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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 Project 3066, Task 306611, ''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 zuthor 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,

‘g RNEST C. UEEI}‘-;SON
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ABSTRACT

A major consideration in current Air Force engine developments
consists of program approaches and time-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
guantitative 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.
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SECTION |
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 ocutputs 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 develcpment 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 cequencing, (3) insufficient coordination be-
tween engine and airframe developers, and (4) utilization of inadeguate
descriptors of turbine engine stability and system compatibility. His-
tory also shows that improved approaches to development have evolved, -5
and when considering all previous experience, recommendations can be '
made for more appropriate development techniques and programming
for future systems.
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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 nceds of Air Force
engine development neecds.

In the paragraphs to follow in this section, basic needs of past Air
Force engine development programs are reviewed. Section Il provides
a review of Air Force historical records which depict the onset of inlet-
engine operational suitability problems in the early 1950's, Sections
Il and lIl 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 enginc developments and stability
testing.

1.2 BASIC ENGINE DEVELOPMENT NEEDS

The air Force has fundamental requirements for development pro-
grams for engines whichare developed and utilized in weapon systoms
as Government-furnished equipment. First, baseline characteristics
for each subsystem (i. e., the'inlet 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 systein 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
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tue definition of engine operaiing characteristics for the specific system
integration concept. Because of the lead time required to accurately
establish elements of integrated performance, this definition is nor-
mally 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 ol 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 pregrammed for accomplishment during engine development.

The basic problem to be resolved is associated with guantitative - N
definitions of stability. Although the development of descriptors of tur-
bine engine operational suitability (i. e., stability and compatibility) has
receivad considerable attention and engineering eifort during the past
years, cirteria and approaches by which engines could be developed and
qualified to operational stability needs proved elusiv2, 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 signi.icance of the basic needs of Air Force engines is that the
kcy periormance and operational suiiahility 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. .- - - S S

el <
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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 meeting
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 centractual 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, ard 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 f'intional modes and corre-
spondingly design and performance requirenments 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-
formancce projections. Accordingly key design and funtional require-
mente 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 weaporn system contractor formal-
izes nis 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 pature. Thereby the necessity of defining and establishing

valid sets of engine criteria encompassing propulsion system inte.face

functions is establishead,
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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 I
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 stavle 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 available 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 ir 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, results 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 operationully 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

&
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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 difficuities 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-
. I

on systems as shown in Figure II-1. The reason the problem became
major was hasically 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 (1952-13854), the Air Force and affected
system contractors became increasingly concerned over the serious-
ness and implication of unstable engine cperations in flight. During that
time period, weetings were 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 opevrations 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 cperation.

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
- (i. e., distortion) had major effects on engine stall character-
istics in addition to the engine's internal matching and con-
trolling effects. ' ' )
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5, Inlet- engine interface development criteria existing at that
timme 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 {1953 |1954 | Flight Revealed Stability Probleas and Impact
3Conpreasor Stall during Climb, Cruise,

Maneuvers, Engine Transients

Fighter A [ Development Loss ¢f Airplane No, 2 from Power

Loss Follov ng Compressos Stall

Flight
T Mach Number,K Altitude, and Maneuver
rst Limits to Avoid Compressor Stall

limb, Cruime, Maneuvers, Enzlne iransi nta,
Supersonic Flight
Mach Number, Altitude, and G-Loading
\Regtrictions to Avoid’ Compressor Stall

Fighter B Development I

{COIPT&I!OT Stall during Ground, Flight,

Compressor Stall during Climb, Cruise,
Fighter C [Development | {Maneuvura Engine Transients, Inlet Choking
light]

Complete Inlet System Redesign

Compressor Stall during Engine Transients,
Bomber A Development Altitude Cruise

1 l Flight Test 'P;g%i ¥-FYIGRQdTéé%1tUde Reatricted in

Figure 11-1 Typical Air Force System Development Schedules at
the Ciose 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 II-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 I). 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 Forc« concern over the inlet-
engme interface, efforts began which can prcbably be best described in
two parts. First, short-range eiforts were of necessity oriented to
"fix" existing problems which were impacting flight tests, production,
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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 observed in Figure II-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 some 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 Irlet- Engine Compatibility in June of 1955
(Reference 6) which is discussed in more detail in Section 2. 4.

Fighter A [ Development
o Tlight Test
B | Development
.. Flight Teat
c L Developaent T
S ] Fligut Test
|
D ! Devclopzent
E ' L Yevelopment
) 4 ' Definition
G Development
|
Bonber A | Development
Flight Test
B f  Development
1 1 1 1 :
1850 1951 1952 1953 1954 '

Figure 1i-2 Status of Air Force System Developments in Late 1954
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2.3 FACTORS CONTRIBUTING TO EARLY INLET-ENGINE ‘
COMPATIBILITY PROBLEMS t

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 whichare 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 <4
described herein as first generation jet aircraft to a new or second gen-
eration can be seen in Figure 1I1-3, 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 ajrcraft. Trends arising from these requirements are
depicted in Figure II-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 (HLAD), military engine
model specification requirements, and analytical approaches to inlet-
engine matching. (References 7, 8, and 9, respectively).
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First-Generation Veapon Syatems Second-Generation ¥eapon Sywteas
Yeapon 1943-1951 Yespon 1981-1987 '
Systes Mach No.* Range Propulsion Systes Mach No.* Range Propulsion
Combat ; JCombat
Fighter Cruise{Nax |Perry Radius Inlet Type|Engine Fighter Cruise{Max ] Ferr; Radius Inlet Type [Engine
Side Scoop \ Pitot
1 0.65% |0.81] 10%0 400 Subsonic ™ A 0.8% (1.2 1700 500 ATS
One Shock
Bifurcated
¥ing Root
. 11 0.70 {0,88¢ 1000] 400 Pitot ™~ B 0.88 |1.7 1800| 600 | Externsi AT
B Compressior
Fixed Ramp
Bifurceted
I3l 0.80 10.98| 1200| 3%, Pitot v c 0.85 1.2 1200| 430 External AT
. Compregsion
i Fixed
H Half-Cone
iv 0.80 |0.98 900 350 Pitot ) »] 0,90 j2.0 1200 3s0 External AT
Compression
Bifurcated
Fixed Scoop
Vartable
8ide Scoop Throat
v 0.75 {0.90] 1000 370 Subsonic AT ) 0.85 |2.0 | 1%00] 300 Bifurcated ATY
External
Compression
Yariable
81de 8coop Ramp
vl 0.75 j0.82] 900{ 400 | Subsonic AN ) 4 0.90 |2.0 1200 550 |Bifurcated AT
Bifurcated External
Compreseion
. Bomber ] Bouber
H I 0,70 {0.88] 1700, 500 Pitot krJ A 0.80 |0.95] 65%0] 3100 Pitot T
! Yariabhle {
; Axisymmetric
Conical
11 0.80 |0.85] 2800! 1350 Pitot v B 0.85 |2.0 | 4000 1650 Spike ATJ ‘
External .
Compression 1
¢ *Denotes Level Plight ‘
i 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 enginc spccification {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 hlade stresses 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 Ef
;t any rate, in design documenis of that time period, engine instailation
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.
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Typical examples of early Air Force inlet and engine design require-
ments are shown in Appendix III. An example of proposed development
criteria is also depicted.

As discussed previously, these '"criteria’ had been found lacking - )
"after the fact.' Some eurly 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 practice. 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-
roced along with a suggestion to engine designers to seek design concepts
incorporating larger engine (stall) tolerances to inlet distortion.

_‘__.AA-

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 II-4. In addition to {
limited testing experience in terms of procedures, techniques, and in-
strumentation, engine altitude testing to defin¢ inlet-engine interface
factors (distortion) had not been pursued prior to about 1951-1952. An

earliy NACA report (Reference 10), for example, states that investigation 1
into the effects of distortion had been initiated on several engines from !
1952-1955. Engine models and test dates appear in the referenced report.

Fighters A-¥
e - fo————— Bombers A- 1
|
1 Fighters 1-V1
% f—————Bombers 1-18————=
s 1l AAQ
3z 0 aas a
‘1‘-' Ity o .
-l
’ i§ [ o ° I
t 1
L !ou r '
.. ! E ap o o Subsoaic Fighter
3 ‘ 0  subecatc Bomber
A :
o &  Bupersonic Yigater (Desh) -+
- © s O Supersonsic Bomber (Dash)
- 4
2 ] . | N N L i e i s ) .

148 1980 1988
Caleudar Years of Firet Flights ‘
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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 1I-5. A detailed survey of other aerodynamic wind tunnels suited
for inlet internal aerodynamics testing was not made aithough 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,

T
NACA Became N&SA;
Resources Reallocated

NACA (Lewais) *‘to Support Missile

and Space Technology

NAVY (NAPTC)
Full-Scale | ysap (AEDC)
Engine
Altitude Englne
Test
Facilities Company A

Engine
Company B

Engine %
Company C

NACA
Propulsion | NACA (Lewis) | % Changed
¥ind to N:8A

Tunnels | ySAF (AEDC) %

1943 1950 1955 1960 1965 1970

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

24 EARLY EFFORTS TO DEFINE INLET-ENGINE INTERFACE FACTORS

In the months following Air Force recognition of inlet-engine com-
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 iniet and
engine integration factors were broken down into influence factors for
further iechnical 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-
sults), such as the 'NACA Conference on Engine Stall and Surge” (Ref-
erence 10). e T - ‘




"~ are shown in Appendix VII.
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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). Thr 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. Ii was stated in the cover letter as quite
probable that many of the items contained or {o 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 Arpendix 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, ete. In general, the
many letter replies remaining in historical files reveal that the response
from the techanical 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
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SECTION 1l o
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-
opment 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).

bl

Emphasis 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 I1I-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,

R R

= e I £ v e

N PROBLENXS CORKECTIVE ACTIONS TAKEX
i Engine Stall during Climb Inlet Engine
¥ Engine Stall during Throttle Movement
: Engine Stall during Cruiae Nodified Boundary Layer Bleeds Engine Control Modifications
E Rngine Stall during Maneuvers Lip Shape Changes Compresscr Bleeds
Engine Afterburner Operation, Diffusion Rate Changes Compressor Rematch
8tall or Flameout
: Vanes : Compressor Modifications
H KEngine Stall Superscnic
Rods Aftarburaer Control
Engine Stall above 30,000 ft Modifications
Screens

Engine Btall during Inlet Checking
Internal Bleasds
Bogine Stall Jduring Ground Operation
Plepus Chambers

Figure 111-1 Typical Problems and Corrertive 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 foi-
¥ lowing paragraphs were extracted from reports of Air Force operational
suitability tesis two years after the first flight (Reference 14):

| 14
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"The F-XXX is severly restricted from optimum comb:t 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 tlie kill probability nf the F-XXX,
These include compressor stalls with throttle manipulation and after-
burner failure to ignite on mauy 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). 1In
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 stail had resuited in the later discov-
ery of other serious maneuvering problems in aircraft stahility 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.

