G-IV Wind Calibration Flight 20120719N1


Flight Summary
The wind calibration was performed on July 7th, 2012 in warning area W-168 just to the southwest of MacDill AFB, FL over the Gulf of Mexico.  Flight crewmembers on board included CDR Gregg Glover (AC), LCDR Kristy Twining, LCDR Nick Toth, and LT Ron Moyers.  Air crewmembers included LTJG Nick Morgan, Rich Henning, Barry Damiano, Gabe Defeo, and Dale Carpenter.  There was one observer, Nishant Nangia.  
Weather conditions were near ideal with steady conditions throughout the evolution.  Winds at flight levels were generally NE and ranged from about 10-20kts.  There were some very light cirrus clouds in the vicinity leftover from some overnight convection that looked to have minimal effect on the results of the calibration.  
The first sets of maneuvers were performed at FL350.  This involved a “racetrack” with 3 minute straight and level legs directly into and out of the wind.  Each set of legs (into and out of the wind) were done at the speeds of mach 0.83, 0.78, and 0.72.  At each speed, during one of the turn sections of the “racetrack” a 90/270 was performed.  Modified versions of this sequence were done again at FL400 and FL450.  At FL400 mach 0.78, two full circles to the left followed by two full circles to the right, and then a yaw maneuver were performed.  A second yaw maneuver prior to heading back to MacDill AFB but it was determined that the data in the first was more conducive to the calibration.  At FL450 mach 0.78 the pitch maneuver was performed.
Flight Time:  5.8hrs, Block Time:  6.1hrs
2 Dropsondes were launched at FL400 and FL450.  Both were good drops.










Instrumentation/Data Issues
PQM.1 – PQM.1 is still malfunctioning.  We normally use PQM2 as our default so this should not affect the wind cal results but troubleshooting on PQM1 should continue (PQM1/PQM2 plotted)
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\PQM1_problem.png]
GDIFF - Both GDIFF values appear to wander much higher than usual.  Typically GDIFF will go up and then level off or begin to come down.  After looking at last year's wind cal and did not see the same high values of GDIFF like in this flight.
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\GDIFF.png]
A previous problem with TTM.3 had been fixed and looked to perform well during the flight.  All other instruments appeared to perform well for this wind calibration.

Analysis
The goal of the wind calibration is to come up with a new (and hopefully better) set of slope and intercept coefficients that are used in the derivation of attack angle and slip angle.  ACAT-4 contains a parameter selection screen to choose the best parameters to use in the calculations of derived variables. In the bottom right corner of the picture below you see four pairs of numbers.  These represent the 4 different combinations of attack angle and slip angle intercept/slope values that go into calculating attack angle and slip angle for system 1 and system 2 (AA.1, AA.1, SA.1, SA.2).  
                            [image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\Acat4_Calc_Met.png]
The first step is the derivation of new attack angle coefficients (AA.1 and AA.2 intercept and slope).  To do this, we look at our straight and level legs of the “racetrack” and must have 120 continuous points or 2 minutes of data.  We then look to the yaw maneuver to provide the data for just the slip angle slope.  The data for the attack angle intercept/slope and the slip angle slope are then imported into the “TPCAL” Excel program that will compute our new values.
[image: ]s. 
TPCAL gives us three of the four coefficients we need to go into our calculation of winds.  The remaining coefficient is the slip angle intercept.  This is where the brunt of the work comes in because to determine our slip angle intercepts (for SA.1 and SA.2) we use a trial and error method.  For each test of slip angle intercept we created a corrected .nc file and then compare those files in ncplot to determine which slip angle intercept value works best for that particular combination of attack angle and slip angle.
	Mean Vertical Wind(m/s) Comparison in 360 Degree Turns

	

	

	
	AA1SA1
 
	AA2SA1
 
	AA1SA2
 
	AA2SA2
	 

	Turn
	Left
	Right
	Left
	Right
	Left
	Right
	Left
	Right

	SI = 0.80
	 
	 
	 
	 
	0.11
	-0.05
	0.01
	0.04

	SI = 0.85
	 
	 
	 
	 
	0.04
	0.02
	-0.06
	0.1

	SI = 0.90
	 
	 
	 
	 
	-0.03
	0.08
	-0.13
	0.17

	SI = 1.00
	0.16
	-0.11
	0.05
	-0.01
	 
	 
	 
	 

	SI = 1.05
	0.09
	-0.04
	-0.01
	0.05
	 
	 
	 
	 

	SI = 1.10
	0.02
	0.02
	-0.08
	0.12
	 
	 
	 
	 


Above is the mean vertical wind values for the various chosen slip angle intercepts. Left and right indicate the direction of the 360 turns maneuvers performed by the aircraft.  The green boxes indicate the mean vertical winds closest to zero for that combination of attack angle/slip angle and slip angle intercept and red boxes are values >0.10 .  The bolded box is the best for each slip angle SA.1 and SA.2.
We have chosen the slope intercept coefficients of 1.05 for system 1 and 0.80 for system 2.  The combination of AA.2 and SA.2 seem to be our default parameters due to the closeness of the mean vertical wind to zero for the different maneuvers.  This may be splitting hairs but it appeared to give us our best opportunity of achieving a mean vertical wind of 0.
  
A look at the vertical winds with the new parameters at the different altitudes:
	Mean Vertical Wind(m/s) Comparison for Straight and Level Legs (mach .82 with new SI values)

	

	

	
	AA1SA1 SI=1.05
	AA2SA1 SI=1.05
	AA1SA2 SI=0.08
	AA2SA2 SI=0.08 

	Altitude
	Into wind
	With wind
	Into wind
	With wind
	Into wind
	With wind
	Into wind
	With wind

	FL350
	0.01
	0.1
	-0.07
	0
	-0.02
	0.1
	-0.06
	0

	FL400
	-0.01
	0.1
	0.04
	0.09
	0.03
	0.09
	0.06
	0.11

	FL450
	-0.09
	-0.18
	0.01
	-0.12
	-0.08
	-0.16
	-0.05
	-0.12


Mach .82 was just used as a single example here for a quick check

Comparison’s to the old vertical wind:
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\New_vs_old_uwz.png]
Above: Mean vertical wind of the old coefficients (red) and the new coefficients using AA.2 and SA.2 (blue).  This spans the entire flight while at cruising altitudes 35,000’, 40,000’, and 45,000’.  The mean went from 0.18m/s to 0.03m/s.  A significant improvement.
Below:  Mean vertical wind old (red) vs new (blue) during the 360 degree turns.
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\New_vs_old_uwzcir.png]

Below:  Mean vertical wind old (red) vs new (blue) at FL350, FL400, and FL450
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\New_vs_old_uwz35k.png]
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\New_vs_old_uwz40k.png]
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\New_vs_old_uwz45k.png]

In all portions of the flight, the new (blue) mean vertical wind is much closer to 0m/s.  Which is good!  One item of note, there is a very visible oscillation in the wind speed and direction (about a 3.5m/s amplitude for wind speed and about a 20 degree amplitude in wind direction).  This oscillation is inherent to the old coefficients as well as the new and cannot be removed by playing with the slip angle intercept alone.  A trailing cone evolution may give insight as to where this oscillation comes from.  See plot below to see the winds as the G-IV does its 350 degree turns.
[image: C:\Documents and Settings\nicholas.morgan\Desktop\Data\20120719N1\Windcal\oscillation.png]
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