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45-247/49/50 
FLIGHT TEST REPORT a. P A Q ~ ~ O T  

-. . ... .-. - . 
OV-10A 

Wake 
4. TEGT ID: (m.3. FUght No.. cud No.. ek;) 
R-95-547/8/9 
5. PILOT@): 

7. C61UFIEIURATK)N 
Rob Rivers 
Full a stems: Wake Vortex Encounter 

NbminaI 11,000 Ibs 
11. HAnT UP C.C.: io. STA x TUP 84 wr.: 

18 WUTUER 

Vortex Ri ht Hazards 
5, FLIGHT DAh: "r ENQINEER 
27,29 SBPn OCT Bob Stuever 

REMRT 8UEMlnZD PVI 

1314/0658/1011 12 STARt UP FUEL 1605/942/1 
Rob Rivera 

8. nME OFF! #.TIME ON 

1850 Ibs 
,255 

. _. . . - . . . . 
All Nights: VFR with inversions up to 6500 ft MSL; light winds, intermittent light 
turbulence: scatceded to no clouds. 
VMC at or above the h d o n  layer in light to no turbulence. All flights occutrw1 in the 
vicinity of ACY, generally to the southwest to Boutheest The first two flights were flown 
more or less along V 229 from near Dover to north of ACY. The third flight was 
conducted along the 131 deg radial from Sea Isle VOR from the coast out to 35 milea over 
the Atlantic Ocean. This wag a dedicated vortex encounter flight was flown above an 
inversion layer that was extremely hazy. 

14. TBBTOONDlTlON8 

19. INETRUMENTATDN: 
Full OV-1OA Wake Vdex Project systems capability: INS/GPS; dew point sensor, 
temperature sensors; complete CF'T package for flight controls and engine parameters; static 
pressure sensors; two wi  'p booms with Pitot-static and NACA flow vanes; nose boom 
with 5-hole Rosemcpnt pro T : derived wind and turbulence measuremenu; three axis rate 
accelerometers and rate gyros. 
IB ,  T m  PERFORMED 
Flight R-547: 
Atihospheric measurements to support USAh/Boeing B-737 encounters of FAA B-727 
wake vortices. 

Due to turbulence at 6K, the test altitude was varied from 6K to 12K along the V-229 fiat 
path. The B-727 flew at 6.3K to allow the vortices to s i t  to approXimately 6K at the time 
ofthe  encounter.^. The OV-10 arrived on dme in the teat area and commenced both vcrdcal 
dew point profile samplid s ftom test altitude +loo0 ft to test altitude -1500 ft and 

at test altitude. P ime and fuel considerations dictated a slight rearrangement of this Ianer 
sequence and also required the horizcmtal prafdes to be accomplished along the track tather 
than in 8 specific area subset. The long tracks flown by the 727/737 also complicated the 
atmospheric data sampling since the OW10 w u  constrained to sam le the &nos here over 

sampling at the appropriate altitudes than we would have liked. 

Flight R-548 
Atmospheric measurements to su port 737 vortex encounters and 2 runs of OV-10 vortex 

The atmospheric measurements were accomplished as in Plight R-547 except that the test 
altitude remained at 6K. The original plan was to have the OV-10 penetrate the 727 wake 
about 15 dnutes after "rival and upon completion of the atmospheric datacollecthn. Due 
to the 737 remaining on station longer than anticipated, the OV-10 continued with 

horizontal atmo heric tu !id ence profiles at test altitude +500 ft. test altitude -1OOO ft, and 

a very large area. Also, the frequent change of test altitudes results 8. m a thinner L 

encounters behind the FAA B-72 s . 
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BtmOSpheriC data collection in a maximum fuel endurance mode which somewhat limited 
he data collation. By the time the OV-10 ww cleared behind the 727, there was only 
mough time for one horizontal penemion encounter run and one overhead video system 
ron prior to reaching bingo fuel state. See below for details on these rum. 

Atmosphexic measurements and 727 vortex encounters and video imaging. 

