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Mrs. Crumbocker:

Attached is the Manual, "Fixed Wing Performance Theory and Flight
Test Techniques" which we discussed on the telephone. The distribution
sheet 18 inserted as first page. Please send us AD Number on this
revised copy dated July 1977,

—

Thank you for all your help.
]
JOYLE RIDGELL ;
(301) B863-4411

OQur address is:
Naval Air Test Center
U. S. Naval Test Pilot School
Patuxent River, Maryland 20670

Head of Academics at the School is Mr. R. B. Richards
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PREFACE

"Consideration of the human variables involved in flight
leads me to the conclusion that the pilot must be as
wise in decision as a good chess player and as correct in

his tempo of transaction as a bullfighter.”

L. 1. KELLY

Aeronautics
The U.S. Naval Test Pilot School Performance Testing Manual has been
prepared as a guide for the student who is learning the principles of performance
flight testing. The flight techniques discussed herein are many of those which are
used in performance flight test projects. The principles illustrated provide a basis

for modifying these techniques to fit a specific performance test problem.

The acquisition of data and data analysis are fundamental to performance
flight testing. Frequently it is a very laborious process. At the U.S. Naval Test
Pilot School, the quantity of data obtained and the data analysis methods used are
limited to those necessary to teach the principles. Though the data analysis
methods presented in this manual are valid and are perfectly suitable for some

purposes, more refined and costly methods exist.
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PURPOSE OF THE PERFORMANCE TESTING MANUAL

This manual is a guide for pilots and engineers attending the U.S. Naval Test
Pilot School (USNTPS). The text presents basic theory, test techniques, and data
reduction methods for fixed-wing performance testing. The scope of each flight
investigation presented is limited to that necessary to teach the principles of the
test and its associated data reduction methods. Students are encouraged to be
alert, original, and where possible, make appropriate modifications to general test
techniques to obtain a specific vesult more efficientiy. All flight testing described
ir this manual is conducted to define engine and airframe performance character-
istics for use in determining mission suitability and specification compliance where

applicable.

FLIGHT TEST SYLLABUS

The performance flight test syliabus is conducted concurrently with the
academic course nn airplane performance. A theoretical analysis of fixed-wing
engine and airframe performance is presented 1n the academic syllabus. In
addition, flight briefings on test techniques and "Scope of Test" are conducted prior
to each flight. Equipped with a knowledge of theory and test techniques, the

student plans, conducts, and reports on the assigned test flight.

Each fixed-wing study group will be assigned an airplane for the specific
purpose of determining its engine and airframe performance characteristics. The
syliabus flights flown by the group to accomplish this evaluation are typical of
those conducted at the Naval Air Test Center (NATC) during Navy Preliminary
Evaluations (NPE), Board of Inspection and Survey (BIS) Trials, and Performance

Technical Evaluations (PTE). Many of the tests require several similar flights to
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satisfactorily complete the scope of testing desired. For these tests, the various

flights will be divided among the group pilots.

Each student should prepare an informal written report for all performance
exercises as soon as possible after each flight in order to record the pilot's treshest
hmpressions and interpretations of the test results. The report mwust be brief when
discussing satisfactory characteristics and as detailed as necessary to describe
particularly good and bad characteristios. As a minimum, it should include
quantitative data on properly annotated rough plets, qualitative comments, and any
airan'ae peculiarities. Upon completion, the report will be presented either as an
informal debrief or as a formal NATC written report. In any case, each individual
report will be incorporated into a project notebook which will provide a running

record of fhght results for the entire group.

When  all performance fhights have been con cted, the data from each
individval report ~1ll be used to construct composite graphs of the various
performance parameters. These graphs enable the group tu evalaate the mission
suitability of the airplane and to determine specification compliance. At the end of
the performance syllabus, the group compiles data and information gathered during
the course into a formal oral report similar to a PTE.  Early in the performance
syllabus, the various tests .nust be put an perspective with a  view toward therr

inclusion 1 this final report,

SCHOOL APPROACH TO PERFORMANCE TESTING

The Test Pilot School (I'PS) provides o modern airplane for performance
testing; and although the airplane as not & new one, the school approach s to

assume that 1t has never been evaluated by the Navy, The test project assames no
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fvh' i NPE was conducted and that BIS had designated TPS to conduct the secondary
phase Aircraft and Engine Performance Trials and Technical Evaluation. The

: airplane 1s assumed to be designated for present day use. Stability and control,
| weapons delivery, and other testing is assumed to be assigned to other divisicns of
! NATC. The TPS student is charged with the responsibility of determining and

o [ 3 reporting on the engine and airframe characteristics of the project airplane.

"Mission suitability” is an important phase at NATC, and its importance is
reflected in the whoi= theme of flight testing at TPS. The fact that an airplane
ineets the requirements of pertinent Military Specifications may be of secondary
importance f any performance characteristic degrades the airplane's normal
speration 1in its planned environment. The mission of each airplane will be
discussed, then students must conclude whether or not the performance character-
1stics they evaluate are suitable for the intended mission. This conclusion must be
! supported by a logical discussion and analysis of quantitative and qualitative

KON
observations. Since students possess and can communicate recent fleet experience,

i their conclusions should be based on a "users” concept.

The performance of an airplane cannot be evaluted for comparison with

-~
-

- S contract guarantees or other airplanes without accurate quantitative data.
Consequently, accurate numbers are indispensable in providing the student with a
foundation on which to build a logical ana analytical analysis. At TPS every effort
is made tou test under ideal weather conditions and with all sensitive instrumenta-
tion operative, but problems in either of these areas inay cause slight errors in the
data. If the errors are not the result of improper test technigues, the test results
will show the desired data trends which are essential for a satisfactory report. U

bad weather, instrumentation failure, or poor pilot test technique result in large
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magnitude errors or improper trends, critique on the data may be given; and if
warranted, the flight will be reflown. It is important to remember that the primary
purpose of the perforrcance testing syllabus at TPS is teaching proper flight test

techniques and the basic ideas supporting the methods.

The fact that TPS does not require the data te be exactly correct before it is
presented in a report does not excuse the student from conducting a critical
examination of the data. It is impurtant for the student to know that errors in the
final data do exist and that be should explain the effect of the errors on the results.
It has been the experience of the school faculty that some students are too critical
of the accuracy of their data because of the scatter they observe in their graphs.
Many factors enter into the degree of scatter observed in performance data. High
among these factors are inconsistent pilot technique and instrumentation errors.
Ofien a certain amount of scatter is to be expected depending on the particular
test under consideration. Again, a degradatinn in accuracy of results can also be
attributed to poor pilot technique, which may in turn be traced to a student who did
not prcperly prepare for a flight or did not follow instructions. Immediate flight
planning following a flight brief is imperative to ensure that the proper and
necessary preparation is accomplished. The flight brief will encompass the data
accuracy which is expected. If these limits are not achieved, an explanation in the

individual flight report is warranted,

14
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PERFORMANCE FLIGUHT TEST CONDITIONS AND PILOT TECHNIQUES

PURPOSE

The purpose of this section is to discuss performance flight test techniques
which will be used in conducting the tests outlined in this manual. A demonatration
flight, discussed in Section O, will be given to each student by a TPS flight

tastructor.

DISCUSSION AND THEORY

General

There are three basic test conditions under which a pilot will operate an
airplane while conducting performance testing. Each test condition requires special
flight techniques and utilizes different primary flight instruments for pilot
reference. These conditions are stable equilibrium, unstable equilibrium, and
nonequilibrium. Equilibrium test conditions are present during tests in which the
airplane is stabilized at a constant airspeed and altitude. A stable equilibrium
condition i a condition in which the airplane, if disturbed, will return to its initial
condition. An unstable equilivrium test point is a point from which the airplane, if
disturbed, will continue to diverge. A nonequilibrium test is a test during which

there i3 a change in airspecd and/or altitude,

Stable Equilibrium Conditions

A stable equilibrium test point represents a condition at which pressuce
altitude, thrust (power), and flight path angle are constant and airplane

accelaration along each axis is zero. Stable equilibrium data points are cbtained in




both level and turning flight when operating at airspeeds greater than the airspesd
for minimum drag (stable portion of the thrust or power required curve). The test
technique for cbtaining stable equilibrium data is to adjust altitude fivst, power
second, and then wait until the airplane stabilizes at the equilibrium flight
airspeed. {t is important to point out that altitude must be maintained precizsely at
the desired test level and that thrust/power must not be changed once set. If this
technique is followed, a time history of airspeed can be used to determine when the
equilibrium data point has been obtained. For most tests, when the airplane has
changed less than 2 kt in the preceding 1| minute period, an equilibrium data point
can be assumed to have been achieved. Stable equilibrium test conditions are
obtained most rapidly by approaching them with excess airspeed. This approach
ensures convergence, whereas an accelerating approach may converge only after
fuel exhaustion. The flight test technique used in obtaining stable equilibrium

conditions is called the constant altitude method in most flight test literature.

The primary parameters for pilot reference when obtaining data points under
stable equilibrium conditions arc altitude, vertical speed, heading for straight
flight, and bank argle for turning flight. There is no substitute for a good visual
horizon. In airplanes equipped with automatic flight control systemns (AFCS) that
incorporate attitude, altitude and heading hold modes, stable equilibrium data
points can be obtained by using these modes provided the sensitivity of the AFCS is
adequate for the test. In straight flight, stable equilibrium conditions can be
achieved by using altitude and heading hold modes. In turning flight, stable

equilibriunt conditions can b achieved by using altitude and attitude hold modea.
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Unstable Equilibrium Conditions

Unstable equilibrium data points are more difficult to obtain but can be
obtained rapidly if proper technique is employed. For the unstable equilibrium data
points, indicated airspeed is held constant. Altitude, engine RPM, and bank angle
may be adjusted as required by the test being conducted. Since the indicated
airspeed must remain constant, it becomes apparent that good test techniques will
assist in obtaining good unstable equilibrium data points. Unstable equilibrium data
points are associated with the unstable portion of the thrust or power required
curve. To obtain data points under these conditions, the desired test airspeed is
established first, then the throttle is adjusted to climb or descend to the desired
test altitude. The vertical speed indicator is an important instrument in achieving
equilibrium conditions. With throttle set, the vertical speed is stabilized while
maintaining the desired test airspeed. A throttle correction is made and the
stabilized new vertical speed is observed. The approximate RPM required for ievel
flight can be determined by correlating the values. For example, while attempting
to obtain a level flight data point at 135 KIAS, it is determined that 88% F.PM
produces an 800 fpm climb in the vicinity of the desired test altitude and an 80%
RPM produces a 200 fpm descent. The test pilot can determine that 1% RPM
change represents a 125 fpm change in vertical speed. By adjusting throttle to
81.6%, he should achieve equilibrium level flight conditions. Normal pilot technique
usually puts one within 1% or 2% of the proper RPM, but this averaging technique
then applies. A variation of this technique must be used in turning flight when the
throttle is set at MIL and cannot be used as the adjustable variable. In this case,

bank angle (or load factor) may be related to vertical speed in the same manner
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that RPM was related to vertical speed in the straight flight conditions. The flight
test technique used in obtaining unstable equilibrium conditions is called the

constant airspeed method in most fiight test literaiure.

The primary parameters for pilot reference when obtaining data points under
unstable equilibrium conditions are airspeed, vertical speed, heading for straight
flight, and bank angle for turning {light. In tests in which rate of climb can be
corrected to thrust or power required, it will not be necessary to achieve
equilibrium at zero vertical speed. A small altitude change over a small time period
{usually 5 min) can be used tc correct the test results to level conditions. In other
teats, it will be necessary to achieve zero vertical speed. A small amount of
practice usually results in satisfactory ability to obtain zero vertical speed at a
desired test altitude in less time than it takes to determine an average

rate-of-climb correction. It should also be recognized that the constant airspeed

techniques can be used to &ood advantage by a proficient test pilot when obtainirm

test data under stable equilibrium conditions. Normally, automatic flight control

systems offer little advantage over manual control in obtaining unstable
equilibrium data points. If control stick steering is available, this mode can be
useful if the unstable region of the thrust required curve is also an unstable angle
of attack region of flight. An airplane exhibits positive angle of attack stability if
it initially tends to return to the same angle of attack after a sudden disturbance.
If the airplane appears to exhibit positive or neutral angle of attack stability,
manual contral will probably be preferable. Altitude hold mode used in conjunction
with throttle adjustment will seldom give satisfactory results in unstable thrust

required flight conditions.
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Nonequilibrium Test Points

Nonequilibrium test points are usually the most difficult to obtain. They
preclude the pilot's having stable conditions or being able to trim to waintain
constant conditions. The pilot does, however, have some schedule which he can
follow and which he can use to assist him in correcting to achieve a satisfactory
flight path or flight test condition. Some nonequilibrium tests such as acceleration
runs are performed at a desired constant altitude. Others such as climbs and

descents are performed according to a desired airspeed schedule.

The primary reference parameters for nonequilibrium tests will be dictated by
the specific test being performed. Automatic flight control system equipment can
be a great aid in obtaining nonequilibrium condition data. The degree to which it
can be employed will depend upon the specific test and the ability of the modes to
perform their design functions. Good heading hold and altitude hold modes can be
extremely valuable in obtaining level acceleration test data. If the altitude mode is
unable to maintain a relatively constant altitude (+100 ft), use of control stick
steering may be superior to manual control since this mode will provide automatic
longitudinal retrim. Climb and descent tests can be performed using Mach or
Indicated Airspeed hold modes if they are available and if they have sufficiently
high gain to maintain the desired schedule accuracy (+5 kt or +0.C1M). If these
modes are not available, use of control stick steering will at least provide smooth

autcmatic retrim and relieve the pilot of that task. .
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PERFORMANCE DEMONSTRATION FLIGHT

INTRODUCTION

The performance demonstration flight conducted at TPS was established to
introduce the student to the fixed-wing performance testing syllabus. The flight
will usually be conducted in a different airplane than the student will utilize during
the performance phase of the syllabus. Prior to the demonstration flight, the
student must have completed the handbook exam, cockpit checkout, and at least
one familiarization flight. In addition to test techniques, the student will be
instructed in the proper use of instrumentation and the importance of knowing the

correct preflight procedures and preparation required prior to each test flight.

PURPOSE OF DEMONSTRATION FLIGHT

The primary purpose of the fixed-wing performance demonstration flight is to
acquaint the student with the test techniques and method of tests utilized at TPS.
The knowledge gained during this flight will enable the student to practice the
correct techniques during succeeding familiarization and practice flights. The
purpose of the demonstration flight is to teach test techniques and not fixed-wing
performance theory. The importance of the varicus tests and the significance of
the test results relating to mission suitability will be emphasized. Methods of test

and pilot techniques will be demonstrated for the following tests:

a. Takeoff and climb performance.

b. Level flight performance (thrust requirad).

c. Constant altitude acceleration runs (specific excess power).

d. Level turning performance and buffet boundary characteristics {thrust and

lift boundaries).
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e. Stall airsperd determination.

f. Pitot - stat.. system calibration {tower fly-by).

FLIGHT FORMAT

a. The student will te briefed on the proper operation and utilization of
photopanel and phenomenon lights and the proper flight test techniques.

b. The importance of altimeter settings (29.92), sufficient leader on
photopanel film and frame counter correlation will be discussed.

c. The flight will be conducted simulating a fully-instrumented airplane

{student in front seat).

Takeoff Techniques (Nonequilibrium)

The demonstration pilot will emphasize the importance of initial line-up and
trim settings in takeoff performance testing. The use of brakes can seriously affect
the takeoff distance and acceleration performance of the airplane. The technique
to obtain good nose wheel line-up is uniform, simultaneous braking while lining up
prior to takeoff. This will ensure that the nose wheel is not coi'z1 at brake
release. If nose wheel steering is available it may be used. Photopanel data are
normally taken during the takeoff run. The photopanel is started prior to brake
release, usually after takeoff thrust has been obtained. Brakes are released at a
specified photopanel counter number and the phenomenon light is used to mark the
film at that time. Takeoff rotation will be at a specified airspeed, gear and flaps
will be retracted at a specified airspeed, and the climb schedule will be intercepted
at as low an altitude as is feasible for normal operating conditions. During

acceleration to iritial climb airspeed, rate of climb should not exceed 500 fpm.

UTE

R e




v Vg ot NI DG ne i s TRy TV TR
) ettt U VA wtarre ) Ve e T

Climb Techniques {(Nonequilibrium)

The instructor pilot will demonstrate the transition to the climb schedule, pilot
techniques for maintaining achedule, and the proper ure of test instrumentation.
The climb schedule represents a nonequilibrium flight condition in which the pilot is
following a predetermined airspeed vs. altitude schedule. The schedule for the
particular airplane will be described during the flight briefing. The demonstration
should covar techniques for transitioning from a constant altitude condition to a
climb schedule and should include demonstration of an interrupted climb. The
instructor pilot should emphasize the requirement for making smooth, early
corrections during the climb phase., In demonstrating an interrupted climb, it is
important to emphasize that the conditions at the time the climb is interrupted
must be duplicated exactly when re-establishing the climb. At least 1,000 ft of the

climb schedule shouid overlap.

Level Fli&ht Performance

Stable equilibrium data points (points at airspeeds greater than the airspeed
for minimum drag) will be demonstrated in level flight at the altitude designated
for the particular demonstration airplane. If the test airplane is equipped with a
pointer counter altimeter, it is essential that even 1,000 ft altitudes not be used in
the ' demonstration because of the inherent altimeter instrument friction
characteristics about the 12 o'clock position. The proper technique is to set the
appropriate power or thrust setting first and allow the airspeed to decelerate and
stabilize. After setting the thrust and stabilizing the altitude, the pilot's stopwatch

should be started to determine airspeed acceleration or deceleration over a I min

interval. When accelerations or decelerations are less ther 2 kt/min, equilibrium

T T S g b
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conditions can be zasumed to have been achieved and the photopanel and/or cockpit

data can be recorded. It is essential that the student understand this time history

concept in order to minimize test time requirements. This is called the constant

altitude method. The primary reference instruments are the altimeter, vertical

speed indicator, and RMI for heading.

Unstable equilibrium data points (points at airspeeds less than the airspeed for
minimum drag) will be demonstrated in level flight at the same altitude as the

stable equilibrium points. This technique is called the constant airspeed method.

The instructor pilot will emphasize that the airspeed must be maintained constant
for unstable equilibrium data points. Pilot techniques for determining thrust or

power required for level flight under these conditions will be demonstrated.

Trim the airplane at the desired airspeed and set a thrust (RPM) which results
in a stabilized climb of less than 1,000 fpm at the trim airspeed. Reduce the thrust
(RPM) to obtain a stabilized desceat at the same trimn airspeed. After determining
the rate of change of vertical speed with RPM, an estimate of RPM required for
level flight can be made. A throttle correction to position the airplane at the
desired test altitude will then be made as the airplane approaches within +100 {t of
the specified test altitude. After the airplane has maintained level, stabilized flight
for approximately 60 sec, data can be recorded. An altitude gain or loss of 25 ft in
60 sec is considered acceptable. This method is applicable in airplanes which have
no significant change in gross weight while obtaining unstable equilibrium data test
points. The primary instruments for this technique are the airspeed indicator, the

vertical speed indicator, the altimeter, and the RMI for heading.

s
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Acceleration Run (Nonequiiibrium)

The constant altitude acceleration run is another example of a nonequilibrium
flight test condition. In this case, a constant altitude will be maintained, but the
airplane will not be in equilibrium condition (except at Vm") because it is
accelerating along the longitudinal axis. Level tlight acceleration runs may be
performed by constantly trimming or by attempting to hold all forces with the
control stick. The trimming method is recommended; however, exact trim
conditions should not be attempted. A small amount of pull or push force should be
maintained throughout the run. The reason for this is to avoid the control system
break-out forces about the force trim points. This condition may result in a force
reversal from push to pull during the run which generally produces an oscillatory
inotion during the test. If the airplane has large excess thrust capabilities or slow
engine spocl-up time, it will be necessary to commence the acceleration run from
ciimbing flight conditions to conduct the entire acceleration run at stable engine
operating conditions. The instructor pilot should emphasize the importance of
making smooth corrections and discuss the use of speed brakes to facilitate the

start.

Level 'l‘urning Performance

The techniques for determining level turning performance (both stable and
unstable equilibrium data points) will be demonstrated at the designated test

altitude. The instructor pilot should emphasize that Vm is a point in turning

rt
performance (1.0g point). For the stable equilibrium points, set the thrust/power at

MIL, establish the airplane in a constant bank, stabilize the altitude with normal

acceleration and allow the airspeed to stabilize. Stabilization can be assumed when
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the airspead, normal acceleration, and altitude are stabilized for 5 sec within
1,000 ft of test altitude. The instructor should emphasize the importance of
trimming the airplane longitudinally to maintain the desired bank angle and normal
acceleration, and of using the visual horizon. For unstable equilibrium points,
advance the thrust to MIL and adjust normal acceleraticn in a turn to maintain
desired airspeed. Once the airspeed is stabilized by applying the appropriate
normal acceleration, the bank angle required for level flight can be established.
The instructor shouid demonstrate the relationship of bank angle to vertical speed,
and of normal acceleration to airspeed. The stabilization criteria is the same as for
stable equilibrium conditions. This technique is difficult to master and will require

considerable practice for proficiency.

Buffet Boundary (Nonequilibrinm)

The technique for determining the buffet boundary (lift limit) characteristics
of an airplane will be demonstrated at the same test altitude as level turning
performance. The technique is called the constant Mach number/airspeed wind-up
turn and is another cxample of a nonequilibrium test condition. Establish the
airpiane at a specified Mach number/airspeed and smoothly increase normal
acceleration. In order to minimize scatter in the data, a constant thrust setting is
preferred. For load factors above the maximum level flight sustained g-available,
use bank anglz {airpiane weight vector) to supplement thrust in order to maintain a
constant Mach number/airspeed during the maneuver. Satisfactory data can be
obizined within 1,000 ft of test altitude. The instructor should emphasize the
importance of increasing the normal acceleration at 0.5g per sec or less to avoid
dynamic errors in the data. The instructor should point out and discuss the

applicable buffet levels.

i



a

L = T e v

va s ¢ a0 . [OSRET Y P

Stall Speed Determination {Ninequilibrium)

In this test, the pilot is fullowing & eceleration schedule of 1/2 kt/sec or less.
The configuration of the airplane or engine limitations will determine the throttle
setting. The primary instruments in this particular maneuver will be the airspeed
indicator and the cloch. Stalls at higher rates cof deceleration (5 to 10 kt/sec) will
also be demonstrated to illustrate the effects of nr~nsteady flow conditions. The
instructor will also discuss or demonstrate the effects of trim setting on stall speed

data.

