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20. Abstract
~

test airflow data with which to determine the launch behavior
of missiles and assess the accuracy of theoretical flow field
prediction models. A UH—1M helicopter was previously used to
develop instrumentation and test methodology for conducting the
airflow survey which were applied to the AH—1G test program.
The general test objective was to define the rotor wake boundary
and three—d imensional airflow velocity components as a function
of forward speed. ~~ P

A total of 32 test flights were conducted for a total of 20 hours
of productive test time. Flight tests were conducted from May
through October 1975. Airflow measurements were made on the left
side of the AR—ic helicopter for the volume of air immediately
ahead of the wing store mounts to the nose of the aircraft with
total vector split—film anemometers. Six of these airflow probes
were mounted on an airflow rake which was moved forward in
increments to encompass the total test volume. Measurements were
taken during stabilized level flight and hover test conditions.
The rotor blade azimuth position was correlated with the transient
airflow data to determine the effects of blade passage. Low
airspeed and hover test conditions were established with the
LORAS II low airspeed system. Due to the fragile nature of this
type of anemometer, and an unusually complex data recording and
reduction system , only about 63 percent of the target data matrix
was successfully recorded . The data were presented in terms of
time—averaged and transient local flow velocity and direction as
a function of probe position and airspeed . The transient data
were recorded at a rate of 1000 samples per second for a period
of 1 second (5.4 rotor revolutions). The anemometers provided
consistent and instantaneous three-dimensional velocity component
data , and the sample rate was sufficient for accurate wave—form
reproduction at frequencies up to 200 hertz. The overall accuracy
of the velocity data was estimated to be ±5 percent of reading.
The airflow data were reduced and stored on magnetic tapes and
have been forwarded to the Army Missile Command for further
analysis.
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INTRODUCTION

BACKGROUND

1. The Army requirement to fire unguided missiles from attack
t helicopters in hover and low—speed flight conc~ttions has

generated a need to accurately establish the airflow environment
through which the missile must travel. The Aeroballistics
Directorate of the United States Army Missile Research and
Development Command (MIRADCOM) requested the United States Army
Aviation Systems Command (AVSCOM), since redesignated the Army
Aviation Research and Development Command (AVRADCOM ) (ref 1, app A),
to provide measured flight test airflow data. These data were
required to determine the initial flight behavior of the missiles,
and to assess the accuracy of the theoretical flow field
prediction models. AVRADCOM directed the United States Army
Aviation Engineering Flight Activity (USAAEFA) to conduct a flow
field survey to meet the MIR.ADCOM requirements (ref 2). The measured
flow data will be analyzed by MIRADCOM to aid in improving the
design of the missile system and for comparison with analytical
airflow prediction methods.

2. USAAEFA Project No. 72—05 (ref 3, app A) developed
instrumentation and test methodology for the flow field survey
using a UH—1M helicopter. The airflow measurements were obtained
from total vector split—film anemometers which were mounted on
a support structure specifically designed to reduce the failures
caused by vibration during the UR—1M testing. The AN—iC rake
structure was designed and tested by the MIR.ADCOM Structural
Dynamics Laboratory through a contract with Sperry—Rand
Corporation.

TEST OBJECTIVES

3. The general test objective was to determine the instantaneous
flow field in a test volume adjacent to the AH—1G helicopter as
specif led in reference 1 , appendix A. The specific objectives
were as follows:

a. Determine the rotot wake boundary position in the
vicinity of the weapons mount location as a function of forward
airspeed.

b. Determine instantaneous three—dimensional velocity
components of airflow in the test volume as a function of forward
airspeed . 1
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c. Determine the effec t of aircraft sideslip and angle
of attack on the velocity components at a given forward airspeed .

d. Determine the effects of rotor blade position on the
instantaneous velocity components.

e. Determine the reliability and assess the accuracy of
the flow measurement instrumentation.

DESCRIPTION

4. The testing was conducted on an AM— 1G helicopter , SN 67—15844,
manufactured by Bell Helicopter Company . A detailed description
of the AN—ic is contained In the operator ’s manual (ref 4, app A).
An external structure designed to reduce anemometer vibration levels
was attached to the AH—1C wing store mount to support an airflow
instrumentation rake. The structure and mounting allowed
longitudinal adjustments of the rake fore and aft , and vertical
adjustment by inverting the rake structure. The structure could
be mounted on either side of the helicopter , but only the left
side was used in these tests. The test volume encompassed by
the rake structure is shown by figure A. Six airflow sensors were
supported by the rake structure, as shown in figure B. The sensors
were split—film total vector anemometers, manufactured by
Thermo—Syatems, Inc., of Bloomington, Minnesota (ref 5, app A),
and are described in detail in appendix B. These airflow sensors
are capable of measuring instantaneous velocity vectors with a
frequency response which is flat to 1 kHz. The spatial resolution
of the hot—film probe is approximately 0.027 inch, which is much
smaller than any multiaxis pressure probe . This type of sensor
also has the ability to measure flow direction over the full solid
angle (4 ‘it steradians). For laboratory conditions , the specified
accuracy over a 300 feet per second (ft/sec ) velocity range is
±3 percent of reading in magnitude, and ±1.5 percent in direction.

TEST SCOPE

5. The flow field under the main rotor of the AH—1G was defined
primarily during stabilized level flight and hover . The conditions
shown in table 1 were flown at a constant thrust coefficient (C

T
)

of .00475 and repeated for each of the 16 rake positions required
to define the test volume shown in figure A. Additional tests
were made with the variations of hover height and sideslip angle
and climbing and descending flight.

2
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FIGURE A
AIRFLOW INSTRUMENTATION INSTALLATION

ON THE All-1G HELICOPTER
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Table 1. AH—1G Airflow Survey Test Conditions.1

True Advance Forward
Airspeed Ratio Velocity
(kt) (ii ) 

- 
(f t/sec)

Zero (hover) Zero Zero

5.9 .0134 10

11.8 .0268 20

17.8 .0402 30

23.7 .0536 40

30.0 .068 50

35.5 .0804 60

59.2 .1340 100

71.0 .1608 120

88.8 .201 150

118.5 .268 200
t Average test conditions :
Cross weight: 8250 pounds.
Density altitude: 5000 f.,~et.Rotor speed : 324 rpm .
Thrust coefficIent: .00475.
Longitudina l center of gravity (cg): fuselage
station (FS) 196.
Lateral cg: huttline zero.