FEGp b T L

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 undersianding 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:

PRI (it S¥ i bty s S  de

""A nontechnical observation is that co:npiling 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
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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 III-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 systein 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 eallier 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 III-2.

T
Fighter|1952)1953[1954 11955|1956|1957 1958 Flight Revealed Stability Problems
[
D 'L- Development
-1 Tiight Test Compressor Stall during Haneuvers and Weapon
Relense Inlet Duct Buzx, Inlot Duct Crossflow
10C
E Develapment Compresgsor Gtall during Takeoff and Transients,
Flight Test Afterburner Blowout Inlet Buzz, Flow Matching
Required, Inlet/Engine
bl
r Develop: Compresgsor Stalls in Flight, Transients, and
Afterburner Inlet Buzz, Flow Matching Required,
ight Test | 1110t/ Engine
G lopwent | Program Cancelled
k“lh No Significant Problems Reported iu Flight Teat
Test
Bomber
» [ Bevelopment No Bignificant Problems Noted

Pligtt Tesat

-

Figure 111-2 Typical Air Force System Devalopment 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 Secticn II, 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 ocnset 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 coordination< up to
and including this symposium, the technical plan in Appendix vi was
drafted which was to provide the basis for criteria ensuring airframe
and propulsion system compatibility through analysis and testing. These
in turn would be translated into subsystems development approaches,
reguirements, and testing procedures.

However, it is of major significance at this poin: to place in per-
spective the turn of historical erents 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 propulsica developments. A brief look at Fig-
ure III-3 shows that all categories of resources available for airbreath-
ing propulsion wei 2 greatly reduced after 1955-19856, including those
resources which supported nrograms targeted at advancing technology
for propulsion development and integration.
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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 addiiion, 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-1850'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 programs 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
al 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 developers,

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 1955-1858 time period, modifications were made Lo military engine
specifications (MIL-E-5007 Series) and aircraft design handbooks (HIAD)
{shown in Appendix 1X) 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 INTERFACZ 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 tarough their particular mission neeas. 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 1957-1987 Engine
Inlet e
System Mach No. Range, . nlet Typ Type
Crulse, 0.75 Ferry, ~4000 Varisble
u;::t:::l;on Sea Level, 1.2‘ Basic Misnion, ~30C0 Al'el, Mixed . :zg::l;::d
Altitude, 2.5°|(Mixed Mission Capebility)|ComPression
Variable
Bomber I | Cruise, =3.0 ~8000 Ares, Mixed mz;l::d
Compreasion
Variable
Strategic I | Cruise, ~3.0 (Classified) Area, Mixed ‘m“g:"i‘::d
Compression

*Dash Capability
"ther Changed in Development to Variable Area External Compression

Third
20 b Generation
Second Systens
Generation A Tighter 1 Above

15 b 7irat yst

Beneration

E—Ey-tm

Sirategic I Above OO Bomber I Above

L 1 ]

1948 1950 1985 1980 19658
Calendsr Years of First riignts

Ovirall Engine
- Compreseor Pressure Ratio
-
°

Figure iV-1 General ".ircraft Characteristics (1957-1967)

19

F v M

43

Py

L



AFAPL-TR-71-84

Fach 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 abrupt 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 superscric, 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 propulsior. 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 tc 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
X. sar ug ke e AR P R e T ANT g e s 4 - . i -
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Air Vehicle Engine Model Interface
VWeapon Specifications, Specification, Agreement
Systenm Inlet and Air Inlet Air Pressure between
Induction Variation W8C* and ESC#**
Multimission}+5% Variation about the|i5% Variation about the Yes
Fighter I Average Total Pressure | Average Total Pressure
"...The air induction Distortion Index = 10%
1 be com- where DI is equal to
Bomber I system wil AP
patible with the — factored by distor- Yes
engines.,." P
tion shape extent and
profile factors
+5% Variation about the
Strategic I Not Available Average Total Pressure Yes

sWespon System Contractor
*sEngine Syetem Contractor

Figure IV-2 Typical Iniet-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 tirae. 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 flight 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 fo
stall.

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

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 sigaificant 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 consgidering small
inlet disturbances as inlet design requirements and in maxi-
mizing engine tolerance to inlet disturbances.

4, Based on earlier iniet-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
results, engine tests could then be periormed 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 gquestionable in design
and development (prior to flight).

Further, it was felt necessary to require engine contractors to de-
velop ana 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

Some reports and data remain in Air Force 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 quarters 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
ail engine were coupied and operated in an altitude propulsion wind tun-
nel. During this testing, an unusual problem occurred, Under certain
test conditions, engine "drift stalls'" were occurring. These were de-
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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 tc indi-
cate some insights into the driving mechanisms 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 thnis
system, and a continued high level of emupnasis ou engineering and test
during developments served weli in minimizing inlet engine matching
and compatibility problems for this system as flight testmg in later
months was to demonstrate.

A seccond and admittedly wmore complex developmernt program for a
tactical system was also initiated in the early 1860's. Data referenced
in the Bibliography of this report revealed some concerns over inlet-
engine compatibilily development based on earlier systems experiences
in the 1950's but, in general, concluded that through systems develop-
ment testing of inlet and engine, a compatible system could be construc-
ted. Although at development onset test data on both inlei and engine
were found lacking, Air Force personnel proposed that aircraft inlet
and engine could be integrated inside the 10 to 15 percent distortion
(L;P/P) levels except at Mach numbers greater than £. 2,

However, initial development testing of the mixed compression in-
let systemn resulted in a decision to change the design operation of the
inlet to external compression design (see Appendix XI). Parallel engine
testing du.ing development was performed using screens to simulate
scale model inlet distertions from the changed inlet now under develop-
ment and no problems were anticipated at the time that the inlet and
engi e 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 INTEGBATION 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-1 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 syster.. In terms of matching sensi-
tivity or complexity, this system marked a major advance compared with
earlier Air Force weapon systems. F.ight testing into 1965 revealed un-
expected and serious discrepancies in systems' stability (and performance).
By mid-1963, 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 char.acteristics 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
(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.

Yeapon Syetenm 1957|1958 (1959 {1960 11961 [1982 1963 | 19641965 |1P86 |Flight Revesled Stability Problems

Serious Inlet-Kngine
Compatibility Problems:
Muitimigsion lopmeat 8tall opn Grouud Operatious, -
Yighter I flight, Subaonic and Buper-

Flight Test] Jaonic, Meneuvers, Throttle
Novements, etc.,, Progras
L Ispact

Changed to Research Program
Boaber 1 Development 1 {law-so, Mo Significant
PFiient Test] {Problens Reported

Strategtc I r Developaent

{Classified) Initial Operational

Capability, No 8ignificent
Problems Reported

LL

%Cluntted Project and

‘ fu;bt *
T

Figure V-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 1, 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 XI1II, 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 four
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 VL

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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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 mid-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 manufacturers 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 in'et 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 consisted 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".) B

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 predicting
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 such interface data differ-
ences 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 sometires indicated that military specificetion 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 wer« found inadequate in assessging 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).

7AY Distortion

AY kAe Limit

# A A s4x Sym
A Stall Free

X Stall

Distortion Index
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Engine Inlet Airflow

Figure V-1 Typical Comslation of Distortion Limits and Compressor Stali
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 not
define the allocation or utilization rates of compressor rtall margins.

As the relationships of engine internal margin utilization vary 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 generalizations
' without definitions of margin utilization factors and Guantitics.
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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, deteriorat.on, Reynolds number effects,
and inlet flow characteristics.

Distortion 1~dex 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 pressurc measurements,
thus rendering correlation efforts fruitless.

