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Session I. NASA Flight Tests

Doppler Radar Results
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NASA Flight Tests
Airborne Doppler Radar Results

Presentation Qutline

. Summary of Radar Flight Data Collected

: Video of Combined Aft Cockpit, Nose Camera, & Radar
Hazard Displays

. Comparison of Airborne Radar F-factor measurements with
In Situ and TDWR F-factors for Some sample Events

. Summary Wind Shear Detection Performance
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SIGNIFICANT WIND SHEAR EVENTS 1991 ORLANDO FLIGHT EXP.
RADAR, TOWR, & A/C INSITU F-FACTOR COMPARISONS

RADAR AND TDWR COMPARISONS
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EVENT RADAR | mLT RADAR F-FACTOR TOWR
NUMBER | FILENAME |ANGLE| DATE TIME WITHIN AZ SCAN F-FAcro#
_deg MN| MAX | AVE
| 79 | ORAWASIME] O [ 6/15M1 166:19:28:48 | 007 { 0.09 008 | 0094
0 ORWESIMG | O 1 61591 193751 1 006 006 | 007 | 008 |
81 | ORAWSSIME | 2.25 | 64591 | 166:19:5146 | 005 [ 040 | 009 [ 0.1
96 | o4wisStaM7| 0 | 61591 | 166:20:30:27 | 0081 0.10 0.10 01
95 2 | e7m1 | 168483105 [ 043 ] o6 [ o014 | o3
o7 | onewasaMe | -1 | en7e1 | teeeso:47 [ od2] 016 | o012 | 009
| 101 | ORSWESAME| -2 | 64701 166:19:20:00 | 005 ]| 007 | 007 | 010
106 [ ORTWISIMG ! -1 | 6MBA1 | 169:19.00:50 | 006 | 0.09 008
144 | ORTW1AS1ME] 0 | enamt | 169:2023:45 [ 041 ] 015 [ 043 | 0.0
115 K 1 | 169:20:25:59 | 011 ] 044 | 042 | 0006
118 | -1 618Dt | 169:20:52:16 | 012§ 0.14 043 | 010 |
| 127 | -1 811981 170:47:34:23 | 006 ] 007 | 006 | 0O |
142 [onswysaMé | -2 | 62091 | 171:20:40:49 | 009} 013 0.10 0.1
143 2 | 6091 | 171:2045:95 [ 043 047 | 016 [ 013 |
144 | OROWOSIME | -1 62001 | 171:20:51:26 | 08| 010 | 010 | 0094
148 3 6/2091 | 171:29:20:25 | 0.18 043 | 043
149 L oRow1sSOMe] -1 [ emom1 | 174:21:27:24 | 0431 0.16 0.14 02 |
RADAR | RADAR
RADAR AND INSITU COMPARISONS | LEAST SQ| MEASURE{ INSITU
F-FACT | F-FACT | F-FACT
97 lomewasams | -1 | 6A7@1 [ 168:18:50:17 0040 | 0045 |
| 149 JOROWIMSIMG| 3 | 62091 | 171:21:20:50 00619 | 0077 | 0056
126 M6 2 | enom1 | 170:47:21:77 00687 | 0060 | 0.084
134 581 0 | 6M9M1 | 170:20:51:59 00729 | 0087 | 0.089
144 -1 1 | 171:2051:32 00797 | 0007 | 0077 |
134 ORTWH4SIMS| O | 6/1681 | 169:20:23:17 00933 | OM17 | 0093 |
142 | onowrsaMe | -2 | 62091 | 171:20:41:14 00076 | 0066
81 | ORAwsSiM6 | 225 | €M5M1 | 166:19:52:00 0.1128 | 0.090 0.116
143 | OROWSSAME | -2 | 62001 | 171:20:45:31 0.4562 | 0.164 | 0.167
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NASA Flight Tests
Airborne Doppler Radar Resuits

Performance Summary

_ Data from over 200 clutter and 150 weather event runs were

collected. The weather events included approximately 30
microbursts and 20 gust fronts.

. No false hazard alerts resulted from any clutter targets.

. All microburst events were detected by the airborne radar. For
the microbursts penetrated by the A/C (approx. 15), the airborne
radar derived F-factor showed excellent agreement with the In
Situ measured F-factor.

. Gust fronts with approximately 5 dBz or higher reflectivity levels
were also detected.

. Sample comparisons of airborne radar data with TDWR data
showed comparable results.

. Wet microbursts can be accurately detected in the presence of
severe ground clutter. Dry microburst performance will be
evaluated using radar simulation progam with dry U-Burst models
and possible Denver ground and flight experiments.
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Doppler Radar Results
Questions and Answers

Q: Anthony Berke (MIT Lincoln Laboratory) - [ am curious to know why you had the
antenna depressed two degrees or so when you were usually trying to do level flight penetrations?

A: Brac Bracalente (NASA Langley) - Primarily because we wanted to first look down into the
event, and secondly, to get some clutter into the signal. We were really doing it over a range of
tilt angles, 0, -1, -2, -3. We were collecting data with different conditions so we could evaluate
the effects of clutter under those conditions, and to get extra data down in the event. Obviously
in some of the comparisons with the In Situ were the antenna was tilted down, the In Situ flew
above were we saw the measurement; there will be some differences there. We tried to compare
with the In Situ when we were as close to the airplane as possible so the difference in altitude was
not great.

Q: Pat Adamson (Turbulence Prediction Systems) - To create total F-factor numbers you
estimate or infer the vertical compound the winds. Is that correct? If so, how do you deal with
asymmetric events and with the different altitudes where vertical and horizontal winds trade-off.

A: Brac Bracalente (NASA Langley) - That is correct, we do that. Right now we are using an
algorithm that Dan Vicroy and IFred Proctor came up with. There is going to be a presentation
tomorrow by Dan on that vertical estimation. Basically we take the horizontal wind measurement
and multiply it by a factor which takes altitude into consideration. Basically, it is estimating the
vertical based on the horizontal component and the altitude at which we made the measurement.
As far as the asymmetric events and the different altitudes, Dan will tatk about all that tomorrow.
It is pretty straightforward. Everything I showed up here did included a vertical estimation in the
F-factors.

Q: Pat Adamson (Turbulence Prediction Systems) - What is the sensitivity of the radar? In
Denver, 10% of the dry microburst were from -10 to () dBZ.

A: Brac Bracalente (NASA Langley) - As | pointed out in the presentation, we did not see any
dry microburst, but we did sce some low reflectivity gust fronts. I showed one example where the
reflectivity was down in the 5 1o 10 dBZ range and we were able to detect that. There wasn't
extremely strong clutter in that particular region. We think we will be able to work down into the
0 maybe 5 dBZ level, out to three or four kilometers. That is what we are shooting for this
summer. Hopefully we will get those kind of events so we can collect some data and see what we
can do.

Q: Pat Adamson (Turbulence Prediction Systems) - When flying at 230 knots, is it easier or
harder to suppress clutter than at 140 knots?

A: Brac Bracalente (NASA Langley) - 1 don't know that we see much difference since we zero
out the velocity of the aircraft. The spectrum width of the clutter might be a little bit wider at 230
knots. 1t doesn't really have much effect on our ability to suppress the clutter or 1o operate the
radar.

140



