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20.  Abstract

due to the application of LR paint and the installation of the IR suppressors.
During the test program 47 productive test flight hours were flown. Performance,
stability and control characteristics, and miscellancous engineering tests were
conducted. During these tests no deficiencies and ten handling qualities
shortcomings (not a result of the LR paint or IR suppressor installation) were
noted. In general, the most significant changes resulting from the addition of LR
paint were the 3-knot indicated airspeed (KIAS) increase in stall airspeed, the slight
reduction in the pitot-static source position error, and a minor performance
degradation. The combination of LR paint and IR suppressors resulted in an
additional 3-KIAS airspeed increase in stall airspeed (total of 6 KIAS) and sufficient
degradation in performance to warrant recommending the publication of an IR
performance supplement to the operator's manual, using the data fgr the U-21A
with all IR modifications as a basis and annotating it for use by/all LR-painted
U-21A airplanes, with and without IR suppressors installed. WBecause of the
deterioration of the IR suppressor surface coating material and the vibrations of
the suppressors in flight, it was recommended that the release of the IR suppressors
be limited to operational necessity until further reliability tests had been conducted.
Measurements were made to determine the standard exhaust stub and IR suppressor
surface and exhaust gas stream temperatures in flight. The results were reported
in a separate classified addendum (Report No. 75-10-1) to this report.
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DEPARTMENT OF THE ARMY

HQ, US ARMY AVIATION RESEARCH AND DEVELOPMENT COMMAND
P O BOX 209, ST. LOUIS, MO 63144

DRPAV-EQ NOV ;1 : 197,

SUBJECT: Directorate for Development and Enginecring Position on the
Conclusions and Recommendaticns cf the Firal Report on USAAEDA
Project No. 75-10, Airworthiness Qualification Evaluation U-21A

Airplane with Low Reflective Paint and Fot Metal Suppressors,
dated January 1976

SFE DISTRIBUTION

1. The Directorate for Development and Engineering position on USAAEFA's
conclusions and recommendations is provided herein. Paragraph numbers
from the subject report are provided for reference.

2. Paragraphs 80b, ¢, and d. A charge in airspeed position error between
the flights made with the basic and painted aircraft and a difference in
the position error of the test aircraft and that presented in the
Operator's Manual were reported. The conclusions reached regarding take-
off distance are based on take-offs made at the same indicated airspeed
and in the presence of this change are misleading. When the take-off
distances are compared on the basis of calibrated airspeed, the basic
U21A ground roll is only approximately 140 feet longer than that pre-
sented in the referenced 1972 Operator's Manual, not 400 feet as stated
in the report. Also on a calibrated airspeed basis, the addition of LR
paint and IR suppressors increases take-off distance approximately 300
feet, not 100 feet as stated in the report.

3. Paragraph 80s. The conclusion that the pitot static source position
error was reduced by the application of LR paint is seriously questioned.
The basic aircraft with standard paint airspeed calibration presented in
the report is suspect, as it does not agree with the position error pre-
sented in the Operator's Manual which is based on previous contractor and
Government test data. The LR painted aircraft position error is within
one knot of the Operator's Manual values which is a logical change.

4. Paragraphs 81 and 83, The shortcomings outlined in paragraph 81 deal
with the easily excited phugoid mode, persistent Dutch Roll, low stick
forces, stall warning, trim during gear retraction, field of view, and
ineffective lateral trim. These shortcomings are considered minor in
nature and typical of aircraft procured off the shelf. The effort re-
quired to overcome them is not justified. Agree with the recommendation
that these shortcomings be corrected in future designs.
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SUBJECT: Dbirectorate for Development and Fngineering Positions on the
Conclusions and Pecommendations of the Final Keport en USAAEFA
Froject Mo, 75-10, Alrworthiness (Qualification Evaluation U-21A
Airplane with Low Reflective Paint and Hot Metal Suppressors,
dated January 1976

Paragraph 82, The rclease of the IR suppressor design tested has been
restricted as recommended. IR suppressors of an improved design are under-
going alrworthiness qualification, therefore additional testing of the
original design would not be meaningful. .

6. Paragraph 84, The Vyc chart (Figure 57 ot Appendix F) is not a valid
presentation of minimurm control speed and incorporation of this chart in
the Operator's Manual is not contemplated. Minimum single engine control
specd 1s a function of temperature, pressure altitude, and calibrated
airspeed. Table 3 of the subject report indicates testing was accomplished
at ceveral temperatures and altitudes, and other data presented indicate
changes in alirspeed position error with changes ir configuration. Thus
Figure 57, which presents Vyc based on indicated airspeed and density
altitude, is invalid since engine power is a function of pressure and
temperature, not density. It should be noted that the Operator's Manual
referenced in the subject report and those for all of the U-21 series air-
craft have been replaced by manuals in the new MIL-M~63029A format. These
new manuals present Vye as a function of temperature and pressure altitude.
Action is being taken to use applicable data from the subject report to
update the data presented in the Operator's Manuals to reflect dynamic VHC
and adequate warnings concerning flight below these speeds.

7. Paragraph £5a. The present Operatcr's Manual procedures which provide
for approach with less than full flaps, and the use of crab attitude to
correct for drift are considered acceptakle. These procedures provide a
pood balance between minimum landing distance and aircraft handling
cualities. The suggested change is not contemplated.

€. VYoragrapbs &5b and ¢. Action is being taken to include the recommended
cautions on maneuvering with flaps extended and flight at less than zero
&, in the Operator's Manual.

9, FParagraph 87a, b, and c. Actior is being taken to include the
recommended chonge in Operator's Manual minimum run landing instructions.

10. Paragraph 875 and h., The power-off stall speed graph presented in
the "new format" Operator's Manual is based on contractor test and this
;raph and accompanying text are considered adequate.

11. Faragraph 87) and 88a. Action is being taken to initiate testing
to develop ndnimum run take-off techniques and investigate effect of
1ift off speed on pilot workload.
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SUBJECT: Directorate ftor hevelopment and Fogineering Posttion on the
Conclusions and Recommendations of the Final Report on USAAEIA
Project No. 75-10, Airworthiness Gualification Evaluation U=~21A

Airplane vith Tow Reflective Pafnt and Fot Metal Suppressors,
dated January 1976

12. Paragraph 89. Control measures to insure uniform standards of paint
application have been established.

¢ FOR THF COMMANDER:

! :
Yoy,
YALTER A. RATCLIFF

Colonel, GS
Director of Development
and Engireering

DISTRIRUTTON:
Same as USAAEFA U-21A Airplane
Report Project No. 75-10
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INTRODUCTION

BACKGROUND

1. Hughes Helicopter Company was tasked by contract to design and fabncate
suppressors for the T74-CP-700 engine to provide the U-21A aircraft with increased
survivability from the infrared (IR) and heat-seeking missile threat. Beech Aircraft
Corporation (BAC) conducted a 10-week flight test evaluation of the U-21A
equipped with the Hughes IR suppressor. The United States Army Aviation
Engineering Flight Activity (USAAEFA) was then tasked by the United States
Army Aviation Systems Command (AVSCOM) (ref 1, app A) to conduct an
airworthiness qualification evaluation on the U-21/RU-21 T74-CP-700 engine series
IR suppressors.

TEST OBJECTIVES

2. The objectives of the airworthiness qualification evaluation were as follows:
a. Establish the basic U-21A performance and handling qualities data.
b. Determine any changes due to the addition of low reflectivity {LR) paint.
c. Perform an airworthiness qualification evaluation of the IR suppressors.

d. Provide data and operational techniques for inclusion in the operator's
manual (ref 2, app A).

e. Obtain preliminary reliability data of the exhaust hot metal IR suppressor
construction and material.

DESCRIPTION

3. The test aircraft, serial number 66-18008, was a production U-21A, which
for a portion of the tests was modified by the addition of LR paint
(NSN 8010-00-083-6588: MIL-L-46159) covering the aircraft's normally painted
exterior surfaces (excluding propellers) and the substitution of aluminum engine
IR exhaust hot metal suppressors (IR suppressors) for the standard engine exhaust
stacks. The IR suppressors were manufactured by Hughes Helicopter Company
according to top drawing No. M30295. (Part numbers and top drawing numbers
are the same.) Paint was not applied to the static ports or the normally polished
circular metal surface which comprises the static port. The basic U-21A airplane
is an unpressurized low wing all-metal aircraft with retractable tricycle landing gear.
Power is provided by two T74-CP-700 turboprop engines, each rated at 550 shaft
horsepower (shp) at standard-day, sea-level static conditions. Appendix B contains
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a more detailed description of the U-21A test aircraft, including photographs with
and without LR paint and suppressors installed. Additional information on the
U-21A is contained in the operator's manual.

TEST SCOPE

4. A quantitative and qualitative flying qualities and performance evaluation was
conducted by USAAEFA at Edwards Air Force Base, California, from 24 June
through 17 September 1975. During the test program 33 flights were conducted
for a total of 63.7 test flight hours, of which 47 hours were productive. The
airplane was tested in three phases: (a) basic, (b) with LR paint applied, and
(c) with LR paint and IR suppressors installed. The three configurations were
evaluated and the results compared to determine any changes due to the addition
of the paint and suppressors. Test configurations are shown in table | and average
test conditions are shown in tables 2, 3, and 4. Flight restrictions and operating
limitations applicable to this evaluation are contained in the operator's manual.
Flight tests were conducted in compliance with the safety-of-flight release (ref 3,

app A).

Table 1. Test Configurations.

Configuration p ricies i FOwaE Ptg::é;er

osition (%) Setting (rpn)
Takeoff (TO) Down Zero 10’ 2200
Climb (CL) Up Zero NRCP? 2000
Cruise (CR) Up Zero PLF? 1900
Power approach (PA) Down 35 PLF 2000
Landing (L) Down 100 Idle 2200
Glide (G) Up Zero | Engines off Note"
Wave-of f (WO) Down 100 TO 2200

'T0: Takeoff power (see app B).

ZNRCP: Normal rated climb power (see app B).
’PLF: Power for level flight,

“Propellers feathered and stopped.
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TEST METHODOLOGY

5.  Established flight test techniques and data reduction procedures were used
during this program (refs 4 through 7, app A). The test methods are described
briefly in the Results and Discussion section of this report. Flight test data were
recorded on a magnetic tape unit located in the center cabin area of the aircraft.
Additional flight test data were recorded by hand from test instrumentation
installed in the pilot, copilot, and auxiliary instrument panels. A detailed list of
the test instrumentation is contained in appendix C. Takeoff flight path data were
recorded by two Fairchild Flight Analyzers. Test techniques, weight and balance,
and data reduction procedures are contained in appendix D. A Handling Qualities
Rating Scale (HQRS) (app E) was used to augment pilot comments relative to
handling qualities. Airspeed calibrations were obtained by using space positioning
radar and a calibrated F-51D pace aircraft. Deficiencies and shortcomings are in
accordance with the definitions presented in Army Regulation 70-10.