Instrumentation and Data
Reduction Technique "A"

7

/D
Distortion /Q

Lirtt 7@_

/Cf l( Instrumentation
o~

i and Data Reduction
- ~ Technique "B"

= /ﬂ
A—-—-A’A

Distortion Limit

Engine Inlet Airflow

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

These discussions are ret 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- 4
cedures and to constrain their usage within such boundaries. As such,
distortion indices evolving in recent years have been utilized as develop-
ment tools rather than criteria for stability development or contractual
agreements, '
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5.4 SUMMARY AND SIGN!FICANCE OF INTERFACE COMPATIBILITY PROBLEMS

By reviewing the past twenty-{ive years of aircraft and engine devel-
opment, many similarities can be observed. A look af the genera'ions
of aircraft and engines rather than individual programs shows the trends 1
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 aad during in-
let and engine development as a result of earlier develop.isnt experi-
ences, available engineering approaches, test rescurces, 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 enginé,mission handling needs in a
propulsion system,

Over the years, evolving interface criteria were inappropriate and
failed to define functional propulsion systems characteristics in physical
andg measurable terms for engineering develspment 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 u general case rather than a deter-
ministic one requiring assessments of engine margins and how ithey were
utilized for various effects in operational usage. The general utilization 1
of engine margins was, therefore, often sought in development through
the application of "distortion limit' definitions or "distortion indices' as
opposed to development criteria addressing mission-related propulsion
system operating characteristics. Further, distortion index calculations
proved inadequate in characterizing engine-inlet airflow.

e e aam

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 systeins, and test experience were also limited. ‘

As a result of such interface definition and development testing -
shortcomings then, propulsion development testing was accomplisned f
on a numbcr of past systems programs in which any number of inter- 1

"pretations were made relative to test results and specification compli-
ance rather than effective application to systems engineering needs, 1
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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 carne 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 'ntly 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

L

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
stated in documents such as those found in Appendix XIII, or Reference
26. The needs for improved data handling and transmittal between pro-
pulsion developmental agencies and the Air Force were also identified,
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This section vill review briefly some of the results of engineering
efforts in the late 1560's which sought and established some recent pro-
pulsion system stulility 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 DCRIVATION OF PROPULSION SYSTEM STAS: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-
pulsisn system mission conditions.
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Along with margin aliocation 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|
CI Specifications

| Pre-Development]

Scale Inlet Systems Acquisition Prog_'x_'aml
Tests ha————-36 - 48 MO —-——tf B
Inlet [Flight Tests]

!Proﬁuctionl
- 6 mo —e]

-~ MQT

"‘ e g W ] GIGh SEEND GENNS
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~'--P-——

Enough Visibility
to Establish Flight
Restrictions if Any

Demonatrator
Engine Tests

Engine
Compressor
Tegts pe—-VYigibility Required to
. Iritial Eugipeering Ensure Convergence
or Pre-Development

18-24 RO -——————tind Refs. 2 and 19

Figure VI-2 Development Pian Concept for a Typical 200-Ib/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 stabili.y criteria and turbine engine
stability testing techniques and procedures. 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 Vi1
AUGMENTED TURBOFAN STAB!LITY TEST FROGRAM

TEST OBJECTIVE: Develop Normalized Testing Techniques and
Procedures for Turbine Englne Stability Testing

ITEM BREAKDOWN: Engine Inlet Operating Environment

Clean Inlet Techniques and Control of Variables
Distorted Inlet Techniques and Control cf Variables
Airflow Measuring Systems

Definition of Inlet Airflow Characteristics/Parameters
Instrumentation and Data Handling

Engine Configuration/Qperation

Pretest Data
Instrumentation
Engine Operating/ Testing Techniques
Data Acquisition and Handiing
"Operating Environment-Pressures/ Temperatures

Test Cell Hardware Configurations

Distortion Producing Mechaniems
Engine Test Configuration Support Requirements
Data Acquisition Systems

Simulation Ranges

Steady-State Operation
';‘;:ge-var;gnt Opgrnt;qnu
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Specific objectives included the following:

1. Devealopment 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 techniques for acquiring data
on engine compression systems throughout their operating
ranges to determine aerodynamic characteristics, murgin
allocations, and utilization rates,

3. vevelopment of apparatus and technigues 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.),

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

et

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
years 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 acoormplished 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 Turboian Stability Test Techniques program, how-
ever, allowed extensive investigation into all phases of engine stability
testing with adequate time and resources fo 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 instrumnentation 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
factnrs 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-1,
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 orerationally suitable engines.
Programming approaches referenced in this section form the basis for
incorporating engine stability margm testmg into development program-
mmg and t;me phasmg a
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SECTION VI
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 ta 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
iesting.

For engine testing phases, an array of testing techniques and pro-
cedures is available for selection and appligation to stability margin
development. In the appropriate 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 compcnent stability development efforts
into engine development testing and assessment processes.

This secticon 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 development program.

38
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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. Efferts 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
s0 that analyses can be performed on compressor margin allocation
and utilization rates or quantities.
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Development tools availabie 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 hancling and modeling techniques

Engine - Avajlable technology to address propulsion systein requu'ements
Engine component rig test and analysis
Demonstrator engine testing and analysis
Computer data handling and modeling technigues
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 development test effort.
Upon this basis, the methods and applicability of stability accounting
procedures 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-1), 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 characieristics, compressor characteristics,
and engine operating requirements for sets of projected propulsion sys-
tem operational conditions to determine areas requiring engineering
development emphasis. Engine compatibiiity analyses can be concen-
trated on systematic definitions of propulsion system functional opera-
tions for stability considerations. Examples of such compatibility aral-
ysis techniques can be found in References 28 and 29.

From an engine development standpoint, the interface becomszs 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 cages, the engine compiession system must
allocate sufficient margins to allow for inlet flow destabilizing factors
as well as those internal factors shaown in Figure VII-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 Compresaoy/Engine Development

- I
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Engine
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}
[Synte- Operating "ﬂlulre-enu] + [Enalm- Opeuung Requlre-entsl

| Test and Analysis

!lnurhce Criteria Sol.cuonl

Figure V1I-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
eiforts 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

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 operatmns ‘

ey




-
. AFAPL-TR-71-84
In order to develop and establish interface criteria suitable for in-
. corporation into specification processes, a suggested interface check-
: list and data forwat is presented in Figurcs VII-3 and VII-4, Once de- )
" velopment is initiated, continued efforts will be required to maintain 1
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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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 systemg between engine and
airframe contractors for the exchange of stability cest 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,

4 Data Exchanges ® Stability Margin Testing
Inlet Development
~1/6-Scale Inlet oo
~1/3-Scale Inlet 00 3 Bsckup Test
First
Full~-Scale Flight

Inlet-Engine Flight
Engine Development

fngine Porformance
and Stability Tests

38 monthx

Dur) Spool 02 0 Toacker
High agnure
Compressor Rig o a CQ Lo | C JBackup
Yan Rig o [om L o B £ Backup
Go Ahead 12 to 18 ~24 to 36 ~36 to 48 months
Intertace Definition
Engine/Compressors
Hargin Allocations
Fan and Compressor
Distortion Tests a"'lm«te “Updcte  Upoate | Update Verifyl
Dynami¢ Simulations A [+) 0 . ‘2 Updated 4
Prel Ul’g' ? v 9.;, Upcate Final
Stability Test Techniques| Ab - 1-® 0 [+} A
Engine Stabllity Testlng a0 < [+ Q. __a
Stability Audits A A N A A A

Figure VI1-5 Typical Stability 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.
At that time, sets of installation needs can be addressed more fully.

A basic engine development tool is available at that point for perfor-
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 operation' as well as
those occurring under required propulsion system operational modes.
These test cells and engines accommodate high levels ol 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 systeru interface criteria
in physical and measurable terms.
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Figure VII-6 Typical Test Configuration and Coordination Requirements

For specified interface development criteria, a number of engine
development testing sequences should include stability margin testing
phases. From Figure VII-5, general timing needs are addressed for
establishing the required testing configurations and procedures to du-
plicate interface conditions. Testing configurations and procedures
can be selected from those available in Reference 27. In each case,
interface conditions must be 1actored 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 VII-6,

Engine stability margin testing should be oriented to developing
and defining engine characteristics in an organized and controlled man-
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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
installation effects. ’

7.5 ENCIRE STABILITY MARGIN DEFINITICN 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 particular propulsion system operating condition.
Data from such testing can be used for stability development tracking,
margin audits, and engine computcr modeling techniques.

Programming emphasis on interface criteria and stability margin
testing during engine development and prequalification testing phases
can be utilized to complete definitions of engine stability characteristics
for finalized flight engine configurations. This sequence of engine sta-
bility margin testing can be ucilized 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 engiue configurational
and operational definition occurring, a verification of engine matching,
controlling, and loading is ancomplished during normal qualification

baseline performance testinz vhases. Some slight increase in test scope

is required during this phas~ 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 enginz/
compressor characteristics, limited sets of inlet distortion character-
istics gpecified 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 [or programs effectively
utilizing engine stability margin testing and qualification: (1) For a
defined set of interface functional parameters,it is pessible to deter-
mine margin utilization guantities 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 ccr-
relations to flight test data are possible. (4) It is possible to develop,
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.
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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 ancorporate engine stability margin
testing into engine development testing sequences in a time-phased
manner in order to develep 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.i’ication engine configurations.

SECTION VIil
SUMMARY AND CONCLUSIONS

This report has endeavored to depict Air Force history and experi-
ence in developing operationaily 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-1. 1In 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 VI11-1 Significant Interface Appreach 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 strated 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 :o 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
foi advanced high performance aircraft. This general trend to match-
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5 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 discussed
£ in this report, engine stability development approaches more responsive
to basic Air Force engine needs can be established, '
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Since all development programs vary in complexity, time, and re-
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 1X
RECOMMENDATIONS

It is recommended that Air Force engines be qualified to opera-
tional suitability needs established for the propulsion systein,

i. e., engine stability. It is further recommended that a stability
margin assessment be made an integral part of engine qualiii-
cations.

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,

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
steps and qualification resolution programming.

"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,

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

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,

The resources required to conduct a propulsion system develop-
ment program to flight shotld be considered. A stability develop-
ment effort for advanced high performance systems will probably
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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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&) Frogres
wep wes 19 Mav 395k |
Attt Ls Col, Kowar frig Gen Lstu:/ef
30205/ /kal27

1. It the present mommt, we are experismoing exsrene dirficulty with @ .6 Fe
ina cowbination, lwgely the result of duct dericisncy in the Fe alye
rane, Thene doficlencivs jeopsrdise #he entire D=  Prograa, It ir €s:ontial th 3
LADC theeoushly investinnte the pressant situtticn Lo asrufe that every effort ir buing
talisg by LATC, Nelopnell aud Pratt £ Whltney to rcmlwe thils problaa at the ¢ rliiest
praetical A:te.