Phototheodolite Tcwer Fly-by

The instructor will familiarize the student with the local course (currently in
use), and the student may perform practice pitot static source calibration runs if

time and fuel permit.

Student Participation

The student should be permitted to try each basic technique, but the instructor
pilot must maintain the pace of the flight in order to complete all demonstration
requirements. It is important to emphasize that the purpose of this flight is to
introduce the three basic flight test conditions and the {echniques used by test
pilots to collect performance data. Instructors will answer questions, but avoid
specific details of theory which may not yet have been introduced in the academic

syllabus. Further detailed briefs and practice flights are inchided in the syllabus.
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SECTION IV

PITOT STATIC SYSTEM TESTING
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SECTION IV

NOTATIONS INTRODUCED IN THIS SECTION

lag error constant

static pressure

ambiemt pressure

free stream total preasure
ambient density

sea level denaity

ratio of specific heats
impact pressure

indicated impact pressure

indicated airspecd

calibratod airspecd

difference in static source pressure and amwbient pressure, P_ -

P
a
static source ervor coefticient

significs data corrected to standard atrplane weight

actual pressure alvitude of the test airplane

obrerved pressure altitude of the test airplane (cockpit or

photepanel revording)
presure altitude of theodolite
tupeline height increment ol test ajrplane above MSL

pressure height of the test airplane abiove MSLL

v-1

s A AR5 G O o TN S R T T b L



ic

pos

pos

AR S e R e ot AR

airplane gross weight
atandard airplane gross weight

altimeter instrument error correction

airspeed indicator instrument error correction
airspeed position error correction

altimetar position error correction
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PITOT STATIC SYSTEM TESTING

INTRODUCTION

The altimeter, airspeed, and machmeter indicators are three univeraal flight
instruments which require total and/or static pressure inputs to function. It ia
genazrally assumed that a properly designed pitot tube can provide error free total
pressure measurements. However, it is difficult to accurately measure ambient
static pressure. The error which results from the difference between the actual
ambient pressure and the static pressure measured at the aircraft static pressure
source is called position error. In addition, any pitot/static pressure system is
subject tc errors associated with both the mechanical instrument and the tubing
which cornnects the instrumenis to the static pressure source. This section will
briefly discuss thecse errors and the various test techniques used for their
determination. The pertinent requirements of military specification MIL-F-6115A
will be presented as well as a brief discussion of the recovery factor for an outside

air temperature (OAT) probe.

PURPOSE

s o t———

The purpose of this test is to evaluate the altimeter and airspeed position
errors of an airplane using the altimeter depression method. In addition, the OAT

probe recovery factor will be determined.

V-4
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DISCUSSION AND THEORY

General

The errors associated with any pitot/static pressure system may be generally
classified as mechanical, operational, and installation errors. Mechanical errors
primarily include instrument errors. Operational errors include readability and
incorrect barometric settings. Installation errors primarily consist of lag errors and

position errors.

Instrument Errors

Instrument errors are the result of manufacturing discrepancies, hysteresis,
temperature changes, friction, and inertia of moving parts. A laboratory calibration

of all flight instruments must be accomplished to determine instrument errors prior

to an inflight determination of position errors. Sensitive instruments may require
daily calibration. When the readings of two pressure altimeters are used to
determine the error in a pressure sensing system, a precautionary check of
calibration correlations is often advisable. The problem arises from the fact that
two calibrated instruments, placed side by side with their reading corrected by use
of calibration charts, do not always provide the same resnltant calibrated altitude.
Tests such as the "Tower Fly-By" or the "Trailing Bomb" for altimeter calibration
require an altimeter to provide a base line (reference) pressure altitude. These
tests normally require that the reference aitimeter be placed next to the service
system altimeter prior to and after each flight. Each altimeter reading should be
recorded, and if after calibration <orrections have been applied there still exists a
discrepancy between the two readings, this discrepancy should he incorporated in

the data reduction. This correction is not made at TPS.
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Lag Error

The presence of lag error in pressure measurements is generally associated
with climbing/descending or accelersting/decelcrating flight and is most evident in
static systems. When changing ambient pressures are involved, as in climbing and
descending flight, the speed of pressure propagation and the pressure drop
associated with flow through a tube introduces lag between the indicated and

actual pressure being measured. The pressure lag error is basically a result of the

following:

a. Pressure drop in the tubing caused by viscous friction.

fo b. Inertia of the air mass in the tubing.

¢. Instrument inertia and viscous and kinetic friction.

ot B v e

v f d. The finite speed of pressure propagation; i.e., acoustic lag.

RN Over a small pressure range, the pressure lag is small and can be determined as a

constant {A). Once a lag error constant is determined, a correction can be applied
through mathematical manipulations. Another approach, which is more suitable for
testing at the Naval Air Test Center (NATC), is to balance the pressure systems by
equalizing their volumes. Balancing minimizes or removes lag error as a factor in
airspeed data reduction for flight at a coanstant airspeed. This is particularly

important for airplanes used as calibrated pacers.

L.ag Constant Test

The pitot and static pressure systems of a given airplane supply pressures to an
unaqual number of instruments and require different lengths of tubing for pressure

transmission. The volume of the instrument cases plus the volume of the tubing,
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when added together for each pressure system, produce a volume mismatch
between systems. Figure 1 illustrates a configuration in which both the lengih of
tubing and total instrument case volumes are unequal. If an increment of pressure
were applied simu’.aneously across the total and static sources of Figure 1, the two
systems would require different periods of timme to stabilize at the new pressure
level and a momentary error {lag error} in indicated airspeed and indicated altitude
would result. The time required for each system to stabilize can be related to the

system time constant.

————
rBA\.ANce |
i VOLUME |
TOTALPRESSURE | |
PICK-UP I 7
- y s BAR ALT |
~ ’ | CONTROLLERl
. A/S Afs AC1> ) J
/,
(g; N STAT\C
i__J PORT
LENGYTH OF 3/1¢" TOTAL VOLUMID OF
SYSTEM ..ID TuBL INSTRUAENT CASES
static i8 ft 370 x 1074 cu ft
Pitot 6 ft 20 x 1074 cu £t

Figure 1
Analysis of Pitot and Static Systems Construction
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If an increment of pressure is instantaneously applisd to a system, the lag

constant (A) represents the period of time required for the pressure of the system
to increase by an amount equal to 63.2 percent of the applied pressure increment.

This is shown graphically in Figure 2(a). A test to deterinine the altimeter and

airspeed indicator lag constants can be accomplished on the ground by applying a
suction sufficient to develop a AHp equal to 500 ft or an indicated airspeed of
100 kt. Removal of the suction and timing the altitude drop tu 184 ft, or the
airspeed drop to 37 kt, results in the determination of Ay tive static pressure lag
constant, as shown in Figures 2(b) and 2(c). If a positive pressurc is applied 1o the
total pressure pickup (drain holes closed) to produce a 1006 kt indication, the total
pressure system lag constant (XT) can be determined by measuring the time that is
required for the airspeed indicator to drop to 37 kt when the pressure is removed.

(Generally, the }\T will be much smaller than the )‘f; because of the small volume of

the airspeed instrument case.

PRESSURE (PSF) ALTITUDE (FT) ARSPEED (Kie0T3)

= } A
) 1 2 .

SRS APFLIED

ERCEES PRESSURK 63.2% OF \
BN INCREM PRE SSURE \
SRR INCREMENT

Figure 2

Determination of Pitot/Static System Lag Constant ()
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System Balancing

The practical approach to lag error testing is to determine if a serious lag
error does exist and to eliminate it where possitle. To test for airspeed system
balance, a small increment of pressure (0.5 psf) is applied simultaneously to both
the pitot and static systems. If the airspeed indicator does not fluctuate, the
combined systems are balanced and no lag error will exist in indicated airspeed
data because the lag constants are matched. Movement of the airspeed pointer
indicates that the addition of more volume is required in one of the systems. The
addition of cans or tubing (see Figure 1) will generally provide satisfactory airspeed
indications but will not help the lag in the altitude indicator as this lag is primarily
caused by tne iength cf the static system tubing. For instrumentation purposes, lag
can be 2liminated from the altimeter by locating a static pressure recorder

remotely at the static port.

Position Errors

Position errors or "insiallation errors” are the result of other than free stream
pressures at the pressure sensor or errors in the local pressure at ths source
resviting from the shape, location, ur orientation ol the sensor. In an airplane these
pressure errors are usually present only at the static pressure sensor and the total
pressure measurement {(pitot tube) is assumed to be error-free. The limits for this

assurnption are discussed in NACA Report 919.

Based un the assumption of an error-free totai pressure measurement, airspeed
and aidmeter systems may be calibrated by either the altimeter depression method
v by the pace method. Since the altimeter depression methods are generally more

economical in termws of flight test time and do not require a calibrated pace

V-9
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airplane, they are most often used. Differences between the pressure measured at
the static source and the true ambient pressure result in an early determined static
source position errct. The effects on airspeed of errors in static pressure
measurement may be best understood by examining the following equations for

calibrated and indicated airspeed.

-1 1/2
v, = 2YPssy L T
O s \Tegey,
Y-l 1/2
vi =| ZPsst, [ fPr - Pg 4 ) ¥ o)

(v = 1) agg, Psst

These equations show that a static pressure(Ps) value that is lower than the true

ambient pressure (Pa) will result in an indicated airspeed (Vi) that is greater than

the calibrated airspeed (VC). If the static pressure is higher than ambient press re,

Fo the reverse is true. In each case, the total pressure {P‘F) measurement is assumed to
ST
fo be error-free.

Other altimeter depression methods which may be used are the tower fly-by,

; o 3 e the use of the trailing cone or trailing bomb, the stadiametric camera ily-dby, and
¢ ‘, the use of the radar altimmeter. The fly-by method 1s typical of the altimster
, depression methods and is relatively <imple to perform and analyze. It is the
method now being used at TPS.

THN : 3

- The theodolite fly-by test consists of a series of stabilized level flight runs at

several airspeeds over a fixed course. For the Point-No-Point range, theodolite film

reeadings of the actual altitude (ht P) of the test airplane for each run are obtained

a}

using a contraves phototheodolite. For the Webster Field range, actual airplane

V=10
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altitude is determined using a special camera which produces polaroid pictures with
a grid superimposed over the image. The altimeter position error is determined by
comparing the actual pressure altitude of the test airplane (tapeline altitude
corrected for temperature variations {rom standard) with the indicated pressure
altitude of the test airplane. The airspeed position error (caused by the static
source error) may be calculated directly from the altimeter position error with the
assumption of no total pressue error. For airspeeds less than approximately 0.6M,
the airspeed position error is mainly a function of angle of attack, and the static

L . P
source position error coefficient (A
c.

1

) determined in this test will be valid for all

altitudes at standard gross weight. Frcm the static source position error coefficient
determined for the standard weight, the airspeed position error and the altimeter
error may be calculated for other gross weights. For constant indicated airspeed,
hence constant angle of attack, the altimeter position error increases with
increasing altitude. This altimeter position error variation can be calculated and
altimeter position error correciions for all altitudes and weights can be
extrapolated from the data (static source position error coefficients) obtained at

ong¢ aititude.

Extrapolation of airspeed and altimeter position error corrections based on sea
level data may not yield acceptable results in all cases. Lxtrapolation requires
certain simplifying assumptions, e.g., negligible total pressure source evror and
Reynold's number effects. For large extrapolations (sea level to 40,000 £t} these
assumptions may fail, and the position error correction for a turbojet awrplane
determined from sed level data obtained must bhe vernified by additional tests at

high altitude using o calibrated pacer sirplane.

V11
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Military Specifications

Military Specification MIL-1-6115A, Amendment 3, of 31 December 1960

states the allowable limits of the aitimeter and airspeed position error:

a. Airspeed error - +4 kt at all airspecds.

b. Altitude error - 25 ft per 100 KIAS.

DOD Joint Chief of Staff memo of 2 July 1963 stipulates that for all military
aircraft "THE MODE C ALTITUDE INFORMATION SHALL BE OBTAINED FROM
AN ALTIMETER WITH A MAXIMUM ALTIMETER SYSTEM ERROR OF PLUS OR
MINUS 250 FEET AT ALL SPEEDS AND OPERATING ALTITUDES WHILE IN THE
MISSION OF FLIGHTS. ALTIMETER ACCURACIES IN OTHER PHASES OF
FLIGHT, i.e., LANDING, TAKEQFF, INSTRUMENT APPROACHES, etc., SHALL

MEET PRESENT MILITARY/FAA TSO SPECIFIC ATION STANDARDS."

Probe Recovery Factor

The OAT is a necessary flight test parameter and is used in conjunction with
airspeed and altitude to determiic» true airspeed. The OAT probe recovery factor
can be determined while -onducting airspeed and altimeter position error tests.
The indication of the OAT gauge is a function of the ambient air temperature, the
recovery factor of the OAT system's probe, and the airplane Mach number. The
tower fly-by test is flown over a range 0of Mach numbers wide enough to determine
the recovery factor (K) from the OAT readings observed during the test. Since the
recovery factor 1s @ measure of the etficiency of the probe design in preventing
hesiat lw\ss by radiation, it should become obvious that a recovery factor greater than
LLO cannot be obtared. Typical recovery factors range between 0.85 1o 0.98.

Recoverv factors for special fhight test instrumentation should be at least 6.95.

V-12




BT SO O T RTINS TR ETIG, RI G s L g S i ] YT T S T SR A 8 S e by E U e sk S ey e smp e e s L
. . * apaies s Mo Wl e A Wi <o e 1. Senr b . el care heme e N . N o o PA‘"

Data Recording

a. This test requires three observers in the ground station. Two observers are
required to operate the camera equipment while a third observer calls "MARK"
when the test airplane is over the Point-No-Point lighthouse or
abeam-the-Webester-Tower. Technical Supwort Division (TSD) will supply the
camera operators. TPS is required to supply the third observer.

b. Photopanel data are generally more accurate than cockpit observed data
and will be used when available.

c. Sequence of Test Data: In configr.ration CR, commence runs at a
mid-range airspeed and work up t¢c maximum airspeed. Then work down i;ro:n the
initial airspeed to the slowest airspeed desired or allowed. For counfiguration PA,
begin at the maximum limit airspeed and work down to winitov v airspeed.

Correlate runs with other airplanes in the pattern to ontimize safety and utilization

of the raages.

Preflight Procedures

a. required Data:
1. Pilot - Kneeboard data card (Figure 3).
V., H  at "MARK" called by the range observer.
(“ATO (record for configuration CR noints oaly}.
Configuration.
Fuel remaining or fuel used.
Photopanel counter number.
Photovanel (if availabie).

Energize 10 sec prior to data point.

Turn OFF while climbing downwind.

IV-13
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2. Range Observer (prepare data card for each airplane).
Run No.
Theodolite end frame number for each run.
Time.
Ambient air temperature at beginning and end of tower runs
{information only).
b. Know the following:
Airplane configuration details.
Airspeed ranges for each configuration.
Airplane restrictions.
Traffic pattern.
c. Prepare data card (see Figure 3).
d. Inspect phctopanel for loading and operation.

e. Note location of pitot tube and static sources in order to reference the

applicable Military Specification and to discuss the test results prooerly.

v-14
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Sample Data Cards
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Flighﬁ Procedures for Point-No-Point Range

a. Inform ground control that you will be operating in R4G05, 1,500 feet to the
surface, in the vicinity of POINT LOOKOUT. Closest point of apprnach to the field
will be 7 miles.

b. After takeoff obtain clearance from Approach Control (354.8/281.8 mcs)
for clearance into R4005. Approach Control will shift you to project frequency
(385.2/330.4). Contact TANGO contrcl (Point-No-Point Tower) on assigned
frequency and enter pattern on a 1,000-1,500 ft downwind leg (see Figure 4). Fly
the pattern depicted, descending to target altitude (500 ft) when established on the
inbound track. Call SIDE NUMBER, RUN NUMBER, and TARGET AIRSPEED when
inbound near POINT LOOKOQUT. Call a 10 SEC STANDBY prior to passing over the
lighthouse. The towzr observer should call 2 "MARK" when your airplane is directly
over the lighthouse and will record your run number for correlation of data.

c. Make the runs at approximately the target altitude in airspeed increments
to cover the range of airspeeds to be investigated in the time allowed. To obtain an
accurate measurement of height of the airplane above the lighthouse; it is essential
that the flight path be along a straight track over the lighthouse. The target
altitude for each run should be 500 fr AGL. For each run, allow sufficient
straight-away to ensure that airspeed and altitude are stabilized 10 sec before
passing over the lighthouse. Stabilized flight and good trim are essential to odbtain
satisfactory data in this test.

d. After passing the lighthouse, be alert for traffic. Make a climbing left turn
and maintain {,000--1,500 ft AGI. downwind. Do not desceand below 1,000 ft until

clear of land.

FF
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e. For each run record the observed altitude (H_ ) and observed airspeed (Vo)
o
as the airplane paases over the lighthouse. When the photopanel is used, it should be

energized about 10 sec before passing the lighthouse and switched OFF when over
the lighthouse. This procedlu.re results in a record of degree of stabilization in the
final approach with the last frame of this film burst being the actual data used.
Time and OAT may be recorded as soon as airspeed has stabilized on the irbound
leg. Record film counter number, configuration, and fuel on the downwind leg.

f. Photopanel data is desirable for this test; however, flight reports will be

submitted oa kneepad data in case of photopanel malfunction.

wv-17
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WST RANGE—CONTROLLED AREA

Obtain clearance from WAS Patuxent Approach
Control

Airspeed and altitude stabilized 10 sec before
crossing PNP lighthouse. Inbound heading
approximately 010° magnetic or as desired by the tower.
Climbing turn downwind to at least 1,000 ft.
CAUTION~-conflicting traffic.

Figure 4
Point-No-Point Theodolite Course
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Flight Procedures for Webster Field Ranﬁ

a. Inform ground control that you will be operating in R4005, 1,500 ft to the

surface, in the vicinity of WEBSTER FIELD. Closest point of apprecach to Patuxent

wiil be 7 miles.

b. After takeoff; obtain clearance from Approach Control (354.8/281.8 mcs)
for clearance into R4005. Approach Control will shift you to Webster Tower
Frequency (358.0). Enter pattern on a 1,000-1,500 ft downwind leg. Fly the pattern
S0 as ;o remain above 1,000 ft over land, altitude not less than 150 ft AGL when
established on the inbound track (see Figure 5). Call SIDE NUMBER, RUN
NUMBER, and TARGET AIRSPEED when inbound abeam St. Georges Island. Call a
10 SEC STANDBY prior to passing Webster Tower. The tower observer should call a
"MARK" when your airplane is directly abeam the tower and will record your run
number for correlation of data.

c. The target altitude for each rum should be 200 ft AGL. Make the runs in
airspeed increments to cover the range of airspeeds to be investigated in the time
allowed. For each run, allow sufficient straight-away to ensure that airspeed and
altitude are stabilized 10 sec before passing abeam the tower. Stabilized flight and
good trim are essential to obtain satisfactory data in this test.

d. After passing the Tower be alert for traffic. Make a climbing left turn and
maintain 1,000-1,500 ft AGL downwind. Do not descend below 1,000 ft until clear
of land.

e. For each run, record the obsarved altitude (H ) and observed airspeed (VO)
Q

as "MARK" is called. When the photopanel is used, it should be energized about

10 sec tefore passing abearmn the tower and switched OFF when "MARK" is called.

This procedure results in a record of degree of stabilization in the final approach

vV-19
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with the last frame of this film burst being the actual data used. Time and OAT
may be recorded as soon as airspeed has stabilized on the inbound leg. Record film
counter number, configuration, and fuel on the downwind leg.

f. Photopanel data are desirable for this test; however, flight reports will be

submitted on kneepad data in case of photopanel malfunction.
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Figure 5
Webster Field Range
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Tower Observer Procedures

a. Ensure a sensitive altimeter is available.

b. Arrange own transportation to the ground stations. Dress warmly in cold
weather -- both towers are well ventilated.

¢. Monitor control frequency. Make transmissions as required for
coordination, call "MARK" as each data point is taken, and aid in recording data.

Record the pressure altitude of the theodolite (H ) for each run, using the
theo

gensitive altimeter in the tower. Obtain ambient air temperature (shaded area).

Post flight Procedures

a. Run photopanel film ouvt after landing.

DATA REDUCTION AND PRESENTATION

General

Airspeed and altimeter position error corrections for the standard gross weight
will be determined for both configurationrs tested. The OAT probe recovery factor

wiil also be determined. The first and last data points must be worked by hand.

Point-No-Point Procedures

From the theodolite observer's data sheet record the ambient temperature in

the tower. From the theodolite film (see Figure 6) determine:

a. Frame counter number.

b. The elevation angle of the cross hairs.

™v-21
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c. The error in tracking the airplane. This error in feet may be determined
directly from the {ilm by using the airpiane image to scale the film. When the cross

bairs are helow the airplane, the error is positive.

From the theodolite observer's data sheei and the information recorded from the

theodolite film calculate:

a. Theodolite cross hair tapeline height above the tower; use the cross hair
elevation angle and table 1. '
b. Airplane altimeter tapeline height above the tower; cross hair height plus

tracking error (Figure 7).

C. Ta(OF); use OAT data obtained at a low Mach number to approximate this
value,
do H( tow e ) = “Po + AHPic

€. Airplane pressure height above mean sea level

A

Ah
tape above tower

T s ™ il
h,. = h + _.Std h
PC.irplane Ptower Terest tg i_%)'g%e" htagg%’jéx}e

Where Tstd is the standard day temperature at the tower (Tstd and Ttest are in deg

Rankine).
From kneeboard or photopanel data record the following information:

a. Altitude: H
Lo
b. Airspeed: V o

c. Fuel used or Fuel remaining

d. OQutside a'r tewrperature: OAT X
O
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Figure 6
Point-No-Point Theodolite Film Data

Table 1

Theodolite Elevation Angle vs. Tapeline Altitude Above

6 © 0 8 0
ELEV. TAPE~ |ELEV. TAPE- | ELEV. TAPE- | ELEV TAPE~ | ELEV. TAPE-
ANGLE | LINE ALT|ANGLE | LINE RLT|ANGLE| LINFE ALQ ANGLE | LINE ALT) ANGLE | LINE ALT
(DEG) (FT) (DEG) {FT) (DEG) (FT) (DEG) {rtm (DEG) (FT)
0 0 1.0 179 2.0 359 3.0 538 4.0 718
.1 18 1.1 197 2.1 376 3.1 556 4.1 736
.2 36 1.2 215 2.2 394 3.2 574 4.2 754
-3 54 1.3 233 2.3 412 3.3 592 4.3 772
.4 72 1.4 251 2.4 430 3.4 610 4.4 790
.5 89 1.5 269 2.5 448 3.5 628 4.5 808
.6 107 1.6 287 2.6 466 3.6 646 4.6 826
.7 125 1.7 39% 2.7 484 3.7 664 4.7 844
.8 143 1.8 323 2.8 502 3.8 682 4.8 862
.9 161 1.9 341 _! 2.9 520 3.9 700 4.9 880
1.6 179 2.0 359 3.3 538 4.0 718 5.0 898
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Point-No-Point Theodolite Survey Data

Webster Field Procedures

a. From the tower observer's data sheet, record the ambient temperature (OF)

outside the tower.

b. From the tower polaroid film determine the scale length (inches) of the
test airplane and the scale height (inches) of the test airplane above the reference

line {Figure 8).

