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FOREWORD

This report was prepared by the Air Force Aero Propulsion Labo-
ratory, Air Force Systems Command The work reported herein was
accomplished in-house under PrFoject 3_66, Task 3_O611, "Propulsion
System Flow Stability," with Frank Montgomery as Project Engineer
for the Laboratory. Studies and analysis made during the period from
July 1969_to September 1971 are reported. This report was submitted
by the ruthor 15 December 1971.

The author acknowledges his indebtedness to the many people whose
aid and interest helped to complete this report. A partial list of these
includes numerous representatives of Aeronautical Systems Division-
Directorate of Propulsion and Power, Air Force Aero Propulsion
Laboratory-Turbine Engine Division, Flight Dynamics Laboratory-
Internal Aerodynamics Group, Arnold Engineering Development Center-
Engine Test Facility, General Electric Company, Pratt & Whitney Air-
craft Company, and Detroit Diesel Allison Division of General Motors.
In addition, a great deal of information was drawn from the data files
and histories compiled in the historical office of Aeronautical Systems
Division.

Conversations and correspondence between these people and the
author, and the numerous documents made available, gave the author
much of the data presented in this report.

This technical report has been reviewed and is approved.

Chief, Turbine Engine Division
Air Force Aero Propulsion Laboratory
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ABST RACT

A major consideration in current Air Force engine developments
consists of program approaches and tine-phased engineering efforts
directed to stability margin development for defined propulsion systems.
Experience has shown that interface stability needs should be addressed
early in developmental phases with the objective being to establish, re-
fine, and verify engine stability margins for key operating conditions of
the propulsion system.

It will be developed in this report that these needs can be met by
engineering planning and programming to permit early selection and
definition of engine/airframe operational interface parameters. A
quantitative stability margin accountability system must be provided at
the component and engine level in order to provide a basis for engine
stability-related configuration refinements in development. Addition-
ally, a data handling system is required between engine and airframe
contractors in order to format and process large amounts of interface
data exchanged in propulsion system development. Lastly, test and
evaluation at the component level must be extended into engine testing
and evaluation in order to ultimately develop and define engine stability
margin for key points of system operation.

In order to better understand engine stability development needs
and approaches, an examination of Air Force historical records in pro-
vided herein depicting the evolution of interface stability considerations
during various system development programs over the years.

-d'"
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SECTION I
INTRODUCTION AND BASIC NEEDS FOR AIR FORCE ENGINES

1.1 INTRODUCTION

The transition from reciprocating engines to gas turbine engines
for military aircraft propulsion began in the years.following 1946. The
complexity of weapon system mission requirements also began to in-
crease during this transition period. In combination, these factors
placed new and greater demands on propulsion system performance and
operational suitability. Thrust, specific fuel consumption, weight, and
external dimensions, long used as engine performance parameters,
were being forced to the limits of the existing state of the art. Corre-
spondingly, engine operating characteristics under environmental con-
ditions and life functions, such as durability, reliability, and maintain-
ability, commonly used as measures of operational suitability, were
being pushed to new levels. But the most significant aspect of this tran-
sition period was that a major change emerged in the evaluation of oper-
ational suitability; along with life functions, propulsion system stability
became an important system criterion.

Stability of turbine engines was defined in ensuing years as the
ability of an engine to produce continuous thrust outputs proportional to
power lever settings. Correspondingly, engine-airframe compatibility
came to include the capability of a propulsion system to perform during
the required mission flight maneuvers and engine power modulations
with "stable" propulsive -output. These definitions are developed and
discussed in more detail in References 1 and 2.

History shows that over the years stability problems have continu-
ally plagued propulsion system development and operation. In the most
significant cases, serious 3ystem instabilities were not discovered until
after the first flights of the associated aircraft. Development and oper-
ational problems with stability have been traced to several causes:
(1) inadequate definition of the causes of instability, (2) inappropriate
test techniques and test sequencing, (3) insufficient coordination be-
tween engine and airframe developers, and (4) utilization of inadequate
descriptors of turbine engine stability and system compatibility. His-
tory also shows that improved approaches to de,'elopment have evolved,
and whcn considering all previous experience, recommendations can be
made for more appropriate development techniques and programming
for future systems,

-VI
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Because of problems, schedules, and costs associated with stability,
a review of past Air Force programs was made depicting the onset and
extent of the problem on advanced high performance aircraft. Subse-
quent development and programming approaches that evolved over the
years are also discussed and related to the basic needs of Air Force
engine development needs.

In the paragraphs to follow in this section, basic needs of past Air
Force engine development programs are reviewed. Section 11 provides
a review of Air Force historical records which depict the onset of inlet-
engine operational suitability problems in the early 1950's. Sections
II and III examine some of the factors contributing to these problems.
In addition, early efforts seeking improved propulsion interface develop-
ment approaches are discussed. Section IV reviews later inlet-engine
interface experiences recorded during system developments of the early
1960's. Section V briefly summarizes the significance of interface de-
velopments discussed in the earlier Sections as they -elate to engine
development needs. Section VI and VII discuss the evolution and status
of engine interface stability approaches, criteria, and testing resources.
Suggested programming methods and approaches are presented for de-
fining the inlet-engine interface for engine developments and stability
testing.

1.2 BASIC ENGINE DEVELOPMENT NEEDS

The -qir Force has fundamental requirements for development pro-
grams for engines which are developed and utilized in weapon systems
as Government-furnished equipment. First, baseline characteristics
for each subsystem (i.e., theinlet and the engine) must be defined dur-
ing the system definition phase and maintained current throughout the
acquisition cycle. These baseline characteristics are contractual.
Secondly, there is a need for a system of developmental and qualifica-
tion tests which verify baseline characteristics prior to consignment of
the engine to the weapon system contractor. And finally, a basis for
defining and resolving interface problems, involving in this case elements
of both inlet and engine, must be established. It will be pointed out in
the following paragraphs that there is a. significant interrelationship be-
tween the qualification testing and the basis established for resolving
interface conflicts.

During the development of propulsion system for Air Force weapon
systems, there are checkpoints prior to flight at which performance and
operational characteristics of the subsystems must be functionally eval-
uated to verify weapon system capability. One of the key checkpoints is

|i2
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tlie definition of engine operating characteristics for the specific system
integration concept. Because of the lead time required to accurately
establish elements of integrated performance, this definition is nor-
rmally not finalized until near the end of the development cycle during
the Qualification Testing of engines. Over the years, Qualification
Testing requirements have evolved through systems engineering and
experience; and testing capabilities which provide evaluations of engine
performance and numerous operational suitability factors indicative of
systems mission operating and handling requirements have been estab-
lished. However, a major aspect of operational suitability testing re-
mains to be resolved for engine qualifications. This essential element
consists of testing with engine distortion levels projected for the pro-
pulsion system inlet-engine interface and determining engine stability
margins. It will be developed in this report that such testing is needed
and can be programmed for accomplishment during engine development.

The basic problem. to be resolved is associated with quantitative
definitions of stability. Although the development of descriptors of tur-
bine engine operational suitability (i. e., stability and compatibility) has
receiv2d considerable attention and engineering effort during the past
years, cirterta and approaches by which engines could be developed and
qualified to operational stability needs proved elusiv ?. In a similar fash-
ion, criteria and approaches governing the development and verifications
of satisfactory aircraft inlet flow characteristics as related to propulsion
system stability proved equally elusive. Examination of some factors
which contributed to the apparent lack of these criteria forms the basis
of the inlet.- engine interface problem to be discussed in this report.

The signLicance of the basic needs of Air Force engines is that the
key performance and operational suitability requirements of engines
must be defined at systems program onset along with processes allowing
their evaluation through testing. Accordingly, a set of test procedural
standards must then exist to assess engine characteristics in physically
measurable terms indicative of key mission operating conditions for a
particular weapon system propulsion system. The purpose of this re-
port then is to examine needs of the Air Force relative to qualifying
engines to the operational suitability requirement for engine distortion
acceptance and to present engineering approaches to minimize, if not
eliminate, the requirement to resolve engine inlet flow distortion accep-
tance and propulsion system stability problems during costly flight test
programs.

3
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1.3 PROCESSES DIRECTED TO ENGINE DEVELOPMENT NEEDS

In Air Force system acquisition programs, processes of engine
definition and delivery were established and oriented toward meeLing
basic needs for engine developments (Reference 3). A further reason
for such processes was that engine and airframe developments usually
occured concurrently but under separate contractual operations. Al-
though the contractual operations are separate, the Air Force directly
encourages joint technical operations with respective contractors in
efforts directed toward satisfactory definition, development, and inte-
gration of an engine into a system.

From an engine standpoint, steps arise in systems engineering of
total aircraft requirements in order to arrive at definitions of propul-
sion system and subsystem operating requirements and characteristics.
Propulsion system configurational and operational concepts can be fac-
tored down into definitions of subsystems fintional modes and corre-
spondingly design and performance requirements for each subsystem.
When development requirements are derived in this manner, engine
operating characteristics and interface requirements can be established
which allow for installation factors and propulsion system matching.
Such criteria can then be translated to engine design and development
criteria for engineering development efforts within the program's lead
time to integration and flight.

These engine requirements historically have been placed in engine
model specifications. While the specification is principally a technical
description of the size, weight, and functions of an engine to be develop-
ed and delivered, relative to the contractual operations between the Air
Force and engine contractor, it is also the baseline for aircraft per-
formancc projections. Accordingly key design and funtional require-
ments of an engine specification become guarantees to the Government
by the engine contractor and form the basis for settlements of engine
development costs. Similarly, the weapon system contractor formal-
izes hiis technical and contractual operations with the Air Force for
systems design and performance guarantees on the basis of the speci-
fied engine. Since formal concurrence to this effect on the engine model
specification is required between respective contractors and the Air
Force, the relationship of engine to airframe is both technical and con-
tractual in nature. Thereby the necessity of defining and establishing
valid sets of engine criteria encompassing propulsion system inte.face
functions is established.

4
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1.4 THE SIGNIFICANCE OF BASIC ENGINE DEVELOPMENT NEEDS

The significance of the basic needs of Air Force engines is that the
key performance and operational suitability requirements of engines
must be defined at systems program onset along with processes allowing
their evaluation through testing. Accordingly, a set of test procedural
standards must then exist in order to assess engine characteristics in
physically measurable terms coincident with key mission operating con-
ditions for a particular weapon system propulsion system.

SECTION II
HISTORICAL BACKGROUND OF THE

INLET-ENGINE INTERFACE (1946-1955)

2.1 INTRODUCTION

As found in Reference 4, it is a well-known fact that the military
services have experienced frequent and serious problems in efforts to
achieve stable engine operation throughout the flight envelopes of past
advanced weapon systems. Although those systems represent a large
body of inlet and engine development and integration experiences, it has
been generally noted that only limited reports have been availabl. over
the years for examining the evolution and various approaches to this
interface. For this section then, historical Air Force data were com-
piled from various sources within Aeronautical Systems Division and
other propulsion development agencies as shown in the Bibliography to
present a more extensive background of Air Force experience in past
inlet-engine interfaces. The treatment of the information is not intended
as a critique of approaches to, rusults of, or fixes to engine instability
problems or who collectively was responsible. Moreover, a number of
past developments are discussed in order to show when inlet-engine com-
patibility became a significant Air Force problem, what trends evolved,
and other factors related to the development of operatiomnlly suitable
Air Force engines in ensuing years.

2.2 IDENTIFICATION OF INLET-ENGINE COMPATIBILITY
AS A MAJOR PROBLEM

In the early years of jet-propelled military aircraft developments,
a number of stability related factors arose in integrating engines and
airframes. Early systems encountered various inlet-engine interface-
related phenomena such as engine surge, flameout during armament

bp
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firing, and inlet duct rumble. While these problems appeared in various
aircraft during 1946-1955, indications were that they were viewed as
"normal development problems" in what might be described as first gen-

eration military jet aircraft. In due time, these difficulties appear to
.have been resolved with relatively minor systems impact as compared
with later systems in which the situation was to change significantly.

Historical records show rather clearly that the inlet-engine inter-
face evolved into a major problem in the early 1950's, with the advent
of the ' compressor stall problem" on several advanced Air Force weap-
on systems as shown in Figure 11-1. The reason the problem became
major was basically that the "compressor stall problem" was not re-
vealed until late in development (i. e., flight test), and flight test sched-
ules consequently became disrupted because of flight restrictions to
avoid compressor stall. In some cases, systems were so restricted
that required flight and maneuvering conditions could not be achieved.
At the onset of these problems (1952- 1954), the Air Force and affected
system contractors became increasingly concerned over the serious-
ness and implication of unstable engine operations in flight. During that
time period, meetings wcrc convened between those system contractors
to determine the causes of engine compressor stall and remedies for its
elimination. Reference 5 in 1954 was a typical example of such meetings
and was significant as it was one of the earlier records of meetings con-
vened expressly to examine "mutual inlet-engine problems" existing at
that time for several advanced weapon systems. It is interesting from
the standpoint of interface, that this meeting sought to determine whether
inlet ducts or engine characteristics were the prime causes of "compres-
sor stalls in aircraft operations. Minutes of this meeting revealed the
following:

1. Compressor stalls in aircraft operations had occurred across
a wide spectrum of flight conditions which differed according
to aircraft flight and maneuvering requirements.

2. A number of "fixes" to inlet and/or engine had been under-
taken in flight testing with varying degrees of success in
attempts to achieve stable engine operation.

3. A "fix" for one system would not necessarily achieve the
same result for another installation or aircraft.

4. Conclusions were reached that inlet air pressure distributions V
(i. e., distortion) had major effects on engine stall character-

istics in addition to the engine's internal matching and con-I' trolling effects.

6EM MM M"
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5. Inlet-engine interface development criteria existing at that

time in military specifications and design handbooks for inlet
air pressure variation were considered unrealistic and in need
of improvement for both inlet and engine development practices.

1949 1950 1951 1952 953 1954 Flight Revealed Stability Problems and Impact

Compressor Stall during Climb, Cruise,

Fighter A v taneu vers, Engine Transientsvelopment Loss (f Airplane No. 2 from Power
lCib oP Avi C ompessor St all,Flight Loss bol-, ng Compressor Stall

s Mach Number, Altitude, and Maneuver2eat /Limits to Avoid Compressor Stall

Compressor Stall during Ground, Flight,

Fighter Climb, Cruise, Maneuvers, Engine inanbi nts,
Supersonic Flight
Kach Number, Altitude, and G-Loadlng

'Restrictions to Avoid Compressor Stall

Fig1hter C D l eCompressor Stall during Climb, Cruise,

afneuvera, Engine Transients, Inlet Choking
h Complete Inlet System Redesipn

SCompressor Stall during Engine Transients,
Bomber A Development Altitude CruiseSFlight T I N NPmTlIS d Al$1i t

ude Restricted inL !lslops 1es rlncit la my t T e.

Figure I1-1 Typical Air Force System Development Schedules at
the Close of 1954

By late 1954, several inlet-engine problems had been revealed dur-
ing flight testing of three Air Force systems when a fourth problem
arose with the initiation of flight testing of Fighter B (Figure I-1). At
this juncture, Air Force concern over compressor stalls and inlet-engine
compatibility surfaced as shown in the letter from the Director of Wea-
pons Systems to the appropriate development agencies at Wright Air
Development Center (see Appendix 1). In this letter, it was pointed out
that "stability" or inlet-engine compatibility had become a major prob-
lem apparently as a result of improper development planning. Continu-
ing, it is noted that the following tasks were defined;

1. Formation of the first known Air Force Airframe-Propulsion
Compatibility Committee or Group.

2. Combined "Committee" efforts under (1) to expedite the solu-
tion of the existing problem.

3. Combined "Committee" efforts under (1) to define inlet-engine
planning factors for future weapon system developments to
minimize the compatibility problem.

With the occurrence of high-level Air Force concern over the inlet-'
engine interface, efforts began which can prcbably be best described in

two parts. First, short-range efforts were of necessity oriented to
"fix" existing problems which were impacting flight tests, production,

'7
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and deployment provisions. Secondly, longer range efforts were initi-
ated to define development planning factors to ensure inlet-engine com-
patibility for several evolving systems. (Some of the results of both
short-range and longer-term efforts are discussed in Section III).

The need for such planning factors can be observud in Figure 11-2,
as at least five advanced weapon systems were either in active develop-
ment or systems definition phases. In all of these cases, stringent re-
quirements for that historical period had arisen in range, Mach number,
and weapons delivery capabilities. At that point, these requirements
had been recognized to sonte degree as factors contributing to the com-
plexities of propulsion system integration and inlet-engine matching.
Efforts then to achieve the necessary development planning factors led
to many important coordinations in the following months between pro-
pulsion research and development agencies. These all sought to better
identify the problem as well as steps to achieve the solution. From
such events, an early and key symposium was created in the form of the
first Air Force Symposium on Inlet-Engine Compatibility in June of 1955
(Reference 6) which is discussed in more detail in Section 2. 4.

Fighter A De'veomn

a Development

Flight Test

C Development I
Flight Test

D Development

E (J evelopent

F Definition

0 [Development

Bonber A Development
Flight Test

3 ! Develop mnt

1950 lAS 1952 !953 1954

Figure 11-2 Steus of Air Force System Developments in Late 1954
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2.3 FACTORS CONTRIBUTING TO EARLY INLET-ENGINE
COMPATIBILITY PROBLEMS

The developments discussed in previous paragraphs culminated with
serious inlet-engine compatibility problems, which were not revealed
until flight. While many factors probably contributed to these problems,
several which are considered important are summarized as follows:

It is considered significant that in the late 1940's, a new or second
generation of weapon system requirements, and hence military aircraft,
was evolving. While this has been described in various literature as the
trend toward "bigger-faster-higher" systems, some of the important re-
quirements in terms of propulsion systems were increased range, speed,
altitude, and maneuvering envelopes. This departure from what has been
described herein as first generation jet aircraft to a new or second gen-
eration can be seen in Figure II -3, which depicts general characteristics
of Air Force aircraft which were to become operational in large produc-
tion quantities. These increased requirements for range, maneuvering
envelopes, and subsonic and supersonic operation were to significantly
affect the sensitivity and complexity of propulsion system matching of
inlet-engine and aircraft. Trends arising from these requirements are
depicted in Figure 1I-3, showing inlet design treatments and engine com-
pressor loading trends in terms of pressure ratio for these installations.
In this report, increases in matching sensitivity are discussed in terms
of inlet-engine airflow and distortion matching brought on by combina-
tions of the following:

1. Increases in engine compressor loading to permit increases
in pumping and overall pressure ratio to achieve (for in-
creased aircraft range) other systems performance require-
ments.

2. Air induction system designs to operate without undue drag
penalties, subsonically and supersonically, utilizing sharp
lips, inlet shock treatment, larger range of airflow matching
needs, etc.

3. Increased ranges of transient operation for inlet and engine
(or mission handling).

The need for advanced weapon system capabilities and propulsion
system performance posed added complexities in inlet and engine devel-
opment practices. However, the status of approaches to these needs is
evidenced in several areas, particularly as those existing in the Hand-
book of Instructions for Aircraft Designers (HLAU), military engine
model specification requirements, and analytical approaches to inlet-
engine matching. (References 7, 8, and 9, respectively).

9
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ytrat-oeneratlon weapon Symtoug 3econd-Gnerration WVapon Syltems

1943-1951 1951-1957Weapon weapon -

System Mach No. Rlange Propulsion System Mach NO.* Range Propulsion

rCruiSe Wax erry Inlet Type En in.trCruime Kax Ferr! Combat Inlet Typo Engine

Fighter CrieMXFryRadius ngn Fighter Radius 1' gn

Sid* Scoop 
Pot A

0.65 0.81 1050 400 Subsonic TJ A 0.O5 1.2 1700 500 Pilo ah
Bifurcated

Wing Root
11 0.70 0.8" 1000 400 Pttot TJ B 0.85 1.7 1800 600 External ATJ

Compress ion

Fixed Rasp

itI 0.00 0.98 1200 3&.. Piltot TJ C 0.85 1.2 1200 450 Bifurcated ATI
ExKt er nl Ae

CompressionSlFixed
Half-Cone

IV 0.60 0.98 900 350 Piltot TJ 0 0.90 2.0 1200 350 Externsl ATJ
Compression
Bifurcated

Fixed Scoop
Variable

0.75 090 1000 370 Side Scoop ATJ 1 0.85 2.0 1900 500 Throat ATJSubsonlic Bifurcated

Exter nal
Compression

Variable
Side Scoop Ramp

VI 0.75 0.62 900 400 Subsonic ATJ F 0.90 2.0 1200 550 Bifurcated ATJ
Bifurcated External

Compress ion

Bomber Bomber

2 0.70 0.65 1700 5o0 Pitot TJ A 0.80 0.95 6500 3100 Pilot TJ

Variable
Axisymsetri

11 0.80 0.85 2800 1350 Pitot TJ B 0.95 2.0 4000 1650 Conical ATJSpike

External
Comprea3ion]

*Denotes I*evel Flight

Figure 11-3 General Air Force Aircraft Characteristics (1943-1957)

First, in the HIAD (Reference 7), the design objectives (in terms
of internal aerodynamics) r'ressed matching inlet and engine airflow and
the importance of ram recovery. The engine specification (Reference 8),
on the other hand, required only estimated radial and circumferential
inlet air pressure distribution limits. The third document (Reference 9)
stressed the importance of airflow matching and recovery and presented
an airflow matching analysis technique. By looking more closely at the

*, engine specification requirements, the requirements for inlet air pres-
sure variation were subject to interpretation, and formal tests of inlet
air pressure variation "limits" were not required. Various early rec-
ords reveal that inlet air pressure variation requirements were inter-
preted relative to compressor blade strcsses or to indicate to airframers
that pressure variation required some attention in an installation. An
interesting example of this interpretation is given in Appendix IT. At
any rate, in design documents of that time period, engine installation
factors for development (and integration) of propulsion subsystems and
aircraft lacked definition in the area of inlet-engine interface develop-
ment criteria for inlet flow distortion and engine distortion acceptance.

10



AFAPL-TR-71-84

Typical examples of early Air Force inlet and engine design require-
ments are shown in Appendix i11. An example of proposed development
criteria is also depicted.

As discussed previously, these "criteria" had been found lacking -
"after the fact. " Some early engine requirements placed the "limits"
of inlet air pressure variation at ±2 percent circumferentially and ±3
percent radially in terms of inlet total pressure maximum minus the
minimum divided by average (i.e., AP/P). In Reference 5, the confer-
ence minutes revealed that these kinds of engine requirements were
considered "unrealistic" in inlet design practiue. The attendees at this
particular meeting all indicated agreement that engine inlet air pressure
variation limits should be revised to an allowable 10-percent total pres-
sure variation or ±5-percent variation around the average inlet duct
total pressure. These were felt to be "reasonable and achievable" values
in inlet and engine (interface) design practices. These criteria were pro.-
1 .o!ed along with a suggestion to engine designers to seek design concepts
incorporating larger engine (stall) tolerances to inlet distortion.

Another factor in regard to early systems compatibility problems
had to do with the limited availability of test facilities for engine and
propulsion unit testing during weapon system development programs.
In general, there were limited numbers of engi e altitude facilities avail-
able through about 1951, in which turbojet engines could be tested under
simulated altitude environment as shown in Figure 11-4. In addition to
limited testing experience in terms of procedures, techniques, and in-
strumentation, engine altitude testing to define inlet-engine interface
factors (distortion) had not been pursued prior to about 1951-1952. An
early NACA report (Reference 10), for example, states that investigation
into the effects of distortion had been initiated on several engines from
1952-1955. Engine models and test dates appear in the referenced report.

f6tighters A-7
11 • !ambere A-* -

14 l higt.el, I-TI

0u 11 +,'. "+* AA A

*; • 0 0 BuluoalTibtv

A Slpersootc fighter (Dech)

Sup0 roni omt aber (Dumb)A

S.1047 1iZ 19Z
Cuoewr Tows of first flight*

Figure 114 Turbine Engine Compressor Loading Trends
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In the area of large propulsion unit testing, large propulsion wind
tunnels capable of performing free jet inlet-engine testing under simu-
lated altitude conditions were not available until after 1955 as shown in
Figure 11-5. A detailed survey of other aerodynamic wind tunnels siited
for inlet internal aerodynamics testing was not made although it was
established that several transonic and supersonic wind tunnels were in
operation at the NACA, for example. A listing of available wind tunnels
in operation or under construction from 1945-1958 was found in Refer-
ence 11 and 12.

NACA Became NASA;

Resources Reallocated
NACA (Levil) to Support Missile

and Space Technology

Full-Scale USAF (AEDC)
Engine

Altitude Engine
FiTiest Company A

Engine
Company B

Engine
Company C

MACA
Propulsion NACA (Levis) Changed

Wind to NWSA
Tunnels UBAP (AEDC)

1945 1950 1955 1960 1965 1970

Figure 11-5 General Availability of Attitude Test Facilities for
Turbine Engines and Large Propulsion System Units

2.4 EARLY EFFORTS TO DEFINE INLET-ENGINE INTERFACE FACTORS

In the months following Air Force recognition of inlet-engine corn-
patibility as a problem, actions were undertaken at Wright Air Develop-
ment Center (WADC) to better define the problem and seek methods to
prevent its recurrence. Such actions were reflected in a Progress Re-
port on Engine Airframe Compatibility (Appendix IV), where inlet and
engine integration factors were broken down into influence factors for

Sfurther tehni-ical considerations. Outside coordinations were also under-
taken to compile available research data regarding engine and inlet char-
acteristics (principally' inlet distortion and engine distortion testing re-
suits), such as the "NACA Conference on Engine Stall and Surge" (Ref-
erence 10). ""
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As compatibility factors began to receive increased emphasis at
WADC, one of the more significant interface symposia was to take shape.
This was the conception and definition of the first known Air Force inlet-
engine compatibility symposium. Shortly after the February 1955 Con-
ference at NACA, a symposium was organized at WADC as the Joint
Industry-Government Meeting on Engine-Inlet Duct Compatibility (Ref-
erence 13). In the late Spring of 1955, letters were transmitted to the
entire aircraft and propulsion research and development community in-
viting participation in the Joint Industry-Government Meeting (Appendix
V). ThV purpose for the meeting was to (1) state the Air Force concern
over the seriousness of compressor stall, (2) solicit and review experi-
ences of those present at the meeting, and (3) discuss means by which
new design and test requirements could be drafted to ensure inlet-engine
compatibility. The ensuing meeting was attended by representatives of
the Aeronautics Bureau, NACA, USN, OSD, USAF, and all aircraft and
engine companies.

As a result of the meeting, the Air Force at WADC drafted a "Tech-
nical Program for Inlet-Engine Compatibility" in September 1955 which
was forwarded under letter to industry and other government agencies
in November 1955 for review and comment. Constructive comments
and recommendations were solicited on the scope of the program, appli-
cability, effect on development timing, requirements for facilities, and
possible additions or deletions. It was stated in the cover letter as quite
probable that many of the items contained or to be accomplished in the
program might later appear in contractual requirements as changes to
Engine Model Specifications and Handbook of Instructions for Aircraft
Design.

The program was outlined in late 1955 and is presented along with
its cover letter in Anpendix VI. The program contained a number of
engineering approaches through research, exploratory, and advanced
development efforts to establish a technical basis for improved inlet
and engine distortion and flow matching criteria/methodology, testing
capabilities, test procedures, instrumentation, etc. In general, the
many letter replies remaining in historical files reveal that the response
from the technical community was favorable and probably contributed in
ensuing years to gradual improvements in understanding and approaching
the compatibility problem. In addition, refinements were subsequently
supported throughout industry for improved propulsion ground test capa-
bilities and resources. Several of the responses to the drafted program
are shown in Appendix VII.

13



A F A PL-T R -71-84

SECTION III
APPROACHES TO RESOLVE INLET-ENGINE INTERFACES (1954-1958)

3.1 A BRIEF DISCUSSION OF INITIAL EFFORTS TO RESOLVE
SYSTEMS STABILITY PROBLEMS DURING FLIGHT TESTS

Short-range efforts to resolve stability problems revealed in flight
in the early 50's were born of necessity. .Air Force historical docu-

ments reveal that at the time these major problems were revealed, air-

craft production decisions had been made prior to flight during the devel-

Sopment programs. In the case of several of these systems programs,
propulsion instabilities had been so severe as to prevent or delay opera-
tional suitability testing of the aircraft with obvious implications to the

* overall program. Further complicating matters, there appeared to be

a lack of systematic data and understanding of basic inlet-engine stabil-
ity characteristics and differences in opinion as to the prime causes of
engine compressor stall (see Appendix VIII).

Empha.sis on early resolution of compressor stall problems in flight
in the early 50's plus a lack of data on propulsion subsystems stability
characteristics during development prior to flight led to a combination
of multiple approaches and trial and error efforts to achieve interface
resolutions. Figure III-1 shows for several systems, a table of typical
problems existing at the time along with "fixes" that were tried in flight
testing with varying results.

1PODLEMS CORRECTIVE ACTIONS TAIDI

Engitne Stall during Climb Inlet Rosin
Engine Stall during Throttle Movement
Engine Stall during Cruise Modified Boundary Layer Bleeod Rogine Control Nodifieatione

Xngihe Stall during Maneuvers Lip $hape Charges Compressor Bloods

Zoalne Afterburner Operation, Diffusion nate Chanoe& Ccspremsor Meoartch
Stall or Flameout

Vanes Compressor Modifications
Engine stall Supersonic

Rode Afterburner Control
Engine stall above 30,900 ft Nodtficationa

$croons
Engine Stall during Inlet CbckiIng

Engine Stall during Ground Operatlon & Ilteral beede
SPnlonumaChambers

Figure 111-1 Typical Problems and Corrective Attempts

These short-range efforts generally resulted in lengthy and costly
flight test and modification programs, particularly in the cases of fighter
developments. in the case of Fighter A, previously discussed, the fol-
lowing paragraphs were extracted from reports of Air Force operational

suitability tests two years after the first flight (Reference 14):

AI1
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"The F-XXX is severly restricted from optimum combat perfor-
mance because of compressor stalls. Experience has demonstrated
that compressor stalls may occur at any combination of altitude, power
setting, and flight condition . . . Once compressor stall commences,
the pilot has little or no choice except to break off any attack and regain
control of the engine by all means at his disposal."

"Deficiencies in the engine limit the kill probability of the F-XXX.
These include compressor stalls with throttle manipulation and after-
burner failure to ignite on maay selections."

"In combat it will be difficult to tell if explosive projectiles are hitting
the aircraft or compressor stalls are occurring. "

In yet another case (Fighter B), compressor stall was encountered
shortly after first flight, and 16 months of modification and testing were
required to arrive at "acceptable stall boundaries" (Reference 15). In
addition, a large number of already produced aircraft required major
modifications. A secondary effect was also noted in the initial flight
restrictions to avoid compressor stall had resulted in the later discov-
ery of other serious maneuvering problems in aircraft stability and
control.

A brief glance at a third system (Fighter C) reveals a similar se-
quence of ever's and elapsed time to achieve stable propulsion system
operation. Reference 16 reflects the results of nearly two years effort
in achieving interface resolution for this system.

Several significant and related observations can be made from
these early examples. First, delaying interface and propulsion stabil.-
ity considerations until first flight did little to ensure the compatibility
of integrated systems for flight. Secondly, a lack of baseline stability
data on propulsion subsystems led to multiple or trial and error testing
approaches with excessive time and resources expenditures ensuing.
Additionally, the pressing need for "early" resolution of flight problems
and eventual stability results did not appear to significantly contribute
to the understanding of causes, effects, and solutions of stability prob-
lems and translate into needed engineering approaches for propulsion
system development procedures prior to flight. Reference 17 states a
similar observation made in recent years as follows:

"A nontechnical observation is that comnpiling a catalog of past pro-
pulsion system instabilities is a frustrating task. First, it is human
nature, if not policy, to remember past successes and forget past

5is
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problems. Second, when a problem is encountered during flight test,
the overpowering concern is to solve the problem, ,not understand or
document it. Typically, multiple fixes are tried until some combination
is sufficiently successful. Thereafter, the airframe personnel recall
that the problem was solved by changes in the engine geometry, control
schedule, and/or operating procedures. Similarly, the engine person-
nel will clearly remember that the problem disappeared when changes
were made in the inlet geometry, control schedules and/or aircraft
operating procedures. Thus, in all sincerity, various companies (and
various groups with a company) will have conflicting versions of the
cause and the cure for the same problem."