S 
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6. A total of 32 flights were completed, requiring 35 flight
hours , of which 20 hours were productive test time . Due to the
fragile nature of the anemometers, some flights had tnoperational
probes , as shown in table 2. The teat schedule did not allow
sufficient time to repeat flights when sensor malfunctions
occurred. -

TEST METHOuOLOCY

7. The test aircraft was configured to simulate missile
armament, and ballast was added as required to maintain constant
gross weight and cg. Prior to commencing the airflow test flights ,
the LORAS II and the aircraft test boom pitot—static airspeed
systems were calibrated using the trailing bomb and ground pace
vehicle test methods.

6 
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Table 2. Summary of Anemometer Positions.

Rake Fuselage Water Anemometer Serial No ./Calibra tion
Position Station of Line of 

____ 
For Probe Location No.’ 

____

Number Probe I Probe 1 1 2 3 4 5 6

1A 163 75 Note2 127D 1 28C 1 30C 131D 133C

2A 145 75 125D 127D 1 28C 129D 13 1D 133C

3A 127 75 125D 127D 1 28C Note ’i 131D 133C

4A 109 75 125D 1 27D 128C No te 3 131D 133C

5A 91 75 125D 1 27D 1 28C Note 3 13 1D 133C

6A 73 75 125D 127D 1 28C Note ~ 131D 133C

7A 55 75 125D 1 27D 1 28C 1 29D Note 3 133C

8A 37 75 125D 127D 1 28C 1290 Note ~ 133C

8B 37 
— 

39 125D 1270 128C 1290 Note 3 133C

7B 55 39 125D 127D 128C 129D 13 1D 133C

6B 73 39 125D 127D 1 28C 129D 13 1D 133C

SB 91 39 125D 127D 128C 1290 13 1D 133C

4B 109 39 Note ~ Note2 1 25D 1290 131D 133C

3B 127 39 Note 3 Note2 125D 129D 1310 133C

2B 145 39 Note 3 Note2 125D 129D 1310 133C

lB 163 39 Note3 Note2 125D 129D 1310 133C

The butt ilne of Probe Nos.:
1 and 2 = 67
3 and 4 = 49
5 and 6 = 31
2 Probe posit ion vacant .
~ robe provided f a u l t y  data.

7
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RESULTS AND DISCUSSION

GENERAL

8. The flow field under the main rotor of the AH—1G was meas-
ured in stabilized level flight and hover. The tests were flown
at a constant aim C,. of .00475 and repeated for each of the 16
rake positions required to define the test volume. About 63 per—
cent of the target data matrix was achieved , with an estimated
error of ±5 percent in total velocity measurements. The measured
data are presented in terms of time—averaged local velocity and
direction as a function of probe position and aircraft advance
ratio. Sample time—variant data for two probe positions are
presented , and ground effect variations on a third position are
also shown. The time—variant data for all test points were re-
corded on magnetic data tapes and provided to MICOM for further
analysis.

ACCURACY AND REL IABILITY OF AIRFLOW INSTRUMENTATION

9. The fragile nature and electronic complexity of the anelnom—
eters led to numerous ground accidents and failures. The time
frame for testing did not allow for probe repair , and on some
f l ights, spare probes were not available. This resulted in a
number of vacancies in the data matrix shown in table 2. About
20 percent of the probe positions were not measured due to par-
tially inoperative probes or unavailability of spares. Another
17 percent of the target data matrices could not be reduced due
to a data timing problem. However, when the system was function-
ing, the instrumentation provided consistent and instantaneous
three—dimensional velocity and directional data. The sample
rate of 1000 per second was suff ic ient  for accurate wave—form
reproduction to a frequency of 200 Hz.

10. Mass tuning of the AH—1G airflow rake was required to reduce
the maximum vibration values at the probe mounts to less than ig
at 10.8 Hz, a frequency of 2—per—rotor—revolution (2/rev). No
in—flight anemometer failures were attributed to the vibration
during this test. This represents a major improvement over the
vibration—related failures which occurred on the UU—1M test
(ref 3, app A). The only rake vibration effect noted was at a
frequency of 135 Hz, where movement of the probe tip influenced
the directional data. A dynamic filter with an upper cut—off
frequency of 160 Hz was used to remove this vibration influence
during final data processing.

8
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11 . The accuracy of the velocity and direc tion data from the
anemometers cannot be stated in absolute terms. However, a rca-
sonable estimate can be obtained from an analysis of test data
and a theoretica3 downwash model (ref 6, app A). The airspeed
system calibration showed the nose boom to read 6 to 7 ft/sec
lower than the free stream (approximately a 5—percent position
error at 100 knots true airspeed (KTAS)). These data agreed well
with the prediction for position error on a UH—IB helicopter from
the theoretical model discussed in reference 6. The model also
predicted a similar position error for the probe locations that
measured for the nose boom airspeed system . Figures 1 through 32,
appendix 0, show a comparison of averaged total probe velocity
with free stream velocity obtained from the nose boom airspeed
system . The var iation in the velocity data in the range of

— 0.12 to 0.28 is from slightly higher than free stream to
approximately 10 percent below the free stream value. Correcting
the data for a S—percent position error would yield results with—

H in approximately ±5 percent of the free stream values.

TIME-AVERAGED AIRFLOW CHARACTERiSTICS IN LEVEL FLiGHT

12. The variation of the time—averaged airflow velocity and di-
rection data with nond imenslona l forward airspeed (ii ) is shown in
figures 1 through 32, appendix D. The velocity components are
presented in terms of the air relative to the helicopter . Each
figure shows the results for the three horizontal probe locations
along the airflow rake (either probe numbers 1 , 3, and 5, or 2,
4, and 6). The figures are grouped in order 0 decreasing fuse-
lage station, starting at the most aft location and moving forward
in 18—inch increments. Four figures (one for each water line
(WL)) are required to complete one FS location . The rake posi-
tion number and the correspond ing FS, WL , and buttll.ne (BL) of
each probe number arc provided on the figures. The absence of a
probe position symbol or missing velocity point indicates that
the data were not available. Figures 18 through 31 show that
probes number 4 and S provided faulty direc tional or component
velocity data . Occasionally , a probe produced data in excess of
free stream values by as much as 5 percent. The bridge balance
was set on each split—film sensor prior to each flight . Unfortu-
na tely , the bridge balance could change with successive test points
so that assuming a constant bias error may not be valid , and no
new correction was made.