RESULTS AND DISCUSSION

GENERAL

6. Performance and handling qualities of the U-21A aircraft were evaluated for
the basic airplane, the airplane with LR paint applied, and after addition of IR
suppressors to the LR-painted airplane. Each configuration was evaluated under
a variety of operating conditions near the military maximum gross weight of
9650 pounds. Perfortnance degradation because of the addition of LR paint and
IR suppressors warrants publishing a supplement to the operator's manual covering
the changed performance of the airplane. No deficiencies and ten handling qualities
shortcomings were identified. Temperature measurements were made to evaluate
the IR suppressor effectiveness and wing and nacelle heating effects. The results
of these measurements are discussed in a separate classified addendum to this report
(Project No. 75-10-1).

PERFORMANCE

General

7. The U-21A airplane was evaluated at the military maximum gross weight of
9650 pounds at the forward center-of-gravity (cg) limit (fuselage station
(FS) 153.17). The drag polars of the airplane in each configuration (basic,
LR-painted, and LR-painted with IR suppressors installed) were used to calculate
the degradation to performance because of those external modifications. The
addition of LR paint and installation of IR suppressors to the airplane slightly
degraded the performance of the basic U-21A in all areas tested.

Takeoff and Landing Performance

8. Limited takeoff performance tests were conducted from a 5000-foot asphalt
runway at General William J. Fox Airfield, Lancaster, California (elevation
2347 feet). Takeoff test conditions are presented in table 2. After each takeoff
and landing, ballast was added to offset fuel consumed in order to maintain a
constant weight and cg for each takeoff. All takeoffs were made using the maximum
performance technique. The brakes were released after takeoff power had been
developed and stabilized for 5 seconds. Takeoff power was maintained throughout
the takeoff sequence. Rotation for nose wheel lift-off was started at 3 to 5 knots
indicated airspeed (KIAS) prior to the desired lift-off airspeed, the landing gear
was retracted immediately upon lift-off, and the lift-off airspeed maintained during
the climb-out. All takeoffs were recorded on the on-board magnetic tape
instrumentation and by two Fairchild Flight Analyzers. Surface winds were recorded
for each takeoff, using a calibrated wind sensor located 50 feet from the start
point on the runway. Test results are presented in figure 1, appendix F.
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9. The operator's manual takeoff distance chart is not representative of takeoff
performance. The actual takeoff ground roll and obstacle clearance distances for
the basic U-21A were approximately 400 feet longer than those presented in the
operator's manual. Because of this large disparity the following NOTE should be
incorporated in the operator's manual until such time as the takeoff distance chart
is corrected. In addition, further testing should be accomplished as soon as possible
to develop accurate takeoff performance charts, to include distances for
minimum-run takeoffs with one-half flaps.

NOTE

Add 400 feet to all takeoff distances computed from the
takeoff performance charts for the basic U-21A.

10. The addition of LR paint and IR suppressors to the basic airplane increased
the ground roll distance by S0 feet and the air distance to clear a S0-foot obstacle
by 30 feet (total of 80 feet). Variations in operational pilot technique will cause
variations in the takeoff distance on the same order of magnitude as those caused
by the addition of LR paint and IR suppressors to the airplane. However, the
operator's manual should include the following NOTE both in the description of
normal takeoff techniques and on the takeoff charts.

NOTE

For aircraft painted with low reflectivity paint, with and
without IR suppressors installed, an additional 100 feet should
be added to all distances computed from the corrected takeoff
performance chart.

11. The landing performance of the basic and externally modified airplane was
estimated during each landing, and the landing distance charts as presented in the
operator's manual were found to be representative of the actual airplane
performance. The addition of LR paint and IR suppressors to the airplane had
no effect on the landing performance. Several minimum-run landings were made
using two different procedures and the techniques outlined in the operator's manual.
Landings were made with the engine condition levers at low idle and high idle.
With the condition levers at high idle prior to touchdown, landing distances were
shorter than those attempted with condition levers at low idle. Placing the engine
condition levers to high idle prior to touchdown prevented the engines from
decelerating below 70 percent gas producer speed, shortened the time required
to produce maximum reverse thrust, and eliminated dangerous airplane swerve
tendencies due to unequal engine acceleration. The following changes should be
incorporated in the operator's manual:

10
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a. The last two sentences in the Normal Operation section entitled Minimum
Run Landing should be changed to read:

For maximum reverse propeller thrust, place the engine
condition levers to HI IDLE as part of the final landing check.
Return to Beta range when reverse is no longer needed and
place the condition levers to LO IDLE.
b. The following check should be added to the landing checklist:
3. Condition levers - HI IDLE (for minimum run landing only).
c¢. The after-landing checklist should be amended to read:

1. Condition levers - LO IDLE.

12. Within the scope of this test, the takeoff and landing performance of the
basic, LR-painted, and LR-painted and IR suppressor-configured U-21A airplane
is satisfactory.

Climb Performance

13. Both dual- and single-engine climb performance were evaluated at the
conditions shown in table 2, using the sawtooth-climb method of test. All
dual-engine climbs were conducted with both engines operating at normal rated
climb power. All single-engine climb tests were conducted with the left engine
shut off, the propeller feathered, the right engine operating at normal rated climb
power, and the aircraft banked 5 degrees into the good engine. Zero sideslip was
maintained on the dualengine climbs. Test results are presented in figures 2
through 5, appendix F. The climb drag polars for each of the configurations are
presented in tables ! and 2, appendix G.

14. The standard-day dual-engine climb capability at 10,000 feet and 9650 pounds
gross weight, as presented in figure 2, appendix F, was degraded by 7.6 percent
(95 feet per minute) (ft/min) by the addition of LR paint and IR suppressors.
This degradation of climb rate would add approximately 0.5 minute to the time
to climb to 10,000 feet from sea level. The airspeeds for best angle of climb and
best rate of climb were essentially unchanged (only 3 knots true airspeed (KTAS)
difference between the basic and LR-painted airplane with IR suppressors installed).
The calculated rate of climb, as presented in figure 3, indicated a 5-percent
degradation (55 ft/min) and the same 3-KTAS difference in best rate of climb
airspeeds. Single-engine rate of climb at 5000 feet and 9650 pounds gross weight
was decreased by 27 percent (70 ft/min) by the addition of LR paint and
suppressors. This decrease represents a loss in single-engine service ceiling of
2000 feet or a reduction in payload of 400 pounds to maintain the original service
ceiling. The single-engine best rate of climb airspeed was essentially unchanged (only
3 KTAS difference). The rate of climb for both the basic U-21A and the U-21A
with all IR modifications was sensitive to small changes in rudder or aileron surface
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movements. The additional drag caused by even small increased surface deflection
at low airspeeds was enough 1o cause a significant rate of climb reduction. Within
the scope of this test, the dual- and single-engine climb performance of the U-21A
airplane with LR paint applied and IR suppressors installed is satisfactory. The
IR supplement to the operator's manual should be based on the data for the
LR-painted U-21A with IR suppressors installed, and should be used by all
IR-configured aircraft.

Level Flight Performance

General:

15. The level flight performance of the U-21A was evaluated at the conditions
and configurations presented in table 2. The engine-off propeller-feathered glide
test method was used to obtain the power-off drag polars for the basic airplane
and for the aircraft after LR paint and IR suppressor installation. The aircraft
was stabilized and trimmed at incremental airspeeds in a descent with both engines
shut off and the propellers feathered. The constant pressure altitude technique
was used for power-on single-engine (propeller feathered) and dual-engine speed
power polar determination. The aircraft was stabilized and trimmed at incremental
airspeeds from the maximum airspeed for level flight (VH) to near stall airspeed
(1.1Vg). The level flight drag polar coefficients for each configuration are presented
in tables 3 and 4, appendix G. Performance at conditions not specifically tested
was calculated using drag polars and specification power-available data which
included accessory losses. The specification engine, as defined by United Aircraft
of Canada Ltd (UACL), is an engine ready for overhaul (degraded fuei consumption
and power available). For this reason, the fuel flow and power available dependent
performance calculations are conservative. The results of these tests are presented
in figures 6 through 11, appendix F.

Dual-Engine:

16. The LR paint and IR suppressor effects on range and endurance for level
flight in the CR configuration at 10,000 feet, at standard conditions and a
maximum gross weight of 9650 pounds, are summarized in tables S and 6. The
combined effect of paint and suppressors on range and endurance is relatively minor,
in that the total range will be shortened by only 5.9 percent and endurance by
3.4 percent. The VH at maximum gross weight was reduced by 8.5 KTAS in the
LR-painted configuration with IR suppressors installed.

17. The current operator's manual basic airplane range and endurance summaries
are satisfactory and should remain unchanged for the basic U-21A, except for the
Specific Range Chart (fig. 14-26 in the manual), on which the true airspeed scale
is in error by approximately 20 KTAS and should be corrected. Because of the
relatively minor individual effects of the LR paint and the IR suppressors on the
overall airplane performance, the IR performance supplement to the operator's
manual should contain level flight performance charts based on the combined effect.

12




Table 5. Dual-Engine Level Flight
Range Performance Summary.!

True -
Data Basis Airspeedz SPQC1E§C Maximfm
Range Range
(kt)
_—
Operator's manual 177 430 931 T
Basic U-21A (test) 181 426 922
LR-painted U-21A 177 413 894
U-21A with LR paint 175 401 868
and IR suppressors

'Based on calculations using specification engine and flight
test drag polars corrected to standard conditions at
10,000 feet density altitude and a constant 9650-pound

gross weight,

ZRecommended cruise airspeed selected at 99 percent of
maximum specific range, high airspeed side.
3Specific range in nautical air miles per pound of fuel.
“Max imum range in nautical miles.

Table 6. Dual-Engine Level Flight
Endurance Performance Summary.'

Data Basis

Operator's manual
Basic U-21A (test)
LR-painted U-21A

U-21A with LR paint
and IR suppressors

Ai::u:edz Specific Endurance "
(klt)) Range (hr)
ﬁ
121 .3815 6.82
115 .3485 6.56
117 . 3485 6.45
118 . 3455 6.34

'Based on calculations using specification engine and flight
test drag polars corrected to standard conditions at
10,000 feet density altitude and a constant 9650-pound

gross weight.

2Airlpeed for maximum endurance selected at 101 percent
minimum thrust shp required, high airspeed side of the curve.
3Specific range in nautical air miles per pound of fuel.
“Endurance in hours, based on flight using 2165 pounds of fuel

with 10 percent reserve.

13
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Single-Engine:

18. The flight test data for the single-engine level flight tests are presented in
figures 9 and 10, appendix F. A comparison of effects at standard conditions is
presented in figure 11. The combined effects of LR paint and IR suppressors
degraded the single-engine range by 2.6 percent and endurance of the U-21A by
6 percent, and should be used as a basis for publishing the single-engine level flight
data supplement to the operator's manual for the LR-painted and IR
suppressor-configured aircraft.