¢. Determine the actual iength (ft} of the test airplane from Appendix I

(Airplane Details)
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d. Calculate the tapeline height {ft) of the test airplane above the reference

line by the expression.

S n airplane length (ft)
tape “lscale Jength (inches)Scale height, oo Loference
“e above reference (inches) * i
| B
e. Calculate the pressure altitude in the tower by
: h \ n h + ~
] Ftower Pq AhP‘lc
f. Calculate the calibrated pressure altitude of the test airplane by the
expression
.
‘ht.ipc above tower .
Targ [ 77 T
<~ = + —— . -
}’Laix‘plane 15\1 ower Tt est hy apeline he apelire
o airplane tower
s j where
Tstd is the standard day temperature at the tower.
T L ankine.
std and Ttest are in deg Rankine
b j':‘ 3 Position Error Determination
o a. = + My
T * Hpj “Po Pic
b. Vi = Vg + AV
¢ by = f(“pi) {Use tables of P vs. Hp in Appendix IX.)
ad. Py v L(H ) (Uss tables of P vs. ”p in Appendix IX.)
L
a. AP = Pg . P,\
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£. dej = £(Vi) (Use charts of q_ vs. V_ in Flight Test
Reference Book.)

S g. Calculate &P

h. Wy = wF'JLL‘ - |Fuel used] or [NEMPTY + Fuel remaining

!'_?_ (Use W, from Airplane Details in Appendix 1.)

W

-.‘;1 3. Vi - Vi ._?.. 172
1 w
K Plot the variation of P/qc with V’i and fair a smooth curve through the data.
: i w

Label this curve for the standard weight.

Bl
¢

Jr .
o

P
¢

Figure 8
Potaraid Filmm Data from Webster Field
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‘The military specification reguires that position error be determined at sea
level (standarc conditions) at a standard gross weight. In order to determine

specification complianca, use the faired curve of ﬁl"/‘qc va. V. to determine &P
i w

for various V 4 P = P/q . where q = f(V, ) slnce V = V.
i C, C i i ]
w i i w test v

Determine and plot the variation of Apos with Vi where Apos = Vc (based ou
w

g, * AP) less ‘/'i (in this case equal to Vi ). Also determine and plot for sc~ level
‘i w

only the varixtion of AH = H  less H (basedon P_+ AP).
pos pe Py a

Detarmination of OAT System Recovery Factor

a. Calculate Q. for each data point flown
Qe = 9cy * Ap

b V= f(qc) (Use charts of q vs V. in Flight Test Reference Book.)

c. Determine Mach number from VC, Hp' and M. Use VC from step b aad Hp
’ c

deterruined earlier.
d. Calculate MZ
e. Correct OAT” for instrament error

YAT, = OAT  + OAT,
1 ¢ 1c -

f. Plot OA"I’i againat M2 and draw a straight line through the data extending
the line so that it intersects the line of zero MZ.

g This plot is a graphical solution of the OAT equation:

OAT = T_ {1 + 0.2 KM<) - 273, 6C

h. Measars the slope, m, of the straight line.

Iv-27
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+ Calculate T& from t. determined in stap e

Ty = ty + 273, °K
jo Determine recovery factor, K

m

k= -y,
Presertaiion of Rasulta
The following curves should be presented. Sample presentations are included in ,
the Guidelines to Flight Reports, and a sample data reduction sheet is included as
Figure 9. ‘
\
a. HPpos versus V;
b. Avpcw versus Vi
c. 4P
q.., versus Vi j
-~ i

d. M2 varsus OATi

ki s
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SECTION V

STALL AIRSPEED DETERMINATION

o
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REFERENCES

Section V

10 USNT’PS - FTM - NO- 102, Secti()n I[a
2. Flight Test Technical Memorandum 72-1, "Determination of Performance Stall

Ajrspeed at Altitude and Sea Level.”
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STALL AIRSPEED DETERMINATION BY THE PACING METHCD

PURPOSE

The purpose of this test is to determine the stalling airspeed of the test
airplane in the takecff and landing configuration. The variation of indicated
stalling speed with airplane gross weight is required {or presentation in the flight
handbook. The calibrated stall airspeed will be used to determine compliance with

the contract guarantee.

DISCUSSION AND THEORY

In the classic aerodynamic one g stall, the coefficient of lift increases as the
airspeed decreases until an angle of attack is attained at which the lift abruptly
diminishes and the airplane ceases to fly. The stall airspeed for this case is well
defined. In many airplanes, the classic stall does not occur. In these cases, the
airplane will exhibit some characteristic at low airspeed which defines a minimum
useable flying speed. This characteristic may be loss of effective control about one
or more axis or a high sink rate. Although the aerodynamic stall has not occurred,
the minimum useable flying speed is, in effect, the contract stalling speed of the
airplane. Frequently, this airspeed is not well defined and is subject to
interpretation by the particular pilot concerned. Therefore, it is most in.portant

that the stall gspeed for a particular airplane be defined consistently.

A pilot is primarily concerned with the indicated airspeed at stall, and this
value is easily determined from the indication of the service airspeed system. In
performance testing, accurate calibrated stall airspeeds are required to determine

liftoff and obstacle clearance airspeeds for takeoff performance and are used in

V-2
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determining carrier launch criteria. In addition, they are used as an incentive or
penalty for airplane contractors (performance guarantees). Because of the large
angles of attack attendant to the stall, the service airspeed system position error
usvally is large and not accurately known. One means of determining the stall
airspeed precisely is by equipping the test airplane with a special pitot-static
system with a known position error. Another method is to measure the stall
airspeed of the test airplane from a pacer airplane which has a lower stall speed.
The pacer airplane is equipped with a special pitot-static system for which the

position error is accurately known.

In an airplane loaded at one center of gravity (cg) location, the stall will occur
at the same coeffiicient of lift regardless of the airplane gross weight. Unless large
thrust effects are present, the stalling airspeed will vary with the square root of
the airpiane gross weight. This relationship can be used to extrapolate stall spesd
data for one gross weight to other gross weights. If the cg iocation moves as the
airplane weight changes, the coeificient of lift at stail also will change and the
square root relationship will be approximate only. Another factor which influences
stall speed is altitude. As altitude increases, the maximum lift coefficient
decreases because of Revnold's number and Mach number effects. This : sults in
an increase in stall speed as altitude increases; however, this effect is usuully

negligible for altitudes below 10,000 ft.

Nonsteady aerodynamic flow effects must be considered in the determination
of stall airspeed. These effects are caused by the change in vorticity over the
actual lifting surface. Any change in vorticity must take place over some finite
period of titce. The problem has been treated by a number of researchers, and

analysis shows that airfoils changing flow patterns in distances less than 25 chord

V-3




lengths experience appreciable nonsteady flow effects. A satisfactory firct
approximation for calculating the ratio of actual to steady state lift walues
following a step change in airspeed is shown in equations (1) and (2). Equation (1) is

for accelerations and equation (2) is for decelerations.

L, R +1 (1)
Lo R + 2
L_R+2 (2)
Lg R+ 1

L is lift after travel of R semi chord lengths, and Lo is steady state lift after travel
of an infinite number of semi chord lengths. For the decelerating case, this chord

travel can be expressed in terms of airspeed as shown in equation (3).

For uniform accelerations, the relation of actuai to steady state lift is a more
complex relationship, but still retains a primary relationship te chord lengths
traveled. The acceleration case has received considecable attention with regard to
catapult design. The deceleration case has been generally neglected in technical
literature. An empirical approach for determining R that appears to work well is

proposed in equation (4).

R = Vs (4)
Sv

&
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Hers, VB is the measured (test) stall airspeed in XIAS; V is deceleration rate in

kt/sec, sud ¢ i3 *he chord in feet.

An example which demonstrates both the uce of these equatiors and the

importance of a small deceleration rate follows.

Vi = 114 KIAS
vV = -0.% kt/sec
c

therefore,

76 + 2 (114) = 114.4 KIAS
i

However, at a deceleration rate of 5 kt/sec, the test stall airspeed is 108 KIAS, In

this case

. 108 = 7.%
R = % .=
375)
v, = 9.2 (108) = 114.4 KIAS
Os B.7

The example shows the importance of a deceleration rate that is no greater than
1 kt/sec, and that in the airspeed range of these test results, a 5 kt/sec
deceleration yields a test stall airspeed that is 6.4 kt too low. Such results please

contractors, but are of little test value.
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TEST PROCEDURES AND TECHNIQUES

Pertinent Particulars

a. Approach stall speed at a deceleration rate of 1 kt/sec or less (1/2 kt/sec
preferred).

b. Alternate the configurations being tested.

c. All data will be knzeboard data {no photopanel).

d. Self-paced flights may be conducted in appropriately instrumented air-
planes capable of obtaining calibrated stall airspeeds. Attempt to achieve the
maximum possible difference between the gross weight at tne heaviest data point

and the grouss weight at the lightest data point.

Prefli)glxt Procedures

a. Frepare pilot's and pacer obscrver's data cards. In flight, at each stall,

record the following data:

Test Airplane Pacer
Run No. Run No.
Airspeed Airspeed as read from special

airspeed system

Fuel used wr remaining Pacer coofiguration

Configuration Remarks as to validity of dat« point
{i.e., any relative motion hetweean

Prewsure altitude airplaaes)

b. Brief with pacer pilot as to rendezvous point and altitude, radio frequency,
formation position, and hand signals in case of communication failure.

¢. Review siatl approach techrigue and stall recovery procedures.

V-6
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Fiight Procedures

Before the pacer joins the test airplane, the test pilot should perform at least
one stall in each configuration to chserve stall characteristics. If the airplane
tends to pitch up or roll at the stall, instruct the pacer to join on the "safe" side.
When cleared by the test airplane pilot, the pacer should take an echelon formation

position; but not so wide that quick detection of relative motion is lost.

When the pacer is in position, the thrust of the test airplane should be
smoothly set for the desired configuration and a steady deceleration of 1/2 kt/sec
or less commenced. Control the deceleration rate by adjusting rate of climb or
descent. A few seconds before stall call out "STAND-BY" and at the stall "MARK."

Recover from the stall and record data.

As the test airplane decelerates, the pacer must maintain a constant relative
position. For the landing configurations, the pacer will usually require landing gear
and flaps DOWN and speed brakes EXTENDED in order to maintain position. If the
pacer tends to overrun the test airplane, the best results are obtained by allowing
the test airplane to descend below the pacer while maintaining a constant position
in the vertical plane. If there should be relative motion at the stall, make an
estimate of the relative speed and record this information on the observer's data
card. Keep the test airplane in sight during the stall recovery, but do not dive to
follow him. A quicker rendezvous is accomplished when the pacer maintains his
altitude. When the pacer is again in position, repeat the test in the other
configuration. Continue to conduct paced stalls in alternate configurations until

the required data is obtained ¢r minimum fuel is reached.
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DATA REDUCTION

General
L AT S

Report the variation of calibrated and indicated airspeed at stall with gross
weight for the test airplane. Determine compliance with the stall speed guarantee.

Record the following data on tre data reduction sheet:
Vo B! Configuration Remarks
o]

Data Reduction and Presentation

a. Correct pacer observed ai:speed for instrument and position error to
determine calibrated airspeed at th:: stall.

b. Correct test airp.ane observed airspeed to instrument error to determine
indicated airspeed at the -tall.

~. Calculate test aivplaue gross weights for each stall.

d. Plet the variation of indicated airspeed with gross weight for configura-
tions Takeoff and Landing. Plot the variation of calibrated airspeed with gross

weight for configuration Landing and indicate the contract guarantee.
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SECTION VI

DETERMINATIMN OF EXCESS POWER CHARACTERISTICS




SECTION V1
NOTATIONS INTRODUCED IN THIS SECTION

Difference in pressure altitude at the upper and lower limit of an altitude
band centered at the test altitude
Average indicatad rale of ciimb, AHpi/m

Average test gross weight, sura of test weights at cach point
number of points

Energy ".eight, or wp-cific ene g7

Rute of change of energy height

Geometric altitude, ft

Pressure aliitude, ft

Subacript signifying standard day conditions and standard airplane gross
weight

Increment of time required to climb through test altitude baud

Specific excess power, equals dEh/dt

“vrI ° 1
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DETERMINATION OF EXCESS POWER - LEVEL ACCELERATION RUNS

AND SAWTOQOTH CLIMBS

PURPOSE |

The puarpose of conducting acceleration runa and sawtooth climbs is to !
determine the variation of excess wer with airspeed. For acceleration runs, the
data will be used to evaluate level acceleration characteristics and marimum level
flight airspeed, to determine cne or wmore climb sciedules, and can be used to
estimate level flight turning performance. For sawtooth climbs, the data will be

used to evaluate climb characteristics.

DISCUSSION AND THEORY

General

|

{

in analyzing acceleration or climb performance, it is advisable to consider the ‘\

|

airplane from the standpoint of total energy (TE) which is the sum of potential (PE) |
and kinetic (KE) energies. The total energy of an airplane at a given weight (W),

airupeed (V), and geometric altitude *(h) is,

-+
-
)
—

1
W (1 f
|

*Geometric altitude assumed equal to gzopotential altitude
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Energy height, or spacific energy, can also be interpreted as erergy zultitude; the
altitude which could be attained if all the kinetic energy were perfucily converted

to potential energy. Differentiating, we obtain:

dEh dh Vv av
B (3)
dt dt g dt

Now consider the free-body Jiagram of an airpiane in climbing flight where the

thrust (F) is assumed to be along the flight path:

L FlVv)

\

-~ a— —

T

0
-~

o~ siny
W dv M !
9 dt w

Figure 1
Free-Body Diagrawm
sE d(mY)_ = ma = w dv (if W assumed constant) ()
’ at g dt

and summing forces along the flight path:

L= b - D~ Wsiny = W dv (=)

or, rearranging:

Ldve b (6)

cinoy ot .
podt W

AR ORI SR &’



noting that:
(dn
g = dt .
sin y e (7)
substituting (7) into (6) and multiplying by V:
o Vv V(- D) .

T g dt i

Now notice that we have an expreasion for the airplane's excess power V(F i)

Comparing with (3), we define specific excess jower as:

Pz ova-p)y o dEn o dh o voay ( fr - 1b oy (9
W dt dt, godt b - sec :

Level Acceleration Runs

In acceleration tests, the first term of equation (9} can be elir inated b,
maintaining constant altitude \g}t‘ = (), and specific e. cess nower can be meusu ed
in terms of airspeed and linear acceleration (%t\i‘ The va.iation of specific evcess
power with airspeed iy determined for one aititude aver the entire ! vl flight
speed range of the airplare, This is done by conduciing level acceler (tio. cuns

from near minimum aiispeed (V i) to the maximur level flight airsp ~d (o

mi1

maximum airspeed (V ).
max

Vi-%
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Practically, a constant altitude acceleration run cannot be flown, Imprecise
pliot technique may cause oacillations about the desired altitude and changes in
altimeter position error may result in & slight climb or desceiit during the
acceleration; however, because potential and kinetic energies are both computed,

the resultant total rate of change of specific energy is unaffected.

In other words, the airplane performance is considered in terms of total energy
rather than potential cr kinetic energy separately, and slight variations in altitude
(potential energy) are considered perfectly convertible to airspeed (kinetic energy)
or vice varsa. The validity of this assumption depends upon smwooth piloting
technique and a small divergence from the assigned altitude. Abrupt longitudinal
control inputs result in unaccountable energy losses, and large deviations from test
altitude result in unaccountable changes in engine performance from that at the
test altitude. The accuracy desired dictates the allowable excursions in normal
acceleration and altitude during any run. In general, the allowable excursions
increase with excess power available and decrease with increasing altitude (less
excess power), Typical values to maintain P, accuracy within approximately 5%
are: + 300 ft altitude excursion and + 0.10g normal acceleration for an airplane

with over 60 %::Eb;;: specific excess power,

Remember the two assumptions: no lift due to thrust and negligible gross
weight change. The first of these will affect both level and climbing flight about
equally. Since fuel consumption will be very small between data points recorded by
the photopanel about every 2 sec, the assumption of negligible gross weight change
should be valid for all current & -crafi types (with the possible exception of

supersonic, afterburuing flight).

&
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Sawtooth Climnbs

In sawtooth climbs tests, the second term of equation (9) iz eliminated by
maintaining a constant true airspeed (%‘{- = 0), and excess power is raeasured in
terms of vertical speed (gh'{)° The variation of specific excess power with airspeed
can be determinad for one altitude by conducting a series of short, constant true

airspeed climbs at various airspecds over the speed range of the airplane.

Since climb performance at given calibrated airspeeds is usually the data
desired from sawtooth climbs, true airspeeds may not he held constant. For this
case, true airspeed is increasing throughout the test climb which will result n

actual Ps being greater than the indicatea rate of climb.

A graph of the variation of rate of climb with airspeed for the test conditions
is prepared from these data. A horizontal tangent to this curve defines the
airspeed for maximum rate of climb at that altitude and gross weight. A tangent
through the origin (V = 0, R/C = 0) determines the airspeed for maximum climb

angle.

The observed climb performance is affected by changes in airplase gross
weight and by variations in power or thrust available. A change ip airplune weight
has two effects on climb performance, First, the rate of climb and climb angle are
inversely proportional to weight. In addition, a weight change causes variations in
induced drag, which alters the power and/or thrust required curve, thus nffecting
the airspeeds at which maxium rate of climmb and maximom climb angle occur.
‘The change in these airspeeds is negligible for small variations arcund a standard

(mission-related) gross weight. Variations in ambient termperature produce changes
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in power (or thrust) available that are essentially constant with airspeed for
propeller driven (jet) airplanes. Therefore, variations in power available will affect
only the value of the rate cf climb for propeller driven airplanes and not the
airspeed at which it occurs. Similarly, the effect of variations in ambient
temperature on the airspeed for maximum climb angle for turbojet airplanes is

negligible,

When only the airspeeds for {and not the actual values of) maximum rate of
climb and maximum climb angle are of interest, the effect of decreasing weight
during the test may Le minimized by ottaining the data in a particular order. If the
constant airspeed climbs are flown in ascending order of airspeed, than in
descending order at the same airspeeds, the average airplane gross weight for each
pair of data points will be approximately equal. This technique may be further
complemented by correcting each data point to an average test weight. A curve
faired through all of the data will be representative of the climb perforniiice we
the average gross weight and the test day conditions (see Figure 7 for an examyle

of such a graph).

Other factors which may affect the test resuits are the influence cf vertical
air currents and changing wind velocity with altitude (wiiu shear). Vertical air
currents usually can be avoided by careful selection of test conditions. The effect
of wind shear can be minimized by performing climbs on a heading which is

perpendicular to the repcrted winds.
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In generul, high climb rates and excessive testing time render the sawtooth
climb method impractical for turbojet airplanes except in the high lift and single
engine configurations. The most significant advantage is that the data are
collected in the climb attitude and the reduction in induced drag associated with

climbs is accounted for.

TEST PROCEDURES AND TECHNIQUES-ACCELERATION RUNS

Preflight Procedures

a. Reguired data.
Time (or time increment).
v, (continuous record during run).
Hp (continuous record during run).
OA?I“ {(start and end of run) or Ta.
Fue! used or fuel remaining {continuous record during run).

Photopanel is primary data source. Record correlating data on kneepad card.

b. Prepare da a card (Figure 2).
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Flight Procedures

a. Conduct a practice acceleration run at the test altitude commencing as

near V . ~as practicable. Use the acceleration run technique described in

in
Section XI and demonstrated during the performance demonstration flight.
b. Take data on next run,

c. Repeat procedure at other assigned altitudes.

DATA REDUCTION - ACCELERATION RUNS

General

Data reduction to standard conditions is normally performed by Computer
Services Division {(CSD). Data inputs are presented in Section XII. This data
reduction scheme accounts for the effects of nunstandard gross weight, ambient

temperature (thrust), and induced drtag changes.

For manual data reduction, follow the order presented below in setting up the
data reduction form. Reduce the best acceleraticn run at each altitude assigned.
Runs made near standard gross weight are preferred because the corrections will be
smaller, Record elapsed time t, Vo’ ani Hp each 10 sec (at least 15 data points

o
required). Record OATO for three data points.

Manual Determination of Specific Excess Power, Ps

Test day 1ate of change of spucific energy corrected to a standard airplane
weighi will be d»termined for each data point. Rate of change of specific energy is

anale gous to specific excess power,

Vi1l
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a. Correct VO for instrument and position error to obtain Vc. Assume lag

error negligible,
b. Correct H for instrument and position error to obtain Hp'
c. Determine :dach number corresponding to above values of VC and Hp.
d. 1l necessary, calculate 'I‘a (OK) from OATo at three data points.
1. Correct OAT | for instrument error.
2. Calculate M corresponding to time of observation of OAT.
3. Determine t’a by entering Appendix IV with OAT and M.
4. Caleulate T, (°K) =t (°C) + 273,

e. Caiculate TAS for each data point., Use the average value of Ta

determined in step 4.

Vp = 1/EgRT, = 65.7 v/ T, (°K) (Ens)

f. Construct a working plot of the variation of V’I‘ and Hp with ezlapsed time.
Use scales of 100 fps/in. for airspeed, 200 ft/in. for altitude, and 20 sec/in. for
time. Fair a curve through the data points. After fairing the data, you will
observe that at an instant when the data shown is greater than an average rate of
climb, the linear acceleration is less than average (see Figure 3 for an example of

such a plot).
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Acceleration Run Working Plot
3 \ g. Graphically measure dV/dt and de/dt for at least eight points on the aurves of
S step f. Record also the corresponding value of V... Caution - a protractor should
p not be used for measuring these derivatives,
SO h. O tain standard day ambient temperature T ) from ICAQ atmosphere table,
. a
. 3 5
Calculate rate of change of geometric altitude, dh/dt. This correction is necessary
because of nonstandard density,
ol SR 5 b (1)
Wil i lf ( T )|
Al
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i. Determine airplane weight for the run. Use fuel data recorded at the end
of the run.
j. Caiculate ratio of airplane weight for test to standard airplane weight,

w t/ws' tJse the values of airplane standard weight listed in TPS Airplane Details,

Correction of Ps to Standard Conditions

In determining rate of change of specific encrgy for standard conditions, it is
necessary to account for the differences in airplane weight from standard weight
and ambient temperature at the test altitude from standard day ambient
temperature. Differences in weight affect the momentum and the induced drag.
These differences result in a different acceleration characteristic being observed
for the test conditions than would have occurred for standard conditions. While the
corrections for gross thrust and ram drag camnot be considered negligible
{particularly near the service ceiling of the airplane), these corrections are tedious
and will not be macde manually. The irduced drag correction is small in relation to

the rest of the terms and will also be neglected for the manual data reduction.