2, Tt seens apparamt that we have t:rived at thls situation 9 a recult of
improper plimninge If, 0t the enrllset poosible point in the developuenty plan, pro=
vistons had been usie fer shorouph tectlng of tho ducteanyine conbiuriion, necessary
duct design chnges ocould possibly have been i2ds prior v airfrawe production. In
any event, had thin onrly ariing of tns duct amd angine been roheduled, we would not
be in ap serious & condition as we find curaslves at the acment,

3. ‘cooriingly, using tha Y=  sltuction as m oxenple, it is meeor:zary th t
we think thwouh chis probles 0f amrriage of ths duct end the engine st an oorly d:te
in duwi.opmt. prosrans for futire weapon syucease The FBX ig a ool oxaple in tiuls
coimwctione

L. It ia derircd, therefore, that yuu act as Chairam of a Lepun (ystens
Dirsctorite Croup, consivting of individuals from your office, tue Fighuer Divieion, 1
and the F=  Projeat 0ffige, to meet with a oimilar working group of tis Power Plant
Laboratory {emmtuct Col, Appold to obkain n'me of Powsr Plout Lib Lhairaan) to accom
plieh the followings

2, Thoroughly exaxins our pressat ductesnyine citu:ilon rega in, the te
and detarmice what :sceures eun be taken to expedite, om A priorivy basis, ths rolue
$ion of this problems

b, Levelop planning f-otors from the basis of our experiencs with the fe |
to b utilissd in dovelopwent planning for future weapon syrtens to iuzure tha: this i
preblem w1l bs ainlslewd an thoe fusurs vunpan yriens. i

cs Provide for Genoral Hesugen snt Qyself, st the esrliest possible d-te, a !
Joint driefing on your -findings wniar a, nn? b, thove, !

et ' (0, Gon, Boyd
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15 July 1955

ATRCRAFT LABORATORY COIMMENTS
oN
RGINE-LIEP COMPATABILITY

The advent of turbojet powered aircraft greatly increascd the importance
of internal flow considerations in airoraft design. The largo air flo4 requiree
ments of turbine engines and the resulting large volumos requirements of ducting
to supply this air, meant that the aircraft configuration was more than ever
before infiuenced by the engire instollation. The aircraft designsr, in deaigne
ing a turbine powered aireraft, ocnoidered many itemxs in choosing en inlet duct
.design, somo of which are listed below:

I Drag
II  Duot volume
III Veight

I9 Equipment placazent

v Total pregsure racovery

Vvl Total prossure distribution
VII Complexity

The eiroreft designer chose the inlet design which resulted in the best aircraft
performanze cheracteristios for a particular set of requircnents. This decision
was based on the bdest information availabla at the timo.

The airfrars manufacturer could of course, direstly estimate the effect of
Items I thru IV on tho aireoraft performance, but he vas forced to rely on the
ongine ranufecturer Jor data to determine the offecots on engine performance of
inlet duct total pressure recovery and total prescure digtridution, The engine
manufacturer furnished sufficient information, in most cases, to adequately
steluate the losses Sn engine chrust and fuel fiow for inlet total pressurs
lossoss No information, however, was made available by tho engine manufacturer
on t%= effects of total pressure distridution.

The engine manufacturers, when queried es to the compressor face total
gressure disztribution limits in their enginc specificatisn, stated that the
1imitg vore essentially erbitrary numbers designed to make the engine use™ awore
that pressure distribution was somsthing to consider, dut that they hed little
14doa of whet the 1linmits really should bes The enzine manufacturers sole concern
was the effect of pressure distridbuticn on compressor blads strosssa.

The inlet dosigner is faced with many difficult problems. Inlet lipa, for
4dnstence, must operate catisfastorily over an sngle of attack range excecding
180°, Tals larpge angle of attnck rangoe is czuned both by airplane englo of
attack end inlet mass fiow ratio., Thoreforo, to prevent )ip sepavation, under
ell flight conditions, would require a lip in the shapo of & bvellmouth which
would bs gorpletsly unavcsptable frow a Oreg viswpoint,




AFAPL-TR-71-84

on certain aireraft emd bocauce of tha Acereased duct volume, can hays an inher
ent prossure distribution at the fnlet Quo to the effect of tie forusrd fusolage,
evon vhen conpletely cliinating the fueelage boundery layer. JYn eddition, sidc
inlots penorelly nzcessitate tho presence of duct bends, the gmallest of which
‘will disturh the flou to sonme extent,

The engino nenufaciurers have, end still erc, spocifying total pressure
distribution limits whiceh ere impozsible to wwet for all flight conditions. One
engine manufecturcr vho hao rathor stringent distridution limits edaitted tbnt

more, only ons engine mamufactuver huo mads egome allosance for duct boundary air

. . dn theso linmits. The enzino users therefors have teken the attitude that on
arbitroury, unrsalstic reguivemont ic no requirement at ell, &nd have therofore
given very little cmphasis to pressure distribution in the past.

Rocont exporience with ths JXX ongine has demonstrated that the tendency
: of a turbojet ongine to stall or svrge cen bo adversely influenced by ducreasing
; tho Reynolds Mumbor end/or increasing the preesure disiributions. Mngine stalle
can soriously reduco the combat effectivoness and even cause struoturnl failure
¢ by causing supersonic duet *buzet, and thareforo must be avolided,

The present engino stali problems ers beinz solved by several different

i approachous In one cagsc the aircraft manufacturer solved the prodlem by making
: engine eontrol) ¢hanzes. Compressor modifications have also showed improvemonts
a8 havo soms inlet mod.fications. Unfortunately very little can be done regard-
ing Roynolds Mumbor,

H
H
i
i

The JXX cngino exporionce has c¢learly indicated that correlatlon of totel
pressure distribution does not adequatoly defino the effests on ongine stall
margin. Such factors as the emwunt of arca influsnesl hy & high or lov totel
presgure repion, tha losabtion of m prepsuro distowvtion, the type off presswo
distridution, oan groatly influcnce ths ongzine stall nargin. To date, nn gntice
factory corvalation cxiste which edequately definos the prossure distribution
offects on engine oporation, Until this c¢orvelation is ectablished, the airfrons
manufecturer ¢onnot possitly dstesrmine through wind tunnol tests vhat duot
gaomutrios sre required to mssure stall free comprozsor operation, other thon
compronising the entire airpleone znd providing & bellivuth at the ongine facs,

R Ay e

1 b 8 4l 8

Sinoe the engine compeny is the only orgenization waich has Jmowledge of

) the internal enpgins performonce eharacteristics, the sirfremo manufactiurer hes
no initial knovledgs of comprossor stall sensitivity. Even statio testivy of
%he ongino with the inlet duct dsos ot ecover engine performance at hish veluss
of refurrcd engine specde nor is the effect of Paynds Numbar deternined, Only
whon the aiveraft kas flom with a perticuler engine snd covered the enmplote
renge of pirplere perforance eapabilitjes, is therc eny Sndication of the
serjcusness of eny compressor stall problems

Side indlots, vhich have coms intg use becangse of the olectronic roquircements

not oven his flying test bad mst the requiremsnts undor all conditisns. Furthsre
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The better the airplenc ie, the more likely it is to run into compressor
stall rroblens, For exemple, the greater the neneuverability, the greater the
mognitudo of inlot disturbances; the higher the ceiling, the greator the adverse
effect of Reynolda Number; the higher the rate of climb, the greater the tendency
for eny speed senaing conirols to leg behind; and the broader the specd renge,

the greater the opportunity for the duct flow requiremcnts to becoms mismatched
with corpressor flow requirements.

In order to prevent the reocowrrence of engine stell problems it would be
desiradble to accomplish the following items;

I+ Increase effort to determins a corrslation between rressure distribution
parameters and compreszor stell margin.

II. If no adequate correlation can be found, 2ech engine should be qualified
by testa to determine ita sensitivity to pressure distribution parameters,

IXX, The information in I & II should be trenslated into terms of *trade-
off* deta and givon to the airfreme menufecturer go the* he may arrive at an
optitum compromise for his particuler aireraft.

IV. Continucd emphasis be put on inlet research and developuent,
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‘ Appendix {1 -
Extracts from:
1. ARDCM 80-1, 1953 Handbook of Instructions for Aircraft Designers
2. MIL-E-5007A 19517 Military Specification, Engines
MIL-E-S008A 1951 Nilitary Specification, Engines
MIL-E-5007 1942 Military Specification, Engines :
MIL-E-5008 1949 Military Specification, Engines
3. Typical Proposal Data Covering Air induction System
4. Typical Preliminary Air Vehicle Specification <4
Specifying Air Induct Systems
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16.6 ENGINE AIR-INTAKE SYSTEM

16.60 GENERAL

The engine air-intake system of the power-plant

- installation includes the necessary ducts, scoops, pas-
sages, chambers, ete., which obtain ambient sir and
supply this air to the engine for combustion of the
fuel. Anti-icing and deicing provisions, antidust de-

_wices, and any other equipmerit einployed in or near
the intake ducts for the purpose of restricting, modu-
lating, filtering, heating, or conling the intake air shall
be considercd part of this system.

16.61 DESIGN OBJECTIVES

The effect of aerodynamic design of the engine
air-intake system on turbo-jet and turbo.prop type
engine performance it of considerably greater im.
portance than for reciprocating engines. The optimum
aerodynaniie configurstion of the air-inlet and induc.
tion-system Jucting can be achieved only by exact
snslysis ol the system requiremenis and paraliet
study and coinparative wind-tunncl snalysis of alter-
nate degigns. The various merits of duct and inlet
configurations of different design and Jocation depend
peimarily on the type of engine installation emnployed
In the aircraft. The critical nature of duct and en-
trence configurations in regard o the effect of com-
pressibility and norma! energy losses at high Mach
numbers makes evsluation of the engine air-intake
systein by individual performance testing imperative,
Sotne guidance in the selection of inlets and ducting
most svited to the various installation configurations
is provided by the documents referenced in chapter 1.