Stall Performance

19. Dual-engine stall performance was evaluated at the conditions presented in
table 2. Stalls were initiated from the specified trim conditions by decelerating
at approximately 1 knot per second until the aircraft stalled. Stall was defined
as an uncontrollable roll or nose-down pitch. Test results are presented in figures 12
through 14, appendix F. Since no position error data were available in the airspeed
range near stall, an assumption was made that in that flight regime the basic U-21A
position error was identical to that shown in the operator's manual.

20. A representative sample of the normal power-off stall airspeed variation with
gross weight for the basic, LR-painted, and LR-painted and IR suppressor
configurations is presented in figure A for the CR configuration. Data from the
operator's manual have been added for comparison purposes. The LR paint
increased the stall airspeed, on the average, 2 KIAS for the CR and PA
configurations and 3 KIAS for the L configuration. The addition of IR suppressors
increased the stall airspeed an additional 3 KIAS. There is a 14-KIAS difference
between the stail airspeed in the CR configuration presented in the operator's
manual and that determined in flight testing the basic U-21A. This difference is
the result of the definition of stall having been changed. When the U-21A operator's
manual was published, BAC defined stall as buffet onset; they now define stall
as an uncontrollable roll or nose-down pitch. For this reason, the data presented
in figure 12, appendix F, should be included as a change to the operator's manual,
with the following NOTE added both to the data and to the discussion of stall
in the Flight Characteristics portion of the operator's manual. Also, the definition
of stall airspeed as defined for this test should be included in the manual discussion.

NOTE

For airplanes painted with low-reflectivity paint, add 3 KIAS
to the stall airspeed determined from the stall airspeed chart,
For airplanes with both LR paint and IR suppressors installed,
add 6 KIAS to the stall airspeed determined from the stall
airspeed chart.

14
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Figure A. Stall Airspeed Variation With Modification - Cruise Configuration.

21. Stall airspeed variation with power is presented in figure B for the basic
U-21A. The stall airspeed variation with power and normal acceleration for the
LR-painted, and LR-painted and IR suppressor-configured airplane was identical
to that of the basic U-21A. A discussion of unaccelerated, accelerated, and
single-engine stall characteristics is presented in paragraph 47. Within the scope
of this test, the power-off, power-on, unaccelerated, and accelerated stall airspeeds
are satisfactory for all configurations and external modifications of the U-21A
airplane tested.
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Figure B. Stall Airspeed Variation With
Power - Basic Aircraft.

HANDLING QUALITIES

General

22. The handling qualities of the U-21A were evaluated before and after
application of the LR paint and after installation of the IR suppressors. The
handling qualities were evaluated under a variety of operating conditions, with
emphasis on operation in the normal cargo configuration near the military maximum
gross weight of 9650 pounds at the aft cg limit (FS 160.4). No deficiencies and
10 shortcomings were identified. The shortcomings are related to the poor stick-free
maneuvering stability in the PA configuration at an aft cg, the lightly damped
easily excited phugoid and Dutch-roll modes of tiie airplane, the ineffective lateral
trim, and the premature artificial stall warning in the CR, TO, and PA
configurations. None of the shortcomings are a result of the addition of LR paint
and IR suppressors to the airplane.

Level Flight Trim

23. Control system positions in trimmed forward flight were evaluated at the
conditions shown in table 3 and are presented in figures 15 and 16, appendix F.
The requirement for left aileron throughout the airspeed range was attributed to
the drag of the flight test pitot-static boom mounted on the right wing. Trimmed

16
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aileron control position in level flight without the pitot-static boom showed an
essentially neutral aileron position requirement at all airspeeds. Control system
positions in trimmed forward flight were essentially unchanged by the addition
of LR paint and IR suppressors to the airplane. Within the scope of this test,
the control system positions in trimmed forward flight are satisfactory.

Static_Longitudinal Stability

24, The static longitudinal stability characteristics of the U-21A airplane were
evaluated at the conditions shown in table 3. The aircraft was trimmed in
steady-heading, ball-centered level flight at the desired trim airspeed. At constant
power, the aircraft was stabilized in 5-KIAS increments about the trim airspeed.
Longitudinal control forces and positions were measured at each point. Test results
for the basic aircraft and the LR-painted aircraft with [R suppressors installed are
presented in figures 17 and 18, appendix F.

25. The stick-free static longitudinal stability, as indicated by the variation of
control force with airspeed about a trim airspeed, was positive in both the CR
and PA configurations. For the basic U-21A with an aft cg, control force gradients
were more shallow on the low-speed side of trim than on the high-speed side.
At airspeeds approaching a stall in the PA configuration, the control force gradient
became essentially neutral. The control force gradients about all trim airspeeds
increased slightly with the ad<ition of LR paint and IR suppressors to the aircraft;
however, this change was negligible and not apparent to the pilot. The near-neutral
control force gradient at low airspeeds in the PA configuration was not
objectionable to the pilot and the 2- to 3-pound force required was sufficient to
discourage inadvertent excursions into stall.

26. The stick-fixed longitudinal static stability, as indicated by the variation of
elevator control position with airspeed, was positive in the CR configuration,
requiring 0.20 inch of displacement for a 37-KCAS change. In the
PA configuration, the stick-fixed static stability was essentially neutral, with less
than 0.10-inch displacement required to produce a 30-KCAS change in airspeed.
In cruise flight the shallow control position gradients were not objectionable, due
to the positive elevator force cues of airspeed variation from trim. Within the scope
of this test, the static longitudinal stability of the U-21A in the CR configuration
with LR paint and IR suppressors installed is satisfactory because of the adequate
force cues. The aft cg limit as published in the basic U-21A operator's manual
is satisfactory for operational use.

Static _Lateral-Directional Stability

27. The static lateral-directional stability characteristics of the U-21A airplane were
evaluated at the conditions shown in table 3. The aircraft was initially trimmed
for zero sideslip at the desired airspeed. The aircraft was then stabilized at
incremental sideslip angles left and right at constant airspeed and heading. Maximum

17
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sideslip attained was limited in the PA configuration by a divergent Dutch roll
and in the CR configuration by aileron control forces. Test results are presented
in figures 19 through 24, appendix F.

28. Static directional stability, as indicated by the variation of sideslip angle with
rudder pedal force, was positive and essentially linear for sideslips between
10 degrees left and right from trim. Addition of the LR paint and IR suppressors
to the basic airplane only slightly increased the force gradients; however, the
increases were not perceptible to the pilot in flight. In the CR configuration, the
maximum sideslip attainable was limited by aileron forces (30 to 40 pounds). In
the PA configuration, maximum sideslip was limited by a divergent Dutch roll.
This oscillation had a damping ratio of 64 = -0.029 and an undamped natural
frequency of wnq = 1.57 radians/sec (0.25 Hz). This occurred at approximately
7-1/2 degrees angle of bank in the basic airplane and was not affected by the
addition of LR paint and IR suppressors. A representative time history of this
oscillation is presented in figure 25, appendix F. Recovery from this oscillation
was immediately effected by decreasing rudder deflection. The oscillation presented
no problem, in that it occurred at a point well beyond normal maneuvering limits;
however, final runway alignment during approaches with crosswind components
near the 2l-knot limit required sideslips approaching the boundary of this
oscillation. During these approaches the handling qualities of the airplane were
improved by making the approach without flaps and maintaining an approach speed
of 120 KIAS until just prior to touchdown. Because of the possibility of
encountering this Dutch roll during crosswind approaches, the following CAUTION
should be incorporated in the operator's manual.

CAUTION

Approaches with a crosswind component in excess of 15 knots
should be made with the flaps up and with an approach speed
of 120 KIAS maintained until just prior to touchdown.

29. Further evaluation of the static directional stability during aileron-only turns
revealed that during normal maneuvering, the aircraft could be flown virtually as
a two-control (aileron and elevator) airplane. During maneuvers simulating
realignment with the runway after breaking out of the clouds on an instrument
approach, only 2 to 3 degrees of adverse yaw were generated and minimal rudder
coordination was required (HQRS 3).

30. Dihedral effect, as indicated by the variation of aileron control displacement
with sideslip angle, was positive and essentially linear. Some pitch coupling was
present, as indicated by the requirement for increasing aft elevator control
displacement and force with increasing sideslip angles in both directions. Further
cvaluation using rudder-only turns confirmed strong dihedral effect, in that bank
angle was easily controlled by small rudder displacements. Small heading changes
were easily accomplished during approaches using rudders only (HQRS 2).
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31. The side-force characteristics, as indicated by the variation of bank angle with
sideslip angle, were positive and essentially linear for all configurations tested. The
strong side-force characteristics provided the pilot good cues of out-of-trim flight
conditions. Within the scope of this test, the static lateral-directional stability
characteristics of the U-21A airplane with and without LR paint and IR suppressors
installed are satisfactory.

Dynamic Longitudinal Stability

32. The dynamic longitudinal stability characteristics of the U-21A were evaluated
at the conditions presented in table 3. The short-period dynamic characteristics
were evaluated by elevator control pulses and doublets. The phugoid mode of
motion was evaluated by trimming the airplane for hands-off level flight at the
desired trim airspeed, stabilizing at 10 KIAS both above and below trim airspeed,
and then releasing the control, allowing it to seek the trim position.

Short-Period Characteristics:

33. The short-period characteristics are summarized in table 7, with representative
time histories presented in figures 26 through 28, appendix F. For all
configurations and airspeeds tested, the short period appeared essentially deadbeat
and the undamped natural frequency decreased with airspeed. The undamped
natural frequency in the PA configuration was low, and in conjunction with the
control system characteristics, affected the handling qualities of the airplane, as
discussed in paragraphs 41 and 65. Within the scope of this test the short-period
characteristics of the U-21A are satisfactory.

Phugoid Characteristics:

34. The phugoid characteristics of the U-21A are summarized in table 8.
Representative time histories of the phugoid mode are presented in figures 29
through 32, appendix F.

35. The phugoid response of the U-21A was oscillatory, lightly damped, and easily
excited in the CR configuration at 160 KIAS, and neutrally damped at 140 KIAS.
In the PA configuration, the phugoid mode was divergent, as shown in figure 29,
appendix F. However, since the pilot was normally tightly in the control loop
during approaches, the negative damping of the phugoid had little effect on the
airplane flying qualities in the PA configuration. The addition of LR paint and
[R suppressors increased the damping and decreased the period of the phugoid
slightly but not enough to be evident to the pilot. The long period, low damping,
and ease of excitement of the phugoid in the CR configuration made long-term
longitudinal trimmability of the airplane impossible to achieve. Airspeed variations
of 3 to 5§ KIAS were common in all flight regimes where the pilot was not tightly
in the control loop to suppress the incipient phugoid oscillation. The lightly damped
and easily excited phugoid mode will increase pilot workload during instrument
flight and is a shortcoming which should be corrected in future designs.
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Dynamic Lateral-Directional Stability

Dutch-Roll Characteristics:

36. The dynamic lateral-directional stability characteristics were evaluated at the
conditions presented in table 3. The Dutch-roll characteristics were evaluated by
exciting the aircraft from a coordinated level flight trim condition with rudder
pulses, rudder doublets, aileron pulses, and releases from steady-heading sideslips.
Time histories of representative dynamic lateral-directional airplane responses are
presented in figures 33 through 35. appendix F. Test results are summarized in
table 9.

