
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD134995

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; MAY 1957. Other
requests shall be referred to United States
Army Aviation Board, Fort Rucker, AL.

USAAB ltr 2 Apr 1972



HE U. S. GOVERNMENT THEREBY INCURS 
lATlOM 1 WHATSOEVER; AND THE FACT THAT THE 

NOTICE:   WHEN GOVERNMENT OR CTH** D11AWING8, SPECIFICATOMS OR OTHER DATA 
ARE U3ED FOR ANY PURPOfr T. OTW \N i* CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUKÄMLNi C 
NO RESPONSIBILITY, NOR A>?Y OPl 
GOVERNMENT MAY HAVE FORJ4UL FURNISHED, OR W ANY WAY SUPPLIED THE 
SAID DRAWINGS, SPECIFICATIONS, CR 07HEH DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS Dl ANY UAlfNER UCENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION. OR CCNVCYJSO .VNY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTEL INVENTION THAT MAY D* ANY WAY BE RELATED THERETO. 

ASSIFIED 



.. 

·•· 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 



RKPQh: OF PROJECT Mt AVH 2656 

gTBCT OF WINQ-TIP VORTICES AND SONIC SHOCK 

OH AHMT AIRCRAFT IH FLIOHT 

May 1957 

/r*/u*y^ 7i/t^£/^ 
ROBERT L. READ 
Capt,  TC 
Project Officer 

OMULLJW.^^ 
WILLIAM H. BTRD, JR. 
Lt Col, Artillery 
Director of Test 

ROBE« R. WILLUr« ,        c   . 
/lr;   Colonel, Artillery *^   **' 

President /fr+« ot 

FOR OFFiCiAL USE ONLY 



********     *'' **fc *Sft*>-'*a%- 



OSTTED STATES AHMT ATIATIOW BOARD 
Fort Rucker, Alabama 

REPORT OF PROJECT » AVH 26$6 

EFFEC'. ÜP WIMQ-TIP VORTICES AMD SONIC SHOCK OK ARMY AIRCRAFT IM FLIGHT 

Abstract of Report 

1«    PORPOSE. 

a«    To determine the duration, characteristics and intensity of 
wing-tip vortices produced by specifio highly wing-loaded aircraft, 

b. To determine the effect of wing-tip vortices on Amy aircraft« 

c. To determine the effect of sonic shock of fixed-wing air- 
craft in flight. 

2. SCOPE.    Tests wer« conducted at Range 52, Eglin Air Force Base. 
Florida, during the period 31 October - 19 December 1956.   Six flight hours 
of preliminary testing were conducted to determine the duration and charac- 
teristics of wing-tip vortices produced by F-1O0C aircraft flews at various 
configurations and airspeeds under various atmospheric conditions.    Ten flight 
hours of test were conducted in which a QL-17 was used to intercept the wing- 
tip vortices created by F-1O0 and B-itf aircraft.   Two flight hours of testing 
were conducted in which a piloted L-19 intercepted wing-tip vortices created 
by an F-100.    Three flight hours of tests war« conducted in which a QL-17 in 
flight was subjected to sonic shock created by an F-lüO. 

3. SIMMART. 

a. The duration of wing-tip vortices is governed primarily by the 
turbulence structure of the atmosphere in which generated«    Greater -»ortex 
disturbances are generated when the generating aircraft are flown at low air- 
speeds.    Any turbulence or wind has an immediate dispersing effect on the 
duration of wing-tip vortices. 

b. Op to time Intervals of 30 seconds behind an F-100 flown in land- 
ing configuration at airspeeds of 200 knots, the vortex effect may be of such 
magnitude that a light airplane intercepting the disturbances could not be 
held in straight and level flight.    If the light aircraft were at low speeds, 
such as approach or landing, it could become uncontrollable to such an extent 
that a crash could not be avoided.    It is highly Improbable that an airplane 
would remain in vortex turbulence long enough to make a complete roll«    The 
most likely response would be to roll to an Inverted position and be thrown 
out of the vortex. 
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e. Mo structural damage was sustained by the test aircraft pene- 
trating the wing-tip rortices created by F-100 and B-U7 aircraft during this 
test. However, based on negative loads recorded during this test, it appears 
possible that, under conditions of extremely stable air, light airplanes pene- 
trating the wing-tip vortices generated by highly wing-loaded aircraft flee» at 
low airspeeds could sustain structural damage, particularly if the lightly wimg- 
loaded airplane was being operated at higher than normal cruise speed. 

d. Sonic shock waves generated at airspeeds up to Mach 1.05 and 
separations as near as 300 feet did not cause any structural damage to the 
QL-17. There were no visual Indications that the flight path of the QL-17 was 
In any way affected by sonic shock waves. However, it cannot be deduced from 
this test that light aircraft would not sustain structural damage frm sonic 
shock waves generated by airplanes flown at speeds well above Mach 1. 

e. The results of this test indicate a definite need for additional 
information on the effect of vortex disturbances and sonic shock on light air- 
craft. A comprehensive study of these problems, Involving theoretical stadias, 
engineering tests and flight tests, will be required to secure any signifi- 
cant information. Such studies are beyond the capability of this Board. 

U. DT3CU33T0m. 

a. Air Research and Development Command, United States Air Force, 
Wright-Patterson AFB, Ohio,is initiating a program to determins the affect of 
turbulence on aircraft landing every 30 seconds. This program «ill include 
both theoretical studies and flight tests to determine the effect of turbu- 
lence on aircraft In flight. Plight tests will Include a study of the effect 
oi *urbulence generated by fighter, bomber, and transport airplanes on dif- 
ferent types of aircraft In traffic patterns and durir« landlnge and takeoffs. 

b. Air Research and Development Command, Wright-Patterson AFB, Ohio, 
Is conducting an investigation of the sonic shock problem. This investigation 
will include a comprehensive theoretical study of sonic shock phenomena aid 
effects. It will also Include flight tests and studies of sonic shesk waves 
generated by aircraft capable of Mach spseds much higher than those attained 
during the tests conducted by this Board. 

5. COWCLDSTOWS. 

a. In regard to the duration, characteristics and intensity of wing- 
tip vorticest 

(1) The duration is governed primarily by the atmospheric con- 
ditions existing. Any air disturbance has am Immediate dispersing effect. 

(2) The greatest disturbances produced by any aircraft occur 
when that aircraft is traveling at low airspeeds, such as in landing and 
takeoff pattern*. 

(.>) No quantit've conclusions could be reached on intensity} 
howerer, the voirtex effect can be of such intensity that a serious control 
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problem will be created when light airplane? encounter the disturbances at 
low airspeeds. 

b. Wing-tip Tortices can produce momentary loss of control to Army 
airplanes and could under certain conditions produce structural damage to 
light airplanes. 

c. Further tests and studies, by agencies capable of more compre- 
hensive investigations than this Board, should be made of the effects of sonic 
shock and wing-tip vortices on Army aircraft. 

6.    RreOHHaHDATIOMS.    It is recommended that: 

a. The US Army monitor the study and flight-tee    program being initi- 
ated by Wright Air Development Center, Air Research ar.i Development Command, 

ti3AF, to study the effect of turbulence or aircraft landing every 30 seconds. 

b. The 08 Army monitor the sonic boom progvax being initiated by 
Wright Air Development Center, Air Researcn and Develc*« JTIX. Contend, USAF. 

c. The US Army support further investigation cf the sonic shock 
and wing-tip vortices problems to the extent necessary to determine effects 
or Army aircraft. 
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WilTED STATES ARMT AVIATION BOARD 
Fort Sucker, Alabama 

REPORT OF PROJECT NB AVN 2656 

EFFECT OF WINO TIP VORTICES AND SONIC SHXK OH ARMT AIRCRAFT HI FLIGHT 

I. AUTHORITT. Letter, ATBG-DG U52.1, Headquarters Board Mr 6, 
CONARC, 22 Kerch 1956, subject: "Effect of High Speed fortices and 
Sonic Veres on Aircraft," and indorsements thereto. 

II.    PURPOSE. 

1. To determine t.se duration, characteristics and intensity of 
irinf tip Tortices produced by specific highly wing-louded aircraft. 

2. To determine the effect of wing-tip vortices on Army aircraft. 

3. To determine the effect of sonic shock on fixed-wing Army air- 
craft in flight. 

III.    SCOPE.    Tests were conducted at Range 52, Eglin Air Force Baa«, 
Florida, during the period 31 October - 19 December 1956.    Six flight 
hours of preliminary testing were conducted to determine the duration 
and characteristics of wing-tip Tortices produced by F-100C aircraft 
flown at various configurations and airsueeds under various atmospheric 
conditions.    Ten flight hours of test were conducted in which a QL-17 
was used to intercept the wing-tin vortices created by F-100 and B-U7 
aircraft.    Two flight hours of testing were conducted in which a piloted 
L-19 intercepted wing-tip vortices created by an F-100.    Three flight 
hoars of tests were conducted in which a QL-17 in flight was subject«« 
to sonic shock created by an F-100. 

IV.    GENERAL INFORMATION. 

1.    Background. 

a. There has been considerable speculation as to the effect 
of sonic shock and wing-tip Tortices or. lightly wing-loaded aircraft. 
Numerous studies in these areas hare been made by fedeial agencies as 
wall as private organizations.    Many questions, however, involving oper- 
ational problems of Any aircraft remained unanswered. 

b. In February 1956 a crash of a I-1A "Otter* airplane, 
apparently caused by penetrating the wing-tip vortices of a CF-100 air- 
plane, emphasised the need for a more thorough and complste investigation. 
Although a later, second "Otter" accident of a similar nature was attri- 
buted to malfunction of the flap valve, the problem of possible damage from wing- 



tip vortices still remained. This Board recommended that tests be condu: 
to obtain operational information on the potential hazard of these vortices 
and also to investigate the possibility of damage fron sonic shock. In 
April 1956, Project Nr AVN 19?6, "affect of Sonic Shock on Ground Dispersed 
Army Aircraft and Related Equipment," was completed and the results submitted 
as a separate report. 

c. In order to make a "safe side" approach tc tests involving 
airborn* Army aircraft, recommendations were made and approved for use of a 
QL-17 o. ^»le aircraft in conducting tests. Two such aircraft were obtained 
from the Signal Corps and a contract for modification by TEMCO Aircraft Cor- 
poration was initiated. This contract included -nodification of a Poard L-23 
for use as a drone mother ship and logistical support of drones and drone 
control equipment during tests. 

d. Various manufacturers and interested agencies were contacted 
by thio Board in regard to their experience and interest in this field. A- 
mong agencies showing interest vas Beech Aircraft Corporation. This company 
offered to provide engineering support and analysis of the Board's test, under 
direction of Board personnel, at no expense to the government. This offer 
was accepted and, as a result, a minimum of two Beech engineers were present 
during all physical testing. Extracts from the Beech report are included as 
Appendix A. 