The mission of this flight was to m u r e  the strength of the 727 wake using both 
penetration techniques and overhead video imaging techniques. Upon arrival in the lcst 
mrea a aeries of atmospheric measursments was taken as described above. In order to 
dibrate the altitude of the genssator aircraft, the OV-10 was flown abeam the 727 at the 
iame altitude with data on and a mask. The OV-10 pulled ahead of the 727 on altitude 
about .25 miles at 180 U S .  when the OV-IO si ed on condition, the 727 began a 

drifted aft abeam the smoke entrained vortices at about 130 KIA$ at the stme altitude 
measuring vomx sink me until 2 miles in trail (as determined by the 727 on-bmd TCAS) 
at which horizontal wake penetrations c0"enced. These penetrations continued until the 
wake smoke had mostly diseipated at about 8 mibs in trail. The 727 was then called to 
w m e n c e  a 180 d e p  turn and the OV-lo commenced amndezvous maneuver at 180. 
190 KIAS. Once again the OW10 flew abeam the 727 for the altitude mark and then 
sfimbed to about test altitude +200 R as the 727 accelerated to 200 KfAs. When behind the 
727, the OV-10 assumed a position over the wake so that both vortices were more or l a 8  
centered in the wingtip camera fields-of-view. The OV-10 Slowed to about 130-150 KlAS 

uence was repeated with the 727 flying at 250 

Fliat R-549 

rapid acceleration to 200 KIAS p i n g  abeam the e V-10 near condition. The OV-10 

maintain an altitude of about 2Wft above the vorticesuntil the smoke 
at about 8 miles in trail. Thie 

, Atmospheric measurement8 were 3 en in an abbreviated format on the way back to 
LFI. 

Note on "dm Shots 

Bxtensive uim shob were acoomplished at the beginning and end of each flight enroute to 
and from ACY. These trim shots included: 
Stable open loop 30 sec run8 at -150 KIAS (stick and throttle free) 
Sable closed loop 30 sec runs at 150 KIAS 
Elevator, Aileron, and Rudder doublets at 150 KIA$ 
Level accels from -1.2 V s U  to 90% level Vmax (-185 U S )  
five cycle level @hi e 0) yaw oscillations (slow rudder doublets) to + or - 10 deg beta 
Video calibrations over ground marker @BY airport in wery case) at lGl2K os inax 
feasible altitude 

Resut& indicated the level accelerations and yaw oscillations were not effective in pmvidiq 
data to calibrate the inconsisteslcies in the wlngtip NACA vane output and will be deleted in 
subsequent flights. 

Transit time to the test arc8 was about 45 min to the south end and about 55 mfn to ACY. 
Based on the transit distance of about 150 NM OM way, the OV-10 nominally had about 1 
hour of QKI ptatian time. Trim shots were accomplished during the trannsirs as described 
above. The transits requifed abaut 400 lbs of fuel depending an where in the test area the 
transit was started or ended. The bingo to L,R was accomplished at 10,500 ft MSL in 
n o d  cruise condition (props) at about 89% RPM giving a TAS of about 168 kts. Since 
we have essentially no range data on NASA 524 and there is no fuel flow indicator in 

17. RuOULtO: 
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he cockpit, ~ developing range pmfiles and fuel requkments will be a secondary objective - -  >n every flight. 

2-547 
4s mentioned above, the p r e p h e d  atmospheric sampling profiles were modified d h e  
iue to the constantl changing ptofiles flown b the 7271737. Coordination with ATC 

we flew uilually to the east of V-229 to avoid traffk conflicts. Most of the eaffic conflicts 
were from easterly arrivals into PHA Int’l over the Delaware Ba or lower Cape May 
?eninsuh. The vertical. profiles and horizontal turbulence samp r ing legs were flown 
generally around a fuel conservative airspeed of 120-130 KIAS at constant power settings 
I much as possible. VHF communications were kept to a minimum due to RFI 
ntcff”e on several dm channels. All data “3 were over the Delaware Bay p d e I  to 
V-229 and over the Cape May Peninsula. 