Several other Air Force weapon systems were to achieve flight in
the latter 1950's as shown in Figure 111-2. These aircraft were basic-
ally in the same generation of advanced systems that were in the pro-
cess of evolution in the early 1950's in terms of mission definitions,
propulsion system requirements, and integration concepts. Hence,
compatibility improvements were apparently realized for these systems
because of relatively similar propulsion system configurations, in-
creased awarenesses of inlet distortion effects on engine stall margin,
and some increased levels of emphasis on earlier propulsion systems
stability related testing prior to flight. However, several of these air-
craft still encountered inlet-engine interface problems in flight as shown
in Figure 111-2.

Fighter 195211 954 1955 1956 1957 Flight Revealed Stability Problems

D mv op.entI
Flgh rst Compressor Stall during 4Aneuvers and Weapon

L g Release Inlet Duct Buzz, Inlot Duct Crosaflow

[ Development

D op I-ti l Compressor Stall during Takeoff gnd Transients,
f ht Test Afterburner Blowout Inlet Buzz, Flow Hatching

1| L Required, Inlet/Engine

Develop Compressor Stalls In Flnigbt, Transients, and

4gr ,eat A-fterburner Inlet Buzz, Flow Matching Required,

- tProgram Cancelled
ugh No Significant Problems Reported im Flight Test

Bomber
o Di levelopment

DevelpmentNo Significant Problems Noted

Figure 111-2 Typical Air Force System Development Schedules (1952-1958)
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3.2 THE COURSE OF AIR FORCE PLANS TO ACHIEVE
INLET-ENGINE DEVELOPMENT APPROACHES (1954-1959)

As seen in Section 11, inlet-engine compatibility problems became

clearly identified in the early 1950's. Further, it was seen that the dis-

covery and impact of serious stability problems at flight onset revealed

the need for improved propulsion interface developm-nt approaches.
Accordingly, early efforts at WADC had reached culmination in the

Joint Industry-Government Meeting on Engine-Inlet Duct Compatibility

in 1955. Based on the technical discussions and coordinationr up to
and including tfis symposium, the technical plan in Appendix vi was

drafted which was to pr'ovide the basis for criteria ensuring airframe

and propulsion system compatibility through analysis and testing. These

in turn would be translated into subsystems development approaches,

requirements, and testing procedures.

However, it is of major significance at this poin. to place in per-
spective the turn of historical e tents that was to deter or cut short pro-

gramming directed toward these engineering goals. In the years fol-
lowing 1955, the advent of the ballistic missile family of strategic and

tactical weapon systems was to divert significant levels of funding and

effort from aircraft and propulsion developments. A brief look at Fig-

ure 111-3 shows that all categories of resou:rces available for airbreath-
ing propulsion wei ? greatly reduced after 1955-1956, including those

resources which supported programs targeted at advancing technology

for propulsion development and integration.

10O
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en /Dfoft(06*1 -d NASA) /I
/
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Figure U/-3 Development Funding versus Years
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In a similar manner, aircraft developers found mission require-
ments more demanding, development costs spiraling upwards, and fewer
funds available for advanced aircraft programs. During this period,
many aerospace contractors diverted their efforts and technical re-
sources away from aircraft and propulsion toward the field of missiles
and rockets. In addition, government research, such as that at NASA
(formerly NACA), in the area of aeronautics and propulsion was re-
oriented to support the space and missile programs. Thus, in aircraft
and engine developments alike after the mid-1950's, fewer developments
were initiated and major reductions occurred in exploratory and advan-
ced development programming. As a result, early plans to define inlet-
engine development programming factors and definition of the inlet-
engine interface failed to culminate as technology sources, funding, and
engineering efforts dwindled,

Although the technical progranms for inlet-engine compatibility were
not fully realized, the coordinations with the industry at that time indi-
cated a recognition of several basic factors:

1. The need for propulsion subsystems stability analysis and data
at a much earlier time phase in systems developments was nec-
essary to ensure airframe-propulsion compatibility in early
flight testing.

2. The need existed for improved development definitions of the
interface for systems developcrs.

3. The need existed for improved test facility capabilities (i. e,

facilities, test techniques, instrumentation, etc. ).

Several years after the joint industry-government coordinations in
the 1955-1959 tinle period, modifications were made to military engine
specifications (MIL-E-5007 Series) and aircraft design handbooks (HIAD)
(shown in Appendix IX) as applicable to areas of airframe and propul-
sion interfaces. Basically, in the inlet-engine area these consisted of
requirements to define engine "distortion limits" and test requirements
for military engines. The HIAD on the other hand specified the need to
minimize inlet duct air pressure variation and specified that circum-

* ferential total. pressure variations from the mean should not vary more
than ±5 percent at all required flight conditions of the air vehicle.

It has also been noted that the majority of currently available pro-
pulsion test facilities came into operation in the later 1950's, thus mak-
ing available a number of engine altitude test cells, large scale propul-
sion wind tunnels, and other wind tunnels for airframe-propulsion sub-
systems testing for usage in later advanced military aircraft develop-
ments.
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SECTION IV
INLET-ENGINE INTERFACE DEVELOPMENTS OF

LATER AIR FORCE WEAPON SYSTEMS (1958-1965)

4.1 INCREASES AND SIGNIFICANCE OF WEAPON SYSTEMS REQUIREMENTS

Air Force weapon systems operational concepts continued to grow
in scope in the later 1950's and influenced advanced propulsion system
concepts and designs through their particular mission needs. Two types
of such advanced weapon system concepts evolving in this time span in-
cluded the long-range, sustained supersonic cruise vehicles and the
mixed mission weapon systems possessing several mission range, Mach
number, and high maneuverability requirements. Some of these systems
and their general characteristics are shown in Figure IV-1.

Weapon 1957-1967 Jnlet Type Engine
Syntex Mach No. Range, "imLl Type

Crulie, 0.75 Perry, -4000 VariableMuIt isiiaion2 Augmaented

Fighter I Sea Level, 1.2 Basic Mission, Area, Mixed Turbofan
Altitude, 2.5* (mixed Mission Cipability) Compression

Variable AugmentedBomber I Cruine, -3.0 "-6000 Area, Nixed Troe
Compression

Variable Augmented
Strategic I Cruise, -3.0 (Classlfied) Area, Mixed

Compression Turbojet

*Dash Capability

Later Changed in Development to Variable Area External Compression

Third
o 20 Generation

Second Systems
Generation 7 4 lighter I Above

* * 15 -- First -- yatm-

Genration

A 10

* :. ftrategic I Above o0 ember I Above

::,. 0
1945 1950 1055 2"o 1965

Calendar Years of First tLunts

Figure IV-1 Gegral .urerat ChracterWfics (1957-1967)
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Each type of weapon system requirement posed challenging engi-
neering tasks contrasted to those of earlier systems. In the case of
supersonic cruise vehicle types, the propulsion subsystems were mod-
erate pressure ratio afterburning turbojet engines combined with vari-
able-area, mixed-compression inlet systems. These types of weapon
system propulsion systems would be required to accelerate an aircraft
through takeoff and climb to cruise conditions. Upon reaching cruise
altitudes and Mach numbers, efficient propulsion system cruise opera-
tions would be required for primary mission operations, which did not
include requirements for wide ranges of transient maneuvers, Mach
numbers, altitudes, or abrtupt engine power modulations.

On the other hand, the multimission type of weapon system posed
needs for efficient propulsion systems operations along several required
mission trajectcries varying widely in speed, altitude, and range.. In
addition to this desired mission flexibility, extensive aircraft maneuv-
ering and transient capabilities were also required. These combinations
of mission operations and aircraft range requirements led to propulsion
subsystems consisting of supei'sonic, variable-area, mixed-compres-
sion inlet systems combined with high pressure ratio augmented turbo-
fan engines.

The significance of the increased scope of these Air Force required
weapons delivery capabilities became apparent in the configurational and
matching complexities of resulting propulsion systems requirements and
configurations. Those arising complexities became even more signifi-
cant considering the status of available propulsion engineering develop-
ment criteria and approaches evolving from the late 1950's, particularly
those relating to integrating inlet and engine functional operations in
system devclopment.

4.2 INTERFACE DEVELOPMENT CRITERIA

It is interesting to note that all three weapon systems characterized
in Figure IV-1 incorporated similar definitions in the inlet-engine inter-
face area as shown in Figure IV-2. These definitions were consistent
with Air Force design practices and criteria which had evolved by the
close of the 1950's (see Appendix IX). An example of a detailed set of
definitions from one of those weapon systems may be found in Appendix
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Air Vehicle Engine Model Interface
Weapon Specifications, Specification, Agreement

System Inlet and Air Inlet Air Pressure between
Induction Variation WSC* and ESC**

Multimission +5% Variation about the ±5% Variation about the Yes
Fighter I Average Total Pressure Average Total Pressure

"...The air induction Distortion Index - 10%".. .m airindution where DI is equal to

omber I asystem will be com- ws

patible with the 2 factored by distor- Yes
engines... P

tion shape extent and
profile factors

1±5% Variation about the
Strategic I Not Available Average Total Pressure Yea

*Veapon System Contractor
**Engine System Contractor

Figure IV-2 Typical Inlet-Engine Interface Criteria

4.3 EXAMPLES OF DEVELOPMENT CONSIDERATIONS AND
APPROACHES TO INLET-ENGINE COMPATIBILITY

Air Force historical records and data from the early 1960's pro-
vide some insights into inlet-engine interface approaches for weapon

systems in development at that tirne. From such technical records,
several of which are listed in the Bibliography of this report, engineer-
ing summaries dealt with means for design and development of compati-
ble inlet and engine configurations for advanced supersonic systems.
These records reveal that the systems development experiences of the
1950's had influenced such summaries since sections related that com-
patibility had been first recognized and treated as a problem in the mid-
1950's. Further writings stated that, after the problem had become
apparent, considerable research and flighIt testing had been undertaken
in following years to better understand the effects of inlet characteris-

tics on engine operations.

These summaries basically reflected some of the experiences in
the later 1950's as follows:

1. One of the principal effects of inlet distortion on engine opera-
tion was the increased tendency of the engine compressor to
stall.

S 2. Levels of inlet distortion as well as geometric distribution
- had been found to affect engine compressor stall character-

istLcs.

3. Compressor stall or engine flameout could be caused by high
distortions resulting from poor inlet designs, pressure fluc-
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tuations during flight maneuvers (inlet unstart, buzz, flow
separations, etc.), and the ingestion of armament firing
gases.

4. Compressor stall characteristics had been found to be affected
by stage loading, stages and/or spool matching, control re-
sponse (accel-decel), control operation, and Reynolds number.

5. Supersonically, shock-boundary layer interactions had been
found to result in higher inlet flow distortions at the compres-
sor face.

6. Inlet-engine compatibility problems on military aircraft had
resulted in considerable difficulties and solutions had usually
been found by "modifying engines."

Based on the above or preceding types of "knowns" from prior de-
velopment experiences, technical summaries continued into discussions
of design practices and development approaches that were felt necessary
to achieve inlet-engine compatibility for new systems. From such dis-
cussions, several sig~ificant factors were identified as follows:

1. It was not felt possible to predict the character of inlet flow

for a new design.

2. It was not felt possible to predict the response of a new engine
under development, to (1) above.

3. Because of (1) and (2) then, the best design practice in inlet-
engine compatibility was felt to be found in considering small.
inlet disturbances as inlet design requirements and in maxi-
mizing engine tolerance to inlet disturbances.

4. Based on earlier inlet-engine experience, it was felt that 10
to 15 percent distortion levels (AP/P) should not be too dif-
ficult for integrating inlets and engines, and represented a
resonable maximum target value in systems preliminary de-
sign stages.

5. The major aerodynamic consideration in (supersonic) inlet-
design remained one of maximizing inlet performance (recov-

ery) at the lowest level of external drag.

To carry out these approaches, Air Force systems engineers pro-
posed that early development testing be conducted in a system program,
to achieve data on inlet internal flow characteristics. Based on these

,u1  engine tescu... then be performed using screens or other
devices to produce levels and patterns of inlet distortion at the engine
compressor face for engine operational testing. These testing evalua-
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tions were felt necessary early in the program so that inlet and/or en-
gine changes could be made prior to an inlet-engine compatibility test.
Full-sclae inlet-engine compatibility testing was recommended in sys-
tems programs where compatibility remained questionable in design
and development (prior to flight).

Further, it was felt necessary to require engine contractors to de-
velop and furnish more meaningful estimates of allowable inlet distor-
tion limits. It was suggested that these estimates should contain the
combined effects of pattern shapes as well ad disturbance levels, and
should provide estimates of the engine's response, even if allowable
distortion limits were exceeded.

Concluding sections dealing with these development approaches
again stated that problems of compatibility encountered in flight testing
had usually been resolved by engine modifications.

4.4 PROPULSION SYSTEM COMPATIBILITY DEVELOPMENT TEST TRENDS

Somc reports and data remain in Air Forcu historical files, from
which compatibility development testing trends in the early 1960's may
be examined. References 19 and 20 and other reports dealing with a
strategic high Mach number cruise system show that inlet-engine match-
ing and compatibility were recognized in some quarter3 at program defi-
nition and onset as potential interface engineering problems. For ex-
ample, some 4000 hr of air induction system testing had been accomp-
lished by one system contractor between 1958 and late 1961. Over 1500
hr of this included 0. 25 and 0. 577 scale model inlet tests. Further
scale model inlet and inlet-engine tests were planned prior to flight. As
a result, considerable development emphasis and resources were applied
to engineering and testing of both inlet and engine subsystems. Testing
initiated prior to program onset continued after go-ahead into progres-
sively larger wind tunnel model inlet tests while the engine development
program employed various inlet distortion screen tests. (Approximately
50 million dollars were spent on inlet-engine and component testing dur-
ing acquisition. ) A significiant portion of testing was accomplished coin-
cident to key mission operating conditions in order to assess propulsion
systems characteristics and matching through analysis and provide de-
sign refinements wherever necessary.

During inlet-engine testing in 1961-1962, a scaled inlet model and
an engizic were coupled and operated in an altitude propuision wind tun-
nel. During this testing, an unusual problem occurred. Under certain
test conditions, engine "drift stalls" were occurring. These were de-

223j

______



AFAPL-TR-71-84

fined as stall occurrences after a random length of time at a stabilized
test condition. Reviews of the data indicated that engine stall events
were occurring randomly under low and high steady-state distortion
values and on a nonrepeatable basis. However, earlier inlet test of
smaller model inlets had incorporated limited amounts of high response
pressure instrumentation, and similar provisions had been extended to
the inlet-engine tests in anticipation of unsteady inlet flow phenomena
such as buzz or inlet shock-induced perturbations. Although this early
instrumentation was somewhat less refined compared with that avail-
able in recent years, sufficient dynamic instrumentation existed to indi-
cate some insights into the driving niech:mnisms that resulted in unex-
pected engine random stalls, i. e., the turbulence or fluctuating pres-
sures at the engine face resulting from the shock-boundary layer inter-
actions in the inlet system (Reference 21).

Subsequently, engine testing was initiated to learn more about en-
gine response characteristics in the "turbulence" environment, which
produced the first known reports on the effects of turbulence (and some
qualitative data) on turbine engines (Reference 22).

The early recognition of compatibility development needs of this
system, and a continued high level of elipitasis oij engineering and test
during developments served well in minimizing inlet engine matching
and compatibility problems for this system as flight testing in later
months was to demonstrate.

A second and admittedly more complex development program for a
tactical system, was also initiated in the early 1960's. Data referenced
in the Bibliography of this report revealed some concerns over inlet-
engine compatibility development based on earlier systems experiences
in the 1950's but, in general, concluded that thr-ough systems develop-
ment testing of inlet and engine, a compatible system could be construc-
ted. Although at development onset test data on both inlet and engine
were found lacking, Air Force personnel proposed that aircraft inlet
and engine could be integrated inside the 10 to 15 percent distortion
(AP/P) levels except at Mach numbers greater than 2. 2.

However, initial development testing of the mixed compression in-
let system resulted in a decision to change the design operation of the
inlet to external compression design (see Appendix XI)Y Parallel engine
testing du, ing development was performed using screens to simulate
scale model inlet distortions from Lhe changed inlet now under develop-
ment and no problems were anticipated at the time that the inlet and
engi ie were integrated for operational tests in an altitude propulsion
wind tunnel. While some difficulties arose in free-jet tests, no major
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problems.were projected since production configuration improvements
had not yet been incorporated into the test article. Wind tunnel test
operating restrictions and modes were also subject to question in some
areas where compressor stalls had been observed. However, subse-
quent flight testing was to reveal inlet-engine compatibility problems of
significantly larger magnitude than expected from ground testing results.

4.5 INTEGRATION AND FLIGHT

Figure IV--3 depicts the development program schedule histories
for three advanced Air Force systems which were to achieve flight in
the mid-1960's. Official records reveal little in the way of documented
major interface problems on two of the systems, namely, the super-
sonic cruise design point aircraft. But in the case of the fighter system,
early flight tests revealed another major problem in the inlet-engine area.
It will be recalled from Figure IV- I that this system became defined with
a highly loaded engine cycle in terms of compression system pumping and
was to be matched for a broad spectrum of mission operations with an ad-
vanced and complex air induction system-.. In terms of matching sensi-
tivity or complexity, this system marked a major advance compared with
earlier Air Force weapon systems. FRLight testing into 1965 revealed un-
expected and serious discrepancies in systems' stability (and performance).
By mid-1965, propulsion system problems such as various modes of
"compressor stall and flameout had limited the flight envelope and air-
craft maneuvering capability to the extent that significant delays in the
flight test schedule and program were evident. Air Force task force
groups convened, such as shown in Reference 23, and after some exami-
nation, stated that the system could be made to work over some of the
important parts of the wide mission spectrum required, but at the ex-
pense of overall program schedule. Perhaps more importantly, consid-
ering the complexity of the overall propulsion system and the wide spec-
trum of systems operating requirements, it was not felt possible at that
time to fully define the problems; therefore, additional diagnostic inves-
tigations, studies, and tests were recommended for identifying and under-
standing the operating characteristics of the inlet and engine.

Serious problems in flight testing continued and an accelerated pro-
gram of flight and ground testing was implemented. With the influx of
those tests and the incorporation of extensive diagnostic instrumentation

t (including high response pressure measuring devices), another problem

surfaced. Systems for handling, reducing, transmitting, and interpre-
ting data from tests rapidly reached an unworkable point. Along with
the data density problem, another serious difficulty arose in that con-

tractual interface definitions covering inlet and engine were basically
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steady-state and subject to much discussion and interpretation as related
to inlet- engine interface problems.

weapon system 1957 1958 1950 1960 1961 1962 1963 1944 1965 64 ligt Rvealod.• Stbility Prob-;
311, louo Inlet-.agine
Compatibility Problems:

INlltimisslion lllpHt 8tall 00 G~roubd Operaltions,
Flibter I IPlight, Subsonic and Super-

riihT st onic, Manouverm, Throttle
Woveoant, etc... ProgramSImpact

Somber I Develop"met Changed to Ieoearch Progpam
C [ - 1950-60, No Significant

Strtetgic I vetoieat C I ossifie Prot and
(Claaaltied) | Ibt Capability, No Significaot

Figure IV-3 Typical Air Force System Development Schedules (1957-1966)

By early 1966, the Air Force again officially declared inlet-engine
compatibility as a major problem. As in earlier times, the Air Force
concern was exemplified by the letter in Appendix XII, addressed to the
various airbreathing propulsion developmental agencies at WADC. This
letter essentially duplicates the one written twelve years earlier. As in
Appendix I, the Air Force again requested that efforts be focused on
inlet-engine compatibility needs for both existing and future systems.
As a result of this direction, Air Force agencies at WADC again formed
Task Force efforts to seek improved interface compatibility develop-
ment approaches, plans, and criteria as shown in Appendix XIII. The
need for this long-range effort can be seen in Figure IV-4 because
several advanced systems were nearing definition. It is interesting to
note that this letter again asked for short-range and longer-range efforts
in advanced and exploratory development programming as needed, to
derive necessary propulsion system stability development approaches for
Air Force weapon systems. It can be seen in Appendix XIII that the re-
sulting program was similar in many respects to the 1955 program in
Appendix VI.

Progress and coordination with the industry from ensuing efforts in
inlet-engine development procedures were to be covered in a joint indus-
try-government meeting in mid-1969, the Airframe Propulsion Compati-
bility Symposium (Reference 4).
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Figure IV-4 Calendar Years of First Flights and Systems
Studies/Projections in 1966 versus Loading
Trends in Compressor Pumping

SECTION V
INFLUENCE AND SIGNIFICANCE OF COMPATIBILITY

PROBLEMS ON ENGINE DEVELOPMENTS

5.1 GENERAL TRENDS IN ENGINE DEVELOPMENT

Emerging weapon systems compatibility problems arising in flight
during the early and mnid-1950's clearly demonstrated the needs for im-
proved propulsion development approaches, criteria, and test proce-
dures. These problems led engine developers to seek improvements in
testing and interface definitions for describing inlet flow effects on en-
gine compressors.

Sets of distortion tests were subsequently initiated on compressor
rig tests using distortion screens and other flow distortion producing
devices, With the advent of improved turbine engine development facili-
ties, engine testing with distorted inlet flow began and was extended in-
to altitude tests (Reference 24). Engine rmanuf;;cturers directed these
test efforts toward developing means to correlate inlet flow conditions
and engine compressor response characteristics in order to predict
compressor stall. As a result of these efforts, various correlating
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factors or "distortion indices" were generated by the different compa-
nies. These indices consisted of calculation procedures which factored

* measured inlet flow pressures with empirically and test-derived influ-
ence coefficients to predict compressor stall (Reference 1). Test
methods typically used in engine and compressor tests c2onsisted of
incrementally increasing inlet flow distortions at some steady-state set
point, until compressor stall was reached. At the point of incipient
stall, pressure distortions were measured and converted to distortion
indices. Therefore, when inlet distortion-produced indices reached
calculated values correlating to stall, a distortion "limit" was estab-
lished.

Engine model specifications on the other hand required the esti-
mated radial and circumferential inlet air total pressure distribution
limits (Reference 25). (Later specifications were to require a test dem-
onstration of these "limits". )

From this background, a concept of distortion limit calculations and
definitions evolved into interface criteria and approaches employed in
various later Air Force system programs.

5.2 APPLICATION OF DISTORTION LIMITS

In some engine development programs, distortion index calculation
procedures and limits were established for all projected steady-state
operating conditions. It was anticipated that such procedures could be
utilized for compressor stall margin development and for tii,'idicting
stall response as a function of engine-inlet flow distortion. Frequently,
distortion index calculation procedures were extended into inlet devel-
opment tests, to assess inlet distortion. (Later indices wcre also uti-
lized in flight test inlet measurements. ) Definitions of distortion limits
were subsequently established in various system design criteria and
specifications.

In developments emphasizing these approaches, however, serious
problems arose during integration and flight test phases with the advent
of unexpected stability problems. At the onset of these problems, inter-
face definitions and distortion limits often became major areas of dis-
agreement when needs existed to define and resolve interface compati-
bility. Schedule delays were incurred for these needs as respective
contractors assembled and presented data seeking to establish compli-
ance to contractual interface criteria. Often suc}i interface data differ-
e,,ces revolved around whether or not specified inlet distortion limits
had been exceeded. The applicability of inlet and engine distortion
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testing results and subsequent interpretation were challenged. Further,
contractors sometimes indicated that military specification and design
requirements contributed to inadequate or inappropriate contractual defi-
nitions of interface criteria (see Appendix XIV).

5.3 DEVELOPMENT ADEQUACY OF LIMIT APPROACHES

In integratic:, and flight experiences, distortion index calculation
procedures were found inadequate in assessing stability and predicting
compressor stall. In subsequent engine and systems testing, sets of
data were provided in which little correlation could be made on the re-
lationships of inlet flow distortion and stable or unstable engine opera-
tion (Figure V-1).

Distortion
0 Limit

0

•A Stall Free

4Z Stall

Engine Inlet Airflow

Figure V-i Typical Correlation of Distortion Limits and Compressor Stall
from Flight Data

Distortion limit concepts, as applied for such developments, proved
inadequate for many reasons. In efforts to derive the general utilization
of engine stability characteristics for example, distortion indices did notI define the allocation or utilization rates of compressor rtall margins.
As the relationships of engine internal margin utilization viry in accord-
ance with engine operating conditions, so do margins utilized by varying
inlet flow characteristics and conditions. The range, effects, and vari-
ability of external destabilizing phenomena as well as internal destabi-
lizing effects of engines did not readily yield to stability generalizationstwithout definitions of margin utilization faciorb and quantitics.
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The range of boundary conditions involved in steady-state engine
and compressor distortion testing was far exceeded in propulsion system
operations. These conditions included systems transients, control tol-
erances, production variations, deterioration, Reynolds number effects,
and inlet flow characteristics.

Distortion i •dox definitions largely failed to characterize the physi-
cal properties of inlet flow. Conversely, a distortion index could not be
translated into a flow condition for an engine or compressor rig test se-
quence. In addition, an index calculation was greatly influenced by the
placement, frequency response, uncertainty, and quantity of pressure
measuring instruments (see Figure V-2). Such sampling problems along
with differing data reduction procedures in the past have yielded entire
ranges of distortion indices for similar inlet pressure measurements,
thus rendering correlation efforts fruitless.

Instrumentation and Data
Reduction Technique "A"

4,0
• ,• Distortion

Liirit

.•c &0 Instrumentation

0000 and Data Reduction
o Technique "B"

.,4

Engine Inlet Airflow

Figure V-2 Typical Comparison of Distortion Index Values Using Two
Different Approaches for the Same Inlet Flow Conditions

These discussions are not meant to imply that distortion correlation
efforts in themselves are totally inapplicable in development. Moreover,
it is important to determine the limitations that are inherent in such pro-
cedures and to constrain their usage within such boundaries. As such,
distortion indices evolving in recent years have been utilized as develop-
ment tnoos rather than criteria for stability development or contractual
agreements.
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5.4 SUMMARY AND SIGNIFICANCE OF INTERFACE COMPATIBILITY PROBLEMS

By reviewing the past twenty-five years of aircraft and engine devel-
opment, many similarities can be observed. A look at the generations
of aircraft and engines rather than individual programs shows the trends
toward increased propulsion system complexity and matching sensitivity
as weapon system requirements expanded over the years. In many cases,
a lack of interface development emphasis existed prior to and during in-
let and engine development as a result of earlier develop,,niat experi-
ences, available engineering approaches, test resources, and the influ-
ence of national policies and objectives.

Testing and evaluation during the 1950's established the iniluences
of destabilizing effects on engines from both internal and external sources,
However, these effects were not quantified in terms of engine margin
utilization elements and related to engin6 missicn handling needs in a
propulsion systemn.

Over the years, evolving interface criteria were inappropriate and
failed to define functional propulsion systems characteristics in physical
ana measurable terms for engineering developnient purposes. Such
criteria in turn were poorly suited for translation into engine develop-
ment testing.

The status of interface definitions and testing processes for pro-
pulsion subsystem developments contributed to a tendency to approach
engine stability margin utilization as a general case rather than a deter-
ministic one requiring assessments of engine margins and how they were
utilized for various effects in operational usage. The general utilization
of engine margins was, therefore, often sought in development through
the application of "distortion limit" definitions or "distortion indices" as
opposed to development cr!+eria addressing mission-related propulsion
system operating characteristics. Further, distortion index calculations
proved inadequate in characterizing engine-inlet airflow.

Engine development testing procedures for interface were lacking
over the years ir terms of normalized or accepted test techniques for
assessing stability margins. Until more recent years, instrumentation,
data systems, and test experience were also limited.

As a result of such interface definition and development testing
shortcomings then, propulsion development testing was accomplished
on a numbcr of past systems programs in which any number of inter-'
pretations were made relative to test results and specification compli-
ance rather than effective application to systems engineering needs,
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Engine distortion test sequences, for example, were sometimes accom-
plished to demonstrate the validity of distortion limits or indices. Fur-
ther, in many cases of engine distortion testing, engine stability was
judged by the presence or absence of compressor stall.

Data handling also evolved into a problem over the years as inter-
face testing came into practice for propulsion subsystem developments.
A lack of uniform data handling and transmittal processes, in addition
to subsystems test procedural problems, was finally realized with the
advent of dynamic and transient propulsion testing data.

In summary then, past engine development and integration ap-
proaches have frequ 2ntly resulted in delaying engine stability accessments
until after first flight. The need has thus been generated to derive en-
gine stability margin and utilization in costly and time-consuming flight
test programs. Such programs have consistently shown the shortcomings
of trial-and-error testing to achieve system stability and have typically
yielded little in terms of understanding true cause-and--effect relation-
ships of interface problems. This is further evidenced by the lack of
applicability of experience to progressively newer and more advanced
systems developments, In short, past inlet-engine interface develop-
ment approaches have been inappropriate to the needs of the service in
developing operationally suitable engines for advanced systems.

SECTION VI
EVOLUTION AND STATUS OF ENGINE STABILITY

DEVELOPMENT APPROACHES AND TEST PROCEDURES TO
ATTAIN PROPULSION SYSTEM COMPATIBILITY (1965-1970)

6.1 INTRODUCTION

In earlier sections of this report, it was shown that needs again
arose in the Air Force during the mid-1960's for improved development
approaches to airframe-propulsion system compatibility. In the later
1960's, objectives, similar to those of technical plans drafted in the
1950's, were again oriented toward propulsion subsystems stability
development definitions, criteria, programming approaches, test pro-
cedures, and testing techniques. These objectives or needs were clearly
rtated in documents such as those found in Appendix XIII, or Reference 4

26. The needs for improved data handling and transmittal between pro-
pulsion developmental agencies and the Air f, orce were also identified.
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This section vill review briefly some of the results of engineering
efforts in the latc 1960's which sought and established some recent pro-

pulsion system stal,ility development programming and procedural con-
cepts. These stability development and programming approaches are
discussed in terms of relating engine stability margin allocation and

utilization concepts with recent advances in turbine engine stability mar-

gin t,..-ting in the Air Force.

6.2 DERIVATION OF PROPULSION SYSTEM STABI.LITY ELEMENTS AND

DEVELOPMENT PLANNING CONCEPTS

Efforts initiated by the Air Force and industry in the 1965-1966

time period led to several key concepts in propulsion system and engine

stability development approaches. The first of these concepts (Refer-
ence 1) discussed and presented an accounting approach for the external

and internal factors which affect or degrade the stability of an engine.

These elements are shown in Figure VI-1, depicting the necessary mar-

gin allocation and utilization factors and quantities that must be dEfined

and developed for stable engine (compressor) operation at specific pro-
pulsion system mission conditions.
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Figure VI-1 Cumulative Representation of Stability Degrading Factors
on a Compressor Pe-formance Map
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Along with margin allocation and utilization elements for turbine
engines, programming concepts and approaches evolved which basic-
ally sought definition, development refinement, and test verification of
engine margin allocations relative to propulsion system mission opera-
tions. These concepts and approaches are more completely discussed
and developed in References 2 and 19 and are illustrated in Figure VI-2.
This figure portrays an inlet and engine development planning approach
during predevelopment, contract definition, and systems acquisition
program time phases. Inlet and engine trends are shown in terms of
the time-phased matching requirements for inlet airflow distortion and
engine tolerance for specific propulsion system configurations and mis-
sion handling requirements.

