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Introduction – In April of 2021, DTRA RD-OPR led testing of UAS systems releasing a 

chemical simulant, at Dugway Proving Grounds, Utah. This was conducted “indoors” in the Joint 

Ambient Breeze Tunnel (JABT) and later, in May of 2021, outdoors. Prior to testing of UAS 

dispensing chemicals in the JABT, a series of flow measurements were conducted to capture 

some characteristics of the turbulent flow generated underneath the UAS. No such flow 

measurements were made for the outdoor testing. These measurements in the JABT are the 

subject of this technical note. 

Experiment Description – Measurements of the flow under the UAS tested at Dugway Proving 

Ground (DPG) were made during the Setup week at DPG on dates of 20-22 April 2021. The 

Survice engineers were setting up and testing the UAS this week and in times available, the DPG 

meteorology office made flow measurements. These were requested by DTRA to provide a basis 

for evaluating the physical mechanisms leading to the effects of so-called rotor wash on the 

initial dispersal of chemical simulants. These were not primary measurements for characterizing 

the chemical environment. Indeed, no chemical was released during flow tests to protect 

instrumentation. But data were collected to provide for high resolution analysis of the flow and 

dispersal that would undoubtedly follow. 

The instruments used for flow measurements were DPG sonic anemometers2. These were chosen 

as they were readily available to the meteorology office and would provide some of the turbulent 

flow characteristics expected from the rotor wash under the UAS. The RM Young 81000 3D 

sonic anemometers provide full 3-axis wind speed as well as sound speed and derived sonic 

temperatures. See http://www.rmyoung.com for details. The parameters are averages over an air 

column between the sensor elements of 10 cm height and 10 cm diameter.  DPG ran these 

instruments at 10 Hz and the turbulence characteristics are limited by that data rate (temporal) 

and air column volume (spatial). DPG suggested that hot-wire anemometers would provide for 

higher frequency turbulence measurements, but such measurements were out of scope for these 

tests and use of on-hand instruments was made. 

Data files from the instruments were processed and quality controlled by DPG and provided to 

the test program as .dat text files. For ease of summarizing information, they also provided such 

files for 10 second average parameters. The analyses that follow in this note made use of the 10-

second averaged data. For reference, a sample of such a file is in Appendix A. 

Experiments – The experiments were conducted in the JABT, at about the midway point of the 

tunnel length. The JABT is a long tunnel that can allow flow down its length due to atmospheric 

conditions if the doors are open. For these tests, the doors were closed and there was no flow 

except for that generated by the UAS rotors. 

 
2 Storwold, Donny, JACK RABBIT II (2016) TEST PROGRAM, DUGWAY PROVING GROUND - WEST DESERT 
TEST CENTER, AUGUST / SEPTEMBER 2016, 32m Tower-Mounted Ultrasonic Anemometer Deployment 
(Updated: 10 December 2018) 

http://www.rmyoung.com/


 

For reference, the JABT is approximately 150 feet long and 55 feet high, so the testing area was 

some 75 feet down the tunnel with doors closed for the flow tests. Here are some images from on 

line: 

 

Looking down the long JABT from the west, inlet end. 

An inside view of the JABT.   

Anemometer Array - The array of sonic anemometers is depicted below and was midway down 

the long tunnel. Four anemometers were arranged at a fixed height for each test, positioned 2.5 

feet apart from one another as indicated. Flow parameters were captured for one height for a 

given test and four tests were required to capture data for all four heights. 

The anemometers were mounted “on their side” compared to their normal configuration on 

towers in the atmosphere. In this circumstance, x and y are in a plane from the floor to the ceiling 

through the anemometers with positive x component to the left wall as indicated, and positive y 

component downward as indicated. The positive z component comes out of the x, y plane 

towards the anemometers as shown in the second figure. These flow components are u, v and w 

for x, y and z, respectively, in Appendix A. 

The anemometer array was positioned at the center of the JABT as shown in the lower two 

figures. The JABT had inner surfaces, with inner walls 44 feet apart and with the movable inner 

roof 30 feet above the rigid concrete floor, as shown. 



 

 

 

The anemometer array looking down the tunnel with positions for four sonic anemometers at 

each of four levels above the floor. 

 

The anemometer array looking downwards from the tunnel ceiling. 
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The anemometer array positioned in the JABT.  
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UAS Positioning - For the flow experiments, there were two UAS deployed, the TRV-150 and 

the TRV-80. Details of these systems are not presented here3, but the positioning of them related 

to the sonic anemometers is described. A brief description is in Appendix B. 