Both these corrections are included in the computer data reduction.

k. Calculate rate of change of specific energy for standard conditions, The

gross weight correction is implicit in the equation,

VI 14
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I, Compute Mach number for each value of "s/',r obtaked in step g.

M = S S £.9 .10

65.7 x Ty {°K)

Graphical Preseatation of Results

&, Plot the variation of specific excess power for standard weight and ambient

temperature with Mach number or calibrated airspeed (Figure 4).

LB
SEC/

:?T-,
s LB-

SPECIFIC EXCESS POWER P

MACH NUMBER (OR CAS)

Figure 4
Graph of Excess Power Characteristics

b When s, aitting the fiight report, molude the vorking plot of the variation

of airoperd and altitude with elapsed U {siep §),

W“@W“W*W“‘m’ﬁ“ ALV 4 ] VT T TU TR T AT i MARLL R G A SRR A LU LT T B A ATA 8 TY TN s Y AT R YT S g S R T T S T R s fwm



TEST PROCEDURES AND TECHNIQUES -SAWTOOTH CLIMBS

Pertinent FParticulars

a. Make several constant airspeed climbs {or descents) in ascending order of
observed airspeeds from the minimum test airspeed to the maximum. Then make
the same number of climbs in descending order at approximately the same
airspeeds,

b. Use military or combat rated thrust in jets, Maintain constant power in
propeller driven airplanes by adjusting MAP or torque as necessary during the
climb. For the altitudes at which full throttle is reached attempting to maintain
constant power, us» the MAP or torque at the test altitude as an average valur,
Note the altitude at which full throttie s reached.

¢. Photopanel data are desired; however, prepare the report on the basis of

kneeboard data if photopanel data are not available,
Prefhight Procedures

a, Rt‘qllihﬂi Nata.
A
0
lapsed titne for chimb (A
Altitude hand (AH Y
P
Fusl remaining.
AT at test altitade fop 1),
I

HEM and MAE or torgue ot test altioade,

b Prepace data cand (Fggure B

Vit
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c. Review assigned scope of test and make notes on data card to be used as a
reminder during the teat, such as: configuretion details, desired cilimb airspeeds,
and altimeter barometric setting of 29.92 in Hg.

d. Obtain test altitude forecast winds from aerclogy.

2. Carry a 60-zec stopwatch.

f. HRcview photopanel operating procedures and switchology. For this test,
use a camera spered of 1/2 frame per second,

g. Nefore icaving the fiight line, check the operation of the photopanel,

Faight Pvocedures

The -awliooth climbs method consists of a series of constant observed airspeed
climbs through an altitude band. All climbas are performed on the same heading

perpendicular to the forecast wind at the test altitude.

& At 300 to 500 ft below the altitude band on the required climmb heading,
trimn the airplane in ‘evel flight at the desired climb airspeed,

b. Set the power or thrust and establish a stabilized climb,  Check
configuration details and trim the airpline. Maintain constant power by adjusting
MAP or torgue frequently m the climb.

¢ Energize the photopans! about 10 sec before entaring the altitude band.

d. With the stopwatch, measure the time reguired to teansit through the
altitude band or 2 win, whichever is less,

#. When passing the st sttitude, wentally nots the OAT, MAF {or faagard,
and ROM reading:,

£ About 10 wer wioer poasing oat 0 the eltitade band, de-ererpgiee  the

'
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LEVEL - RECORD FUEL, At,
DAT, ah, KIAS, RPR, MAP

Q

/ “ DE-ENERGIZE P/P

STOP WATCH

TOP 260°-300°
} 2
NOTE RPM, Q, MAP, OAT
\,
TEST ALT ; TEST ALT
START STOPWATCH
NOTE |AS

. . - H

BOTTOM 200°-300" STABILIZED AND TRIMMED P

‘-'-FM' ENERGIZE P/P

SET QONFIGURATION, X-WIND
HOC, TRIM AT DESIRED 1AS

Figure 6
Sawtooth Clmb Flight Procedures
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g Reverse course, descend, and repeat the procedure at the next desired
airspeed.

k. Since the rate of climb will be zerc, tile maximum airspeed run must be
made at the test altitude. Ensure tha: the airplane has stabilized in airspeed
before recording data.

i. It is not imperative that the climb airspeeds be precisely the planned
airspeed for the climb. For good results, the airspecd at the upper limit of the
band must be identical with the airspeed at the lower limit. In the climb, attempt
to maintain airspeed within +1 kt of the initial value,

j. If the wind at the test altitude is not strong, it is preferred to make the
climbs in a racetrack pattern. In stronger wind conditions, use an "S" pattern with

all turns upwind,
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DATA REDUCTION - SAWTOOTH CLIMBS

General

Sawtooth climb data will be reduced on the school's Hewlett-Packard
computers, which make corrections to standard airplane gross weight and to
standard atmosphere conditions [thrust coerestion). Review the appropriate

program folder to deterinine data requirements and input format.
Transcribe the following data on a data reduction sheet.

V,H , H[p ; At, RPM or torque, MAP, - and OAT at mid-altitade,

Vw‘
o p 4
oy 9y

Angle

a, Correct observed airspeed and sltitude fov instrument eecor.  Assume
negligible difference between the altimeter position ervor at the lower sititude wnd

the error at the upper altitude,

b. Calcnlate.

A, . =l - h
Dy

o, Calealate indicated rate of clinsh,

Al
At

|
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d. Calculate airplane gross weight for each data point,

e. Calculate average test gross weight

. W for each test point {sum)

W, - -
A mimber of runs

f. Calculate weight correction factor for each ¢ata point

g Ignoring the induced drag correction, corrected rate of climb for each data

peint may be calculated

This approximation is not always valid for rates of descent,

h. Corcect at least three observed OAT values for instruwent ervor.

i. Determine Mach number at which each GAT value in step h was obtained.
Enter Appendix IO with Vi and mid-altitude.

j. Determine ambicnt xir temperature from Appendix IV,

k. Construct a graph of variation of corrected rate ol clisnb witi inc s ated
airspeed.  Fair one curve theough the data. This curve shows the veation of
carrected rate of «liwb with airspeed for the average gross weight of the iest and

sy

test conuations (sec Figure 7).
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NOTATIONS INTRODUCED IN SECTION VII-A

Fg/§

W

Fp/é

wWe/ 6

b/ /8
W/ &

¥

Engine referred gross thrust (a function of the engine exhaust nozzle
pressure ratio)

Fuei flew, pph

Referred net thrust, lb

Referred fuel flow, pph

Referred engine speed, percent of rated RPM
Referred gross weight, lb

Fuel weight

NOTATIONS INTRODUCED IN SECTION VI -C

SHP
c

SHP,
{

LSUPY s

12
JHPN

SHP
oW

md

LR
g U

Chart shaft horsepower determined from the manufacturer's engine
operating chart for the conditions of the test.

Test shaft horsepower actually delivered by the engine for the test
conditions. Determined from correction of SHPC or from engmne
torguemcter instaliation.

SHP correction for rate of clitab or desceat.

Brake horsepower required for stabilized, level flight (i.e., airplane
drag) for the test conditioas {gross weight, pressure altitude, and

ambient air temperature).

Equivalent shaft harsepower required referred to a standard airvplane
gruss weight.

Adrspeed for minimum drag-.
HReferred fuel flow.
Heferred shaft hors o r.

Reynold's Mo, nde
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SECTION VI-A

JET AIRPLANE LEVEL FLIGHT PERFORMANCE

PURPOSE OF TEST

The purpose of this test is to evaluate the level flight performance of a jet

airplane by:

a. Determining the thrust required and/or fuel flow required.
b. Determining the referred gross thrust or fuel flow available.

. These data will be determined for one value of referred gross weight (W/§)

i

snd wi'l subsequently be correlated with similar data for other W/§values to

determine the level flight performance over the operating range of the airplane.

DISCUSSION AND THEORY

The thrust required for level {light of an arplane may be described in terms of

the functional expression

This expression was derived from a theoretical analysis of level fhight performunce
¥ Wit |
{drag equationl. It suggests a fhght test procedure for experimentally determinng

the thrust required characteristics; maintain @ constant value ot W/AS o flhight and

medasure the referred thrust required at several vaiues of Mach numbers 1w

reprat this procedore tor several values of W8 and constract o sattable greph of

these vesults, the thrast vequred for the girplane may be determined for aay

combination o arrplane gross weight, pressure aititads, and Mach number. A rhight

test procedire of this form is particularly swotable for jet sarplanes becanne the

VIS




cihanges of airplane drag caused by Mach number effects are accounted for, and a
wide range of airplane gross weight can be analyzed in only a few flighis. But
thrust is difficult to measure and correct to standard conditionsz (EPR gauge would
be useful), and we are more concerned with range and endurance data. In order to
evaluate range and endurance, we must define the combined performance of the
airframe and the engine. By dimensional analysis of the factors affecting jet

engine performance, we can show that:

Ve M N) 2)
o 8

¥ =D = {(M, N) (3)
§ 8

These relationships describe the installed jet :ngine. Combined with the airframe
relaticuship (Equation (1)) t » generalized equation for the total airplane in level

flight is

W . (4}
St w
&vh 8
Now we can tly our airplave ai constant ratios of (W), measure {(referred) tuel flow
,\‘i
when stabilized in level {light at several Mach numbers, and define curves

describing the performan: e of the airplane over a wide range of gross weights and

altitudes.

INCHE ASING
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Two assumptions were made: no lift due to thrust (high o) and negligible Reynold's

number effects.

In level flight, rveferred gross weight decreases as fuel is used. A constant
value of %, § may be maintained by increasing pressure altitude at a predetermined
schedule as airplane gross weight decreases. In obtaining a series of level flight
thrust required data points each at the same value of W/4§, the altitude must be
increased for each successive data point with the airplane arriving at each altitude
with sufficient excess fuel to stabilize in airspeed before the desired W/§ occurs.

The flight path may be visualized as a series of ascending steps.

TEST PROCEDURES AND TECHNIQUES

Pertinent Particulars

a. Use constent altitude technique tor data points at airspeeds above that for
minimum drag and constant airspeed (thrust adjustment) techniques for airspeeds
near and below minimum drag where stabilization at constant thrust is difficult.

b. Obtain sufficient data to define airframe and engine characteristics for one
value of W/§. Concentrate 2a defiming the minimum thrast (fuel flow) and
maximumn range portions of the cusve, if preliminary data are aviailable.

. Itas recommended that the Vmax data point at azsigned W/g he taken first
and the vemainder of the W/§ data be obtained in arder of decreasing airspeeds.

d. Determine the thrust or fuel flow wvaitable at the assigned reference
pressure altitade using an acceleration run technique. Qbtain data frop 7 .vmr!
to the maximum level tlight airspecd. For the Inwest WiE values, the thrust

available data should be obtained first i order to reduoe the atrplane’s gross weight
4 ®

aind thus 'nervase the sitial Wed test altitade.

i
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Preflight Procedures

a. Obtain W/§ assignment.
b. Prepare pilot's data card. In flight, at each aiabilized airspeed at the
assigned W/8 value, reccrd the following data or the data card and the photopanel.
Afrspeed (V)
Pressure altitude (Hp)
Fuel flow (wf)
Engine RPM (N)
Engine Pressure Ratic
OAT or Ta
Fuel remaining (WF) or fuel used
Photopanel counter number
c. Construct a W/§ card. The W/ card is a kneeboard size graph which shows
a variation of pressure altitude {corrected for instrument error) with fuel. It is
used to maintain a constant referred gross weight (W). The card is constructed zs
follows: for at least four fuel weight values beftween the eppropriate initial
airplane weight at altitude and 1,000 lb fuel remaining:
1. Calculate airplane gross weight, W,

o Calculate § required to maintain assigead W/§

]

A, Obtain corresponding pressure altitude frow interpolation of [CAQ

Sd

atmosphare tables.

4. Computs

Hpg * ““14@‘.)(‘):? = Upe = AHps

Vil
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5. For several values of Mach number at the average pressure altitude of
the test, determine the altimeter pusition error correction.
6. Consztruct s graph of the variation of H ¢+ aH with fuel used.
0 pos
Include aitimeier position error information in a table on the graph.
d. Use of W/§ card. Estimate the fuel uvsed or remaining valuz for the next
data point, enter the graph, and obtain the required pressure altitude. Subtract

from this figure the approximate position error and stabilize the airplane at this

computead observed pressure altitude. An example of such a graph is:

N Wi s =

[72]
Q
[+
T A Hp POS
? 5 +d
o 8 4
a b 5 (HANDBOOK DATA;
T 1.8 +6
0.9 +7

FUEL USED (LB) oo
FUEL REMAINING (LB mo oo wem e
e A simple and easy method of determining the observed pressure altitude
required to maintain an assigned W/§ value is to have radio contact witn a flight
test engineer who can compute the required altitude as the airplane gross we'ght
decreases during the {light. The piiot informs kim of the estimated fuel and the
airspeed at the next data point. The engineer computes tae airplane gross weight
and the pregsure altitude required to maintaly the assigned W/§ at that weight.  He
then subtracts the altuneter position error and mstrument error aond intorms the

priot of the required gbserved proasure altitude.
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Fi.ght Procedurea

a. Constaut Altitude Techmgue (Steble Eguilibrium Conditions)

1. Thia techmique requires the pilot to estimate the fuel required to
stahilize at each data goint. The amount of fuel required will be dictatew by: (a)
engine/airplane characteristics, (b) weather conditions, and (c) pilot proficiency.
For constant altitude points, 5 min or 300 1b fuel can be used as an initial allowance
for s.abilization until the pi'>t beco..es more familiar with the requirements. At
thie first point, subtract the estirmated fuel required from the present fuel reading;
the resulting figure will be the fuel weight reading at the data point. From the
W/§ card determine the observed pressure altitude required to maintain the
assigned W/§ at that fuel reading. Record the computed observed pressure altitude
and fuel reading for reference.

2. Climb to the computed observed pressurs altitude, set the thrust, and
allow the airspeed to stabilize. Military Rated Thrust is recommended for the first

data point (V hoint).

mrt

3. Check configuration.

4. Precisely maintain the computed altitude until tae veference fuel
reading is obtained. If the airspeed iy stabilized, record the data. If not stabilized,
record data anyway, but set up a new point at the same thrust.

% Estimate fuel weight at the next data point and repeat steps 2, 3, #nd 4.

b. Constant Airspeed or Thrust Adjustment Technigues (Unstable Equilibrium
Conditions)
1. At alrspeeds less than the airspeed for minimum drag, where stabiliza-

tion at @ constant altitude and thrast setting is 4ifficolt, vee the constant abrspead

technigue.

VIE-8
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2. Determine the reference fuel reading and pressure altitude as in the
constant altitude technique.

3. At the required altitude, maintain the desired airspeed and adjust the
thrust to maintain level flight. The task is made more difficult by the necessity of
attaining the required test altitude. A certain degree of pilot skill and patience is
required to do this well. First set a thrust which results in a climb at the trim
airspeed. Then reduce the thrust to obtain a descent. At the required altitude,
adjust thrust to obtain level flight or a slight climb. Continue these "bracketing"
corrections until stabilized at the required altitude and airspeed.

4. When the reference fuel reading is obtained, record data.

c. If using a fuel used system, record fuel remaining at the last W/§ data
peint also. Later, calculate gal fuel remaining and add to tinal fuel used reading to
check accuracy of fuel used counter.

d. Determination of thrust available. Before or after obtaining the required
W/& data, fly to the assigned reference altitude. Stabilize at approximately
0.7 ert with MIL thrust set and the speedbrakes partially extended. When the
engine thrust has stabilized, energize the photopanel, leave MIL thrust set, and
retract the speedbrakes. As the airplane accelerates in level {light, engine
pressure differential, airspeed, pressure altitude, and OAT or Ta will be recorded
out to an. These data define & curve of the variation of MIL thrust with airspeed
for the test day conditions. For engines without thrust measurements, referred
fuel flow data will be used. These data will later be corrected to standard day

conditions to deterwine standard day vrr (correlated with thrust required data).

it
e The recommended airspe=d for endurance is sometimes determined from
minimurs acceptabie flying qualities rather than minimum fuel flow. During the

flight, record vhe airspeed which you would consider the minivmum desirakle from

the staraipeirt of satisfactory handling qualities.
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DATA REDUCTION

General
i —

Airframe (drag) and engine (fuel flow) characteristics will be determined in
terms of the variation of referred gross thrust, referred engine speed, and referred
fuel flow with Mach number for one value of W/§. Because this presentation of
results is generalized, data obtained on different days but in the same airplane
should be compatible. Normally, data reduction is performed on the Hewiett-
Packard computer \with the {irst and last data points worked manually. Record the

following data on the data reduction sheet:

V,» H_, Engine Pressure Ratio, w, , W

p £ P No’ OAT or Ta
o o

Datas Reduction - Thrust required (Omit steps d, e, and f if thrust data not

avaiiable

a. Correct observed airspeed and pressure altitude for instrument and position
error.

b. Determine Mach number from V(:‘ -M - Hp chart.

. Determine §. Interpolate from ICAQ Standard Atmospherea table.

d. Calculate ambient air pressure.
a Y - (in. Hg)
e. Calculate and/or correct engine exhaust total pressure (V) or (P} for

instrument error and calculate !‘.l\/l',"
:

i. Unter calibration curve for test engine with I‘,I..,"l‘ tor oblain corresponding
a

Vi-10
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g: Correct observed fuel Hlow for iustrument error.

h. Calculate total fuel flow in Ib/hr. Assume density of JP-5 fuel is 6.8 lb/gal
snd JP-4 fuel is 6.5 lb/yal.

t. Cortect observed OAT for instrument error and deterimine ambient air
temperature from Appendix IV,

jo Calculate

k. Calculate airplane gross weight.

. Calculate:

referred fucl flow ( Wf)
\\\ [y "' l.?“\l
referred gross weight W
A / Ient

m. Construct the following graphs for the average value of W/§ tlown.

Alrframe (dray) Characteristics (P’R/(ﬁ vs. M)

{omit for airplanes without thrust measurement)
Airplane Characteristics (wz-/ S vs. M)

n. On the graph of the variation of referred gross theast required with Mach
number alsc plot the variation of referred gross thew o labde from the
acceleration run) at the refersnce altitude.  For airplanes in which infhght thrast
was not measured, plat the variation of refeered fuel flow available at the
referense altitade o the graph of the vaciation of reterred fuel flow reguired with
Ftach number. the tersection of these curves defines the maximun airspeed at

the ~eference alibvle and at the awrplane’s gross weight for the test day ambient

VIE-11
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temperature. Correction of the thrust available (or fue] flow aveilabie) data to
standard temperature as discussed in Fection VI-B will give the standard day
maximum level flight airspead,

o. From the faired curve of wglé./B- vs. M, read values of referred fuel flow
for several values of Mach.

p- Determine the ambient air preasure ratio, §, at the reference altitude from
the standard atmosphere tables, Appendix L

g- Calculate specific range for each value of Mach {atep o).

.

S W, = eeli nmi/1lb

r. Construct a graph of S.R. vs. M for the value of W/ flawn.

s. Using the equation
wp = §od (wf/\'\.lv) pph

the standard day values of actual fuel flow may be plotted against VO.

Vil-12
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SECTION VII-B

DETERMINATION OF STANDARD DAY MAXIMUM LEVEL FLIGHT AIRSPEED

General

The maximum level flight airspeed of a thrust limited jet airplane is
determined by the intersection of its thrust available and thrust required curves for
one altitude. In Section VI-A, methods for determining standard day thrust
required and test day thrust or fuel flow available were determined. The thrust or
fuel flow of a jet engine at MIL thrust varies with altitude, airspeed, and ambient
temperature. Standard day thrust or fuel flow for the test altitude can be
computed by making an incremental correction foy the temperature difference
from standard based on estimated or previously determined engine cbaracteristics.

If the engine 1s not operating at rated RPM, a similar thrust or fuel flow correction

can be rnade for the nonstandard RPM setting. Corrections (o engine thrust and
fuel flow data are usually imprecise. However, large corrections to inflight engine
paramet2r measurements should be treated with caution. It is important to realize

that more rigorous and tedious data reduction procedures exist.

Determination of Standard Day Thrust Available

a. PFor the several values of MIL thrust available discussed in Section VII-A,

calculate standard day refervred gross thrust available.

< b‘ 3 . i
Yo lm (9] o (d_fg{w’) (T -1
5 : ! - dt

3 "
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Obtain values of (Fﬁlé) from graphs similar to Figure 1 for the appropriate
engine.

110 -
100 ng*/
& z‘ 90 /
ao 7‘/
? |
g T £0] SRR e
o 4-32-P8A
a-4
60 - -
o{' [ A
0 10 20 30 40 30
Hp — 1000 FY

Figure 1
Engine Performance

b. Fiot the standard day referred gross thrust available for each altitude on
the graph of referred gross thrust required. Read the standard day maximum Mach

number and calculate the corresponding true airspeed.

Determination of Standard Day Fuel Flow Available

Tailpipe pressure ratio data from which to compute Fg/¢5 sometimes is not
available. Referred fuel flow, based on total temperature and pressure conditions
(w[/ S T/ST) + is a function of throttle setting, OA'T, and Mach number. Since the

throttle setting is constant (MIL}, and since Mach effects are generally smali, it is

passible to plot Wf/‘k"'!““'“r’r vs. OAT for one throktle setting. With this graph of
referred fuci flow avaiiable, the test day data may be corrected to standard day

conditions. The following procedure is used:

VII-14
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a. For MIL thrust data points discussed in Section VII-A calculate

On

.

-
—

Y
————
&L
- e
S
T
+

—
| ST
Z
L]
—

F+

for each engine separately.
w

f
b. For each engine plot , — 37 for the MIL thrust points vs. OAT. Fair
T T

one curve to average data from both en.ines.
c. For the reference altitude at the standard temperature, determine the
standard day OAT at several Mach numbers between .7 an and 1.1 an for the

test day.

d. With the curve generated in step b, determine referred fuel flow available
for each OAT calculated in step c.

e. Determine standard day referrsd fuel flow avail ' le based on ambient

temperature and pressure from

w W
( f\':( t )(1 + ’~‘2)4 (double Y ines?
1 L double for 2 engines!
/

f. Plot the referred f{uel flow available {step e) vs. Mach number on the
referved fuel flow required curve in Section VII-A.  The intersectica of the tuel

flow required and availatle curves s the standard day an.
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SECTION VII- C

POWER REQUIRED AND FUEL CONSUMPTION

PURPOSE

The purpose of tpis test 1s to determine the generalized power required
characteristics for a propeller driven airplane and to determine the variation of
referred fuel flow with referred shaft horsepower o a turboprop engine for one
altitude. Tiese  characteristics  are required to describe the level flight

performance »f the warplane.