Most of this fight was spent at ma% con%” due to the slippage of our time on the B-727. 
We arrived on time in the test area, but we were not cleared onto the 727 for almost an 
10w. This necessitated a planned divert to WFP for fuel on the way hack to Lm in order 
D get my test data behind the 727. As it wre, only 2 data runs were possible. The 
moqtheric sampling runs were over land h the vrcinity of ACY to support the 737 
mcounters, but the OV-10 encounters were flown the Delaware Bay for video 
requirements, Rendezvous was uneventful and accordhg to the plan of test. The runs 
were made by the 727 at 200 KIAS with the OV-10 flying between 110-130 KIAS. 
Penetrations commenced at 2 miles in trail and continued up to smoke dissipation at about 
7-8 miles in trail. At 2 miles the upsets were on the order of + or- 60degmroU with the 
pilot actively w i n g  the roU. Vertical acceleration was virtually indisesmibk. The 
perceived dative streqtb of the vortex remained essentially constant up to the very rapid 
vortex bursting at 7-8 miles, The degree of the upset hi hsavily I e m h t  on the uat 
tyajecfo)3r of the mcauntar. I f th  encounter dificn oven slightlyj%n mrountsr rg 
mounter, brs &sewed y0rte.x strcrtgth is quite diffortnt. The vortices were fairly tightly 
wound averaging only 2-3 feet in diameter until about 4 miles in trail, As they began to 
increasingly oscillate both vertically and horizontally, penetrating consistently in the center 
of the cox from the, pilot‘s eye point became incn?asingly problematical. I am not sure 
what trajectory leads to the [rlrongat upsets, but very .slight differwcer in trajeotoq 
significant. Since the flight path was pattially crosswind, the vortices &doped vertical 
q” and a h a t  rolled up on top of each other at timcs. Also, at times one vortex 
would have CQIIIpletely burst and show no smoke cohesion at all while the othw was Qhtlq 
coiled. Thia phenomenon would reverse itself on the same run with the burst vortex being 
“reborn” at a further downwind distance and the other previously intact vortex having 
become dissipated, Overall, my impressions were of a very unpredictable, almost 
capricious phenomenon. 

Encounter and vertical video runs were accomplished at both 200 and 250 KlAS for the 
generating aircraft. The OV- 10 h i l e d  to about 130 KIAS after the initial rendezvous at 
190 KIAs to acquire the altitude mark. The plan was for the OV-10 to take the flight lead 
after the altitude mark and fly about 0.25 mile upwind at 190 KIAS in order to allow the 
727 to reach target airspeed as it passed the OV-10. This did not work out just as planned 
for a variety of reasons, but the lesson leamed was that this technique is probably not 
netded and is difficult for the OV-10 due to the poor rearward visibiliry in the OV-10 

D v e r  Approach, 6’ashington Center, and A cr Y Approach) WBS surprisingly smooth, and 

R-548 

R-549 
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because of the tail boom'arrangement. The encounters and video passes were very similm 
to those reported in R-548. The FAA did not allow the OV-10 to fly over the 727 at +So0 
Ft for video calibration of the vortex q m u i o n  BS had been specified in the plan of test 
contained in the FTOSR. The NTSB did, however, insert a third plane into the test just 
prior to the flight for photo covera e which was not ever mentioned in the flight planning 
meetinks. This repuited the OV-1 Right CIBW to ob& ASRB clearance on very short 
notice just *or to the flight. Problems with one of the smokers at the end of the flight 
precluded an frrrther flights with the 727. Very similar behavior of the vorfices b that 
observed in i-548 accuired on this flight, Le., unpredictable behavior of the vortices with 
respect to each other up to about 7-8 miles where Crow linking seemed to rapidly occur 
resultin in anriihilatioa of the vortices. On both flights the vortices seemed to descend 

Bpeculative on my part pending actual data analysis. Vertical and hodzontal sinusoidal 
wave motions were observed noticeably after about 4 miles, but the amplitude of the 
millations was limited to about + or - 90 feet. 

OpemticmaUy speaking. no problems occurred on the m n b u s  after each rw with lead 
tum technique being employed to effect an expeditious rendezvous after the 727 had 
completed its 180 deg turn and Was on Q its unuse from the OV-10. The OV-10 had tc 
frequently s 
of the OV-1 g.c adds to the complexity of the task and r e q u h s  plauning on the part o the 
OV-10 pilot to ke the 2 raircraft from getting too far separated during the flighht Also, the 
OV-10 in normal 8 ght condition does not decelerate very well at all. The speed instability 
mentioned in previous FTRs causes problems during rendezvous. If the rendezvous 
occurs with very much overtake from the OV-10, We power and fully cross controlling the 
OV-10 still will not bleed the excess airspeed at a Mident rate. The pilot is forced to 
select takeoff and land condition to get rop beta effects to aid in slowing down. This, of 

be silenced, In summary, the OV-10 does possess some Iess than optimal €onnation 
cha~aoterietics of which the pilot must be aware. 