Contract Definition
Cl Specifications

Scale Inlet Systems Acquisition PrO Sanl
Tests "•-----36-48 mo --- -,

Inlet lFlight Tetsq

Production]

-a 6mo -a
SEo g Vi l t

Enough Visibility
to Establish Flight

Cogpressor Engine Tests Restrictions if Any
Compressor

Tests -Visibility Required to

Initial Engineering Ensure Convergence

-18-24 no e lts. 2 and 19

Figure VI-2 Development Plan Concept for a Typical 200-lb/sec Engine

During the formulation of these concepts and approaches, however,

further needs were identified in the areas of propulsion subsystem and
system development criteria and test procedure. For engine develop-
ment processes, needs existed for stabiliý.y criteria and turbine engine
stability testing techniques and proceduues. Such needs were also iden-
tified and supported by various technical and scientific panels such as
the USAF Scientific Advisory Board (Reference 26). As a result,
these needs were documented as shown in Appendix XV.
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6.3 AIR FORCE EFFORTS TO DEVELOP ENGINE STABILITY CRITERIA AND TEST
PROCEDURES

In 1966-1967, several major stability investigatory programs were
initiated by the Air Force, NASA, and industry. One such program in
the Air Force -onsisted of a 3-year stability test program on an advanced
augmented turbofan engine configuration, conducted by personnel of
the Aeronautical Systems Division, the Air Force Aero Propulsion
Laboratory, and the Arnold Engineering Development Center. The
specified objective was to develop normalized test techniques and pro-
cedures for engine stability testing. The breakdown of testing consider-
ations is shown in Table VI- 1.

TABLE VI-1
AUGMENTED TURBOFAN STABILITY TEST PROGRAM

TEST OBJECTIVE; Develop Normalized Testing Techniques and
Procedures for Turbine Engine Stability Testing

ITEM BREAKDOWN: Engine Inlet Operating Environment

Clean Znlet Techniques and Control of Variables
Distorted Inlet Techniques and Control of Variables
Airflow Measuring Systems
Definition of Inlet Airflow Characteristics/Parameters
Instrumentation and Data Handling

N.jije Configuration/ Operat ion

Pretest Data

Instrumentat Lon
Engine Operating/ Testing Techniques
Data Acquisition and Handling
Operating Environment- Pressures/Temperatures

Test Cell Hardware Configurations

Distortion Producing Mechanisms
Engine Test Configuration Support Requirements
Data Acquisition Systems

Simulation Ranges
Steady-State Operation
Time-Variant Operations
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Specific objectives included the following:

1. Devalopment of controllable airflow disturbance generation
techniques and criteria for producing steady and time-variant
distorted engine-inlet airflow conditions. Identification of
parameters which best describe and measure inlet flow char-
acteristics,

2. Development of apparatus and techniqies for acquiring data
on engine compression systems throughout their operating
ranges to determine aerodynamic characteristics, margin
allocations, and utilization rates,

3. lievelopment of apparatus and techniques to simulate inter-
face flow conditions from aircraft inlet subsystems,

4. Development of testing apparatus and techniques for engine
operation and control under conditions of propulsion system
interface operations, (i. e., bleed, horsepower extraction,
transients, inlet distortion, etc.),

5. Development of instrumentation techniques for 1, 2, and 3, and

6. Development of techniques for rapid and compact data
reduction, analysis, and transmittal.

6.4 ENGINE STABILITY TESTING DEVELOPMENTS AND SIGNIFICANCE

Air Force engine stability testing experience in earlier years had
been spread out in various systems developments over a number of
ypars with different engineering teams, needs, and objectives. Some
experience with steady-state distortion testing existed for example On
the J-79 development and other engines. Some early dynamic distor-
tion testing had been acoornplished by the early 1960's on the J-93 devel-
opment program after fluctuating inlet total pressure characteristics of
the XB70 inlet system had been identified.

The Augmented Turbofan Stability Test Techniques program, how-
ever, allowed extensive investigation into all phases of engine stability
testing with adequate time and resources to accumulate needed testing
knowledge, definitions, and experience for the complexities of such
testing. This engine test effort was programmed to proceed from clean
inlet baseline testing at simulated Mach number and altitude to steady-
state and ultimately to time-variant testing phases under clean and dis-
torted inlet airflow conditions. Therefore, test instrumentation was
investigated, refined, and defined around the needs of each phase. Time
was available to investigate and define test hardware configurations,
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techniques, etc., and alternative approaches. Improvements in instru-
mentation and data acquisition/recording and data transmittal systems
were investigated and defined.

The results of this test program are reported in Reference 27. The
significance of this engineering test development program was demon-
stration of the feasibility of identifying and quantifying the destabilizing
factors and elements of engine stability margins for defined interface
conditions. By utilizing the array of testing techniques and procedures
developed in this test series, it is possible in engine development test-
ing to select test procedures allowing accessments of the complex ex-
ternal and internal stability margin quantities shown in Figure VI-],
with the exception of compression units' age deterioration effects (see
Appendix XVI).

6.5 SUMMARY

During the 1960's, needs reappeared in the Air Force to improve
the qualitative stability approaches of earlier systems. Accordingly,
overall development approaches evolved in the later 1960's which sought
to form a quantitative basis for engine stability margin allocation and
utilization. Programming approaches and time phasing to accomplish
these objectives received significant levels of emphasis and support.
However, one of the essential tools required for accomplishing these
objectives was identified as the urgent need for improved engine sta-
bility testing criteria, techniques, and procedures. An extensive 3-
year Air Force program was created to accomplish this need. The
results of this program demonstrated that engine stability testing could
result in quantitative assessments of turbine engine stability margin
elements for defined sets of propulsion system interface operating con-
ditions. Also, methods for characterizing inlet flow properties were
identified, thus yielding methods for stating physical, measurable param-
eters for system development testing criteria.

The full relevance of currently available stability margin testing
capabilities is discussed in Section VII as an integral part of an overall
time-phased approach to developing operationally suitable engines.
Programming approaches referenced in this section form the basis for
incorporating engine stability margin testing into development program-
ming and time phasing.
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SECTION VII
DEVELOPMENT PROGRAMMING APPROACHES TO ESTABLISH

INTERFACE CRITERIA AND ENGINE STABILITY MARGIN TESTING

7.1 INTRODUCTION

As interface development approaches evolved, it was necessary to
establish engine testing techniques and procedures in order to enlarge
engine stability assessment capabilities. It was further recognized that
efforts would be required to define physical and measurable interface
parameters for such tests in order to provide criteria and functional
definitions suitable for testing purposes. These definitions and capa-
bilities could then be integrated into propulsion system stability devel-
opment approaches and design criteria.

As part of Air Force engine stability testing discussed in Section
VI, definitive interface parameters were established, and the feasibil-
ity of assessing turbine engine stability margins was demonstrated. In
addition, testing criteria, procedures, and techniques were documented
(Reference 27).

Utilizing the experience gained from this program in combination
with established stability programming approaches (such as Reference
2) it is possible to organize and define inlet-engine criteria during early
development phases. Defined test methods and procedures offer a basis
for establishing a uniform and systematic interface data handling system
between engine and airframe development efforts. Further, an approach
is provided for deriving and defining interface operating functions for
parameters and conditions that can be achieved in engine development
testing.

For engine teeting phases, an array of testing techniques and pro-
cedures is available for selection and appliqation to stability margin
development. In the appropri.a~e development phases, engine stability
margin testing can be accomplished coincident to mission operating con-
ditions specified for a propulsion system. Such an approach provides
a logical extension of engine component stability development efforts
into engine development testing and assessment processes.

This section presents the time-phased planning approaches to define
the interface, the form such definitions should evolve to in order to be
tested, and finally, the programming considerations and steps for incor-
porating engine stability margin testing into a 1-evelopment program.
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7.2 TIMING AND PROCEDURAL CONSIDERATIONS TO ACHIEVE INTERFACE
DEFINITION

The time at which engine stability margin requirements must be
established is during the systems definition phase as shown in Figure
VII-1. Efforts leading to contract definition were initiated some months
earlier in systems study and advanced technology phases. In the ap-
proach depicted, steps are directed to matching inlet flow character-
istics with engine tolerances at required mission operating conditions
so that analyses can be performed on compressor margin allocation
and utilization rates or quantities.
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Development tools avaLiaole in this phase consist of the following:

Airframe - Weapon system and propulsion system requirements
Systems engineering and analysis of configuration
Scale model inlet testing and analysis
Computer data handling and modeling techniques

Engin - Available technology to address propulsion system requirements
Engine component rig test and analysis
Demonstrator engine testing and analysis
Computer data handling and modeling techniques
Stability audit and screening techniques

In order to use these development tools effectively for establishing
inlet-engine functional definitions and development criteria, it is first
necessary for engine and airframe contractors to establish a data han-
dling and transmittal system. For this system, procedures should be
defined in the areas of testing, instrumenting, acquiring, and reducing
airflow data for respective inlet and engine developmcnt test effort.
"Upon this basis, the methods and applicability of stability accountingfprocedures and inlet flow screening parameters should be coordinated.
Propulsion system operational and hence engine requirements should
be identified so as to specify such items as engine transient require-
ments, customer power, and bleed requirements for mission interface
operating conditions.

By approaching and entering the system and contractual definition
phase (Figure VII-l), coordinated compatibility test and analysis data
procedures for scale-model inlet and engine compression systems can
be utilized to derive and define interface criteria. This process con-
sists of iterating inlet flow characteristics, compressor characteristics,
and engine operating requirements for sets of projected propulsion sys-
tem operational conditions to determine areas requiring engineering
development emphasis. Engi'ne compatibiiity analyses can be concen-
trated on systematic definitions of propulsion system functional opera-
tions for stability considerations. Examples of such compatibility anal-
ysis techniques can be found in References 28 and 29.

From an engine development standpoint, the interface becomes de-
fined in sets of projected mission operating conditions providing an in-
let airflow rate and flow characteristic coupled with defined engine oper-
ating modes. For such cases, the engine compi-ession system must
allocate sufficient margins to allow for inlet flow destabilizing factors
as well as those internal factors shown in Figure VI-2. Complete defi-
nition of the interface consists of physical and measurable parameters
describing the inlet airflow rates and quality delivered to the engine
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and the engine operating conditions corresponding to some given flight
conditions.

Inlet Development Interface Compressor'/Engine Development

S neIae ~I I
Minifual 2Station 2

Flow Mximum"
Engine Flow Margin

I AlIlocation

~ ~4ngWe of
A ttack tlato- low Chara=cteristics )

Mama Flow Ratio Airflow
I I

S3yaten Operating Requirementa [EngIne Operating Re~umenhta

(,.t. RTea.t~i andAnasi

Interface Criteria Selection

Figure VII-2 Typical Interface Development and Definition

From this type of analysis, test, and data exchange system, sets
of operating definitions can be derived through compatibility analysis
efforts between engine and airframe contractors to arrive at a systems
compatibility baseline and development criteria. A finite number of
such definitions should be placed in the appropriate section of systems
specifications.

7.3 DATA NEEDS TO ESTABLISH AND DEFINE THE INTERFACE
FOR DEVELOPMENT

A finite number of inlet-engine interface definitions and system
functional conditions must be established for engine development and
test verifications required by Air Force model specifications. Oper-
ating conditions selected during system definition must be representa-
tive of projected propulsion system mission operations for which the
characteristics of inlet flow have been defined and factored with engine
margin allocation and utilization rates. The assessment and establish-
ment of these conditions should be indicative of the matching and qual-
ity levels required of inlet and engine stability characteristics for

specified mission operations.
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In order to develop and establish interface criteria suitable for in-
corporation into specification processes, a suggested interface check-
list and data forijiat is presented in Figur(:s VII-3 and VI[-4. Once de-
velopment is initiated, continued efforts will be required to maintain
the interface data exchange system for the types of data depicted and to
maximize the applicability of such data for development purposes.
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Figitre VII-3 Typical Interface Check List for Contractual Criteria
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Figure VII-4 Typical Interface Data Format
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7.4 PROGRAMMING ENGINE STABILITY MARGIN TESTING

Programming considerations for engine stability margin testing
are depicted in Figure VII-5. At onset, interface functional definitions
and development criteria are established. Further, the figure reveals
the importance of interface data handling systems between engine and
airframe contractors for the exchange of stability test and analysis
data during system development lead time. The importance of main-
taining this process cannot be overemphasized if proper definitions of
inlet flow quality, system operating functions, and engine margin al-
location/utilization factors are to be maintained and effectively utilized
in systems development,

Dasta Exchangea s Stability Margin Testing

Inlet Development

-1/6-Scale Inlet 0 0
-1/3-Scale Inlet F ir's Backup Test

Full-Scale (3 Flight
Inlet-Engine Flight V

Engine Development 36 Vacth

GoAed*2t 8"4to i& •36 to 48 mon thu

F~ni~cPcrorceePT76 MQT

l ~INterface DeltinltiONEngine/Compreseors

Margin AlIlocation.

Vistortlon Tests -" Update Upd Updat Ventf

Dy•namic Dieulattons A• ) "' p)• Update•Stability Test Tesitiques A

Engine Stability TestCn3 _n _________

Stability Audits - •/ *A ,~ / ** *

Figure VII-5 Typical Stabiity Development Programming Considerations

General engine development programming considerations should
include time-phased engineering and test resources to develop and re-

fine stability characteristics of engine components and the complete
engine to functional requirements of a propulsion system. Through
such planning, an engine can evolve through component technology in-
corporation to a "maturity level" satisfactory for full engine testing.

yAt that time, sets of installation needs can be addressed more fully. A

mance and stability assessment and refinement efforts. This tool con-

sists of the engine environmental test cell shown in Figure VII-6. Such
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a test cell provides testing capability to examine and define engine oper-
ating characteristics under conditions of "clean ope;'ation" as well as
those occurring under required propulsion system operational modes.
These test cells and engines accommodate high levels of instrumentation
and specialized hardware for both performance and stability testing
objectives. In suitable environmental facilities, ranges of test condi-
tions are available to duplicate the interface conditions and functional
operations, involving the rates of inlet airflow, engine power level,
bleed, horsepower extraction, and altitude ambient conditions of a pro-
pulsion system. The utilization and application of this capability reflect

the importance of achieving sets of propulsion system interface criteria
in physical and measurable terms.

Interface

Environment -CEnvironment

Figure g T Tanation Ruen t snd
For/speified interfa Cberdcteriv•op to c t i anrume to

developmnt testng sequ nce Ishouldntaincld stbiiy aritstn

esalsigh /eurJed tequirementg , cocnfligtions 
n roeuest/u

If///////]• O.24ll min Inte='prtatlo •/0? //i/i

Figure Vra-6 Typical Test Configursting Coordiationan Requirements

For specified interface development criteria, a number of engine
development testing sequences should include stability margin testing
phases. From Figure VTe-5, general timing needs are addressed for

establishing the required testing configurations and procedures to du-
plicate interfa 'ce conditions. Testing conifigurzt ions and procedures
can be selected from those available in Reference 27. In each case,
interface conditions must be iactored by engine contractors and the
Air Force to select the test conditions, hardware, and procedures
most appropriate to assess engine stability margin allocation and uti-
lization. These items are also depicted in Figure V11-6.

Engine statlility margin testing should be oriented to developing

and defining engine characteristics in an organized and controlled mnan-
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ner. For example, it is essential to document and understand clean
engine operating characteristics prior to seeking the combined effects
of the installation such as inlet flow distortion, bleed flows, customer
power extractiun and time-variant rates. An incremental approach to
interface operating complexity will lead to proper accounting for these
combined variables, if testing phases are properly coordinated and
scheduled from clean baseline testing phases into those encompassing
;nstallation effects.

7.5 ENCINE STABILITY MARGIN DEFINITION AT QUALIFICATION

Engine stability margin testing during systems development pro-
grams provides a quantitative accounting system for refining and veri-
fying margin allocation concepts for projected systems operations.
These testing and evaluation phases can be accomplished to determine
margin availability and subsequent allocation to each destabilizing fac-
tor present for a particalar propulsion system op'erating condition.
Data from such testing can be used for stability development tracking,
margin audits, and engine computer modeling techniques.

Programming emphasis on interface criteria and stability margin
testing during engine development and prequalification testing phases
can be utilized to Lomplete definitions of engine stability characteristics
for finalized flight engine configurations. This sequence of engine sta-
bilit, margin testing can be utilized in evaluating engine stability margin
at qualification, Properly defined engine compressor performance and
stability characteristics data applied to the qualification engine configu-
ration can be utilized to establish this test sequence without increasing
test procedural time and complexity. With proper engine configurational
and operational definition occurring, a verification of engine matching,
controlling, and loading is accomplished during normal qualification
baseline performance testing phases. Some slight increase in test scope
is required during this phase to confirm engine internal transient char-
acteristics such as time rate-of-change of inlet airflow and compressor
speed-flow-pressure- ratio relatioships. Upon verification of engine/
compressor characteristics, limited sets of inlet distortion character-
istics specified in interface criteria can be tested at the specified engine
operating conditions to verify margin allocations for distortion. A gen-
eral example is shown in Figure VII-7.

Several significant benefits are pussible for programs effectively
utilizing engine stability margin testing and qualification: (1) For a
defined set of interface functional parameters,it is possible to deter-
mine margin utilization quantities for each destabilizing factor present.
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(2) Engine computer modeling techniques can-be improved based on data
inputs from tests conducted under projected systems interface opera-
tions. (3) Developed sets of engine stability characteristics and cor-
relations to flight test data are possible. (4) It is possible to drvelop,
qualify, and deliver an Air Force engine with defined stability nargin
levels for projected propulsion system-operational requireme; ts rather
than arbitrary or generalized stability utilization factors.

Altitude - 40,000 ft Engine Settings:
Mach No. - 0.8
Bleed - 3 Percent a. 90w/f-e
Horse-Power Extraction - 45 b. Max N/'f8

c, Accel-Decel (90 Max)

Inlet Flow "B"
(From Interface
Criteria)

Clean
Inle Flo "A"_•£r•"-- Surge
Inle Flo "A"Line

(From Interface
Criteria)- Surge Line Shift

Due to Distortion

0

k •/Clean
.-4

SkAccel

s

----- Development or Qual-Aosurance Engine (Clean)

SDevelopment or Qual-Asourance Engine (Distorted)
Slorge Lino Determined by Throttliug

-- ccel-Decel Trajector'y (Clean)
Qualificatoia Ongine (Clean)

A Estimated Surge Point (Tested Stall Free For

Repeat of Inlet Fl.ow "A")
--- evlopamevn orQued al-rngine oierances (Caron

Development Testing DatA and Dynamic Model)
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Figure VII-7 Typical Engine Stability Margin Determination
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7.6 SUMMARY

Approaches leading to interface definition have been proposed based

on the incorporation of recent Air Force engine stability testing experi-
ence into stability programming approaches. Further, an array of en-
gine test techniques is available for the selection of applicable testing
procedures to specific engine stability testing sequences. Program-
ming steps have been proposed to !incorporate engine stability margin
testing into engine development testing sequences in a time-phased
manner in order to develop and define engine margin allocation and
utilization rates. This stability testing process forms the basis for
engine qualifications of Air Force engines through development account-
ability of stability margin data from earlier development and qualifi-
cation assurance tests. These test data allow for the verification of

stability margins of candidate qua,,-ication engine configurations.

SECTION Viii
SUMMARY AND CONCLUSIONS

This report has endeavored to depict Air Forcc history and experi-
ence in developing operationally suitable engines and propulsion systems.
In the years following 1945, propulsion system stability evolved into a
large and continuing problem in the operational suitability of advanced
turbine engine propelled aircraft.

In some respects, the approaches to engine and propulsion system
developments have passed through three overlapping phases as shown in

Figure VIII-l. In the first of these, there was little or no basic ap-
proach to inlet-engine matching beyond airflow rates and pressure re-
covery.

During the second phase, a generation of advanced systems and en-

gines surfaced with more stringent inlet-engine flow matching needs for
development. Ensuing approaches incorporated qualitative analysis and

testing procedures, which, unfortunately, did not lead to stability ap-

proaches and definitions in quantitative terms. Also, during the second

phase, ground testing facilities became available but lacked testing defi-

,nitions and experience in stability-related testing. Toward the end of
this phase, engine distortion limit concepts came into being seeking gen-

eral utilization factors for engine stability margins. Stability margin

tests were not required for engine qualifications during this phase be-

cause of a lack of development criteria and test standards.
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Figure VIII-1 Significant Intfrsace Approach Phases and Events

As advanced aircraft continued to evolve in the early 1960's, a new
problem arose in the interface area involving turbulent inlet airflows
or fluctuating total pressures and their effects on propulsion system
operation. Therefore, a system of already nonstandard data and quali-
tative steady-state approaches become completely inundated by the huge
quantities of data from high response instrumentation employed in pro-
pulsion testing.

In the third phase, new stability programming approaches evolved
encompassing testing within systems lead times, and efforts were di-
rected at quantifying system stability factors early in development.
Still, the area relating to interface criteria and engine stability testing
procedures lacked definition (see Appendix XVII). Efforts were initiated
in the late 1960's to develop solutions to these needs. Ensuing testing
demon trated the feasibility of assessing engine stability margins for
defined interface and engine operational and/or functional conditions.

In short, the adequacy of past engine stability approaches to pro-
pulsion system needs is reflected in the large number of flight revealed
problems occurring since the mid-1950's, requiring extensive time and
:costly efforts seeking solutions Zo the interface stability problem.

In the future, matching inlet and engine can be expected to remain
an, engineering development task of considerable size and complexity
for advanced high performance aircraft. This general trend to match-
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ing is shown in Figure VIII-2. However, by combining the quantitative
or stability margin element approaches that have evolved in recent years
with the advances in engine stability margin testing techniques disculssed
in this report, engine stabi!V'y development approaches more responsive
to basic Air Force engine needs can be established.
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Figure VIII-2 Inlet-Eigigne Matching Trends

Since all development programs vary in complexity, time, and re-I sources, engineering judgment will always be required to implement
and refine the basic approaches such as those proposed in this report.
But the potential for engine development approaches quantifying and
test verifying stability margin elements through development and quali-
fication can be attained with the proper degree of development emphasis
and effort.
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SECTION IX
RECOMMENDATIONS

1. It is recommended that Air Force engines be qualified to opera-
tional suitability needs established for the propulsion system,
i. e., engine stability. It is further recommended that a stability
margin assessment be made an integral part of engine qualifi-
cations.

2. It is recommended that interface definitions be established during
contract definition no later than program onset. These definitions
should be established so that all parameters are stated in physical
and measurable terms. Further, such terms should reflect the
mission operating functions and conditions rather than arbitrary
limits or correlation factors. Instrumentation, test procedures,
and data handling processes should be formalized to the degree
required by the Air Force.

3. For Air Force engi - source selections for aircraft, it is recom-
mended that the interface conditions selected for engine specifi-
cation purposes be throughly reviewed. Further, overall develop-
ment planning and phasing of engine development efforts and test
programs should be evaluated in the area of stability development

:I steps and qualification resolution programming.

4. Continued support and mainenance of the Air Force test center at
AEDC is recommended. Resources, engineering coordination and
test support can provide the Air Force a standardized test base in
testing techniques, procedures, and future refinement. It is in
this manner that development criteria and engine testing can be
maintained to Air Force needs.

5. Continued support of basic research in the areas of propulsion
system flow and compression systems stability is recommended.
This in turn provides a continuing technical basis for improving
and updating exploratory and advancea development efforts for
turbine powered propulsion systems.

6. Military standards, design handbooks, and specifications for pro-

pulsion systems (inlet and engine) should establish refined inter-
face formats incorporating operational functions and definitions
in physical and measurable terms, to establish criteria coincident
to projected system flight operational conditions.

7. The resources required to conduct a propulsion system develop-

ment program to flight shot:ld be considered. A stability develop-
ment effort for advanced high performance systems will probably

Wag-",::•-, ,. -- ' " • - ", %9" "•,• , ...
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appear large depending on complexity. However, the resources
required for such efforts should be considered relative to the
large penalties in costs, operational capabilities, and deploy-
ment schedules that have historically occurred in the past.
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wa 19 woy 195I.
At~Ia 1t Col. uew Kom V ('eOn Late!/ef

1.ft the Po"4e1t MON1tv vO Arfi 03qmpewtsin~ extis diffiicualty %ith t~.o
aiwframe.0uLzwn conbinstiafl, liraely the re--alt of due% dor~teo~ncy in the F- Air~"
frans. These Aaficienoiv6 Jeo~Wdia. 40i en~itu ".* ?rZr. It ii' as!.ftenia.2. U'

UADlC touher M1y Lwetiqt V th preset situ42tiras t~o aE*Ure that ev'4ry effort rbing
take by 1,A7,Cs ?Kc~onnefl sksd Pratt h~Whitney to rcasol thi4 Vroblia at, the t riiast.
praeticald e

2. Xt me-sa -V;porsnt Q%4 we hae' it-ivvd at this sAtuation !!n a ro-zalt of
improper p~innizaE. If$ at the earliest pooaibla point In the devolopmsen plazi prow
vuiolon# nad boon 'w~a ret sbooougzb testi;V of the dhact-or&,ine comblnn Lion, necesaray
duct desuip ch-tn,-s ecould poauibV. have been vi.ýb prior to airfra'w p'od~actione In
ay eventa bad thiii earxy ea-*ing of ton dauL calA eWnoI been rcohshedaW us w'pd not
be In as verimsa a cosditioza no we fWn ouraolves at the nafnt.i

3. 'cooriingly, urin.n the 7t Sitiuatina na OzEMlple* It In r~ft PIU th. t
we think thro&.'h -ýhio piebui. of a~rwi~4 of the duct and tia mn.zIna at An a.-rly dato
In devlopmesnt proyraas £br fu~ture weapon qytja The FOXIis A jo- oau.Via in WiLB

ho. It io de*iwiado theteobr., that j'wa act as Chnirn-z of 4% te.S(p-n -'ystems
Di,,estente Gvoup, cosi-itin~ of Sndiwidua1U from your offlosa tim FIgh~ar Division#
and Um F. Project Otto., to asest with a atallar working~ grouap of tiw Power Plant
Labwatary (coatuiit Colqt Appe4d to obVai &-m of Power Plozat X..b LJiaira..un) to sccab-
plish the follwings

a. Thorough4 examine ow present duct-anciwi ccitu44Ljf rOg.tri"- dii. t.
oddetamize uluit :asris'ea co.n be t.aken to .jxpeditep an a prLariV~ bosies, the ipolia-

tims of this a pobieas

be Umelop, plaiming fz*Um' from the bamid of our experienue with the F.
to be utilAWe in dr~elopmsf plannift for £,aturin weapon syrctena to Un-wo tha. thlo.
vr~bLeu uie61 b.- iiidided on the* tuswo %-Apon 4rbe-..

a* Frorl4v for Oenoral Wwcoen un-i x~ooU. at the .artleat possible d-tas a
Joint briefing on your -nUftags mle a* stvi. be ebove.

cot " CaGonCem. aIfMYO.LL M4t;,TE',JRA
1JCLM Opnen pamuse BrtgoAda Oemt nIi, U'LAF
WCLP, C4el. Appod Dir'ector i~f Visopon fy tows
sicP, Col. F LSWti
W'C SFO TA Go3U. PhIUSpe
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Appendix I I

Aircraft Laboratory Comments on Engine-Inlet Compatibility,
15 July 1955
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15 July 1955

AIhRAFUT LABRAT0RY MZC~i41S

manm-IexTOOMPATABILM~

The advent of turbojet powered aircraft greatly Inreassoe the Importance
of Internal flow considerations in aircraft design. The largo air flew require-
ments of turbine engines and the resulting large volume requirements of ducting

to supply this air, meant that the aircraft configuration was more than ever

before influenced by the engine installation. The aircraft design3re in design-
ing a turbine powered aircraft, considered nmary items in choosing" an inlet duet
.designs soma of which are listed belowa

I Dreg
IX Duot volume
III weight
IV Equipmsent placement
V Total pressure recovery
VI Total pressure distribution
VII Complexity

The aircraft designer choes the inlet design which resulted in the beat aircraft

perfoni•nae chberacteristios for a particular set of requirements. This decision
was based on the best Information available at the time.

The airframe manufacturer could of course, directly estimate the effect of
Items I tbru IV on the aircraft perforxmnoe, but he was forced to rely on the

engine ranufacturer 2or data to determine the effects on engine performance of

Wnlet duct total pressure recovery and total prescure distributions The engine

manufacturer furnishod sufficient information, in most cases, to adequately

evaluate the losses In engine rbrust and fuel florw fov inlet total pressure

lossos. No informations however, was made available by the engine manufacturer
*a t effects ot total pressure distribution.

The engine manufacturers, when queried aa to the compressor face total

presure distribution limits in their engine speciftication, stated that the

limito wore essentially arbitrary numbers designed to make the engine user aware
rthat pressure distribution was something to considers but that they had little

Idea of whet the limits really should bet The engine manufacturers sole concern

was the effect of pressure distribution on oompressor blada stroesen.

The inlet designer is faced with many difficult ;roblems. Inlet lips, for

instance, must operate satisfactorily over an angle oftattack range exceedian
180O* Tais largo angle of attack range is aaueAd both by airplane eanglo of

attack ean inlet mass flow ratio. Thoreforoe, to prevent lip separation, undor

all flI•ht conditions. would require a lip In the shape of a bellmouth which

would be oopletsl~y unacceptable fre,, a drag viewpoint.
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Sio Unilots, %rhich have come In.Q use becauae of the electronic roquiremento
on certain aircraft itLd bocauve of the doereased duct voltue, can havi an inhor-
ent prosssro •i•tribution at the inlet duo to the effect oZ ti-e fovinxrd futolrel,
oven when completely :liuutinu the fucelage boundary layer* Yii addition, side
Wulets Senerally nccesultato the presence of duet bends, the smallest or vhioh

will disturb the flcof to wote extehtt

The engine tmmufacturers have,, and still arc, spocifying total pressure
distribution li•its which .vro impo-.nible to Liot for oll flight conditions. One
engine r nureeturor who ban rather stringent distribution luiits adnitted that A
not oven his fly•ig test bod mot the roquirements undor all conditi.ns. Further-
Mro. only one engine ijarufanctturc h"o nade some allo.iance for duct boundary Mtr
in these liraitvb. Tho cn•jinro users thoreforo have taken tho attitude that on
arbitr•ay, qnroeastio rquirem7nt is no requirement at all, and havc therefore
given very little cmphasib to pressure distribution In the past.

ioecent exporience with tha 3XX engine has demonstrated that the tendency
of a turbojet on.ine to stall or a•'•ge can be adversely influenced by drereasiin
the Reynolds Number and/or Screasing the pressure distributions. Engine stalla

uan soriously reduce the coxbat effectivoness and even causo structural failure
by causing tiu.paeronic duct "buizu, and tbnreforo M8st be avoided*

The proeent ansino stall problems are being solved by several difterent
approachoa. In one eavo the aircraft manufacturer eolved the problem by .Aking
engine control changes. Compressor modifications hare also chovAed improvem.onts
as havo some inlet mo4fications. Unfortunately very little can be done reoard-
Ing Reynolds Ewmbor.

The JXX ongino experionce has clearly Indicated that correlation of total
pressure distribution does not adequately define the effects on enine stall
margin. Such factors as the amount of area influence by a high or lo total
pre3sere region, tho location of a preosuro distowtioq, the typo of press=o
distribution, oin Croatly Influence the ongine stall nxiegn. To date, no satir-
factory co'irolption exists which oequately defines the pressure distribution
effects on engine operation. Until this correlation is ectablishe4, the airfrono
tmaufecuzrer connot possibly dotermine throuGh wind ttinoel tests Vhnt duet
geo.eetrios are required to assure stall free comprossor oparation, other than
compromising the entire airplane and providinS a belluouth at the cngine face,

Sinoe the engine comojmy Is the only organizatioV h.•ch has nowledge of
the internal engine perrormance characteristics, the ri-rraoo m inufacturer has
no init-ial knovledi: of compressor stall sensitivity. Even static testinm of
the ongino with the inlet duct dooes t cover engine .erfoax.mnce at bhig' values
or reforrod tnSine speods nor is the effect of PReynM Ntmnbar deternined. Only
Vhen the a1.'cr-ft I;ns f.olm with a Iartleulcr engneo and covered the ompleto
rvze ,f eirj.)srme pe'fon a p.c , ¢Abilitle&, is there any indloceticit of the
merJousneos of a"y comprotsoer stall problem.6
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The better the airplane Is, the more likely It is to run into compre3sor
stall problems, For exzaples the greater the vaeneuverabilitt, the Greater the
magnitude of inlet disturbanoesi the higher the ceiling. tUe greater the adverse
effect of Reynolds Nwuberl the higher the rate oi: climb, the greater the tendency
for any speed senoing controls to lee behind; and the broader the Speod reuige,
the greater the opportunity for the duct flow requiremonto to bcoome mismatched
with compressor flow requirements.