DISCUSSION AND THEORY

o

General

In describing airplane level fught performance, the parameter of greatest
mterest is specific rang®, the ratio of true airspeed to fuel flow. Crudely, specific
range may b determined by flymng the airplane at a constant arespeed and altitude
and measurimg the corresponding tuel flow.  The level tlight performance for a
large range of airspeeds, altitudes, and gross werghts is more sfficaently evaluated
hy investigrting feparately the airrtrame Characternistics (power required for level

fhghti and the engine characteristios [fuel flow variation with power and altitude).

hmensioral analysis ot the level thght pertormance of a low speed airplane
shows that for a given loading and conliguration, the varnianon of equivalent shatt
horsepower required with squivalent airspeod s s sigle curve which s apphy able
to ail altitudes of adrplazne operation. This generalization s vehd af a constant
parasite slray coeltioasnt, propeller cottiorency, and eftective Cspedc U ratio can oe

wasamed.  Although this geaerabociion o valid for the orase airspecd range ot

VI ote
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most propeller driven airplanes, the assumptions fail at very high angles of attack
(whese effective aspect ratic and propeiler efficiency decrease markedly) and at
high airspeeds where transonic effects may Le observed. This generalization is a
convenient method of fairing test data because for a given airplane gross weight we

may write
(BHPewVeyw) = Ki + K3 (Vg

where the subscript, w, signifies values for a standard gross weight. This is the
equation of a straight line when plotted in terms of the variables snclosed in

parenthezes. Figure 1 is an example of such a plot.

"X POOR GENERALIZATION BUT, WITH
CARE, DATA USABLE

TN GQOD GENERALIZATION-APPLICABLE TO ALL. ALTITUDES

. pOOR CENERALIZATION, DATA OF SECONDARY !NTEREST

vVew

Figure 1
Generalize Power Required
in the power required tes., [t 3 necessary that the power and fuel flow data be
representative of stibilized flight conditions. The data must be obtained in smooth

air which 18 ifree of vertical air currents. At airspeeds greater than the airspeed

VH-17
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for minimum power required, stabilization in airspeed and sltitude is easily
obtained. At lower airspeeds, datsa may be obtained by accepting &« small vertical
velocity (less than 50 fpm) at constant aivspeed and later calculating a correction
for the incorrect power setting. The power reguired for level flight at a given
airspeed varies with airplane gross weight and flight data must be corrected to a

standard gross weight.

Turboprop Engine Data Generalization

The relationship between fuel flow and shaft horsepower output for a

turboprop engine can be expreased by the following functional relationship:

W R
of f<‘9.li£, M, RNI)
&40 ovy

Flight tests with current turboprop engines have shown that the Mach (and RNE
effects on the above relationship are weak or not significant for the normal
operating envelope of the engine, and thus the data can be generalized using the

following simplified relationship:

If this form fails to generalize the data, good generalization may be obt.iined by

using total vice static conditions, i.e.,

VII-18
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TEST PROCEDURES ANI TECHNIQUES

Pertinent Particulara

a. For reciprocaiing sngines, set the power nesded to obtale the desired
airspeed but keep BMEP high by maintaining a minimum RPM and maximum MAP
within the handbook limits.

b. Use the constant altitude technique at airspeeds faster than the sirspeed
for minimmum drag (de) and the constant airgpeed technique at asirepeeds slower
than ‘Vm a

c. It is recommended that the Vm data point be taken first and the

rt

remainder of the data be obtained in order of decreasing airspeeds.

d. The photopanel will not be used four this flight.

Preﬂjght Procedures

a. Review engine limits, single engine opervation, and airstart procedures.

b. Prepare data cards. In flight at evach data point, record:
Run mamber
Pressure altitude
Airspeed
OAT/CAT
Torque/MAP
Fuel Flow
Fuel remaining
RPM/EGT

Configuration
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Fliaht Procedures

a. Perform a series of stabilized, lavel fligh! runs at the asaigned altitude
using wvaricus power settings. Although a particular seguence of data is act
required, it i3 recommended that the vmrt point be obtained first and the
remaining data be obtained in order of decreasing airspeads.

b. For the constant sltitude methed, 2et the maximum cruise power setting

: and  aliow the airplane to stahilize in airspeed while maintaining a constant
altitude. Several minutes at conatant power and altitude are necessary to obtain
good stabilization of airspecd. When certain of stabllization, record data. Reduce
power getting to that estimated vo give the next desired airspeed and wait for
airspeed to stabilize.

¢. For the constant airspecd method, establish a trimmed, constant airspecd

and  adjust the power until level flight is achieved at the test altitude. A
bracketing techrigue, similay to the one descreibed in Section {1 and demonstrated
on the performance demonstration flight, should be used. If level flight cannot be
achieved after szeve:al power adjustments, acceptable data can be obtained with
the dirplane in & climb or descent of 50 fpm or less. When this condition is
cstablished, record data and commence a0 b min run ay constant airspeed and power
setting.  After 5 mm record data again to obtain the average rate of climb and
average power for this interval, The data will later be corrected for this condition.

de The airspeed at which the atrplane exhibits minimnn acceptable flying
qualities for maximum flying should be recorded for later ase in determining the

recomanended endurance arrspeed.
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DATA REDUCTION

General
S RSO

Follow the order of the data reduction presented below in getting up the data
reduction form. Normal data reduction is by Hewlett-Packard Computer program

bit the first and last data points must be done mannally.

Manual Data Reduction - Fuel Flow and Generalized Power Required for Turboprop

ﬁi_mlane

a. Correct observed pressure altitude for instrument and position errcr.
Up, = npe + Bispi ot A‘lppos
b. Correct observed airspeed for instrument and position error.

Ve = Vo + OVic + AOVae

c. Calculate equivalent airspeed. Use Appendix I for compressibility
correction.

Vo = Ve ¥ TV,
d. Correct observed OAT for instrument errvor.
e. Determine M by use of M - Vc - Hp chart.
f. l'=2termine ambient air temmerature (V{‘u) using Appendix IV (Assume
o 0.9R).
g Determine j/ Yo by enteving Galoit ohart with Hp and .[\a‘

h, Determine & frowm PIM standard stwosphere tables and Iip
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i Compute U from YU = V a + ¢73°
248

I+ Compute 4§,

k. Correct obssrved torque and RPM for instrument error for one engine.

I. Compate test shaft horsepower
SHPI = {K) {Q) (RPM)

where K is the engine turquemeter constant, Q is torqu~ or pressure (psi or ft/lb)
and RPM is propeller RPM.,

m. Kepeat steps k and 1 for the other engine.

n. Compute total test shaft horsepower (sum of both engines).

0. Compute airplane test groas weight (Wt)-

p- For constant awrspeed data, compute rate of clivab.  Assume that the

altimeter instrament and position error corrections remain constant over the test

interval.
. AR
R/C = P, fpm (+50 fpm maximum)
At
ur
AH , T
R/C = Py & test fpm (U ot test M
At - ‘ aostd p

a st

q. Caloulate shaft horsepower correction for rate of climb.

[\.n;i}ii'“/%\' i .‘.\/’k.: (Wt,)

13,000 T

Azsume ”p < (L85 {an average value)

VU“}. .’,
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r. Compute shaft horsepower required for stabilized, level flight for the test

conditions.
SHP,, = SHPy + ASHY 2 /C
3. Compute equivalent shaft horsepowear required.

SHPe x SHPrtm

l/vo

t. Compute ratio of standard gross weight to test gross weight Ws/Wt and the

1/2 3/2_

correction factors (ws/wt) and (ws/wt)

u. Correct equivalent shaft horsepower required and equivalent airspeed to

the standard gross weight.

Spy,, = sup_{Ws)3/4
W

: 172
= Wy

v. Compute V 1 and V_ u SHP .
ew ew ew

w. For each engine compute referred shaft horsepower =

SHP

S0
x. For each engine, correct observed fuel flows for instrument error and
compute referred fuel flow.

Ve

% i)
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Manual Data Reduction - Fuel Flow and Generalized Power Required

Reciprocating Engine Airplane

a. Perform steps a through g listed under turboprop data reduction.

b. Correct observed RPM and MAP for instrument error.
c. Determine chart shaft horsepower from cngine chart. The chart method is
not as accurate as the engine torquemeter which should be used if available.

d. Obtain standard day ambient air temperature for test a'titude from

standard atmosphere tables.

°K

e. Correct observed CAT for tnstrument error.

f. Compute test day shaft horsepower

SHPy = SHP¢ i'ag
CALy °K

g Perform steps o through v.

Vi-24
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Graphical Presentation of Reaults

ONE PLOT PER ENGINE SPECIFIC RANGE NEW PLOTS A

S

»
o0 (")
~ S
i‘ "

SHP/ OV § Vaw
FUEL FLOW CHARACTERISTICS GENERALIZED POWER PEQUIRED
: -
e ¢
Py w
x
[77]
L.
Vew

4
Vew

GENERALIZED POWER REQUIRED COMPUTED POWER REQUIRED
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MANEUVERING PERFORMANCE
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MANEUVERING PERFORMANCE

INTRODUCTION

Aircraft maneuverability can best be defined as the ability to change direction
and/or magnitude of the velocity vector. While this definition is accurately
described and clearly understood by most pilots, the best method to optimize
aircraft mansuverability is more difficult to define due to the complexity and
dynamic nature of the combat maneuvering situation. Pilot selection of turning
maneuvers, in terms of the change of direction achieved as a function of energy
state, is strongly dependent on many factors, not the least of which is the energy
state and position of the opponent aircrafr or his weapons system. Assuming
parametars such as pilot proficiency, roll performance, flying qualities, field of
view, and fuel management tochniques are equal, we have learned from experience
that the offensive advauntage is available to the airplane which initially has and
can  maintain  the highest energy level, In addition, the airplane with the
highest energy level has a better cpportunity to engage and disengags at will. Te
¢

achieve or doeny this advantsge depends priwmarily on two factors:

a. The weapons system capability.

b. The aircratt rnaneuver.ng performance,

Quantitatwvely, the weapons system capability can be depicted by release or
firing envelopes, and once these nttial conditions are known, the optimization
problem becomes one of maneuvering into the effective weapons envelope.  Sach
waneuvermyg s dependent npon the abihity of the pilot te control turg, altitude,

airspeed, and accoelevation char ac teristio s,

VI 2
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PURPOSE

The purpose of this section is to discuss aircraft maneuverability in terms of
sustained and instantaneous g available, turn rate, turn radius, and the interface of

these perforniance parameters with specific excess power characteristics.

DISCUSSION AND THEORY

A measurement of the relative tactical value of high performance airplanes is

the maximum normal acceleration available at a given airspeed and altitude. It is

while maintaining a constant energy level, and instantaneous g available which can

be achieved while gainir.g or losing energy at a given rate.

Sustained ;: Available

Sustained g available is determined by level flight turning performance. When
an airplane is in stra:ght, level flight, it develops lift equal to it weight. When this
airplane is banked into a level turn, the lift increases so that the vertical
component of lift remains equal to the airplane weight. Because the lift has
increased, the drag has increased also, and the engine thrust must be increased to
mmaintain the airspeed.  The maximum bank angle for which both airspeed and
altitude can be maintained is 4 function of both the aerodynamic and thrust
characteristics but it 1s usvally limited by the thrust available. If this maximum
bank angle {or normal acvceleration) is measured at several airspeeds, the sustained

turning prriormance is determined.

VI 3




REOREREN L UG L A e

Instantaneous g Available

Instantaneous g available is determined by the variation with Mach number of
the normal acceleration for onset, tracking, and limit buffet. As an airplape is
maneuvered more and more vigorously, a normal accsleration will be attained at
which buffeting of the airframe is first detected (onset buffet). As the normal
acceleration i increased further, the buffeting increases in intensity until it
becoines so severe 83 to prevent satisfactory accomplishment of an offensive
maneuver (tracking buffet}). When the normal acceleration is increased still more,
a maximum buffet acceptable for defensive operation of :he airplane is ohserved
(limit buffet). The variation with Mach number of the normal acceleration at
which a specified level of buffet iz observed is known as a buffet boundary, and for
the specified condition, this buffet boundary defines the operational V-n envelope

of the rirplane (Figure 1).
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For most flight conditions, th. lmit buffel icvcl mmay be defined by: the

structursl limit, aerodynamic limit (CL 7» longitudinal contro! limit, or
masx
maximum load factor for acceptable tlying qualities of the airplane.

In all cases, buffet levels must be defined in relation to the mission of the
airplane. Some airplanes (trassports, straight-wing trziners, etc.) may have no
offensive or defensive maneuvers related to their missicn which bear upon
instantaneous turning performance. These airplanes way exhibit little or no
buffeting prior to reaching their aerodynamic limit (stall); or they may he
prohibited from buffeting flight due to comfort or structura! safety reasons. Onset

and limit buffet may be coincident; and there may be no relatable or applicable

tracking buffet level for an airplane,

Airframe buffet is associated with the disturbance of airflow somewhere on
the airplans's structure., The intensity of the disturbance will vary with angle of
attack and Mach number. For a given Mach number, a specified buffet level will
occur at the same angle of attack (or lift coefficient). Figure 2 depicts butfet

characteristics typical of a supersonic fighter airplane,

ORSE T pusFy
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Bulfet Characteristics of a Fighter Alrplane
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Rate and Radius of Tw

Yor a given normal accelerition, n_, at a given altitude, the radiug of turn ia

given hy

R = — arogeas £t
gVN ¢ 1
and the rate of turn is given by

57.3 V., m/x—\!zz -1

W= - - D e o e oo de ,Sec
R VT

Turn 1ate is perhaps the most tactically significant ot all the parameters uged
to measure turn performance. It measures rate of change of flight path direction
as a tunction of sustain. 1 or instantanecus g available and airspeed. In the
air-to-air maneuvering environment, the relative turn rate capsbhility ~f two
adversaries will directly influence the tactics used by each combatant. Of course,
turn radius (which also is & function of TAS and g available) must be considered
when determining the mission suitability of an airplane. An example of the use of
turn radius is the gun tracking solution in waich a certain amount of lead (smaller

turn radius) is required.
Tactice] Considerations

Another iimportant consideration in maneuvering performance is the use of the
vertical gravity vector to effectively add to the airplane's Jift vector. The effect
of increasing hank anple on turn rate is shown in Figure 3. The reguiremenis of the
missiog will dictate acesniabe > load factors, turn rates, and radii. Conmideration
must be given to reguired maneuwvers, vieal contact distences, performance of

prtential adversaries, pilot load fac oy tolerance, and the expected altitude at
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which various maneuvers will be conducted. The influance of flying qualities,
energy level maintenance, and weapons systems must also by conridered when

evalunting the turning performance of an alrplane,

e .. CONSTANT ALTITURE

- MAXIMUN o ] dee e STRUCTURAL - o o o
e s LETREGION o [N LIMET REGTON e ey

TURN
RATY
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Figure 3
Three -Dimensional Turn Comparison
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Wing Loading and Thrust -to-Weight Considerations

Assuming there i3 no appreciable lift due to thrust, the relationship of wing

luading (W/S) on turn performance may be expressed

e -
o " b - b
L ""L 1/2 0 \JT
where

L = W (available instantaneous)

Reavrraagemwment of this expression results in

Lol
avatl (/L f"\T.
My 2 (W/5)

inst
At any given altitude and airspeed, instantancous g available is solely dependent

upor wing loading {W/S) and the airplane litt coefticient (Cy ).

.4

The effect of thrust- . weight ratio {I/W) on turn performarce may he

expressed in stabilized, unaccelerated fiight as

T = 1¥

T - (/L)L

where L - Wea {available instantansoas)

Rearrangerment of this expression reselts i

nooavatl TrWY en o
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The sustained %, available is directly proportional to the thrust-to-waight ratio

(T/W).

Sustained g avaliable is aiso a function of sercdynsmic (airframe)

characteristice through itz relationsaip with the lift-to-drag ratio (CL/ CD)-

A graphical presantation of the variation in ristsmmed and instantanecus turn
rate with wing loading and thrust-io-welght ratic is snown in Figures 4 and 5,
respectively. Al & constaat aititude and Mach, the sustained turning performance
in Figure 4 is increused with higher thrust-to-weight ratios and improved
serodynamic characterietics (reduced wing loading). However, at the same
constant sititude and Mach, the instantanecus tvrning performance in Figure 5 is

incre:ased with lnwer wing loading and is unaffected by (he thrust -to-weight ratio,

16 =
ALTITUDT = QONSTANT
MACH =« CONSTANT
f

J B O
3| ——— ‘
'S 18 N PSR T, S o
S N
o) "‘NN'DNJ\ ' .

g, ey o
) - ‘NM\ e
W “"""..“_
e e S
LS N
. ey 1
£ Tl
D
. R
o) T
: T
< e .
et - /j N S— k.“:::nm...m.\i.w w g g e——-
3 J gt
e /£

i
40 i1 80 s 120
VAERAS LU NG - BSF

Figure 4
Effect of {T/W}) on Sustained Turning Purformence
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Figure 5
Effect of {W/8) on Instantaneons Turning Performunce

cnergy Maneuverability

Thus far, aircraft manesuverstility has besn sxpleined in ternss of directional
change (turn) cnly but magnitude changes of the velocily vector are equally
important. Frowm the specific energy egquation

v?

ﬁh R R E‘g

it can ne deduced that SUSTAINED wmaneuverability is closely related to specific
energy levela in terms of altitude and alrspeed. By observing the correlation of
energy rate varielion with turning performance, tactical maneuverability can be

related to the amouant of energy possessed and how well that energy is managed,
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A comparison of specific excess power characteristics (P!) can be used to
determine the operational flight envelope in which an airplane can gain or lose
energy more quickly than an adversary. The amount of energy gained or loat is
directly related to maintaining maneuvering position against an adversary aircraft.
The envelope for optimum energy maneuversbility. may be represented on an
altitude va, Mach number (H-V) diagram containing contour lines of constant
specific exceas power (Figure 6). Energy gain per unit time is maximum at the
points where the lines of constant energy altitude (Eh) are tangent to the lines of
constant Ps' Flight along the maximum energy path will allow the most efficient

energy conversion of altitude and airspeed.
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H-V Diasgram
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The actual technique tc determine areas of numerical specific excess power
advantage involves the overlay of constant P lines of one aircraft over another.
This technique is illustrated in Figure 7. The shaded area represents the flight
ragion where aircraft A has maneuvering advantage o er aircraft B. One atep
further in the analysis of energy maneurerability would be to determine contours of
constant differential specific excess power ( APa) as shown in Figure 8, the shaded
area represents the flight region where aircraft A has its greatest potential for
maneuvering advantage. These energy rate diagrams can also be used to determine

areas of sustained maneuvering advantage as a function of g.

wee == AIRCRAFT “A"
~=—= AIRCRAFT “B"

H
| S
Figure 7
Specific Excess Power Overlays
AIRCRAFT “A”
H

Figure B
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Since energy rate diagrams (Pa) are not limited to 1g, a maximum maneuver

corridor may be represented by an area between the maximum energy path at lg

and the maximum energy path at the aerodynamic or structural g limit. By

employing the overlay technique at various g levels, arcas of tactical advantage for

all flight conditions can be devermined between adversary aircraft (Figure 9).

D et R B E ¢
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Figure 9
Maneuver Corridor
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The energy rate variation from a turn rate of zero (1g) to the maximmum turn
rate achievable {aerodynamic or stiuctural g limit) characterizes the complete
gpectrurs  of energy maneuverability for any given airspeed and altitude
combination. The typical variation illustrated in Figure 10 provides three useful
measures of maneuvering performance. The 1g energy rate indicates a measure of
acceleration and/or climb performance. The turn rate at zero energy rate (P3 = 0)
is that which can be sustained without energy loss. The maximum instantaneous
turn rate corresponds to the highest energy loss rate. By improving the lift
characteristics and/or reducing the drag characteristics, the energy rate variation
with turn rate will be less proncunced and a general fanning out of the curve will

result (Figure 11).
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Energy - Maneuverab:lity

Vil 14

L T T 1 I




R 2 FERTI . " P Aoy M IE R STy A Ty

sk A | IS v, onders - pemm - T

GIVEN ENGINE
THRUST & WING
AREA

5 POWER, Pg — FT/SEC

/

H

N

\ IMPROVED CL/’CD AND C| MAX
AN

N\
o N

TURN RATE - DEG/SEC \

SPECIFIC EX

hS

Figure 11
Influence of Imprcved Acrodynamics
The effect of wing lcading on the eneryy maneuverability curve is illustrated
in Figure 12. The greatest benefit of reduced wing lcading occurs at and near to
the maximurm instantaneous »e.formance limit. The influence of thrust-to-weight
on the energy maneuverability curve is illusirated in Figure 13. Increasing the
theust -to-weight ratic has no significant effect on the instantaneous turn
performance, but significantly improves the lg and sustained maneuvering

capabilities,
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Effect of Reduced Wing Loading
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Effect of Improved Thrust-to- Weight
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Maneuvering Performance Superiority

A conceptual evaluation of the relative maneuvering performance of two
aircraft can be made by comparing their energy rate variations with turn rate
characteristics as indicated in Figure 14. The friendly aircraft depicted has a
margin in turn rate regardless of the energy rate and/or turn rate employed by the
threat aircraft. The specific excess power margin at zero turn rate provides the
friendly aircraft with the advantage of engaging or disengaging at will, The
sustained turn rate margin enables the friendly aircraft to maintain an energy leve!
above that of the threat aircraft. The maximum instantaneous turn rate and
deceleration margins allow turning superiority for the friendly aircraft in defensive

maneuvering situations.
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Figure 14
Energy Mageuverability Comparison
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In summary, this analysis of aircraft maneuverability, particularly when
supplemented by a specific excess power comparison, can be an extremely useful
teol to the tactician seeking to determine flight envelopes of advantage or
disadvantage. His ability to translate the results of an energy maneuverability
analysis into tactical maneuvers will contribute tc mission success. Of course, the
ultimate measure of a pilot's achievement is still how well he takes advantage of

his aircraft's capabilities, whatever they may be.