13. During low—speed flight , the maximum average flow velocity
measured was approximately 90 ft/sec at an average local angle of
attack (c*) of —95 degrees in hover at FS 37 (figs. 29 through 32,
app D), which was the most forward rn~e position. This position
also provided the lowest airspeed (ii a .02) where the probe passed

9
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through the rotor flow to free stream conditions (wake transition
speed). Generally , the wake transition speed increased as rake posi—
tion moved aft , reaching ~~~~ .050 at rake position 1 (FS — 163). The
average flow velocity at this position was the lowest measured in
hover, approximately 50 ft/sec at an average ~ of —15 degrees. Fig-
ure 5 shows the effects of a slight rearward velocity (

~ — .005).
The total airflow velocity in hover is primarily vertical and rapidly
changes to a longitudinal direction with a slight increase in rear-
ward speed . Since this rake position is near the rocket launch point ,
a significant variable flow condition could exist with slight air—
speed shifts from hover .

14. Figure C presents the time—averaged vertical velocity in out—
of—ground—effec t (OGE) hover obtained from the flight test data
matrix for the 7—degree rocket trajectory line shown in figure A.
The minimum and maximum variation of vertical velocity occurring
during a 1—second time period are also shown for each test point .
The test data are compared to the analytical data predicted for the
AH—1C in reference 7, append ix A. The analytical pred ictions were
projected for a rotor thrust coefficient of 0.00472 and tip speed of
746 ft/sec . The general trends were very similar; however, the mea—
sured velocity from the flight test was approximately 20 percent
greater. The time—vatiant oscillations during tests were also gen-
erally larger , than those obtained from the analytical method . The
analytical data of reference 6 were previously found to be in close
agreement with model helicopter airflow data obtained in a wind tunnel.

TRANSIENT AIRFL OW CHARACTERISTICS IN LEVEL FLIGHT

15. The airflow data were recorded f or a 1—second sampling period
in a stabilized flight condition. The data reduction method utilized
the rotor azimuth reference to begin the data processing at a known
blade position (TIME 0 at iP 54.2 ±24 deg). From this point , the
blade azimuth position was obtained by integrating the average rotor
speed during the data run. The anemometer data recorded in flight
were converted on the ground to engineering units at the rate of
1000 samples per second and recorded on magnetic data tape, as dis-
cussed in appendix 0. Figures 34 through 56, appendix D, present
typical results of the transient airflow characteristics at several
selected probe locations. A more detailed analysis will be provided
in the MIRADCOM final report.

16. Figures 33 through 37, append ix 0, show the results for probe
number 3 in rake position number 2 during low—speed flight.
Figure 33 shows the flow characteristics in OGE hover, and the
forward airspeed f or each succeeding figure is about 10 ft/sec
higher. Each low—speed data run shows a unique wave—form pattern H

10 H
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repeating at the rate of 2/rev until the probe transitions out of
the wake at (p — .56).

17. Figures 38 through 44, appendix D, show that the flow was
very steady after the probe transitioned from the rotor wake.
However , as airspeed increased above p .07, a 2/rev oscillation
of the longitudinal and vertical components increased and reached
a peak—to—peak value of nearly 40 ft/sec at p = .265 (fig. 44).
These data were typical of all data runs. As the rake was moved
forward , the vertical flow component increased In hover and low
airspeed s, and the transition to free stream conditions occurred
at a lower airspeed .

18. Figures 45 through 52, appendix D, show low—speed data for
probe number 3 at the most forward rake position (rake position
number 8). At this location, the total airflow velocity in hover
was the highest measured during the test (fig. 45). The total
velocity was nearly constant at approximately 90 ft/sec , while
the component velocities had peak—to—peak oscillations of approxi—
inately 50 ft/sec in a nearly square wave—form pattern at 2/rev .
The total velocity vector was again highly oscillatory at p .184

• - (fig. 46), when the probe was apparently near the wake boundary . H
The transition of the probe out of the wake boundary was nearly
complete at p = .0337. Above the t r ans i t i on  airspeed , b lade passage
affected airflow at this probe location much more than at the aft
rake positon. Figure 49 shows that at p .446, the local angle
of attack oscillated by 20 degrees. These oscillations gradually
decreased as airspeed increased and flow was more steady as shown
in figure 52.

19. Figures 53 through 56, appendix D, present transient flow
conditions for hover at various ground heights. The OCE and
42—foot  rotor hei ght data  are yery simi la r .  The 32—foot  rotor
height data begin to show a decrease of vertical and total veloc—

• ities and increased fluctuation of local sideslip angle. The
22—foot rotor height data  ( f i g . 56) show a decrease in total and
vertical velocity by about 60 percent of the OGE values , and
larger fluctuations of the local sideslip angle.

20. Although additional test data in sideward and sideslip
flight conditions were flown, the data processing system was
unable to retrieve the data during the initial data reduction
pass. Another attempt at reducing this data is planned , and if
successf ul, the results may be included in the MIRADCOM report.
Raw data outputs in right sideward flight indicated that extreme
turbulence was present in the test volume at airspeeds from S to
40 ICTAS. These results were previously discussed in reference 8,
appendix A. Sideward , rearward , and sidealip flight conditions
should be investigated in more detail , since the airflow variation
with these conditions appeared to be significant.

12
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CONCLUSIONS

• GENERAL

21. Although approximately 37 percent of the target airflow data
matrix were not available, a large volume of transient airflow
data in the vicinity of the rocket launch trajectory were suc-
cessfully obtained . The transient response of the anemometers
appeared to be of high quality , and the data should be useful for
further analysis.

SPECIFIC

22. The data rate of 1000 samples per second was su f f ic ien t  for
accurate wave—form reproduction up to 210 Hz (para 9) .

23. Mass tuning of the AH— 1G airflow rake was required to reduce
• vibration at the probe mounts. The vibration at the primary

frequency of 10.8 Hz (2/rev) was reduced to ig or less for all
flight conditions (para 10).

• 24. No in—flight failures of the anemometers were attributable
to excessive vibrations (para 10).

25. A filter with a cut—off of 160 Hz was required to remove the
influence of high—frequency vibration from the raw anemometer
data (para 10).

26. The time—averaged vertical velocities in OGE hover varied
from approximately 50 ft/sec at FS 163 to 90 ft/sec at FS 37.
These values were nearly 20 percent higher than predicted for the
AN—1G by analytical and wind tunnel results (para 14).

27. Within the rotor wake, the total flow velocity remained
relatively constant , although the component velocities had peak—
to—peak oscillations as high as 50 ft/sec (para 16).

28. The total flow velocity was highly oscillatory near the
• rotor wake boundary (para 16).

29. The ground effect at a rotor height of 22 feet reduced the
total and vertical f low velocity by 60 percent of the OCE values
(para 19).