37. The Dutch roll was easily excited and tended to damp out in three to four
cycles in smooth air. In the presence of turbulence, however, the Dutch roll
persisted, was annoying to the pilet, and was extremely difficult to damp using
primary flight controls (HQRS 5). The lightly damped, easily excited persistent
Dutch roll in the presence of turbulence is objectionable and is a shortcoming.
The LR paint and IR suppressors had no appreciable effect on the Dutch-roll
characteristics of the U-21A airplane.

Spiral Stability:

38. The spiral stability characteristics of the U-21A were evaluated by establishing
trimmed level flight conditions and then stabilizing in a 10-degree bank angle, using
rudders only. After the bank angle was established, the rudder pedal was slowly
returned to trim and the resulting tendency of the aircraft to increase or decrease
bank angle noted. The basic U-21A exhibited neutral spiral stability in both left
and right banked turns. Any small disturbance of the control system or gust could
disturb this balance and cause the airplane to diverge or converge. The addition
of LR paint and IR suppressors to the airplane made the spiral mode slightly

» convergent for all configurations and airspeeds tested. Within the scope of this

‘ test, the spiral stability of the U-21A with and without LR paint and IR suppressors
installed is satisfactory.

Maneuvering Stability

39. Maneuvering stability characteristics were evaluated at the conditions presented
in table 3. The variation of elevator control force and control position with normal
acceleration was determined by trimming the aircraft in coordinated level flight
at the desired trim airspeed and configuration and then stabilizing at incremental
bank angles in both left and right turns. Airspeed was held constant and the aircraft
allowed to descend during the maneuver. Data were obtained at each stabilized
‘ bank angle. Symmetrical pull-up and pushover maneuvers were also utilized to
‘ evaluate the aircraft maneuvering stability in level flight and to obtain data below
[ 1.0g. The load factor was varied incrementally to the maximum allowable during
the maneuvers. The results of the maneuvering stability evaluation for the basic
U-21A and the U-21A with LR paint and IR suppressors installed are presented
in figures 36 through 44, appendix F.
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40. The stick-free maneuvering stability, as indicated by the variation of elevator
control force with norma! acceleration, was positive and essentially linear for all
conditions tested. The elevator control force gradients (stick force per g) were
invariant with external airframe modification and are summarized in table 10. The
stick-fixed maneuvering stability, as indicated by the variation of elevator control
position with normal acceleration, was positive, essentially linear, and essentially
constant at approximately 0.65-inch per g for all configurations tested.

Table 10. Maneuvering Stability Control Force Gradients.

Cal%?;:ted Elevator Control
Maneuver Configuration Force Gradient
Alrspeed (1b/g)
(kt) g
Symmetrical pull-ups PA 113 b7 24
PA 117 24
Steady turns
CR 140 38
Symmetrical pull-ups o i ¥
and pushovers CR 171 32
Steady turns CR 171 36

4]1. Buffeting in the CR configuration below the design maneuvering speed of
169 KCAS was encountered between 0.2g and 0.7g prior to the airframe structural
limit, and provided an excellent cue of the approach of the aircraft limit load
factor. In turns, the airplane consistently stalled prior to reaching the limit load
factor. The maneuvering control forces in the CR configuration were high enough
to prevent inadvertent control inputs which might give abrupt aircraft responses
and to prevent exceeding the limit load factor in sudden panic maneuvers in all
configurations except PA. Pitch and load factor response was also immediate and
predictable in all configurations except the PA configuration. In the PA
configuration, the low longitudinal stick force per g, coupled with the low
undamped natural frequency of the short period, allowed the limit load factor
of the airplane to be exceeded. In spite of extensive pilot compensation, the g limits
were inadvertently exceeded (with flaps extended) by 0.25g and 0.15g during
symmetrical pull-ups (HQRS 7). A time history of the airplane response to a
1/2-inch aft step input at 120 KIAS in the PA configuration is presented in
figure 45, appendix F. The low stick force per g gradient in the PA configuration
is a shortcoming. Although abrupt maneuvers and control movements are not a
normal part of the U-21A operation, the following CAUTION should be included

in the operator's manual.
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CAUTION

Avoid large or abrupt elevator conirol movements when
operating at an aft cg with the gear and flaps extended, as
maneuver load factor limits for flaps-extended flight may be
exceeded.

42. Load factors below -0.5g were difficult to achieve because of high stick forces
and engine surges. At -0.5g the engine oil pressures, fuel pressures, torque, and
power drastically dropped and the engines began decelerating because of lack of
fuel. This situation will normally never be encountered by the operational pilot
because it is difficult to achieve and is extremely uncomfortable for the pilot.
However, the following CAUTION should be added to the Maneuvers paragraph
of the Operating Limitations section of the operator's manual.

CAUTION

Load factors of less than 0.0g may cause dual-engine flameout
due to fuel starvation.

43. Within the scope of this test, the maneuvering stability of the U-2]1A airplane
in the CR configuration with LR paint and IR suppressors installed is satisfactory.

Roll Performance

44, Roll performance was evaluated at the conditions presented in table 3. These
tests were initiated from a trimmed unaccelerated flight condition by applying both
one-half deflection and full deflection aileron control inputs (in 0.2 second)
without changing either elevator or rudder pedal control position. Test results are
presented as representative time histories of airplane response with one-half and
full deflection aileron inputs in figures 46 through 55, appendix F, and
summarized for the full deflection rolls in figure S6.

45. The roll performance of the basic U-21A was satisfactory, with one-half aileron
control deflection rolls developing only 2 degrees adverse yaw and only slightly
exciting the Dutch-roli mode. Full aileron control deflection rolls developed 4 to
5 degrees maximum adverse yaw and again only slightly excited the Dutch-roll
mode. Addition of LR paint to the airplane had a significant effect on the maximum
roll rate developed and the handling qualities of the airplane. Adverse yaw increased
significantly, more than doubling at the higher airspeeds (4 to S-degree sideslips
during one-half deflection rolls and 9 to 10 degrees with full deflection rolls).
The significant increase in adverse yaw excited the Dutch-roll mode, making the
roll rate highly oscillatory with roll rate reversal during the roll very apparent.
The degraded roll performance after LR paint application is shown in figure 56,
appendix F, in terms of the ratio of the oscillatory to average roll rate. The
excitation of the Dutch roll decreased the average steady-state roll rate by as much
as 10 degrees per second and increased the force necessary to obtain maximum
aileron control deflection from 65 to 85 pounds. Pitch coupling with roll was
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increased because of the increased magnitude of the Dutch roll; however, the
maximum g attained was 2.2g at 160 KIAS and was not a significant factor in
airplane control. The addition of IR suppressors had no effect on the roll
performance of the U-21A.

46. The operational pilot will normally not encounter the poor roll handling
qualities associated with full aileron deflection rolling maneuvers because the large
control deflection (98 degrees) and control force (85 pounds) required to achieve
maximum aileron control deflections are sufficient deterrent to discourage such
maneuvers. Within the scope of this test, the roll performance characteristics of
the U-21A with LR paint and IR suppressors added are satisfactory.

Stall Characteristics

General:

47. Dual- and single-engine stall characteristics of the U-21A airplane were
evaluated at the conditions listed in table 3. Stalls were initiated from the specified
trim conditions by decelerating at a rate of approximately 1 knot per second until
the airplane stalled. Stall warning, stall, and stall recovery characteristics were
evaluated qualitatively. Dual-engine stalls were evaluated with power off, partial
power (600 foot-pounds torque per engine), and high power (1000 foot-pounds
torque per engine). Single-engine stalls were evaluated with the critical engine (left
engine) shut off, propeller feathered, and normal rated climb power on the
remaining engine,

Stall Warning:

48. Initial stall warning for all stalls was provided by a stall warning horn triggered
by a stall warning vane mounted in the leading edge of the left wing at wing
station 231. The angle of attack for stall warning horn activation was virtually
independent of either IR modification or power setting. The horn activated
consistently at 14 degrees angle of attack in CR, 15 degrees in PA, and 16 degrees
in the L configurations. Configuration, power, and external airplane modifications
did, however, affect the stall warning margin, as shown in table 11.

49. Additional stall warning was provided by decreased control effectiveness and
the extreme nose-high attitudes required to stall the airplane (15 to 20 degrees,
power off, in the CR configuration and 25 to 30 degrees with power on). These
extreme attitudes provided excellent cues of the approach of stall; however, these
cues were degraded by the addition of flaps. The power-off stall in the L
configuration occurred in a near-level attitude and only slightly nose high (5§ to
10 degrees) with power addition, As shown in the "horn to stall" column of
table 11, the inability of the artificial stall warning system to adjust with
configuration change required that the system be adjusted to activate early in
the CR, TO, and PA configurations so that it would provide adequate warning
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Table 11. Stall Warning Margin.

Horn to Buffet to Horn to

Configuration Test Phase e fans e
Knots Indicated Airspeed

— |

B 7 19 26
CR/TO B 7 17 24
P+S 7 13 20
B 16 10 26
cL! P 14 7 21
P+ S 14 4 18
B 8 8 16
PA P 6 10 16
P+S 4 8 12
B 8 8 16
L P 5 9 12
P+S 3 7 10
B 13 3 16
wo! P 12 Zero 12
+ P+ S 1 Zero 1

lpower: 1000 ft-1b torque per engine.




in the WO configuration, where it was virtually the only stall warning available.
The premature activation of the artificial stall warning device in the CR, TO, and
PA configurations is a shortcoming, because pilots may tend to ignore it.

50. Airframe buffet warning prior to stall is shown in the "buffet to stall" column
in table 11. Airframe buffet, when present, increased in intensity as the stall
approached and provided excellent cues of the impending stall; however, rapid
deceleration to a stall minimized this characteristic. Power effects also minimized
buffet and in the WO configuration, after LR paint addition, stall occurred
simultaneously with buffet onset. The addition of LR paint to the airplane caused
buffet onset and stall at higher airspeeds than the basic airplane. Installation of
IR suppressors on the LR-painted aircraft caused not only an additional increase
in buffet onset airspeed but changed the character of the buffet. Before the
suppressors were installed, buffet onset was distinct. After suppressor installation,
there was a marked increase in the airspeed interval over which the airframe was
in light buffet. Intervals as large as 8 to 10 KIAS occurred where the airframe
was in very light buffet before significant, recognizable buffet occurred. The 8 to
10-KIAS area of light buffet was not included in the "buffet to stall” figures in
table 11 because the intensity was low enough that it could be easily mistaken
for light turbulence.