In order to prevent the reoccurrence of engire stsll problems it would be
desirable to accomplish the follow'ing items.

Il Increase effort to determine a• correlation between pressure distribution
parameters and compretssor stall margin.

II, If no adequate correlation can be found, each eagino Should be qualified
by tests to determine its sensitivity to pressure dietribution parameters.

III. The information In I & II should be travslated Into terms of Otrade-
offN data and given to the airfreme manufacturer so the': be may arrive at an
opticum compromise for his particular alrcraft.

IV. Continued emphasis be put on inlet research end develoltuent,
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Appendix I I I

Extracts from:
1. ARDCM 80-1, 1953 Handbook of Instructions for Aircraft Designers
2. MI L.E-5007A 1951 Military Specification, Engines

MI L-E-5008A 1951 Military Specification, Engines
MI L-E-5007 1949 Military Specification, Engines
MI L-E-5008 1949 Military Specification, Engines

3. Typical Proposal Data Covering Air induction System
4. Typical Preliminary Air Vehicle Specification

Specifying Air Induct Systems
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AR DCM 80.-1
JAH 65

16.6 ENGINE AIR-INTAKE SYSTEM A short si-induction system is preferred. Where a
choice must be maede between a long tail-pipe ex.

16.60 GENERAL tension for 1he exhaust system end a long rngine
The engine air-intake system of the power-plant air-intake iptem. the sacrific~e of induction .syk'mr

Installation includes the necessary duets, scoops pas- performance msust be accepted because of the larger
sages. chambers, etc.. which obtain ambient air and penalty Imposed an engine performance by tail -pipe
supply this air to the engine for combustion of the length. ti', high weight-per-unit area involved in
fuel. Anti-icing and deicing provisions. antidutst dc- limiting the kinerent fire hazard of the tail pipe and
vicea. and any other equipment employed in or near inspection. anintenancc. and replacement considera-
the intake ducts for the purpose of restricting, modu- tions. Special consideration must be given to locating
lating, filtering, heating. or cooling the intake air shall and positionin the air inlet in on area where there
be considercd part of this system. is little pnribility of entriaining foreign partides

thrown up Uy the wheels of the aircraft.
16.61 DESIGN OBJECTIVES

The effect of aerodynamic design of the engine 16.62 GBE~rAL DESIGN REOUIREMENTS
air-intake system on turbo-jet and turbo-prop type 16.620 'Ceisutruction DeSign-The inilet and sys-
engine pecrformaince is of considerably greater Jim- tem ducting sball be of suff'icient strength to with-
portance than for reciprocating engines. The optimum stand tj.-4, maz~snum pressure depression encountered
aerodynansir- confi-guration of the air-Inlet and indtae- at inaximuni engine thrust with the aircraft in stft!ic
tlon-aiyotern dueling can be achieved only by exact condition. Is addition, the strength shall be sufficiuit
analysis of the system requirements and parallel to withstand vibratioas produced by air-fiow vo.ria-
study and comparative wind-tunnel analysis of alter- tichs (whiichA may exceed the strength required to
nate dealgns.The various mce-its of duct and inlet w*ithstand pniswre diftercaitials).
configurations of different design and location depend .Flush-type siveting shall be employed for the in.
primarily on the type of engine installation employed tornal suiafass of iih ducting in the system.
In the aircraft. The critical nature of duct sn n Conatructiass components which many vibrate loose
trance configurations in reg~ard to the effect of Com- and enter the ssigine should not be enmployed in the
pressibility and normal energy loases at high Mach eniesr-ok ytm.Ithrueisnaidb.
snumbers makes evaluation of the engine air-intake aequate sairgin g of esytem.pIfthi s is uob onavoidable.
systemn by indiv~dual performance testing imperative,. dqaesfbn fec ati ob copihd
Socne guidance In the selection of inlets and ducting All pertineet data and drawings of duct qUiLle dis.
moat suited to the various installation configurations connects shafl3e submitted to the Air Materiel Coin.
11I prowided by the documents referenced in chapter 1, mand for appgvel prior to incorporation in the air-

* There ore several approved methods avallasbie for craft.
eomputing the effect of the air-induction system de. 16.621 Coitrol-Air-flow control by means of
21tn an ai.-craft and en-4ne performance,! Poe thisi variable entraessc or "suck-In" doors mey ;rove of
reason, no sp:-cific me~thod will be recommended here, value for sontr power-plant installations. The per-
The designer may use any rational method for calcu- forinance etinirates and design details for these de-
latinz performance. If the mecthad selected hasi been vices shall be submitted to the Air hiateriel Comn-
published, a -repork which explains the method in A e. mand for appraval prior to incorporation in the air-
tail shls-ild be forwalrded to thc Air Materiel Corn- craft,
niand fcr epproval .(The approved methods men-
tiuied above are listed as tcfererw-es in chapter 1.) 16.622 Shism-off boors or Volvoe$-Air inlet -shu, .

emplyed the off doors or uwlves d~esigned for the pwpx~~ of ce.
Areport describing the methods empoy d ad h ducing the dral a msociatetd with an inop~erativ~e engsine

results c'btolncd in the performance tes-ing of Ithe by preventing Afirneillino: of the unit :i-ty be desir-
engine' air-mnt i1ee system shill be forw&aced to the able for multime-.',ne aircrall. This festure is elpecially
Air MNlaerici Commnand for approvial. applirable to multieniine, :ofiz-rinfl*: oircf-aft i:,r

in the design or planning stage of the eri-'ne which a titueI on aixecilic fuel CC;1bunm)1 ion Vs.
air-intake system, consideration miust be g~ven engtinei servimAIP! prove~s part~iil-Ctt~iiwe oper-
to the location of the air Inlet to insure that the ation mart- moinonsicrl and e!ffcient thasi con-
selected rh~sltion is in an area of satisfaictory linuous toial-engineopcratioisata rckluedl.inwer.
air flow patterns -and boundr nyer character- PertinecnL thta and drawings of uI~r Inlet gshut-istics at all attitudes ano =odtlions of oper I tion ofdoso avssalb utiItdt ed

for whIch the aircraft is designed.of 0riovle.al babntedoha-
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ARCXA ZD-
APR 53

quarters, WrightAir Development Center prior (3) U the screen Is composed of more than
to incorporation in the aircraft, one segment, each segment shall be capable of

Independent retraction when any other segment
16.623 Ice Protecton Is restricted in the extended position.

Theentrance to the aRr. induction system shall (4) Precaution shall be taken to Insure that
be protected •qatnat ice formation and build-up. the screens, when extended, do not become in-
This Is considered necessary because of the operable due to icing conditions.
severe power losses associated with relatively (5) The screen shall have sufficient strength
usnall disturbances to engine air flow. to stop a 50 cal. cartridge case at a relative

in addition, all airframe parts in the air Indue- impact velocity of 600 ft. /see.
tion system, such as engine accessory covers
or air duct valves, subject to collection of Ice b. Performance
shall be protected. The meteorological design (1) With so blockage of the screen effeetive
conditions shall conform to Specification KIL- area, the screen shall be capable of retracting
E-5007. Intiur-e second& against the air flow encounter-

When an ice accretion meter is not furnished ed at 100% engine power and maximum speed
withthe engine, an Ice detecting device shall be of the alrcraftat any altitude up to andi nskdarng
installed in the air inlet duct and connected to a the service ceiling of the aircraft. Retraction
suitable indicator light. Cyclic operation of the time shall not exceedlive seconds with l/3block-
indicator light will furnish the pilot with an bi- age of the effective area of each screen segment.
dication of the rate of ice formation. The screen shall be capable of completing 3
16.624 fvj Ptote. cycles of operation from extend to retract to

Dust protection for the engine is considered extend in 5 minutes.
adequate lithe air Inlet is not located In a high- (2) The Was in avail--he engine thrust with
dust-concentration area. For ground use, dust the screens in the extended position shall not
plugs shall be provided for each air Inlet, and exceed 3% of tw availab!o engine thrust with no
allmeansconsiderednecessaryshallbe taken to screens installed. Tne loss of the available
prevent damaging the induction system by inad- engine thrust with the screens in the retracted
vertent operation of the engine with theme plugs porltion shall mot exceed 0. 5% of the uvallable
Installed. engine thrust with no screens and a smoothly
S16.625 inlet Scem. taired duct.

When retractable inlet screens are not pro- U3. VM5S
vided with axial flow engines, the airframe The recommended flight and ground test pro-
manufacturer shall mount a retractable screen endures for turbo -jet and turbo-prop type power-
in the Inlet duct of the aircraft in accordance plant installations are detailed in Memorandum
with the following instructions. Report WCN-i-525-460. This report includes

testing procoderes for the induction system.
* a. Design and Construction

(1) The size of the screen openings shall be
such as to prevent the entrance of a G. 25 inch

-sphere.
(2) Nopact of the screen or screen actuator

shal ext~iid into the duct when the screen is in

the re'tracted position. Any object collected on
-the screen shall be reirnid durin.t retraction

-and extenai.'n nt the screco a,'d slhll nit enter
theengine under any cordtecn of aircraft oper-
ation. The screen recess ifor the retracted
screen) shall be designed such that there is aS7/6" clearance between the fac.e of the screen d
recess and the lace of the screen.

I .
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MIL -E- 5007A
P27 JULY 1951

. Uperned ne

MIL-E-5OO?
19 July 1949

SMILITARY SFECIFICATTON

WINE.S, AIRCRAFT, TIRBOJET, GENERAL SPECIFICATION FOR

SThis specification vas approved by the Depattr~tns

of the ArmY, the Navy, and the Air Force for use of

procurementC services of the respective DepartmentS.

3.19.3 Inlet Air Pressure Variation.- The eattjiated radial and circumferential

pressure 4i~tri 'iit shalTbe specified in the model specification.

MIL-E- 5008A
27 JJULY 1951

ipers•eng

I 19 July 19149

MILITARY 8PECIFICATION

INGINES, AIRCRAFT, TURBOT, MODEL, SPECIFICATION FOR

(OUTLINE AND INSTRUCTIONS FCR PREPARATION)

This specification was approve4 by the Departments

of the Army, the Navy, and the Air force for use of

procurement services of the respective Departments.

1-.19,3 Inlet Air Pressure Variation.- The estimated radial and circuJere]i.lal

trilt air pres• Ts ahall be as shown en curve _ 0 (The con-

tractor may shom these limits in othrr than curve form.)

"Ix
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MIL- E-5007
19 July 19I19
Supersedine} ~AN-E--30
Uh june 1946

II.L1TARY SPECIFICATION

MINhES; OUNERAL SPUCIFICATIOU FOR
AIRCRAFT TURBO-Jh6r

This specification "as approved on
the &'4ove date by Joint action of
the Air Force and Navy Department5
for use in the procurement of aero-
nautical supplies.

3.22. Inlet ,air ressure variation.-. The estimated radial and circumferential
preasure distribution lmyits shall be speciied in the model specification.

MIL-E-5008•). 9j.uy1949

Buperseing
AiN_&3l
14 June 1946

WTMYSPEIOFIChTZONi

3MII3ESj lIDEL SPECIFICATION FOR AIRCRAFT TUMRB-JEr
(MUrINE AW IIKSTRUCTIONS FOR PREPARATIOen)

This specification "as approved on the
above date by joint action of the Air
Force kLnd Iavy Departnents for the
purpose of establishing standard
aeronautical practices.

5.22.4 Allowable Inlet air pressure variation.- The estimated aflowable
radial and circumferential inlet sir pressure distribution limits shall be as shown an
curve _ (The contractor may show these lim•t in other than curve

76
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3. REOUIRD.EHTS (Cont)

3.12.3 AUX!Liary Propulsion Unit: Not required.

3.12.4 .Engn..•JO_ .eAessories: Two hydraulic Pumps and one d-c
generator shall be Installed on and.driven by the engine.

1.12.5 Air Induction System: Air inlets, with boundary layer
bieedsTishTll be loc-ted onceach side of the fuselage ad-
jacent to the pilot's coopartrient with ducts extending aft
to the egine. The air inlet duct lips shall incorporate
provisions for anti-icing.

3.12.6 Exhaust Syftteoj The engine shal be furnished complete with
exhaust system, including afterburner with variable area
nozzle. The Contractor ma!" moeify the engine as required
to provide a soctlon of tailpioe between the engine and
afterburner In order to lengthen the engine for optimum
nozzle location.

3.12.7 C&Qjp__.a S.ysQ : Provisioa shall bo made to supply cooling
air for the engine and engine accessories.

3.12.8 Lubricating •ystem" 1he engine shall be furnisl,..d cor:,=ite
w--T" '- brica-itn-a-i*ystem including the oil tank, oil-fuel
heat exchanger ?oil cooler), purmps, lines, strainer and
valves.

3.12.9 Fuel System:

3.12.9.1 the fuel system shall include pressurized wing int:gral
fuel tanks of 1050 gallons net cz.ci'y. Two air-driven
fuel booster pumps shall be provided in the wing tanks.
Provision shall be made for pressure or gravity refueling
of the fuel tanks.

3.12.1.2 Air shall be bled rrom the engine com.n.ressur section and
passed through heated carbon contained in a tube of stream-
line cross section passing through the engine cxhaunt tail-
pipe and then cooled for the purpose oviding inert
gases for fuel tank purging and pressU ing.

3.12.11 Pr.opýl~ion 5xste__1 _Cont__rol__s3. The Contractor shall provide
a power control lever for the pilot end shall connect this
lever with the selector furnished wiih the engine.

3.12.12 Sttrtin. System: The starting sy3tem shill include a cart-
eiatype; staýrter not requiring an external soJrcc of power.
Yhe starting switch hail! be located for use by the pilot.
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Aircraft Laboratory Progress Report on Engine-Airframe Compatibility, Appendix IV
17 January 1955
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AII1CRAT JJ3OSCR EO -tESIEORT
OIN rc*oius - :(aMg o.rTWABILrIrt

17 3TAIJUJSI)-Y 195.5

1. Problem-s

A. To prevent e re-occumtnee of the enCjinr surge problems prenountly
encountered in aircraft uoinc; the 3-XX cnrinos.

B. To obtain propulsion sys~ttias which will optimize aircraft PorCor-
Wince.

II, Ite~is I;rnich Influence Engine Sar~ee

K. nain*

1. Cctnpre~asor

a. Radial, Vezial. ctvn.

b. Sinslo spool, dual spool, etc.

c. Vari,;blc spoed, c)nmtant spaed.

d. Blade prof5 lea, number of staiges, ete.

e. Fixes to prevent rzurjo (inturcchpressor bloeeA valves, ete)

2. lu;,n matchingS

a. Turbint deoiLýn

b. Tailpipe desicn

c. Povoar extraction and air bleed requirca-a-nts

1. Bynolds ntrebor

a. Coc-iponont parror.xncee

b. Chatnre In cntflne rmatclan;

u. Znzin controls

a. Sonslitiity

b. Rteliebtaity

P.. Proper location 911l last-alCtiOn

83 iam xeAefl irnsab J
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5. Production and maintenance tolerances

B. Airaj~e

1. Fliaht envelope

a. Altitude

b, Speed

e. Rate of climb and descent

d Y In•uve-*a

a. Acceleration

2. Total prosnure distribution at ocowpressor face

a. Radial or circunmferentiel

b. Location nenr hub or tip

c. Number of pockets

3. Inlet contr'i

a. Optinization of not propulsive effort

b, Avoidance of inlet buzz

4. Armament

a. Type

b. Location relative to the inlets

5. Nozzle exit shrouds

III. Items Requiring Irnediate Attention

A. Effect of total pressure variation at compressor face on etiino
surge*

1. Lack of data.

2. Datu that do exist indicate that the details of the distribution
are a prirmry perameter.

484
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3. No intollikcnt method can be use, in iaprovinaZ pte,)sure
distributions uhtil the effects on surge are knoim.

B. Preliminary 1)eterdination of Optirij.u Pressure Distribution

- 1. Need for iraro)ijate desig-n criteria for airplanes such as the
F-XXX.

2. Need s•or. i.Ac of penalties in uiight, siteo, dr.a, thrust, and
fuel flow n)eces3ary to moeet various pressure distribution
requirements.

C. Stats of the kr.t of Compressor Face Prcssuro Distribution

1, Unrealistic requirements of engine manufacturera.

2. Air'rane a anuwa -tura•s lack of effort on pressure distribution.

3. Engine manufacturers greatly Interested in obtaining inlet

pressoure data.

4, Coald indicate effects of vtrious typos of inlets, locations,
etc on pressure dJstributioa.

IV. Present Aircraft Laboratory Action on Inmodiate Problems

A. Effect or Total Pressure Variation at COziprossor Face or Engine
Surge.

1. Requeste4 th.t weepons systi', obtain surge date on those air-
planes not currently undercoin• a surge flight test proZrarla

2. Held conferences with Uorth Attericean, Convsir, and Douj;lan to
obtain information on co.-prossor sxge of F-XXX, F?-Xxx FXX,

and AMX.

3. Held conferences with Pratt & "iItney and Curtisa-'Wrizht to
obtehin Inforvation on co•pressor sur•s,

A, COnductinj correlation of flight teat data to exa.mine effect
or pressare distribution on co.t.pro~sor sttrGe.

R. Prclb.iinary Deterxdinetltn of Optintn Pressure Distribution

.1. Yl40tlnZ with :.-CA an! Rerublic to set up test proý,rxa to
InvestiLcate .Yays of irQrrvinfl preasure Sistribution in F-XXX.

2. Initittinz purchase requent to stedy the effect on aircreft

perfor._ýnce of various-•ot'3O of reducing the total prezsur¢A variation.

I.t
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C. State of the Art of Com~ressor Face Pressurs Distributions

1. InvestigatinG best method of obtaining pressure distribution
data on all of present airplnejLs.

2. Data to be condensed and transmitted to engine manufacturers.

V. Recomiendations

A. The Aircraft Labo;story initiate a proCram to investigate methods

of improvino compressor face pressure distribution.

"B. The Power Plant Laboratory obtain and study all data on pressure
distribution effects on surge (Navy sponsored 1{ACA program$ Pratt
& Whitney program, etc).

C. If present data i.a insufficient to deteýrrmine pressure distribution
effects, the Power Plant Laboratory initiate a research prowram

to secure additional data.

D. A study be initiated by the Power Plant Laboratory to determine

the engine thrust, specific fuel consunption, and -ituight penalties

necessary to maint-in a given stall margin with vervIna pressure
distribution.

E. After racorrnesattons A, B, C, and D have been accomplished, the

Aircraft Laboratory initiate a proram to determine the c..prcmise

on pressure distribution which will optimize airplane perfonmance.
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Hq WADC Letter to Industry, subject Joint Industry-Government Meeting
on Engine-Inlet Duct Compatibility, dated 24 May 1955
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kFCL 2 4 MAY 15

Us .ou4" Altereft Co. , Inc.
ATUs W. Z. 1. ftrtobk

ChL.C gagiseet "oate, Houl. Mir.
3000 Ocoee Park Blvd.
Santa RMoasa Clilforals

1. 2be pnroo ofthIis 1.ttexis to toto)4. fiat, to *qphaalae
the growing coasrer of the Xey aMd Air For** ovwa tho .atilm-Salot
duct couqpettbility probI. :Second* to segoalt yQm wfth tMw details
of a plea -.ilab is seaLgaed to provide the best posalbpl* ozdmeag of
tashaleal 1.aoraetlox portismat ft We~ ywolblusa* * Useq~uoul yaw
cooperation is lbs liqlmautatlus of ths Plea.

2. Utictly It' to Iswb desirve of the Wiletar lavles, ft sos
a utbealoel me~tiva to to esl.Me4 by the qppzoputte 0906t or am
svs~tioa tuiusttFs the MCA, the hugo wd the Wr Fotr". 12w objea.

ilv-o or tha Propsaod mostive is so Provide tow a tree, ozaheru or
latormikilon betsesa the ladvatry and the UovorsAt 'All* prolestlag
thes proprietary rthts o ladwoUtU ~suas. UR wOdLUW Uxee? this

Z ~objective, lhe tollovia% plan bee, be@& milvwd'

a. A joist stviet~we between Mw ladsuta', Use WCAO "sy
*4W the Air Fares, to be hald alk tas Wight Air Dwelomsual Coaler.
%.rtL&-Psttrsza a ir Yame ses, ft$. The soaterease wilJ be divi~de
Into I eM r~esirlete Phosos.

(1) Goexasal VMSe .- to be a%%6wws 1w e3.1 Pertlutpefteg

(a) Cvt~eatetles by 006 f a t Servlewis on Ustir
own siperleace, 1=aolt4l aresut eapoets-

(b) Pwesewliatie by MACA 4w ls M.awel aepeet

(5) NE ppdaus~ eid

mi BLNKNO

____ ____ ___ ____ ____ _89
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Eg ADO (WOL) 7 4 7 1955 $0 DWuqIas At*Naft Cs.. Em. a buabjealt
*IOWIndt Ki Oet mMX14mMau" Nesting as ~a-Emlst Bass camoiblive

(2) Sestrie~ Phae -- att.odome to be liviited So
membr ot the mirtxine idustrys go tXACA, tho
Liervimsee eM a partieular oftlims usinaetare
whas prof&tst are uWor Aiswesaesm.

(a) liv. two- or thwee-bour sessioins aes for seas
Of the MJwV angles VAildais %&.reia hiS Pm.
tiftlart engiaaa will be diseased~ treaty with
mpebsi of 'the al.Veraf I210Y WN~s7 "h AsA a"
the ervieea. Other eqlim mauaretvrse vill
Ws be ina atteadeeS..

3. It Is xPeetaC t4"t she "U.A prseA~tatioa duting the SONr'6
Phase of the meting, will to basned as full~y as possible 08 a preosate.
%Ies mods to Use Goverammet borvisse at she Lewis Laboratory on,
February 2155. However. iasthe ist"West of smiataisi proprietary
i~ihtt, reference to sp~eetle pztode or date will be del* W- from
this presentation. The restristed phase will provide an opportmaity
tar discussion, of epsoifie data &ad will pCWTide the basis fee the beat
possible exchange at losahaial WaotmtIea.

~. It Is requented that ye review the attashed tea"tvs ivaasom
sad taiard to WADC %IPA extent of th e mmment yon desire Is presesnt 41t
the Meting,* plus ay ~ other sommots you my hafte W AD will GSSeqIA SO
provide the seeseery Sim for th 1w 8 irrm austr7 so pr~eavat 1t6
views. Is order to elimiamle duplica~tion and at Mhe mmn tm pxzwim
eah membe of the airfrom Industry with an opftUmdty to present his
thboudits. you are em ure~a t ooocrdlaste irw sativitism with other
orpaemietioae prior to the Me"tn. Far year sOweIdOine. 8 11et GC
recipienst of this letter io stleeked karaet. la eleedass with ea
agreemas with the MWAO~.i is tojets~d that F"w will loeeive, 4 03 of
the KACA report, OXACA Coafereadi on ZuiM Utall and Z*W based OU
the 3 Pubrusry presentation. 'Thin report dmvld be Is your hams, at
sa early date In order tU allow a thoroug veremalpu- twor the forth-

5.The Moting in seboaedal to be held at thes b~rlft AiU Setlelp-
Mat Center AuilitoriuS OR TVuesday W adneeda 22d Ihramrsy. 1 * 15 a" 1k6

1955 I . Spase available will asoeedate opprominetely give Pensom
tram yomar gemimitioa. A Sears% easurity elseausee will be VOqwired
for atteadanee. Aseeimmoatioaa My be ebalatsd at the Mimit Motels
laytomn Ohio. mad *1. tWWMVeSrtetie Will be ftrarlde4 SO and fVUN
Wright Field, It Is Vereeaed that$ Y" advise W"L the Mme at pel-
roeal %be desire to attnd.eeeity elesmese 4014t of safu1a.1 SAeS
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11% WALC (WCL) 2~ M AY 195S p OUSAa~ Airgreft Go., L0s.0 &abject$
OJoJtat ZaWatry-G@ormast XwelSft on Zogism-l4t Wat Ogiqlbil~ty

batelse e.ammtie &msived. Alea. plomia. eavies w requjiemsata for
Prommat~lkson taol11t2., wmob as ohs"l esmels. 61140 or mosio Diatome
projeetwas *to. Pleese all~et y~a reply to Commu.w. 7rL~kt -Ir
Dwel1pmet C*tUF. ;,&%Iatorso& ;It iforo 1.hs. Quo, ,twa d.~Q1

?011 TfW CAA?40UNLL

2 lasis. Vic~roFR p. HAIJGFN
h~~1.~ A~~aD 1 der , SAP

#2."O Ofs
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DISTRIP• lr ION

Boeing Airplane Company North American Aviation, Inc.
Attn* r.X. N.orge Martin Attn: Mr. R. H. Rice
Seattle IL, Washington Los Angeles h5, Calif.

Boeing Airplane Company Glenn L. M;rtin Comnany
Attn. Mr. N. D. Showalter Attn: fr. E. 3. Uhl

Wichita, Kansas Baltimore, M'.ryland

Douglas Aircraft Co., Inc. N!orthrop Aircraft, Inc.
Attn: Mr. C. C. ',bod Attn: Dr. Win. F. Ballhouse
Long reach i, Calif. Harthorne, Calif.

Douglas Aircraft Co., Inc. Grumman Aircraft Engineering Corp.
Attn- 'r. E. F. Burton Via RLA3, Bethpage
Santa Monica, Calif. Bethpage, 1. I., New York.

Douglas Aircraft Co., Inc. Chance-Vought Aircraft Div.,
Via BAR El Segundo United Aircraft Corp.
"1. Segundo, CaliI, Via BAR, Dallas

Dallas, Texas
Lockheed Aircraft Corp.
Attn- tr. J. ". "assall McDonnell Aircraft Corp.
Burboank, Calif'. Via PAR, St. Louis

St. Louis, Mo.
"Lockheed Aircraft Corp.
Attn: Mr. R.. 1. Middlewood Consoldated-Vultce Aircraft Corp.
Marietta, Georgia Attn: Vr. R. H. W'idmer

Ft. ¶:rcrth, Texas
F•orth Amerian Aviation, Inc.
Attn! Mr. J. 0. Beerer Consolidated-Vultee Aircraft Corp.
Downey, Calif# Attn- Mr. V. U. Fox

SS~ani Die~p 12, Calif.,

""orth Arcrican Aviation, Inc.

Via PAR Columbus Bell Aircraft Corp.
CouuI.'n.U3, Ohio Thru, AF Plant Representative

t• NiagarR Fa]1s, N. Y.
rienubLic Aviation Corp.
!Attn! Mr. J. C. O'Brien

F~nirgdale, L. I., I!ew York

9
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TMUTMSE AGENZDA

XINUSTRY ."- EoM r MUIMT- ON U, IM-,NIW DUCT CO0PATI'TLITY

•WADC AUDIT• '3I 14, 15 arA 16 PM 19.55

Chaiman - Brig. General Victor R. Haugen
Director of Laboratories

14 June

Openi•g Reemrks - General Haugan 0930 - 1000

Service Experience 1000 - 1130

Lunch 1130 - 1230

NACA Presentation 1230 - 1430

Break Period 1430 - 1445

NACA Presentation 14.5 - 154-5

Discussion Period 154. - 1630

15 June

Pratt & Whitney Zngiaea 0930 - 1200

Lunch 1200 - 1300

NACA 1300 - 1400

Airframe Industry 1400 - 1450

Break 1450 - 1505

General leoctric Zooms* 1-505 - 1535

NACA 13.5 - 1605

Airframe Industry 160.5- 1630
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16 ;um

Allison 36ni1S 0930 - 1000

CA 1000 - 1030

Airfram Indtustry 1030 - 1100

WoStinShouDS ZA6WAS 1100 - 1130

NAGA 
1130 - 1200

Lunch 
1200 - 1300

Airframe Industy 1300 - 1330

Wright Aeronautical BInLms 1330 - 1400

A1400 - 1430

Break 1430 - 14

Airfram Industr 1445 - 1.5•5

Close of Duwnsa. 1.515 - 1545
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Hq WADC Letter concerning Inlet-Engine Compatibility dated
2 November 1955, and Inclosure-Proposed Technical Program

Appendix VI

I
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HI AD 04 AITIRS

WIP6NIAITIISON All FORCl IASI, OHIO

*U IIY *SA*II)A I ?H~ tflUhItATIC,,

*N y~f I t*II•I CM1 f, S*~ft II, (ll

A loss in aircraft perrormance resulting from Improper matching
of the air induttion nyatem and engine- hes, in the past year, become
a major problem to the military aervices. The HAGA Lewis Flight
Propulsion Laboratory recognizing the severity of the problem* provided
a briefing for members of the Goverunent services on 3 February 1955.
Subsequent to that meeting on 14. 15, 16 June, the Navy and Air Force
sponsored a three-day Idustry-Oovernment meeting 9t Wright Air Develop-
went Center to discuss the problem with Industry and NACA. Both of
these meetings served to' bring attention to the overall problem, and
several excellent technical approaches to the problem were offered.

Attached is a proposed technical program prepared by the Wright
Air Development Center which substantially is a compilation of thoughts
and ideas from the aircraft and engine industries, the WA, and the
Air Force and Bureau of Aeroneutics. Xt ie requested that this program
be reviewed by your organization and comnents thereon be submAitted to
VADC, Consideration should be given to such items as scope of the pro-
gram, practicability, effect on development I 3e, requirement for facil-
ities, effectiveness of the prcposed program, and possible additions
or deletions.

It is quite probable that many of the items ontained in the
attached program will appear a& contructual requirements as changes iL
Military Specifications, Handbook of Instructions for Aircraft Designers,
etc. As such, these items may have a rather profound effect on your
operation as a member of the aviation Industry. It Is believed that
you will welcome the opportunity to compile your oomments and forward
them to VADC for review and evaluation.I 5

t
- - -•
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Coments should be diren'ted to Coczwud~er, Wright Air Development
Center@, Wright-Patterson Air force Base, Ohio, ATfl~a WCLPO-i. Your
cooperation will be of great 'Denefit to the Air Ybroe *rd will. be
sinceraly appreciated.

Sincerely.

I Imci VICTMU Rs HAUQGJ
Prop Tech Frog for Brigadier General. MWY
Fbigine Zclet Compat Director of Laboratories

(aid

-1-98
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Proposed Technical Progrr.m for Engine Inlet Compatibility

I. Suggested NIALC Investigations:

a. Conduct sufficient tests to determine whether a positive correlation
exists between wind tunnel model testing and wind tunnel and flight
full-scale inlet testing as pertains to flow profiles. For the pur-
poses of this technical program, the term 'flow profile' will exclude
that portion of the boundary layer within 1/2 inch of duct walls,
and/or center bodies. Included in this investigation should be a
determination of the importance of close Reynolds number control in
model testing.

b, Conduct distortion tests on NACA designed compresaors. including the
transonic end supersonic designs, with a view toword determining the
ultimate value of data obtaind on the compressor itself and how
fully this data can be used in determiLning the effects of flow dis-
tortions on the complete engine.

c. Continue running distortion tests on newly developed engines as the
need arises.

d. Conduct studies and exploratory reearch with the objective of increae-

Ing the operational capabilities of power plant installations through
the use of alternate means such as aerodynamic features of the inlet
duct and variable area devices in the engine.