30. Sideward , rearward , and sideslip flight conditions were
observed to significantly affect the airflow in the vicinity of
the rocket trajectory (paras 13 and 20).

13
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RECOMMENDATIONS

31. The AH-1C airflow data should be subjected to further analy~- •

sic and correlated with current wake analysis methods.

32. Future airflow survey tests should include more measurements
in sideward , rearward , and sideslip flight conditions.

14
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APPENDIX B. INSTRUMENTATION

GENERAL

1. The test instrumentation was installed , cal ibra ted , and
maintained by USAAEFA . The split—film anemometers were calibrated
and repaired under contrac t by Thermosystems, Inc. The WRAS II
low airspeed sensor was leased from Pacer System , Inc., and
installed and calibrated by IJSAAEFA. A test boom with swiveling
pitot—static head was also installed on the nose of the aircraft

-: and was connected to test airspeed and altimeter indicators on
both instrument panels and recorded on magnetic tape. All data
were obtained from test instrumentation and were displayed on or
recorded from the following aircraft sources:

Pilot Panel

Airspeed (boom)
Airspeed (LORA S forward )
Airspeed (LORAS lateral)
Altitude (boom)
Ra te of climb (boom )
Angle of sidesl ip (boom)
Radar altimeter

Engineer Panel

- - Airspeed (boom)
Altitude (boom)
Outside air temperature
Fuel counter
Data system controls

~~~~tal (PCM) Parameters

H Time of day
Engineer event
Run number counter
Rotor blip
Fuel counter
Rotor speed (analog)
Rotor speed (digital)
Al timeter (radar)
Pressure altitude (boom)
Ambient air temperature (boom )

16
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Angle of attack (boom)
Angle of sideslip (boom)
Airspeed low range (boom )
Airspeed (LORAS longitudinal)
Airspeed (1ORAS La teral)
Pitch attitude
Roll attitude

• Lateral swashplate angle
Longitudinal swashplate angle

2. The total vector anemometer data were recorded on the fre-
quency modulation (FM) system. There were 6 anemometers, each of
which output 6 bridge voltages, requiring 36 separate data
channels.

TOTAL VECTOR ANEMOMETER S

3. Figure 1 shows the flow survey anemometer signal flow. Air-
flow was sensed by six Thermo—Systeins, Inc., Model 1080 total vec-
tor anemometers. Each anemometer included a Model 1296F probe
and a companion 1083 signal conditioning module. A Model—C rack
with a 1082 control circuit completed the anemometer system.

4. Each probe (figs. 2 and 3) consists of three sensor rods,
a support shaft, a copper—constantan temperature sensor mounted
between the rods , and a pneumatic probe—tip shield . The three—
dimensional coordinate system is formed by the six independent
films (two per rod , separated azimuthally). Each of the film
sensors forms one leg of a bridge circuit which is completed by
components in the associated 1083 control circuit module . The
1083 module regulates bridge excitation power so that a constant
temperature ratio is maintained between each film and a nomina l
shielded ambient temperature value (actually controlled by bridge
completion resistors). The bridge excitation voltage is scaled
for a zero— to 5—volt direc t current (VDC) output for an airflow
scale of zero to 150 ft/sec . In addition to the six—bridge and
scaling circuits , each signal conditioning module provides a
compensated reference junction for the tip thermocoupl2. Compen—
sated thermocouple electromotive force (EMF) is amplifie’1 and a
linear zero— to S—VDC analog temperature output is provided for
correcting flow vectors measured at nonstandard conditions . The

• tip thermocouples and pneumatic shield actuators were not used .
A single Rosemount type 1O2AU2CK platinum resistance total tern-
perature probe and a Rosemount S1OBF signal conditioning amplifier
were used for ambient temperature measurements. This subsystem

17
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yielded higher .u’curacv than the ti p thermocouples  could have , and
only one channel was required . The probe shields were activa ted
manually to eliminate the need for pneumatic valves , plumbing ,
and gas storage bottles on the aircraft.

5. Six single—ended , high—level velocity signals ( f rom each
probe) were routed directly to a Vector , Inc., constant bandwith
voltage controlled oscillators (VCOS), a 120 kHz reference oscil-
lator , and a mixer amplifier . VCO deviation was ±4 kHz from a
center frequency of 25, 40, 55, 79, 85, or 100 kHz for a zero—
to 5—VDC input. The discriminators used for data reduction were
EMR Model 4150’s. They incorporated low pass output filters with
a constant amplitude response (7—polo Ructerworth) and a cutoff
f requency of 2 kllz . The ou tpu t  of a m i x er  a m p l i f i e r  was routed
di rec t ly  to a tape track and to a telemetry switch for real time
monito r select ion.  The reference osc i l la tor  s igna l s  were used
to provide tape speed compensation dur ing data r educ t ion .

6. The a i r c r a f t  parameters were recorded in a PCM format using
Spacec r a f t , Inc . , P~M uni t s .  Each unit contains a 64—channe l ,
high— level analog mult iplexer  (t iered groups of 8), a 112—bit
disc rete bi—leve l.  m u l t iplexe r (14—trans i s to r  logic compat ible
8—bit words) , an analog bu f fe r / s ample  and hold amplifier , an
8—bit , zero— to S—VDC successive app rox imation analog to digital
converter, and all control and formatting circuits required to
const ruct  a serial IRIG compatible NRZC PCM bit stream suitable
for magnetic tape recording or radio frequency (RF) t e l e m e t ry .
The complete analog portion has been proven to be a monotoni c
±0.5 percent f u l l  scale sy stem , with a maximum nonlinearity of
± 1 / 2  least s i g n i f i c a n t  bi t  (LSB) . Bit rates arc hardware
prograt~ iable in powe rs of 2 f rom 32 K—bi t s  per second to
512 K—bits  per second , y ie ld ing  f ixed main—frame rates from
50 frames/sec to 800 frames/sec . This test used a f rame ra te
of 100 frames/sec (100 samples/sec/parameter).

21
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7. The airflow data were set up for automatic cueing and
synchronization with rotor azimuth by an event pulse in the PCM
frame. The flight engineer would turn the tape recorder on
while a desired flight condition was being established . When
he decided that valid data were available, he activated an event
switch on his console to arm the even pulse circuit. An optical
proximity sensor mounted on the rotor swashplate defined rotor
azimuth once per rotor revolution, and the armed event circuit
activated the event pulse as soon as a rotor azimuth pulse was
received. The event pulse had a fixed duration of 1 second and
was supercommutated in the PCM unit to a sample rate of
800 samples/nec , allowing automatic data cueing to rotor azimuth
with an uncertainty of ±2.4 degrees at a rotor speed of 324 rpm.

8. A time code generator provided parallel binary coded deci-
mal (BCD) time—of—day information tRIG—B for in—line timing in the
PCM main f rame and a modulated 1 = klIz serial code on an
independent tape track for automatic tape searching.

9. All of the data were recorded on magnetic tape. An Ampex
AR—700 intermediate band recorder was used with a tape speed of
30 in./sec with the following track layout:

Track Signal Forma t

1 Voice (intercom) Direct
2 Time 1 1UIz Mod Code
3 PCM Ser ial BCD
4 Probe #1 FM/ FM CBW4
5 Probe #2 FM/FM CBW
6 Probe #3 FM/ FM CBW
7 Probe #4 FM/FM CBW
8 Probe #5 FM/ FM CBW
9 Probe #6 FM/ FM CBW

10 Rack vibrations FM/FM CBW
11 Rack vibrations FM/FM CBW
12 Tachometer reference Direct

10. Preflight anemometer performance checks were made at a zero
velocity point and at a standard flow setting using the
manufacturer—supplied calibration data . Integral to each probe
tip shield is a sonic orifice, which serves to establish a self—
teat flow point when a regulated 50—PSIG gas supply is applied to
the rear of the shield . Bridge output ratios were checked against

*CBW : C~ .ista nt  bandwidt h
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manufacturer—suggested tolerances with a voltage divider and null
detector at the test flow point. Manufacturer—supplied airflow
da ta, exact pressure measurements of the test gas source, baro-
metr ic pressure readings , and ambient temperature readings were
put into the probe data reduction equations for these checks.

LORAS II LOW AiRSPEED SYSTEM

11. Low forward airspeeds were measured by the LORAS II airspeed
system, which includes a sensor unit mounted above the main rotor
head , an airspeed computer , control panel, and longitudinal and
lateral airspeed indicators. The sensor unit consists of two
rotating venturi tubes oriented on opposite ends of a tubular
rotor. The venturis are connected to a differential press’ire
transducer. The rotating assembly is 13.0 inches in diameter and
is driven at a constant rotational speed of 720 rpm . The total
velocity at each tube consists of a steady component from the
constant rotational speed , and a sinusoidal component at rota—
tional frequency from the translational velocity . The differential
pressure transducer converts the sinusoidal velocity component
into an electrical signal. To obtain average steady—state values,
this signal is resolved into longitudinal and lateral velocity
components and then filtered to remove the modulation frequency.
Optional outputs, which are selected from the control panel ,
include total velocity and either true or indicated airspeed . The
system is designed to operate from 50 KTAS rearward to 200 KTAS
forward , 50 KTAS right and left laterally, and to he insensitive
to vertical airspeed .

23
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APPENDIX C. TEST TECHNIQUES AND
DATA ANALYSIS METHODS

- - TEST TECHNIQUES

1. The aircraft was stabilized in zero sideslip level flight
conditions for each test point. Altitude was increased between
each test point to compensate for fuel burn—off to maintain a
constant eoEificient of thrust (CT ) on each data set. Airspeed
and sideslip information were provided by the LORAS II airspeed
system in low—speed f l ight  and by the test boom airspeed system
in high—speed flight. Test airspeeds were adjusted to maintain
constant aim values of advance ratio (ii) on each test flight.
The 100 percent rotor speed of 324 rpm was used for all f l ights .

DATA ANALYSI S METHODS

• 2. The nondimensional thrust coeff ic ient (CT ) and advance ra t io
(p) were computed for each test point by the relat ion:

cW 1’CT pA(~2R) Z ( 
‘

V
T 1.6878/c~R (2)

Where:

GW — Aircraft gross weight (lb)

p - Air density (slug/It 3)

A — Main rotor disc area (ft2)

12 — Main rotor rotational frequency (rad/sec)

R — Main rotor radius (ft)

VT 
True airspeed (k t) Vcal/l/O

Vcal — Cal ibra ted airspeed (k ts)

a — Air density ratio — p/p0

24
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Airflow Parameters

3; Each anemometer had six voltage outputs , as discussed in
• 

. 

appendix B. These voltages were resolved into three orthogonal
axes velocity components by mathematical methods provided by the
manufac turer in reference 5, appendix A. This process required

• the development of an i terative solution software subprogram ,
which was added to the basic data reduction package. The
resultant components (VA, Vi,, and Vc) were aligned wit h the axes
system formed by the 3 sp l i t—fi lm rods on each probe , as shown
in f igure 1.

up