Stalls:

Unaccelerated Stalls

51. The power-off stall was characterized in the basic airplane by a gentle but
definite nose-down pitch accompanied by a roll if any sideslip was allowed to
develop. Rudder application to prevent sideslip while holding the aircraft in stall
produced a cyclic pitching motion, with the aircraft alternately stalling and
recovering. All controls except ailerons were fully effective throughout the entire
stall sequence. Due to the low apparent aileron control power, the ailerons were
virtually ineffective in controlling roll, and the large aileron deflections required
to produce even minimal roll control induced adverse yaw, which tended to increase
the roll tendency. Rudders were the most effective roll and sideslip controls in
the stall. Power-on stalls exhibited the same characteristics as power-off stalls,
except that airplane response was more pronounced.

52. With the addition of LR paint to the aircraft, the stall generally retained
the same characteristics as the basic airplane, both power-on and power-off, except
that the pitch rate and attitude changes were decreased by almost half, and the
longitudinal control displacement required to achieve stalls was increased by
10 percent. With IR suppressors installed, the stall was characterized by a further
diminished nose-down pitch tendency, heavy elevator buffet in addition to airframe
buffet, and sink rates near 2500 ft/min, regardless of power. The only
configuration/power combination where these cues were degraded was the
full-power WO configuration, in which the stall occurred simultaneously with buffet
onset at 54 KIAS. Following the stall, the airplane rapidly rolled 135 degrees to
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the left and pitched down 70 degrees below the horizon. The artificial waming
hom was the only indicator of the impending stall. While this stall 1s dangerous,
it occurs well below the normal airspeed band for approach, landing, and wave-off.

Accelerated Stalls

§3. Accelerated stalls were evaluated with power on and power off in the CR,
TO, PA, and WO configurations in 30, 45, and 60-degree right and left banked
turns. At stall the aircraft tended to roll left. In accelerated stalls to the right
a concerted effort was required to hold the aircraft in a stall, with increasing aileron
into the turn required as the aircraft approached stal!. This inherent left roll initiated
recovery for the pilot and minimal pilot compensation was required to complete
the recovery (HQRS 3). The left roll tendency increased with the increase of bank
angle, flap setting, and power. In left turns the airplane tended to roll further
left at stall, but at a reduced roll rate from that experienced in a right turn. The
left roll required moderate pilot compensation (HQRS 4) to correct. Full right
rudder and aileron were required to arrest the roll and power reduction was required
to facilitate recovery. The severity of the airplane reaction at stall increased with
bank angle and considerable pilot compensation was required to minimize altitude
loss and attitude excursion at stall in a 60-degree left banked turn (HQRS 5).
In all accelerated stalls, adequate warning in the form of airframe buffet was present
and would prevent inadvertent excursions into accelerated stalls. Also, angles cf
bank greater than 30 or 45 degrees are seldom encountered during normal
maneuvers with this airplane.

Single-Engine Stalls

54, Single-engine stalls with either engine out exhibited essentially the same
characteristics as dual-engine stalls, with the exception that stall was always at
or below the static airspeed for minimum control (VM(C). Rudder deflection was
insufficient to prevent sideslip, so all stalls were characterized by a roll coupled
with a pitch nose-down. Airplane response was most pronounced in single-engine
stalis with the left engine inoperative. These stalls were characterized by a rapid
left roll, which increased in rate with the power applied to the operating engine.
The significant elevator, rudder, and aileron forces required to maintain single-engine
level flight near stall are sufficient to warn the pilot of impending stall.

Stall Recovery:

55. Flaps-up unaccelerated stalls were recovered by relaxing aft control force,
lowering the nose of the airplane slightly below the horizon, coordinating rudder
and aileron to level the wings, and addition of power to minimize altitude loss.
Rapid recovery was hampered by the pronounced secondary stall tendency
(reoccurance of buffet) of the airplane regardless of power, configuration, or
external modification. The significant secondary stall tendency of the airplane in
all configurations is a shortcoming which should be avoided in future designs.




56. Further investigation of recovery techniques for the full-power WO stall, as
discussed in paragraph 52, revealed that altitude loss could be minimized by leaving
power on and applying full right rudder and aileron together with rapid forward
control at the instant of stall. This recovery technique, however, required exact
knowledge of when the stall would occur and precise timing of control inputs.
Since the airplane does not adequately buffet prior to stall in the full-power WO
configuration, the operational pilot could not be expected to apply the proper
controls to prevent post-stall gyrations. An optimum technique to minimize attitude
excursions and altitude loss was to simultaneously reduce power to idle and apply
forward elevator and full right rudder and aileron to level the wings. Aft stick
and power were then coordinated to arrest the rate of descent. The stall
characteristics and recovery techniques for stalls with flaps extended should be
demonstrated or discussed in detail during U-21 transition training. A discussion
of the consequences of stalls with flaps extended should be included in the
operator's manual. A proposed change to the text of paragraph 8-11, page 8-1
of the operator's manual discussion of power-on stall recovery is presented below
and should be incorporated in the operator's manual.

The roll and pitching tendency present in all U-21A stalls is
more pronounced in power-on stalls and increases in severity
with flap extension.

NOTE

Power-on stalls with gear and flaps extended occur without the
usual warning buffet and may result in the aircraft rolling past
a 90-degree left bank angle and rapidly pitching nose-down to
near vertical. This results in altitude losses of 1000 feet or more
prior to recovery. To minimize attitude excursions and altitude
loss, simultaneously reduce power to idle and apply forward
elevator and full right rudder and aileron to level the wings.
Avoid approaches and go-arounds below 70 KIAS with full
flaps and 80 KIAS with approach flaps.

Single-Engine Characteristics

57. The single-engine handling qualities of the U-21A airplane were evaluated for
the basic, LR-painted, and LR paint and IR suppressor-configured airplane at the
conditions presented in table 3. With the left engine shut down and propeller
feathered, the airplane was decelerated at 0.5 knot per second, wings level, until
a control limit or stall was reached. The airplane was then banked 5 degrees into
the good engine, control deflection adjusted to maintain steady heading, and the
deceleration commenced again until a control limit or stall was reached, establishing
the static VM for the airplane. The minimum dynamic VMC was then determined.
The minimum dynamic VMC was defined as the lowest possible airspeed at which
the pilot could regain and maintain steady straight flight in any configuration
following a sudden complete failure of the critical engine. All flight controls were
used to effect recovery; however, power was not reduced, trim was not changed,

30

A - —r — e S




and the propeller was not feathered. To allow for pilot reaction and recognition
time, 2 seconds, a 20-degree bank angle, or 20-degree heading change, whichever
came first, was allowed before any corrective action was taken. For additional
safety margin, the airspeed selected as the minimum dynamic VM(C was that airspeed
where 90 percent control deflection, excessive control force, or excessive pilot
coordination or skill were required to regain and maintain control. Test results
are presented in figure S7, appendix F.

Static Single-Engine Minimum Control Airspeed:

58. Static single-engine VM(C in wings-level flight was defined by loss of directional
control as a result of achieving full rudder deflection. With a 5-degree bank angle
into the operating engine, VMC was defined by airframe stall at 10,000 feet in
the CR and TO configurations and full right aileron with associated high aileron
forces (40 to 50 pounds) in the WO configuration. Minimum airspeed for trim
effectiveness (Vmin trim) was 102 KIAS in the CR configuration, 97 KIAS in
the TO configuration with right rudder trim at its limit, and 105 KIAS in the
WO configuration with both right aileron and right rudder trim at the limit. Because
of the inability of the trim system to trim all forces to zero at the static VM(,
sustained flight at the static VM was uncomfortable, requiring at least 40 pounds
of rudder force in all configurations and as much as 40 pounds of aileron force
in the WO configuration. The requirement to hold rudder and aileron forces provides
excellent cues of the approach of VM(. Increasing airspeed to the single-engine
airspeed for maximum rate of climb (Vimax R/C) increased trim effectiveness and
single-engine flight was more comfortable.

Dynamic Single-Engine Minimum Control Airspeed:

59. Dynamic VMC was established by the ability of the pilot to regain control
of the airplane after a sudden failure of the critical engine and was always higher
than the static VM. Transient control forces at the dynamic V\MC were as high
at 120 pounds right rudder and 35 pounds right aileron force. With 90 percent
rudder and aileron applied after the appropriate delay for normal pilot reactions,
the aircraft in all cases continued rolling to as much as 30 degrees of bank angle
in the CR and TO configurations and 50 degrees in the WO configuration. Engine
failure at airspeeds lower than the dynamic VM resulted in significantly increased
attitude excursions and a corresponding increase in altitude loss, in spite of the
full application of prorecovery controls. The dynamic VMC presented in figure 57,
appendix F, represent the minimum airspeeds at which the operational pilot could
expect a reasonable chance of recovering from a sudden engine failure. For this
reason, the data presented in figure 57 and the following WARNING should be
included in the operator's manual.

WARNING

Flight below the dynamic minimum control airspeed for the
altitude and configurations shown should be limited to
operational necessity only, as aircraft control may be lost
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following a sudden engine failure below those airspeeds. The
static airspeeds for minimum control apply only after the
airplane is stabilized in single-engine flight.

60. Addition of the LR paint and IR suppressors to the airplane did not change
the VMC for the airplane. Within the scope of this test, the single-engine
characteristics of the U-21A airplane are satisfactory.

Takeoff and Landing Characteristics

61. The takeoff and landing characteristics of the basic U-21A airplane and the
U-21A with LR paint and IR suppressors installed were evaluated under the
conditions presented in table 3. The runways were dry and wind conditions varied
from zero during takeoff performance tests to approximately limit crosswind
conditions. Takeoff characteristics were evaluated using normal technique (brake
release with gradual application of power until achieving takeoff power) and
maximum performance techniques (brake release after takeoff power had been
achieved and stabilized). The airplane was initially lined up S degrees right of the
center line to counteract torque effects during maximum performance takeoffs.
The brakes were capable of holding the airplane at takeoff power; however, a brake
pedal force of 150 to 200 pounds was required to prevent creeping. Simultaneous
brake release was accomplished easily and torque effects aligned the airplane with
the center line, permitting a smooth takeoff roll. Representative time histories of
takeoffs are presented in figures 58 through 60, appendix F.

62. Normal takeoff with a forward cg was easily accomplished (HQRS 3). Nose-up
trim was preset before takeoff and as the airplane accelerated, an aft control force
of 10 pounds was required to lift the nose wheel off the runway at 104 KIAS.
Holding the nose wheel off, aft force was gradually relaxed to approximately
2 pounds as the main landing gear lifted off the runway at 97 KIAS. The landing
gear was immediately retracted upon lift-off and aft control wheel force was again
required to prevent the airplane from accelerating past the 127-KIAS gear retraction
limit speed because of the slow (6 seconds) gear retraction travel time. The low
retraction limit airspeed is a shortcoming, because it can easily be inadvertently
exceeded. Once the landing gear had been retracted, a forward control force of
20 to 30 pounds followed by a nose-down trim change was required during
transition to a trimmed 140-KIAS climb condition.