There sre several approved methods availabie for
computing the effect of the air-induction system de-
2zn on siccraflt send engine performance, For this
reason, nn spocific method will be recommended here.
The designer ;nay use sny rational method for calcu-
lating performance, If the method selested has been
padlishiad, & report which explains the method in de.
tail should be forwarded to the Air Materiel Com.
mand for spprozal (The approved methods men-
tivned above are listed a1 feferenses in chapter 1.)

A report descrining the methods employed .nd!' the
results obteined in the perfotmance testiag of' the
engine air-intake system shall be forvarcird to the
Air Motericl Command for spproval.

In the design or planning stage of the engine
air-Intake system, consideration must be given
to the location of the air inlet to insure that the
selected position is in an area of satisfactory
air flow patterns and boundary 1ayer character-
istics at all atxitudes ana condiiions of operation
for which the aircraft is designed. '

AFAPL-TR-71-84
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A short sis-induction systen is preferred. Where o
choice must be mede between a long tail-pipe ex.
tension for the cxhaust system and & long engine
air-intake gptern, the sacrifice of induction.system
performance must be accepted because of the larger
penalty impmed on engine performance by tail.pipe
fength, th: kigh wcight-per-unit area involyed in
limiting the Imherent fire hazard of the tail pipe and
inspection, mmintenance, and replacemment considera.
tions. Specisd consideration must be given to locating
snd positioniag the air inlet in an erca where there
is little probmbility of entraining foreign particles
thrown up by the wheels of the aircrailt.

16.62 GEMERAL DESIGN REQUIREMENTYS

16.620 ' Cemstruction Design—The inlet and sys-
tem ducting shall be of sufficient strength to with-
stand the meadmum pressure depression eacountered
at maximura engine thrust with the aircraft'in static
condition. In sddition, the streagth shall be sufficient
to withstapd wibrations produced by sir-flow veria-
tichs (which muay exceed the strength required to
withstand peessure difierentisls).

‘ Flush-type siveting shall be employed for the in.
ternal suifaces of al: ducting in the system.

Constructiom components which may vibrate loose
and enter the angine should not be employed in the
engine air-inteke system. If their use is unavoidable,
sdequate safekying of cach part is to be accomplished.

All pertinesit data and drawings of duct quick dis-
connects shali 3¢ submitted to the Air Materiel Comn.
mand for sppoval prior to incorporation in the air.
craft.

16.621 Cortrol—Air-flow control by meana of
variable entrarces Or “suck.in” doors mey prove of
value for somrer power-plant installaticnz. The per-
formence estiniates and design details for these de-

_vices ghell be submitted to the Air Materic) Com-

mand for appeaval prior to incorporation in the air-
craft,

16.622 Shweoff Doors or Yolves—Air inlet hut.
off doors or n:lves designed for the prurpase of ge.
ducing the dru; arsociated with an inoperahive engane
by preventing #irdmilling of the unit :mav be desie-
able for multi=;ine arccraft. This feature isespeciully
applicable to multiengins, long-ring: aircraft for
which a studpy un specilic fuel coasumption vs,
engine servimlile proves partal ~en:zine oper-
ation mare emonomical and efficient than con-
tinuous toiakengine operationata reduced power,
Pertinenl #ata and drawings of air inlet shut-
off doors or valves shall be submired to Head-
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quarters, Wright Air Development Center prior
to incorporation in the aircraft,

16,823 ka Protection

The eatrance to the alr induction system shall
be protected »g2inst ice foriation and build-up.
This is considered necessary because of the
severe power losses associated with relatively
small disturbances to engine air flow.

inaddition, allairframeparts inthe air indue-
tion system, such as engine accessory cavera
or air duct valves, subject to collection of ice
shall be protected, The meteorological deaign
conditions shall conform to Spocification MIL -
E-5007.

When an ice zccretion meter is not {urnished
withihe engine, an ice detecting device shall be
installed in the air inlet duct and connected to a
sultzble indicator light, Cyclic operation of the
indicator light will {furnish the pilot with an in-
dication of the rate of ice formation,

16.624  Dust Protection

Dust protection for the engine is considered
adequate if the air inlet is not located in a high~
dust-concentrationarea. For ground use, dust
plugs shall be provided for each air inlet, and
sll means considered necessary shall be taken to
prevent damaging the induction system by inad-
vertent operation of the engine with these plugs
installed,

16.625 inlet Scrauns

Wnen retractable inlet screens are not pro-
wvided with axial flow engines, the alrframe
manufacturer shall mount a retractable screen
in the inlet duct of the aircraft in accordance
with the following instructions.

a, Design and Construction
(1) The size of the screen openings shall be
such as to prevent the entrance of £ 6.25 inch
-sphere
{2) Nopart of the screzn or screen actuntor

shall extend into the duct when the screen is in

the rctracted position. Any object collected on
-the screen shall be reicined during retraction
- and extension ol the screen and shall nnt enter
theengine under any cornditicn of aircraft oper-
_ation. The streen recess (for the retracted
screcn) shall be designed such that there is 2
7/8" clearance between the fuce of the screen
recess and the iace of the screen, o

i

(3) I the screen is composed of more than
one segment, each segmoent shall be capable of
independent retraction when any other seginent
s restricted in the extended position.

{4) Precaution shall be taken to insure that
the screens, when extended, do not become in-
operable due to icing conditions,

{S) Thescreenshall have suificient strength
to stop a $0 cal, cartridge case at a relative
impact velocity of 600 f{t. /zec.

b. Performance

{1) With a0 blockage of the screen effeative
area, the screen shall be capable of retracting
intiur=e seconds against the air flow encounter-
ed at 100% engine power and maximum speed
of the alrcraftat any altitude up to and inelding
the service ceiiing of the aircraft. Retraction
time shall notexcecdlive seconds with1/3block-
age of the effective area of each screen segment.
The screen shall be capable of completing 3
cycles of operstion from extend to retract to
extend in § minuies,

{2) The loas in availavle engine thruat with
the screens in the extended position shall not
exceed 3% of the avallablo engine thrust with no
screens installed. ‘Tne loss of the available
engine thrust with the screens in the retracted
porition shall mot exceed 0. 5% of the uvailable
engine thrust with no screens and a smoothly
fairedduct,

1663 TESTS

The recommended flight and ground test pro-
cedures for turbo-jet and turbo-prop type power «
plant instaliatioas are detailed in Memorandum
Report WCNEL-525-460, This report includes
testing procedures for the induction system,

s
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MIL -E- 5007A

27 JULY 195!

.Buperseding
XIL-E-5007 )
19 July 19L9
) 9
MILITARY SPECIFICATION ° ‘
ENGINES, AIRCRAFT, TURBOJET, GENERAL SPECIFICATION FOR 1
This specification was approved by the Depariments

of the Army, the Navy, and the Alr Force for use of
progurement services of the respective Departments.

e 3ty ke et TR

3.19.3 Inlet Alr Pressure Variation,- The estimated radial and circumferential |
pressure distritulion TTrlts shall be specified in the model specification.

. B

 MiL-E- S008A

27 JULY 1951
Buperseding 1
MIL-E-S008
19 Juy 194e

e N, SR R b g P

MILITARY SPECIFICATION

{
ENGINES, AIRCRAFT, TURBOJET, MODEL SPECIFICATION FOR
: (OUTLINE AND INSTRUCTIONS FCR PREPARATION)
This specification was &pproved by the Departments
of the Army, the Navy, and the Alr Force for use of q
¥ o procurement services of the respective Departments.

3.19,3 Inlet Alr Pressure Variation.- The estimated radial and circunfere;.‘tal
inlet air pressure distribution 1imits shall be as shown en curve . (The con- |
tractor way show these limits in othcr than curve form}
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MIL—-E-5007
19 July 1949

Superseding

AN-E-30

1) June 1546

HILITARY SPECIFICATION

RIGINES; GENERAL SPECIFICATION FOR
AIRCRAFT TURBO-JET

This apecification was approved on
thre sbove date by joiat action of
the Air Force and Navy Departments
for use in the procurement of aero-
nautical supplies.

3.22.i Inlet air pressurs variation.- The estimated radial and circumferential
ypressure distribution IImits shall be specified in the model apecification.

MIL-E-5008

9 July 1949
perseding
ANLE-31

34 June 1948

MILITARY SPECIFICATION

E4GINES; MODEL SPECIFICATION FOR AINCRAFT TURBO-JET
(OUTLINE AND ILSTRUCTIONS FOR PREPARATION)

Tals specification mas approved on the
2bove date by joint action of the Afr
Porce and Havy Departments for the
purposs of establishing standard
asronsutical practices,

8,22,4 Allomadle inlet sir pressure varistion.~ The estimated allocwrable
radial and circunferential iviet air pressure distribution limits shall be as showm on
euru) + {The contractor may show these limite in other than curve
form, ik : ‘ B
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3.12.3
3.12.4

3.12.5

3.12.6

3.12.7

3.12.8

3.12.9
3.12.9.1

2.12.2.2

“3.12.11

3.12.12
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REQUIRENCHTS, (Cont)

Auxiliary Propulsion Unit: WNol required,

Engine-Oriven Accessories: Two hydraulic Puinps and one d-¢
generator shall be fnstalled on and.driven by the engine,

Air Induclion Systew: Air inlets, with boundary layer
blceds, shall be localed on cach side of the fuselage ad-
jacent to the pilot’s conpartment with ducts extending aft
o the e.gine, The sir intct duct ltips shall incorporate
provisions for anti-icing.

