		-2.64		0		1.04		336		0		0		0		32.6		1987		1927		0.36		0

		191		324		327.9		563		-2.64		0		1.04		336		0		0		0		32.6		1987		1927		0.35		0

		192		324		327.9		564		-2.64		0		1.04		336		0		0		0		32.6		1987		1925		0.35		0

		193		324.1		328		564		-2.64		0		1.04		336		0		0		0		32.7		1987		1926		0.35		0

		194		324.1		328		564		-2.65		0		1.04		336		0		0		0		32.7		1987		1926		0.35		0

		195		324.2		328.1		564		-2.69		0		1.03		336		0		0		0		32.7		1987		1925		0.34		0

		196		324.2		328.2		564		-2.63		1		1.04		336		0		0		0		32.7		1987		1926		0.36		0

		197		324.3		328.2		564		-2.64		2		1.04		336		0		0		0		32.7		1987		1924		0.35		0

		198		324.3		328.2		564		-2.64		3		1.04		336		0		0		0		32.7		1987		1925		0.35		0

		199		324.4		328.3		564		-2.65		0		1.04		336		0		0		0		32.7		1987		1925		0.35		0

		200		324.4		328.3		565		-2.63		3		1.04		336		0		0		0		32.7		1987		1924		0.35		0

		201		324.4		328.3		565		-2.64		6		1.04		336		0		0		0		32.7		1987		1924		0.34		0

		202		324.4		328.4		565		-2.68		0		1.04		336		0		0		0		32.7		1987		1924		0.34		0

		203		324.5		328.4		565		-2.65		0		1.05		336		0		0		0		32.7		1987		1924		0.35		0

		204		324.5		328.4		565		-2.64		4		1.04		336		0		0		0		32.7		1987		1923		0.35		0

		205		324.5		328.4		566		-2.64		4		1.04		336		0		0		0		32.7		1987		1924		0.35		0

		206		324.5		328.5		566		-2.64		4		1.04		336		0		0		0		32.7		1987		1923		0.35		0

		207		324.5		328.5		566		-2.64		4		1.04		335		0		0		0		32.7		1987		1924		0.35		0

		208		324.6		328.5		566		-2.74		-2		1.01		335		0		0.1		0		32.7		1987		1923		0.3		0

		209		324.6		328.5		566		-2.59		19		1.05		335		0		0		0		32.7		1987		1923		0.35		0

		210		324.6		328.5		567		-2.77		-8		1		335		0		0		0		32.7		1987		1923		0.26		0

		211		324.6		328.6		566		-2.59		6		1.06		335		0		0		0		32.7		1987		1923		0.37		0

		212		324.6		328.6		567		-2.71		0		1.03		335		0		0		0		32.7		1987		1923		0.32		0

		213		324.7		328.6		566		-2.64		-1		1.05		335		0		0		0		32.7		1987		1922		0.36		0

		214		324.7		328.6		567		-2.64		6		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		215		324.7		328.6		567		-2.65		5		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		216		324.7		328.6		567		-2.65		5		1.04		335		0		0		0		32.7		1987		1923		0.34		0

		217		324.7		328.7		567		-2.65		4		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		218		324.7		328.7		568		-2.65		4		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		219		324.7		328.7		568		-2.67		1		1.03		335		0		0		0		32.7		1987		1923		0.32		0

		220		324.7		328.7		568		-2.65		0		1.04		335		0		0		0		32.7		1987		1922		0.35		0

		221		324.7		328.7		568		-2.65		1		1.04		335		0		0		0		32.7		1987		1923		0.35		0

		222		324.7		328.7		568		-2.67		0		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		223		324.8		328.7		568		-2.65		0		1.04		335		0		0		0		32.7		1987		1923		0.34		0

		224		324.8		328.7		568		-2.65		2		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		225		324.8		328.7		569		-2.64		3		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		226		324.8		328.7		569		-2.65		3		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		227		324.7		328.7		569		-2.65		3		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		228		324.8		328.7		569		-2.66		0		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		229		324.8		328.7		569		-2.66		0		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		230		324.8		328.7		569		-2.65		0		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		231		324.8		328.8		569		-2.65		-3		1.05		335		0		0		0		32.7		1987		1921		0.36		0