Figure 1. F-100, Front View 



2.    Description of .'lateriel« 

a.    USAF Equipment. 

(1)    An F-lOO: aircraft vas ©qui six  pylons 
vhich 500-pound bomb cases we'-e no'intea.    -i» hteen t'ro-ninute smoke pr«na       , 
used to generate snoke to mark the vortices of the aircraft  i ^re 
positioned insiae each bomb case an- wirea to the cnenical circuit cf the 
aircraft. 

Figure 2.    onoke Grenades Positioned 
In 500-Pound Eonb Case 

""hese !c,6k9 bombs could be triggered inaiviauallv. to mark the vortex pattern, 
A maximum of six markings by smoke were possible per sortie.    The F-100 was 
also loaded with 300 rounds of 20-m. ammunition which vas to be used to des- 
troy the drone if destruction became necessary ?nd command destruction could 
not be effected. 

(2)    A B-Ji7 was loaded with eighteen two-ninute snoke gre- 
nades in the JATC rack to dispense a smoke trail to mark \iinf-tip vortices 
of the bomber on one pass per sortie. 



Figure 3« 

B-itf Airplan« 

b.   US Anay Equipment. 

(1) An L-23 was modified for uee as a mother ship for re- 
mote control of QL-17 drone aircraft«    Remote-control equipment was removed 
from a ground-control station and installed in the baggage compartment of the 
L-23. 

Figure lu    Drone-Con*.rol Equipment Mounted 
In L-23 Airplane 



An airplane-control box vas installed in tne coo .lew 
operation from the forward right hand seat.    The airplane-ccnt"*cl box was 

Figure $. 
Airplane 
Control 
Box Mounted 
In L-23 

modified for remote-control operation of destruction and recorder systems 
installed in the drone aircraft. 

(2)    Tne ground-control  station consisted of an antenna 
mast assembly, a heavy-duty sheet-metal box containing VHF communication 

Figure 6.    Drone Ground- 
Control Station 
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equlpeent and a remote-control radio for tha purpoee of remotely control- 
ling drone aircraft.   The ground-control atation and airplane-control box 

Figure 7. 
Oround-Control 
Station Airpl*ne- 
Control Box 

were modified to permit remote-control operation of destruction and recorder 
systems installed in the drones. 

(3)    Two QL-17's were modified for installation of instru- 
mentation anrl destruction systems. 
the following data: 

Instrumentation provided for recording 

(a) Vertical acceleration 
(b) Lateral acceleration 
(c) Longitudinal acceleration 
(d) Airspeed change 
(e) Altitude change 
(f) Roll attitude 
(g) Pitch attitude 
(h) Taw attitude 

To reduce congeation caused by recording eight signals on oscillograph 
tape, lateral and longitudinal acceleration signals were not recorded. 



Acceleration signal• fron accelerometers vsre fsd through • bridge 
balance unit to an oscillograph.    All other signals war« picked up in 
the  autopilot system and fed through * demodulator to the oscillograph 
recorder.    The QL-17 was equipped with a command destruction system 
which permitted the elevator to be positioned to a hard "down" position 
on command from the operator.    This system consisted of an electrical 
lock-in relay, associated wiring,  one channel of the radio link, and a 
destruction switch on the airplane-control rox of the ground station and 
the  mother ship. 

3.    Problems Encountered. 

a. Visualizing the Vortex Wake.    The F-100 emitted smoke at a 
constant mass rate which could not be varied.    Thus,  mowing et an airspeed 
of ?00 knots it ♦raveled a distance of approximately seven and one-half 
miles while emitting smoke;  at an airspeed of bOO knots,  the same Toluma of 
smoke was dispensed over a distance of approximately 15 miles.    At low 
speeds,   the   -ortex pattern could be marked to  some degree up to time  intervals 
of 30 seconds;  on high speed runs,  5 to 10 seconds was usually the maximum 
time the smoke was persistent  enough to be used as a  reference.    Due  to the 
limited volume of smoke available to «ark  the  rortex pattern, photographic 
recordings attempting to show  the characteristics, duration,  and intensity 
of vortex actions were of limited value. 

b. Drone Penetration.     Directing drones by remote control 
into even a well-defined smoke trail was exceedingly difficult.    Judging 
the Dosltion of  f.he drone  in relation  to the smoke path was hampered by 
the  lack of references available to aid the drone-control pilot's depth 
perception.    Efforts were made to aid depth perception by laying two  smoke 
trails;  however, the smoke  trails were too close together to orove ef- 
fective.    Drone operations were difficult with cross winds of more than 
5 knots.    Vertical turbulence caused the drone to  fight to hold altitude, 
and abrupt changes of 50 feet were  not uncommon. 

c. Weather.    Operations were conducted in the early morning 
to minimi re the effect of turbulence and winds on Tortex patterns.    Fog 
and low ceilings often delayed scheduled takeoffs until VFR operations 
could be conducted.     Late morning and afternoon operations were often 
cancelled due to winds and turbulence. 

▼ .    TESTS. 

1.    General.    Tests were conducted at Eglin AFB,  Range 52, mhich 
Incorporates a £$00-f>ot runway.    It is located 17 miles northeast of 
Erlin Main.    The nortn end of the runway was used as the focal point of 
the test and Intercepts were at an altitude of approximately 1,000 feet 

ve that point.    \ ground-control  station, communications station, 
motion picture cameras,  and observers were positioned approximately l»,0OO 



feet south of the intercept point. A second station with observers, camera 
crews, and a communications vehicle was established approximately 300 feet 
to the rißht of the intercept point. Aerial observation and motion pictures 
were taken fron a helicopter which flew near the intercept point. 

Figure 8. 
Test Site 

,   INTFRCEf-TlON 

'°0 

.OROUNO CONTROL STATION 

300^ 
400tf 

5500" 
to OBSERVATION 

POINT 

Figure 9. 
Ground-Control 
Site, Aerial 
View 



2.    Preliminary Tests. 

s.   Six hours of preliminary tost« were contacted to deter- 
mlns the duration and characteristics of wing tip vorticee produced by 
an F-100C bain« flown at various configurations and airapaada.   Tha 
F-IOO, equipped with smoke baab», «ma flown over tha irtaroapt poLit In 
tht following oonfiguratlona and airapaads. 

(2) 
High speed, 1*00 knots, eisen. 
Low apeed, 200 knots, elaan. 

(3)    Low apaad, 200 knots, landing configuration. 

Twelv* runs wsra aads and ths vortxcss, aarkad by aaoka dispansad froa 
thfc P-100, wars studied by obeerve* ■. and photographsd with notion pictara 
caasras.   Buns wars made undsr atme ->heric eondltlons in which llttls or 
no turbulsncs and wind axlstad, as wall as turbulant conditions with winds 
which rariart froa 5 to 20 knots. 

b.    Ths following observations wars madst 

(1) On high-speed runs, ths core of the vortex appeared 
to be relatively snail and did not grow to any significant extent before 
the sacks dissipated.    It was difficult to dsteradne tha tine of break-up 
with any accuracy, because of the United volume of sänke dispensed over 
ths intercept point.   It was noted that any turbulence or wind hastened 
the break-up of the smoke pattern.    The limited volume of snake dispensed 
nada it impossible to study the pereistency of the vortices' pattern after 
a few seconds, even whan atmosphsric conditions were calm. 

(2) On low-speed runs, when the aircraft was clean, and 
on rune with the aircraft in landing configuration, the core appeared to 
be larger and more violent than in high-speed runs.    However, from ob- 
servers'reports and froa studies of motion pictures, no conclusions could 
be drawn as to which low-speed configuration produced the greatest wake 
disturbances.    Under ret rests ly stable atmospheric conditions a definite 
spinning motion could be observed for two ainutea and traces of smoke 
with sons evidence of vortex motion could be obeerved for approximately 
three minutes.    However, with very light turbulence or winds the snake 
dissipated very rapidly, and no dafinlte conclusions could be drawn con- 
csrning the vortex history after approximately 30 seconds. 

3.    Vortex Psnetretlons. 

a.    Drone Penetrations. 

(1)   To study ths sffsct of wing-tip vortices on lightly 
wing-loaded aircraft, a QL-17 was used to intercept the vortex   disturb- 
ances    generated by 7-100 and B-li7 aircraft. 



Figure 1>. 
fc-U7 Pissing 
Under QL-17 

Tine interval of attempted intercepts ranged from two seconds to 120 seconds 
after the vortxces had been g^ner^ed. Three different methods of intercept 
wore attempted: 

(a) The F-100 wa3 flown on a given course at an air- 
speed of 200 knots at an altitude of 1,000 feet.    The drone aircraft was 
flown on a course whach would cause it to intercept the vortex disturb- 
ances generated by the F-100.    This method of intercept was unsuccessful. 

(b) The drone airorift was flown on a giren coure* 
at an airspeed of 110 miles per hour at an altitude of 1,000 feet m.  s. 1. 
The pilot of the F-100 flew along side of the drone and then altered his 
course 3o that he would intercept and cross the projected flight path of the 
drone.    The drone intercepted the vortex wake of the F-100 at angles which 
varied from \& to 9^ degrees. 

(c) The third type of intercept was made by the 
F-100's overtaking, passing under,  v.d pulling up in front of the dron . 

(?)    Intercept time intervals wer»: clocked by ground ob- 
servers with stop watches.    Intercepts were filmed by cameramen from 
ground points  irvd from i helicopter.    Thi oscillograph recorder mounted 
in the drone was turned on  tnd off by the drone-control pilot from the 
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VORTEX TDE VERTICAL 
PENETRATION      INTERVAL        ACCELERATION 

(degrees)        (seconds)      (*£n in Q's) 
CHANGE ROLL TAW 

(degrees) (degrees) (degrees) 

U5 U.5 -2.15 ♦y.y2 8.5 da 
lO.o da 

2H.3R                               1.66L 

U5 U -1.31 ♦0,52 2.9 up   6,2 dn 35R                    1.38R    «'.Töl 

• 2 -0.y6 ♦i.5o 22     dn AJL 

• k -0.87 ♦0.60 9 «p   9.7 dn 

• 1.5 -0.66 ♦0.30 7.7 up    3.0 dn 

•B-U7 OTertook, passed under, and pulled up in front of the L-17. 