II. Tests to be l'orformed by Engine Manufacturers"

a. During the early experimental stages of oompressor develotment, run
distortion tests on cocmpressor rigs to provide an indication of the
sensitivity of the particular design to profile distortions. These
tests should be run, in addition to the static sea level tiests. at
applicable altitude and Mach number conditions wherever possible.
This testing should include circumferential distortions of one and
of two low, energj areas and radial distortions of (1) low energy at
the sblade tips, and (2) low energy at the hub. it would be desir-
able to conduct tests on as many combinations of circumferential and
radial distortions as practicable. Aj for each of these

P avg
separate condition! should be run to whichever of the limiting factors
occur first (heavy stall, surge, limiting blade stress) but not to
exceed A P = 0.30. Such teats should cover as fully as possible

the entire range of expected engine operation. In addition, tests
....,should be accompliahed wherever practicable to determine th efteots

on engine operation of transient pressure distortions not to exceed
.P of 0.50 (this should include effort to deterimire engine

operation with respect to the leýgth of the transient).
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b. As early as possible, consistent with necessary engine reliability,
rerun the inlet profile tests as in a. above by means of direct
connect ducting to the completo engine. Determine performance,
stall and ourge limits, blade stress limits. or gas temperature
limits as a fuU0tion of A P through 0.30. providing none of.

the other limiting factors occur at the lower value of AP

Engine acceleration performance should also be determined during
these t6sts. Such determinations should be over the entire range
of engine operating conditions, including Roynolds number simulation.
Any transient operations such as afterburner light-off, modulation.
or shutdown should be included as applicable. Use of any variable
geocmetry features should be tested over their full renge of
operation.

a. For engines intended for particular aircraft applications. Employ-
Ing inlet profiles furnished by the applicable aircraft manufacturer.
complete the tests outlined in b. above. Profiles may be simulated
by screens or other objects installed in a direct connect duct to
"the engine.

"a. Based on results of a. above, and using the latest inlet configuration
for a particular aircraft, establish the mirnmum acceptable accelera-
tion stall margin referred to stall margin obtained with a bellmAoth
inlet. This stall margin value vould then be employed in engine pro-
duction acceptance tests.

e. In the event that no positive correlation can be found to exist be-
tween scale model wind tunnel testing and full-scale inlet testing,
the teats outlined in a. above should be run, in so far as facilities
are available, in a free Jet system (supersonic).

t. Use of the actual inlet on a sea level statis basis alone is not con-
sidered adequate profile testing. however, use of the actual inlet
and duct on a static test enSine will be more reliable and more con-
venient than the use of mcreons and should bo employed to the max"--
extent possible.

S. Plan to conduct extensive flight tests on an early aircraft employing
the latest inlet and engine design configAration. These tests should
be extremely coaprehensive in uature and should cover every possible
flight condition. lxne effort is ueeded here to determine wbat con-
Stitutes the minimum acceptable instrumentation. This should Ve in
addition to the po'ier pleant pe•rformance testing accomplished by the
aircraft manufacturer.

10
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IIX *Studios and Uxperimoutal Research at Ingine and Control )anufacturerat

a. Study end test to determine the penalties involved in fixes providod
to make the engine accept poor profiles. These penalies, of course.
will be manifested in terms of weight, size. performance, flexibility.
etc. These determinations should be made for each engine developed
and these efforts sbould be intimately tied into the test efforts
specified in Paragraph II. During this phase inlet and engine per-
formance data should be freely .-changed. The intent of this data
exchange is that the airframe contractor will supply the appropriate
engine manufacturer with inlet performance data for use in test& to
determine engine performance punalties. The engine performance data,
based on test results, will then be supplied to the appropriate air-
frame manufacturers so that aircraft performance may be calculuted an
a more realistic basis.

b. Conauct studies to determine the relative sensitivity to flow distor-
tions of vsrious compressor and engine types.

s. Conduct studies to determine engine performance end structural in-
tegrity under conditions of supersonic duct buzz.

4. Study power aontrol systems to provide increased accuracy and
sensitivity.

1. A search for. and eval, 'ation of, new and novel ideas of sensing
and control to be conducted by all agencies of the engine and
control industries.

2. Conduct engine cycle analyses to determine inherently more
accurate controlling principles with major emphasis on (I)
effect of controlled mode over complete range of flight condi-
tions and control established outputs, end (2) providing desired
performance with intrinsic compensation for engine power section
performance changes which are due to inlet effects.

3. Study means of improving the accuracy of sensors con"idering the
expanded operating renge and the effect of sensor location.

•. Provide ways to improve the accuracy of the complete control and
each of its subassemblies.

5. Conduct research with a view to minimizing production and service
deterioration differences which are so disastrous to scheduled
engine control functions.

6. Provide more forward looking application engineering in order to
realistically specify, in the beginnins of engine development.
all of the requirements which the control must meet, with perticu-
lar empbasis on compatibility with the inlet.
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7- Continue to search for comzressor paremetera which will
ultimatel~y allow sensing of incipient cOzapresaor surge.

8. Expand the utilization of analogue coinp.ter and simulator
equipment duringa engine and control research and development

IV. Stuioea and s permental Research by Airframe Uamufacturer#3

k . Study the correlation between mall scale inlet duct testing and
flight testing at pertins to flow profiles.

b. Conduct inlet development toots as early as possible in the aircraft
development program and provide flow profile data to be used in
engine tests for determi•ation of engine performance penalties.

e. Conduct early flight testing (such as Phase III ) to determine inlet
performanoe inoluding pressure distribution data as well as pressure
recovery. Soe effort is needed here to determine what constitutes
the minimum acceptable Instrumentation.

d. Study and test the effects of inlet duct desige parameters (bends,
diffuser angles, lip shapes, screens, plenmn chambers, etc.) on
flow profiles, pressure recovery, etc.

e. Study and develop methods and devices to alleviate the adverse effects

of high angles of attack end yaw on inlet performance.

f. During preliminary aircraft design, consider the effects of inlet
design parameters on aircraft performance and operational limitations.
(This requires engine trade-off data which may necessarily be eati-
mated in scme cases.)

g. Conduct a general study to determine the compranise In pressure dis-
tribution which will result in the beet aircreat performance. This
study shamld include analysis of engine types, inlet location and
types, end eng'tse acceleration time versus aircraft performance.
(The engine acceleration time Is important since instantaneous stall
margin I& reduced during acceleration making any adverse profilo
effects even mote critical.)

1
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Airframe Industry Lettet Responses to USAF Proposed
"Technical Program for Engine-Inlet Compatibility"

Appendix VII
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FOGA WORTH. TEXAS

4-AS:JEF:Itt/A.Misc. 6-3337

Decembor 19, 19bb.

Subject: Unclassified) Proposed Technical
rogram for Engine-Inlet Compatibility

To: Commander
Wright Air Development Center
Wright-Patterson Air Force Base, Ohio

Attention: WCLPO-l

Via: Air Force Plant Representative
Government Aircraft Plant No. 4
Fort Worth, Texas

Refercnce: (a) WADC Ltr. of 2 November 1955 to
R. H. Widmer (Unclassified) %.

Inclosure: (A) Three (3) Copies Convair (Fort Worth)
Comments on Subject Program (Title and
Document Unclassified)

1. As requested in your letter of 2 November 1955, we
have compiled comments on your proposed technical program for
engine-inlet compatibility. These comments are attached.

2. The comments have been prepared in the same format
as the proposed program. In those cases where we made no comment
on items of the program, -e were in agreement with these items.

3. In general, we feel subject program is well thought
out and very worthwhile. Convair, General Electric, and NACA
have already taken marny of the steps recommended, in connection
with the B-58 program. 'We hope the results will serve as an
example that close attention and coordinated effort can minimize
Inlet flow distcrtion and its adverse effects.

Very truly yours,

CONVAIR
A Division of General D'namios Corporation

(Fo Wo th)

. R. H. Widmer
Assistant Chief Engineer

VT: LAB,
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INCLOSURE (A)

Convair (Fort Worth) Comments on the WADC
Proposed Technical Program for Engine-Inlet Compatibility

I. Suggested NACA Investigations:

a. We recommend similar studies or tests to determine the
correlation, if any, between supersonic buzz characteris-
tics of wind tunnel models full-scale inlet-engine combi-
nations. Some work has been done to find scale effects
on model buzz characteristics, but little has been done to
correlate buzz characteristics of models of any scale with
those of an actual inlet-engine installation. There may
be interaction between inlet buzz and compressor rotating
stall as flight Mach numbers increase. Buzz becomes more
severe and, because ram air temperature increases and thus
engine corrected RPM decreases, the engine advances toward
the rotating stall region.

e. (Added by Convair) NACA should obtain and publish data to
set the minimum size of free-jet nozzle to test a given
inlet at prescribed operating conditions. It appears that
supersonic tunnels big enough to test a full scale inlet
and engine will be very heavily scheduled for a long time
to come. Free-jet testing could greatly relieve the test
load of the large tunnels. In addition, free-jot testing
has many advantages over tunnel testing, in such aspects
as latitude of simulated flight conditions, ease of impos-
ing transients, operating cost, simplicity of test article,
etc. However, there seems to be a lack of data on the
minimum usable ratio of free-jet area to inlet area, parti-
cularly for subscritical inlet operation. This leads to
selection of a possibly over-sized free-jet nozzle for
testing a given inlet, which in turn may sharply curtail
the range of test conditions, or even rule out free-jet
testing due to facility airflow limits.

I1. Tests to be Performed by Engine Manufacturers:

a. We recommend that inlet flow profile effects on the overall
engine be estimated from this compressor research and made
a part of the engine performance bulletin. If feasible,
preliminary bulletins issued before such compressor
research should show profile effects estimated from pre-
vious experience.

b. When this data becomes available, it should replace the
estimated data of a. above in the performance bulletin.
We would like to see included in transient data the rates
of airflow decay from throLlIo ULcp and fiamc-ouL. This
information affects variable inlet design.
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INCLOSURE (A)
Page 2

e. A full-scale test of the engine inlet in a supersonic free
jet or propulsion wind tunnel can furnish much data besides
profile effects, all of which is valuable to the airframe
manufacturer. This is especially true for a variable inlet
and its control system. We recommend that such a test be
made a cooperative effort between engine and airframe manu-
facturers, with prime responsibility being taken by the most
interested party.

III. Studies and Experimental Research at Engine and Control
Manufacturers:

e. (Added by Convair) When a variable inlet is to be used,
the inlet control manufacturer in cooperation with the
engine manufacturer should conduct analogue studies on the
inlet-engine combination with their respective controls.

IV. Studies and Experimental Research by Airframe Manufacturers:

f. As stated in our comments on II a. and b. above, we feel
the engine vanufacturer should provide engine trade-off
data. In most cases, it would be difficult for the air-
frame manufacturer to make estimates of suitable accuracy.

g. This study again requires engine trade-off data to be shown
in engine performance bulletins if the study is to be con-
ducted analytically during early aircraft design stages.
After a particular engine has been selected for an aircraft,
then the exchange of model inlet profile test data and data
on engine performance with these profiles can begin, and
the study will proceed in that manner.

Ih. (A4ded by Convair) We recommend that the engine-inlet
installation be tested in a free-jet or propulsion wind
tunxtel. See comment on II. e, This is especially desirable
when a variable inlet is jied. Such a test should precede
flight testing and has these advantages over flight tests:

1. Critical regions can be investigated without
endangering the lives of a flight test crew.

2. More complete and more accurate instrumentation
can be used.i,
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Westinghouse
ELECTRIC CORPORATION

AVIATION GAS TURBINE DIVISION

P.0 sox 286

December 8, 1955 ,u•sAS CITY MO.

TO:Commander Wh3 422L
Wright Air Development Center
Wright-Patterson Air Force Base, Ohio
ATM: WCLPO-l

SUBJECT: Proposed Technical Program for Engine Inlet Compatibility

REFEMenCE: WADC Letter dated 2 November 1955

1. 7his contractor appreciates the opportunity to review and present
comments on the proposed technical program for engine Inlet compati-

bility. The program is commendable in its scope, practicality, and
probable effectiveness.

2. It appears that a shorter over-all development time for the engine-
airframe combination may result from the program. Incompatibilities of
the duct and engine will show up sooner, at a time when modifications
can be more easily introduced. But the time required to bring an engine
through its qualification test and into production may be increased
about six months if the tests with distortions and with the inlet duct

are required prior to the qualification test.

3. Because the problem of engine-inlet duct compatibility is still
relatively new and inadequately understood, we urge the Air Force to
move cautiously in making provisions of the proposed program mandatory.
We believe this is particularly true where new test facilities will be
needed. Several of the tests described in the program require test
facilities that, to the best of this contractor's knowledge, are
existent only in small number.

4. Section Ila of the proposed program states that compressor rig tests
should be run at static sea level, also at applicable altitude and Vach

number conditions whenever possible. This contractor's compressor rig
has insufficient power to test compressors at inlet conditions corre-
sponding to altitudes below 30,(Y00 feet. It is believed th:s most exist-

ing compressor rigs have similar limitations. Inability to test at

[i O'•'•• fLE•m CO?"•

vOWE0 ! LMT
o!YOU CAN U SURE ... OF 1 Westinghouse
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Cormiander, WADC - 12-8-55

static sea level conditions on the rig has not been considered a serious
limitation, inasmuch as the surge margin at static sea level is genctr-
aily greater then at altitude.

5. Not all engine contractors possess engine altitude test facilities.
Mie testing at altitude (referred to in Section Ilb) would, therufore, at
this time, have to be done in a government facility. It seems likely
that the deimid upon government facilities could exceed their capacities.

6. The studies of supersonic duct buzz, mentioned in Section IlIc, would
require elaborate test facilities that, to the knowledge of this contractor,
.rre alreeost non-e:'istent.

7. Results of inlet duct testing accomplished to date indicate that the
presence of an engine after the inlet duct influences the flow paiterni to
a considerable degree. It is suggested that Section la be amended to state
specifically that, wherever possible, wind tunnel tests be run witlh an
engine installed after the inlet duct.

8. It is suSgested that a Section numbercd ic be added. The section may
read: "From information available, devise a dcfinition of flow distortion
that is more precise than 4NP/Pavg and formulate a fanily of reprsesatative
steady-state distortions to which engines should bt subjected. Also obteain
and dlsseinint.te information on reuresentttive transieint distort-ions., their
magnitude, their geometric pattern, anc- thieir duration of time." • lie pro-
blen of •eneaisiD representative "istorTions in a cor:pressor rig or a
static engine test, bj meeans of screens, etc., is not straligtfoxwe.r'l. A
byproduct of the fam.ily of flow distortions that might be devised by NACA
would be a definition of the screen or spoiler 6eOLn"try recjired to pro-
duce each representative distortion. Ite transi2.cat distortions referred
to ere those resultin. fron aircraft raineuvurs and au•n n. rocket fire.

9. It appears to this contr'actor that the rcjuirernent of Section Uid is
impractical. The _uLtloa deals writ, the stall r'marzin value to be enmloyed
in engine acceptance tests. Using present proccdtures for engine acceptance
testing, it is impossible to stall the conpressor and thus determine the
surge marain. An exception exists -0hen lov referred RPMP, stall can be
obtained by overriding the acceleration control. Although we agree that the
objective of Section Ild is highly desirable, we c.nq suggest no simple modi-
fications to the acceptancne testing procedure to penrit the stall margin to
be checked.

10. We feel there is great merit in Mr. Silverstein's suggestion that the
industry stanfladtize on a small number of inlet duct configurations. 7he
trend to pod-mounted engine3 in supersonic aircraft should make this
approach feasible. Engines of different sizes could be accormmodated by
geometrically scaling a given inlet duct. Certainly in svpersonic fliclht
the flov distortions at the engine inlet -ii tend to becorie more sevre,.
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Commander, W)C - 12-8-55

Mr. Silverstcin argues that by liutting the nimiber of inlet duct designs,
it will be possible to concentrate development and t tus obtain uiftonrmly
better inlet ducts than if each aircraft has a differeLt duct geometry.
We recommend thut Mr. Silverstein's proposal be seriously considered.

11. The Air Force's desire to gain a better understandirns of the funda-
mental phenomena or inlet duct compatibility is apprecinted by this con-
tractor. The meetings aionl the Services, NACA, airzra.e mniufacturers,
and •ngine companies, have gone a long way to promote a better urderotand-
ing of the problem, and continuation of t/Lis approach, coupled with the
excellent proiram proposed by the Air Force, should achieve success. le
shall be pleased to cooperate,

Respectfully submitted,

Allan Chi/on
Chief EngLneer

AC:FS:gw

Scc: BAGR - Central District
BAR - Keaas City

1i
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0 .t, O p ot v l • Cd~l l a

,OY,, C 19Y1
Er. 4976

Commander DEC 1 .'
Wright Air Development Center
Wright-Patterson Air Force Base, Ohio.,., rt' '

Attention: WCLPO-,

Via: Bureau of Aeronautics Representative
Dallas, Texas

Subject: Comments on Proposed Technical Program
for Engine-Inlet Compatibility

Ref: (a) vlADC Ltr. WCLPO-l dated 2 November
1955 with BAR, Dallas End-1, SerNo. 16943
dtd 14 November 1955

Gentlemen:

The proper matching of the engine and the inlet duct is con-
sidered to be of primary importance by this airframe manufacturer
in the development of effective fighter aircraft and missiles.
Therefore, the opportunity to comment upon the subject program
of reference (a) is welcomed.

In general, this airframe manufacturer is in agreement with
the proposed program. It is suggested that NACA also conduct
studies to determine better criteria for defining flow dis-
tortion than the extreme variation of total pressure divided
by the average total pressure. As stated at the conference on
engine-inlet duct compatibility on 14, 15 and 16 June 1955 at
WADC, data were presented which indicated that the distribution
of the flow distortion is also of prime importance. Perhaps
some statistical distribution function would be of freater
value and significance. This airframe manufacturer is in accord
with the suggested programs for the engine and control manu-
facturers, and is currently engaged In the studies and experiments
sugees.ted .,for the airframe manufacturer.

too. ,j Very truly yours,

'CHANCE VOUGHT AIRCRAFT, INCORPORATED

DEPSIGNER AlNb SUW1ibil Of MIGW PItFORMAN AIIC MISIRY AIRCRAFT IN t1it 191

[ ,-'2
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REPUBLIC AVIATION CORPORATION
FARMINGDALE, LONG ISLAND, NEWYORK

Tclephone Farmingdale 2.1 100

September 2, 1955

]Ref: 55-5158

SUBJECT: Joint Gov~rnnent Industry Yeeting
on EnGine-lnlet Duct Compatibility

TO: Commander
Wright Air Development Center
Wright-Patterson Air Force Base, Ohio

Attn: IUajor General Albert Boyd
Dept. WCG

Thru: Al Plant Representative

1. During the recent meetins held at Wripht Field on June ll, 15s
and 16 on the subject ensine-duct cncratibility, Cbl. Appold, Chief of
the Power Plant Laboratory, rcquest co-tents and recormendations from
the participants. These have been prepared and are submitted Sn the
attached exhlbit.

S2. The objective of both engine and airplane manufacturers is the
I design of the best porrible propalsion system. To realize this objective

F! both must recognize that the induction system is assui.ng a far more important
Srole in this propulsion system than it has heretofore. Supersonic flight has

"" brouGht the intake ducts into equivalence with the rotating engine coapressor,
yand at least equal consideration must now be given to the reouirements and

limitations of the indur-tion system when deuirning future enfines.

f" 3. The joint meeting on engine-duct problems has set an example of
the type of cooperation required, 'Di evidence of existing close cooperation
between some engine manufacturers and the airframe r.:%nufacturers was gratify-
ing and it is hoped this attitude can be made to prevail in the entire
industry.

4. TLis Contractor wishes to thank the Air Force for the oppo7 ;unity
6 of attending the ieeting and will be hippy to discuas ony questions raised

by the recommendations in the attached exyhibit,

...........-............-,R-E"M]LC AVIATIO7! C0tPO>FATIO!U

•.A. Kr tveli' " .. •:.iVice P~rcident-Chief Engineer

S... nel: As above".
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NORTlROP AIRCRAFT, INC.

rABLZ ADDRESSORAIR" I R--LY T1o 3000-3204
RBK:ACF:fm

WORTHkOI' FIJLD

HIAWTIHORNE, CNALFORNIA
26 November 1955

Subject: Inlet Distortion Effects

On Engine Performance

To: Commander
Wright Air Development Center
Wright-Patterson Air Force BaseOhio

Attention: WCLPO-1

Through: Air Force Plant Representative
Northrop Aircraft, Inc.
Hawthorne, California

Reference: (a) WADC ltr WCLPO-l dtd 2 November
1955 (encl.)

1. Your recent letter and enclosure concerning a
roposed technical program for engine-inlet compati-
ility has been reviewed with considerable interest.

In our opinion, you are to be commended for the
completeness of the program and your clear delineation
of responsibility and duties of the many agencies
concerned. The following comments are submitted
as requested.

2. In regard to the proposed NACA tests to deter-
mine the effect of model scale on the distribution
of air flow at the compressor inlet (Item I-a) we
are pleased to report that such a correlation has
been investigated by the engineers at Northrop Air-
craft, Inc., in connection with the SM-62 missile
program. Test data were obtained from a full scale
wind tunnel program, a low speed 1/7 scale model
program and an engine test facility program. The
last of these consisted of engine operation while

connected to the ducting system of the missile both
with and without a pre-entrance bellmouth. In
general, the data showed excellent correlation when
plotted against the inlet Mach number or engine
corrected air flow rate.

OFFICIAL FILE COPY,

POWER PLAIT LAB..
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NORTHROP AIRCRAFT, INC.

To: Commander, WADC 3000-3204
RBK:ACF:fm

Attention: WCLPO-] 26 November 1955
Page -2-

3. The problem of defining the distributional para-
meters which bear physical significance to the problem
of engine stall and surge is one that will require
some serious consideration. In the past it has been a
burden to the people concerned in the evaluation of
inlet performance to have to measure many different
parametric terms. A recent survey of this problem
revealed that no fewer than ten different definitions
were being employed throughout the industry. It is
suggested that, prior to proceeding into the proposed
program at great length, some study be made to better
determine just what parameters have physical signifi-
cance and to then standardize this definition through-
out the aircraft and engine industries.

4. Section II of the enclosure outlines the tests
that would be conducted by the engine manufacturers. Sub-
paragraphs "c" through "g" summarize tests wherein the
engine manufacturer would concern himself with engine-
inlet problems as applicable to a particular airplane.
It is the firm opinion of this company that such tests
should be carried out by the prime contractor of the
air plane; namely, the applicable airframe manufacturer.
While it is probably desirable to conduct these tests in
close liaison with -he engine manufacturer, and perhaps
in some instances in his facility,, the actual testing
and analysis of the information obtained should be
rese;-ved for the airframe technical personnel. As a
further comment, it is our opinion that airframe manu-
facturers would desire to know as much as possible about
the particular limitations and penalties due to distor-
tion that characterize the engine being considered prior
to his engine selection and induction system design. He
is then in a position to balance the penalties of weight
and complexity of the inlet design againat the performance
which will, result. The primary mission for which the
aircraft is intended will probably delineate the critical
flight conditions and permit a more judicious choice of
powerplant which will result in the best match of air-
frame and engine. This procedure will also provide the
necessary challenge to the engine manufacturer to designi engines with greater tolerance to distortion. It is
our rocommendation that the engine manufacturer berequired to include the distortion limits and effects
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A
"-NORTHROP AIRCRAFT. INC.

To: Commander, WADC 3000-3204
RBK:ACF:fm

Attention: WCLPO-l 26 November 1955
Page -3-

of distortion on engine performance in the engine
model specification in a manner somewhat analogous
to the present practice of specifying performance
penalties due to inlet total pressure decrements.
The proposal made at a recent conference to the
effect that the inlets and engines be considered as
an integral unit is in our opinion inadvisable and
should not be considered in the program outlined in
the enclosure.

5. Concerning the subject of static engine tests
in conjunction with the air inlet..jucting of a
?articular aircraft, it is our opinion that these tests
should be performed for reasons in addition to the
evaluation of engine stall problems that might occur
at altitude. It appears from viewing the data that
exist, and our personal experience, that the problem
of engine stall and surge is much less critical to
compressor face distortion under static operating
conditions than under high altitude dynamic conditions.
If this is a physical fact, then it is probably
possible that the engine manufacturer could specify
more lenient distributional tolerances under conditions
of static engine run-up and take-off. As is well knonm,
inlets possessing sharp lips experience extremely high
distortion parameters during static or low flight speed
operation. This fact presents a very difficult design
problem to the airframe manufacturers if they are to
design into their system some device which will eliminate
these large dibtributional values under these conditions.
It is hoped that the subject program will reveal that
this limited range of airplane operation will be
allowed more lenient distributional tolerances.

6. We sincerely appreciate the opportunity you have
given us to comment on this program.

NORTHROP AIRCRAFT, INC.

Chief Engineer DEC 8 1955
CC : OOA.' A AF Pilht Pop. Ofe., M .t A0ft. Me... 1i -,, C014.

Ll.d I. AF Float * la.t .I. 1
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ALLISON DIVISION
GENERAL MOTORS CORPORAIION

INDIANAPOLIS 6, INDIANA CABLE. ,A60o.,

7 Decemnber 19&5

-11-L wv ...... oEII.X71TIE

C onmiand er
Olr ight Air Development Center
0'right-Patterson Air Force Base
JOhio

Via: USAF Plant Reprcsentative

Attention: VCLpo-l

Reference: sOADC Letter, Brigadier General Hauen
to R. M!. Hazen, datod 2 Novcmber 1955.

Subject: Allison Division Co:tnents on Proposed
Technical Proý;rnm for EnTiine-Inlet

1. The Allison Division Is rrell a,,are of the
sevei-ity of aircraft perfori:!ance probleims resulting fCrom
incompatibilities betw.een the engine and the air induction
system. AlthouLh Allison powrer-plants have, to date, ex-
perienced little or no onprational difficulties a:r-ising from
inlet flo-'I distortions, We recojnizo that a groat deal of
attention must be Civon to the co:np-cssor surw-o problem in
the design and development phases of an engine pro'awn.
,,e are in full accord With the objectives implied by the
teclmical prosrai proposed by the Uiri&ht Air Development
Center, and .'e sincerely appreciate the opportunityI to express
our vles on the practicability and eofectiveness of the
proposed pro3'am".

2. Fuandar.ientally the -ADO pro osal encompasses the
problem areas rather thoroughly. In specific details, hor.ever,
the proLganm appear:s to place a dispropor'tionate shar-o of the
burden for alleviating duct-enCirie matching problezas upon
the engine manufacturer. At the Industriy-Governiment meeting
in June it -as rather universally agreed that the Tnatching
probloem is the mutual responsibility of thie airframe and
enAine people alike. oe trust that the ..pparent e.-hasis on
the engine phase of the program r_ esults only froxl our pýesent
inability- to precisely define tn appjooch to the solvttion of
the duet problem. taximniui effectiv.ness of the pro,ýrnAi Will
be realized fro, a viEovous yet cudic6 pui.'uit of the pý'o;.ria

oF'FICIAL P The Lgb'4��sThe e bt tof contrzctual rouirents

POW0R P103 LAB.
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Commander V December 1955
"",right Air Dovelopment Center E117WE PaGe 2

dmust be approached w~ith caution, particularly in the initial
phases, to prevont the prograia from defeating its own purpose
through sheer coziplenity.

3. The folloWing co:imionts pertain to the specific
details of the proposed technical program and arc listed in
a correspondin8 order:

I. NACA. Investirations

a. The determination of possible corm'elation
Sbetween model and full-scale testing is
of prime importance.

b. It v'ould be ,:eli. worthwhile for NkCA to
try to establish a more suitable factor
for describing distortion - perhaps
something siniilar to the boundary layer
fori', factor. Also, for optimum correla-
tion of coiipressor and engine testing,
it is dentrable that the distortion tests
be conducted on compressors which are
component parts of existing engines.

c. Newrly developed ducts should also be tested.

d. The exploratory research should include
possible eorrective devices such as free
Windmills, etc. Studies should also be
dir•eted toward the investigation of co-a-
pressor stage action on attenuatin" or
amplifyinZ distortion and suitable stager design criteria.

II. Engine Manufacturer's Tests

a,. 'hile distortion testing on co..ipressor
.r.iLgs may be very useful, requirements for
such testinG should not interfere -Aith
the primary develoaiient of the co'pressor.
Hence the phrase, hAs soon as practicable",
should be inserted at the front of line 1.

-In line 4, substitute n-- leynolds Numnber
Indices -- " for "--A.Ititudo and .Iach NuH.ber
"Conditions -- ".

Pr values.of 0.20 for steady state and
0.16 during transients should be the maximiue
alUlov.able loyvla inrduced by thL air inleL
system.
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Commsander 7~ Deoeber 1955
"Wright Air Developrment Center E1L,-kFlW Page 3

b. Development ý;chedules may be such as to
perhilt the substitution of onginc testing
for co. ipressor rig testlinrg. Under any
oircabumstances it W~ould not appear necessary
to evaluate blade stress levels on both
thAo ensine and the compressor rig.

The capacity of avallable facilities w~ill
definitely limit the scope of eng"ine accel-
eration testing.

0. Thi3 phase could be substituted for the
investigations prescribed under item (b).

d. Item (d) i.s sound in principle. Ro'.7eve:-,
it maust be recotgnized that a particular
aircraft duct nay impose such sevci~e penalties
as to prohibit comipliance v'it:'- various
Military Spcoification requirements -
particularly wvith respect to maximnum accol-
oration time -and unrestricted1 throttle
ino vei.-ent.

0. The tremendous problem of facilities avail-
ability is obvious.

f. On the contrary, screens can be used quite
effectively to simulate knovin in-flight
pressure distributions WVhereas use of the
duct alone Wlill only provide Information
for the sea level static condition.

g. Exceept for special problens, the Work out-
lined under this item should be performed
by the airljra:-me riiarufactu~reý- since the
normal course of testing, callsa for inves-
tiEgatinp, aircraft performance over the
full range of attitudes, altitudes and
11ach ntunbers includingS the effects or
armamien t f iringý.

111. Research at Encgine and Control M~anufacturers

_b. This is an 14AOA project except insofar as
a certain amount of information automaticallyA
accrues fromi engine design studies and
from the testinZ; effected under Phase III.

I. t appears likely that supersonic duct buzz
In Int~olerable wnfder an- conditiona.
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Cormmenclcr 7 Decermber 1955
liright Air Developaent Center EIW7UE Page 4

d. vie heartily endorse the projects listed
undor (d). It is noted that item 5 intro-
duces the ubiquitous field cleaning problem.

IV. Research by Airframe 71anufacturers

b. Early testing and development of inlet ducts
are "must" items if the programa of engine
testing is to be conducted With any detgee
of rationality.

Information as to the effects on distortion
patterns of such items as skids, external
stores and ltunch racks (missiles) should
also be suplied to the engine manufacturer

as early as possible. Items such as these
have, in many cases, imposed very sorious
inlet profile deficiencies.

c. Mlinim=u acceptable instrumentation is that
Which w'ill accurately defihe the circixi-
ferential and radial profiles prescribed
for engine testing under I-a. Accurate
profile determination at the engine inlet
will generally require a ninirnutl of 8
total-head rakes of 5 probes each plus
suitable Ywall siCatics. in some cases even
more probes may be required.

d. Values of V,4_ conmmensurate vith those
established in I1-a for engine testing should
also be fixed for the evaluation of inlets.

Test values higher than the fixed limits
Would then automatically render a duct
unacceptable under any circumstances.

4. lie feel that itemis IV-fG require some separate

courients sinve herein lies one of the most knotty and delicate
problem areas of the entire program. There can be no quarrel
with the stated objectives vhich are basically aimed at the
attainment of optimum overall aircraft performance. It is
also obvious that throughout the planning of the proposed

technical program, due consideration has bee0 given to the
probable necessity for accepting some compro-:Aise beteon 4

peak engine perforinance and a degree of tolerance tod'ard
Inlet distortion.
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"viright Air Development Center EI:7TNE Page 5

*'hen existing engines of knovn characteristics are being
considered for a possible application, the relative morits
of stall margin vs peak perforiance can be readily evaluated
and the enzine selection cen be made accordingly. On the
contrary, 'when procurement attention is focused upon new
engines still in the design phase, the tolerance to."ard
inlet distortions and stall margin are extremely nebulous
quantities and primary emphasis is placed upon the attainment
of peak perfor.iiance in terris of aircraft range and/or VMax.
To maintain a competetive position the engine nanufacturer
must'•IesiGn to the hilt". This situation poses a very real
problem to Tffhich there is no quick and ready answer. Although
we cannot suggest an immediate solution, w"e strongly believe
that a frank and open admiission of the existence of the
problem is the first step in its elimination.

5. lie hope that you find the foregoing coioents
useful and v;e will Welcone the opportunity to take part in
future discussions of en6ine-inlet compatibility problems.