Exhaust System: The engine sha,) be furnished complete with
exhaust svstem, inciuding afterburner with variable area
nozzle, The Contractor may modify the engine as required
to provide a section of tallpioc between the engine and
afterburner in order to lenglhen the engine for optimum
nozzle location,

Cooling System: Provision shall br made to supply cooling
atr for the engine and engin® accessories,

Ltubricating System: 7The engine shall be furnishad compinta
wilh lubricating system including the oil tank, oil-fucl
heat exchanger ?oil cooler), pumps, Yines, strainer and
valves,

Fue] System:

The fucl system shall include pressurized wing integral
fuel tanks of 1050 gallons net ci.acily. Two air-driven
fuel booster pumps shail be provided in the wing tanks,
Provision sh3ll be made for pressure or gravity refueling
of the fuel tanks,

Air shall be bled from the engine comdressor section and
pasted through heated carbon contained in 2 tube of strean-
Yine cross section passing through the engine cxhaust ail-
pipe and then cooled for the purpose aviding inzrt
gas2s for fuel tank purging and press: ing,

Propulsion System Cantrols. The Contractor shall provide
a povier control lever for the pilot 2nd sh211 conrnact this
lever with the selector furnished wilh the engine,

Starting System: The starting system shall incivde a cart-

ridge type starter not requiring an external source of povar,
Yhe sterting switch shal) be located for use by the pilot,
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Appendix IV -

Aircraft Laboratory Progress Report on Engine-Airframe Compatibility,
- 17 January 1955
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ATRCRAFT LABOTATORY FACGHESS REFORT 1
ON FNGIHE - AIRVAME GOYATABILITY .
17 JANMLRY 1955

X. Probloms

A, To prevent s re-occursnes of the engine swrge problems presently
encountered in eircraft using the J-XX engines.

B, To obtein propulsion systeuics which will optimize alveraft perfor~
BaNce .

11, Itens ‘nieh Influence Engine Surge
A, Enains
l, Canpressor
a. Radisl, vxial, cte,
b, Single spool, dual spool, etc,
¢. Verizble specd, einstent speed.
4. Blade profiles, nunber of stoges, ete, i

e. Fixes to prevont surge {intcreunpressor blead velves, cie)

2. Eogino matching
a, Twbdine design 1
b. Teilpipe desipn *‘
¢, Pouer cxtraction and &ir blecd requireasnts J
9. Reynolds nuaber 3
&, Cowponont nerlforinznes
b, Chunge Ia engine matculng

4. EFagine controls (

a., Sonsitizity

' -,
b. Feliebiliity '

e, Proper location enl installction i

|

N |
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!
5. Production and maintenance tolerances f
B. Adrfrepe
1, Flight envelope ) '1
a, Altitude j
b, Speed .
¢+ Rate of clinmb and descent ) 4
4, Maneuves '
e, Acceleration 1
2, Total prossure distribution st compressor face
a, Radial or circumferentiel ' ]
b, ZLocation nesar hub or tip
¢, Number of pockets
3. Inlet contrri
a, Optinization of net propulsive effort
b, Avoldence of inlst buzz
4. Armament '
a, Type
b. Location relative to the inlets
5. Nozzle exit shrouds
111, Ttens Requiring Immediate Attention
A, Effect of total pressurv varietion at compressor face on enine
surge,
i, 1lack of data,
2, Data that do exist indicate that the details of the distiridbution
are & primary pareneter,
4

84
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3. Ho intolligent method can be used in fwproving pressure
distributions uhtil the offects on surge are knowm,

‘Be Prelimincry Deteriination of Optimmya Presasure Distridbution

1. Need for imecdiate deslgn criteria for airplenes such as $ho
F=XXX.

2, Need some ilea of ponalties in weight, size, drag, thrust, and
fuel flou neeessary to neot verious pressure distridbution
requirements,

C. Stuts of the irt of Compressor ¥Face Pressure Distribution

1, Unrealistilec roquirements of engine mmnufacturers,

2, Adrirame nanulfacturers lack of effort on pressure distribuiion,

3. Engine manufucturers giecatly interested in obtaining inlet
presaure data,

ko Cowld indicate offectis of varfous types of inlets, locations,
etc on pressure distributicu.

Preacnt Alrcruft Laborajory Action on Inmoliate Problens

‘he Effect of Totel Pressurs Veriation ot Cowressor Face on Engine

Surge.
1, Requasted theot werpona system obizin surge da¥s on those eir-

planes not currently undergolnz a surge flight test prolraa,

2. Held conferences with llorts Ansrican, Convajr, end Douglas to
obtein information on cozpressor svrge of F-YXX, F=XXX, FXX,
and AXX.

3. Hold conferences with Pratt & Wnitnoy and Curtisa-Urizht to
obtein inforwation on conpressor surge,

4, Conducting correlation of flight teat deta to examino sifcet

of pressuve distribution on cosjrossor surge.

B, Preliminary Deternination of Tptimun Prassure Distribution

1. Meoting with ::C4 enl Repudlic tn get up test prosran to
investipate wmys of jnrroving preasurs 3istribution in F-XXX,
2, JTaitieting purchass reguast to study the effect on alrereft

perfoir:cace of wvarisus-usticls of reduclng the itotal precsure
varjation,
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State of the Art of Conpressor Face Pressurs Distributions

1. Investigating best method of obtuining pressure distritution
data on all of present airplencsse

2, Data to be condensed and transpitted to engine manufacturers,

Recorzasndations

A,

BI

c.

D,

E.

The Aircraft Labo;story initiete a program to investigate methods
of improving compresacr fece pressure distribution,

The Power Plant lLaboratory obtain and study all dava on pressure
distribution effects on surge {Navy sponsored NACA program, Pratt
& Vhitney program, ete).

If present data is insufficient to detzrmine pressure distridbution
effects, the Tower Flant Laboratory initiato a research program
to secure additional data.

A stuly be initiaied by the Pouer Plant Laboratory %o determine
the engine thrust, specific fuel consunption, and weight penalties
necessary to maintein a given stell margin with varving pressure
dis{ribution,

After recoxzpendations A, B, C, and D have been eccomplished, the
ASrcraft Laboratory initiats & pro.ram to deteraninc the conpronise
on pressure distribution which will optimize airplans perfoncance.
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Hgq WADC Letter to Industry, subject Joint Industry-Government Meeting
on Engine-Inlet Duct Compatibility, dated 24 May 1955
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SULFLCTs Joiat Induatry-Govermmeat Yaeting on

 Enghme-Inlet Duot Coxpatidilivy

TCs Dougles Alrerslt Co., Ims.

z . o ATTHs Mre £. 7. Burton

i Chief Eagimer, Suata Nonisa Div.

. 3900 Cesea Ferk 3lvd,

Suata ¥omica, Celiforaia

1. The purposs of this letter is twofold. First, %0 exphasize

; the growing contern of the Kevy and Air Fores ovor the sagims-ialet
ducst computibility prodles. SeComi, 0 aoqwaiat you with the doteils

i of a plen <hich is dssigeed to provide the dest possible exchange of

i technics) iaforseticn pertisant te this prodlem, sad to reqmst your

s eocparstion ia ihe ixglemsatatica of the plan.

2, Mxi<fly, 4% is the desire of %he Military Serviess 90 aponscr
e fechnical meeting. to W ettemisd b7 thc appropricte meshery of the
avietion induetsy, the EACA, the Juxvy, amd T Au Yorss. The cbjec~
tivs of tha proponed meeting is 80 provide for & fres eachangs of
information betwesn the iadustry amd the Goverwrsst wWile protessiag
ihe propristazry rights of imdustyy wambsra. In workizg towsrd Shis
: cbjective, the following plad has besn evolwved:

‘ a. A joiat sonferencs detwesm the [adustry, the RiCA, Nevy,
and the Alr Yorse, 1o be held at the Vright Alr Devolopment Cemter,
vright-Patisraca Afr Fores Beee, Ohio. The eoufereass will be divided
1at0 peaersl snd restristed phases:

; (1) Generul Fhcse =~ 10 b atSended Wy all partisipesis:

r (a) Crientation V) esch of b Jervices om tBeir
own exparisngs, includisg arsemeat aspects.

(b)) Preseatation by KiCA op the general srpests
of ths problem.

~ €e) Wxief opsa diseussion peried.

PRSI St o s .7
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Bg VaDC (WOL) > ¢ % 1955 Se Douglas Aireraft GCo., Ims.. Subjeet:
*Joist Iadustry-Ooversmsat Meeting on Engias~Inled Dnet Compadiddiity*

J - PR P

{2) Restrrieted Fhose -~ attendanss %0 b ijmited to
mabare of the sirfzume iaduastry, the MACA, the
Sexrviess, and a partioulur esginms mamfasturer
whoee produets are udder Jdiseusaien.

o repandrs e am

{s) Five two= or thres-hour sessicas: oas for sesh
of ke major angime buildars wvhereia hic pare
tisular engizes will be diseussed freely with
meebazs Of the alreraft industyy, the MACA, and

i the Jervices. Other engise masufsciurers will

; ot W in attendamde.

. 3¢ It 4a expeoted thet the MACA pressntation; during the gemsrel
phase of the meating, will be desed as fully as possidle oa s proseste
tien mads %o the Goveromsnt Serviess at the Lewis lLaboratory om j

4 February 1955. However, iz the isterests of msimtaising propristery

o Tickte, refereese to speeifie produste or date vill be deleted from
this preseatsticn. The restristed phase will provide sm opportuaaily
for dissusaioa of speaifie data and vill provide the hasis for e dess
pessible exsbangs of teshaleal imfcrmetica.