Figure 12.    Data Recorded by an Oscillograph During QL-17 Penetration of Wing-Tip Vortices 
Oenerated by a B-U7 

(3)    The drone was equipped with an autopilot which rapidly 
responded to correct any deviation of the drone from straifht and level flight. 
The reaction of the autopilot was much fa3ter than could be expected from a 
pilot and it would be difficult to draw any conclusion as to what degree of 
deviation from straight and level flight would have occurred had the aircraft 
been flown by a pilot.    It should be noted that, even with the .autopilot 
variations up to 30 degrees of yaw and 7u degrees of roll were observed.' 

12 



e arcne r^ ^ 
before tne aircraft 
Had the drone been a- 
it is doubtful 
drone assumed an invert 

b.     rilcted re-.etrati    £. 
piloted L-19,  flpl-v at 9'  -nilei per F-100 
vortices.    The P-lOO was flowr 
ration at an altitude cf 
the attenpted intercept«. 

Figure 12.    F-100 Passing-  'hder L-19 

The smoke narkinr the vortices econda,  ana there was no 
way to determine if t 'er of ",e dis* a was penetrated.    Cnly 
mild turbulence vas encounter« of turbulence 
Li5 to 90 seconds after t F-lOO, ere  sharp past 
was  felt.    Lett -*ex 30 so F-100 had passed, 
the rirht winr of pped and tne aircraft a rirht.    Full 
left ruuuer and left -evert:.eless drooped 

proxinetely r right«    The 
• 5lot was unable t ercepts, at 



time intervals of Ö to 15 seconds, no difficulty was encountered in intercept- 
ing areas of disturbances when letting down from above.    The L-1S was sub- 
jected to forces which caused 50-degree rolling, 30-degree yawing, and some 
pitching movements, even with nearly full corrective control forces applied. 
There appeared to be a tendency for the vortex to force or throw the L-19 out 
of the disturbed area.    On one occasion,  the L-19 intercepted the vortex at 
eight seconds and retrained in the disturbance for 20 seconds.    Violent rolling, 
yawing, and pitching movements were encountered. 

iu    Sonic Shock. 

a*    To determine the effect of sonic shock on Array aircraft in 
flight, a QL-17 drone aircraft was set on course at 1,000 feet and subjected 
to  sonic shock waves generated by an F-100 flown at speeds of Mach 1.0-1.0$. 
Making approaches at supersonic speeds toward the front,  side, and rear, the 
F-100 passed over the drone at altitude separations of 500 and 1,000 feet. 
To subject the drone  to sonic shock from below,  the passes were repeated, and 
the p-100 flew under the drone at altitude separations of 500 feet.    On the 
last pass,  the pilot of the F-100 overtook the drone and passed slightly above 
and to the right at a separation of approximately 200 feet. 

b.    Sonic shock waves produced under these  conditions did not 
cause any strictural damage to the QL-17.    There were no visual indications 
that the  flight of the QL-17 was in any way affected by sonic shock waves. 

71.       DISCUSSION. 

1.    Beech Aircraft Corporation Survey, 

a. Several years ago,  the fatal crash of a civilian utility- 
type aircraft, on landing approach at a busy air terminal, prompted the 
Flight Safety Department of Beech Aircraft Corporation to query many 
pilots regarding any experience they may have had in encountering turbu- 
lence behind large aircraft.    Beech received mare than 200 replies from 
pilots of many different types of aircraft.    A representative number of 
the replies were published in Beech Safety Suggestion Nr 8 in 1952.    Since 
this collection is probably the most comprehensive collection of pilots' 
comments to be found on this  subject, they are included in this report 
(Appendix B). 

b. A significant point made by man;/ of the pilots was that 
the inoidents occurred when there was a definite lack of turbulence and 
when wind and weather wore ideal for flying.    The severe rolling movements 
reported by the pilots were encountered during these tests.    Many pilots 
reported rolls of as much as 90 degrees when the disturbances were en- 
countered during approaches.    At low speeds, aileron controls are not as 
effective and slower response to corrections must be expected. 

o.    It was noted,  during the test at Eglin, that any atmos- 
pheric turbulence caused rapid decay of vortex patterns.    Under calm con- 
ditions the vortex patterns persisted longer. 

■ 



2»    Other Studies» 

a«    Wright Air Development Center, Air Research and Development 
Command, United States Air Force, Wright-Patterson AF3,  Ohio,  is initiating 
a study to determine the effect of turbulence on aircraft landing every 30 
seconds.    A study is also being made  tij Cornell Aeronautical Laboratory,  Inc., 
of Cornell University.    The WA'C and Cornell studies are being made for the 
Office  of the Special Assistant to the President for Aviation Facilities 
Planning. 

b. These programs include both theoretical studies and flight 
tests to determine effect of  turbulence  on aircraft in flight.    Flight tests 
will include a study of the effects of turbulence  generated by fighter, 
bomber, and transport aircraft on different types of aircraft at traffic 
patterns and on landing and takeoff.    This Board's testing was limited to 
intercepts of turbulence at  cruising speeds.    The WADC test will include 
intercepts at approach and landing speeds. 

c. Wright Air Development Center, Air Research and Development 
Coroaand, IEAF,  is  conducting an intensive study intc sonic boon problems. 
This study will include a corqprehensive theoretical study of sonic shock 
phenomena and effects.    The  flight-test site far this program is tentatively 
iglin AFB, Florida, and will include test aircraft such as the F-100, F-101, 
F-102,  and F-lOlu 

VII.       StmAKI. 

1. The duration of wing-tip vortices is governed primarily bv the 
turbulence structure of the  atmosphere  in which they are generated.     Greater 
vortex disturbances are generated when the generating aircraft ax*? flown at 
low airspeeds.    Any turbulence or wind has an immediate dispersing effect on 
the duration of wing-tip vortices. 

2. Up to time intervals of 30 seconds behind an F-100 flown in land- 
iiifc configuration at airspeeds of 200 knots, the vortex effect may be  of such 
magnitude that a light airplane  intercepting the  disturbances  could not be 
held in straight and level flight.    If the light aircraft were at low speeds, 
such as approach or landing,  it could become uncontrollable to such an extent 
that a crash could not be avoided.    It is highly improbable that an airplane 
would remain in vortex turbulence long enough to make a complete  roll.    Toe 
most likely response would be to roll to an inverted or near-inverted position 
and be thrown out of tl« vortex. 

3. No structural damage was sustained by the   test aircraft pene- 
trating the wing-tip vortices created by F-100 and B-U7 aircraft during this 
test,     however, based on negative loads recorded during this test, it appears 
possible that, under conditions of extremely stable air, light airplanes pene- 
trating the wing-tip vortices generated by highly wing-loaded aircraft flown 
at low airspeeds  could sustain structural damage, particularly if the lightly 
wing-loaded airplane was being operated at higher than normal cruise  speed. 
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lu    Sonic shock waves generated at airspeeds up to Hach 1.0$ and 
separations ^s near as ?00 feet did not cause any structural damage to the 
QL-17.    Tiere were no visjal indications that the flight path of the QL*-17 
was in uny way affected by sonic shock waves.    However, it cannot be deduced 
from this test that light aircraft would not sustain structural damage from 
sonic shock waves generated by airplanes flown at speeds well above Mach 1. 

5.    The results of this test indicate a definite need for additional 
information on the effect of vortex disturbances and sonic shock en light air- 
craft,    A comprehensive study of these problems,  involving theoretical studies, 
engineering tests and flight tests, will be required to secure any significant 
information.    Such studies are beyond the capability of this Board. 

VIII.      CONCLUSIONS. 

1. In regard to the duration,  characteristics, and intensity of wing- 
tip vortices: 

a. Tne duration is governed primarily by the atmospheric con- 
ditions existing.    Any air disturbance has an immediate dispersing effect. 

b. The greatest disturbances produced by any aircraft occur 
when that aircraft is traveling at low airspeeds,  such as in landing and 
takeoff patterns. 

c. No quantitive  conclusions could be reached on intensity; 
however, the vortex effect can be of such intensity that a serious control 
problem will be created when light airplanes encounter the disturbances at 
low airspeeds. 

2. Wing-tip vortices can produce momentary loss of control to 
Army airplanes and could under certain conditions produce  structural damage 
to li^ht airplanes. 

3. Further terts and studies, by agencies capable of more  compre- 
hensive  investigation than this Board, should be made of the effects of 
3onic shock and wing-tip vortices on Army aircraft. 

H.      RECOMMENDATIONS.     It is recommended that: 

1. The US Army monitor the study and flight-test program being ini- 
t tated by Wright Air Development Center, Air Research and Development Command, 
UHaF, to studj   the effect of turbulence on aiuraft landing every 30 seconds. 

2, The US Army monitor the sonic boom program being initiated by 
Wright Air Development Center, Air Research and Development Command, USAF. 

3»    The US Army support further investigation of the sonic shock and 
wing-tip vortices problems to the extent necessary to determine effects on 
Army aircraft. 
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I.    COORDINATION. 

1«    Plan of Test. 

a«    The Tentative Plan of Test was propared by this Board and 
circulated to other interested agencies for comments.    Their replies, and 
comments by this Board, are consolidated below* 

(1)    The Chief of Transportation. 

STATEMENT: "1.    The subject »Draft Plan of Test" has 
been reviewed and appears to be verj  complete and com- 
prehensive.    This office has no recommendations to make 
at this time concerning the plan as proposed or concern- 
ing additional test which may be desirable." 

BOARD COMMENT:    Noted. 

(2) The Canadian Army. 

STATEMENT: "2.     The draft plan of test has been 
studied and the following comments are submitted by the 
Canadian Array* 

"(a)    It is suggested that tests should not 
be  limited to  specific high wing loaded aircraft but in- 
clude the vor+ex generating characteristics of high 
speed jet aircraft manceuvreing in such a manner as to 
produce their CL(Max)e" 

BOARD COMMENT:    This Board concurs.    However,  only P-100 
and B-ii7 Jet aircraft are available for te3t program. 
These aircraft will be flown at low airspeeds (high C^) 
during test. 

(3) The following agencies concurred in the Tentative  Plan of 
Test: 

(a) The Marine  Corps Development Center. 

(b) The Army Maintenance Board. 

(c) The Air Proving Ground Command. 

(h)    The British war Office,  through the British Liaison Officer, 
replied, but had no comment to make on the Tentative Plan of Test. 

b.    No reDly has been received from the Chief Signal Officer on the 
Tentative Plan of Test. 
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2. Report of Test. 

(a) The Tentative Report of Test nas prepared by this Board and 
circulated to other interested agencies for comnents. 