63. During takeoffs using the maximum performance technique the main landing
gear lift-off speed of 97 KIAS was maintained during climb-out. This required an
initial aft control force (up to 7 pounds) followed by a push force of up to
30 pounds to counter the pitch-up tendency with gear retraction. A nose-up pitch
attitude of 20 degrees was required to maintain airspeed as the landing gear was
retracted. The large trim change with gear retraction after takeoff is a shortcoming
which should be corrected in future designs.

64. The forward field of view during climb-out using the maximum performance
technique was severely restricted by the instrument panel glare shield, which

32




blocked out everything below 30 degrees above the horizon. The restriction to
forward field of view was extremely annoying and posed a potential safety problem
during climb-out in that the pilot could not see to avoid obstacles. The poor forward
field of view of the U-21A during climb-out is a shortcoming which should be
corrected in future designs.

65. The low (0.2 to 0.3 Hz) undamped natural frequency of the short period,
the light elevator control forces and the large trim change with gear retraction
significantly increased pilot work load to maintain constant airspeed during
maximum performance takeoffs as the target lift-off airspeed decreased. Pilot work
load was extensive at 85 KIAS (HQRS 6). An indication of this pilot work load
is shown by the elevator control force in figures 58 through 60, appendix F. Large
control inputs (as much as +8 percent) at a frequency of one per second with
smaller inputs up to three per second, were necessary to obtain desired airplane
response. Pilot work load at 100 KIAS, however, was significantly improved, as
shown by the elevator control force in figure 60, appendix F. Control inputs at
100 KIAS were smaller (less than +1 percent) with the same frequency. Because
of the improved handling qualitics, decrease in work load, improved field of view,
and dynamic VM(C considerations discussed in paragraph 59, the lift-off airspeed
should be increased to 100 KIAS for normal operations with acceleration to
140 KIAS for climb-out, and performance charts developed for this technique.

66. Takeoffs with an aft cg were more difficult both in the basic and modified
U-21A airplane. The takeoff sequence was essentially the same except for the initial
trim setting. Moderate pilot compensation was required to prevent unintentional
overrotation (HQRS 4). Precise airspeed control during the takeoff sequence was
also more difficult. Field of view was essentially the same as described for the
forward cg takeoffs.

67. Landing characteristics were evaluated using normal landing techniques at the
conditions shown in table 3. Power approaches to landing were performed primarily
because of the high test gross weights. Downwind airspeed was 140 KIAS with
transition to 120 KIAS by the 180-degree point, 110 KIAS on base, and 100 KIAS
on final approach. Touchdown airspeeds were approximately 80 KIAS with full
flaps, 90 KIAS with approach flaps, and 100 KIAS with no flaps. At a forward
cg, aircraft and airspeed control were easy in all wind conditions up to limit
crosswinds. At an aft cg, precise airspeed control and tracking tasks such as glide
slope maintenance required minimal pilot compensation to achieve desired results
(HQRS 3). In the presence of light turbulence, these tasks required moderate pilot
compensation (HQRS 4). During the round-out phase of the landing sequence the
overly sensitive pitch response in the PA configuration due to the light longitudinal
stick forces caused a ballooning tendency prior to touchdown (HQRS 4). Airspeed
and attitude control during landing round-out were improved at cg locations near
the forward limit. In both the forward and aft cg loadings, the stall warning horn
intermittently activated (well above stall airspeed) during the round-out for landing.
The premature activation of the stall warning horn prior to touchdown during
the landing round-out is a shortcoming which should be corrected in future designs.
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68. The addition of LR paint and IR suppressors to the airplane had no effect
on the takeoff and landing handling qualities or the U-21A.

Trimmability

69. The capability to trim the aircraft to a given airspeed and zero control force
was evaluated throughout all flight tests. For all configurations tested, longitudinal
and directional control forces could be trimmed to zero (dual-engine) throughout
the flight envelope. Longitudinal and and directional trim were compatible in
sensitivity. The pilot could select large trim changes with very little trim control
movement in both the longitudinal and directional axes. Lateral trim control,
however, was almost totally ineffective. At 140 KCAS the aileron trim could be
displaced full travel (£30 units left and right of zero trim) with less than 2 pounds
total lateral force change at the stick in straight and level flight. The ineffective
lateral trim system of the U-21A is a shortcoming which should be corrected in
future designs.

SUBSYSTEM_TESTS AND MODIFICATION EVALUATION

Engine Performance

70. Engine performance with and without the IR suppressors installed was
evaluated by UACL in an engine test cell; during static thrust runs on the Air Force
thrust stand at Edwards Air Force Base, California, at the conditions presented
in table 4; and during level flight performance tests. Results were compared in
the form of referred engine parameters and representative curves are presented in
figures 61 through 64, appendix F.

71. In a letter report dated 17 July 1975, UACL stated that as a result of the
engine test cell runs, the IR suppressors had the following effect on the T74-CP-700
engine at sea-level, standard-day conditions:

a.  With the IR suppressors installed, at 36,000 rpm referred gas producer
speed, there was a reduction of 12 referred shp (approximately 2.5 percent)
available.

b. At the takeoff rating of 550 referred shp, with the IR suppressors
installed, the engine ran 210 rpm referred gas producer speed faster and 6°C referred
interstage turbine temperature hotter.

72. Static ground runs and level flight performance test results are presented in
table 12. Static ground run data confirmed the UACL engine test cell data and
in-flight data confirmed the reduction in available shp. This loss of power available
due to the IR suppressors represents approximately 12 shp. All other installation
losses are included in reference 11, appendix A. All performance calculations for
flights with IR suppressors installed were based on an additional 12-shp loss per
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engine. The 12-shp loss was treated as an additional accessory loss which was input
to the UACL engine deck. Within the scope of this test, engine performance with
the IR suppressors installed is satisfactory.

Table 12. IR Suppressor Effects on Engine Performance.

: Propeller Reduction in I“§r3853 in
Test | Engine Speed Available Referred PRe el SGaS .
(rpm) Shaft Horsepower' roducer Speed
= (rpm)
2200 16 Sl
No. 1 2000 " -
Static 1900 15 282
ground
run 2200 13 g
No. 2 2000 12 o
1900 12 225
Level No. 1 1900 19 263
flighe | o, B = "

'Read at 36,000 N1//é- (constant referred gas producer speed).
100 percent Nq = 37,540 rpm.
2Read at 510 shp/8/B (constant referred shaft horsepower).

Infrared Suppressors

Vibration:

73. Triaxial accelerometers were mounted in the vertical plane on the tips of the
4 Ik suppressors; but a malfunction of the system prevented any data from being
obtained. Time did not allow correction of the problem before the termination
of the program. Tests were conducted at the conditions presented in table 4.

74. Throughout all flight regimes, the left engine inboard exhaust suppressor tip
vibrated more visibly than any of the other three suppressors. An amplitude of
approximately 1/8 inch was estimated at 1900 propeller rpm with power applied.
The frequency of such a vibration, corresponding to the three blade propeller
passage, was estimated at approximately 95 Hz. An amplitude of 1/8 inch at 95 Hz
corresponds to 57g. Because vibration amplitudes observed in flight apparently
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exceeded those reported during ground structural qualification tests at BAC, further
testing should be accomplished to determine if this vibration is detrimental to the
structural life of the suppressors.

Reliability:

75. The external foamed aluminum coating deteriorated during the conduct of
the tests. Two types of deterioration were noted:

a. Internal failure of the honeycomb-type structure of the foamed
aluminum, with erosion occurring under normal air loads, as shown in photos 1
through 3.

SN66-18008 5 s
NO 2 INBOARD

Photo 1. Surface Erosion.
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LM 9SN66-18008, |j 21 @

" 75-10 NOI OUT BOARD

Photo 2. Surface FErosion.

5 LM 9 SN 66-18008, 1} 21 A
[ 75-10 NO1 OUT BOARD

Photo 3. Surface Erosion.
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b. Separation of the foamed aluminum in chunks from the suppressor
surface because of bonding fatigue between the aluminum sections and the
suppressors, as shown in photos 4 through 6. A possible cause for both types
of coating failure could be the vibrations of the suppressors discussed in
paragraph 74. Also, the foamed aluminum coating was extremely vulnerable to
any rough handling and crushed very easily, as shown in photo 7. Further reliability
testing should be accomplished to determine the ability of the suppressor coating
to withstand normal handling and extended use.

LM-9, SN66-18008
75 10, NO2 INBOARD

Photo 4. Bonding Separation.
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LM 9SN66-18008, | 2(A
75-10 NOI OUT BOARD

Photo 5. Bonding Separation.

LM-9 SN 66-18008
75 10, NO1 INBOARD

Photo 6. Bonding Separation.
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LM-9 SN 66-18008
4 75 10, NOI INBOARD

Photo 7. Surface Crushing.
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Low Reflective Paint

76. A qualitative evaluation of other LR-painted aircraft revealed a marked
variation in paint surface roughness. A special technique is required to appiy the
paint evenly without an unnecessary roughness resulting. The painters who painted
the test aircraft had received recent instruction in the proper method of painting
aircraft with LR paint. Examples of typical variations in paint roughness are shown
in closeup photos 8 through 10, taken of an OH-58, AH-1G, and the test airplane,
all painted by different painters at different times. The U-21A was the most uniform
and least rough of the three.

Photo 8. OH-58A LR Paint Closeup With
a Mechanical Pencil Lead for Contrast.
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Photo 9. AH-1G LR Paint Closeup
With a Dime for Comparison.
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Photo 10. U-21 A LR Paint Closeup With
a Mechanical Pencil Lead for Contrast.
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77. Because of the surface roughness variations, the data in this report may not
be representative of other LR-painted U-21A airplanes. The highly variable nature
of the paint application requires that stringent control measures be implemented
to ensure that operational airplanes receive an LR paint application with a quality
equal to that of the test aircraft, in order to ensure that the handbook data obtained
during these tests will be representative of the operational airplanes. An increase
in the surface roughness could cause increased degradation in performance beyond
that measured during the tests.

Pitot-Static Source Position Error

78. The pitot-static source position error was determined at the conditions
presented in table 4, using space positioning radar and the pace method. Airspeed
calibrations were accomplished before flight tests of the basic U-21A began and
after the LR paint was applied. The test results are presented in figures 65
through 70, appendix F. A summary of paint effects on the altimeter position
error is presented in figure C.