For these experiments, the TRVs were positioned at 20 feet above the floor (measured to the tip 

of the spray nozzle), so about 4 feet above the top line of anemometer positions. They were 

horizontally positioned as suggested below. For the Centerline Orientation, the second 

anemometer at 2.5 feet was between rotors. This left the first anemometer under the belly of the 

UAS, influenced strongly by all of the rotors. For the Rotor Radial Orientation, the second 

anemometer was directly under one rotor position and again the first was under the belly. The 

nose and forward direction is indicated to orient for UAS attitude. Positive pitch is nose up and 

positive roll is right wing/rotors down.  

 

 

 
3 See http://www.survice.com 



 

UAS Configuration for Testing – A few more details are presented on the dimensions of the 

UAS, rotors and anemometers.  The proposed layout was as shown next. 

 

This includes an image of the TRV-80. Given the dimensions shown, the 30-inch distance from 

the rotor hub towards the center falls just beyond the center which is at 29.65 inches from the 

hub. For the between rotor setting, as executed, the UAS was positioned so the second 

anemometer was between the two rotors which means that the first anemometer was 30-25.125 

or 4.875 inches beyond the center of the belly of the UAS. 

For the TRV-150, which is a larger UAS, the positioning works out a little differently. That 

vehicle is shown here. 

 



 

With 40-inch diameter props, the distances between rotor hubs are 63 inches lengthwise and 42 

inches widthwise. The second anemometer is in the same positions, either under one or between 

two rotors. The distances to the center of the system from one hub are then 36.86 inches to a hub 

and 31.5 inches from the position between two hubs for the TRV-150. So, the first anemometer 

is 6.86 inches short of the center with the rotor over the second anemometer. Similarly, the first 

sensor is 1.5 inches short of the system center when the second sensor is between two rotor hubs. 

The spray nozzles were not in position for these flow tests which were spray-free to protect the 

anemometers. For those interested, please see Appendix C for photos and a short discussion 

about nozzle positions. For further details, contact DTRA Technical Reachback. 

Testing – Tests were conducted over a three day period, 20-22 April, 2021. These proceeded to 

cover both UAS, the TRV-150 and the TRV-80. For the TRV-150, two series of tests were 

conducted, one with all eight rotors running in the normal configuration, and the second with 

only four rotors turning. Only the -150 had this capability to run four rotors, one of each stacked 

counter-rotating pair. 

The test procedure involved positioning the four anemometers at a given height, then positioning 

the UAS with the second anemometers either under an aft rotor or between two aft rotors. Two 

tests were typically run like this for the TRV-150, with four and eight rotors running, while only 

one test was run for the TRV-80 with all eight rotors running. Then the row of anemometers 

would be moved to a new height and repeat. And so on. 

The UAS systems were mounted to a lift and held in place above the anemometers, but they 

simulated a hover condition. In each case, the power setting and lift was matched to the weight 

of the UAS plus a full load of simulant. For the TRV-80 which held 1 gallon of liquid, the rotors 

ran at 3,130 RPM. For the TRV-150 which held 2 gallons of liquid, the rotors ran at 2,015 RPM. 

The full log of runs is given in Appendix D. Note some were interrupted due to an anomaly and 

then another test was run.  Also note, when level attitude was not possible, the log notes the 

approximate pitch and roll angles during the test. 

 

Data Analysis Procedures – As mentioned the processed data from the anemometers is available 

at full resolution as 10Hz data and for 10 second averages. The latter was provided for ease of 

initial interpretation. For this preliminary data analysis, the 10 second average data was used. 

The Dugway meteorology staff provided plots of all sensor data, a few of which are shared here 

for illustration. Consider the TRV-150 with all 8 rotors turning and a pair of rotors over the 

second anemometers. This involves four trials, trials 2, 6, 10 and 12. Trial 2 has the anemometers 

up at the 16 foot elevation, just 4 feet below the UAS. The second anemometer, sid 4, is 

underneath a pair of tail rotors. The figures below depict the full 10 Hz signal as well as the 10 

second averaged data. Note the predominant motion is downward as expected, as the v 

component. All components fluctuate significantly around a slowly drifting mean.  