The Marine Corps Development Center concurred in the Tentative 
Report of Test. 

(b) No reply has been received from the following agencies on the 
Tentative Report of Test: 

(1) The Chief of Transportation. 

(2) The Chief Signal Officer. 

(3) The British War Office, through the Britirh Liaison Officer. 

(U) The Canadian Any, through the Canadian Liaison Officer. 

(5) The Air Proving Ground Command. 

(6) The Air Research and Development Command. 
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APPENDIX A 

EVALUATION REPORT 

EFFECT OF WING-TIP VORTICES AND 30NIC SHOCK 

ON ARMY AIRCRAFT  IN FLICHT 

This  appendix contains an extract of Beach Aircraft Corporation's report 
of a preliJBinary study of oscillograph records obtained during this test. 
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FOREWORD 

This report is essentially an addition to the »PRELIMINARY STUDY 
OF THE EFFECT OF JET BLA3T UR WAKE ON OTHER AIRCRAFT"  issued by 
the Flight Safety Section of the Quality Control and Customer 
Service Division of Beech Aircraft Corporation, under the direc- 
tion of Mr. P. E. Allen. 

As a result of correspondence between Mr. M. J. Fortner,  civilian 
Aeronautical Engineer, of the United States Army Aviation Board, 
and Mr. Allen, Beech Aircraft Corporation participated in the 
Army Aviation Board tests conducted at Eglin AFB,  Florida.    This 
report is based on observations, comments of participating Military 
Personnel, and oscillograph data obtained during the tests. 

The Beech Aircraft Corporation personnel, who participated in 
the program,are particularly grateful to the United States Army 
Aviation Board for the privilege of  participating in the teats 
and of working with the Army Officers,  enlisted men, and civilian 
Board Members assigned to the project.    Especially, we would like 
to express our appreciation to Captain Robert L. Head, Project 
Officer, and Mr. M. J.  Fortner, Technical Advisor, of the Army 
Aviation Board, and Captain Roscoe Tanner, AFOTC Project Officer. 
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EVALUATION REPORT 

Effect Of Wing Tip Vortices And Sonic Shock 
On Amor Aircraft In Flight 

PURPOSE OP REPORT 

This report is a preliminary study of the oscillograph records obtained during 
the United States Ansy Aviation Board tests (Project Mo.  2656) conducted in 
conjunction with the Air Force (APG/TAT/1293-A) at Eglin AFB,  Florida.    Sow 
of the data emphasises that additional research is required and this is discussed 
as part of the report.   The experience of participating in these tests «as very 
beneficial and worthwhile as it pointed out the prcLiems to be overcome and 
suggested equipment changes that would aid in any further research. 

CONCLUSIONS 

In drawing any conclusions, consideration must be given to the limitations of 
the  recorded data, but the following items were tentatively established during 
the tests* 

1.    Vortices Penetrations 

a. Negative load factors higher than the mlnisti ultimate design require- 
ments for Normal Category personal aircraft can reasonably be expected 
at higher cruise speed,  since at the low drone speeds and high generating 
aircraft spstfd&.An load factors of -2.0 g*s were  recorded. 

b. In the opinion of experienced Army pilots flying the L-23 Mother Ship 
and observation planes.  Normal or Utility Category aircraft attempting 
take-offs or landings and encountering rolling, yawing, and pitching 
of the magnitude experienced by the QL-17 would be lost. 

c. Every change in attitude of the QL-17 resulting from vortex penetrations 
would have been more severe for a piloted Navion than for the QL-17 
controlled by the autopilot. 

d. Though not established by penetrations, observation of smoke runs prior 
to the arrival of the QL-17«, indicated that the 30-second separation 
interval for the WADC ILS proposal would create a flight hasard on calm 
days. The air Force pilot flying the B-47 vortex generating plane 
stated that vortices presented a control problem when one B-V? followed 
another in landing, and a light aircraft following at a 30-second sepa- 
ration would many times be in a haaardous area. 

2.    Sonic Shock Tests 

a.    The tentative information from the shock wave tests was that it is possi- 
ble tc hit an airplane of the Navion type with a shock wave shed at 
Mach 1.02 at a distance of approximately 500 feet without causing a 
structural failure.    Attention is sailed to the fact that Mach 1.02 Is 
very nearly Nach 1.0 at which only local shock waves are present and 
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2.    Sonic Shock Tests (Continued) 

that shock wave? created by planes flying at Mach 1.5 to 2.5 would be 
many times as severe as those encountered during the tests.    The data 
recorded during this phase of the test requires additional information 
on the Ql-17 characteristics before any attempt at evaluation can be 
made. 

b. It can safely be concluded, however, that a car window can be broken 
by flying an F-100 over it at sub-sonic speed and cutting in the after- 
burner which probably produced local pressure waves.    This actually 
happened as a side light of the tests. 

c. Though not a result of these tests, it has been established at Sglin 
AFB and the surrounding area that sonic boons need further study as a 
result of claims  for damaged roofs, church steeples, walls and windows. 
It is concluded that additional research as to their effect on planes 
in the air and on the ground is advisable. 

RECOMMENDATIONS 

The Army Aviation Board tests definitely point out that there are many areas of 
potential hazard from wing tip vortices and from sonic shock waves genere+.nri by 
many of todays aircraft. It is recommended that an extensive program be insti- 
gated to establish the  following: 

1. The velocity distribution of the vortices, the duration of the turbulence, 
and the displacement and dispersement of the vortices with time and/or wind 
conditions. 

2. Safe separation intervals between aircraft, landing and taking off,  based 
on wind conditions and types of airplanes. 

3. Safe separation distances (vertical and lateral) between vortex generating 
planes and vortex penetrating plane. 

4. Danger arose  for light aircraft operating in range of supersonic aircraft. 
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DISCUSSIO« 

Theory indicates that low speed and high wing loads  for a vortex generating plane 
will produce the highest load factors and/or greatest rotational (pitching, 
rolling, yawing) acceleration on the penetrating plane. 

The speed (200 knots) and weight (approximately 30,000 lbs.) of the vortex 
generating plane and the speed (110 mph) of the vortex penetrating plane were 
not expected to produce destructive loads, but from the data obtained it 
was anticipated that sufficient confirmation of equations suggested by prev- 
ious studies could be determined to show by extrapolation that destructive 
"~*,ds for light commercial aircraft can reasonably be expected. 

Tti«. obtained from the tests was limited for several reasons and it is 
felt th*b it would be well to point out  these li aitations and include sug- 
gestions for additional research.    Experience gained from these tests in- 
dicate that additional studies would be extremely desirable. 

The time element in preparing for these tests ruled out the use of strain 
gages on the drone and it is felt that this emission left much to be desired 
in determining stress distributions from the loads imposed by the penetrations. 

The autopilot response was so rapid that a comparison between the drone reaction 
and the reaction of a piloted aircraft was extremely difficult. 

The growth of the vortex diameter with time remains a« something of a question. 
Photographic coverage of the vortices presented unexpected problems, which 
could be corrected by assigning personnel familiar with what was desired, and 
by having all necessary equipment available to assure good coverage of the 
vortex movements.    Wind tunnel tests using a screen with tufts to outline the 
vortex would be beneficial in answering these questions. 

The location of the smoke tanks was such that although the vortices are completely 
rolled up in a fraction of a second, the outboard tanks were the only two of the 
six that would consistently show the expected rolling turbulence of the vortices. 
Ejection of the smoke at the wing tips would be extremely beneficial.    Is pointed 
out in two other studies, one of the major problems is hitting ths vortex center; 
this was again born out in these tests where a number of pasjes resulted in 
complete misses. 

The date limit set  for these tests did not permit nearly as many flights as 
required for thorough study.    Plights were cancelled because of excessive winds, 
gusts,  rain,  fog and maintenance problems.    A test  program set up for a definite 
number of flights rather than a time limit is suggested to assure a realistic 
study of vortex effects. 

The altitude control of the drone was partly responsible for the difficulty in 
vortex penetration.   The drone altitude varied with the pressure variations and 
these changes caused seme of the misses.    A more stabls altitude control or 
suitable method of piloting the drone through the vortices is required. 

While the very first inspection of the proposed flight test pro.gram indicated 
that the loads to which the drone would be subjected upon penetration of the 
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Discussion (Continued) 

vortices would be fairly small in magnitude,  it was the intent of the Beech 
Engineering Department to check the correlation of calculated loads with 
those measured during tests so that reasonable reliance could be placed upon 
analytical values determined for more severe conditions. 

The analytical approach to the problem has no way of accounting for the wind 
velocity and gust conditions and also is based on the assumption that the 
penetration occurs at ths center of the vortices. 

An investigation of the calculated and ««.sured values shown on Page    9    shows 
fair correlation in some cases and extremely poor in others.    It is the opinion 
of the Engineering Department  that the poor correlation is due to the wind and 
gust conditions and to missing the vortex centers. 

The tests definitely indicate the necessity of a more closely controlled program 
in regards to the wind velocity and gust effects and means of insuring penetra- 
tion of the vortex at the  center. 

The records for Mission 9 were not plotted as the oscillograph record was question- 
able.    Delta "n"  for Mission 10 was not calculated as the weight was not recorded 
for the P-10O during the flights.    The oscillograph records for Missions 11, 12, 
13,  14, 15 and 19 we-e used to furnish measured An readings to compare with the 
calculated ones. 

The maximum positive and negative readings recorded during the tests are tabulated 
on Page      8. 

The  "Proposal" and "Conclusions" included at the end of the report are based on 
individual studies of the problem by Beech Engineers. 
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DATA ON TEST AIRPLANES 

»-17  U344) 

Wing Ar»* - I84 ft.2 

Max. Weight - 2514.5 lbs.  (Assueed average weight - 2450 lbe.) 
Wing Span - 35.417 ft. 
C.G. Location (2450 lbe.) - Pus. Sta. 100.65 
Acceleroeeter Location (¥ertieal) - Pus. Sta. 93.125 (7.725 in.  fvd. of C.C.) 

«-17 (1346) 

Same as 1344 

r-ioo (625) 

Gross Weight  (L) - 25534 lbe. plus Fuel» 
Wing Span - 40 ft. 

B-47 

Gross Wsight  (L) - 84500 lbs.  plus fuel» 
Wing Span - 116 ft. 

Id* 
Max. Weight - 2430 lbs. 
Wing Span - 36 ft. 
Wing Area - 174 ft.2 

•Weight of fuel before each pass recorded by generating plane pilot, 
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CALCULATIONS FOrt CHANTE IN LOAD FACTOR    (An) 

The  core radius  (y) used In the calculation of A n is measured from the 
vortex velocity distribution of the F-100 and the B-47.    This distribution 
is calculated from data gi/en in NACA TN 337?«   These velocities are based 
on an IAS of 150 raph.    The core radius (y) is assumed to remain constant, 
with the weight and velocity of the generating planes variable. 