& It 18 Tequented thot you revisv the attached tentative agezce
and forwerd 30 WADC the exteat of ths sommats you desirs 8 prescat ak
the meeting, plus any other ecamants you may have, WADC wvill ettempt %o
provide the mesecssry tims for the sirfrems fxiustzy Se prestoat 4ts
vieva. Ia order to slimisste duplicatica, and at the saus time provide
sath member of the sirframe isdustry vith e eppertunily tc present hia
thoughts, you are encourageu 10 soordimate your sativities with other
organisations prier 40 the meeting. JFor your soiveaiesse, s list of
Tesipieats of this letter is attashed hereto. Ia sesordancs with »a
agressea’ vith the MALA, it {8 expeated that you will reesive & eopy of
the MACA report, °MiCA Conferemse on Engine Htall azd Jurge.* Yesed oa
the 3 Tetrusry presentation. This report should be £ your hanis at
an e4rly dats {a order to aliow a thorough perusal -prior to the forth-
scming meeting. :

5. The mseting 1s schodulod to be held et the Wright Afr
ment Ceater Auditoriue ok Twesdsy, Wedassday and Thursday. li. 15 and 16 .
Juse 1955+ Spase aveilabdle wiil ssgcmmsdate spproximately five pereocas ;
Irom your OrgiRASntion. A Seeretl sesurity slearames will de reguired
for attendanss. ASeoMmMOCAtiONs may be ebtainsd st tae Miemi dotei, |
Dayton, Ohie, amd Yus tisnsportetion will be furaished %6 and frea !
Wright Field. It is rejueated that you advise WALC the aemeo of pei-
conael vhe dosire 10 sttead, seswrity slesrsamse, date of arrival, amd

DDA S TR T e SRR
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Hg WALG {wCL) 24 MAY 1955 g5 pouglas Atrerefs Co., las., Subjests
*Joins Iadusizy-Goveromeal Mueoting on Zoglioe-Xales Duot Coupatidility®

hotel easeommpdaticons dusired. Aleo, pleass advies axy requiremsats for

pressatetion fasilitive, such a8 chars ssssls, 81400 or mOtiea ploture

projeeiors, ete. Flesse ¢irest your yeply to Commandsr, wright ..ir

Dovelaopment Centesr, »righi-ratterscn Alr Jorce Lase, Chio, ~ttas »LlrQel. A

DNV RIS

FCR THE CLIMARLER:

11 ey e e

VICTOR R. HayGry

: 2 Insls. Brigad;
; Tisadier (jeng 'S
v #i. agenca Director of L:L:::.u(u:xgp
#2. Ltst ’
;
2
i
; o8 DA
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Roeing Airplane Company
Attne Mr. Ceorge Martin
Seattle 1L, Vashington

Boeing Airplane Company
Atay Mr. N. D. Showalter
Wichita, Kansas

Douglas Aircraft Co., Inc.
Attn: ¥r. C. C. %bod
Long Beach 1, Calif.

Douglas Aireraft Co., Ince
Atta+ ¥r, E. F. Burton
_Santa Monica, Calif.

Douglas Aircraft Ce., Inc.
Via BAR El Segundo
*). Segundo, Calia,

. Lockheed Aircraft Corp.
- Attn: Mr, J. 3, "assall
. Burbank, Calir.

Lockheed Airecraft Corp,
ttn: Mr, R, V', Middlewood
#Marietta, Georgla

DTN

P

e e )

Vorth American Aviation, Inc.
pAttns Mr, J. G. Beerer
Downey, Calif.

o

L g

Worth Amcrican Aviation, Inc.
Yia BAR Columbus
Columbus, Ohioe

¢

i m@‘*m‘%‘m’?"‘t’“wmn:rw T Al

Renutllic Aviation Corpe.
Attn: Mr. J, C, 0'Brien
Farmingdale, L. 1., “ew York

DISTRIRUTION

North American Aviation, Inc.
Attn: Mr. R. H, Rice
Los Angeles LS, Calif,

Glenn L. Martin Comoany
Attn: Mr. B. G. Uhl
Bal timore, Meryland

Morthrop Aircraft, Inc.
tttn: Dr. Wm. F. Ballhouse
Hawthorne, Calif.

Grumman Aircraft Engineering Corp.
Via B&R, ZBethpage
Bethpage, 1.. 1., New York.

Chunce-Yought Aircraft Div.,
United Aircraft Corp.

Via BAR, Dallas

Dallas, Texas

HeDonnell Aircraft Carpe
Vi DAR, St. Louis
St. Louis, HO.

Consolidated-Yultece Adrcraft Corp.
Attn: “r. R. H. Vidmer
Ft. Yarth, Texas

Consolidated-Vultee Alrcraft Corp.
Ettns Mr, V. V. Fox
San Diegp 12, Calif.

Bell Adrcraft Corpe
Thru: AF Plant Representative

Niagara Falls, N. Y.

92
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TENTATIVE AGENDA
INDUSTRY = GOVERNMENT MEETING ON ENGINS-INLET DUCT COMPATIBILITY
- "WADC AUDITORIUM 14, 15 and 16 JUNB 1955

Chairman - Brig. Genoral Victor R. Haugen
Director of Laboratories

14 June
Opening Remarks - Genaral Haugen 0939 - 1000
Service Experience 1000 = 1130
Lunch 1130 -~ 1230
NACA Presentation 1230 -« 1430
Break Period 1430 = 1445
NACA Presentation 1445 -~ 1545
Discussion Period 1545 - 1630
15 June
Pratt & ¥bitney Engilues 0930 -~ 1200
Lunch 1200 - 1300
NACA 1300 - 1400
Airframe Industry 1400 - 11&56
Break 1450 - 1505
Gensral Electric Engines 1505 - 1535
[ _ NACA 1535 - 1605

Airframe Industry
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16 Jume
Allison Eogines
NACA

Airframe Industry

Wastinghouse Englnes
NaCa
lunch

Airframe Indusiry

Wright Aeronautical Engines
NaCA
Break

Airframe Industry

Close of Business

94

0930
1000 -

1030 -

1100 =
1130 -
1200 -

1300 ~

1330 -
LeQ -
1430 -
45 -

1515 -

1000

1030
1100

1130
1200
1300

1330

1400
1430
1UAS
1535

1545
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Hq WADC Letter concerning Inlet-Engine Compatibility dated
2 November 1955, and Inclosure—Proposed T_echnical Program

Appendix VI
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'

“EADQQAI'E!S .
WRIGHIPATIERSON AIR FORCE .A‘.,o“lo .
1 AEPLY ARDAEIE SOTH COMEUNICATIONS
ANE ENVELOPE YO COMMALBER, WHIGRE {

AIS DEYRLOPMERT CENTEN, ATYRWFION
FOLLONING SFFICE BYMEOL!

2 oV !‘{55

A loss in aircrart pertormence resulting from improper matching
of the alr induction system end engine has, in the past year, become
a major problem to the militery servicesa. The NACA lewis Flight
Propulsion Laboratory recognizing the severity of the problem, provided
a briefing for members of the Goverpment services on 3 February 1955.
Subsequent to that meeting on 14, 15, 16 June, the Navy and Alr Force
sponsored a three-day Industry-Government meeting uyt Wright Air Develop-
ment Center to discuss the prodlem with Industry amd NACA. Both of
thess mootings sexrved to tring attention to the overall problem, and
seveoral excellent technicel approaches tc the problem were offered.

Attached is a proposed technical program prepared by the Wright
Afr Development Center which substauntially is a compilation of thoughta
and ideas from tho aircraft and engirve industries, the NACA, and the
Alr Yorce and Buresau of Aeronsutica. Xt ia requested that this progrem
be reviewed by your orgenization end comments thexrson bs sutmitted to
WADC, Consideration ahould be given to such {tems as scope of the pro-
gram, practicability, sffect on developmsnt ! 28, requirement for facil-
ities, effoctivoness of the prcposed program, and possible additions
or delotions.

It 1s guite probables that many of the ftems eontained in the
attached program will appear as contructual requirements as changes in
Military Specifications, Hendbook of Inatructions for Aircraft Designers,
etc. As such, these itoms may heve a rother profound effect on your

. operation as & member of the aviation {ndustry. Xt is believed that
you will welcome the opportunity to compils your ¢cmments and forward
thems to YADC for review and evaluation.
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)
Comments should be direated to Commander, Wright Air Development !
Center; Wright-Patterson Air Force Base, Ohfio, ATIN: WCLPO-1, Your
: cooperation will be of great enefit to the Air Farce and will be -
T sincerely appreciated.
Sincerely, ﬂ Ve
j ‘/(f_ g '/
y - 1 Incd VICTOR R, HAUGEN )
‘ Prop Tech Prog for Brigadier General, USAF
Engine Irlet Compat Pirector of Laboratories

(r/d)

JFCNSOP P
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Proposed Technical Progrem for Engine Inlet Compatibility

X+ Suggested NACA Investigations:

a. Conduct sufficient tests to determine whether a positive correletion
exists between wind tunnel model testing and wind tunnel end flight
full-scale inlet testing ea pertains to flow profiles. For ths pur-
poses of this technical progrem, the term *flow mrofile® will excludo
that portion of the boundary layer within 1/2 inch of duet wslls,
end/or ¢enter bodies. Included in this investigation should be a
deteamination of the importance of close Reynolds number control in
model testing.

b, Conduct distortion tests on NACA designed ccmpressors, including the
transonic and supersonic designs, with a view toward determining the
ultimate value ¢f data obtainzd on the compressor itself and how
fully thie data cen be used in determining the effects of flow dis-
tortions on the complete engine.

¢. Continue running distortion tests on newly developed engines as the
nsed arises.

d. Conduct studies and expluratory reaecarch with the cbjective of increas-
ing the operational capabilities of power plant installations through
the use of alternate means such as aerodynamic features of the inlet
duct and variable arza devices in tha engine.