Concluding Remarks 
The OV-10 was tasked on short notice through the APG for this support. In endeavoring 
to nspnd, the OV-10 team scheduled a plannfng meting at the FA4 Tech Canter to 
coordinate the flights and quickly prepwed an ASRB briefing and FTOSR. The meeting 
covered all of the oprationd details snd all of the appropriate FAA, Boeing, and NTSB 
personnel were briefed and the qpmpfiate Si 

research, several suggestions were introduced by the OV-10 team that. I believe, 
contributed to the hopefur success of the project. H retrospect the OV-10 team r b a b l y  
should have been hcluded in the planning for this experiment at an earlier date, ut the 
opportunity to participate with Boeing, the NTSB, and the FAA in a three ship opemion 
should lead to the recovery of very valuable data 

1. Continue to record ran e performance data for the OV-10 in order to updam the range 

2. Invwtigate the very strong comhtion between very slightly different trajectories 
through a vomx and the mstllting degree of upset. 
3. Quickly review the stemoscopic video data to determine if this technique is acceptable 
and if any modifications to the technique will be necessary. 

about 3 io feet by 4 miles with lesser descent observed afterwards, but this is highty 

F ify an airspsed for the 72 P to h the t'endezvous. The slow to sped 

came, immediately causes activation o ! the landing gear warning hom which must quickly 

obtained on the FTOSR Since som 
of the participants had a mom limtted howl er-= ge of the recent developments in watce vorcel 

ik P.6COMMENPATIONB: 

performance tables in the b ash 1. 
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NASA O W 0  
MISSION SUMIllARY 

DATE:, 0 127 19s 
TIME l 3 0 o L  
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NASA OV-IO 
MISSION SUMURY 

DATE: 09 12-1 !qr 
TIME /fool- 



IWoBIIXUkL TEST SEQUENCE 

5 

10 
- 15 
17 
20 

25 

30 
- 35 

..._ 

Pre-flight electrical cals 
Ground cal 
T m f  f 
T r i m  shot -- stable open loop 
Trim shot -- stable closed loop 
Trim shot -- elevator doublet 
T r i m  shot -- aileron doublet 
mim shot -- rudder doublet 

40 AW: 1.2Vstall step 90% Vmax, level 

43 AV: 1.ZVstall 90% max, level 

45 Yaw oscillation, bV okay, phi = 0 

8 

w 
E 
4 

m 

50 

300 
305 
307 
310 
315 
320 

TE,S" CARD SELECTIQNS 
a 

" 

T r i m  shot -- stable open loop 
Trim shot -- stable closed loop 
Trim shot -- elevator doublet 
Trim shot -- aileron doublet 
Trim shot -- rudder doublet 

a 
u) 

NASA OV-1OA 9127/p5 



N0M-L TEST SEQUENCE 

PASS MAAlEuvER 

325 AW: l.2Vstalf step 90% Vmax, level 

-0 
7J 
0 Ln 
TI m 

. ... -.a7 -&; - 1 , 2 V s t d 1 .  ~anrp--90%. w, lewd . . ... .... ~. ... . ... . . . . . .. .. . . - .... . . . __ . - .. . . .~ . . ... . . . .. . 

? 330 Yaw oscillation, AV okay, phi = 0 

335 Landing < 
3 
?i 

340 Ground cal 
345 Post-flight electrical cals 0' 

R m 

? 
CI m 

NASAOV-1OA 9n7m 



... 

z e 

w n Temperature/Dewpoint P r o f i l e s  : 
2. 

71 
0 
10 x 

....... .13n .radial.. . . . . . . . . . .  _ _  . . . . . . . .  . .  . . . . . . . . . . .  - . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . -.m 

B 
50-54 S t a r t  1500' below gen a l t  

End 1000' above gen al t  
.. 
Y 

Reverse direction 
55-59 Start 1000' above gen a l t  

md 1500' Wow gen a l t  

Turbulence/Winds 1-130 kt) 

60-64 1000' be low gen a l t  on radial 
hold 2 nin level. 