The basic equation, An = (KVffw/s)(2L/J& bpr'd) [l-e ~Z1 where Z - j^AYt, 
is simplified by the following assumptions, K = 1,0, and e"z is a negligible 
quantity.    This results  in  a n =   jV/w/sJ   IjdL/^byÜ] 

Where  An is the change in penetrating load factor 
V is the penetrating plane flight speed (161 ft/sec) 
w/s is penetrating plane wini» loading (2450/18/» or 13.32 lb/ft2) 
b is the span of generating plane  (F-100 is 40 ft, B-47 is 116 ft) 
y is i the distance from max. upward velocity to max. downward velocity. 

(F-100 = 8.5/2 or 4.25 ft., B-47 = 26/2 or 13 ft.— Ref. velocity 
distribution curves  for F-100 and B-47 on Page 10.) 

U is the velocity of the generating plane (ft/sec) = knots x 1.152 
x 1.467 - knots x 1.69 
L «lift of vortex generating * nW 
n * genet »ting plane flight load factor 
Vi ■ weight of generating plane    (F-100 » 25534 lbs. plus fuel - 

B-47 = 84500 lbs. plus fuel) 

Then for F-100 

4-An = (161/13.32) (2L/ 3.14? x 40 x 4.25 x U) 
- An = (161/13.32) (2L/ 3.142 x 40 x 4.25 x U) t (161/13.32) (2L/3.142 x 40 x 35.75 x U) 
♦ An - .01442 L/U 
- An = (.01442 ♦ .00172) L/U * .01614 L/U 

For B-47    (The B-47 weight at each pass was calculated and recorded by the pilot) 

♦ An = (161/13.32) (2L/3.142 x 116 x 13 x U) 
- An = (161/13.32) (2L/3.142 x 116 x 13 x U) + (161/13.32) (2L/3.142 x 116 x 103 x U) 
♦ An = ,001; 26 L/U 
- An » (.001626 4   .000205) L/U » .001831 L/U 
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03C1LLCG.UPH DATA 

Mission 
No. 

Ch'nl 
No.  1 

fert. Aoc 
g's/in. 

Ch'nl 
Mo.  5 

Pitch 
Deg/ in. 

Ch'nl 
No. 6 

Roll Att 
Deg/in< 

Ch'nl 
Mo. 7 

Taw Att 
Dag/in« 

Ch'nl 
Mo. 8 

Airspeed 
mph/in. 

Ch'nl 
No. 9 

Altitude 
ft/in. 

Ch'nl 
No. 10 

iRoll Att 
Dag/in. 

9 
10 
11 
12 
13 
14 
15 
16 
18 
19 
22 

3.83 
3.83 
3.61 
3.61 
2.95 
2.78 
2.96 
2.96 
3-4C 
4.38 
2.85 

9.70 
9.70 

15.6 
15.6 
15.6 
15.6 
15.6 
15.6 
14.2 
14.2 
15.6 

15.2 
15.2 

51.9 
51.9 

14.5 
14.5 
K.O 
14.0 
14.0 
14.0 
14.0 
u.o 
13.8 
13.8 
14.0 

9.9 
9.9 

17.25 
17.25 
17.25 
17.25 
17.25 
17.25 
21.3 
21.3 
17.25 

101 
101 
175 
175 
175 
175 
175 
175 
200 
200 
175 

19.35 
19.35 
48.6 
48.6 
48.6 
48.6 

48.6 

Maximian Oscillograph Readings 

12 HL m JSL m. 
Movements 
Recorded 

Mission 
And Pass 

Maximum (Pooitivs) 
See Sketch 

Maxim» (Negative) 
See Sketch "^r 

Acceleration (Vert., 
Pitching 
Rolling 
Yawing 

13-3-2 
19-6 
19-8 
19-8 

Trace Down-    .35 K'I 
Trace  Down- 3.75 
Trace Up-    74.00° 
Trace Up-      5.00° 

Trace Up-   2.00*'i 
Treoe Up- lO.OO0' 
Trace Down- .00 
Trace Down- 26.00° 

2.35 *e 
18.75°; 
74.00° 
31.00° 

(D Indicates trace direction for "PositITS" 
niSSUi SW01lt. 
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(>) w M Ü («) L) (,) 

Mission - Gen. Plane Gen. Plane L/U fan -An An 
Pass - Run Gross Wt. 

(Pounds) 
Velocity 

(Ft./Sec.) GAD 
.001626 .0018J1 

■<5 
Measured 

Poe. ]fec. 

19-3-1 126000 279 451.61 .73 .83 .7 -2.0 
19-4-1 124700 279 446.95 .73 .82 .5 -1.2 
19-5-1 122700 267 459.55 .75 .84 1.3 - .9 
19-6-1 121100 262 462.21 .75 .85 1.2 .85 
19-7-1 120000 254 472.24 .77 .87 .3 - .6 

Mission - Gen. Plane Gen. Plane L/U ♦An - An An 
Puss - Run Gross Wt. 

(Pounds) 
Velocity 

(Pt./Sec.) 0® 
.01442 .016J4 Measured 

Poa. 

11-4-1 28834 338 85.308 1.23 1.38 .95 .75 
11-5-1 28535 84.423 1.22 1.36 .6 .9 

12-1-1 31134 92.112 1.33 1.49 .5 1.15 
12-1-2 29934 88.562 1.28 1.43 .7 1.05 
12-6-1 29034 85.899 1.24 1.39 .95 1.70 

13-2-2 30834 91.225 1.32 1.47 .6 1.30 
13-3-2 30334 89.746 1.29 1.45 .45 2.0 
13-3-1 30534 90.337 1.30 1.46 .70 1.0 
13-6-1 29134 86.195 1.24 1.39 1.00 .5 

14-3-2 30234 89.450 1.29 1.44 .20 1.3 
14-4-2 29734 87.970 1.27 1.42 .65 .65 
14-4-1 29934 88.562 1.28 1.43 .20 .35 
14-5 29334 86.787 1.25 1.40 .15 .80 
14-6 29034 85.899 1.24 1.39 .40 1.15 

15-1-1 31334 92.704 1.34 1.50 0 .4 
15-2-2 30734 90.929 1.31 1.47 .6 1.6 
15-3-1 30434 90.041 1.30 1.45 .2 .7 
15-5-1 29<>34 87.675 1.26 1.42 .7 .5 
15-6-1 28934 ' ' 85.604 1.23 1.38 .8 .8 
15-6-2 28734 338 85.012 1.23 1.37 .4 .6 

19-8 26340 279 94.409 1.36 1.52 .6 .6 

COMFARISON - CALCULATED   An WITH MEASURED   An 
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EEECH AIRCRAFT CORPORATION 
Liter-Office Communicatlco 

Jamuary 9, 1957 

FROM: T. L. Maltby 

TO: Bamet Utter 

CC: D. £. Burleigh,  P. I. Allen,  C. H. Prewitt, W. G. Pierpont, 
C. J. King 

SUBJECT:    Conclusion» Drawn fron *J\ Observation of the Wing Tip Vortices and 
Sonic Shock Tort» Designated Army Project  Mo. 2656 

In addition to the problems enumerated in the previous msmoe, an observation 
of the flight tests indicated three additional critical problems if any 
correlation between the theory and flight tests is to be obtained.    These 
factors are: 

1. Vortex Core Diameter 
2. Axis of Penetration of tne Vortex 
3. Wind Effect 

I       Vortex Core Diameter 

It is suggested that an estimation of the vortex core diamet.er might 
be obtained in the following manner.    Place a tufted grid aft of the 
model during the tunnel tests.   The direction of the tufts should in- 
dicate both the diameter of the core and the vortice.    By moving the 
grid aft and repeating the tests, the increase in these diameters 
could be evaluated.    A tine history of this growth could be obtained 
by correlating the distance of the grid aft of the tip with the tunnel 
flow velocity. 

H     Axis of Penetration of the Vortex 

It is the opinion of the writer that theodolite data might be used to 
locate the tip of the vortex-generating aircraft in space and the exact 
altitude at which the drone penetrates this vortex.    It is important to 
know whether or not the drone penetrated the center of the vortex or 
only encountered the outside fringes« 

III    Ambient Wind Velocity and Oust Intensity 

An observation of the behavior of the sm^Va generate*, during ths tests 
indicates that the atmospheric wind velocities and gist intensities have 
a very significant effect on the Vortices.    There dots not appear to be 
a very good solution to this phase of ths problem, and the only recom- 
mendation apparent to the writer at this time is to gather statistical 
data of ths time for the vortices to break up as a function of the wind 
velocity and gust intensities and limit ths penetration trsta to condi- 
tions when the wind and gust velocities do not exceed certain limiting 
values. 
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Inter-Office Cocaaufiication 

Subject:    Conclusions Drawn from an Obeerration of the Wing Tip Vortices and 
Sonic Shock Testa Designated Aray Project Mo. 2656 - Pa^e 2  

IV     Conclusions 

The  flight teats conducted during the aforeaentioned project definitely 
established the existence of significant disturbances and pointed out 
the magnitude of the problems, not apparent from the theoretical inves- 
tigation, encountered in a flight test program to evaluate these effects, 

A very careful study and scheduling of a program would be neceaaary in 
order tc properly evaluate thesa effect«• 

T. L. Maltby       / 
Structures Engineer 
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BIG PLANE TURBULENCE CAN 
CAUSE A FLIGHT HAZARD 

This was tragically brought to our atten- 
tion with the fatal crash of a Bonanza on 
its landing approach at a busy air termi- 
nal. As a result of this accident we asked 
(or resumes of the experience that pilots 
may have had in encountering turbulence 
in landing behind large aircraft. 

The hundreds of answers which we received 
to this question prove that there is a flight 
hazard in the traffic pattern and that there 
is a definite need for a study of the air 
traffic control procedures now in effect 
to provide more protection for flight in 
the controlled traffic patterns. 

What Causes This Hazard? Basically 
it is (a) the wing tip vortexes and (b) the 
swirling propeller wash of large aircraft 
that creates a turbulence which can upset 
another aircraft, as indicated in Figures 
1 through 5 of this bulletin. 