 

For purposes of an initial look at the data, this analyst processed the data further and examined 

graphically some one minute average parameters. This was done by taking a one minute window 

or six consecutive values of the 10 second average data and calculating the mean value. The one 

minute window was towards the second half of the 3 minute plus data period. For the sample 

plots below, the time period was 2 minutes 20 seconds into the trial, running for one minute. The 

resulting one minute averages are -0.72, 12.91, 1.23 m/s for U, V and W, and 289.1 K for T. 

The one minute averages were calculated for all trials and then graphically analyzed in the next 

section. First, vertical distributions of downward velocity, v, are displayed for the highest speed 

flow through the second anemometers, sid = 4, from four trials. Then, by combining one minute 

averages of u and v from four trials, flow vector plots in the x, y plane are constructed and 

displayed, giving a coarse sense of the flow distribution. 

 

Flow velocity components u (left) and v (right) for trial 2 (sid 2, 4, 6 and 8 are blue, red, green 

and black, respectively). Low frequency lines are 10 second averages. 

  

Flow velocity component w (left) and sonic temperature (right) for trial 2 (sid 2, 4, 6 and 8 are 

blue, red, green and black, respectively). Low frequency lines are 10 second averages. 

  



 

TRV-150 Flow Analysis Results – This system was run in two modes; with all eight rotors 

turning, two per arm, and with only four rotors turning, one per arm. Also, there are two 

configurations (yaw) of the system relative to the anemometer array as shown in UAS 

Positioning section above. These are noted as UAS Centerline Orientation and UAS Rotor 

Radial Orientation. 

Eight Rotors Turning Centerline Orientation – Using the one minute average flow components 

and considering just the flow in the u, v plane, two graphs are shown. The first gives the 

maximum measured downward component velocity for sid = 4. The second shows u, v flow 

vectors. These are “pinned” at the anemometer positions of -2.5, 0, 2.5 and 5.0 feet horizontally 

and 4, 8, 12 and 16 feet vertically. The lengths are proportional to the velocity magnitude. A 

legend plot is given below this which applies to each vector plot. 
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Legend for Vector Plots 
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Eight Rotors Turning Rotor Radial Orientation – The same type of graphs are provided, but now 

with sid = 4 anemometers under one of the rotors. 
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Four Rotors Turning Centerline Orientation – The same type of graphs are provided, but now 

with only four rotors turning and sid = 4 anemometers between two of the rotors. 
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Four Rotors Turning Rotor Radial Orientation – The same type of graphs are provided, but now 

with only four rotors turning and sid = 4 anemometers under one of the rotors. 
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TRV-80 Flow Analysis Results – This system was run only with all eight rotors turning, two per 

arm. Also, there are two configurations (yaw) of the system relative to the anemometer array as 

shown in UAS Positioning section above. These are noted as UAS Centerline Orientation and 

UAS Rotor Radial Orientation. 

Eight Rotors Turning Centerline Orientation – The same type of graphs as above are provided, 

with eight rotors turning and sid = 4 anemometers between two of the rotors. 
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Eight Rotors Turning Rotor Radial Orientation – The same type of graphs are provided, but now 

with sid = 4 anemometers under one of the rotors. 
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Conclusions – Initial graphical analyses of the DTRA UAS flow data for the Dugway tests in 

April 2021 has been provided. These are based on simple one minute averages of measured 

parameters. 

The anemometer data set is much richer than shown here. It is hoped that this provides an 

introduction to that data. The full data set is available and may be requested from DTRA. This 

dataset includes: 

- The full 10 Hz anemometer data as text formatted .dat files, 

- The 10 second average parameter data as text formatted .dat files, 

- Jpeg plots of the above data by component and by anemometer, 

- A readme file for above data files, 

- Excel workbooks that derive the one minute data and graphs provided here, 

- The overview presentation provided by the Dugway met staff,  

- The DTRA UAS Sonic Study Data Log, and 

- The footnote 1 anemometer readme file by Storwold. 

 

  



 

Appendix A – Sample of 10 second average output data file. This one is for Trial 1. The 

parameters are 3 velocity components (u, v, w) in m/s and sonic temperature in K. Sid is an ID 

for the sonic instrument. In the normal deployment on a tower, these would be at heights of 2, 4, 

8 and 16 m above ground, hence the labels here. Four were deployed simultaneously as 

described in the body of the report. 