65-69 1000' below gen a l t  rev radial 
hold 2 min level 

70-74 500' above gen alt'on radial 
hold 2 min level 

75-79 500' above gen alt rev radial 
hold 2 nrin level 

80-84 At gen alt on radial 
hold 2 min level 

85-89 A t  gen alt rev radial 
hold 2 min level 

NASA OV-IOA 9p27195 



SECONRARP PASSES 

Ess E9ANEUITER 

-era t&e/Dewpoint Profiles : 

90.794 . .... .. .Start.- 1.50Q ' bel= ..g eIL alt -1.. .. .. 
Spiral to 1000' above gen alt 

Turbulence/Winds (-130 kt 1 

95-99 

100-104 

105-109 

110-114 

11 5 - 11 9 
120-124 

125- 129 

13 0 -134 

1000' below gen a l t  upwind 

1000' below gen alt downwind 

500' above gen alt upwind 

500' above gen alt dawnwind 

hold 2 d n  level 

blr2 2 m i n  level 

hold 2 min level 

hold 2 min level 

1000' below gen a l t  perp radial 

1000' below gen alt rev perp rad 

500' above gen alt perp radial 

500' abwe gen alt rev perp radial 

hold 2 min level 

hold 2 min level 

hold 2 min level 

hold 2 min level 

. . _. __ . .__ . .... . . .. . . .. .. . .. .. . .. - .. . -. ... . . .... ~. ~ .. .... . . . .. .. .. 

NASA OV-1OA . 51/27/95' 
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NASA OV-f0 
MISSION SUMMARY 

HDG 
&!a- - 

0 70 

0 7 0  

9-70 

2lff.o 

@bo 

230 

0 6 0  

236 

A I 

I Z  Page - of - 
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NASA OW10 
MISSION SUMMARY 

P. 14 

PASS 

IbS 

32s 

307 

47 

310- 
330 

335 

330 

3 Yo 



NOMINAL TEST SEQUEHCE 

5 
10 
IS 
17 
20 

25 

30 
35 

. . . . . . - . 

Pre-’f light electrical cals 
Ground cal 
Teeof  f 
Trim shot -- stable open loop 
Trim shot -- stable closed loop 
Trim shot -- elevator doublet 
Trim shot -- aileron doublet 
Trim shot -- rudder doublet 

.. . _._ _ _  - 

40 AV: 1.2Vstall step 90% vmax, level 

45 Yaw oscillation, AV okay, phi = 0 

47 Passage over ground marker 10-12X’ 

320 T r i m  shot -- rudder doublet 
325 ~ * ~ :  -..i I .2vstall  st^ .90d uaaax, .. .iievel . . .  .... 

330 Yaw oscillation, AV okay, phi = 0 

3 3 5 ianding 
340 Ground cal 
345 Post-flight electrical cals 

3 w 
2 
R m 

5 0  

30 0 
. TEST CARD SELECTIONS 

n 
n 

305 
307 T r i m  shot -- stable closed loop 
310 Trim shot -- elevator doublet 
315 ’prim shot -- aileron doublet . 

” r i m  shot -- stable open loop 



PRIXARY TEST CARD 

(A) TEMPERATURB/I)$WPOIZBT PROFILES: 

aAss' uBl" 

. . .. . . . .. 50 .. . . . . . . . . .Low . -.-> High. .. v. .. . _ _  . .. . . 

-1500 --> +IO00 

55 High ---> Low 1p+180 
+lo00 --> -1500 

(B) TURBULEWCEIWINDS (-130 kt) 

2 min level passes 

pass m R  

60 -1000 b y 
65 -1000 @ v+l80 
70 +500 B 'y 

75 +500 8 yr+180 

80 O @ V  
85 0 Q tp180 

PRIMARY TEST CARD 
(continued] 

PASS WEUWER 

90 -500 f t  overhead B-727 for 
. . . .... . . . . .... . . . . .  . . . . . . . ... . . . . .. . . . . . . . - . . .. 

several seconds, nominal speed 

ID] VORTEX MEASUREMENTS 

Ensure QII vortex penetrations taken 
at 2, 3, and 4 nn damstream B-727. 