~~~ _ _ _ _ _

• ~~~ ~~~~~

;:
~

1

/’C 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~
y.
VA

VIEW LOOKING
AFT

- 

• Figure 1. Anemometer Velocity Components

• 4. Since the probe shank was ali gned wi th the longi tudinal  axis
of the helicopter , the measured components were first rotated
into the aircraft body axis system. This was done by applying
the transformation equations 3 , 4 , and 5 to the calculated vel-
ocity components . The total velocity was computed from equation 6.
The velocity components are shown relative to the helicopter in
their positive sense. Positive V

< 
indicates tha t the flow is

• • moving a f t , positive V indicates that the f low is moving up,
and a positive V~ indicates that the flow is moving right.

Sl.n 35° (VA + VB + (3)
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V~ - Sin 450 (y
R - V

c
) (4)

Vz — —Cos 35° (VA ) + sin 45° tan 30° (Vc + V B )

• V —  V 2 + V 2 + V 2 ( 6)
H x y

5. The local angle of attack (a) and sideslip (
~

) at the probe
• location were computed from equations 7 and 8.

a — 57.3 cos~~ (V~ /V~ ) ( 7 )

B — 5 7 .3  tan~~ (vy/vx) (8)

6. The direction cosines were also computed for each test
point, as shown below :

— 57.3 cos~~ (V
x/VT) (9)

- 5 7 3~•1 (Vy /VT) ( 10)

- 57.3 eos~~ (V
z/VT

) ( 11)

Ou tput Data Forma t

7. The anemometer data were recorded on magnetic tape in
frequency modula tion (FM ) format to allow processing at the de-
sired sample rate of 1000 samples/sec . Hardware limitations
allowed only 12 channels or two anemometers to be reduced on one
pass of the fl ight tape . Therefore, three data processing passes
were required to reduce the taped information data to velocities.