year month day hour min sec sid u v w t 

2021 4 20 19 31 20 2 -0.5209 0.1973 1.1008 287.35 

2021 4 20 19 31 20 4 -0.1402 5.6139 1.6483 288.06 

2021 4 20 19 31 20 8 -0.567 -0.7894 0.666 287.51 

2021 4 20 19 31 20 16 -0.6866 -0.8224 0.8938 287.67 

2021 4 20 19 31 30 2 -0.5119 0.9337 1.249 287.399 

2021 4 20 19 31 30 4 0.8608 9.5065 2.1397 288.118 

2021 4 20 19 31 30 8 -0.5151 -0.622 0.6576 287.493 

2021 4 20 19 31 30 16 -0.6425 -0.6408 0.768 287.792 

2021 4 20 19 31 40 2 -0.88 1.4004 0.8503 287.752 

2021 4 20 19 31 40 4 1.3191 10.7386 2.5681 288.621 

2021 4 20 19 31 40 8 -0.4205 -0.5255 0.8685 287.944 

2021 4 20 19 31 40 16 -0.6181 -0.5302 0.8592 288.05 

2021 4 20 19 31 50 2 -0.2927 0.9806 0.1452 287.533 

2021 4 20 19 31 50 4 0.8972 10.1423 1.7913 288.254 

2021 4 20 19 31 50 8 -0.5891 -0.5715 0.4882 287.998 

2021 4 20 19 31 50 16 -0.7555 -0.9774 0.9178 288.296 

2021 4 20 19 32 0 2 -0.5025 1.9416 0.5917 287.553 

2021 4 20 19 32 0 4 1.0057 11.1562 2.477 288.388 

2021 4 20 19 32 0 8 -0.3564 -0.9133 0.7652 288.034 

2021 4 20 19 32 0 16 -0.5742 -0.9715 0.9454 288.221 

2021 4 20 19 32 10 2 -0.7551 1.4064 0.7396 287.527 

2021 4 20 19 32 10 4 1.3742 10.9383 0.7515 288.366 

2021 4 20 19 32 10 8 -0.4028 -0.1493 0.773 288.06 

2021 4 20 19 32 10 16 -0.6411 -0.6956 0.7315 288.22 

 

  



 

Appendix B – Tactical Resupply Vehicle Brochure 

 

  



 

 

  



 

Appendix C – UAS Nozzle Positions – Tests began with the nozzle below a rotor as shown in the 

first image below. The tip of the nozzle appears to be about 6 inches below the bottom rotor. 

Contact DTRA Reachback for more precise information. 

 



 

After a few tests with MeS, the nozzle was moved under the center of the UAS belly as 

suggested below. This position was used for the remainder of testing. Contact DTRA Reachback 

for more precise information. 

  



 

Appendix D – DTRA UAS Run Log 

 

04/20/2021 

Trial 01: TRV-150 

19:31:29 power up – 19:37:13 power down 

16ft measurement, rotor radial, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 02: TRV-150 

19:40:04 power up – 19:40:20 flight power - 19:45:20 power down 

16ft measurement, rotor radial, 8 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 03: TRV-150 

20:09:35 power up – 20:09:54 flight power - 20:12:26 power down 

Note: Throttle power continued up, Pilot throttled down at T+40s 

12ft measurement, rotor radial, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 04: TRV-150 

20:15:04 power up – 20:15:35 flight power - 20:17:18 power down 

Note: Powered down early due to battery voltage 

12ft measurement, rotor radial, 8 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 05: TRV-150 

20:32:46 power up – 20:33:26 flight power - 20:36:29 power down 

12ft measurement, rotor radial, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 06: TRV-150 

20:38:06 power up – 20:38:24 flight power - 20:41:27 power down 

12ft measurement, rotor radial, 8 rotors turning, + 1.0° pitch, 0.0° roll 

 



 

Trial 07: TRV-150 

21:01:05 power up – 21:01:34 flight power - 21:04:36 power down 

8ft measurement, rotor radial, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 08: TRV-150 

21:07:27 power up – 21:08:03 flight power - 21:11:01 power down 

Note: Sonic array # 04 & # 08 shifted downward slightly to an increased +W component during trial 

8ft measurement, rotor radial, 8 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 09: TRV-150 

21:25:10 power up – 21:25:34 flight power - 21:28:33 power down 

8ft measurement, rotor radial, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 10: TRV-150 

21:30:01 power up – 21:30:27 flight power - 21:33:25 power down 

8ft measurement, rotor radial, 8 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 11: TRV-150 

21:45:24 power up – 21:46:00 flight power - 21:49:00 power down 

4ft measurement, rotor radial, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 12: TRV-150 

21:50:33 power up – 21:51:00 flight power - 21:54:01 power down 

4ft measurement, rotor radial, 8 rotors turning, + 1.0° pitch, 0.0° roll 

 