		232		324.8		328.7		569		-2.67		7		1.03		335		0		0		0		32.7		1987		1921		0.32		0

		233		324.8		328.8		569		-2.6		-2		1.07		335		0		0		0		32.7		1987		1923		0.38		0

		234		324.8		328.8		569		-2.73		0		1.02		335		0		0		0		32.7		1987		1922		0.29		0

		235		324.8		328.8		569		-2.62		3		1.05		335		0		0		0		32.7		1987		1921		0.35		0

		236		324.8		328.8		569		-2.69		0		1.04		335		0		0		0		32.7		1987		1922		0.33		0

		237		324.9		328.8		569		-2.67		-13		1.06		335		0		0		0		32.7		1987		1921		0.37		0

		238		324.8		328.8		569		-2.67		13		1.02		335		0		0		0		32.7		1987		1921		0.31		0

		239		324.9		328.8		569		-2.69		-10		1.05		335		0		0		0		32.7		1987		1921		0.36		0

		240		324.9		328.8		569		-2.63		11		1.04		335		0		0		0		32.7		1987		1921		0.33		0

		241		324.9		328.8		569		-2.69		-3		1.04		335		0		0		0		32.7		1987		1922		0.33		0

		242		324.9		328.8		569		-2.67		-3		1.05		335		0		0		0		32.7		1987		1921		0.35		0

		243		324.9		328.8		569		-2.67		0		1.04		335		0		0		0		32.7		1987		1920		0.34		0

		244		324.9		328.9		569		-2.69		-2		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		245		324.9		328.9		569		-2.64		1		1.04		335		0		0		0		32.7		1987		1920		0.34		0

		246		324.9		328.8		569		-2.67		0		1.04		335		0		0		0		32.7		1987		1922		0.33		0

		247		324.9		328.9		569		-2.67		0		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		248		324.9		328.9		569		-2.68		0		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		249		324.9		328.9		569		-2.68		0		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		250		324.9		328.9		568		-2.71		-1		1.02		335		0		0		0		32.7		1987		1920		0.3		0

		251		324.9		328.9		568		-2.68		0		1.03		335		0		0		0		32.7		1987		1921		0.31		0

		252		324.9		328.9		568		-2.65		0		1.04		335		0		0		0		32.7		1987		1920		0.34		0

		253		324.9		328.9		569		-2.64		5		1.04		335		0		0		0		32.7		1987		1920		0.34		0

		254		324.9		328.9		569		-2.64		6		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		255		324.9		328.8		569		-2.64		6		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		256		324.9		328.8		570		-2.64		6		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		257		324.9		328.8		570		-2.65		6		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		258		324.9		328.8		570		-2.64		0		1.05		335		0		0		0		32.7		1987		1921		0.35		0

		259		324.8		328.8		571		-2.65		7		1.04		335		0		0		0		32.7		1987		1921		0.33		0

		260		324.8		328.8		571		-2.66		0		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		261		324.9		328.8		571		-2.67		-5		1.05		335		0		0		0		32.7		1987		1921		0.35		0

		262		324.9		328.8		571		-2.64		6		1.04		335		0		0		0		32.7		1987		1921		0.34		0

		263		324.9		328.8		571		-2.66		3		1.04		335		0		0		0		32.7		1987		1922		0.34		0

		264		324.8		328.8		571		-2.66		5		1.03		335		0		0		0		32.7		1987		1921		0.32		0

		265		324.9		328.8		571		-2.67		-7		1.05		335		0		0		0		32.7		1987		1922		0.35		0

		266		324.9		328.9		570		-2.65		-35		1.05		335		0		0		0		32.7		1987		1921		0.36		0

		267		324.8		328.8		571		-2.72		29		0.99		335		0		0		0		32.7		1987		1921		0.26		0

		268		324.9		328.9		570		-2.66		-25		1.07		334		0		0		0		32.7		1987		1922		0.38		0

		End recording