26
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Probe numbers 1 and 2 were reduced In pass 1 , probe numbers 3
and 4 were reduced in pass 2, and probe number s 5 and 6 were
reduced in pass number 3. These separate passes were merged
onto magnetic tapes in USAAEFA standard engineering units 01
(SEUO1) format. These tapes can only be read by the EMR 6135
computer; therefore, they must be coded into a BCD f ormat to be
read by other computer systems. The tapes sent to MIRADCOM
were coded into data blocks of 1240 BCD characters of F14.8
format. Each data run was identified by the flight , pass , and
run number and stored in the data blocks in the word number order
shown in table 1. Normally , there were 1000 time points per
da ta run followed by an average , minimum, maximum , standard
deviation, star t frame, event frame, and slope of each word during
the run.

27
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t.bi. l . Airfl ow Data Por at on Rr tn..rtng Unit Ta p.

Constant Paranet.rs

Word Paranst.t Unit

I b ait w.ight lb
2 lasic VS cg La.
3 kste~~~. c g  in.

• 4 Rosic 
~~
. cg in.

3 Isitial (gal rom e $56
Initial fuel t~~~~r .ture

7 l.ttia l fed ap.cific osight
S Slink
3 Pi~s.lage station of probe I attach point is.

10 lut tl ini of probe I attach point is.
Ii Water line of probe 1 .ttsch point in.
12 h ank

13 Slant
14 Rotor apsed rps
Is MbL.nt air tap or sturs

Praaaurs ratio —
I? Thrust cosfftct snt (CT a 10’) —

IS Advaoc. rat io (~ ~ 1O~ ) —

5 Th.or.tio.l i.duc.d v.locity in hor.r (v0)

20 Vot~~ rd vslocity ft/sec

Traoai.nt Par .t.r .

Word Par st.y Unit

1 Ti.. of day hr . •in
s.c. —

2 Tin, of day in seconds see
3 Second . (r ow start of data run s.c
4 FT nt~ bst Of data run --
S Probe I~ voltsg. 1 volt s
6 Probe I . voltage 2 volta
7 Probe I~ voltags 3 volta
S Probe 1 , voltage A volta
S Probe 1 , voltage 5 volt s

10 Probe l~ voltage 6 volt.
11 Probe 2~ vo ltage I volts
Il Probe 2~ vo ltage 2 volts
13 Probe 2~ voltage 3 volt s
14 Probe 2~ voltaga 6 volt.
1 3 Probe 2~ voltag e 5 volta
16 Probe i~ voltage A ,otta
¶ 7  total rotor autauth (row star t of data rut. dig
IS Rotor sa lauth (aero to 360 dog ) dog
IS 

• 
Probe I . total velocity CV) ft/s.c

20 Pr.be I . longitudina l v.locity IV,) ft/s.c
2 1 PT.bs I . lat.r.l veloc ity CVI

) ftd isc
22 Probe I, v.rtical .sloc*ty CV,) ft/sac
23 Probe I . and of att&ck (a)
24 Probe I~ angle of aide.lip (6) dsg
23 Probe I . dir.ction cosine (Si,) dog
26 Prob s I . directio n cosins (0~ ) dig
21 Ptobs I . directie. cosine (Se) dig
25 P~ob. 2~ t.tai v.tocity (3) ft/ s.c

Pr.bs 2~ &~~~te~~ .ecl ,.jon i~~ (I ,) f t/s.c
30 Probe 2. lateral ~slocity (by ) ft /s.c
36 PTOb. 2. vstttoal velocity (V~~ ft/sec
32 Probe 2~ u g h  of att ack (a) dss
33 Pr obe 2 sigh. of sidisliP (0) dig
3d Probe I . dir ection cosine (I ,) deS
33 Pr obe 2 . dir.ctios cossise (S~, ) .55
36 Probe 2~ direction cos ine (I i) dog
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APPENDIX D. TEST DATA

INDEX

Figure Figure Number

Averaged Airflow Charac ter istics in
Level Flight 1 through 32

Transient Airflow Characteristics in
Level Flight 33 through 44
(probe 3, rake position 2A)

Transient Airflow Characteristics in
Level Flight 45 through 52
(Probe 3, rake position 8A)

Transient Airflow Characteristics in
IGE Hover 53 through 56
(probe 3, rake position 7B)
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FIGURE 4
AVERA GED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

RH— 1G USA 8/N 87-6844
PROBE RAKE POSITION NO. lB (FS • ~63. WL 21)
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FIGURE 5
AVERAGE D A IRFLOW CHARACTERISTICS IN LEVEL FLIGHT

AH-IG USA 8/N 87—6844
PR OBE RAKE POSITION N0 .2A (IS 145, WL 75)
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FIGURE 6
AVERAGE D AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

RH— 1G USA S/N 87—8844
PROBE RAK E POSITION NO. 2A IFS = 145 . WI 57)
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FIGURE 12
AVERAGED AI RF LOW CH ARAC TER I STICS IN LEVEL FLIGHT
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PROBE RAKE POSITION NO. 3B (FS • 127, WL 21)
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FIGURE Ii
AVERAGE D A I R F L O W  CHARACTERISTICS IN LEVEL FLIGHT

AH—1G USA S/N 67—6844
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FIGURE 14
AVERAGE D AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT
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FIGURE 15
AVERAGED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

AH—IG USA S/N 67—6844
PROBE RAKE POSITION NO .48 (FS 109, WI •39
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FIGURE 16
AVERAGED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

AH-LG USA 8/N 67-6844
RAKE POSITION NO .48 (FS • 109, WL 21)
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FIGUR 18
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FIGURE 19

AVERA GED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT
RH— iD USA 8/N 67-6844

PROBE RAK E POSITION NO. 5B (FS = 91, WL 39)
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FIGURE 20
AVERAGED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT
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FIGURE 23
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FIGURE 24
AVE.RAGEO AIRFLOW CHARACTERI8TIC8 IN LEVEL FLIGHT
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FIGURE 25
AVERAGED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

RH-iD USA S/N 87-6844
.4 PROBE RAKE POSITION NO. m (Fs - 55, WL = 75)
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I AVERAGED AIRFLOW CH~~R~TERI8TIC8 IN LEVEL FLIGHTRH—iD USA 8/N 67-6844
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FIGURE 27
AVERAGED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

RH-1G USA S/N 67-6844
PROBE RAKE POSITION NO. 78 (FS • 55, WL = 39)
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FIGURE 28
AVERAGED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

RH-ID USA 8/N 87—8844
PROBE RAKE POSITION NO. 7B (FS - 55, WL — 2 1)
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FIGURE 29
AVERAGED AIRFLOW CHARACTERI STICS IN LEVEL FLIGHT