What Type of Alrplanos Does This Affect? 
The answer is all types. Replies to our 
inquiry show the following types of aircraft 
have been seriously affected by landing 
turbulence, according to more than 200 
letters from their piloti: 

Model 35 North American 
(BEECBCRAFT)        AT-6 

Stinson 
Cessna 140 
Cessna 170 
Cessna 190 
Cessna 195 
Navion 
Piper Cub 
Piper Tri-Pacer 
Lockheed Lodestar 
Douglas A-20 

Douglas B-26 
Vought Corsair 
Swift 
Ercoupe 
DC-3 
Beech C-45 
Waco 
Beech Model 18 
Aercnca 

What Type of Planes Are Reported to 
Have Caused This Turbulence? Pilots 
have reported severe c dangerous turbu- 
lence caused by varied types of aircraft 
during their landing or take-off opera- 
tion, but the most frequent and severe 
examples were reported behind the largest 
commercial airliners such as DC-6's, 
Constellations, DC-4's and DC-3's in 
that order of frequency. 

Let The Pilots Tell It. 
" "Switzerland 

"First days of October, 1951, I took off 
with my Bonanza from Zurich, Switzerland, 
Airport. It was a beautiful evening and the 
air was absolutely calm. About a minute 
ahead of me, a four-engined transport 
had also taken off, but when the tovrer 
cleared me it was already out of my field 
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of vision. Takt-ofi was as smooth as 
cant» tod the usual procedure of retract- 
ing landing gear and adjusting flaps and 
propeller rapidly computed. Then suddenly 
sad without ths slightest warning, the 
Bonanza mads a ▼•rtlcal bank. Applying 
full ailerons I brought her again level, 
but lmmediately the same thing happened 
again. Thtre seemed no explanation for 
this strange behavior and there was not 
much time to think, as the end of the run- 
way approached fast and the village of 
Kloten loomed ahead. My altitude was 
approximately 90 feet, when for the third 
time in succession the Bonansa went again 
on her wing. I felt there must be some 
mechanical defect la the controls, as I 
was unable to hold her. I, therefore, cut 

the gas and made a belly landing at the 
fringe of the airport. 

"I have about 2000 flying hours and flew 
with my glider in the roughest thunder- 
storms. But this was an entirely new 
experience. I did not feel any gusts or 
turbulence whatsoever. In smooth climb 
at about 90 miles an hour, the Bonanza 
seemingly went out of control for no appar- 
ent reason. 

"Dozens of times have I taken off at the 
same distance and nearer behind large 
similar aircraft. Yet I never ran Into 
any turbulence and never have considered 
such violent effect on my aircraft possi- 
ble. I understand, however, that particu- 

Flgure 1 

This figure shows the tip vortexes and swirling propeller wash trailing behind a large air- 
craft on Its landing approach and a plane in the downwind leg of the traffic pattern. 
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larly on a perfectly calm evening with no 
wind and" nothermal* the turbuleticecäused 
by a large airplane continues to loom lor a 
considerable time dangerously over the 
airfield. 

"I hop« my experience may serv. as a 
warning to other pilots In a similar 
occurrence. 

Signed:   M. Schachenmann" 

"Sallna, Kansas 
"I was piloting a B-17 during a routine 
night landing, spact-d approximately one 
mile behind another landing B-17, when 
I encountered prop wash at abort iOO feet 
altitude and perhaps 100 yards short of 
the landing runway. The turbulence was 
so severe the landing was abandoned and 

full power Immediately applied. The air- 
craft was thrown into a nearly vertical 
bank, and required full opposite rudder 
and aileron for seemingly several seconds 
before positive control of the aircraft 
was regained. The turbulence was so 
severe that I'm sure the aircraft would 
have been damaged, had the landing been 
completed in this turbulence. 

Signed:   Fred L. Roscoe" 

Florence, Alabama 
"While approaching the Birmingham 
Airport on a clear, calm day I was author- 
ised to follow a DC-6 into the traffic pat- 
tern with my Stinson. Of course the DC-6 
had flaps and wheels down and when I 
entered the pattern at a point about a mile 
behind the DC-6, I experience! the most 

__ f       i *~iA    iii 

Figure 2 

This figure shows the large plane taxiing up to the terminal and the plane that was on its 
downwind leg now on its final approach for landing and entering the area of turbulence set 
up by the large airplane that had landed. This turbulence may remain in an area of ap- 
proach for several minutes depending on the air conditions. 
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violent turbulence in my flying experience. 
The Sttnson went through a negative ac- 
celeration first, followed immediately 
by a positive acceleration which threw 
us into a steep bank and strain on the 
structure was sufficient to open both doors. 
Close examination of the plane afte land- 
ing revealed no dariage. The distance 
behind the DC-6 at the time of the incident 
may have beon greater than one mile but 
not more than two, I am sure. 

Signed:   W. O. Perritt, Jr. 
Perrltt Chevrolet Co, Inc." 

"El Paso, Texas 
"We have had numerous instances of ex- 
tremely turbulent air being encountered 
on landing approaches behind multi- 
engined aircraft. About six months ago 
I was making an approach in a Piper Tri- 

Pacer (with a student at the controls) 
behind an American Airlines DC-6. The 
DC-6 had already turned onto a taxi strip 
when we were getting ready for a touch- 
down. About 25 feet in the air we felt 
we had hit a br;ck wall and the plane tried 
to turn over on its side. Both of us strug- 
gled with the controls and turned the air- 
plane off to the right side of the runway 
and applied power to climb and go around. 
We again encountered turbulent air off 
to the right of the runway and at an alti- 
tude of 50-100 feet for about 500-750 along 
the runway before we were clear. 

"Nearly every one of the six commercial 
pilots flying for us have experienced the 
same thing as mentioned in the above 
instance at one time or another. We are 
generally anticipating such turbulence 
now and if we make an approach close 

.    V.. - (Lt» 

Figure 3 

This figure shows the landing airplane being upset by the turbulence. 
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«MM 

SÄT?-1-- • 

Figure 4 

Tbc trailing wing-tip vortices of a B-25 Mitchell pick up a amofce screen being UJ» In the 

A.  20 
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enough behind a uultl- engine airplane, 
usually stand by prepared for action and 
hold 10-15 miles per hour extra speed 
until we are sure everything is O^. 

8igned:  William K. Mueller, Manager 
3outhwe.it Air Rangers" 

"Portland, Oregon 
"Coming in from Seattle one morning 1 
was cleared by the tower to make a laud- 
ing on runway 11 of tho Portland Columbia 
Airport. As I was u aklng my base leg 
approach, a DC-6 was touching down ahead 
of me. This was in the morning and it was 
fairly cool. Approximately 100 yards 
from the spot where I wrold have normally 
touched down and at at Indicated speed 
of 75 miles per hour n a Ryan Navion 
I hit a turbulent spot in the air whicb caused 
one wing to drop quite suddenly and the 

airplane to fall off to one side and drop 
approximately 40 feet so that the left wing 
nearly hit the runway before I was able 
to gain control of the airplane. About 
10 feet above the runway the controls 
began to take effect, and I was able to 
level out and make a normal landing. If 
I had been coming in on my final approach 
at a slower speed or closer to the run- 
way in that certain area, this turbulence 
could have very easily caused a crash 
landing. As I stated before, the air was 
very calm, and there was no turbulence 
In flying whatever. I would estimate the 
temperature to be between 40 degrees and 
45 degrees. 

Signed:  J. B. Coiway*' 

"Louisville), Kentucky 
"As I turned the final In my Bonanaa, I 
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Vertical vortexes caused by slip stream 
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notified the tower I was on final and they 
instructed me to land. At the moment the 
C-46 was still in his landing roll and I asked 
the tower if they were going to get him 
out 01 the way promptly. They came back 
in the affirmative - that he would be turn- 
ing left at the end of runway. By the time 
he ran the runway I was wer the boundary, 
off the field about 100 feet - wheels down, 
flaps >Jown - slight power on approach - 
speed 90 miles per hour (not a bit less). 
When I had reached an altitude of about 
80 feet and about 200 feet off the end of 
the runway - suddenly without warning my 
airplane completely fell out from under 
me. It didn't have the feeling of a stall. 
There was no vibration. The stall warning 
Indicator did not register ai. alarm. The 
airplane purely and simply quit flying. 
I immediately with the palm of my hand 
hit the throttle - the motor already develop- 
ing some power - the power glide respond- 
ing instantaneously - the airplane fell - 
I would Judge about 40 or 50 feet... the left 
wing went down slightly before the power 
was applied. When I applied the power I 
dropped the nose and s recovery was made. 
I went around again and made a normal 
landing. 

Signed:   R. D. Biell 
Executive Vice President    6 

General Managtr 
Roy C. Whayne Supply Company** 

**Akron, Ohio 
"In one particular instance, during a land- 
ing at Washington National Airport, in our 

Company Lockheed Lodestar, I wis coming 
in at approximately 1000 feet behind a DC-3 
at an altitude of about 200 feet, ajod during 
this approach, 1 got into prop wash of the 
other aircraft. The Lodestar «(»countered 
very severe turbulence behind this air- 
craft to the extent that the Lodestar was 
thrown into i lateral attitude of more than 
60 to 70 degrees in an abrupt manner. It 
came very close to upsetting me. 

Signed:   Sam A. Merrill, Pilot 
The Goodyear Tire e Rubber 

Company, Inc.** 

"Guthrie, Texas 
"I experienced this turbulence once on 
a landing at Love Field in my Cessna 100. 
I was working my approach on Runway 9, 
was cleared by the tower when a DC-6 
started its take-off roll on runway 17. 
Not having experienced such turbulence 
before, I aimed to touch in where the two 
runways intersect on the northwest cor- 
ner of the field. Fortunately, I overshot 
and was about 40 feet high on crossing 
the Intersection. The DC-6 was about 
2000 feet down the runway, but its turbu- 
lence rolled my plane into almost a 90- 
degree bank toward the DC-6. Fortunately 
I still had enough forward speed to right 
the plan« with the aid of engine torque. 
Since then I just don't go anywhere near 
a big airplane. 

Signed:   R. B. Master son IH" 

"Irvlngton, New Jersey 
"With full gas tanks, one passenger and 
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appro* ly 50 pounds of baggage aboard 
our y za, we were cleared from the 
ram runway 27, the longest and largest 
at Pittsburgh. Cleared In front of us was 
a TWA L749 Constellation, which like 
ourselves was westbound. We were cleared 
for take-off when the Connie was approxi- 
mately 3500 feet down the runway. We 
suddenly encountered a severe gust, which, 
for some unexplainable reason, threw us 
into a 90-degree left bank in a fraction 
of a second (or so it seemed at the time). 
Luckily, full power was still being developed 
by the engine and quick aileron control 
coupled with a decisive right rudder action 
set us level before our high angle of bank, 
low speed combination could cause a stall. 
After righting the airplane, a normal climb- 
out resulted, no further turbulence being 
encountered. 