Very truly yours,

ALLISOIT DIVISION
General Motors Corporation

D. Gerdan

Director of higineering

GEC/pf

cc: US&F PR

OFFICE OF T!1. /iPPR
ALLISON DIV'1;ZIc.,-:c"

DEC - U 1955
APPROVEDO--- ----
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Memo, F-XXX/JXX Stall-Inlot Problem

Appendix VIII
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F-XXX/JXX
STALL-INLET PROBLEM

Engine stalls have been encountered in the F-XXX at almost all flight

conditions. It is impossible to correlate all stalls on the basis of altitude,

airspeed, angle of attack, inlet duct mass flow ratio, or engine RPM. With the

information available to date, it is impossible to definitely say that any engine

stall encountered in the F-XXX flight testing has been solely due to pvessure

distribution. Since the engine stall margin is reduced by the presence of any

pressure variation at the compressor face, it is apparent that low Reynolds

Numbers and malfunctions of the bleed valve governor, exhaust nozzle, and fuel

control are more likely to cause engine stalls when a finite pressure variation

exists. It appears that only a small percentage of the engine stalls encountered

in the F-XXX can be attributed to pressure diatribution effects. In its

initial attempt to correlate the effect of pressure distribution on engine

stalls, the engine contractor thinks that the variation of circumferential total

pressure at the compressor face, expressed in percentage of the average total

pressure at the compressor face, is a parameter which can be used to determine

the effect of pressure distribution on engine stalls. No effect of localized

pockets of high or low pressure has been noted by the engine contractor.

The engine contractor states that only recently has the effect of pressure

distribution on engine stall become known. He further admits that the pressure

distribution limits in the engine specification (t 2 circumferential & ± 3% radial)

were obtained by considering the worst possible combination of distribution on com-

pressor blade stresses and that no consideration was given to engine stall when

these distribution limits were set. The engine contractor admits that these

12y 
D.__j
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pressure distributions are unrealistic, when considering inlet design, arid that

even their flying test bed inlet does not meet these limits. The engine manu-

facturer states that the stall margin of the engine was based on - 1-1/4% cir-

cumferential pressure distribution and that even if the engine specification

limit of - 2% pressure distribution were met, that a thrust and SFC penalty

will be paid to keep the same stall margin. It is also significant that the

one airplane, the Navy XXX, which the engine contractor points to as having no

repeatable engine stalls, does not meet the engine specification distribution

limits.

In conversations with several other engine manufacturers, they have

stated that the engine specification distribution limits are essentially

arbitrary numbers, designed to make the engine user aware that pressure distri-

bution was something to worry about, but that they had no idea what the numbers

really should be. Almost all of the engine manufacturers have, and still are,

specifying pressure distribution limits which are impossible to meet for all

flight conditions. Furthermore, only one engine contractor has made some allowance

for duct boundary layer in the engine specification pressure distribution limits.

All the other engine manufacturers have made no allowance for boundary layer and

hence have ridiculous requirements which no practical inlet duct can meet. Because

the pressure distribution limits have been completely unreasonable, the airframe

manufacturers have tended to take the attitude that a ridiculous, arbitrary

requirement is no requirement at all.

Inlet designers in the past have concentrated on inlet total pressure recovery

with pressure dietribution a secondary consideration. There are several reasons

why pressure distribution has taken a back seat.
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1. The engine manufacturer's limits were impossible to meet in a practical

installation.

2. Neither the engine manufacturer nor the airframe manufacturer realized

the effect of pressure distribution on stall, and only the compressor

blade stresses were considered a problem.

3. Because the t'let lip must operate over an extremely wide angle of

attack range, caused both by airplane angle of attack and inlet mass

flow ratio, it is impossible to design an inlet lip which will prevent

lip separation under all flight conditions, witho.ut unduly compromising

the airplane drcg.

4. Side inlets, which have come into use because of the electronic require-

ments and the decreased volume of the duct, have an inherent pressure

distribution at the inlet due to the effect of the forwerd fuselage on

distorting the air entering the inlet, even when completely eliminating

the fus lage boundary layer. Thus, for a side inlet configuration, not

only would it be necessary to have no pressure distribution caused by

the duct itself, but it would also be necessary that the duct remove the

pressure distribution caused by the external aerodynamics of the forward

fuselage.

S. Side inlets necessitate the presence of bends in the inlet duct. Even

with the smallest practical duct bends, some pressure distribution will

be caused by the bends.

6. In order to attain the best overall airplane performance it is often

necessary for the inlet designer to compromise the inlet duct in order

to allow for considerations of aircraft drag, weight, placement of

equipment, etc.
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7. In order to meet the engine specification pressure distribution

limits, under all flight conditions, for any type of inlet, it would be

necessary to resort to such measures as plenum chambers, duct screens,

etc. These would result in lower thrust, higher specific fuel consump-

tion, and an increase in airplane size and weight to keep the same

design performance.

The engine operating line is closer to the stall line than other engines.

This results in rather small stall margins and makes the engine extremely sensi-

tive to any disturbance. To point this out there is oiLe airplane which has flown

with two different engines and has essentially the same performance capabilities

with either engine. The JXX engine installation in this airplane has given stall

problems which are an order of magnitude larger than the other engine.

Of all the airplanes in which the JXX is installed, the F-XXX, F-XXX,

F-XXX, B-XX, FXXX, and AXXX, no airplanes are free of stalls and only one has

stalls intermittently. The B-XX is currently undergoing an extensive flight test

program to fix engine stalls. One airframer is currently initiating flight

tests on the F-XXX airplane to fix engine stalls. Another fighter is awaiting its

new inlet ducts before initiating extensive engine stall tests.

The F-XXX inlet duct has excellent pressure recovery and at least average

pressure distribution when compared to other airplanes. While a new inlet duct

has already been designed to alleviate the supersonic inlet stability problems it

is not expected that this design will appreciably decrease the pressure distri-

bution. This new inlet duct is currently being fitted to the #2 airplane.
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Original full scale static inlet tests oit the inlet duct showed extremely

poor pressure distribution. Pressure distributions in the order of 10 to 15%

were measured. The airframer immediately embarked on a program to fix this, anq by

modifications to a vane through the duct, were able to reduce the pressurfý dist-4-

bution to approximately ± 5%. The Aircraft Lab told the F-XXX project .ifice

that this distribution is about as good as can be expected under static conditions.

The airframer is currently engaged in an attempt to obtain better pressure distribu-

tion but little hope exists that it can be achieved without increasing the inlet

total pressure loss, with a resultant decrease in thrust and increase in specific

fuel consunption.

It is desired to point out here that the airframer has done a very competent

job in the wind tunnel, static, and flight tests of the inlet duct.

The Air Force, of course, is interested in actual airplane performance and is

not concerned iith paper performance based on unrealistic assumptions. It is

apparent to the Aircraft Lab that neither demanding that the inlet supply zero

pressure distribution or demanding that the engine accept the maximum possible

pressure distributions will result in the optimum aircraft performance. The

optimum obviously lies somewhere inbetween these two extremes.

The Aircraft Lab is currently initiating a program to obtain from the engine

manufacturers the effect of pressure distribution on thrust, fuel flow, and

engine weight. This data is then to be turned over to the airframe manufacturers

to estitate the effect of pressure distribution requirements on airplane installed

thrust, airplane drag and weight. The aircraft performance can then be calculated

and a pressure distribution can be determined which optimizes the airplane perform-

anct.
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In summary then, it is the Aircraft Laboratory's opinion that:

I. The JXX engine is too sensitive to dizturbances.

-2. The present pressure distribution limits are unobtainable at all flight

conditions by MX practical inlet.

3. Pressure distribution limits should be set which optimize the airplane

performance.
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Extracts from:
1. ARDCM 80-1, 1959, Handbook of Instructions for Aircraft

Desitners
2. MI L-E-.57B, 1959 Military Specifications, Engines

MI L-E-5008B, 1959 Military Specifications, Engines
MI L-E-5009B3, 1959 Military Specifications, Engines
MI L-E-509A Amendment I 1955
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AIWCM 80-1 1 APR 5D

Insure that the selected position is in an area
SECT 7. ENGINE AIR of satisfactory airflow patterns and boundary

INTAKE 5YSTEM layer cha racteristics at all attitudes and con-
ditions of operation for which the aircraft is

7. 1 GENERAL designed. A short air induction system, con-
sistent with good diffur'ion practice, is pro-

The engine air intake power plant installation ferred. Where a choice mustbe made between
includes the necrssary ducts, scoops, pas- a long tailpipe- extension for the exhaust sys-
sages, chambers, etc., which obtain ambient teni and a long engine air Intake system, the
air and supply this air to theengine for corn- sacrifice of hiduction system performance
bustion of the fuel. Anti-icing and deicing must be accepted becauseof the larger penalty
provisions, antidust devices, and any other Imposed on engine performance by tailpipe
equipment employed in or near the intake length, the high weight per unit area involved
duets for the purpose of restricting, mod- In limiting the inherent fire hazard of the
ulating, filtering, beatiDg, or cooling the tailpipe, and by Inspection, mainlenance, and
intake air are also considered part of this replacement factors. Give special cunsidera-
system. lion to locating and positioning the air Inlet in

7.2 DESIGN OBJECTIVES an area where there is little probability of
entraining foreign particles thrown up by the

The effect of aerodynamic design ofthe engine wheels of the aircraft.
air intake system on turLojet and turboprop
type engine performance is of considerably 7.2.1 PRESSURE VARIATION
greater importance than for reciprocating
engines. The optimrum aerodynamic eonfig- The air induction system total pressurepro-
uratlon of the air inlet and induction system file at the enghin front face has a direct rela-
ducting can be achieved only by exact analy- tion to gas turbine engine oparation as con-
sis of the system requirements and parallel cerns compressor stall and surge. Total
study and comparative wind tunnel analysis pressure variation from the mean should be
of alternate designs. The merits of duct and as small as is possible with good inletdesign.
Inlet configtration of different design and lo- Radial total pressure variation does not affect
cation depend primarily on the type of engine engine compressor stall as much as does cir-
installation. The critical nature of duct and cumferentlal total pressure variation. Cir-
entrance configurations in regard to the effect cumferential total pressure variation from
of compressibility and normal energy losses the mean should not vary more than plus or
at high Mach numbors makes evaluation of the minus five percent at all required flight
engine air Intake system by individual per- operation altitudes, angles of attack, ma-
formanee testing imperative. There are neuvers, and speeds. Recent flight test data
several approved methods available for comn- show that relatively wide pressure variation
puting the effect of the air Induction system at a few points in the platne of the compressor
design on aircraft and engine performance. face does not affect compressor stall as
For this reason, no specific method is recom- much as does medium pressure variation at a
mended here. Use any rational method of greater number of points. Thesizeandloca-
calculating performance. If the method tlion of these regions of variation of total prcs-
selected has been published, forward a report sure at the compressor front face appear to
which explains the method in detail to WADC be the deciding factor in ctirrent Inlet duct
for approval. Subsequently, forward a report induced engine stall limits.
describing the methods employed and the re-
suits obtained in the performance testing of 7.2.2 PRESSURE REC.OVERY
the engine air intake system to WADC for
approval. Inthe design or planningstage, give A high average total pressure recovery at
consideration to the location ofthealr inletto the engine front face isdesirablesothatopti-

VOL I-PART D-CHAP 3
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mum engine performance may be realized. tions. See D.3-7.3.2,1 for design of the con-
Pressure recovery normally decreases with trols of these variable Inlet components.
Increasing aircrart Mach number. Design
objectives for air Inlet average total pressure 7.3.2.1 Variable Geometry Inlet Control
recovery are as follows; Dcsign tLle variablr geometry inWet control

Mach 0 to 1 - 0.93 system to insure an accuracy of regulation

Niach 2 - 0.85 consisteit with the steady state and transient

Mach 3 - 0.60 characteristics of the basic engine control.
Make the reliability and fall-safe features

7.3 GENEAL DIESIGN of the inlet control compatible with those of
the basic engine control. Submit sufficient

7.3.1 CONSTRUCTION DESIGN data to VIADC to parmit an evaluation of the
control system relative to a specific engine

Make the inlet and systera ducting of sufficient and aircraft installation.
strength to withstand the maximum pressure
deprcsnlon encountered at maxlmum engine 7.3.2.1.1 Reliability. Use as a guide the

thrust with the aircraft in static condition. In requirements listed in this paragraph. Make

addition, provide sufficient strength to with- the variable geometry inlet control the

stend vibrations produced by airflow varla- simplest and most reliable system which will

tions (which may exceed the strength required provide the engine-aircraft combination with

to withstand pressure differentials). Employ the specified performance and case of opera-

flush typo riveting In the internal surfaces of tlion. Design the Inlet control systcm without

all ducting in the system. Do not use con- special eme-rgency features so that:

struction components In the engiire air intake
system which may vibrate looscand enter the a. A failure during takeoff of any single

engine. If their use is unavoidable, provide functional part does not reduce the total

safetying of each part. Submit all pertinent thrust below 05 percent of military jetthrust

data and drawings of duct quick disconnects to on an NACA standard day plus 407F. over

/ADO for approval 4prior to Incorporation the altitude range of sea level to 6,000 ft.

In the aircraft. altitude.

b. A failure of any single part does not
7.3.1.1 LOCATION result in the engine or airframe exceeding

the structural operating limits to the extent
The air inlets and armament stores should that such failures cannot be prevented by
both be located so that rocket and gunfire simple corrective pilot action with a rea-
blasts or oth.r effects will riot enter the air sonable period of time.
Inlcts of gas turbine engines. The effect of
sudden change3 In inlet air temperature and i. Failure of any single partwhen lnstalled
pressure and subsequent compressor surge in the aircraft, shall not cause an abnormal
can be serious in gas turbine engine flight operating condition tueh that aircraft con-

operption. See E.4-3.2.1.3 for locttion of trollability cannot be maintained by simple

rocket launchers and E.4-7,2. 2 for informa- corrective pilot action. Incorporateonlysuch

lion on compressor ctall. manual and automatic safety features which
have been demonstrated te be reliable and

7.3.2 CONTROL provide emergency operation under the fail-
uro conditions listed above. Incorporate no

Airflow control by means of variable Inlet devices, In addition to those required above,
spikes, plugs, wedges, byjLs door!_'.s.r.,4-t-n for the purpose of protecting against the
It d gors may be necessary on hilgh-specd air- simultaneous failure oi two control system
craft to supply engine airflow requiremen's parts, excep- wherethefirstfailurecancause 4
over the complete range of operating condi- the second.

VOL I-PART D-CIIAP 3
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MIL-r--5OYD7
12 JAIWUAY 1959
SWPERSIDINO
uL.-I-5001A

Sly JULY 1951

MILITARY SPECIFICATION

ENGINES, AIRCi1AFT, TUMlOJET, GENERlAL SPECIFICATION FOR
rThis speciic.tlei has been pprreAd by 4 e Deparrpexi of DWew..# and Is m

!7lory for ise by lb Demrrtlintls ef ske .4ra. ./Ie Nary, a"I 9be Air Force,

3.20.3 Inlet Air Pressure Varlatlon. The estimated maximum radial and circumferential total
pressure distortion limits which can be safely tolerated shall be specified in the model specification.
In addition the estimated maximum radial and circumferential total psessure distortion limits which
an be tolerated without adversely Lfqecting rated engine performance shall also be specified. The Ceti.
mated effect on engine performance of these distortions shall be specified in the model specification.
These limits shall not include an area hounded by the duct walls and a line spaced therefrom by 114
percent of the compressor tip diameter.

MIL-E-5O08B
22 JANUARtY 1Dsq
8UPERItISDING

+ ~MIL--E--SOOSA
7 July 1951

MILITARY SPECIFICATION

ENGINES, AIRCRAFT, TURBOJET, MODEL SPECIFICATION FOR
(OUTLINE AND INSTRUCTIONS FOR PREPARATION)

hse ,ped•tcaicin Aa, I.,n opprorcd byt Ll Dcparimendl ef Deftn and ow mn-
daeforyfr use by the Departments aofhe Army, the Navy, and tAe Air Form.

3.20.3 Intle air pressure variation, The estimated ridial and eircunmferential inlet air total
pressure distribution limits which catt be safely tolerated shall be as shown on curve(s) .........
(The contractor may show these limits in other than curve form.) T'lhe estimated effect of radial
and eircumfercntial total pressure variation on thrust, fuel flow, and air flow shall be as shown on
curve(s) ........ (At least 5 inlet distortio'i points r-hich are to be demonstrated under 4.2.7.1.3
of MIILE-5009 shall be specified.)
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MIL-!E-50093
22 JANUAPY 1959

SUPERSEDING
OAIL-!-S009A
21 JULY 1951

MILITARY SPECIFICATION

ENGINES, AIRCRAFT, TURBOJET, QUALIFICATION TESTS FOR

"Ybis ,teAcaioet hem boa hmes ap•pred by sbh Departmsii of Defense and is gnam-
dalor for mire bLy /she Dejarlisewsls of the Army, she Navy, awl Ikse Air Force.

4.2.7 Altitude Tests.

4.2.7.1 Test Conditlons.
4,2.7.1.1 General. An engine, not necessarily engine "Ar Shall be subjected to altitude tests

which shall consist of operation and air starting checks at several selected thrust concditions asound
the operating limits envelope specified for the engine in the raodel specification, except that portions
of these tests may be accomplished on separate engines at the discretion of the Using Spervice. The
points covered on this envelope shkll be for a standard hot atmospbere and a standard cold atmosphere
as defined by tables II and III of MI1--STD-210, and the altitude rating points. The test points selected
shall be the minimum necessary to demonstrate the engine operating and air starting limits envelope.
Unless otherwise specified in the engine model specification, loading of the accessory drives will not be
sequired during these tests. If a continuous duty ;gnition system i specified, it shall be in operation,
with rated input voltage, at all times after a normal start Sequence h&a been completed.

4.2.7.1.3 Inlet Air Pressure Distribution. For selected test points as specified in the model speci-
icaution, the air total pressure distribution at the compressor inlet shall simulate conditions approxi-
ma, tely cquAl to the maximum allowable percent and extent of variation of the total pressure pattern,
specified in the model specification.

4
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MIL-E-500-A
AME N E - I
23 DECEU.-IrER 1955

MILITAI1Y SPFCIFICATIOae

ENGIlES, AIRCRAF• , TURBJET, QUALIFICA•TON Th57S FOR

This amendeent forms a part of hiinttry Specification
ML-E-%009,P dated 27 July 1951, and has been approved
by the Dopartnent of Dofensr for use of the Departments
of tZe Army, the Hlavy, and the Air Force.

"Ph.2.23., Altitude Tests.-
"84.2.,.3,3ol Test Conditions.-

, .2.2.3.3.l.1 General.- An engine, not necessarily engine NA" shall be subjected
to Altitude tests, ,.hiZW'hshll consist of operation and air starting check3 at several
selected power conditions around the oper.tinZ limits envelop. specified for the engine
In the modex 3peeifteation, except that portions of there tests nMy be acconplished on
septratw engines at the discretion of the U-ing Service. The points covered on this
envelopO shall be for a standard hot, at.U-osphare, a st•ndard cold atmosphere as defined
in ANA bulletin No. 421, and the altitude rating points. The test points selected shall
be -the minimun necessary to determinc the engine operatin- and air starting limits
envelope and shall be specified in the model specification.

24-.2.2.-3--1.3 Inlet Air Pressure Distribution.- For selected test points as
specified in the modelaspecificeation, the air'pressure distribution at. the co.pcAisor
Inlet shall simulate conditions approxiuately equal to the maximum allowable percent
ond extent of variation of the pressure patterns specified in the model 3pecification.
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Typical Weapon System Engine and Inlet Interface Criteria

Appendix X

-
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A. AIR VEHICLE SPECIFICATION (INITIAL)

3.12.1.2.1 ENGINE INLET DISTORTION SUITABILITY - The engine will
operate satisfactorily within the compressor inlet-distortion limits as
specified in the engine model specification.

3.12.5 AIR INDUCTION SYSTEM

3.12.S.1 DESCRIPTION - Air Inlets (one for each engine) shall be pro-
vided as specified in SPECIFICATION No. _ (Propulsion Subsystem).

3,12,5,2 AIR INTAKES

3.12.S.2.1 AIR INTAKES (RECIPROCATING ENGINES) Not applicable.

3,12.5.2.2 AIR INTAKES (TURBOFAN ENGINES) The design of the intake
inlet and duct shall be as specified in SPECIFICATION No. (Propulsion
Subsystems).

B. PROPULSION SUBSYSTEM SPECIFICATION (INITIAL)

3.8 ENGINE AIR INDUCTION SYSTEM - Each engine shall be provided with
an induction system automatically modulated to provide high propulsion
efficiency. The inlet shall be located so as to minimize ingestion of
the boundary layer and angle of attack effects. The design of the intake
inlet and duct shall positively prevent any erratic or adverse air flow
distribution which would cause engine compressor stall or other engine
malfunction at all normal operating conditions, altitudes, and attitudes
including but not limited to take-off, approach, wave off, and aircraft
stall conditions. The permissible circumferential and radial air pressure
distribution at the engine face shall be within the limits specified in
Engine Model Specification No.

The inlet control system shall automatically maintain the total pressure
recovery characteristics that result in optimum engine performance as
necessary to meet the aircraft design mission requirements at all Mach
altitude conditions.

In order to insure static and take-off engine/aircraft design performance,
additional air inlet opening or openings may be provided.

C. ENGINE SPECIFICA'TION (INITIAL)

3.20.3 INLET AIR PRESSURE VARIATION - Revise this paragraph to read:
"Engine performance shall not be affected+by any circumferential and radial

.inlet air pressure distribution of up to -5% of the average absolute total
pressure except within 1/2 inch of the duct wall."

3.20.3.1 INLET AIR PRESSURE VARIATION DATA - Data from at least S dis-
tortion test points will be provided to the using service in the form of a
report. The specific conditions tested shall be established in coordination
with the weapons system contractor.

'FCWXDI3 PAMZ BLOMNL.Om iflMKD.-
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A. AIR VEHICLE SPECIFICATION (FINAL)

5.12.1.2.1 ENGINE INLET DISTORTION SUITABILITY - The engine will
operate satisfact-ily within te compfressor in lt-istortion limits as
specified in the _ engine model specification.

3.12.5 AIR INDUCTION SYSTEM

3.12.5.1 DESCRIPTION - Each engine shall be provided with an induction
system in accordance with 52ECIFICATlON No. which shall be automati-
cally modulated to provide high propulsion efficiency. The inlet shall be
located so as to minimize ingestion of the boundary layer and angle of attack
effects. The design Qf the intake inlet and duct shall positively prevent any
erratic or 4dverse air flow distribution which would cause engine compressor
stall or otter engine malfunction at all normal operating conditions, altitudes,
and attitudes including but ncot limited to take-off, approach, wave off, and
aircraft stall conditions. The inlet and its subsonic ducting shall be designed
to provide circumferential and radial air pressure distribution at the engine
face within t5% of the above absolute total pressure, except within 1/2 inch
of the duct wall. Pressure distribution characteristics of the inlet will be
determined from test made during the development program,

The inlet control system automatically maintain the total pressur. recovery
characteristics that result in optimum engine performance as necessary to meet
the aircraft design mission requirements at all Mich altitude conditions.

in order to insure stotic and take-off engine/sircraft design performance,
additional air inlet opening or openings may be provided.

B. PROPULSION SUBSYSTEM SPECIFICATION (FINAL)

3.8 ENGINE AIR INDUCTION SYSTEM - Each engne shall be provided with an
induction system automatically modulated to provide high propulsion efficiency.
The inlet shall be located so as to minimize ingestion of the boundary layer
and angle of attack effects. The design of the intake inlet and duct shall
positively prevent any erratic or adverse air flow distribution which would
cause engine compressor stall or other engine malfunction at all normal oper-
ating conditions, altitudes, and attitudes including but not limited to take-
off, approach, wave off, and aircraft stall conditions. The inlet and its
subsonic ducting shall be designed to provide circumferential and radial air
pressure distribution at the engine face within ±5% of the average absolute
total pressure, except within 1/2 inch of the duct wall. Pressure distribution
characteristics of the inlet will be determined from test made during the de-
velopment program.

The inlet control system shall automatically maintain the total pressure recovery
characteristics that result in optimum engine performance as necessary to neet
the aircraft design mission requirements at all Mach altitude conditions.

In order to insure static and take-off engine/aircraft design performance,
additional air inlet opening or openings may be provided.

jl 140

a _____---------- -



AFAPL-TR-71-84

C. ENGINE SPECIFICATION (FINAL)

3.20.3 INLET AIR PRESSURE VARIATION - Revise this paragraph to read:
"The engine shall-tolerate, without a--verse effect on operation, any rad-
ial and circumferential inlet air flow maldistribution up to t5% of the
av\rage absolute total pressure at the engine inlet face. The effect of
flow patterns exhibiting distribution non-uniformity in excess of ±5% can

be indicated only by engine and/or flight testing. Patterns tL be tested
should be coordinated with the engine contractor as indicated in paragraph
3.20.3.1 below. The pressure variations existing within 1/2 inch of the
inlet duct wall are excluded from ronsideration. Within the limits of t5%

specified above, engine rated performance shall not be affected except by the
level of average absolute total pressure as indicated in paragraph 3.4".

3.20.3.1 INLET AIR PRESSURE VARIATION DATA - Data from S distortion test

points will be provided to the using service in the form of a report. The
specific conditions tested shall be established in coordination with the weapcns
system contractor prior to initiation nf qualification tests.

3.20.3.2 INLET AIR PRESSURE VARIATION CORRELATION FACTOR - The estimated
maximum total ihT air pressure distortion capability of the engine without
inlet pressure fluctuations is shown in Curve T-1574, sheets 135 through 139 in

terms of an Inlet Distortion Correlation Factor. The definition of the Correla-
tion Factor and the limitations on its use are given in Section XI of the Per-
formance Calculation Section.

4.3 QUALIFICATION TESTS - Revise this paragraph to read: "Qualification
of the engine shall be predicted on satisfactory completion of those
portions of the engine qualification test specified below and satisfactory
completion of tests on the engine in accordance with MIL-E-S009 as modified
below and approval of the test report by the using service. The specific test
points required for the altitude qualification test shall be shown on Curve T-
1574 sheet 113.

4.3A The following qualification tests of MIL-E-S009 shall not be conducted
on the engine since the features and/or components listed are sub-
stantiafy-identical to featur-esand components which are required to be quali-
fied for the _ engine or are in accordance with approved changes to the

4.3B The complete qualification test for the engine, shall be con-
ducted in accordance with MIL-E-5009B, as modified in the following paragraphs:

4.3B.22(4.2.7.1.3 of MIL-E-5009) INLET AIR PRESSURE DISTRIBUTION - Inlet
air pressure distribution tests shall not be required asp-art 1of the qualifica-
tion. (See para. 3.20.3.1)
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Inlet Development Schedule and Total Aerodynamic Test Hours

Appendix Xl
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Hq RTD Letter subject Engine-Inlet Compatibility dated 21 Jun 1966
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DEPARTM"iNIT O0; "FL'/ A:R: FORCE.
fltAOQUANTF4S R(-.1L~ANCMi AND T(eCHNqOL.OOY DIVISION (ArLOG)

BOLLING AIR VO.CE DANK, D.C. 20332 ,

JUT? 2UJUNK Ias vSS' tt'_
Engine -Inlct Compatibility

AFAPL (APO) SEG (SEG) AFFDL WFDOs)

1. In view of the current problems encountered in the F-ill develop-
ment in this area and the requirement to insure adequate engine-inlet
compatibility in future systems such as the FX, US/FRG V/STOL
Fighter and AMSA, it is imperative that RTD take action now to insurn
rdsolution of this critical problem area.

2. The SAB Ad Hoc Committee on Air Breathing Propulsion recom-
-mended that the Air Force establish a compressor distortion criteria
pr-ediction method and state this along with a distortion index in an
appropriate military specification. The Deputy Assistant Secretary
for Research and Development has informally stated the desire for
an RTD plan for implementing the SAB recommendation and has pro-
vided informal comments and guidance.

3. On 13 June 1966 at AFFDL, representatives of SEQ, AFAPL, AFFDL
and HQ RTD discussed the preparation of an RTD plan for implementing
the SAB recomnmnendations. As agreed unon at this mrneeting is Jr.
qu~ested that SEQ assume Me~zpnnsibilitv for the establishnmnt of
an ad hoc group for the prenaration of a plan. As discussed, the plan
will cover current status of appropriate programs of both the Air Force
and other government agencies, and augmentation and emphasis needed
in critical areas to meet the requirements of the next generation of
systems such as the IUS/FRO V/STOL Fighter, A.M1SA, and future follow-
on systems. This plan should present a coordiunated, unified technical
approach to the resolution of the engine-inlet matching. Representatives

of the Aeromechanics flivisiot and the Propulsion and Power Division of
{Q RTD will be at Wright-Patterson AFB during tie week of V7 June 1966

to review the plan.

4. It is requested that you give the formulation oi this plan your personal
attention and support.

IIN
Major General, USAFV * £cwsandsr

FORGING MILITARY SPACEPOWER

.pnctjpPA=3 BMLANK.= fflD.,
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RTD Integration and Management Plan
for Aircraft-Propulsion Compatibility, September 1966
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The correspondence following this foreword 1i the directive authority
for the preparation of this RTD Integration and Management Plan covering the
area of Airfrcme-Propnlsion Compatibility. In view of the past history of
inlet-ergine-nozzle matching and problems with current systems development,
this effort Is considered to be of vital Importance. As operational speeds
increase and configurations become more complex, the problem intensifies.
Unlcss a timely program is inediately initiated to define, solve, and
document the problems of airframe propuLuion cauetibiltyt, future systm
vill be severely penalized in performance.
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DEPiRTMZNT OF T-i;. A,; FORC"
HKAODQUAWM"fPf IMSKC:AHC64 AHL yIUC.b.tIO•.Ov nOVI910N (AVeC)

PoL.L.IG A444 Vonoe UAUC. D.C. 0S,".

bute '•,.•€. lgnhe-1111at Compatibility

?@YAIAPL (APG) SEG (SEG) AFFDL (l-DG)

1. In vicw of the c.",-cnt problems encountered in the F-111 develop-

mont in this area an( the requirement to insure adequate cngine-inlet

compztibility in futurc srstems such as thc FX, US/FRG V/STOL
Fighlcr and ANMSA, it is imperative that RTJD Lake action now to insure
resolution of this critical probL'. |• area.

2. The SAB Ad Hoc Conmittc on Air Breathing Propulsion rccoin-

mrxended that the Air Force establish a compressor distortion critcria

prediction ievthod'and state this along with a distortion index in ar.

appropriate rmilitaky specification. The Deputy Assistant Secrctary

for Rescarch and Devclopmcnt hals iifnrrma)ly stated the desirc for

an RTD plan for implementing the •3"13 rocommendation and has pro-

vided informal comments and guidance.

3. On 13 June 1966 at AFFDL,, reprvsentativcs of SEG, AFAPL, AFYDL

and HO RTD discusscd the preparation of an RTD plan for implcmenting

the SAB recommendations. As agreed upon at this meeting, it is re-

quested that SEG assume lead responsibility for the establishment of

an ad hoc group for the preparation of a plan. As discussed, the plan

Swill cover currcnt status of appropriate programs of both the Air Force

and other govornmcnt agencies, and augmentation and emphasis needed

in critical areas to meet the requirements of the next generation of

sysieman such as the US/FP.0 V/STOL Fighter, AMSA, and futtire follow-
on systaras. This plan should present a coordinated, unified tcchnical

approach to the w-colution of the cnginc-inlct matching. Rcprcsef.,Itativcz

of. the Acrorncchanics Division and thc Propulsion and Power Division of
I-IQ RTD will be o.a Wright-PatteruoAi AFB during the week of V7 June 1966
to review thc plan.

' . It is requested thiat you give the formulation of this plan your personal

Sattention and support.