79. The airspeed and altimeter calibrations for the basic U-21A showed slightly
higher airspeed (2 to 3 knots) and higher (10 to 20 feet) altimeter position errors
than presented in the operator's manual. Application of LR paint reduced the
aircraft pitot-static position error, as shown in figure C. The low-airspeed position
errors in the 100 to 208-KIAS range after application of LR paint will enhance
accurate instrument and visual flight because the pilot can fly indicated airspeed
essentially as calibrated airspeed. The pitot-static position error change after painting
decreased the altimeter correction to be added by 10 to 45 feet in CR and by
20 to 35 feet in PA configurations and the airspeed correction by 2 to 3 KIAS
in all configurations. The small altimeter position error above 130 KIAS in CR
and near 120 KIAS in PA configuration will allow the pilot to fly indicated altitude
as calibrated altitude and will enhance the precision and safety of instrument flight.
The pitotstatic position error data presented in figures 65 through 70,
appendix F, should be included in the operator's manual for both the basic and
LR-painted airplanes. No change of position error occurred with the addition of
the IR suppressors to the airplane.
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Figure C. Altimeter Position Error Variation at 10,000 Feet
With External Modification.

45




S ——

CONCLUSIONS

GENERAL

80. The following conclusions were reached upon completion of testing:

a. Within the scope of this evaluation the LR paint alone did not sufficiently
degrade the performance or handling qualities of the basic U-21A to warrant the
publication of a separate change to the operator's manual only for this modification.
The performance degradation with both the LR paint and IR suppressors installed,
however, was sufficient to warrant the publication of an IR performance supplement
to the manual, with all tables and charts based on data obtained in that
configuration and annotated for use by all LR-painted U-21A airplanes with and
without IR suppressors. The existing flight envelope of the basic U-21A airplane
is satisfactory for the U-21A with IR modifications applied.

b. The current U-21A flight manual contains errors which should be rectified
by the inclusion of appropriate notes or revisions as indicated in this report.

¢. The basic U-21A ground roll for takeoff was 400 feet longer than that
presented in the operator's manual (para 9).

d. The addition of LR paint and IR suppressors increased all takeoff
distances an additional 100 feet (para 10).

e. At maximum gross weight, dual-engine climb performance at 10,000 feet
was degraded by 7.6 percent (95 ft/min) and single-engine climb performance at
5000 feet by 27 percent (70 ft/min) by the addition of LR paint and installation
of IR suppressors (para 14).

f.  Dual-engine level flight range was degraded 5.9 percent (54 nautical
miles), endurance 3.4 percent (.22 hours), and VH decreased bv 8.5 KTAS at the
maximum gross weight at 10,000 feet by the addition of LR paint and installation
of IR suppressors (para 16).

g. Maximum gross weight single-engine range was degraded by 2.6 percent
and endurance by 6 percent by the addition of LR paint and installation of IR
suppressors (para 18).

h. Stall airspeeds increased approximately 3 KIAS with the addition of LR
paint and 3 KIAS more (total of 6 KIAS) with the installation of the IR
suppressors (para 20).

i.  The static longitudinal stability control force gradients about all trim
airspeeds increased slightly with the addition of LR paint and installation of IR
suppressors (para 25).
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1 The static lateral-directional stability control force gradients about all
trim airspeeds increased slightly with the addition of LR paint and installation
of IR suppressors (para 28).

k. The phugoid damping increased and the period decreased slightly with
the addition of LR paint and installation of IR suppressors (para 35).

1.  The spiral mode was slightly convergent after LR paint and IR suppressors
had been installed (para 38).

m. The roll rate response following a step aileron input became more
oscillatory after LR paint addition (para 45).

n. The addition of LR paint and IR suppressors decreased the stall warning
margin slightly and changed the character of the buffet (para 50).

o. The pitch rate and attitude changes at stall were decreased considerably
by the addition of LR paint and IR suppressors (para 52).

p. The addition of IR suppressors to the engines decreased maximum power
available by 2.5 percent (para 71).

q. The in-flight vibration amplitudes of the IR suppressors apparently
exceeded those reported during ground structural qualification tests at BAC
(para 74).

r.  Erosion, bonding failure, and crushing of the IR suppressor surface
coating makes the reliability of the suppressors questionable (para 75).

s. The pitot-static source position error was reduced with the application
of LR paint to the airplane (para 79).

t. Ten handling qualities shortcomings which were not attributable to the

LR paint or IR suppressors were identified during the evaluation. Shortcomings
were defined in accordance with AR 70-10.

SHORTCOMINGS

81. The following shortcomings were identified:
a. The lightly damped, easily excited phugoid mode of motion (para 35).

b. The lightly damped, easily excited, persistent Dutch roll in the presence
of turbulence (para 37).

c¢. The low longitudinal stick force per g in the PA configuration (para 41).
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d. The premature activation of the artificial stall warning horn in the CR
and PA configurations (para 49).

e. The significant secondary stall tendency of the airplane in all
configurations {para 55).

f. The low landing gear retraction limit airspeed (para 62).

g. The large trim change with retraction of the landing gear after takeoff
(para 63).

h. The poor field of view of the U-21A during climb-out (para 64).

i. The premature activation of the artificial stall warning horn prior to
touchdown during landing round-cut (para 67).

j.  The ineffective lateral trim system of the airplane (para 69).
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RECOMMENDATIONS

82. The U-21A airplane with LR paint applied should be released for operational
use within the limits defined by the current operator's manual, and the
recommendations of this report. The release of the IR suppressors for flight should
be restricted to operational necessity until the suppressor coating reliability has
been improved, the vibration characteristics on all suppressors have been
quantitatively evaluated in flight throughout the entire propeller operation speed
range, and the suppressors structurally qualified.

83. Correct the shortcomings listed in paragraph 8! in future designs.

84. Include the following WARNING in the operator's manual in conjunction with
the VMC chart in figure 57, appendix F (para 59).

WARNING

Flight below the dynamic minimum control airspeeds for the
altitude and configurations shown should be limited to
operational necessity only, as aircraft control may be lost
following a sudden engine failure below those airspeeds. The
static airspeeds for minimum control apply only after the
airplane is stabilized in single-engine flight.

85. Include the following CAUTIONS in the operator's manual:
a. From paragraph 28:
CAUTION
Approaches with a crosswind component in excess of 15 knots
should be made with flaps up and an approach speed of
120 KIAS maintained until just prior to touchdown.
b. From paragraph 41:
CAUTION
Avoid large or abrupt elevator control movements when
operating at an aft cg with the gear and flaps extended, as

maneuver load factor limits for flaps-extended flight may be
exceeded.
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c. From paragraph 42:
CAUTION

Load factors of less than 0.0g may cause dual-engine flameout
due to fuel starvation.

86. Include the following NOTES in the operator's manual:

a. From paragraph 9:
NOTE

Add 400 feet to all takeoff distances computed from the
takeoff performance charts for the basic U-21A.

b. From paragraph 10:
NOTE

For aircraft painted with low reflectivity paint, with and
without IR suppressors installed, an additional 100 feet should
be added to all distances computed from the corrected takeoff
performance chart.

c. From paragraph 20:
NOTE

For airplanes painted with low reflectivity paint, add 3 KIAS
to the stall airspeed determined from the stall airspeed chart.
For airplanes with both LR paint and IR suppressors installed,
add 6 KIAS to the stall airspeed determined from the stall

airspeed chart.

87. Incorporate the following changes to the operator's manual (para 11).

a. Change the last two sentences in the Normal Operation section entitled

"Minimum Run Landing" to read:

For maximum reverse propeller thrust, place the engine
condition levers to HI IDLE as part of the final landing check.
Return to Beta range when reverse is no longer needed and
place the condition levers to LO IDLE.
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b. Add the following check to the landing checklist (para 11):

3. Condition levers - HI IDLE (for minimum run landing
only).

c. Amend the after landing checklist to read (para 11):
1. Condition levers - LO IDLE.

d. Publish the dual- and single-engine climb data for the LR-painted U-21A
with IR suppressors installed in the IR performance supplement to the operator's
manual (para 14).

e. Correct the true airspeed scale on figure 14-26 of the performance charts
section (para 17).

f.  Publish the dual- and single-engine level flight data for the LR-painted
U-21A with IR suppressors installed in the IR performance supplement to the
operator's manual (para 17).

g. Include the stall airspe=d data in figure 12, appendix F, with the NOTE
referenced in paragraph 86, as shown in paragraph 20.

h. Change paragraph 8-11, page 8-1, to read (para 56):

The roll and pitching tendency present in all U-21A stalls is
more pronounced in power-on stalls and increases in severity
with flap extension.

NOTE

Power-on stalls with gear and flaps extended occur without the
usual warning buffet and may result in the aircraft rolling past
a 90-degree left bank angle and rapidly pitching nose-down to
near vertical. This results in altitude losses of 1000 feet or more
prior to recovery. To minimize attitude excursions and altitude
loss, simultaneously reduce power to idle and apply forward
elevator and full right rudder and aileron to level the wings.
Avoid power approaches and go-arounds below 70 KIAS with
full flaps and 80 KIAS with approach flaps.

i.  Include the data picsented in figure 57, appendix F, with the WARNING
referenced in paragraph 84, as shown in paragraph 59.

j.  Increase the recommended lift-off airspeed for normal takeoffs to
100 KIAS and develop performance charts for this technique (para 65).

51




88. Accomplish the following additional testing:

a. Develop accurate takeoff performance charts, to include distances for
minimum run takeoffs with one-half flaps (para 9).

b. Determine if the vibration of the IR suppressors is detrimental to the
structural life of the suppressors (para 74).

c. Determine the ability of the suppressor coating to withstand normal
handling and extended use (para 75).

89. Establish stringent control measures to ensure uniform standards of paint

application, so that data obtained during these tests will be applicable to all
operational LR-painted U-21A's (para 77).
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APPENDIX B. DESCRIPTION

GENERAL

1. The U-21A test aircraft was a production U-21A. A three-view drawing of
the basic U-21A is shown in figure 1. Two views of the basic test aircraft are
shown in photos 1 and 2. The same two views of the test aircraft with LR paint

and IR suppressors installed are shown in photos 3 and 4.

AIRCRAFT DIMENSIONS

General

Span

Length (overall)

Height

Propeller ground clearance
Design gross weight

Wings

Type
Airfoil section (theoretical at center
line of fuselage)
At root of outer panel

Theoretical tip

Chord at root (theoretical at center
line of fuselage)
Chord near tip (theoretical tip)
Mean aerodynamic chord
Incidence at root
Incidence at theoretical tip
Dihedral
Sweepback (outer panel at 25 percent chord)
Aspect ratio

Stabilizer

Span

Maximum chord (center line at fuselage)
Incidence

Dihedral

Sweepback of leading edge

54

45 ft, 10-1/2 in.

35 ft, 6 in.

14 ft, 2-9/16 in.

12 in.
9650 1b

Low

23014.10 modified

NACA

23016.22 modified

NACA
23012 modified
NACA

84.611 in.

42 in.
77.86 in.
4.8 deg
Zero deg
7 deg
Zero deg
7.51

17 ft, 2.7 in.
66.20 in.