RH—ID USA S/N 67—6844
PROBE RAKE POSITION NO. 8A (F S 37, WL = 75)
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AVERAGED AIRFLOW CH~~R~TERISTIC8 IN LEVEL FLIGHT

AH-tG USA S/N 87—6844
PROBE 

RAKE POSITI ON NO. CA (FS = 37 . WL = 57)
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FIGURE 31
AVERAGED AIRFLOW CHRRRCTERI8TIC8 IN LEVEL FLIGHT

RH-iD USA 8/N 87-8844
PROBE RAKE POSITION NO. 8B (FS = 37. WL = 39)

SYMBOL NO. BL AVERAGE THRUST COEFFICIENT = .00475
o AVERAGE ROTOR SPEED = 323.9 RPM
0 3 4
A .014 PROBE TRANSITION SPEED

o -

liii - I I 
-

~~~9-6O 
- r t I I - - --- -t -

I I • - I
____  - - ____  I~

0
~ 100 -i m—r 

- 

I’ 

-- 

- 
- I - --

50  J - ~~~ 
--  — 

~~~~~~~~~ 
- -

4 0 •-  4 ,  
-~~~~~~~ 

_ _ _ _ _:_ 
- - - 

i j i

I.- 0
- .

~~~~~~~~ T p ]
~~~Z3 10O -j- - - --H - - - -  - I -  ~~~~~~~~~~~ --

~~ 
- - I

~~~~I&J I I I • L - - II i I - I - I 
•

~: :il ~~~~~~~~~~ :i ir~:ij Lii
c~ 100

..
~ Li -

- - -- -i  - _ _ _

- 

I1~I~~I~LI!iILI±ILI~I± L L 1!iJ
~ 50~ 

- £ 
~
_-. - - 

- 
- --- -i-—- - - - -- - 

I~ 

-

0- ~~~~~~~~~~~~~~~~~ ~~~I4  ---- -- — -i- --H-- -
~

-------- ----- - -

~~

—--. -

~~~~

--

I - - - - - - f - - - - -  - -

I 
I i

&100 I I I I I I I-0.04 0.00 0.04 0. 8 0.12 0..B 0.20 0.24 0..!eREARWARD ADVANCE RATIO FORWARD
60

_____________  -- — ~~~~ — — --- ___ i :_ ~~~~~~~~~ _ i_~



- —- - ——-- ———--—— —----,-~-. --  ——— ~~~~~.,—.— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __________

FIGURE 32
AVERA GED AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

AH-1G USA S/N C7-6844
PROBE RAKE POSITION NO. 88 (Fs = 37. WL = 21)

SYMBOL NO. BL AVERAG E THRUST COEFFICIENT - .00475
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?IOUIE 33
TRRN$IE$T RIN~LON C1SPACTERZSTIC$ IN LEVEL ~LIOH T

°Pg1~T?~ ~~~!t’(FS - 145 , WL 75)
PROBE flO . 3 (DL = 49)

FORWARD ADVANCE THRUST ROTOR
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~IOURE 34
TRRNIIEP4T RIAVLON CNMRCTC~IBTICØ IN LEVEL FLIONT

RN—to IJSR 8/N 67-6844RAKE PO6ITION NO. 2A (FS • 145 , WL 75)
PROBE NO. 3 (BL = 49)
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FIOURE 35
TRAN3IEIiT RI VLO~ CKA TE~I~~~CI IN LEVEL FLIOIIT

~~~ P~~T?~N N~. 2A (FS — 145 , WI - 75)
PROBE NO . 3 (81 49)

FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COEFFICIENT SPEED
(ft/sec) (

~1L)~
_ (CT~ LR!!IJ.
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r~au~c 36
TRRNSIEI+T RIØVL~~ F~~RCT~~~~9 IN LEVEL FI.IOIIT

~~ P~ 1T?~ No. 2A (FS • 145 . WL - 75)
- PROBE NO. 3 (BL 49)
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• . 
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FIGURE 37
TRANSIENT RIA1LJ~ c~~i~~qj.~jç~ 1$ LEVEL FLIOI4T

~~~~~~
&‘P~~~~tTT1~~ ~~~~~~~~~~ (FS • 145. WI - 75)

-

~ PROBE NO. 3 (81 • 49)
I FORWARD ADVANCE THRUST ROTOR
I VELOCITY RATIO COEFFICIENT SPEED
I j~Js~~~ (~L _ (cij_ I~ ±!1
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FIGURE 38
TRANSIENT 

~~~~~~~~~~~~~~~~~~~~ 
LEVEL FLIGHT

PROBE NO . 3 (BL = 49)
FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COEFFICIENT SPEED
L~Ls~cI jj~J (CT) (RPM)

56.3 .0701 .00473 323.9
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FIOURE 39
TRANSIENT RI~~~~~ 5~~~~~ E84~~~~ IN LEVEL FLIGHT

UNOC PIUITIll NO. 2A (FS - 145 , WL — 75)
-

• PROBE NO. 3 (BL - 49)
- 
II FORWA RD ADVAN CE THRUST ROTO R

VELOCITY RATIO COEFFICIENT SPEED
(f t/sec) kpJ _jC1) 
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FlOURS 40
TRR$UIS$’T ~~~~~ ~~~~~CU.4SI19! IN LEVEL FLIGHT

~~~~~~t P~~~~YTThN ~O.’T~
”(FS - 145, WI 75)

PROBE NO. 3 (BL - 49)

FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COEFFICIE NT SPEED
(ft/secj Ji~

j  JCi)
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

lx- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —
~~---—----~~~~~

,-,so-

~~ 1oo -

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

o - ~~~~4P~~ _ . t.J~~~~~ I.4_ -J i J L b J~~~~~~~~~.~~~~~~~~~~I~~~~ J W .I, II

~ 150-

I~~~~
b00

~,ii
105 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U. 0
III

H 

- 

-

~~~~~~ 
_ _ _  _ _ _ _ _  

_____
~~~~

0
-IS

4 0 % ,  0:.o .s o.b. .J,s ..à ..ubs .M sb. sub s t~b. uts

— 
_ _—-

~ 

.
~~~~~ —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
-- ~~J ILir~~~.~~_. - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - — ~~-- -



- - -~~~~~~—~~~~~~~~~~ -— - -~~~~~ - -— ~~~------ --- --- --- - - -

r 
-

FIGURE 41
TRANUJENT RI*FL

~ ~ ‘85~584!U~ 
IN LEVEL FLIGHT

RARE POSITION NO. 2A (FS - 145. WI • 75)

PROBE NO. 3 (BL - 49)

FORWARD ADVA NCE THRUST ROTOR
VELOCI TY RATIO COEFFICIENT SPEED
(f J~

) (C T )
116.0 .156 .00476 323.5
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FIGURE 42
TRANSIENT AIRFLOW C$AIRCTCRLSIIC$ IN LEVEl. FLiGHT