Y PAssllAmmEE V-727 

95 GPS from side 200 Y j  
100 Lat penetration 200 VI 
105 Above/video 200 rlptl80 

110 GPS from s ide  250 Y 
115 Lat penetration 250 v 
120 Above/video 250 v1m 

125 ' GPS from side 22 5 w 
130 Lat penetration 225 w 
135 Above/video 225 \Y+l80 

(CONTINUED) 

i 

Flr. 95-98 NASA OV-10A 9J.2995 



PRIMARY TEST CARD 
(continued) 

. .. . . .. . .. ... . - . . .. 
150 Law ---> High y 

-1500 --> +lo00 

I S 5  H i g h  ---> Law v+lSO 
+lo00 --> -1500 

IF) 'PURBULEHCE/WIMDS { - I30  AT) 

2 min level passes 

PASS l!&"B 

160 -1000 Q ly 
165 -1000 @ ~+l80 
170 +500 0 y 
175 +SO0 @ v+l80 

185 0 (3 v+l80 
160 O @ V  

z 
8 

(continued) VI 

8 .. 
8 

- -1 .___ W y l O A  will work pr5nqri)y area Dover. 2 
to Atlantic City. 8 

E 

3- B-72710W-lOA joinup starting B-727 Q a 
7 acquisition. G) 

P 
m . 
u3 

PRIM24RY TEST CARD 

a 
3 

ADDITIONAL HCtTXS I 

-I < 
2. Test frequency 123.15 

6000' and OV-lOA at 5000' unti l  visual 

6 
4. For OV-IOA vortex penetrations: 

B-727 s t a r t  112 mi behind, increase speed 
to condition, pass off RHS of OV-1OA. 

In turns, B-727 to 180 kt and left-hand 
turn unless otherwise instructed. 

@ Ht.95-548 NASA OV- 1OA 9I29BS 



C.. 

i! 
8 

SECONJlARY PASSES 

Bss l!%"E 

w a t i r e / m i n t  Profiles : 

__.. aotl. . . . 

"urbulence/Winds (-130 k t )  

205 1000' below gen a l t  upwind 

210 1000' below gen a l t  downwind 
hold 2 nin level 

hold 2 min level 

215 500' above gen a l t  upwind 

220 500' above gen a l t  downwind 
hold 2 min level 

hold 2 min level 

225 1000' below gen a l t  perp radial 
hold 2 xnin level 

230-  - . . 11000'. belav-gen a l t  rev perp rad -- . 
hold 2 min level 

23 5 500' above gen a l t  perp radial 
hold 2 min level 

240 500' above gen alt rev perp 
radial hold 2 m i n  level 

CL 
m 

8 .. 
m m 
71 
I 

? 
t;; 

@ Flt. 95-548 NASA OV-1OA 9129195 
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NASA OV-IO 
MISSION SUMMARY 1 

! 



I 

I 
I 
I 

I NASA OV-70 
i 
I MISSION SUMMARY 

- 
HDG 

J S L  
, 



_- 

[MARY TEST CARD (1) PRIMARY TEST CARD (2 )  
(continued) 

EQOEWCE 
(D) VQRTEX m S U R m S  

B, Cr D, A, B, D s  As B 
Ensure on yf vortex penetrations taken 

PERATUREfDEWPOIWF PROFXLES. -- - - -  -- -- at -2 ;--3, and+ nm downstream B-72-7.. - - - ---- 

i E" 

Low --> High 
-1500 --> +lo00 

High ---> Low \y 
+IO00 ---> -1500 

! PlvwEUvER 

-500 ft overhead B-727 for 
several seconds, nominal speed 

NASA OV-IOA 1- 

P a s s e s  100/110 and similar taken 
continuously downstream. 

Passes 120 and similar taken constant 
altitude. 

mssE?"EE y-727 %E 

100 
110 
12 0 

l30 
140 
150 

160 
170 
180 

GPS from side 200 
tat penetration 200 
Abwe/video 200 

GPS €ram side 250 
&it penetration 250 
Mmvelvideo 250 

GPS from side 225 
L a t  penetration 225 
Abave/video 225 