1 deg

7 deg

10 deg, 13 min
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Figure 1. Three Views - Basic U-21A Airplane.
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Photo 2. Left Front Quarter View - U-21A Basic Configuration.

56




Photo 3. Front View - U-21A With LR Paint and IR Suppressors.

Photo 4. Left Front Quarter View - U-21A With
LR Paint and IR Suppressors.
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Fuselage

Width (maximum) 55 in.

Height (maximum) 57 in.

Length (passenger-cargo compartinent) 12 ft, 6 in.

Door dimensions 53.5 in. wide by
51.5 in. high

200 1b/ft2 maximum
3000 Ib maximum

Floor loading (cargo)
Cargo capacity

Areas

Wings (total) 279.74 ft2
Wings (with flaps extended) 265.85 ft2
Ailerons (total) including tab 13.89 ft2
Aileron tab 2 fr2
Flaps (total) 29.30 ft2
Horizontal stabilizers (including elevators) 65.12 ft2
Elevators (including tabs) 17.87 ft2
Elevator trim tabs (total) 3.13 ft2
Vertical stabilizer 23.29 ft2
Rudder (including tab) 14 ft2
Rudder tab 2.05 ft2

FLIGHT CONTROL SYSTEM

Primary Flight Controls

2. The U-21A airplane is provided with a fully reversible flight control system
consisting of conventional dual controls for the pilot and copilot. Control wheels,
interconnected by a T-column, and adjustable rudder pedals interconnected by a
linkage below the floor, are linked to the control surfaces through a closed system
of cables, bell cranks, and push-pull tubes. A set of elevator downsprings has been
incorporated to improve longitudinal control force static stability in flight. A set
of rudder surface return springs has been incorporated to assist in positive rudder
centering and to provide additional force feel in the directional control system,
particularly at high rudder deflection angles.

Secondary Flight Controls

3. Trim control for the rudder, aileron, and elevator is accomplished through
a manually actuated cable drum system for each set of control surfaces. Trim tabs
are located on each of the flight control surfaces and incorporate antiservo action
on the ailerons and elevator. A resultant increase in effective control surface
deflection and control force is realized by this action. The rudder trim is adjustable
left and right to maintain a desired position or displacement for yaw trim.
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4. The all-metal, single-slotted flaps are electrically operated and consist of two
sections on each wing. These sections extend from the inboard end of each aileron
to the wing and fuselage juncture. During operation, the flaps are actuated as a
single unit by separate but synchronized jackscrews. The jackscrews are driven
through flexible shafting by a single reversible electric motor. Flap displacement
is displayed in percent of travel by a position indicator on the center pilot control
pedestal. Normal flap positions are UP (zero percent)), APPROACH
(35 percent-15 degrees), and FULL DOWN (100 percent-43 degrees). Flaps may
be modulated between APPROACH and FULL DOWN.

Limit Control Travel

4
5. The maximum limits of control travel are presented in table 1.

Table 1. Control Surface Travel.
Travel Tolerance
Control Surface (deg) (deg)
Up Down Plus
Allerons 20 20 1-1/2
Alleron trim tab
(left-hand only) it 1z 1=ti2
Alleron antiservo tabs
14 8 2
(right-hand antiservo)
Elevators 25 15 1
Elevator trim tab 10 21 1-1/2
Elevator antiservo tabs 12 8 1-1/2
Flaps - 43 1
Right Left
Rudder 1
24 26
Rudder trim tab 30 30 1-1/2
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PROPULSION SYSTEM

6. The T74-CP-700 (PT6A-20) engine, manufactured by United Aircraft of
Canada, Ltd, has a three-stage axial, single-stage centrifugal compressor driven by
a single-stage reaction turbine. The power turbine, counterrotating with the
compressor turbine, drives the output shafts with speed reduction being provided
by a two-stage planetary gearing. The cngines produce 550 shp sea level
standard-day each in the standard configuration with the standard exhaust stubs.
Maximum continuous speed of the compressor is 38,100 rpm (101.5 percent N1).
Prior to gear reduction, the maximum power turbine speed is 36,850 rpm which,
when reduced, corresponds to 2200 propeller rpm at 1315 ft-lb of torque. The
two engines installed on the test aircraft were production engines (left engine
SN PC-E-30009 and right engine SN PC-E-21153). Both power plants are
3000-hour time-before-overhaul engines and each had 112 hours flight time at the
beginning of the flight tests.

7. Exhaust gases from the engine are passed from the turbine into the exhaust
ducts and exit the engine through exhaust ports located on each side of the duct.
On the basic airplane engine, a standard divergent heat resistant steel exhaust stub
(photo 5) is attached to each exhaust port (photo 6). With the standard exhaust
stub the exhaust gases from the exhaust ports are turned approximately 45 degrees
and directed outboard and aft into the air stream. The Hughes IR suppressor, as
shown in photo 7 and the drawing in figure 2, was designed to replace the standard
exhaust stub. The Hughes IR suppressor consists of an all-aluminum exhaust tube
bolted to a 321/347 annealed steel mounting stack. The aluminum tube is covered
with a 1/2-inch-thick coat of foamed aluminum bonded to the surface of the tube.
The suppressor is mounted to the exhaust port in the same manner as the standard
exhaust stub. With the IR suppressor installed, exhaust gases from the exhaust
ports are turned 90 degrees aft and elevated 18 degrees before discharge into the
air stream, as shown in figure 3 and photos 8, 9, and 10.

8. Engine power ratings for the T74-CP-700 engine series as installed in the U-21A
are shown in table 2.

Table 2. Engine Power Ratings.

S

Interturbine Gas Producer

Power Setting | Temperature sorgus Speed s
° (ft-1b) o (min)
(°c) (%)

=

Takeoff power 750 1315 101.5 5

Normel reted 725 - 101.5 Continuous

climb power

Normal rated

level flight 705 —= 101.5 Continuous
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Photo 5. Standard U-21A Engine Exhaust Stubs.
(with special thermocouples installed)

| L

Photo 6. Standard U-21A Engine Exhaust Stubs Installed on Aircraft.
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Photo 7. IR Suppressor.
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Figure 2. Engineering Drawing of an IR Suppressor.
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Figure 3. IR Suppressor Detail Drawings.
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Photo 8. Front View - Right U-21A Engine (No. 2)
With IR Suppressors Installed.

Photo 9. Left Front Quarter View - Right U-21A Engine (No. 2)
Left Exhaust Stub With IR Suppressor Installed.
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Photo 10. Right Front Quarter View - Right U-21A Engine (No.
Right Exhaust Stub With IR Suppressor Installed.
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APPENDIX C. INSTRUMENTATION

1. The test instrumentation on the U-21A aircraft, serial number 66-18008, was
installed, calibrated, and maintained by USAAEFA personnel. A list of all test
instrumentation is presented below. Photos 1 through 4 show the cockpit
instrument panel, auxiliary instrument panel, and the cabin location and installation
of the magnetic tape package and associated hardware.

Photo 1. Cockpit Instrument Panel.
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Photo 2. Auxiliary Instrument Panel.
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Photo 3. Magnetic Tape Unit.
(front end facing aft)
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Photo 4. Magnetic Tape Unit
(aft end facing forward)
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2. In addition to the instrumentation listed below, the aircraft was also equipped
with the following special instrumentation:

a. A pitot-static boom mounted at right wing station (WS) 211.92, which
incorporates angle-of-attack and angle-of-sideslip vanes and a Rosemount outside
air temperature probe (photo §).

b. A C-band beacon installed in the nose compartment avionics bay to
permit positive radar tracking for the radar airspeed calibration.

¢. A microswitch mounted on the nose wheel strut torque knee and
connected electrically to an amber light on the pilot instrument panel to give
positive indication of nose wheel lift-off during takeoff performance tests.

Instrument Panel

Pilot airspeed (ship's system)
Pilot airspeed (boom)
Copilot altimeter (ship's system)
Pilot altimeter (boom)
Center-of-gravity normal acceleration
Digital interstage turbine temperature
(left and right engine)
Left and right engine gas producer tachometer
Left and right engine torquemeter
Left and right engine torquemeter (ship's system)
Left and right engine torquemeter (sensitive)
Left and right propeller (power turbine) tachometer
Left and right fuel flow
Angle of sideslip
Angle of attack
Wing surface temperatures
Exhaust gas stream temperature

Auxiliary Instrument Panel

Left and right engine fuel flow and totalizers
Outside air temperature (boom)
Time code generator

PCM_Magnetic_Tape

Time

Airborne/brake release event
Stall warning cvent
Pilot/engineer event
Left-hand fuel counter
Right-hand fuel counter
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Photo 5. Flight Test Pitot-Static Boom Installation.

72




e

T R

Altitude (boom)

Airspeed (boom)

Left-hand power turbine speed
Right-hand power turbine speed
Left-hand gas producer speed
Right-hand gas producer speed
Left-hand engine torque
Right-hand engine torque
Left-hand interstage turbine temperature
Right-hand interstage turbine temperature
Left-hand fuel flow

Right-hand fuel flow

OQutside air temperature

Angle of attack

Angle of sideslip

Pitch attitude

Roll attitude

Yaw attitude

Pitch rate

Roll rate

Yaw rate

Center-of-gravity normal acceleration
Longitudinal stick position
Lateral stick position

Rudder pedal position
Longitudinal stick force

Lateral stick force

Rudder pedal force

Elevator surface position
Aileron surface position
Rudder surface position

Flap surface position

73




APPENDIX D. TEST TECHNIQUES AND
DATA ANALYSIS METHODS

GENERAL

1. This appendix amplifies some of the data reduction and analysis methods used
to evaluate the U-21A aircraft (refs 4 through 7, app A). The topics discussed
include glide, climb, level flight, takeoff and landing performance, and weight and
balance computations. All calculated parameters were corrected to account for
additional drag due to external test instrumentation.

PERFORMANCE

2. The propeller-feathered engine-off glide method was used to develop the
base-line drag polar for the U-21A in all three phases of testing (basic airplane,
LR-painted airplane, and LR-painted airplane with IR suppressors installed). Level
flight performance tests were conducted using the constant pressure altitude
method, and the sawtooth-climb method was used for climb performance. All test
data were converted into nondimensional coefficients which were used to develop
the base-line drag polar and the final generalized equations for each phase of testing.
The equations were then used to predict aircraft performance data at conditions
not specifically tested. Because of the drag of the flight test pitot-static boom,
additional data were obtained with the boom removed to determine its contribution
to the drag of the airplane. All flight test data were then corrected for the ACp,
shift (ACp, = 0.001) due to the boom installation.

3. For propeller-feathered glide tests, the aircraft was stabilized in a descent at
a constant airspeed with both engines shut off and the propellers feathered. Prior
to shutting down the engines, the test instrumentation magnetic tape package was
switched from primary aircraft power to the emergency 24-volt battery power.
The airspeed range (1.1VS to VMQ) (stall airspeed to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>