~~~~~ ~~“2~ (FS - 1%45~~ WI • 75)

PROBE NO. 3 (81 - 49)
FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COEFFICIENT SPEED
(ft/sac.). (~iL (CT) (RPM)

119.4 .1601 .00476 323.8
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FIGURE 43
TRANSIENT RI~~ 0~ ~C~TE1~~~~S IN LEVEL PLIONT

SAllE POSITION NO. 2A (FS - 145. WI 75)

PROBE NO. 3 (BL • 49)

FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COE FFICIENT SPEED
(ft/secl (~~~

) (CT) (RPM L

152. .204 .00476 323.9
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FIGURE ~TRANSIENT AI~~L0~ 5~~R~5~E~4STIC$ IN LEVEL FLIGHT
RAKE POSITION NO. 2A (FS — 145, WI = 75)

PROBE NO. 3 (81 • 49)
FORWARD ADVANCE THRUST ROTOR
VELCITY RATIO COEFFICIENT SPEED
(ft/sec) (p) (C1) (RPM)

- 

- 197.8 .265 .00473 323.9
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FIGURE 45
TRANSIENT AI

~~~?~ ~~~~~~~~~~~~ IN LEVEL FLIGHT
POSITION .BA (FS = 37. WI — 75)

PROBE NO. 3 (BL - 49)
FORWARD ADVANCE THRUST ROTO R
VELOC ITY RATIO COEFFICIENT SPEED
Lft/sec) j~J (Ci)

0. O.(HOVER) .00475 324.3
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FIOUSE 46
TRANSIENT AI~~~?H CNARRCTERISTIC$ IN LEVEL FLI GHT

RAKE P~I~TI0N NO. 8 (FS = 37, WI 75)
PROBE NO. 3 (BL - 49)

FORWARD ADVANCE THRUST ROTOR
V ELOCITY RATIO COEFF ICIENT SPEED
~~~~~j~~j  (Ci) (RPM)
13.7 .184 .00475 324.2
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FIGURE 47TRANSIENT RIRFLON C*IARICTEII$TICI IN LEVEL PLIGHT

~~~~~ ~~I~
4
(FS 37, WI - 75)

PROB E NO. 3 (BL • 49)
FORWARD ADVANCE THRUST ROTOR
V ELOCITY RATIO COE FFICIENT SPEED
(ft/sac) (~~~) 

(Ci) (RPM1
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FlOURS 48
TRANSIENT AIRFLOW CHASACTERISTICI IN LEVEL FLIGHT

AN-to USA SflI 57-0544
RAKE POSITION NO. BA (FS - 37. WL — 75)

PROBE NO. 3 (81 • 49)

FORWARD ADVANCE THRUST ROTOR
VELOC ITY RATIO COEFFICIENT SPEED
(ft/sec) (j

~L IC1) LR!~1
33.4 .0446 .00475 325.1
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FlOURS 49
TRANSIENT AIRFLOW CHARACTERISTICS IN LEVEL FLI GHT

RH-ID USA S/N S7=S$44
RAKE POSITION NO. BA (FS - 37. WI — 75)
PROBE NO. 3 (BL • 49)

FORWARD ADVAN CE THRUS T ROTOR
VELOCITY RATIO COE FFICIENT SPEED
~ tJ~e~J ~J - jçjj (RPMJ
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FIGURE 50
TRANSIENT RI~~~~~ 
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A
~
%TE4!~W 

ZN LEVEL FLIGHT
RAIlS POSITION NO. ~FS 37. WI. = 75)
PROBE NO. 3 (BI • 49)

FORWARD ADVA NCE THRUST ROTOR
VELOCITY RATIO COEFFICIENT SPtED
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TRANSiENT AI~~~ TE!,~f~~~ IN LEVEL FLIGHT

T NO. 8A (FS - 37.WL — 75)

PROBE NO. 3 (BL • 75)
FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COEFFICIENT SPEED
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FIGURE 52
TRANSIENT AIRFLOW CHARACTERISTICS IN LEVEL FLIGHT

I~~
’I4~rT?’~ ~~~~~

4(FS — 37, ~IL • 75)

PROBE NO. 3 (BL - 49)

FORWARD ADVANCE THRUST ROTOR
VELOCITY RATIO COEFFICIE NT SPEED
Lft/sec) J~j (CT) 
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FIGURE 53
TRANSIENT AIRFLOW CH RRCTIRISTIC$ IN LEVEL FL IGHT

II~°Pl~I~T?~~ ~~~~:W~
’
( FS • 37. WI. - 39)

PROB E NO. 3 (DL • 49)

ADVA NCE THRUST ROTOR ROTOR
RAT IO COEFFI C IE NT SPEED HE I GHTH
(~j~~~ 

(RPM) tFTL

HOVER .00469 324.3 OGE

% 100

~~~~~~

~ .*3~ ~~ o.b~ o.bo 0:.a o.ubs o.K a.’,. •.bs o.’ss s.b. t ie
TIlt - 1101110S



_________________ - - 
_ 

- I
FlOURS 54

TRANSIENT AI~~~OW 
~~

R
~%t~

ERs4!W5 IN LEVEL FLIGHT
RAKE POSITION NO. 18 (FS = 37. WI — 39)
PROBE NO. 3 (BL — 49)

ADVANCE THRUST ROTOR ROTOR
RATIO COEFFICIE NT SPEED HEI GHTH

• (~~~) 
(C T) (RPM ) (FT)

HOVER .00409 324.3 42.

~~ tao-

—So. r-~- ~~ ~~ -~- A,,~
-t ~~~~~ ~~~~ I~~~’ ~~~ ~Ii~k~ ~~Fi

~ 0 o:~o o.bs o.as 1:40 0.ss 0.50 o.~ o.bs o.’so i.bs t t o
Tilt — SteellOs

I

~_t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :. —.~~~~~~ ~~—- --~~~~~~~~ - :: ~~~~~~-~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ ~~~~~ —~~~— --- ~~~~-- ---



--

FIGURE 55
TRANS iENT RIRFISOI CHARACTER ST Cs IN LEVEL FLIGHT
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FIGURE 56
TRANSIENT A IRFLOW CHARACTERISTICS IN LEVEL FLIGHT
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