Signed: John L. Le»*, A.st. Sales Manager 
Red Devil Tools" 

"La Grange, Illinois 
"About the middle of last October I had 
an experience which I think may aid ytou 
in your research. About sundown, I was 
leaving on a trip in a Cessna 140, from 
Chicago Municipal Airport. There was 
a lot o£ heavy traffic at the time and the 
boys in the control tower were getting 
a real workout. Just before they cleared 
me to take off they cleared a Connie in 
to land on 22L which was the runway I 
was to take off on. They told me to take 
off even before the Connie had cleared 
the runway, and although I called them 

back and requested a little time for the 
turbulence to quiet down, they said they 
were busy and I was holding up too much 
traffic. As I started down the runway 
everything seemed normal and I went 
into a climb as I always did. After reach- 
ing an altitude of about 100 feet the stall 
warner suddenly blew and the ship was 
violently thrown into an extremely nose- 
high attitude and at the same time was 
rolled over so that the wings were almost 
vertical with the ground. The stall warner 
was blowing constantly and no amount 
of control movement made the slightest 
difference, the ship was completely out of 
control and was falling on the right wing. 
There were several other wild gyrations 
and Jolts that seemed as If they were going 
to tear the safety belts and then suddenly 
about 10 feet above the ground and about 
50 yards off the runway to the right every- 
thing cleared up and the ship started to 
fly again. From then on It was all normal 
and nothing more happened. The whole 
thing probably only took about five seconds, 
but it sure was a miserable five seconds. 

Signed:  George W. Zastrow 
Dostal Excavating" 

" Longview, Washington 
"Recently I followed an Army twin fan 
Job to the end of the runway and gave him 
what I thought to be a more than adequate 
start of aouut 1500 feet before opening the 
throttle on my 8ttnson 165. I was about 
40 to 50 feet up when my plane tried (and 
nearly did) a snap roll to the right. Obser- 
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vers said my wings were vertical with 
about 12 feet of clearance from my right 
win^ tip to the ground. 

Signed:   B. Davids 
Davids Motor Company" 

Catasauqua, Pennsylvania 
"About a year ago I flew to Washington, 
contacted the tower there, and was advised 
that I was No. 2 to land In our Navion, 
following a DC-6. The DC-6 landed and 
was at the extreme end of the runway at 
the National Airport. Then the tower 
called me and suggested, if I wished, I 
could use another runway. I declined 
and continued my approach. As I was 
just about to cross the boundary on my 
final, there was another DC-4 holding in 
a warm-up position. When I crossed the 
boundary, I was approximately at 400-500 
feet. At this moment a terrific down draft, 
the result of the prop wash of the DC-6 
which was at the end of the runway, started 
to pull me down and flipped my plane over 
to the left. Fortunately I had the propeller 
in high rpm position with my hand on the 
throttle - gave it full power and followed 
the turn to the left, which I was then in. 
In a second or two I was out of the wash 
and was able to again control the ship. 
I followed around to make a 360 degree 
climbing turn to avoid the river, called the 
tower and made a normal landing. I would 
like to stress that the violence of the turbu- 
lence at that particular moment was so 
severe that had I waited a few more seconds 
before applying full power, there is no 
telling just what would have happened.   The 

thing that puzzled me is that the DC-6 was 
at least 5000 feet in front of me when I 
crossed the boundary. It seemed that 
the turbulence just hung at the end of the 
runway. 

Signed:   J    Oliver Doern,  President 
Eagle Brewnp Company" 

"Washington. D. C 
"I wanted to mention to you that I had 
somewhat of the same experience return- 
ing from a trip from Philadelphia and 
cominr: into Washington Airport for a 
landing was told to follow in closelv behind 
a DC-4, ran lntu the turbulence at about 
100 feet altitude and about 300 yards from 
the airport. The turbulence practically 
made me feel I was going to land under 
the airport instead of on top of it. We 
finally pulled the ship out about 15 feet 
above the water and straightened it out 
and landed. If we had not had an approach 
speed of about 95 miles per hour. I be- 
lieve that we would have had somewhat 
of a serious accident. 

Signed:   Harrison Somerville" 

"Minneapolis, Minnesota 
"I had an experience in 1949 which comes 
squarely within the scope of your inquiry. 
1 was flying a 1947 Stinson Voyager which 
was based at Wold Chamberlain Airport, 
Minneapolis, Minnesota. I do not recall 
the date, but it was during the summer 
months and just at dusk. Flying condi- 
tions were perfect and there was no wind. 
I was cleared by the tower to land north 
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following a DC-4. On coming over the 
south border of the airport, the DC-4 
had completed Its landing run and had 
turned off the runway and into the ramp 
on the west side of the field. I was ready 
to land and still had an altitude of SO feet, 
flying speed about 70 mph and was approxi- 
mately 2000 feet from the point where the 
DC -4 had turned of! the runway when the 
left wing of my Stlnson was pulled violently 
upward and within an Instant the ship was 
almost upside down and well to the right 
of the runway. 1 had the impression that 
my altitude increased noticeably, but I 
am not certain. 

"With full opposite rudder and full throttle, 
I got control of the ship within a matter 
of Inches before it hit the ground. By 
this time I was well to the right or east 
of the runway and it was necessary to 
go around and get clearance for another 
landing. 

Signed:   I. E. Meagher 
Meagher,  Geer L Marhham" 

"Washington, D. C. 
"I was returning from New York with two 
passengers in the Bonanza. The weather 
was CAVU; the time of day, about 19:30, 
just before twilight; temperature, approxi- 
mately 80 degrees F.; wind, calm. 

"Received tower instructions for a left- 
hand traffic pattern to runway 36, Washing- 
ton National Airport. No aircraft were 
either in the traffic pattern or, so far 
as 1 had observed, had landed or taken 

off during my surveillance of the airport 
which must have been a matter of five 
to six minutes. Since I had experienced 
no turbulence whatever during the entire 
flight, 1 did not anticipate the sudden "bump" 
which I received when about 200 feet above 
the Potomac River and about 1000 feet 
from the end of the runway. The right wing 
of the aircraft dropped to about 90 degrees 
and the plane seemed to fall off sharply 
in that direction. 1 had plenty of air speed 
in which to right tve aircraft and continue 
a normal approach. I did instinctively 
apply power as soon as the wing dropped 
but was not too concerned about the 
Incident. 

"Curiosity aroused me sufficiently to ask 
the meteorlogist at the weather station in 
Washington to what he attributed this strange 
phenomena. As nearly as I can remember 
he told me that it could have been a minia- 
ture whirlwind set up by either a landing 
or departing aircraft. In the still air 
this whirlwind had lingered in the vicinity 
of the airport perhaps even building up 
some velocity and I had apparently struck 
the vortex. 

Signed: G. C. Whalen, President 
American Mercury Insurance Co." 

"Oakland, Calilo^nia 
"Approximately 4:00 p.m. one afternoon 
in January of this year, 1 was approaching 
Oakland Airport from the north in a Model 
35 Bonanza and was told by the tower to 
make a right hand approach and l?nd short 
behind a Curtiss C-46 on fina. as other 
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traffic was following closely. My very 
first thought was to avoid any turbulence 
that might he present in the path of this 
airplane, and, «is a matter of fact, I called 
the tower and told them I could use the 
gravel area on the north side of the run- 
way but was ordered to land on the runway. 

"I spaced myself accordingly and turned 
on final approach about 1000 feet from the 
end of the runwav at about 400 feet alti- 
tude. At this point, the wheels were down, 
full flaps on. ind prop in low pitch with 
air speed of 80 mph, and airplane trimmed 
in hands-off attitude. The air was very 
smooth and stable. 

"At approximately 150 feet from the end 
of the runway, and about 200 feet altitude 
the plane was thrown violently on its side, 
left wing down about 70 to 80 degrees, and 
headed for the ground at terrific speed. 
During this very brief period. 1 had no 
evident control over the airplane. I did 
have my hand on the throttle and remem- 
ber applying a considerable amount of 
power. Recovery was effected about three 
or four feet off of the ground - far too 
close for comfort. Witnesses afterward 
confirmed this saying that they started 
to run as they saw the Bonanza apparently 
falling out of control. I still don't know 
who was most surprised at a recovery 
that apparently wasn't in the cards 

" I might add that when this occurred, 
the C-46 was about 4000 feet ahead, had 
landed, and was turning off of the runway. 

Signed:   Ivor Witney, Chief Pilot 
Pacific Aircraft Sales Company* 

"Ventura, California 
"First Is a total washout of a Cessna 140 
in 1950, that was cleared to land by the 
tower behind a Constellation on a warm 
day with winds of less than 15 mph. land- 
ing to have been made a suitable distance 
behind the big airplane Upon crossing the 
fence at an altitude of about 50 feet the 
Cessna 140 dropped in a full stall with- 
out warning and in a direction at least 
45 degrees to the right of »He flight path, 
"triking the ground off of the runway. No 
injuries were sustained by either pilot 
or passenger however, damage to plane 
was beyond economical repair. 

Signed:   W. W. Hoffman, Owner-Manager 
Ventura Airpark" 

"Lebanon, Ohio 
"In answer to your letter of February 18th 
on safety suggestions, I thought I would 
mention thüt my Bonanza was upset while 
I w s flying into the airport by the slip 
stream of a DC 6 in July. 1949. On a 
very still, clear day, I came in on a low, 
slow approach (about 72 mph) on the end 
of the runway. The DC-6 was just turning 
off the other end of the runway At about 
40 feet altitude the turbulence struck, my 
wing went down and we almost cartwheeled 
into the ground. The airplane was a complete 
loss, but we were not hurt at all because 
our seat belts were tight. 

Signed:   Corwin S. Fred** 

"Cedar Rapids, Iowa 
"A letdown in our C-45 was beinr made 
into Vandalia Airport at Dayton, Ohio, 
at night dxiring the fall of the year.  A 
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Branlff pilot, W. A. Stephens, was flying 
the ship and the writer was serving as co- 
pilot. The weather was clear except for 
a light stratus formation at about 2000 feet 
which was only about 500 feet thick. After 
passing through the stratus I used a flash- 
light to check the leading edge for ice 
between the engine nacelle and the wing 
root where my previous experience had 
led me to believe was the point at which 
ice was formed first. No icing was observed 
and the boots were not used. A normal 
approach was made with good visibility 
below the stratus and, as I recall it, about 
a 25 mph surface wind straight down the 
runway. 