 

 

 

 



 

04/21/2021 

Trial 13: TRV-150 

14:02:40 power up – 14:03:45 trial abort 

14:05:23 power up – 14:05:43 flight power - 14:08:46 power down 

Note: Trail aborted for a UAS setting change 

4ft measurement, centerline, 4 rotors turning, + 1.0° pitch, 0.0° roll 

 

Trial 14: TRV-150 

14:22:17 power up – 14:22:34 flight power - 14:25:35 power down 

4ft measurement, centerline, 8 rotors turning, + 2.25° pitch, 0.0° roll 

 

Trial 15: TRV-150 

14:51:18 power up – 14:51:38 flight power - 14:54:39 power down 

8ft measurement, centerline, 4 rotors turning, + 3.25° increasing to <4.0° pitch, 0.0° roll 

 

Trial 16: TRV-150 

14:57:40 power up – 14:57:40 flight power - 15:00:50 power down 

8ft measurement, centerline, 8 rotors turning, + 3.3° pitch, 0.0° roll 

 

Trial 17: TRV-150 

15:15:45 power up – 15:16:05 flight power - 15:19:03 power down 

12ft measurement, centerline, 4 rotors turning, + 2.75° increasing to 3.5° pitch, 0.0° roll 

 

Trial 18: TRV-150 

15:21:20 power up – 15:21:41 flight power - 15:24:39 power down 

12ft measurement, centerline, 8 rotors turning, + 3.3° pitch, 0.0° roll 

 

Trial 19: TRV-150 

15:48:26 power up – 14:48:42 flight power – 15:51:40 power down 



 

16ft measurement, centerline, 4 rotors turning, + 3.0° increasing to 4.0° pitch, 0.0° roll 

 

Trial 20: TRV-150 

15:56:41 power up – 15:56:54 flight power - 15:59:51 power down 

16ft measurement, centerline, 8 rotors turning, + 3.5° pitch, 0.0° roll 

 

***UAS Change***  

 

Trial 21: TRV-80 

18:41:38 power up – 18:42:02 abort 

-Power up aborted for setting change- 

18:44:19 power up – 18:44:33 flight power - 18:47:32 power down 

16ft measurement, centerline, 8 rotors turning, + 3.25° increasing to 4.0° pitch, 0.0° roll 

 

Trial 22: TRV-80 

19:45:19 power up – 19:45:43 flight power 

-@ 19:45:43 flight power reached but fluctuated recount started at 19:46:43- 

19:46:43 flight power - 19:49:40 power down 

12ft measurement, centerline, 8 rotors turning, + 2.35° pitch, 0.0° roll 

 

Trial 23: TRV-80 

20:05:10 power up – 20:05:37 flight power - 20:08:37 power down 

8ft measurement, centerline, 8 rotors turning, + 4.0° decreasing to 2.8° pitch, 0.0° roll 

 

Trial 24: TRV-80 

20:24:10 power up – 20:24:30 flight power - 20:27:29 power down 

4ft measurement, centerline, 8 rotors turning, + 4.0° in last 30 seconds decreasing to 3.15° pitch, 0.0° 

roll 

 



 

Trial 25: TRV-80 

20:24:05 power up – Aborted to check system 

4ft measurement, rotor radial, 8 rotors turning, + 4.0° decreasing to 3.15° pitch, 0.0° roll 

 

 

4/22/2021 

 

Trial 26: TRV-80 

15:50:13 power up – 15:50:34 flight power - 15:53:33 power down 

4ft measurement, rotor radial, 8 rotors turning, - 0.5° pitch, -0.8° (starboard higher) roll 

 

Trial 27: TRV-80 

16:08:00 power up – 16:08:19 flight power - 16:11:18 power down 

8ft measurement, rotor radial, 8 rotors turning, - 0.5° pitch, -0.9° (starboard higher) roll 

 

Trial 28: TRV-80 

16:27:22 power up – 16:27:41 flight power - 16:30:40 power down 

Note: Slight downward tilt to Sonic 08 noted, adjusted for Trial 29 

12ft measurement, rotor radial, 8 rotors turning, - 0.5° pitch, -0.9° (starboard higher) roll 

 

Trial 29: TRV-80 

16:43:46 power up – 16:44:03 flight power - 16:47:05 power down 

16ft measurement, rotor radial, 8 rotors turning, - 0.5° pitch, -0.9° (starboard higher) roll 
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