:,•.o Cou.'d,:•l USAY

FORGING MILiTARY SPACEP'OWER
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SECURIT

This document is For Official Use Only. Security classification is
the responsibility of The Air Foxce Auro Propuduicm laboratory (APQ).
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AIRFRAME PROPULSION CCHPAThB!TITY PROGRAM

I. OBJECTIVE

The ultimate objective is tg g telj& which will insure
integrated airframe and propulsion system ccr,ý,%tibility. Inherent therein
is the de.e~opu @t• which will allow overall weapon system perfor-
mance trade-offe to be made with respect to the degree of airframe and pro-
pulsion compatibility.

II. RATIONALEM

Background - National experience during the past ten tz fifteen years
in the development of sophisticated airborne weapon systems has uncovered &
problem area that is increasing in severity. This problem area is that of
airrrame-propulsion system compatibility both steady state and transient and
has been emphasized recently by the problems encountered during development
testing of new aircraft. The problem of airframe-propulsion uystem coa-
patibility resolves itself not only into one of airflow distortion but
the compromises and tradle-offs which are involved in determining the degree
of compatibility required to satisfy overall weapon system performance.
This includes the definition of the critical types of distortion, steady
state and. transient, and the ability of adjacent components to tolerate
this distortion and to perform satisfactorily throughout the unticipated
flight envelope. For example, the en~gi~e, must operate satisfactorily over
the entire flight envelope irrespectivc of the aoun f airflow distortion
presented to the compressor 'face by the inlet exit;-or the inlet must
supply an undistorted airflow profile to the engine throughout the flight
regime. There is an optimum compromise oeen •tese Xo extremes and it
is the purpose of this project to provide criteria which will allow the pre-
diction, determination and attainment of this optimum compromise and its
relationship to overall system performance degradation.

Scope - This program will be limited to a consideration of gas
turbine powered aircraft with speeds not in excess of M 4.0. There are
three general classes of vehicles which will be included in the study.
These are (a) long duration cruise type vehiciez, (b) highly maneuverable
t)pe vehicles, and (c) V/STOL type vehicles.

Initial effort will concentrate on inlet-engine matching since there
are exliting programs underway for engine-nozzle compatibility. The first years
of effort will be accomplished within existing manpower and fends. A working
group, as described in Part IV, will supporttthe system engineerirn offices
by providing technical assistance and consul1 ion on airframe-propulsion
empatibility development and test programs. The working group will also
review the analysis and test results to insure satisfactory performance

158



AFAPL-TR-71-84

and compatibility of the overall system. The technical advisory panel
will be available for consultation and review of the overall program.

Approach - While' there has been considerable effort accomplished to
date in the engine-inlet compatibility area, it has been predcminantely
steady state, relatively isolated, and not correlated to provide cocmonality
of solutions.

The overall approach will be to provide as much information and pre-
,liminary criteria as possible to systems engineers and managers on a
:periodic basis ultimately striving for a hard set of specifications
'completely satisfying the stated objective.

A Working Group, composed of personnel from AFAPL, AFFDL, and SEG, will
be responsible for this effort. Phase I will complete discussions with
advanced SPO's to determine what current criteria are being used, and when
better criteria would be required to assist these programs. The Working
Group will continue detailed discussions with industry and other agencies
to fArther review the various approaches that have been and are being taken
to provide inlet-engine compatiblity. Much of what. i4 being done today is
being done on a piecemeal basis looking for a specific solution to a
specific problem. The group will analyze all available data to arrive at
a preliminary set of criteria. Voids will be identified in fundamental
understanding, performance limits under distorted flow conditions, prediction
techniques, test instrumentation and test criteria. This will verify the
requirements for and adequacy of the contractural activity planned herein
for Phase 11. Interdependent RT)D laboratory programs in aerodynamics and
propulsion will be initiated and time phased to provide four distinct
inputs to SEG and the System Program Offices as shown by the work schedule
and technical description in Part III.

It is recognized that the complete program could be extremely
expensive. In order to reach the program objective, planning and programming
must be carefully done to attain efficiency in use of resources. Maximum
use will be made of existing ground and flight test data as well as scheduled
future flight tests so that the expense of flight testing will be minimized.
No generalized flight tests are now planned for this program.

The manpower listed in Part IV (Management) is available and it is
assumed that costs listed in Part V (Coats) will be programed through
normal channels and be available early in F? 68.

III. TECHNICAL INTEGRATION

The most important function of the Working Group is to identify
airframe/propulsion compatiblity data and translate these into usable
5sb•ystems criteria. Airframe/propulsion compatibility criteria will be
established to permit the determination of the degree of propulsion
system performance degradation (thrust and sf() for airframe inlet, engihe
and exhaust nozzle configurations. The causes and effects of various
degrees of such degradation on specific weapon system mission performance
envelopes will be established. Corrective design features and methods
pertinent to planned and in-development weapon systems will be obtained toi" Permit maxiMization of mission performance capability.
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The criteria to be developed are:

1. Conceptual, definition and acquisition phase statements of
work requirements including data, testing and reporting.

2. Data, test requirements and, reports requirements for vind-
tunnel airframe r.aodels and demonstrator engines.

3. Instrumentation requirements for airframe and propulsion
systems testing.

4. Qaantified evaluation processes for Source Selection actions.

5. Airframe and propulsion system specifications.

Firm criteria will be available at the end of CY 70 with interim
criteria developed during this program being released at three major
intermediate milestones, The dates for these milestones are shown on the
schedule following in this part and the outputs anticipated are:

1. Prelininary inlet and engine design data, subsystem per-
formance analysis techniques, and test data acquisition procedures will be
generated to arrive at .a set of compatible subsystem interface and component
design requirements for designing and evaluating aerospace vehicles.

2. Establish upgraded inlet-engine perforvance and compatibility
criteria which provide initial quantitative data for systems definition,
design, test, acquisition.

3. Establish advanced inter.in vehicle subsystem criteria and
interface requirements from the component data findings obtained from the
technology program efforts, the state-of-the-art review, and data acquired
from contractors developing advanced weapon systems.

4. LA sXtk rm-lecif.icetpinjcovering vehicle subsystem
_Ag- qrtt-.eg -. nd interface requirement: to catisfy all contractual
phases relating to the desz develoment test, and acquisition of pro-
pulsion systems and related hardware.

Thr criteria developed and refined at the major milestone dates vw411
.beJntcgrated into the. general -equirements. and specification documents by
the Systems Engineering Group. Reports of findings and criteria will be
published for use by the System Program Offices in the Conceptual, Definition
and Acquisition phases of Weapon System development and by the RTD Labora-
tories in extablishing Ad-anced Technology requirements. Periodic meetings
with the SPO's, S•, RTD Laboratories, industry and other Government
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agcncies will permit the integration of all available data and te.sting
techniques into the planned reports and provide for general uprating of the
industry-Government urierstanding and application of the Airframe-Propulsion
System Compatibility criteria. Assistance will be provided to the Systems
program Offices for establishment of contractual work requirements, contractor
interface responsibilities, source selection processes and development test
programs and analyses that are conducted by the weapon systems contractors.

The source of data from which the above criteria will be established
consists of the following:

Technical Review and Correlation of System Project Office
experience, Industry experience, Army, Navy, FAAp and NASA
Programs;

Laboratory programs in Airframe/Inlet Pe-."ynamics, Inlet
Diffuser Design Studies, Engine Response to Pressure and
Temperature Distortion, Inlet-Engine Dynamic Coupling;

Continuing Review of System Progress and Joint Flight Test
with approved Advanced Systems.

The technical review and data correlation will also be important
in planning and assessing the adequacy of the contractual program.
Descriptions of each of the planned work elements of the Laboratory pro-
grams follow the schedule chart and are keyed to it by letter.

There are at this time no flight tests planned of a general nature.
Data currently being obtained and planned from the F-ll1, BO0, and other
•,grams will be studied and correlated with ground test data. As new
systems such as AMJA, US/FRG, or FX reach the flight test planning stage,
specific test plans for airframe-propulsion system compatiblity can be
incorporated. These test programs will provide data required for specific
system test objectives and, in addition, will provide data which can be
correlated with results from other test programs to formulate improved
airframe-propulsion compatibility design criteria.

Appendix I lists those current efforts which are generally appl cable
to the airframe-Propuls4.on csmp~tibility program.

Appendix II hereto is a list of potential contributors that may be
interviewed during Phase I. The current status of the inlet-engine
matching work for the F-1ll, XB70, C5A, AMSA, US/FRO, and FX has been
summarized in Appendix III.
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Schedule Code A

STMP-OR.-THE-ART REVIR (New Program)

The in-house review of planned advanced systems and engine compati-
bility inlet design lnformation, performance data, and flow distortion
criteria will be continued and expanded to assess the currcnt statc-of-the-art for
turbojet, turbofan, and VTOL applications. This investigation will.
eulminate in a document for Government and industrial use which outlines
basic design and evaluation criteria.

a. Briefings bL.- various groups will be used to augment search for
available information. Activities of other agencies such as NASA, Navy,
and FAA will be reviewed.

b. Small contracts may be given to non-profit organizations including
universities for technical advisors to assist in the assessment of information
acquired.

c. Other small contracts could be 3et to assemble and review
Infor,,ation in certain critical areas.

d. Output will also serve as the basic foundation ror other efforts
i.ithin the total Inlet-engine program.

e. The Ad Hoc Working Group and Technical Advisory Panel will also
provide advice to advanced systems through SEG.

f. Time Phasing

(1) Initiated on "Go-Ahead (G-A)" date,

(2) Completed in 7 months.

g. Inlet-engine review acconplished by the Working Group.
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Schedule Code B

PRESURE DISTORTION EFFECTS

Objective: 7o dotornmi:e the relative importance of the
various parameters derived from pressure
measurements at the engine face in term o,*
compressor stability margin and perforsnno.
The approach will includo re-examination of
existing data in addition to cozipressor rig
testing to arrive at a sound baste from which
to evaluate distortion effects.

Scope: This'program will include the effects or
distortion on a broad base of compressor
designs including dual spool, variable
geometry and various blade designs and will
exaraine the many distortion parameters
currently used (size, shape, location,
magnitude, frequency, turbulence, swirl, etc)
in the attenpVt to establish more meaninrful
parameters.

Output: To provide the guide lines to evaluato the
steady state and dynamic compatibility of
the propulsion system from diffuser exit
distortion contours and establish trade-offs
between performance and stability margin.
Data resulting from this proaram will be
applicable toward deternining the wea"pon system
performance trade-offs and the constraints
that apply to the system design.

Time Fhasings a, Initiated 6 months after program go-ahead.
b. Program to be oospleted two years.

Responsibility: AFAPL

•I
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Schedule Cod0- C

1WUFERATMUR DISTORTION EFFU~TS

Objective; To establish the influence of hot gas ingestion
on porfornanco and engineo stability margin by
testiix l117t and lift cruise compressors and
engines with temp~erature cdistortion including
the rate of change of temperature.

Scope: This program 4rriU test lift and lift cruise
compressors and/or engines with temperature
and pressure distortion.

Output: 'To provide the guide linesi to evaluate the effects
of given temperature distortion in terms of
engine flow stability margin anda engine perform-
ance trades. Tho results of thiB program will
be eqwUaly valuable in establishing the stability
requirements and the performance trades during
a weapon exhaust ingestion and exhaust
reingestion due to thrust reversing. The data
resulting from this program can be utilized as
a basic tool to de~termine weapon system perform-
ance trades and design contraints.

Time Phasing. a. Initiated 6 months after go-ahead.
b. Program to be completed in one year.

Responsibility: "FAPL

A 65
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Schedule Coda D

AIUROFE-INLET INTEUACTION (New Program)

Objective % To determine some of the most important effects of inlet
placement on induction system performance and compressor
face flow field distortion.

Scope: a. For each of gonerlc classes of vehicles such as t

(1) Cruise - Strike - Rconnaissance

(2) Tactical - Intercept - Interdiction

(3) v/SToL.

(4) Transport - logistics

b. Done in two iterations to provide data on inlet-vehicle
integration.

c. For . ;presentativa vehicle configurations, using different
types of inlets with subsonic diffusers the distortion at
the engino face for a common diffuser will be related to
placement and integration on the vehicle to determine
favorable locations.

4. For the VTOL eng~ine inlets, tests will be performed vith
gas generators to determine the placement on the VTOL
vehicles where minimum hot gas ingestion or thermal gradientts

Outputs Ihis effort to generally define inlet-airframe Integration a,"d
define what types of flow fields must be simulated in inlet tests.
Preliminary and final inlet placement data would provide informatior
applicable to trade-off studies of saytem performance.

Tiame Phasing a. Initiated 6 months after go-ahead.

b. Baslo program continues for one year.

o0 4 ytems oriented effort initiated 21 months after go-ahead.

Responsibilitya AFFML with SZO input to second phase.
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Schedule Code E

SUPERSONIC INLET DEVEIDP24ENT (Nef Program)

Objective: Object will be to develop corfigurations with a minimum of flow
separation and distortion at various flight ionditiorns, back
pressures, and angles of attack or yaw. Developuisnt with objec-
tive of low distortion (e3pecially of the critical type as defined
by the engine development program) but high performance in a
vehdicle environment.

cope: a. For each of the generic classes of vehicles:

(1) Cruise - Strike - Reconnaissance

(2) Tactical - Intercept

(3) VTOL - Supersonic Mission Profile

b. Lines of the supersonicdiffusers4 several different types
wifl be analyzed and testedf: -.

(1) Axisymmetric
Rcternal Compression

(2) 2-DI. ------- 7-
I Internal-Dcternal Compression

(3) Three-Dimensional J

c. Items to be accomplished for the supersonic portions of the
diffoser• for the different systems are:

(1) Contour

(2) Amount of variable geometry

(3) Bleed and bypass systems

(4) Define airflow characteristics

(5) Define performance and complete .documentation of
distortion delivered to the subsonic diffuser.

d. xtonsive testing of a family of inlet configurations for
each class of vehicles will be conducted over the operating
Mach Number range.

Output: This program will provide candidate superconic diffuser configura-
tions to be chocked out in the airframe interaction tests and
further developed in the sAbsonic-superaonic diffuser program.
1W being systems orionted tzý the gensric classes of vehicles, 4
the relationship (for various Lilets) of high compatibility to
vehicle system-s performance parameters such as weight, volume,
and drag will be established so that system compromises car, be
performoed.
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Uao pM.±nrgs a- DIni~toad 9 months after lp-ahuad.

b, OatPv~t t* sYstma-ariented-airfrmsp Intorgation pWogax.12 Ibnthe after iniUtiaton.

0- Wtort "opl2oted 18 mcnWh aftw initation.

10aponibilitys AM7LI
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Schedule Code E

SUBSONX- NY IFUS&t (Ne', Pro.gram)

Objectives The objective of this semi-•Jmpirical subsonic diffuser investiga-
tion is to dotermine the effoct of diffuser geometry and sub-
systes design and operation on inlet performsice and compressor
face distortion,

aope I a. Effect of high dP/d.• on performance and distortion.

b. Effect of ribbed diffuser designs on performance end dis-
tlortion levels.

a. =-ect of proxlmity and peripheral distribution of bypass
Sblow-in doors on performance and distortion.

d. Determine limitations on rapid changes in cross-sectional
shapes in terms of performance and distortion.

e. Tatablish limits on turning angles and equivalent conicalS~anele a.

f. Designs related to missions defined for future aircraft by

SE3 in iterated program.

Sg. Investigate distortion correcting devices.

SOutputI Information on ite~ms a through g above will be provided to
aystow designers for use in configuration definition arrn trade-
of studies. Additional information on engine face distortion
a.qd flow characteristics will be provided to the parallel en•L•e
distortion tolerance program. DLffuser configurations will be
defined for use in the inlet-diffuser prograzi to followr.

Time rnasing: a. 15 month basic program initiated 9 months after go-ahepad.

b. 9 month "systems-orlented" phase inttiated at close of
basic program.I besp=&U tts AFTDL
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Schedule Code E

nILET-DIFFUSM TESTS (New Program)

Objectives To couple results from the supersonic inilet and subsonic diffuser
eLfforts as well as the SE systems integration program. Combina-
tions of the designs for systems applications will be investigated
and wind-tunnel tested in relatively large scale to determine the
most important inputs to steady state inlet per2ormance and com-
pressor face flow distortion.

Scopea a. Parallel programs will be accomplished for short range, long
ran-,3, aid VMIL applications.

b. Key combinations of bleed, bypass, angle of attack, lip
design, internal dP/dx to be tested for representative inlet
typýs with adequate simulation of vehicle flow field. Per-
formance and distortion data will be correlated with analysis.

Outputs Output in terms of inlet performance and engins face distortion
data will be given to the engine dovelofpent programs and systems
designers for use in configuration definition and trade-off studies.
Mbet promising combinations will be incorporated in tests with
advanced engines being developed with subsequent refinements for
compat4bility.

Amo Phasing3 a. Primary 15 month program initiated 27 months after go-ahead

date.

b. Refinement program (9 months) initiated as required during
or after inlet-angine tests.

Responsibility: AFFDL
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Schedule Code F

DISTORTION SEMING SYSTEM4

Objective: TO determine the sensor, signature, control mode,
and actuation mechanism requirements to iraint,•in
engine stability by direct indication of distortion
level or by anticipation of a distortion level.

Scope: To develope an engine control scheme to maintain
turbine engine operation at specific points in the
flight envelope where an abnormal level of non-
uniform inlet flow and to establish the performance
trades peculiar to such a system.

Output: Thic program will result in flight worthy hardwerare
to demonstrate stable engine operation during
adverse flow conditions.

Time Phasing: a. Initiated 1 January 1967.
b. Program to be eempleted in 3 years.

Responaibility: AFAPL

I

171



AFAPL-TR-71-84

Schedule Code G - H

INLET-ENOINE TET

Objectives To determine the effect of inlet-engine coupling on Airframe-
Propulsion-Compatibility and to develop an integrated control
system. Preliminary definition of inlet-angiqe compatibility
will be obtained by an early wind tunnel test program In which
a currently available engine will be tested with a simple inlet
configuration. Important inlet operational variables known to
affect flow distortion and engine operation will be investigated.
Other interaction phenomena will be identified. Combinations of
several inlet design types with the most advanced engines avail-
able will be investigated (for long range, short range, VTOL
missions) in large wiid tunnel facilities to explore in detail
the interface problem and the dynamic interaction of inlet and
engine. Careful analysis of results will be used in inlet and
engine design iterations and, after final win. tunnel tests, wS. 1
be used to establish criteria for design integration of airframe-
inlet and engine in future aircraft defined by SED systems inte-
gration studies.

Scopes Illets investigated in the final efforts will test important
combinations of placement, bleed system operation, bypass
operation, and integrated control system.

OutputI Information will be sufficiently general to assure flight
vehicle development which is free from serious inlet-engine
compatibility problems during develop-sent. To be given to
S3 for development of detailed specification criteria for
advanced systems. Also given to industry as airfraee-propul-
aicn system compatibility criteria for use in system design
and trade-off studies.

Time phasinV a. Preliminary compatibility definition test program (12 month
program with 3 months testing) in4tiated 25 months after
go-ahead.

b. Inlet test with advanced enomne (15 months program) initiated
35 months after go-ahead,

a. Refined inlet and engine tests (9 month program) after
completion of inlet modifications.

Responaibilitys AFFDL and AFAPL.
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Schedule Code J

GR(OND AND FLIGHT INSTRUMENTATION STANDARDIZATION

(New Program)

Analytical investigations will be conducted which are directed
toward the develop•nent of a standardized instrumentation package and data
reduction techniques to define i.nlet performance, the source of distortion,
and determine the effect of nonuniform flow characteristics on propulsion
7sytem performance during wind tunnel and flight testing.

Some considerations of the analytical investigation should include
the inlet and engine, type, placement, and response characteristics of
the steady state and transient instrumentation and use of instrumentation
to obtain a correlation between windtunnel testing and flight testing.

I

I
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ADVANCED SYSTEM PIANKN

(Currently Planned Programs)

The Systems Engineering Group and the Aeronautical Systems Division
continuously plan and evaluate advanced weapon systems. The Working Group
working with the ASO !Directorate for Advanced Syntman planning will
integrate thcer planned wcapon systcm configurations and re.acion p•erformance
characteristics into the Airframe/Engine Compatibility Analyses. Basic

technical data on the causes and effects of distortion will be developed
for each major subsystem (airframe-inlet, engine, exhaust system) utilizing
the planning data to assure that criteria are developed for realistic
weapon system requirements. The criteria will be established in such a
manner that effective extrapolation can be aeccomplished and that overall
weapon system performance and final configuration (including size and
weight) can be optimized by trade-offs between weapon system performanice
requirements, configuration, and the propulsion system and related inlet
and exhaust system performance degradation effects.

The distortion criteria, their effects on subsystem perform.vnce and
weapon system performnce and configuration will be utilized by ASD to
permit more effective planning and evaluation of future weapon systems.
Continual Working Oroup coordination will be accomplished with the SPO's
such that the criteria and other data developed can be factored into the
in-develolnent weapon systems if mission performance capability improve-
ments are desired. This coordination will provide the integration of the
development test results from the weapon system in acquisition into the
Working Group's analyses of distortion and its effects to permit an
updating and improvement of the compatibility criteria.

By mid-1968, a series of representative vehicles will have been
defined by ASD for those missions anticipated in the 1970 - 75 time period.
This information will be used by the Working Group to orient the airframe-
inlet, inlet design and engine distortion sensing technology programs being
conducted by the RTD Laboratories toward the most pro~able configurations
of near weapon systems.
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ARFRAME-EXMUST NOZZLE

(Currently Defined Prcgram)

Airframe-Exhaust Nozzle Integration

To develop design procedures to be used in the optimization of flight
vehicle performance by proper integration of airframe and exhaust nozzle
system. See Appendix I, Project 1476.

Analytical Investigation

Analytical study of nozzle flow field including internal mixing
flow and effects of external flow on integrated nozzle performanco. See
Appendix I, Task 147601.

Integrated Nozzle Testing Techniques

Tv develop wind tunnel testing techniques, support equipment,
instrumentation, and facility modifications for irtegrated exhaust nozzle
systems. See Appendix I, Task 147602.

Airframe-Nazzle Testing

Experimental determination of integrated nozzle performance and
correlation with analytical solution for & matrix of design data - applicable
-to advanced systems. See Appendix I, Task 147603.

4
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AF 33(615)-2698

GEhERAL ELECTRIC

Mathematical Modeling of Inlet/Engine Systems

OBJE(:TIVE: To develop the modeling techniques that will fully describe
the dynamic operating characteristics of a duct burning turbo-
fan engine coupled with an inlet over a mission profile covering
Mach 3 orperation at high altitudes and Macb 1.2 dash at low
altitudes. This program u1ll be completed June 1967.

AF 33(615)-3128

Exploratory Research Program for Turbo-propulsion Exhaust Systems

OBJECTIVE: 1. To develop ecomprehensive mathematical models for the design
analysis of advsnced exhaust nozzle configurations.

2. To define various exhaust nozzle configurations with known
performance characteristics to meet the flexibility
requirements of advanced propulsion systems.

3. To analytically and experimentally investigate the cooling
design technology and perform mechanical design studies
necessary for advanced exhaust systems. This program will
be completed in June 1968.

1
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AF 33(615)-3537

CQWELL AERONAUTICAL IASBAPATRY

Analytical and Experimental Investigation of Rotating Stall Phenouena
in Turbine Engine Cumpressors

OBJCTMI: To formulate a theory leading to the prediction of the inception,
and the elaracteristics at onset, of rotating stall and thus
to provide input parameters which will enable lmplcmcntation of
a control mode to maintain an adequate stall margin but with
significant improvements in turbojet-engine performance and
4efficiency. This prcgram is expected to-be cmpleted by
June 1970 and ready to be integrated with a propulsion system
two years later.
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AF 33 (657)-9674 Continental
AF 33 (657)-16626 Allison - Rolle Royce
AF 33 (657)-15785 General Electric
AF 33 (657)-15786 Pratt & Whlitney
AF 33 (657)-15787 Curtiss - Wright
AF 33 (67 )-10592 Generl Ilectric

These engine demonstrator programs include distortion testing to
establish stability warginis WA the effects of prossure distortion on
engine perrormance.

AF 33 (657) 324,9 GASL
AF 33 (657) -3286 United Aircraft
NASI - 4589 Garrett

These programs to develop the blade designs for supersonic compressors
ine-lude the analysis of the effects of non uniform supersonic flow at the
compressor face. These contracts will be cocpleted in February 1967.

178

-,i



AFAPL-TR-71-84

PART IV

MANA09CM CHART

AxhFMnw PRopuisiow commT~iLIT PRORmm

BEG AFAPL AMFL 1

TECH. ADVISORY PANIEL WORKIZKj GROUP

Si.mpson APT R. Supp Chaifr AP5H
Zonars a H. Gratz Prop AMT
Kiepinger SE? G. Strand Prop APTC
Barrett SHJ L.Sirber V' Aero FMIN
Rail SmK K. Richey Aero FIDW

D. Stava Aero FIN'
K. Kanouse.' PropS SEJDPI
J. Tirpack PropS SEJIA
D. Wuhtne AeroS SEYDA
J. Forner./ AeroB sEDA
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PART V

COSTS

The following fund requirements are preliminary &nd are based on
the progrom as currently shown in the Part III Schedule. This program
will be reviewed for adequacy after the Phase I state-of-the-art review
which should occur about March 1967.

n 68 M 3

State of the Art Review .1

Engine Pressure Distortion Effects .6 .*4

Engine Temperature Distortion Effects .9 .6

Airframe Inlet Interactions .3 .9 .7

Inlet Design Criteria 1.7 3.0 2.5 (1.0)

Engin. Distortion Sensing Dynamics .40 .90 .50 o30

Xnine-Inlet Interactions - General .2 .2

Engine-Inlet Interactions - System Oriented 2.0 1.0

Ground-iigkh Instrumentation Standardization .20

TTL.80 5.4~o 5.14o '.80 (2.0)

•*Available within Labor&tory Pid
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Appendix I

EXPLORATCRY AMD ADVAN-CED DEVEIOMW PROGRAMS REXATED TO

A•FRANE-PfRMIION CO"PATIhILIrf

62- 05 2114

Project 3066 Gas Turbine Technology

624 05 334

Project 1347 Flight Vehicle Structures and Stg.
1366 Aerodynamic and Flight Mechanics
1370 Dyn. Prob. Flight Vehicle
1472 Dyn. Mesas. and Anal. Tecbnolocy
1476 Airframe-Nozzle Integration
8219 Stability and Control

634 06 044 V/STOL Assult Transport

634 06 054 Hi Bypass Turbofan

634 06 094 Lightweight Turbojet

634 06 514 Turbo-Accelerator

634 06 694 V/STOL Aircraft Technolpgy

634 06 704 VTOL Engine Development

634 06 824 ATEGG

63 o06 834 AZ4A

6414 03 034 XB70

644 03 054 YF12A

64 103 064 712

644 03 204 J58 Engine RD

3314 20 o14 7-1U

4o5 64 o14 C5A
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APPENDIX 11

pol'razý, COWIBI•hUTCOS TO

]MGM/NLE/DT MATCHING SURVEY

A~rfr~CEnpinc

Bell Allis on

Boeing Continental A&E

Douglas Garrett

General Dynamics General Electric

Fort Worth Lynn

San Diego Evendale

Grumn Iycoming
Ling-Temrn-Vought Pratt & Whitney

Lockhoed Florida
California Z. Hartford
Georgia Rolls Royce

McDonnell United Aircraft Corp.

Norair Wright Aeronautical
North American

Columbus
Los AngelesS~ Republic

Ryan

Government Airlines

Army American
.Arnold Engineering Pan American

E•A TSA
Ames United
Langley
Lewis

Navy

Institutions

California Institute of Technology
Johns Hopkins
)Massachusetts Institute of Technology
Cornell Aeronwatical Laboratoriefi

!4
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APPENDIX III

F-ill Inlet - Engine -Airframe Testing

STATUS

The F-ill aircraft has been operating with oxoessive performance
penalties due to the problems of nozzle/airframe integration and engine-
inlet mismatching. The initial flight test program encountered suyoro
engine stalls, aftcrburner blowouts, afterburner lighting difficultioe,
and exhaust nozzle tail feather instability. Most of these problems have
been significant4. :-educed due to design changes and refinements in the
inlet and propulsion mystem areas.

The inlet total pressure distortion was reduced by the ube of vortex
generators and careful tailoring of the boundary liyer bleed system to
minimiso the external boundary layer air entering the inlet. In addition,
tlhe environmental air sub inlet was relocated outside of the main inlet
duct. Further improvement in distortion is expected to rsault from an
inirease in cross-sectional area distribution of the subsonic diffuser.

The engine has also contributed significantly to the improvements
in the propulsion system operation. Numerous modificatio.s have been
made to the eng:ie controls and to the afterburner configuration which has
greatly helped the reliability of aiterburner performance. Flight tests
have been conducted with rematched engines mbich have improved the basic
stall characteristics of the TF-30 engine. In addition, the use of sixth
stage bl.ed at the higher mach numbers has allowed the flight envelope to
be greatly xpanded. Future improvements are expected by the use of a
modified compressor design with a significant gain in distortion tolerance.

The above advances have utilized a large number of facilities and
testing techniques. 1hese include static wind tunnel, and flight tests of
the inlet, with both steady state and dynamic instrumentation. Recent tests
have included measurement of swirl angle at the inlet exit. Ehgine develop-
r.ent has been done on cepressor rigs, static engine stands, altitude test
facilities, 1lying test beds, and in the F-Lu. Attempts to duplicate the
flight test results in grourA facilities by the use of distortion screens
have not given good correlation. Work is continuing An these areas.
Additional wind tunnel and flight tests will be performed to investigate
a number of design changes to the boundary layer diverter, inlet and
diffuser geometry. Revised inlet controls and sensors are being investi-
gated. Pctenuive distortion screen testing is underway on the TF-30
engin to investigate the effects of various distortion patterns on
einie• stall limits, stability and performance.
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XB-7o

MNLET/ENGIN: MATCHING

A follow-on flight test is being considered for the XB-70 that
.would include an inlet/enGine matching section with the objective to
establish distortion parameters, design criteria "nd stability charac-
teristics of the XB-70 inlet duct and propulsion system configuration and
to validate dynamic modeling analysis program for these subsystaus as
established by Norto' kaerican Aviation and General Electric.

Steady state and transient performance data at various engine air-
flow demands, and flight conditions, will be obtained relating inlet control,
stability, and internal and extcrnal disturbances and turbulence transients
"t. engine stability, control, and compressor inlet distortions and their
effects on the A/B envelope, airstart map. throttle bursts and chops,
engine surge, stall and shutdown, and inlet duct staxts and unstarts,

" particularly during buzz.

Date points are required under steady state and transient performance
during climbout and flights at various altitudes and Mach numbers (take-
off to max altitude, max Mach number conditions).

Flight data will be correlated with wind tunnel and engiie altitude
test cell measurements to establish inlet-engine performance simu.lation
methods and analysis. Such data is vital to the understanding of engine-
inlet distortion, as has effected the F-111A development, and to the
correct engineering of future AF weapon systems (V/STOL fighter, FX, and
ANSA). These data may also be valuable to the National Supersonic Trans-
port Program.
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C-5A ThZine-Inlet-Airfram.3 Testing

STATUS

.The Airframe Contractor Lockheed Aircraft Company (LAC) is engaged
in a closely intecrated test program with the General Electric Company
(GE) the engine contractor to verify the compatibility between the
engine and inlet interface. The TF.-39 engine (GE) and inlet (LAC)
compatibility sill be demwnstrated by a series of testing programs con-
tinuing throughout the development proaram. Test hardware will be modified
taere suitable perfvrmance gains can be accrued. Tests have been con-
ducted by GE on a 2/3 scale encine to demonstrate both individual and
combined distortion capabilities on the major engine components and their
assemblies. Several ground and wind tunnel distortion tests have been
completed and the results to date have nho-oa tie engine to be highly
tolerant to distortion. The engine during these tests was. subjected to
both radial and circumferential distortion patterns and combinations of
these. These pressure patterns produced distortion levels that exceeded
the Air obree's testing requirements.

Inlet distortion testing with simulated distortion patterns will be
conducted on TF-39 full scale fan assemblies, compressors, and complete
engines. Both steady state and transient operating modes will be investi-
gated.

Tests have already been run on a scaled version of the fan thrust
reverser both with and without an inlet. These tests although conducted
on scaled hardware did show the compatibility of the inlet and thrust
reverser.