ANALYSIS OF SUSTAINED VS, INSTANTAREOUS CAPABILITIES

The major factors influencing sustained and instantaneous turning performance
have been discussed. A combined graph such as Figure 10 cannot be constructed
without Ps data, but much can be learned from analysis »f a graph like Figure 5.
A deficiency in sustained turning capability must be due to low T/W ratio and/or
CL/(ZD characteristics, while a deficiency in (limit) instantaneous nz available
must be caused by low values of ('L and/or excessive wing loading. Th» onset

max
of butfet may occur at low n_, indicating airflcw separation.  In the example
shown: (1) a low T/W ratio may limit sustained capabilities, () early onset of
buffet may couse degraded flying qualities and high energy losses during
maneuvering flight, while (3} the acrodynamic and struetural n. Toits may provide
adequate turn rares and radn for all required mancuvers, A contractor might
correct tne deficiencies by using maneavering leading od ge slats to mmprove ("",L,/( N

and delay airstreamn separation {onset buftet), and by increasing enpine thrust to

tmprove sustainsd capabilitios,
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Figure 15
Engine-Airframe Compatibility

LEVEL FLIGHT TURNING PERFORMANCE

TEST PROCEDURES AND TECHENIQUES

Dreflight Procedures

a. Prepare pilot's data card. In flight, ‘n each stabilized turr, record the

following cockpit data.

Axrspeead.

Pressure altitude,

Normal acceleration.

Fuel used or fucl remaining.

QAT.
bh. On the datz card wmake a brie! table of the variation of normasl acceleration
with bank argle and have a blank plot of n, Vs V {or M) fo plot rough data as

collected,
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Flight Procedures

&. Obtain ert point first, Record the actual reading of the sensitive
acceleromuter at this ig point. Any disparity from 1 0g should be noted aa n, tare.

b. Set a bank angle for the next dJdata point, A 30° bank angle s
recommended. Assume that atable equilibrium conditions can be obtuined and use
the constant altitude test technique. Maintain the 30“ bank #vule, test altitude,
and MIL thrust until equilibrium airspeed 1s attained. Trim out stick forces as
speed decreases. Record dat;a when equilibrin conditions are achleved for 5 sec.

c. The constant altitude technigue ‘may‘bc repeated for greater bank angles
and higher normal acceleration until the n.avlm‘\‘alr‘ﬁ“leyel flight, normal accelerations
has been achieved. At bank angles greater than about BOOs the high variation of n,
with bank angle may make stabilization very difficult,

d. If desired, the constant airspeed tectinique may be used for these difficult
teat points. For airspeeds less tuan that for peak normal accele-ation, the test
technique will be that for unstable equilibrium conditions. The conatant airspeed
technique musat be used. Fly smoothly and make small corrections as shown during
the performance demo flight until equilibrium conditions have been achieved for at
least 5 sec, then record data. Satisfactory data wmay be cbtained within 1,000 {t of

the desireq test altitude.

e, Some airplanes (mainly propeller driven) exhibit  different turning
characteristics in Jeft and right turns, The direcrion of turn should be alternated to

establish whether the characteristics vary,
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DATA REDUCTION AND PRESENTATICHM

General

The variation of muximuin normal acceluration in level flight with Mach
number wiil be prosented for a standard airplare gross weight. From this
characteristic (faired test data), the variation of radius of turn and rate of turn

with Mach number will be computed.

Usually, the appropriate Hewlett-Packard program wili be used for data
reduction. ThLis program corrects the data to standard day temperature and
standard gross weight conditions. Reviasw necessary input parameters during

» preflight planning.
Maaual

a. Correct vbsecved airspeed for instrument and position error.

%, Determine Mach number from the M - VC - Hp chart.

c. Correct observed normal acceleration for instrument error and for n tare,
Assume the tare correction is constant throughout the range of the sensitive

accelerometer and apply It to all chserved ralues,

n o= o tn, bno tare
o 1 %

4. ompate airplane gross weight, W
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e. Compute normal accaleration for the standard welght,

wl
na B “t W”

f. Censtruct a graph of the variation of standard weignt normal acceleration
with Msch number or velocity, From the faired curve, read values of n, at various
airspeeds.

g. Correct observed QAT for instrument error to determine Ta (if necassary;.

h. Cownpute true airspeed

1. Calculate radius of tuen

v &
I{ I e T, !‘t
ST
g 0 1

i, ~Calculate rate of tuen

—
57.3 V. 57.3 g /x; “-

-]
— VU I dag/smr

R VT‘

S I

%

k. Present the following graphs for sach altitude testad:
Variaddon of sustained normal sceeleration with Mach number/KCAS,
Variation of susta’ned radius of turn with Mach naumber/ K CAS,

Variation of sustained eate of turn with Muach number/KCAS,
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BUFFET BOUNDARY
. TEST FROCEDUNES AND TECHNIQUES
Preflight Procedure
a. Review stall/spin characteristics and recovery technigues, Prepare pilot's
data card. For each altitude at several speeds, record the following cockpit data:
Mach number,
% Pressure altitude,
' Normal acceleration at onset buffet,
! Normal acceleration at tracking buffet.
Normal accelerativn at limit buffet,
‘ Fuel used or fuel remaining.
E AQOA, remarks, etc,
|
i Flight Procedure
a. [he maneuver vest suited to cbtain the data required for this test is the
wind-up twin in which normal acceleration is steadily increased while maintaining
a constant Mach number, Staoilize at the desired airspeed with a mission-related
power setting (climb may be necessary) and shghtly ubove the assiyned altitude.
Smoothly roll into a turn and sieadily increase n . Whern the Mach number shows a
| tendency tu decrease, use wore bank angle to increase nose down attitude. Mote
the normal accelerations when onset butiet and iracking buffet ocour. Continve o
inurease n, unttl Himit butfet or the structural Hmit of the airplane i attained.
Recover and record data, Satwsfactory data may be obtained al any altitude within ,
1,600 £t of the assigned sltitude. 1F possible, record altitude for each buflet level \E
aata point. This will peovide (he most acourats data and minimize aliitude effacts,
!
|
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b. Repast thie procedure for other airspeeds until the buffet boundary for the
entire maneuvering alvspeed range is defined. For some Mach numbers it may be
nacesssry to repesat the wind-up turn, obraining onset and tracking buffet in the
first turn, and limit buffet in the second. 7The use of augmented thrust may be
ugeful in wome airplanes to maintzain speed or to reduce altitude loss during the

maneuvers, but should be recorded and woted on the graphical data plot.

DATA REDUCTION AND PRESENTATION

Generai

The Hewlett-Packard programs will usually be used for reducing these data.
Output is in the forra of lift coefficient (Z)) for the various buffet levels vs. Mach
number. Once the variation of CL with Mach number is smoothly faired for each
buffet level, n, vs, M curves can be constructed using the formula

2

n inst = BT

”
where S is the wing area in (ft”), This procedurs may indicate that CI. curves

generalize between altitudes, which would allow gereration of many curves after

testing cnly two or three altitudes,
Manual

a. Correct observed Mach number for instrument and position error.
b, Correct observed normal acceierstion for instrument exrvor, and for n, tave,
¢, Compute alrplane gross weight,

¢, Compute sormal acoelsration for a standard weight.

ARLATERL S8




Readuenbitith s i b i Aaaarin el S A T b e ™
PN . Coe PR N e o lad - - B . " N

e. Construct graphs of the variation of normal acceleration for onset,

* tracking, and limit buffet with Mach number for each test altitude.
f. Compute and construct graphs of:
Variation of instantaneous rate of turn with Mach number/XCAS,

Variation of instantaneous radius of turn with Mach number/KCAS,
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SECTION IX

CLIMB PERFORMANCE
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CLIMB PERFORMANCE

PURPOSE

The purpose of this test is: (i) to deterinine the _limb performance of a
turbojet airplane; (2} to determine compliznce with the combat ceiling (500 fpm
rate of climb) or climb performance guarantee of the applicable Detail
Specification; and (3) to check proposed climb schedules and obtain data for

presentation in Flight Handbooks.

DISCUSSION AND THEORY

The excess power (specific energy) characteristics of an airplane can be
determined at several altitudes using the level acceleration run tests described in
Section VI. Maximum rate of climb and maximum energy climb schedules can be
derived from these data using the procedures set fo-th in Section XII, Since
computation of time to climb data from acceleration runs {cr sawtooth climbs) is
tedious and does not always yield accurate results, time to climb data are normally

—

determined by TIyifg conlinuous ¢limbs to service ceiling.

Normally, the contract guarantee ceiling would be checked using the
contractor's recommended climb schedule, For the purposes ot this evaluation, TPS
derived schedules will be flown. The maxbaum energy climb schedule results in
minimum time to a given energy altitude. Variations of ihis schedule may result in
minimum time to a pressure altitude, raaximum range or greater cruise ceiling.
lose approximation may be obtained by using a constant KCAS/Mach schedule

which 1s easies for a pilot to fly.
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An important aspect of climb performance is the time and fusl required to
accelerate irom brake release to the climb schedule airspeed near aea level. Test
climbs are usually divided into two phases: (1) the acceleration ard transition to

climb schedule and (2] the climd from near sea level to the ceiling.

In performing the climb test, it is important to fly the desired climb schadule
precisely and smoothly. If the pilot strayr from the achedule momentarily but
corrects his airspeed smoothly, the average rate of climb for the interval will
closely approximate the rate of climb which would have been achieved had the
schedule been flown precisely. This is based on the principie of interchangeability
of potential and kinetic energy and was applied in the acreleration runs test also.
There are energy losses in this exchange, of course, and the effect of deviations

from the desired climb schedule becomes more critical as altitude increases.

Anotner factor which must be considered in the climb test is the effect of
wind velocity gradient with altitude, If the climb were flown at constant true
airspeed into a headwind which increased with altitude, the velocity of the airplane
(relative to the ground) would decrease as altitude increased. Some of the
airplane's kinetic energy would be converted io potential energy lin effect, a zoom
manenver), and the observed rate of climb would be greater than that observed on a
similzr climb in still air conditions. Correction for horizontal wind gradients with
altitude and for vertical movements of the air mass are tedicus and beyond the
acope of this exercise. Gradient effects can be minimized by performing the test

climls on a heading perpendicular to the average wisds.

LA 8 R e A it s A Rt it S R Rl A T T b SUILA




The correction of jet climb performance data to standard day conditions is
similar to the corrections req\;ired for acceleration run data - temperature
correction for thrust, momentum correction for weight, and induced drag
correction. The thrust correction usually is the most significant aithough the
weight and induced drag corrections must always be considered. An assumption in
the correction of climb data is that the standard day calibrated airspeed at a given
altitude is the same as the test dry airspeed. When evaluating a climb performance -
guarantee which prescribes a standard rate of change ol airspeed, an additional

correction to rate of climb for nonstandard dV/dh or dV/dt must be made.

TEST PROCEDURES AND TECHNIQUES

Preflight Procedures

a. Required data (Photopanel required - set on 1/2 frame/ser).
Time,
Pressure altitude.
Airspeed.
QAT,
Fuel used {or remaining).

RPM (for reference).

Take photopanel data every 4,000 it interval for altitudes below 30,000 ft and
every 2,000 ft for higher altitudes but no less frequently than every 2 min. For
high performance airplanes, it is wsuelly desirable to take continuous phctopanel

data to a medium altitude, Take correleting data on kneeboard.
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b. Prepare data card (see Figure 1).

c. Obtain sssigned climb schedule from group leader.

d. Obtain upper air wind velocities from aerology. Estimate average direction
weighting strong vertical gradients more heavwily.

e. Review takeoff technique.

f. Carry a 6G-sec stopwatch or navigator's hack watch.
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“light Procedures

The climb performance test will be vonducted in two parts - brake relanse to
3,000 ft (an arbitrary altitude) and clmb to crulse celling from neer aea level,
Estimated takeoff performonce will also be detarmined during the firat part of the

teast.

&. Energize the photopanel and release brakes st a nredetormined film
counter number. The takeoff should commonce at a runway marker so that a
reasonable estimate of iest day txleoff performance can be made. Record time
and distance to lift-off, Start watch at bhrake releaas. Record time and fuws!
roquired for takeoff, acceieration, and climb to 3,000 {t above field elevation. The
acceleration phiase chould be conducied at as low an altitude as poasible
commensurate with safety, course rules, and sound judgment,

b. Establish the adrplane on a heading porpendicular to the average wind
direction. Energize photopansl. Set MIL thrust and stabilize on the required climb
schedule to pass through 2,500 ft pressure altitude in a stabilized, trimmed climb,
When the takeoft heading in within 10 deg of the cliinh heading, the cliimb may be
done in one continuous maneuver from brake reloase, o not excred [0 deg bank
angle while adjusting headin, v the climb,

c. Commence thming the clhonb at 3,000 ft pressure altitude. Record
knroboard and photaopanel data at 4,000 ft Intervala.  Let the photopansl run
contipuously until well eatablished in the climb, Thoresfter, cnergize the

photopane! for 10 to 20 sec while passing through esch data aititude,

N7



d. Above 33,000 ft racord data at 2,000 ft intervals, but no loss equently
thao each 2 min il craise celling is attained. Determine that the vate of climb is
tess than 320 fpm by obsorving a time history of altitude. It is impoctant that this
prrv of the clitno scnedule be flown precisely.

e, U it is necessnry to reduce thrust to maintain EGT liwnit, note this on the
Jass card.

f. Should it beconie necessary to interrupt the climb for any reaaon, the grogs
weight change raust be kept to 2 minimem. At low altitude, this is bes:
accemplished by a rapid deacending turn at idle thrust supplemented by the use of
speedbrakes, if necessary. A high altitudes, it may be necessary to make the turn
at MIL or MAX thrust to pre-ent excessive altitinde/airspeed ioss and suffering the
attendant tacreuse in fur! nsed attempting to regain lost altitude and/or airspeead.

g The airspeed indic:tor, vice the Machmeter, ehould be used for the climb

schedule sinve the Machm . .2r is of insufficient accuracy.

MANUs’ DATA REDUCTION

General

The clitab data may be presented for test day conditions. For a more exact
analysi,, the data should be corrected for the effects of nonstandard thrust and
gross weight,  Record the following data from the photopanel {ilin -~ at brake
release, at climb alrspeed and a2t 3,000 §t sbove Tield elevation; in the climb at
4,000 €t interwals frow 3,600 ft pressure aititude to 30,000 £t and at £,D00 ft

Intervels above 30,000 8, but at least avery & min,

Elapsed Time 3] % W GAT N

k<
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Data Reduction - Test Day Climb Performance to Cruise Ceiling

&, Correct observed altituwle and sirspeed for instruwnent an- position erroru,

b, Determine Mach number from “VC -4 - Hx: chart,

¢. orract observed OAT for hasteument ervror and deterinzine the an:hient
temyperature from Appendix I'V,

d. Calculate true airspeed:
Vp = 39,0 4 (T, (OK) kt

e. Compute fuel usad in 1b,

f. On a sheet of 16" x 20" graph paper, construct a plot of the variation of
pressure altitude with the time for both parts of the climb test. Use scales of
about 5,000 ft/in. and 5 min/in. Assume that the datz reccrded at field elevation
and 3,000 ft above field elevation ars equivalent to data which might have been
recorded on another day at sea level and 3,000 {i pressure altitude. Cn the same
graph sheet alzo plot the variation with aliitude of calibwated airspeed or Mach
number (depending on climb schadule used), both test day and standard day amhbient
temperature and fuel used. Fair a smooth curve throngb the time to climb and
airspeed data, In fairing these curves, observe that when the alrspeed was fastey
than the mean, the climb Jdatsa points will fall below the faired ¢limi: curve and vice
versa, There mway be a slight discontmalily in the time to climb cwve at an altivade
when it was necessary to coeduce thrust, or at an altitude where the temperature
lapse rate changed abruptly, Fair a corve through the fuel used dara Onurapolate

bath the time to climb and fuel vssd cvrves o ses level,

IX
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g- ¥rom the faired thue to climd curve, graphically mzasure the indizated
rate of climb, ('dl:!p/d\:)Q at 5,000 fi intervals Leginning at sea ievel, Plot the
variation of indicated rate of climb with altitude. Mark the combat ceiling
(500 {pr) and cruise ceiliug (300 fpm).

h. From the faired curves of time and fuel used, record the time 1o climb and
fuel required at 5,000 ft intervals for a climb from sea level (at climb airspeed) to
cruise ceiling.

i. Compute the time to climdb through each 5,000 it interval, At.

j. For each interval, compute the no-wind distance flown.

o= VT nni

{er

av

[

k. Compute the distance flown from start of climb to each altitude,

A, = Q nri

f. Tetermine the time and fuel required for takeoff and acceleration to climb
wirspeed by subtracting time and fuel required for cliznb from sea level to 3,000 ft
testrapolation of climb data) from the cbserved time and fuel required from brake
relsase to 3,000 £,

M, Toaese vesalts may beo presentad as the tobles of timme, fuel usad, and air
distance {frow sea level at clismb airspeed) to cruise ceiling n 5,000 ft intervals of
altitude.  Stats the time and furl requiced for takeoft and acceleralion in a

foutnote o the talle,




The rate of climb cbserved at some arbitrarily chosen altitude can be
corrected to standard conditions of thrust and gross weight., If such corrections are
made to rate of climb obaerved at several aititudes ne#c the guarantee ceiling, a
curve Jefining the variation of standard day rate of climbv with altitude may be
drawn, and the guaraniee cedling at standard conditions of thrust and gross weight
established, The ceiling also is affected by alrgp.ued. This test was flown at
several climb schedules, one of which will resclt in the greutest ceiling for the

conditions of the guarantes.

n. For the saveral data points obtained at 34,000 ft and above correct
observed pressure altitude and airspeed for instrument and position errvors.

¢. Determine Mach number from VC - M - I-ip chart.

p. Correct observed OAT for instrament error and determine ambient
temperature from Appendix IV {note -~ some of the amhient temperature d ta
computed in step ¢ may be usad if suitable)

q. Calculate trve airspred.
Vip = 00,8 vria (°1) fps

v Determine airplans gross weight frony fuel us<a or fuel -emaining.

2

o

Obhtain pressare ratio, &, and stwdard ey ambient tempervziure Ta , from
s
Apnendinx VI
t. ot the variation of time to cdmb sl trae alespaed with altitede, ¥air &

curve through these data.  Crapoically  detecmine ndicsted cada of climb,

fdl--xp,":it)v at 3,000 £t foe at least Jhree higher data points.,

1
!
1
i
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u. Calculate actual rate of climb for test day.

di Iy
woe (52, (32)

‘l‘as

v. Compute net thrust correction (nonstandard temperature).

. 60V 3 )
MR/C = T ?-—-——} n/_/_m__\ (Tag = Tal* fpm
Wy dr } 5

where

dF‘n/(‘?

3T -70 1b/°K  (I57-P-4/8/16 engine)

I

il

-40 1b/°K  {J-52-P8A engine)

i

-46 1/°K. (J-85 engine)

w, Compute induced drag cocrection,

o), =f AN ) Tag (w? - wgd)  gpm
N O s
51 S| Vg

where

120gR -, - T T
S - 2 = 5.4 %10  for &-4
PSI eb W

= 10.8 x 10M6 for T-38

= 1.G% » 10”6 for F-8K
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x. Compute standard day rate of climb for the conditions of the guarantee.

o owl/2
) it
(R/C) g = % (R/C) ¢ | 28 tAR/C) )+ (R/Q),,
5

hla

y. Plot the variation of standard rate of climb with altitude. Extrapolate as
necessary to determine service ceiling. On the same graph, show the test day rate
of c¢limb variation and the test conditions (average gross weight and average

difference of ambient temperature from standard).

COMPUTER DATA REDUCTION

Climb data is normally reduced by CSD (Computer Services Division) with
resultant plots reduced to standard day conditions. Determination cf climb

schedules from acceleration run data is contained in Section X{I of this mamual,

1X 13
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DESCENT PERFORMANCE
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1. Petersen, Aircraft and Engine Performance, Chapter 10.
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DESCENT PERFORMANCE

PURPOSE

The purpuce of this test is to delermine the idle thrust descent performance -
time, fuel used, and range - in a descent from 40,000 ft to rear sea lavel at landing
gross weight.  Such descent tests are required to determine the most desirable

airspeed for descent anu to obzain data for preseatation in Fligat Handhooke.

DISCUSSION AND THEORY

For <tabilized, level {light, engine ¥hrust is adjusted *> bzlance the airp.ane
drag. In terms of power, we say that eagine power equals pover required
(FV = DV, ft—ib/sec/). If the thrust were recduced to zero, then the power recuired
to maintain the airplane's airspeed must come from the airplane'’s time rate of
change of kinetic and potential energy. The rate of expenditure of this energy
varies directly with the rate of descent and linear acceleration. The minimum rate
of descent will occur at the airspeed for minimum power required. The maximum

gliding range will be obtained at a faster airspeed where the maximum ratio of true

airspeed to power required cccurs.

The airspeed for minimum rate of descent at idle thrust in the jot airplane is
. , . . , . C s .~ 372

approximately the airspeed which results in the maximuam ratio of CL ’/CIT The
airspeed for maximum range in the idie thrust glide is approximately the airspeed
for maximum ratio of CL/CD' The idle thrust descent airspeed schedule can be
estimmated on the basis of these theoretical ratios; however, for a more precise
rasult, the ceffects of residual thrust also must be considered. The estimated idle
descent airspeed srhedule can be refined by performing a series of descents at

several constant airspeeds. Usually, a constant calibrated airspeed descent
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schedule which will give near optimum performance can be determined. For this
test, idle thrust cescents will he made at one gross waeight, and the effects of
weight changes will not be considered. Qualitatively, an increase in airplane gross
weight has the effect of increasing the airspeed required to maintain the desired
lift coefficient which is stated above. The rate of descent observed at the heavier
gross weight will be greater because the power required is greater; however, the
glide angle will not change, and the range in the descent will be unthanged by an
increase in weight. This statement must be qualified in that it does not consider
the effect of residuwl thrust at the idle thrust setting or steady winds. Generaily,
the residual thrust effects reszult in increased descent range as airplane weight
decreases. Becuuse a change in airplane kinetic and potential energy is involved in
the idle thrust descent test, wind gradients will affect the observed rate of
descent. The descent must be flown on a heading perpendicular to the average

wind direciion to minimize vertical wind gradient eff~cts.

