N49RF Wind Calibration Results
First Full Wind Cal Flight:  21 July 2011

N49RF flew a 5.5 hour mission on 21July 2011 in W-168 Warning airspace over the Gulf of Mexico. Several maneuvers were executed in order to determine the coefficients for both attack and slip angle sensors.  Yaw maneuvers were performed at 40,000 feet at .77 Mach to provide input for deriving the slope for the aircraft’s two slip angle sensors.  Several speed runs, tracking into and out of the wind, were flown at three pre-determined altitudes to determine the slope and intercept for the aircraft’s two attack angle sensors.

The data images and results can be found on the server under the following directory:  /acdata/2011/MET/20110721N1.  The coefficients were determined using ZR_TPCAL.xls, an excel program created by 2010 Hollings Scholarship Intern Zeljco Raic.
One hundred twenty (120) points were selected for each leg flown into and with the wind for three pre-determined mach numbers (.72, .77 and .82 Mach), making a total of 240 points per mach number per altitude for statistical significance, for altitudes 35,000ft and 40,000ft.  At 45,000ft the legs were flown into and with the wind at 0.72 Mach, then a steady Mach run up from .72 to .82 back to .72 was performed, for a total of 866 points.  The following table shows the attack angle coefficients for each of the three altitudes:
	
	AA1 Slope
	AA1 Intercept
	AA2 Slope
	AA2 Intercept

	35,000ft
	5.5887
	5.0091
	5.7055
	5.0594

	40,000ft
	5.5061
	4.9568
	5.9345
	5.0641

	45,000ft
	5.6288
	4.9537
	5.8454
	4.9938


The above table is for reference purposes only.  To obtain the “final” slope and intercept for each attack angle all of the selected data points for all altitudes were input into ZR_TPCAL.xls.  For this calibration flight the slope and intercept for both attack angles from all altitudes are as follows:

	2306 points
	AA1 Slope
	AA1 Intercept
	AA2 Slope
	AA2 Intercept

	
	5.4481
	4.9399
	5.5893
	4.9765

	Correlation
	0.995
	0.994


The input data to determine the slope for the two slip angle sensors came from the yaw maneuvers at 40,000ft. There were 218 points used for the yaw maneuvers in ZR_TPCAL to compute the slope for each slip angle sensor.  To determine the slip intercept, a subjective technique is employed using plots of wind direction, wind speed and vertical wind from the circle maneuvers conducted at 40,000 ft.  Several plots of the aforementioned parameters were made, varying the intercept value for the respective slip angle sensor.  Through some simple statistics and a “meteorological eyeballing” of the plots, a determination for the slip angle intercept is made.  Below is the slip angle slopes calculated from ZR_TPCAL and intercepts through analysis.

	SA1 Slope
	SA1 Intercept
	SA2 Slope
	SA2 Intercept

	7.7732
	1.00
	7.9164
	0.75


The results from this wind cal produced a noticeable and significant improvement in vertical winds, UWZ, with any combination of AA1/2 SA1/2 as default.  After analysis of this wind cal, we have determined AA2 and SA1 provide the best results, so AA default was switched to 2.  See graphs on page 3 for visual improvements in UWZ as a result of the wind cal.  Also it should be noted that the improvement in UWZ is greater as airspeed increases for each of the three altitudes.

From these maneuvers a better understanding of the G-IV flight level data and how it responds in atmospheric conditions between 35,000ft and 45,000ft was achieved.  From the analysis, it can be concluded that G-IV wind speeds are on the order of a few m/s too high when flying into the wind and a few m/s too low when flying with the wind, compared to dropsonde data and Ruskin soundings from that day.  More work and analysis is taking place in order to further improve in the G-IV flight level derived meteorological parameters, specifically ambient temperature, wind speed and wind direction.  A presentation will be forth coming to show G-IV flight level data improvements resulting from the wind cal flight.
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