Pull scale inlet-engine testing will be carried out at the GE low
speed test facility and initial flight testing will, be acccomplished
with a B-52 flying test bed aircraft. Full scale altitude testing will
also be carried out in the AEDC wind tunnel and in conjunction with the
flying test bed program. Full scale inlet and thrust reverser tests are
scheduled throughout Yi 67. The 1AC inlet will be tested early in the
program to uncover and correct distortion problems that may precipitate
and design refinemeLts will be incorporated to minimize installation
losses. Baduzance testing starting in FY 67 will include the engine
with the inlet and thrust reverser attached to provide both compatibility
and operating experience.
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i AJ4A ;OP, ~AM - ENGINE - flhLBT-AWRFEAi4 TESTING

: There are five contractors currently performing design studies and
S~component testing. The afrframe contractors are Boeing, General Dynamics,
• and North American. The engine contractors are GE and P&W. The present
S~design-analysis efforts were completed in July 1966. A follow-on prograum
SiS being plimned to extend this effort throuh May 1967. One of the tasks

to be undertaken dur'.ng the follow-on program is to check the compatibility
of the engine and inlet design and investigate the integrated engine inlct

" ~control systemn concept to determine it's feasibility, interfa~es, and
Slpotential problem areas.

S~The spccific effort coneorning the propulsion system has been centered
Son investigating engine cycles, carrying out engine component tests and
,. performing complete scale model engine tests. Preliminary designs of the
S~engine nacelles and associated inlets have been progressing concurrently
S~with the engi•ne design studies. The wind tunne). inlet development tests
S~arc scheduled to begin in October 1967. The contractors are fabricating
S1i/8 to 1/10 scale test models of the latest ANSA inlet configurration

. mounted on an adequate portion of the aircraft structure to simulate actual
Senvironmental conditions. These tests will be run at AED to provide
S~data on inlet recovery, flow distortion, flow stability, and other flow
S~characteristics for each scale model inlet. These results will be used to
S~determine the effects of flow variations on engine performance.

I The ANSA engine program is a two year study enphasizing both design
S~and test efforts. The major objective of the program is to predict the
Spropulsion system perfc-manes capability wihich can be developed in the early
S~19"10 time period. The program includes a dynamic computerized analysis
S~to predict, overall engine performance using test data fdr input. Several
S~factors will be investigated in this engine simulation analysis. The
S~important characteristics to be used in the engine analysis will be the
Seffect of' inrlet distortion an flow transients on compressor performance.

Both representative inlet distortion pattern flow data and engine component
S~test data will be used to predict the engine response characteristics san

pcrformance levels. Also, other effec~ts will be investigated by the engine
contractors. These effects are inlet unstart, inlet buzz, duct turbulence

and cyclic temperature changes due to hot gas ingestion. Matching the
Sc.ngine to the inlet over this wide range of hostile environment will be
S~accomplished by making the inlet distortion and engine surge margins
! compatible to these various flow transients for all normal modes of flighti ~operation. •

I!
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US/FRG ENGFl,'INIJFT MATCHING

STATUS

7ne final atu'Iy rcopori.s from th~e Uq/FRG 'J/sTOL p ~rogram a~ri
now being evaluated by a jo:int US/Ffl team.

Lift and lift/cruise engrine installations mVy p,-.'Pit out additionJ.1.
engine/inlet viatchinS problemns for a V/STOL aircr&.i. Reaingestion of
recirculated hot rj~ and inlet porforinanco durirt; trainsition are ex.anplea
of the special. typo *of probolems th~at may bo pre ý.it £~r V/STOZ. aircraft.

At this point in the program no specific tonting of eng~no/Si].cot
com-patibility is planned or scheduled.

=18

I'~ý, =06



AFAPL-TR-71-84

,I

YX - STUDY PROOGUM

Inlet/Brigine Katching

Xn the YX audy most of the proposers have suggested iooking at in2•,t
size, shape, and location but not at inlat/e.gine matching. Ono company
plans model tests and itends to do, a3 future worik, an inv•3tigation
of the sensitivity of inlet& to variables, modification of study input
datc to refLect wind tnnel results, and detailod induction Pyatom design
and performance calculations.

1
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Extract from Aircraft Company Presentation to Air Force
Regarding Interface Operational Problems

Appendix XIV

-189
J



A F APL-I"R -71-8
4

LU

0

H
0

I-44

zJF
1- 0 r

0 H,.- L .U

SC..)_ CO E

H 0

L_)



A FA PL-T Fl-71-84

WLO F--

H - 4 3

~0

LU~~0 P.))4

I-1 -UI- :31 m
'-7- 06-4 -1

~~W

0 0 ýZH

C4- '-4 z C4-

I- ~-~- LUE-

ro 0H

I-E-- 0
HO

LUL

J Liw

-Qlw4f -IW



A FA P L-TRH-71-84

hO Z

W z

00 R 41-1 o

A0o In C 13 131

IL. Iz 111 0

t- w C-
IF. 134 w' (

-Z~ 8
IL.~~is :3 " 014I-COk3

C3~~13 IL0.ý.

10 cn -31

ILU

40

193



AFAPL-TR-71-84

?C

z c 0

~ ~ z

1J4 0

U) 0 V
0 u z

0 0U

0 LL C -

z •: z

0 0
c'~~ LP~ F

0U 0 U)1 9; u• C U' ":-4 ZSP,.,iLU C

" 0iF

,• ~194=



w - -_ _

AFAPL-TR-71 84

ASD Technology Need.70-5, Airframe/Propulsion
System Compatibility Criteria and Performance,
2 December 1969
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).SD TX-7C-5

Cripinal Subnmission Date: 2 Dlecomber !969

Title: Airframe/Propulsion System Compatibility Criteria
and Performance

Objectives:

1. .Establish Design, Test, and Performance Criteria of the
Ai.rframetropulsion System to assure compatibility throughout
wcapon system mission envelopes.

2. Acquire:

(a) Specification and Design Handbook Data

(b) improved AIalysis/Test/ývaluation Techniques

(o). Refined Dafiznd'4on 'of Contractor Development Efforts

End Product Rccuired:

L. The end product should be a document or documents dolineating
the infozation •pccifiod under objectives.

Program Ele-n nt: 63202F and 63216F

!Eý Vital

Problem; The problem is to establish criteria for the orderly
Te-volopment process of providing total integration of the propulsion
zyrtem into the airframe system. Each new system. is uniq'ac and a&-
such requi-es that the compatiloility int-erfaco of each subsystem -a
co¢•?leteiy assessed to assuri that the system will s.;zat its opOria-zioral
mission dtsign requirwacnts. In this context, the Airframe/?rorpulsion
system compatibility problem shall be considered for only the inlet/
eng.in/ckhaust subsyste.s. The hi&hly co-mplex system.s presently being
dovlepad and for future requirements will depend h•ghly on the tcoh-
nolo~y base established- for the irlet/engino/eaust apects of the
weapon sfstem. Impropor integration of those subosyste.ns -ay result in
reduced rczge, reduced payload, and reatricted manouvering capabilities
among other oparational constraints. The teehnoloMy will ba used to
continua3ly assess the problem, provide for devwlopm.ent tools necessa-.

AL uoflDnG PAZ3 BLAMNOKrnT ImD, i
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to define limwitations, and to rtair.tain the vital naturo of the problan.
SThe technolof is noedod today and v-ill need to ba continually updat.d

as Lon- as air breathing propulsion systens are used.

Suscsted Ape~each:

1. ngir.o and Com.-ponent Dacigzn Requirements - Establish atovndard
definitions regardi•n stability parameters and the affcots
engine componenta have on these. Investigate the zethods for
propulsion system stability and determine the w gino relatcd
characteristics.

2. Aircraft Configuration and Inlet Location Design Criteria -
Bstablish ground rules for the optimization of the aircra2lt
with proper propulsion syste-n integration with ragard .to T-D
param,•ters, afterbody end eyhaust system optirmisation, and
inlet placa'nent with regard to FOD, forebody, ving effects, etc.;
establish program euidelinos for proper integration into the
aircraft including Airframc/?ropulsion system integration plar.s,
interface contro-2 documents, test requir-Zents, decign sub-
stantiation criteria, wind tunne! models, test facilities,
total full scale iwtoegration, otc.

3. Inlet/Engine Control Requirements and Interfaces - Design
criteria needed includes Vaidolines for overall propulsion
systerm Intepation -ith respoct to controls for .he enoine
and inlet. Iftegration of the control systems for gas
ingestion due to woopons ±iring can be considered ano aspect.
Roviev cvxrent docign rc•'uirements and modify as 'iocessary
to conform to current tochnolo•y.

I-. Inproved Indtrumcntation for Devclopmcnt and Flight Test -
Ikprove instu,-acntation and instr•montation techniquos to
provide for data gathering for development and flight test.
Considoratior include typo of instrumentation, location in
toot vehicle, validation of results, harAling of data,

* oera4y of inatr=Uantation, at*.
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Pc) tc1,-d -Frortr:: A.PC has b~ocome reco.-izad as a zr cc-.aary co.iorto
in the cl ion.~a~ of a v-ozpon wftci ~:~niecffort i.;~
cxc.-tod. by 'the goycrn~mcnt, airframzc contractov's, arnd pzrzý=Iiorzy~c
con~tractors to cstablish criteria for the ztisfcactory intion- 0 Of
Proyuasion and airflrianasso~ Currently, extensive efforts are boing
extended In the B-1A,, F-111, and F-15 weapon systemaw. Laborato:rY
pro.-ras includel the Airfr~.o Propulsion~ Syrote-m Ir~tc-gration (kSI) an~d
Advar~eca Turbino Lzaina Gas Ganoration (CASci) off~or-Ls. Iloports

0 publi shed include:

A.FAL-TR-68-30 Procedures and Surxosted Progrwriziin Erhasis to
Obtain Criteria Essenitial to Gbtai-ar.- ?r-:,rijJ~s~.or
System Flowt Staboility; Gratz, ~irlzn J.Yay 1968.

APAL-Ta-67-7~ Aproachos to Pctermine and Eva:Liaate the Stability
of Propualsion Systemis; Tear, R.C. Sqd. Ldr. WA2;
Feb 1,968.

AFP2A W~-69-12 -techniques for Establis'Ung Propulsion Systen.
Stabil~ity; 13'inclov, Brian, Sqd. Ldr. RALF;
Apr 1969.

Sutm2rt: YIo f1unding7 or .hard'4ra ra pport. is available1 Zrcm the
ro~ques izn. organization. 4anpoiter reo."i emicnts winl have to be
established and valida~ted prior to consider-ing any commitm~ent. from
tbe requastingg organization. Reviewr of reports and documezetat.ion
for comments are recosaended as it beocaes available.

Technical Points of Contact:

Originator R~. E. G-,-=.m, ASNiAMUEI-O, 52$2.10 e~

Lab Contact L. )YcKenmi, AFA.PL/A-.TP, 52278 IAM
Authentication: z ~(/~i'
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List oz' AD Nw•,bers for APAPIL Technical Reports

AFAPL TR 68-13.2
Part
1 AD 857561
2 856562
3 659281
4. 852182
5 851899
6A 851900
63 851901
7 651902
8 851903
9 851904
10 851905
11 503303
12 852024
13 856225
14 503304
15 503328
16 852757
17 859282
18 856563
19 852785
20 853262

AFAPL TR 69-36
Part
1 AD 856229
2 AD 503329

AFAPL TR 69-44
Part
I AD 503305
II 856259
IiI 838526
IV 858916
v 855767
VI 858917
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I)%OF I1"i'TIATIO11 N1I RiWISTON:

,30 Jz.nruary 1971.

TIM,-,

AirfCrz~.ro/1>com-rluiao Systca Cc-Ovtibflity Criteria, and

1. Eteblxh-30sz'n 5 tc*t, "Ad pczfor,,ncne critoric of t1bo
Afrrat/Popl~ocnSyat-ca to rwsvtrs oo.i.patibility -throusb-;out 1r-ýapon 'srjsct.a

2. AcquJ.iro:

(a), S11pecification "ad Pcýaicn Mlorsibook DMta

(b) lV..ove .ra $/et$vl'invbijd

(c) Lot afnd D-:%inition' of Con tractor. vDLcw~pmzt EIforts

63202F an1d 63216FP

the tcnolo,-y is ir. tbc; cl.tss I cat.rory *

Tho rbc : iz to zt--bli-sh ccib.ria cr= tL. crtLrlyC.lo!:t
proc;.eu of providinr tot~r2.1ito to of £h%ý lplinzralr r. lý

ab~'r:c~ ;'o~n.Ecobl rL'I im uniqua cn-l nsc etch :.ýclutvo tttt t.-
covz.tibflity intaxrfnco o: rchnca y~t. b-aI co:iplctcýly acstancd totcn
tbct th 4yc~ttlvn utfl t~t its ot:.i nlriýzsicn- tzýcirurcur.-. In
a-it corxtczt the )4rn/~ylinayct,:i ccipe-tibflity p~rcblc:-t z112 11
be cannidc~r-d for only1;k.Atc n/xxt zatw Tha U.I-IIlYa

bdrZdzv42.'-%)d and f~or futuayc
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Mi A on thte tuclhaoln.o brcu tat~nblitI'd£rtl it /zzc
u;:nus aýG~tu of the, UUXQf V3ý. 'ipr% itntcaatioz of tia. oý.zU-

m..y rc.'.vt 'in rýeu~ccd :?cnrJo, rtauc!'Ld pr~~*,crndrcrcta rtn-
v4r.n cpbilitics z;on othýa' o,-cr:atioX2.n Ur:~1'1lS.TtitJCn4Q

nfl bo maod to ccnttnf ins-. as tllu pr,.ob2.c:,z providel for vlo:t
tools rnccuScry to 4tLi~slt:ttoat: o:czt&nt;t iz1 ,w-o
t-flit probcle. Tbo tccholuaozy is ncec-dc~ t.ok-y c-.sd uI-fl ned to bo co;ntinuz:.lly
u;,4atu4 as lcnZ o a.-ir* bonathl-rcý pro-4)ulMMcn uyztcnis ame vsc-d.

APC baa3 b-cone:.c reco--nizcd as a nccryc;ocaini thu.
dovelop.ttunt of a ;ixpon oystem. iactcnsivc cffort is 4-ing cxocrted by the:
govCernrncflt, nffcvcontractors, rind pro.~~so oyz~tcm nr, cost
"ertabliob critoria for tho oatin.facto4y intt-Lration olf pr-opulsion- and nir-
frrnc syratwas. Lzboratory pr~aaIncludo the Afrfrtam Propuloion 3~r;*Ctm~
Litewý,aticn (APSI.) mrid Acivrit.ccd ?urbine £nglzu Ctas OCnoration (AIThO-G)
ufforts. Re-ports pubi.lsbod include:;

JFA FL- Mal68-30 Prccue n ,etd cýemn rz~ o
Obtu,,irn Cri'.i Lzmta to CbrtirA r ?cr:ic

of Rropulsion f;tens; Tcar,# R.C. 1'dLr.i
Fc5 1263.4

APTA TM4-69-12 1iN-chuiquu-a for EstcblicbS.nz Pxopulsioa syctcr4
Stabil~ity; Brimolot*, Dritrn, Sqcl. Ldr. Raj;
Apr 1969.

.£nIno end Caipýoncnt DWsil~ Ilerqufrunent3 - Establiash ctsr.4rzd
definitions rqegarding stability pxasbro nd tL-a affect's OnfnL ccyoJtt
hamu on tbuso. Xnvottzvato tha mcttod3 for~ propulsion oyatct st~ability zand
doterine, the, engIne relatad cbaractoflatics.

2. Aircraft Ccnfiu~avticn &nd Inlet Location Des3ira Criteria
£atzblicb Zround rlsfor thýý optt'nizaticn of tlku cfrcrsft ýtht prop=r
propulaion rystem intc,-,ation uith rcaOrd to T-fl par.n.,wturs, cttcroocy aMn
exW~uat :y;:tCn oCkaz.to ,cid ilat placru ti-ltb W3Z4to n:)D,Lo-
boc1r, ulnz cffccto, ctc.; coteblish p>roZrcn: _-ui&-,ittsu for wqrorinc,;
ttica into ttfo etr-crn-ft ctinAif:;/crfio sytirczctA
tion crite.ý-a,vind turmel rzzcxeltu, taat faoilitics, totil. Lul ccaist

j 2.
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3. ~tŽ~~)Cozat-ol fln crt r iTh:fto

c r. Relnov.1cu (: :;!L~nn n and noaly~ ci.;C ~ to

=...o~ -o . f" T. top':

for md 4-1,011,0 t yd n cz-f

Or o frzicncai c0r ha~ Vaz 'to ac:iUcO' .-. .. ti

tl:d p-1v'± to co i--l&-'1rC crZr c•.~n r ~~t-± ~ r.cto
Flo-0710r cC r-n Ort -,,I:: ~ t1-:J L-ncze J4~

?JANCH CflTVI' SIGNED

Chiot, ftAwd.=7u Equipjori Erm,41

F. A. .ý "W; U
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STABIL1TY MARGIN AUDIT

The stability margin allocation of a qualification test
engine is shown in Fig. XVI-1. An example, based on a typical
augmented turbofan engine, is used to illustrate the quanti-
tative stability margin assessment capability available using
the test techniques and building block concepts established.
The margin utilization Pttributed totthe primary factors
affecting engine stability is shown for defined boundary con-
ditions representing a -.ypical flight condition (intermediate
and maximum engine power at 55,000-ft altitude, Mach number1.6).

The compressor stability margin is evaluated using the
critical compressor component. The critical component is
defined as the compressor component in which complete flow
breakdown is initially experienced and is established using
the technique discussed in Section 3.2.4 of Ref. 1.

The compressor stability margin audit must be derived
using stability data obtained during engine development and
prequalification testing in conjunction with qualification
engine test results. Altitude qualification test engines are
not normally subjected to intentional surge because of the
hazard of structural damage and unnecessary delays in engine
qualification testing. The compressor surge line and the
totallstability margin audit must be determined during engine
development and prequalification testing conducted with qual-
Ification engine compressor components. Limited verification
of the operating line excursions caused by the primary factors
such as control requirements and distortion effects must be
obtained during the qualification test. In addition, surge-
free operation should be verified at the maximum predicted
operating line excursions during the qualification test.
Verification that the development and prequalification test
results are applicable to the qualification engine is based
on the standard Air Force quality control parts accounting
procedures and on the comparison of operating line data (speed,
flow, pressure) from prequalification and qualification engine,
test programs.

Surge limit data for the stability margin audit should be
obtained using a consistent specified compressor loading tech-
nique for all engines/configurations. For the example shown,
compressor loading is specified at constant corrected rotor
speed and at constant corrected rotor speed ratio (rotor
match) to establish the surge limit at quasi-steady-state con-
ditions using the test procedures discussed in Section 3.2.4
(Ref. 1).
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Carefully selected and defined engine and environmental
boundary conditions are required for a meaningful stability
audit (Section 3.1, Ref. 1). The boundary condition criteria
selected for the example are listed in Fig. XVI-2. The inlet-
engine interface condition criteria are based on a projected
flight condition (mission requirement) and are specified
using the point-by-point definition discussed in Section
3.3.6 (Ref. 1). Other environmental conditions which require
definition are the projected aircraft installation interface 9
conditions (aircraft service requirements such as compressor
bleed and power extraction). Engine operating conditions are
defined in terms of corrected rotor speed, corrected rotor
speed ratio, the engine service bleeds, and the control mode
of operation. Each boundary condition used to define the
surge and operating lines requires precise definition as shown
by the matrix presented in Fig. XVI-3. The condition matrix is -I
organized to illustrate the building block concept. Baseline
data are established first using the techniques discussed in
Section 3.2 (Ref. 1); the various destabilizing factors
(Reynoldb number, inlet distortion, control mode, and aircraft
service requirements) are then quantitatively defined.

Stability margin, as a function of high-pressure compres-
sor airflow, is presented in Fig. XVI-4. The margin allocation
required for each of the primary factors is indicated by the
"stability stack" presentation. Quantitative assessment pro-
vides the information Y-equired to verify the development of
engine stability margin to levels required for projected
mission operating conditions.

•' RWE•NCE

1. Tate, Jack T. and Smith, R. E., Jr. "Normalized Testing
Techniques to Determine Turbine Engine Stability Margins."
AEDC-'R-71-249.

I
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Q

Extracts from:

1. AFSC Design Handbook Series 2-0, Section 2-3,
Propulsion & Power, 1 March 1969, and Military
Specification Requirements for Engine Inlets

2. MIL-E-5007C, 30 December 1965
MIL-E-5008C, 30 December 1965
MIL-E-5009C, 30 December 1965
MIL-E-5009D, 13 November 1967
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CHAP 4 - TURBINE ENGINES AFSC DH 2-3
SECT 4F - ENGINE AIR INTAKE SYSTEM DN 4F1

DESIGN NOTE 4F1 SYSTEM COMPONENTS

1. INTRODUCTION to the location of the air inlet to ensure

that the selected position is in an area of

Anti-icing and deicing provisions, antidust satisfactory airflow patterns and boundary
devices, and any other equipment employed layer characteristics at all attitudes and
in or near the intake ducts for the purpose conditions of operation for which the air-
of restricting, modulating, filtering, beat- craft is designed. A short air induction
ing. or cooling the intake air are also con- system, consistent with good diffusion prac-
sidered part of this air intake system. tice, Is preferred. Where a choice must

be made between a long tallpipe extension
for the exhaut system and a long engine

2. DESIGN OBJECTIVES air intake system, accept the sacrifice of
induction system performance because of

The effect of aerodynamic design of the the larger penalty imposed on engine per-
engine eir intake system on turbine type formance by tailpipe length, the high weight
engine performance is of considerably per unit area Involved In limiting the in-

herent fire hazard of the tailpipe, and by
greater importance than for reciprocating inspection, maintenance, and replacement
engines. The optimum aerodynamic con- factors. Give special consideration to lo-
figuration of the air inlet and induction cating and positioning the air Inlet in an
system ducting can be achieved c,.ly by area where there Is little probability of
exact analysis of the system requirements entraining foreign particles thrown up byand parallel study and comparative wind the wheels of the aircraft.
tunnel analys!s of alternate designs. The

* merits of duct and inlet configuration of
different design and location depend pri-
marily ra the type of engine installation. 2.1 Pressure Variation
The critical nature of duct aid entrance
configurations in regard ±o the effect of The air induction system total pressure
compressibility and normal energy losses profile at the engine front face has a direct
at high Mach numbers makes evaluation of relation to gas turbine engine operation
the engine sir intake system by individual as concerns compressor stall and surge.

iperformance testing Imperative. There are Total pressure variation from the mean

several approved methods available for should be as small as possible with 'good
computing the effect of the air induction inlet design. Radial total pressure variation
system design on aircraft and engine per- does nmA affect engine compressor stall as
"formance. For this reason, no specific much as circumferential total pressure
method is recommended here. Use any variation. Circumferential total pressure
reasonable method for calculating perfor- variation from the mean should not vary
manoe. If the method selected has been more than A5% at all required flight opera-
published, forward a report which explains tion altitudes, angles of attack, maneuvers,
the method in detail to the procuring activity and speeds. Recent flight test data show

'for approval. Subsequently, forward a re- that relatively wide pressure variation at
port describing the methods employed and a few points in the plane of the compressor
the results obtained in the performance face does not affect compressor stall as
tasting of the engine air intake system to much as medium pressure variation at a
the procuring activity for approval. In the greater number of points. The size and 1o-
design or planning stage, give consideration cation of these regions of variation of total

dcO AW(ASNJI

I MAR 49
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AMSO DH 2-3 CHAP 4 - TURBINE ENGINES
DN 4F1 SECT 4F - ENGINE AIR INTAKE SYSTEM

pressure at the compreseor front face 4. CONTROL
appear to be the deciding factor in current
inlet duct Induced engine stall limits. Airflow oontrol by means of variable inlet

spikes, plugs, wedges, bypass doors, or
suck-in doors may be necessary on high

2.2 Pressure Recovezy speed aircraft to supply engine airflow
requirements over the complete range of

A high average total pressure recovery at operating conditions. See Pars 4.1 for de-
the engine front face Is desirable so that sign of the controls of these variable Inlet
optimum engine performance may be real- oomponents.
ined. Pressure recovery normally decreases
with Increasing aircraft Mach number.
Design objectives for air inlet average total 4.1 Variable Geometry
pressure recovery are as follows: Inlet Control

Mach 0 to 1 - 0.95 Design the variable geometry inlet control
Macb 2 - 0.85 system to ensure an aocuracy of regulaUon
Maeh 3 - 0.60 consistent with the stsad)-state and tran-

slent characteristics of the basic engine
controL Make the reliability and fail-safe
features of the Inlet control compatible with

8. CONST RUCTION DESIGN those of the basic engine control. Submit

osum- sufficient data to the procuring activity toMcke the inlet and system duhting of permit an evaluti~on of the control system
esnt redrenth to withstand the maximum relative to a specific engine and aircraft

pressure depression encountered at mxLd- installation.mum engne thrust with the aircraft in
static condition. In addition, provid 'suffl-
cient strength to withstand vilbrations pro-
duoed by airflow variations (which may 4.3 Reliability
exceed the strength required to withstand
pressure differentials). Employ flush type Use the requirements listed In this para-
riveting In the Internal. surfaoes of all graph as a guide to reliability. Make the
duoting In the system. Do not use construe- variable geometry inlet control the simplest

on components In the engine air InUake and most reliable system which will pro-
system which may vibrate loose and enter vide the engine-airoraft combination with
the engine. If their use Is unavoidable, pro- the specified performance and e9ssofopera-
vide safetying of each part. Submit a11 tiom. Design the inlet control system without
pertinent data and drawings of duct quick special emergency featuies so that:
disocnnects to the procuring activity for
approval prior to Incorporation in the air- a. A failure during takeoff of any single
craft. Locate both the air inlets and arm- functional part does not reduce the total
ament stores so that rocket and gunfire thrust or shaft horsepower. as applicable.
blasts or other effects will not enter the below 900 of the Intermediate power/thrust
air inlets of gas turbine eo,*nes. The effect level normally available on a standard da
of sudden changes In Inle; air temperature over the ranp of sea level to 10,000 ft
and pressure and sube•uent compressor geometric altitude. tasndard day is defined
surge can be serious In gsa turbine engine in Rof 1451.
flight operation. See 1.4-5.3.1.3 of HIAD
for launchers and 2.4-9.6 of HIAD for in- b. A failu•t of any single part does not
forimation on compressor stall. result In the engine or airframe exceeding

1 MAR 69
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so DEC MDRJkr 11M5
SUPFUR:SEDWIG
IMII .,-.1.•4 O01D,

22 JANUAUY 1959

MILITaMY SP1EC.FCATION

ENEGIES, AMCIOT, TUtRBOJET AND
TUI, OFAI" , GENE-ItAL SECIFICATION FOR

TAid *p.e$jWcatn do nendcaicw for w-& be rnt Dpert.
wmag "a yfIcoi of 9.1%a D@ b.rSr4094 of PaDt#".

3.21.2 Inlet air preassre variation. The estimated maximum radial and circum-
ferential total pressure di6tortion limits which can be safely tolerated shall be specified
in the model specification. The estimated effect on engine performance of these distor-
tions shall be specified In the model specification. Compressor stall under any condition
of operation within the operating envelope shall be considered a flight safety Item and
shall not be tolerated. The estimated maximum radial and circumferential total pressure
distortion limits which can be tolerated without adversely affecting rated enzipe per-
formance shall be specified. These limits shall not include an area bounded by the duct
walls and a line spaced therefrom by 1.5 percent of the compressor tip diameter, Back
pressure effects on the fan shall be Included in the process of, establishing inlet air
prý,ssure distortion limits. The instrumentation location shall be specified for inlet air
pressure distortion determination. Using representative values obtainable from this In.
strumentation, the method and sample calculations for determination of Inlet air pres-
sure distortion thali.be specified.

217
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MIL•-E-5OOSC
so DI•EbIur. 1965

SUI'ERSEDING
MIL*.-,-40081j

22 JANUARY 1959

MILITARY SPECIFICATION

ENGINES, AIRCRAFI, TURBOJET AND
TURBOFAN, MODEL SPECIFICATION FOR

(OUTLINE AND INSTRUCTIONS

FOR PREPARATION)

TM. fpoeLe•aiom f. mcodaiorjy for woe by #0U Doaper-
Smm" sod dgsowd. of Ike Deoprtmors of Dofdta.

3.21.2 Inlet air pressure variation. The estimated radial and circumfcrential inlet
air total pressure distortion limits which can be safely tolerated without compressor stall
and the effect on engine performance shall be shown on curve(s) -. The
estimated maximum radial and circumferential distortion limits which call be tolerated
without aidversely affecting rated engine performance shall be shown on curve(s)

(The contractor may show these limits In other than curve form.)
The estimated effect of back pressure on the fan and of radial and circumferential toxal
pressure variation on thrust, fuel flow, and ai-flow shall be shown or. curve(s)

(At 'east five Inlet distortion :.oints which are to be demonstrated under
inlet air pressure distribution (4.8.12.1.3) of MIL-E-5009 shall be spepificd.) The
method and sample calculations used for determilnation of.inlet air pressure distortion
shall be shown on the curve No. -,

f
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Si

30 DECEBMIER 1905
SUPERSEDING
MIL-E-5009B
22 JANUARY 1IW9
n JLN-E--R 01 5
23 JANUARY 1959S|IIL.-E-•-I156C
22 JANUARY 1959

MILITARY SPECIFICATION

ENGM ES, AIRCRAFt, TURBOJET

AND TURBOFAN, TESTS FOR

TW, epooei¢fraon it mandalory for uto bv 0 Dqparf-
wnts sid Agendso of $A# DoparTmuIW of De/l..

4.3.12 Altitude test,.

* 4.3.12.1 Test conditiovs,

4.3.12.1.1 General. An engine, to the same parts list as the qualification test engine,
shall be subjected to altitude tests which shall consist of operation and air starting checks
at several selected thrust conditions around the operating limits envelopes specified for
the engine In the model specification, except that portions of these tests may be accom-
plished on separate engines at the discretion of the using service. The points coverc-d
on these envelopes shall Include standard hot atmosphere and standard cold atmosphere
as defined by tables 1I and fIt of MIL-STD-210, and the altitude rating points. The test
points selected shall be the minimum necessary to demonstrate the engine operating and
air starting (hot starts and cold starts) envelope(s). Unless otherwise specified In the
enginr model specification, loading of the accessory drives will not be required during
these tests. If a continuous duty ignition system Is specified, it shall be in operation,
with rated input voltage, at all times after a normal start sequence has been completed.

4.3.12.1.3 Inlet, air pressure distribution, For selected test points as specified in the
model specification, the fan back pressure and the air total pressure distribution at the
compressor Inlet shlll simulate conditions approximate;y equal to the maximum allowable
percent and extent of variation of the total pressure pattern, specified in the model
specification.
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ha.3.12 Altitude,-

4.3,12.-,l Qenera. An enrgine substantially' identical (as approved by the
using Service) to the endurance test engine shall be subjected to altitude tests
which shall consist of operation and air starting checks at several selected thrust
conditions around the operating litns envelopes specified for th" engine in the
model specification, except that portions of these testes ma be accomplished on
separate engines at the discretion of the using Service. The points covered on
these envelopes shall include standard hot atmosphere and standard cold atmosphere
as defined by tables II snd III of VIt-STD-210, "and the altitude rating points.
The test points selected shall be the minimum necessary to dononstrate the engine
operating snd air starting (hot starts and cold starts) envelope(s). Unless other-
wise specified in the sr4ine model specification, loading of the accessory drives
will not be required during these tests. If a continuous duty ignition system is
specified, it shall be in operation, with rated input voltage, at all times aeter a
normal start sequence has been completed.

,.•.lai.3 .M. For selected test points as
specified in the tio the fsn bt k pressure and the air total

reessure distribution at the compressor inlet shall simulate conditions &pprow-
ateQO, equal to the maxi•u• allowable percent and extent of variation of the total
leos-re pat•tMe, #pecifisr in the wdol specificiitiocz.
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