TEST FROCEDURES AND TECHNIOUES

Preflig};t Procedures

a. Reguired Duta (photopanel desired - 1/2 frame/sec)
Time
Prassure altitude
Airspeed
OAT
Fvel used

RPM {for reforsmee oy}

Xl
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Record both photopanel and kneeboard data at 5,000 feet intervals commencing at
40,000 ft. Record last data at 3,000 ft.

b. Prepare data card {(see Figure 1),

c. Obtain upper air wind velocitier from aerclogy. Estimate average wind
direction, weighting strong vertical gradients more heavily.

d. Carry a 60~sec stopwatch or navigator's hack watch.

l . ‘ Laed
; N oTUY Sib
! -
l it s s e b i Y e ‘
) N * aar Bl y Al .y . |
Y- D R NI A
! 5 N N
" e . VIR
‘ Rien : e
P e ‘
S TRAINER S, 370 W
! 2 OAT PRORED
D by LMD mmrpe : M
P . ; RN
| Mo N & A7 Sy NEATRIN
N 1 v
Fies= 2 ooy =]
» L - !
D ee e
; L] :
Yoo T«
BN
T, N
el
2
§ PR
T
' <
i 3
~ 1
! ¥ "
| ! ,
! | 2 ‘
- ;
S
v |
|

Kb cathoA

Figure 1
Sample Piot’s Data Card
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Fli ght Procedures

Normally, the idle thrust descent test will be performed in the same flight as
the service ceiling climb test. It is desirable to perform the descent along a
reciprocal flight path of that used for the climb because it will probably allow the

ambient temperature information obtained in one of the tests to be used for both.

a. Proceed to the required starting :oint at about 42,000 ft. When fuel
remaining is 2,000 1b (1,600 1b in T-38A) e;tablish a heading inbound to the field
and perpendicular to the average wind direction. Stabilize in level flight at the
required airspeed. Set idle thrust and quickly retrim so as to be stabilized in the
glide at 40,000 ft.

b. Energize the photopane! briefly and record required data at 40,000 ft and
at 5,000 ft intervals in the descent. Record "ast data at 3,000 £t pressure altitude.

c. At 3,000 ft after mentally iictiug r-quired data and sdvancing the throttie,
record the data on the kneeboar! Be tilert to the possibility of fuel control icing
and be prepared to take proper corrective action immediately if the engine fails to

accelerate.

MANUAL DATA REDUCTION

General

The descent data will be presented for test day conditions. For a more exact
analysis, the rate of descent should be corrected to a standard gross weight.
Corrections to thrust are not significant in this test. Record the following data
feom the photopanel film at 5,000 ft intervals begionirg an 40,000 froand aise for

1,000 ft:

ST SO T e
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Elapsed time Hp N WF OAT Wen N»
*for reference only

Data Reduction - Idle Thrust Descent

a. Correct observed altitude and airspeed for instrument and position errors.

b. Determine Mach number from Vc - M - Hp chart.

c. If the idle descent was performed over the same flight path as the service
ceiling climb and the weather conditions were stable, use ambient temperature
calculated in step ¢ of the c¢limb data reduction. Otherwise, correct observed OAT
for instrument error and determine the ambient temperature from Appendix IV.

d. Calculate true airspeed

vy = 39.0 M vy (°K) kt

€. Compute fuel used or fuel remaining in pounds.

f. On a sheet of 16" x 20" graph paper, construct a graph of the variation of
pressure sltitude with time in the descent.  Use scales of about %000 ft/in and
famuyin. Fair a smooth curve througn the data and extrapolate to sea level. On
the fime o descent curve, note the CAS schedule flown.

g- From the fiired thme to descent curve, graphically measure indicated rate
of descent, (de_/dt)t at 5,000 £ intervals begioning at 40,000 [t. Also plot this
data on the laryge graph,

he From the fawed  urves of time and fuel used, record the tine to descend

and the fuel used meoa descent from 20,000 £U to sea tevel. Repeat at 5,000 1t

tater vals.

e A e A S s s
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i.» Compute time to descend through each 5,000 £t interval, At.
j» For each interval, comnpute the air distance flown.

Ad = VT At nmi
av 60

k. Compute the glide distance from each 5,000 ft interval to sea ieve! (note
that in steps h and k that the refcrence poirt is the terminus of the glide - sea

level).

-
joR
s
=
1
ol

nmi

l. The results may be presented as a table of time, fuel used, and air distance
for an idle thrust descent to sea level from 5,000 ft intervals of altitnde (to
40,000 £t).

m. Note - had fuel flow information been Adesired;, more reliable data are
nhtained fro:n differentiation of the variatios »f fuel used with titne than frowm the

fuel flow indicator, which generally is inaccurate at low flow rates.

COMPUTER DATA REDUCTION

See Section XIU.
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NOTATIONS INTRODUCHED IN THIS SECTION

Fate of Climb

Flight path angle

Airspeed for greatest flight path climub anyle
Airapeed for greatest rate of climbd

Engine rorque pressurs
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WVENTIGATION OF STOL PERFORMANCE

PURPOSE

The purpose 2f this test is to determine the STOL performance of a fixed
incidence turboprop airplane, Avespeed for stall, vest climb angle, best rate of
climb, and best approach aagle v be determined. Test day takeoff and landing

distances will be determined,

CISCUSSION AND THEORY

The performance of a STOL uirplane will depend greatly upon its engine thrust
tine angle, its variable geomeiry or incidence features, and its gross weight., Tn the
case of the fixed incidence STOL airplanes, the principle source of lift will be the
wing, therefore, the excess power characteristics will Qictate its potential takeoff
ard landing performance. Additional limitstions may be imposed by flying quality

deficicncies.

The sawtooth climb method can be used to deterinine excess power
characteristics and zirspeeds for best angle and rate of climb. The best appruach
configuration and airsneed can be determined by a sawtooth descent method, The
effect of gross weight on thes. airspeeds cannot always be calculated by the
classical square root weight ratio method since the airplane pitch angle may be so
large that the thrust component supplies a significant emount of Iift. This means
that test data points ipust be taken al both bewvy and light gross weights,
Relattiely small variations in gross weight can be corrected by the classical
wiethod m order to correct test data to one weight. After best airspeeds have heen
determined, actual takentt and larding distances must be measured. A number of

speoial test recording devices are available for takeott and landing data collection

X2
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and anmsysis. The ¥Fairchild flight analyssr is a typical device usad for determining
takeoff aud landing performence. The touchdnrwn rate of descent indicater
(TEODD is a tyoical carvier sultalility tast device which can be used to rapidly

Adeilerpune sink rate,

Special pilot tacaniques mey by requirad for STOL opecatinn and performance
tasting. An sirplanc with a fixed incidence wing und e {izxed thrust axis will reyuire
particulsy wnilot zttention to =nsurs tha* the angle of attack for maximum litt is
estoblished at ihe eariiest possible point in the takeoff el L sufricient
longitudinal ceontror is avcilable, simply helding full aft stict will achieve the
desired angle of atvack before minimum lift-off speed is attawed. If either the
elevator control power is marginal or he location of the main landing gear
precludes the airplane's achieviag the necessary angle of attuck prior to atlaining
mintinuw lift-off speaed, it may be possible to "Lounce” the sivplane to the desired
attitude. This 5 doae by compressing the ncse sirut with a full forward stick input
fotlowed by a full att stick input. This techniyue can result in attaini g the desired
atwplune attitude z! slower airspeeds than from static coatrol nipuls., The alrplane
will asmzaliv bocome airborne with fuld aft stick., After becorming airborne, ot may
e necessary to ease the stick forward siowly to acoelerare to the rirspeed for best
climmp angle, or it may be possible to slmply hold fell aft stick while the airplane

clitnbs to soume desived altivide without aceslevating 10 a ngher airvspead.

Unfortanatery, the takeofi alispesa gnd possible the airspeed for best climb
sogle will wsually be less than N mimbaom single engine cootrol alespeed.  The

ot must aleays he prepared to short a takanft at e fiest sign of signihicant loss

of power frur & on wopasiG iy sl be oonsidered when recomUiending &

fanding gear up or dewp chanb At ion,
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The importance of best climb angle for clearing an obstacle after takeoff is
obvious. The airspeed for besi climb angle will be lower than the airspeed for best
rate of climb. While there will be a best climh airspeed for every airplane, the
method of accelerating to that speed, or the requirement for actuaily accelerating

tc that airspeed will depend uporn the airplane's performance and mission.

The short fiela landing also requires some special pilot techniques. Minimum
landing distance will depend upon a combination of reverse pitch and brakes.
Peverse pitch is azually the primary means of contrelling landing roll distance, As
a weneral rule, if full power is available in reverse pitch, little or no braking will be
requirl. When less than £0% power is available in reverse pitch, brakes will be
required, and special pilot precautions must be taken to avoid blown tires.
Whenever any amount of reverse pitch is used, it must be applied while the angine
puwer s till relatively high. This means the approach should be made with the
highest nossible power requirement. This may vesult in airspeeds that are c¢n the
wet able sige of the power required curve, Again, this airspeed will usually be
lower an the minimum single engine airspeed. The approach may be a coastant
rote of descent (mivror type) or a level approach with a tixed throttle high dip and
flare to touchdown (flap paddies type). The type of approach will be dictated by
e requirement to maintamn safficiently high power for effective reverse pitch
operation and a sufficiently safe airspeed-power-altitude relatiouship te avoid
single engine catastrophe. As soon as the airplane touches down, full available
reverse powar must be appiied. It hose wheel steering is available, the nose wheel
must be held on deck during reverse pitch op ration. In scme short field work

(C-130 carrer frials for instance), reverse pitch mmay be applied prior to actual

touchdoews,  This technique usually reguires an outside observer or LS50, and will

not be wsed at USHTLS,
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TEST PROCEDURES AMD TECHNIQUES

Pertinent Particulars

a. At the time these tests are performed, the student test pilet should have
completed hoth the performance and the longitudinal, lateral-directional syllabus
tesat flights,

b, Determine stall characteristics before conducting low speed tests near the
ground,

c. Ensure that autofeather feature operates properly prior to conducting

actual takeoff and landing tests.

Preflight Procedures

a. First flight required data.

1. Stall airspeed at heavy and light weights.

2. Sawtooth climb infcrmation, Vo’ R/Co' Hp , WR’ Configuration, and
Remarks.

3. Sawtooth descent information, Vo' R/C, H WR, Configuration,
Torque, RPM, N].'
b. Second flight required data.

1. Takeoff data. Configuration, V Y
“NLO OTO
2. Landing data. VO A vw.,.' 1, 1E)L,

PA L “n
3. Prepare pilot's data cards (see Figures 3, 4, and 5).

_ 1,5
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Flight Procedures

First Flight:

Determine stall airspeeds, airspeeds for best climb angle and rate of «:limb,
and best approach airspeed and configuration for approach. The airepeed range for
this investigation should be from Vstall to a midcruise airspeed. Configuration
takeoff should be investigated witi LG down and retracted. Power approach
configuration should be investigated with speedbrakes in and out, full flaps, gear
down. At least two constant power settinas should be investigated. 'The most
desirable approach cenfiguration will be one that requires sufficient power to
ensure that engine RPM is high, but does not require a power setting that would
preclude successful recovery from a sudden cngine failure, Data must be cbtained

at a relatively heavy and a relatively ight weight.

Sawtooth climhs and descents will use indicated rate of climb or descent in
lien of a timed climb. Indicated rate of climb information will be sufficiently
accurate for STOIL evaluation purposes. If refinement of results is required, the

time method could be employed.

The recommended sequence of events on the first flight is as follows: Alter a
norwal takeoff, climb to 7,000 ft Hp and determine stall airspeeds in each
configuration to he tested. Then descend to 3,000 Hp and conduct sawtooth clibs
and descents. Start at the high ailrspeed and collect data by alternating ¢limbs and
descents, Take test dara from hase altitnde of 3,000 ft Hp and ensure that data
taken near stall arspeed s faken at an altitude pear 7,000 ft Hp. Data will be
vecorded boothe acting copilot when the pilot has established equilibrivm conditiins
for at leas: 10 sec. Determine stall siropeeds at 7,000 {t and with ot proximately

400 I of {uel comaining. Make & normal landing.
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Second Flight:

The second flight will be used to determine takeoff and landing distances
and proper pilot techniques for minimum STOL distances. Takeoffs should be
investigated by using neutral stick and then rotating normally at lift~off airspced
by using full aft stick and by using a dynamic lif¢-off technique. The dynamic
technique is full back stick at VS'I‘O—IO kt. At this airspeed, apply full forward
stick followed by full aft stick. The effect of cocking the airplane to overcome
initial torque should also be investigated. Nose wheel steering shouid be used for
all takeoffs, STOL's are not to be conducted with autofeather inoperative.

Takeoff time, distance, and lift-off speed will be recorded.

Landing approach and landing will be evaluated using both flat and descending
approiches, Reverse pitch and nose wheel steering will be used. Brakes should be
usew only after vhe landing roll is essentially complete. Landing distance, approach

airspeed, touchdown airspeed, and configuration will be recorded.

NATA REDUCTION AND PRES 'NTATION

First Flight

a Correct stall data to mdicated stall airupeed at one heavy and one light

standard weight.

Vo ¥ Vig = Vj

Y

Vi =V {Wf»)‘
[ iy f

1ot
L4




b, Correct sawtooth climb data to indicated airspeed and observed rate of
climb at heavy standard weight for heavy weight data points, and at light standard

weight for light weight data points,

g 2 1/2
R/Cqo. = R/\..Ot (‘_’_5_)
W
t

c. Plot variation of observed raote of climb with indicated airspeed, in
configuration TO at both standard weights (see Figure 1).

d. Determine airspeed for best rate of climb.

e. Determine airspead for gr--atest climb angle by plotting a tangent as shown
in Figuve 1. The airspeed at the tangent point represents best climb angle airspeed

since

R/ L
( ‘J‘) = Sin pax
nax

f. Determine whether there is any advantage in retractirg the main landing
gear to achieve best climb angle after takeoff from an analysis of sawtooth climb
data. Consider operational aspects. Figure 2 is an exargple of results which woeuld
indicate gear should be kept dow.

g. Correct sawtooth descent data to indicated airspeed and cbserved rate ol
descent at 11.600 Ib standard gross weight and plot results as shown in Figure 1.

h. Determine airspeeds for minimum rate »f descent approach and descent
angle at that airspeed for both power settings investigated., See example n

Figure 1.




N i, Plan second flight from test resuits determined in steps a through h.
Include evaluation of at least two airspeeds and configurations for landing

evaluations,

Second Flight

jo Discuss the most saccessful STOL pilot techniques which you determine

from these tests.

XI-a
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SECTION Xl
DETERMINATION OF CLIMB sCHEDRDULES

FROM ACCELERATION RUN DATA
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BATA RENDUGCTION PROCEDURE FOR DETERMINING CLIMB SCEEDULES

FROM ACCELERATION RUN DATA

The variation of rate of change of specific excess power or specific energy (}"‘S
for dEh,"diE at MIL thrust at several altitudes was determined from acceleration
runs. To determine & climbr schedule from these results, the acceleration run data
must he plotted in a single graph, faired as a family, and cross-piotted as haco of

coustant rate o7 cliange of Ps on :oordinates of .ltitude and airspeed.

In reducing *the acceleration run data, corrections were made for nonstandard
airplane weight. The corvections for gross thrust and ram drag variations because
of nonstandard {emperature were assumed to be negligible and were not made for
manual data reduction. If automatic data reduction was emploved, these
corrections were included. In the preliminary fairing of manually reduced data, it

may be necessary to consider the effect of nonstandard temperature,

DATA REDUCTION

In the acceleration run test, the results were presented in the form of

variation of ¥_
s

5

“ d;Eh/dt with Mach number or CAS for several sltitudes. Further

dzta reduction will commence with those results,

Using o 16" & 20" graph sheet. plov the vertation of P owith M far eack

&

coaboetoh g ocurvs throuph the davs and label with thoe alnitade and

wranh, ihe e shoold form a fooaly saniiar o Bipee T may he novesaary o adios

3
1

sormie el Lo cnrues v Lt rbas faomalys Twe o tects wnray he ot
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a. Warmer than standard ambient alr temperature will tend to shift the ousves

downward . relation with those obtained at standard conditions. This feature is

more apparent at high altitudes.

b. The curves will tend to break dewnward sharply at the same Mach number.

dE, /dt

MaICH NUMBER

Figura
Specific Excess Power Vorking Plot

When the fairieg of the working vlot s complete, cross-plot the dain as hines

of constant ‘i{i on caordivates of allitude awd true aiesp

b - use the prepared

Specific Enerpy Analyris graph.

A AL several valuss of P, recert the BMooovrespomdisg fo
& o

ipoints b othesugh & 3o Pigurs 1.
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?
=, Plot these data as lines of constant PS on the Specnfic Encrgy Analysis
? graph. This plot should form a family similar to Figure 2. If unusual bends or
anomalies occur in these curves, refer to the working plot. The fairing of that data
? rsay be at fault.
3

- o CONSTANT ENERGY
ALTITUDE

T,

ALTiTUCE

~MAXIMUM ENERGY
- MAXIMUM R/C

3 TAS

Tigure 2
Specific Energv Aaalysts Plot

s
o

A citmb schedule may be derermined now. A ling connecting the peak values of P

is approximacely @& maximum rate of climt schedule. A Hne connecting the poinis at
which the constant P lines are tangent with the energy hedght Bines fie, potoos of
5 v

peak energy deight) s the wmaximum encrgy list schedules For Che purpose of

treterpieting the olwmb o schesiule, b s Ccomvenient Looserihe hines of comstant Mach
pasaoar on the hpectfne Boergy Soslvsis ning.

Amditt sl doeorussion of the oo cnergy climb s hedule s found o0

sogees TR0 thirouwe THS ar the Adecraft cned Bogroe Porf vnanc e twanual.
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COMPUTER DATA REDUCTION

ACCELERATION RUNS, CLIMB AND DESCENT PERFORMANCE

GENERAL

e s e

Analysis of level acceleration, climb, and descent data by digital computer
routines is common practice ai both military and contractor test facilities. The
automatic data reduction process provides a rapid and accurate method of

obtaining corrected performance results from raw recorded data.

DATA REDUCTION ROQUTINE

The dats reduction routines used by the NATC Computer Serﬂces Division
{CSD) are mathematically similar to the methods described in applicable sections.
The net thrust and induced drag corrections are added for level accelerations. The
method requires inputs of obhserved airspeed, altitude, elapsed time, OAT, and fuel
reroaining or fuel use ' Instrument corrections and positive error corrections cian be
automatically  applied from o correction sabroutine. The engine net thrus

correction is provided by a subroutine that is based on engine manafacturer's data.

DATA INPUY

e A WA 1311 L i i b A

Position error correction for each type adrplane must be sent to (51
Instrument corrections for each amstrument nsed during the test must be sobmitted
for ench alrplave for altitadss ap te 80,000 fi0 This information need onlv be
suboretred ance for cach areplane (0 noo v uments cre changed betweon it
!

Se Dogare Dorow g Te boomad.



AIRPLANE TYPE _ BuNo
(TYPE INSTRUMENT)/ (DATE OF CAL) (TYPE INSTRUMENT)/ (DATE OF CAL)
OBSERVED INGTRUMENT OBSERVED INSTRUMENT
INST READING CORRECTION INST READING CORRECTION

Figure 1
Saraple Format for Instrument Calibration Submission
A performance data sheet for each acceleration run, climb, or descent must be
submitted in the format shown in Figure 2. Data should be recorded every 4 sec
{every other frame)} for acceleration runs. For climnbs it should be récorded every
4,000 £t (2,000 fv above 30,000 ft) or every 2 min, whichever comes first. For
descents, record dat.a every 5,000 fi. The elapsed time (A ) is from start time (l”)

and should be measured in minutes and seconds.

Prior to submitting data to CSD for processing, a rough plot of Vo vs. time for
acceleration runs or average rate of climb {or descent) vs. altitode for climbs {or
descents) should be made to ensure you are submitting your data correctly.  Any
gross errors (such as failing to account for climb interrupticn! will he immediately

ubvious from these plots and unnecessary time delays will be aeoided.

R




AIRPLANE TYPE BuNo

TEPRATS™"T - LB T T T (T P

PILOT DATE OF FLIGHT

Standard Gross Weight

Start Gross Weight (fuel used counter)

Empty Gross Weight (fuel remaining system)

Operational Weight for Climb Intercept

Counts Per Gallon (6.8 1lb/gal)

t v, CH Fuel used or OAT Fuel Flow
min (kt) Po Fuel remaining (°CS) (gpn. or pph)
+ seconds (counts)
e — .
Figure 2

Sample Format for Computer Data Submission

DATA REDUCTION AND OUTPUT

After both data sheets (Figures 1 and 2) have been completed, these sheets wiil

be delivered to t2SD. Punched cards are then prepared by data reduction personnel”

these cards are used {or computer inputs. After the computer is programmed and

the data reduction 1s completed, the results will be printed out automatically. The

results will be presented in tabular form and will be plotted automatically. A

typic al automatic plot is shown in Figure 3.
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Figuare 5
Typical Computer Printout from Accel Run

NOTATIONS

The nutations used in the CSD data printout are:

HPO —  Observed Altitude - Feet
HEI - Corrected for Instrument Error - Feet
HPo — Correcied for Pesition Error - Feet
PAI - Btanwe Pressare from hp ~ Ihs/ft

3
Pa < Staunic Presmne from hn < Tha/ft

£ -
V(O = Obhserved Alrspeed -~ knots ~ V

[}

K4
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? V1 -  Corrected for Instrument Error - knots - Vi
vC - Corrected for Position Error - knots - VC
QC ~ Impact pressure from VC ~ lbss/ft2
QCI - Impact pressure from Vi - lb:k;/fi;2
OAT ~ Outside Air Temperature - °C or °F
TI - Corrected for Instrument Ervor
MI - E(qc.,'pa )

i i
MACH - f(qc/})a)
TA - Temperature Ambient in °c
TAS - Temperature for Standard Day in °c
DT - T -T. °C
a a
s
VTS - True Airspeed for Staadard Day - \"T
. 5
vr - True Airspeed for Test Day - VT
t
SRT (TA/TAS}) - Square Root of Tx’/Tf‘
T - Observed Fuel Temperature
F11 - Corrected for Instroment Error
Wk - Observed Fuel Flow
WE1 - Corrected for Instrument Error
FUEL ON - Observed fuel used or fuel remaining (g ls or Ibs)
FCT - Corrected for Instrument Prrog
FURIL CN LB - PFuel counter convert:-d to thy
WT T Gross weight Byl e b))

empty weight ¢+ fuel  emoaning
RIETM < Observed RPM

HERAT Clorrected for Instrionent M reor

X5




RPMC
DFN

DR/C 1

R/CO
(COS0)$Q
“L
(B)SQE

WS

DR/C 2

RC/S

AV HPC

RCSW

L ST AT
? TR TR T - PR T T 7 ¥ T g o
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Corrected for Tachometer Errcr

Thrust Correction - AFd

( ¥, x vlfs x 101.3)/wq

Observed rate of climb

Cosine of the climb angle squared

Lift Coefficient

Wing spam2 x Efficiency Factor (bze)

Varying weight standard - calculated for fuel used

or constant WS

5 , correction
hee X py X Vpg X Wg

RCO + {DRC 1 + DRC 2) x .5
(HPC + HPRC ) ox .S
n n+l

RC/& x (WT/WS) - DR/C 2 -~ weight correction

K-
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SECTION XIV

TPS AIRPLAME DETAILS
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AIRPLANE DETAILS

X - 2 T-2C

4 TA-4J

6 T-38A

& A-7C
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MODEL T-2C AIRPLANE

GENERAL

Loading Condition: Normal Trainer (one or twe pilots)
T.O. Gross Weight: Approx 13,180 Ib

Standard Gross Weight: 11,200 1b

Fuel Capacity: 696 gal/4,700 lb JP-5

R
Wing Span: 38.1 £t Area: 254.9 ft“  Aspect Ratio: 5.07

POWER PLANT INFORMATION

Engine: Two J85-GE—4

Ratings:

Conditiorn, besign Static PP Max kGm
SL Thrust % °eC

L
{(uninstalled-1%)
NIy 2,950 101.7 732

{per engine) max imum

NO A 99 718

CONFIGURATIONS

Cruise (CR)

Landing gear and {laps UP, speedbrakes CLOSED, thrust for level flight at
B 8 X ¥ B

Power (P}

SRS

Landing gear and flaps U0, spredbrakes (CLOSED, MIL thruse.