"We were cleared to land behind a TWA DC-3 
which was taking off and which cleared the 
far end of the field about the time we crossed 
the airport boundary at about 50 feet and 
with a good margin of air speed. Just as 
Stephens started to flare out, the ship 
suddenly went out of control due to turbu- 
lence obviously induced by the DC-3's 
take-off. The ship went into a violent 
snap roll and one wing tip cleared the 
runway literally by inches. A superb 
performance by Stephens effected a re- 
covery by instantaneous application of 
rudder and full power coupled with his 
demanding instant retraction of gear and 
flaps. Fortunately he had cleared the 
carburetor of ice and had advanced the 
prop controls on the approach so that 
there was an instant response to the 
throttles. 

"Inspection of Uit airplane after the go- 
around revealed that about an inch of ; ime 

ice had formed on the leading edge near 
the wing tips and on the leading edges 
of the tail surfaces. Like most situa- 
tions when an aircraft gets Into difficulty 
this was a build-up of several factors 
which combined to result In something 
really important. In this case it was dis- 
covered that while glaze ice may form 
first on the wing root, rime ice does not 
necessarily do so, and this coupled with 
the turbulence created by the DC-3 com- 
bined to result in a very close one. Any- 
thing you can do to assist pilots to learn 
these things other than the hard way is 
certainly a praiseworthy effort. 

Signed:   Arthur A. Collins, President 
Collins Radio Company" 

"Bridgeport, Connecticut 
"My Nation's approach speed was about 
80 IAS - spacing 1/2 to 3/4 miles behind 
the DC-3 and landing path offset to the 
windward side of the DC-3 path. Surface 
wind was slightly cross runway 5-8 mph. 
At about 75-100 feet above the ground the 
right wing dropped down so violently that 
for several seconds, I was in a near verti- 
cal bank. This condition persisted for a 
moment or two even after 1 had applied 
full power and some lor ward movement 
of the control column. 

Signed:   Robert D. Smith 
LaResista Corset Company" 

"Buffalo, New York 
"Yes, 1 have encountered those same condi- 
tions as mentioned in your letter.  Was 
flying a BT-13A at the time of accident. 
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Can only say was too close to an American 
Airline Convair on final approach for 
landing. With my ship in low pitch and 
30 degrees of flap when 1 hit the wash 
of other ship ahead. The turbulence put 
rne out of control, down I came 50 feet. 
One week in hospital 

Signed:  William L. Hauck" 

Galesbu/g, Illinois 
•*We were about to leave Chicago Municipal 
Airport, having already completed our 
mission there, and had taxied out >\> the 
prescribed runwrxy. Our stop had been 
brief and only a short run-up check was 
required. After completing this, the lower 
granted take-off permission just as an 
airline Constellation bscame airborne. 
Believe me, it took both of us pilots (Mr. 
Karrol Bretz, now captain with Wisconsin 
Central Airlines, and myself) on the con- 
trols giving full travel to both right then 
left aileron, etc., to keep our DC-3 from 
doing a snap roll just as we became airborne. 

Signed:   C. L. Crossan, Buyer 
Midwest Manufacturing 

Corporation" 

"AescUenhof, Switzerland 
"i landed with my Cessna shortly after a 
large DC-4 of Air-France. I intended 
to roll to the parking place diagonal in 
the back of the DC-4 and in passing - 
when suddenly the pilot of the Air-France 
machine turned on his motors to control 
the magnetos.  My aircraft was blown over 

by turbulence and 1 landed on my head. 
My airplane was crashed and completely 
demolished. By great luck, my passenger 
and I were not injured. 1 wish to add that 
1 had to fight a lawsuit of three years up 
to the court of appeal at Paris to receive 
my indemnification, which was paid to 
me just a week ago. 

Sigred:   Ernst Müller" 

"Bedminster, New Jersey 
"We operate several planes here on "air 
taxi" and have occa.;>on frequently to go 
into LaGuardia, Idlewild and other air 
terminals. In several years of this sort 
of flying, 1 have had numerous occasions 
to experience prop wash from airliners on 
both approach and take-offs. 

"Several things can be done by the pilot 
to minimize danger. Approach steeply 
and at higher than normal approach speed 
so that extra control will be available if 
turbulence is encountered. Stay on the 
windward side of the runway if there is 
any cross-wind. On take-off, crab or 
bank gentry to the windward side of the 
runway which will put you out of any turbu- 
lence left from a preceding airliner. Always 
be ready for turbulence and act rapidly 
to try to turn out of it or dive the plane 
to recover control. On one occasion I 
saw an AT-6 flipped on its back landing 
behind a B-24 so it isn't only the light 
planes that can be affected. I believe we 
can educate tower personnel to this problem 
and that more effort should be made to 
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direct light planes to short or cross-wind 
runways at large terminals rather than 
Instruct them to land directly bebtad four- 
englne craft. 

Signed:   Samuel Freeman 
Somerset Air Service, Inc.** 

"The Haugue, Netherlands 
"KL1I reported as follows: 

The dangerous Influence of turbulence 
created in the approach area by large 
aircraft Is well known to us. All our pilots 
are fully aware of this and even large 
airplanes like Constellations and DC-6*s 
a re upset by it. We also wish to draw 
your attention to the fact that the turbulence 
In the approach area created by Jet air- 
craft Is considerably higher than the turbu- 
lence produced by a plston-engined airplane. 
Pilots of large airplanes have to be ser- 
iously on the alert when landing behind 
jet aircraft. 

Signed:  D. J. deVrlej 
HolllndaN.V.M 

** Portland, Maine 
*'I have seen many light plane pilots run 
serious risks taking off or landing behind 
large planes. I have had control towers 
clear me for take-off behind large planes 
when It would have been very serious, 
if not fatal, to fly through the prop wash; 
and I think that in many ways the prop 
wash of a large plane on take-off Is more 
dangerous than on landing, because the 
large plane Is operating at full throttle. 

"Many control tower operators will clear 
a light plane Into position immediately 
after clearing a transport for take-off. 
This is very bad practice. The light plane 
pilot may get behind the large plane and 
find that the pilot of the transport runs 
up his engine before releasing his brakes. 
I was once a passenger in a Widgeon when 
we were cleared into position behind an 
F'l 7. He started to roll and we mowed 
directly behind him. Apparently dis- 
satisfied with the sound of his engine, 
he stopped and ran it up to full power 
before releasing his brakes. We were 
about 75 feet behind Ulm and it was nec- 
essary for us to put both our engines al- 
most wide open and to lift our tail in order 
to prevent being blown backwards into 
Boston harbor. A very light plane would 
certainly have been involved in a serious 
accident under similar circumstances. 

"Many years ago I was taught a simple 
trick which I have since taught to many 
pilots who should have learned It very 
early in the game. I take advantage of 
the fact that airport designers always 
seem to place runways vrith a built-in 
cross-wind. When the wind Is slightly 
off the runway, It Is very easy to land or 
take off on the windward side of the run- 
way and avoid prop wash. But I have ridden 
with pilots who would do just the opposite, 
in an attempt to land more directly Into 
the wind, and get themselves Into trouble 
from prop waah. 

"Another factor Is that the cruising speeds 
of Bonanaas, Navons and so on, are now 
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as fast or faster than the approach speeds 
of seme airliners. The light plane pilot 
flying a smaller traffic pattern at a speed 
approaching, and occasionally exceeding, 
the speed of the transport as he crosses 
the boundary, sometimes finds himself 
much closer than he had planned. 

"Another thought is that pilots of fighter 
planes should be very careful to stay away 
from light planes. The other day an F47 
dove on me from behind and pulled up very 
close in front of me. He scared the day- 
lights out of me and I instinctively turned, 
and it is a good thing I did, because al- 
though I hit only the edge of his prop wash, 
it almost rolled the Navion over on its 
back. 

"If private pilots find themselves in traffic 
patterns with big planes, they must certainly 
learn extra precautions, and they must 
learn things their instructors at small 
fields did not tell them. They must learn 
that the airliners are slower on final ap- 
proach than they might think, that the 
airline pilots have very poor visibility 
from the cockpit, that they make a very long 
final approach and that they normally 

carry a lot of power until they have crossed 
the boundary. 

Signed:  Roger C. Williams, Publisher 
Guy Gannett Publishing Company" 

Based on this information, it would indicate 
that severe turbulence could be encountered 
behind any large aircraft II Lie right air 
conditions prevail. 

Recommendations: 
1. Allow plenty of space between aircraft 

in the traffic pattern. 
2. Make your approach to and landing on 

the up-wind side of the runway. 
3. Maintain adequate flying speed well 

above your aircraft's stalling speed, when 
entering an area just vacated by another 
airplane. 
4. Be alert and prepared for turbulence 

on your landing approach. 

Editor's Note: We wish to thank not only the 
writers of the letters quoted herein, but also 
the writers of the over 200 other letters 
which covered the same subject and which 
could not be quoted for lack of space. The 
letters herein were selected for their variety 
in order to cover the field as thoroughly as 
possible in a bulletin of this type. 
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HEADQUARTERS 
UNITED STATES CONTINENTAL ARMY COMMAND 

Fort Monroe,   Virginia 

ATDEV-6 452. 1/229(7 June 57) 7 June 1957 

SUBJECT:   Final Repoii. of Test,   Project Nr AVN 2656,   Effect of 
Wing-Tip Vortices and Sonic Shock on Army Aircraft in 
Flight 

TO: Chief of Research and Development 
Department of the Army 
Washington 25,  DC 

1. Inclosed is a copy of Final Rrport of US Army Aviation Board, 
Project Nr AVN 2656.  May 1957,  subject:   "Effect of Win- Tip Vortices 
and Sonic Shock on Army Aircraft in Flight." 

2. This headquartui s concurs in the Board's conclusions and 
approves the recommenditions contained in paragraphs 5 and 6,   respec- 
tively,  of the abstract of the inclosed report.    The recommendations are 
as follows: 

a. The US Army monitor the study and flight-test program 
being initiate 1 by Wright Air Development Center, Air Research and 
Developn ent Comrr.?.nd,   USAF,   to study the effect of turbulence on air- 
craft landing »very 30 seconds. 

b. The US Army monitor the sonic boom program being ini- 
tiated by Wright Air Development Center,  Air Research and Development 
Command,  USAF. 

c. The US Army support further investigation of the sonic 
shock and wing-tip vortices problems to the extent necessary to deter- 
mine effects on Army aircraft. 

FOR THE COMMANDER: 

1   Incl 
(Over) L* Colonel,' AGC 

Asst Adjutant General 
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