.
R 1 A AR A O S g RATRE RN i S R LS e et -

kg R g
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Glide (@)

m

Landing gear and flaps UP, ypeedbrakes CLOSED, die thrust.

Power Approach (PA)

Landing gear DOWN, flaps FULL, apeedbrakes EXTENDED, tiwrust for level

{light at trim airspeed.

Landing (L)

Landing geas DOWN, flaps FULL, speedbrakes EXTENDZED, Idle thrust.
Wave-off (WG

Landing geir DOWN;, flaps FULL, speedbrakes CLOSED, MIL thrust.

Landing gear DOWN, flaps 1/2, speedbrakes CLOSED, MIL. thrust (takeoff

trimj.

S S e ¥ S M TRV il g O S ) N v R N S T S ek A R oA ey w4
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MODEL TA-4J AIRPLANE

GENERAL

amanrars awa iy

Internal Fuel Capacity:

P AT ATy PR O TR TRART T L 1Y

- A N O biads s oy

T.0, Gross Weight: Approx 18,000 1b

Standard Gross Weight:

15,500 b

POWER PLANT INFORMATION

Engine: Pratt and Whitney J-52-P6A/RB

660 gal/4,490 1b (JP-5)

TR A ALY

Ccondition

besign sStatic

SL ‘thrust

(uninstalled)-1b

Rpui

¥

ol

A1 L 8,500 97-100 610
SN 7,450 -3 590
Engine: Pratt and Whitney J-52 - P-8B
Jesidrtion Static Thrust RP" by
(1 1\) ¥ @
oo e e e}
NERE 4, 10w Gl-100 6 s)
GORGE M2 0 MT~ 3 5O

CONFIGURATIONS

Cruise (CR)

Landing poar and

trim aivapeed.

fiaps

OP, speedbrakes CLOSED, thrust for ieve! fhight at

LS AR Ich th AV
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Power (P}

Landing gear and flapy UP, speedbrakes CLOSED, MIL thrust.

i

slide (G)

Landing gear and flaps UP, speedbrakes CLOSED, Idle thrust.

Power Approach {PA)

Landing gear DOWN, flaps FULL, speedbrakes EXTENDED, thrust for level

flight at trim airspeed.

Wave-off (WO)

Landing gear DOWN, fiaps FULL, speedbrakes CLOSED, MIL thrust.
Takeoff (TO)

Landing gear DOWN, flaps 1/2, speedbrakes CLOSED, MIL thrust (takeoff

trim).

NiV-n
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MODEL T-38A AIKPLANE

GENERAL

Loading Condition: Normal Trainer {one or more pilots)
T.O. Gross Weight: Approx 12,000 1b

Standard Gross Weight: 9,959 b

Fuel Capacity: 583 gal/3,750 Ib (JP-4)

Area (S): 170 ft°  Aspe~t Ratio: 3.75

Wing Span: 25.25 ft

POWER PLANT INFORMATION

Engine: Two J85-GE-5

Ratings:

Rl Nl LERL R AL,

et o e i o e s ot o g e n s e Y

pesign static lasimum

SLothrust/nagine Steady State
(uninstalled/ gGT
installed) 1b C

Cvonditian

JOU AN

AN A3

99, 5-104

3,820/2,4500 645

STV T 4

M1k 2,68@/’1«?#“) HY

645

Y9, =104

L

CONFIGURATIONS

Cruise (CR)}

sk

orem s

Landing gear and flaps UP, spradbrakes CLOSED, thrust for

trimg airspeesd.

Landing woar and flans UM, apeedhrakes CLOLRED, ML thrant.

level flight at



a o AR
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Combat (CO)
Landing grar and flaps UP, speedbrakes CLOSED, MAX A/B thrust.
Landing gear and flaps UP, speedbeakes CLOSED, Idle thrust.

Power Approach (PA)

Landing gear DOWN, flaps 1007, speedbrakes CLOSED, thrust for level flight

at trim airspeod.
Leading (L)

Landing grar DOWN, flaps 100", speadbrakes CLOSED, Tdle thrust.
Waveooff (WO

Landing gear DOWN, tlaps 100%, specdbrakes ULOSED, MIL thrust.
Takeoft (T0)

Landing gear DOWN, flaps 60%, speedbrakes CLOUSED, MAX A/B thrust.

SO AL R TR PR O e MR TR T R T e
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MODEL A-TU AIRPLANE

GENERAL

Internal Fuel Capacity: 19,172 ib/1,496 gal (JP-5)
T.0. Gross Weight: Approx 29,500 b

Standard (Gross Weight: 26,000 1b

POWER PLANT INFORMATION

Engine: Pratt and Whitney TF-30-P408

CONFIGURATIONS

Cruise (CR)

e e 4 e B

Landing woear and flaps UP, speedtrakes CLOSED. thrust for level flight at

trin avespeed,
Power (1)

Laadiog gear and fiaps UV, speedbrakes CLOSEL, MIL thrast.

T T T
Condition Design Static Ki™ %GT
SL Thrust ;2 C
(uninstalled)-1b
———— - .- B T D -
Al NRISTTRN ! | Llee
- - - R . . i - - SUUONRIER SN R SV,
N Ly > toy
; S S RN SN U

gl bl h
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Ghide (@)

Landing gear and flaps UP, spredbrakes CLOSED, Idle thrust.
Power Approach (PA)

Landiny gear DOWN, flaps FULL, specdbrakes CLOSED, thrust for ‘evel flight
{or 3 deg ghde slape) at trim airspeed.
Wave-off (WQ)

Landing pear DOWN, flaps FULL, spordbrakes CLOSED, MIL thrust.
Takeoff (TO)

Landing gear DOWN, flaps 25 dey, speedbrakes CLOSED, MIL thrust (takeoff
trim).

XV
;




MODEL OV-1B AIRPI.ANE

GENERAL

Loading Condition: Normal Observation
T.0. Gross Weight: Apprcx 13,300 ib
Standard Gross Weight: 12,500 1b

Fuel Capacity: (JP-) 1,930 Ib (no external)

3,880 Ib {internal and external)

Wing Span: 48 ft

POWER PLANT INFORMATION

Engine: Two Lycoming T-53-L-7

Ratings:
Condrtion SHP REbI rorgue EG W]
max max
- DRV ST SUUUS VRN SO —d
sakheott 1,160 1,700 97 (max) L40° 1a1 .5
SIS A S — R e e
MIL 1,160 1.700 97 (max) o4 e
R FNG! 900 1,000 Y uu®
Nifference an TO and MIL is in throttle detent onlv. Frve inin max operation in

T, 30 min max operation in MIL.

CONFIGURATIVONS

Cruise (R

Landing gear and flapy retvacted, power for level (light.

R L Ok T b =T NI ST iasdn Rt T S etk aiaats Sl 4 T TR il e L) Rty

I TR
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Power (P)

* Landing gear and flaps retracted, MIL power.
Glide (G)
Landing gear and flaps retracted, flight idle detent, min RPM.
Power Approach {PA)
4 Landing gear DOWN, flaps 45 deg, max RPM, torque as required for level
‘ flight or fixed as required.
Landing (L)

Landing gear DOWN, flaps 45 deg, max RPM, tlight idle detent.

Wave-off (WQO)

Landing gear DOWN, flaps 45 deg, TO powes
Takeoff “TO)

Landing gear DOWN, flaps 15 dew, PO power, tnime 1o dey, ND, 5 dey RWID,

5 deg NR.
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SECTION XV
COCKPIT EVALUATION
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REFERENCES

Section XV

Anthropometry of Naval Aviators, 1964, NAEC-ACEL~533.

Cockpit Anthropometric Survey of hiodel A-4C, A-6A, A-TE, AV-BA, F-4J,
¥~-8D, and OV-10A Airplanes, ST-129R-71.

Investization of A-4 Ajrcraft Es~ape System Clearance Envelope, ST-53R-~72.
MIL-STD-1472A, Human Engineering Design Criteria for Military Systerus,
Equipment, and Facilities.

MIL-A-8806, General Specification for Acoustical Noise Levels in Aircraft.
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COCKPIT KVALUATION

INTRODUUTION

The purpore of conducting a cockpit evaluation at TPS ia to acguaint the
student with the evaluation of human enginesring deaign requirements as related to
alrcraft tosting. Because the cockpit is the focal point of the wan-machine
imterface, it la the area which should receive maximum human engineering deaign
smphasis. Unfortunately, many individual cockpit {tems receive little or no
emphasis concerning human accommodation or compatibility. It is often not untii
all cockpit itema are assembled into 4 mockup or actual cockpit during dealgn and
testing evaluationa that human engineering design deficionciea become identifiable.
Wot until the working relationships of conteols, displays, Hghting: and cockplt
enviromunent are analyred can an intelligent svalustion be conducted. Regardiosa of
airplane performance and flyiug guality potsatial, the man in (he cockplt mauat
acvowmplitah the tranafer function of changing atrplane potential into reality.
Important variables which control this transfor function are (1) capabilities and
Hmitations of the aviator and (2} the cockpit design which {x the link hetwesn
action and reaction performed by the ptiot ar a result of information received and

provessed.

The primary airplane mission must be emphasised during buman engineering
evaluation. Additionally, "worst vase” evoents wuat be constdored sach aa degraded

syetem operation and in- flight emergencies.

TES T PROCEDURES

The most baportant genseal principle to keep o mind when perlorming sny

fTmaman snginesring svalustion is the concept of indbvidual diffevancos. Wa aH teand

vyl
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to evaluate {tems such as controly and displays from a very subjective viewpolnt,
f.e., our vwn capabilities, Hmitations, and experieace. The fact that plots are all
difierent must be thoroughly understood when evaluating cockpits. Test pilots, in
particular, are perhaps not always entirely objective whan il comes te admitting
that particular human engineering design deficiencies are a problem as far as they
are concerned. The following differences are among the moat lmportant in cockpit

evalaution.

ANTPROPOMETRY

Body sizes vary considerably. Reference 1 is a compilation of 96 body
dimensions based on measurements of 1,549 Nava! Aviators. The data are presented

in inches and centimeters as well as percentiles.

Detail airplane specifications generally require that cockpits accommodate 5th
through 95th percentile sized aviators for older alrplane cockpits and crew stations
(prior to 1970) and that 3rd through 98th percentile be accommodated in newer
cockpits (since 1970, It is generally austaned that if one's body measurements, such
as height and weight, are 50th percentile Caverage) that all bis digensions will be
50th percentile) this is not true. Uniformity in body JHmensions is very rare; e.g., 1t
in doubtinl that if a person’s sitting cye height s TUR percontile that hus functionsl
reach will also be 7Uth percentile. [t as bnp rtant 0 know one's owa percentils

ranks of body dhuensious.

ystologizal Tradning Units laltiinde chambers) are equipped with anthropo
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I. Total sitting height.

2. Sitting eye height.

3. Siiting shoulder height.

4. Bideltold diamster (ghoulder width).

5. Functional reach {grasp between thumb and foretfinger).

6. Fingartio reach ("push-button” reach with extended forefinger).

7. Buttocks-to-knee length (sitting).

Only by knowing your own varfous percerntile ranks can you make relative
judgrents as to the overall anthropometric accommodation of & particular cockpit;
e.gey if you know your functional reach is 35th percentile and that youa cannot reach
a particular control when fully restrained, you therefore know that anyone with a
functional reach leas than 35th percentile, when fully restrained, also cannot reach

the control.

Equipments exist which can objertively measure snthropometric parameters

such as reach distances, angles of vision, and ejection seat vgress clearances

{(Referencon 2 and ).

Egress clemances o ejection seat cockpits are often jeopsardized when
modifications such as cameras, control boxes, or other equipmenty;, are added to
canopy rails, glare shields, etc. Human engineering persoowel are preparved to s
particular equipments to attain gquantitative data in cockpit anthropometry
ersinaiions.

NOTE: 1t is critical thst the Design bye Poslid (DEP! be the source of

PuNERI——

messurewienty for anthropomeiric evaluations. The DEP Is the point in apace

where the pilot’s oyes should be 1o see all displays snd have adequots exterios
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vision. To further define the DEP, other preliminary definitions are in cerder

and are presented below.

a. Seat Reference Foint 18 a cenfer line intersection of the seat back tangent

line and seat surface.

b. Neutral Seat Rafercnce Point {NSRP) {2 the location of the seat reference

point when the seat is adjusted to the mid-point of vertical adjusti.ent; e.g., with
5 in. of vertical seat travei available, the seat would be adjusted to 2.5 in. above

the lower limijt.

The DEP is then defined as the point in space located at the sitting eye height
dimension of the 50th percentile average aviator (3.5 in.) measured vertically
above th MSRP and 13 in. measured horizontally forward ot the seat back tangent
fine. All anthropometric evaluations must originate at the DEF., Whatever the size
of the individual evaluating itemas, such as control reach, display visibility, or
cockpit space accommodation, the seat must be adjusted to place his eyes at the
DEP. The necessity of adjusting the eyes to the RDEP when making anthropometric
evaluations ig more oritical now than ever with the increasing emphasis on
heads-up displays and other optival devices which require strict adherence to

hine-of-sight critecioon.

As with all human sngineering evaluations, anthropometry musi be checked
against "worst cese” conditions. An example of a4 "worst case” condition would be
reaching for a critical control suck as the emergenty stores jettison when fully
ravtrained (shoulder haraess Incked) and when under & high-g condition snch s a

catapuit ook,

LA
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Aadditional items of anthropometric doficiency include insufficlent sitting
height, inablilty tc reach rulder pedals or foot controls, inability to fit through

emergency egress openings, etc.

CONTROIL DESIGN

Controls must meat various criteria to be satisfactory; these criteria include:

1. Proper Location

The criticality of control function establishes the priority of location
within a crew station. The most important controls should be the easiest to reach
and manipulate. Controls should never be located such that the hand or arin
manipulating the control is in the line of sight required to see the display effect or
setting of the control.

2. Natural Direction-of-Motion Relationships

Actuating coatrols such as toggle switches forward or up should turn
systems on. Turning rotary controls clockwise should increase system output.
Standard direction-of-motion relationships should be adhered to in cockptt control
actuation.

. Shape Coding

Controls which may require manipulation without direct visuxl monitoring

should feel different to the touch if they arve near controls of dissimilar systems.

4. i{nadvertent Actuation

Comtrols which can be aciivated incorrectiy should be designed to prevant

M

such activation either by electronle cirowitey or mechantcal guards; e.g., forward

e 3 ¥

wing-sweepn actuation during supersonic fhight regimes which would potentially be

damaging to airplane components should be olectrically or mechanically prevented.
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Care should be exercised in determining proper safeguards to prevent
inadvertent actuation of controls, switches, etc., which might be actuated by flight
clothing or items of personal equipment, such as survival vests, flotation devices,
anti-expoaure garments, etc.

5 Actuation Feedback

Controls should have proper tactile cues relative to actuation. One should
"fewl" the ciick of a toggle switch or puash button without necessarily hearing it.
Controls should have the proper resistance and range of displacement as specified

by Reference 4.

DISPLAYS

The content and format of displays should be limited to essential information
but should not requirc mental computation or translation to be usable. There must
be provisions within displays to alert an operator to display failure if the failure is

not immediately obvious.

The location and arrangement of displays shall be assigned priority relative to
importance for normal and emergency operations. Other criteria, such as viewing
distances, grouping, and transilluminated display requirements, are specified in

Retference 4.

LABELING

Ttems of equipment which must be identified, manipulated, or located should
he adequately labeled to permit efficlient human performance. Blueprints which
{Hustrate control panels often poriray & siraight-on-view. However, when the
centrol panel is installed in a cockplt, it is often offset from direct line of aight.

The three dtmensional lps-of-sight offsel often results in labels (numbers, ON/OFF

PORpRT e
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legends, or other nomenclature} being obscured by the very controls to which they

are rejated.

It is important to evaluate labeling legibility in low ambient light (dark)
conditions as well as in daylight. If an item must be labeled for normal daylight use,

it shouid be legible at night.

ENVIRONMENT

Heating, ventilation, and air conditioning shall be evaluated and compared with
the criterion specified in Reference 4 or in the applicable specification listed in the
detail specification of the airplane being evaluated. Hand-held instruments are
available to measure temperature as well as relative humidity. Specifications
generally require an Environmental Control System (ECS) to maintain between 60
and 80°F ambient tewmperature in a crew station and 10°F maximum differential

between head und foct level.

Interior ambient air should also be sampled throughout the ilight regime or
& mission profile of any aircraft. Carbon monoxide or other toxic fumes can be

potential hazards, particularly during operations such as taxiing downwind, gun or

rocket firing, and during refueling operations when directly behind a tankes.

Notise is the most sericus and persistent problem among those associated with

aircraft environment. The maximum allowable noise limits relative to aircraft type

ave described in Reference 5. It should be recognized that high ncise levels of leas
intersity than thoss spacified as physically damagiog to hearing can produce hur an

fatigue and degrade an aviator’s effectivensgs.
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As a project officer, you should evaluate am Jdent exterior nolse which
maintenance or deck personnel are exposed to as a result of being in the immediate
vicinity of the aircraft during ground operations. Maintenance personne! often

neglect the required ear protection because hearing loss is a slow insidious procens.

Various levels of instrumentation are available in zvaluatiag the acoustical
environment ranging from small pockst sized decidel meters to sophisticated type
recording devices that record noise samples which can be analyzed in detail for

various fregquency bands.

NOTE: When conducting an interior noise survey, exercise any additional

equipments which may increase the acoustic level, such as air conditioning or

defogging systems, heater blowers, ambient air wents, and the extended

b configuration of in-flight refueling prubes.
LIGHTING

A concerted effort in the evaluation of cockpit lighting usually identifies
3 numerous lighting deficiencies. Often there is littie emphasis on lighting evalua-
tion. Typically, during night flights general lighting observations are made by
crewmen who are busy flying ov conducting other airborne tasks, thereby

overlooking numerous lighting deficiencies.

A particular procedure which has been effective in atetic lighting evaluation is

described below.

f. Get into the airplane attived in the complete comphiment of proper flight

clothing and squipment (take a tape recorcder with youl.

X.g

St i




rur

N ' Tea ”
wasadah < A e B g b

. Have the canopy covered with an cpaque cover preventh.g any ambient
light trom entering. This allows you to conduct the aviiuation day or night.

3. Have electrica. power supplied to the aircraft to enable interior light
actuation.

4. Adjust vour seat to place your eyes in the design eye position {or where you
rormally fly).

% Allow your eyes to become adjusted to the dark (10 to 15 min).

6. Begin by lecating the auxiliary light (if you can find it in the dark) and see
if it i3 suitable for minimum illumination if all other lights were lost.

7. After the auxiliary light evaluation, systematically exercise all light
controls in the cockpit. Vary the intensity, look for instrument lights on a
particular rheostat which extinguish before others when adjusting from bright to
OFF. Look for brightness imbalance such that, at a given light adjustment, some
instruments may be too bright or toe dim when most other instruments on that
particular lighting control are at a reasonable intensity. Identify any glare or
reflection which might possibly be shielded.

8. Verbally record on your tape recorder any deficiencies noted; this allows
evaluation uninterrupted by turning on floodlighvs or flashlights to write down
deficiencies which in turn would require readjustment of the eyes to low ambient
light.

9. Adjust your seat to varvious positions to determine if lghting is sufficieat
throughout a typical vange of particular eye locations. This may be one of the few
tunes you evaluala lighting strictly for ity own sake. Take ay much tisse as iy
vequired (o evaluate all ligh lnpg vartations, legibitity of labels, vmbility of

controls; ele.
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A partial listing of Human Engineering Specifications is listed below which

may be of assistance in establishing Military Specification noncompliance.

MIL~-5TD-1472

MIL-STD-203E

MIL -STD-250C

MIL-STD-411D

5D24J Vol. 1

SD24J Vol. 2

Human Engineering Design Criteria for Systems,

Equipment, and Facilities

Aircrew Station Controls and Displays for Fixed

Wing Aircraft

Aircrew Station Controls and Displays for Rotary

Wing Aircraft

Aircrew Station Signals

General Specification for Design and Construction

of Aircraft Weapons Systems, Fixed Wing Aircrafi

General Specification for Design and Censtruction

of Aircraft Weapo 1s Systems, Rotary Wing Alrcraft
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APPENDIXES
I ICAO Standard Atmosphere Tables
. Compressibility Correction
. Airspeed - Altitude - Mach Number Crossplot
Iv. Mach Number - Indicated Temperature - Recovery Factor - Ambient
Temperature
V. Centigrade -- Fahrenheit Temperature Conversion
Vi Calibrated Airspeed - Energy Relations
VII. Static Pressure versus Pressure Altitude*
VIl Impact Pressure (qc) versus Calibrated Airspeed?*
*Devived From NASA TN I ule
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STANDARD ATMOSPHERE TABLES

Ses Level Values

Pressure: 14.7 psi, 2,116 psf, 29.92 in Hg, 1,013 mb
Temperature: 59°F  15°C 518.69°Rankine 288.16°K
Density: .0023769 slugs/cu {t
Sonic Velocity: 661.48 kt, 1,116.45 fps
Gravitational Acceleration: 32.174 ft/sec/sec
Temperature lapse raie to 36,089 ft
-3.57°F per 1,000 ft -1.98°C per 1,000 ft

Sonic Velocity:

) 1/2
a = .3151 J l"_\
1

=

Tropopause - at 356,089 ft geopotential altitude, T - 216.66K

Density Ratio G
} ..
=1
Tewperature Ratio " - T
IO
Pressare Ratio . It
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P
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