II. Tests to be Yerformed by Engino lanufacturers:

a. During the early experimental stages of canpressor develojment, rumn
diatortion tests on compressor rigs to provide en indication of the
sensitivity of the particular design to profile distortions. These
tests should be run, in addition to the static sca level tests, at
applicable altitude and Mach number conditions wherever possible.
This testicvg should inelude circumferentiel distortions of one and
of two low energy sreas snd redial distortions of (1) low energy at
the bleds tips, and (2) low enmergy et the bub. It would be d=eir-
abdle 4o conduct tests on as pany combinations of eircumferential and
radial distortions es prasticadle. éxP for each of thess

‘avg

4 : separate conditions shouid ™ rum to whichaver of tho limiting factors
i occur first (heavy stall, surge, limiting blade stress) but not to
: exceed . AP =t 0,30, Such teats should cover as fully as possible
¢ avg
1 the entire range of expected engine opsration. In addition, tests
... should ds accomplished whereover practicable to determine tho effects
on engine operation of transient pressurs distortions not to exceed
AP  of 0,50 (this should include effort to determine engine
avg

operation with respect to the 1e;,xgth of the transleat).

D
.
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a.

‘f‘

R L Y

As early as possible, consistent with necessary engine roeliability,
rerun the jnlet profile tests as in a. abcvo by means of direct
connect ducting to the canplete engins. Datermine psrformancs,
atall and surge limits, blade atrecs limits, or gas temperature
limits ae a funotion of __ié_ P__ through 0,30, providing none of,
avg
the other 1imiting factorse occur at the lower value of Ap
avg
Engine acceleration performance shwuld also bds dctermined during
these tésts. Such determinations should be over the entire range
of engine operating conditions, including Roynolds number simulation.
Any transient operations such as afterburner light-off, mcdulation,
or shutdown should bLs includsd as applicable. Use of apy variable
geametry features cthould be tested over their full range of
opsration.

¥or engines intended for particular aircraft applications. Employ-
ing inlet profilee furnished by the applicable aircraft mapufacturer,
camplete the tests outlined in b. above. FProfiles may bo simileted
by screens or other objects instelled in a direct comnect duct to
the engine.

Based on results of ¢. above, snd using the lateat inlet configuration

for a particular sircraft, establish the minimum acceptabdble accolera-

tion stall margin referred to stall margin obtained with & bellmouth

inlet. This stall margin value would then be employed in engine pro~ -
duction accoptance tests.

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 o. above should be run, in a0 far as fecilities
are available, in a fres jet system (supersonic).

Use of the actual inlet on a ses level static basis alone is not con-
sidered adequate profile testing. lowever, use of the actual inlet
and duct on a static tost engine will be more reliadble and more econ-
venient then the use of screons and should bs employed to the maximm
extent possible.

Plan to ¢onduct extensive flight tests on ar esrly ajrcraft employing ;
the jlatest inlet and engins design configuration. These teats should !
be extremely cocuprehensive in nature and should cover every possidle
flight condition. Some effort is needed here to dstermine wbat con-
stitutes the rinimum acceptable instrumentation. This should b2 in '
addition 10 the pover plent preformance testing accompliahed Yty the y
aircraft manufacturer. - i
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Studios end Experimontal Resesrch at Engins and Gontrol Manufaoturera:

B

bo

Qe

4.

PRl

Study and test to determine the penalties involved in fixes provided
to make the engine accepy poor profiles. These penaliiea, of course,

-will be manifested in terma of weight, esize, performance, floxibility.

ots. These doterminations should b2 made for cach engine developsd
and these efforts sbould be intimately tied into the tenat efforts
apacified in Paragraph II. During this phase inlet and engino par-
formance date should Vs frssly exchanged. The intent of thia dota
exchange 1s that the ajirframe contractor will supply the appropriete
engine menufacturer with inlet performance deata for uses in tests to
detemmine engine performance psnalties. The engine perfoimance data,
based on test results, will then bs supplied to the appropriate air-
frame manufacturers 8o that aircraft performance may be calculuted on
a more realistic dasie.

Condust atudies to determine the relative sensitivity to flow distor-
tions of various campressor and engine types.

Oonduct studies to determine ongins performance and structural a-
togrity under conditions of supersonic duct buzz.

Study pover control systems $0 provide increased accuracy and
sensitivity.

1. A search for, and evaluation of, new and novel ideas of sensing
and control to be conducted by ell agencies of ths engine and
control industries.

2. Conduct ergine cycle analyses to determine inherently more
agcurate controlling rprinciples with major emphasis on (1)
effect of contrulled mods over camplete range of flight condi-
tions and control established cutputs, and (2) providing desired
porformance with intrinaic compensation for engine power section
performance changes which are due to inlet effects.

3. 8tudy meeans of improving the accuracy of sensors considering the
expandsd operating range and tho effoct of sensor location.

4. Frovids vays to improve the accuracy of the complete control and
each of its subessemdlies.

5. Conduct ressarch with s view to minimizing production end service
deterioration differencea which are 80 dlsastrous to scheduled
engine control functions.

6. Provide more forward looking application enginecring in order %o
reelistically spoecify, in the beginning of engine develomment,
all of the requiremsnts which the control must meet, with perticu-
lar emphasis op compatibdility with the inlet.

2 M T
L L

—tomo asae
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P. 7. Continue to search for compressor paremeters vhich will
ultimately allow sensing of incipient compressor surge. o

8. Expand tbe utilization of analogue computer and simulator
equiment during engine and control rescaroh and development

progxrans.
IV. Studles and Experimental Research by Airfreme Manufacturers:

&. B8tudy the correlation hetween zmall scele inlet duct ceating and
flight teating ae pertains to flow profiles.

Y g —w - w——— -
.

5. Conduct inlet development teots as early ae possible in the aircratt
development program and provide flow profile data to be used in
engine tests for determivation of engine performance penalties.

¢. Conduct early flight testing (such as Phase III) to determine inlet
performence ircluding pressurs distritution data as well as pressurs
recovery. Sane effort is neefed here to determine what constitutes
the minimum acceptable Snstrumentation.

diffuser engles, 1ip shapes, sersens, plenum chambers, etc.) on

r 4. B5tudy end test the effects of inlet duct desiga parameters (bends,
flow profiles, pressure recovery, etc. ‘

®. Study and dovelce) methcds end devices to alleviate the adverse effects .
of high angles of attack and yaw on i{nlet performeance. |

f. During preliminexry aircraft design, consider the effects of inlet ‘
design parameters on aircraft performence and opsratiopel limitetions. 1
(Thic requires engine trade-off data which may necessarily be eati-
matod in some cases.)

8- Conduet a general study to determine the compromise in pressurs dis- ‘
tribution which will result in the best aireraft performance. This (
atudy should include analysis of engine types, inlet location and i
tyvoe, and englne acceleration time versus aireraft performance.

). (The engine accelsration time is impcrtant since instontansocus stall

margin 18 reduced during acceleration mwaking sny sdverss profilo

L effects sven more critical.)
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Airframe Industry Letter Responses to USAF Proposed
“Technical Program for Engine-Inlet Compatibility”

Appendix VII -
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A BIVISION DF GENERAL DYMAMICS CUNFORATIUN

——
-

FORKT WORTH. TEXAS L

FELELEPHMONTE: BUNIETY 2110

{ ‘ ACAS: JEF:16t/A, Misc. 6-3337
December 19, 1955,

Subject: }Unclaasified) Proposed Technical 4
b rogram for Engine-Inlet Compatibility 3
3 ¥
S .To: Commander
Wright Air Development Center — ’
Wright-Patterson Air Force Base, Ohlo
' - . (::PN.‘ Papreccataton
Attention:  WCLPO-1 - Tor Wari 32, )
Via: Alr Force Plant Representative Lagzedven 1
Government Aircraft Plant No, 4 T

’ Fort Worth, Texas

Refercnce: (&) 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 complled comments on your proposed technleal program for 1
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 ltems of the program, we were in agreement with these ltems,

3. In general, we feel subject program 1is well thought
out and very worthwhile, Convalr, General Electric, and NACA
have already tsken mamy 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 ite adverse effects.

VR B o T g sor 1

.
Very truly yours,

CONVAIR *
A Division of General Dynamics Corporation

3 “(/%5255 Worth

[ ¢ : : : '
i - ’ :;1 .

2 v - .

; e 1 . R, H. ¥idmer :

3 s COPY Assistant Chief Engineer

ANT LAB, !
Foecord

P el Ay R i 1 ol

Yo $FRECEDING PAGE ELANK-NOT FILMED,*

SRy el r e — - |
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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 similax studies or tests to determine the
correlation, if any, hbetween 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 compréssor 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.

(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 cnough 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 arca 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.

I11. Tests to be Performed by Engine Manufacturers:

b‘

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

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 airfiow decay from throitle icp and fiame-oui. 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 supcrsonic free
jet or propulsion wind tunncl can furnish much data besides
profile effects, all of which is valuable to the airframe
manufacturer. This is especiaily true for a variable inlet
and its control system. We recommend that such a test be
made a cooperative effort between enginc and airframe manu-
facturers, with prime responsibility being taken by the most
interested party.

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-ergine combination with their respective controls,
Studies and Experimental Research by Airframe Manufacturers:

£. As stated in our comments on Il a. and b. above, we feel
the engine manufacturcr 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 particulsr enginc 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. :

h. (Added by Convair) We recommend that the engine-inlet

instzllation be tested in a free-jet or propulsion wind N
tuniel, See comment on II, e, This is especially desirable
when a variable inlet is used. 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 copplete and more accurate instrumentation
can be used,
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» Westinghouse

ELECTRIC CORPORATION

®

AVIATION GAS TURBINE DIVISION

P.0 80X 288
December 8, 1955 KANSAS CITY MO.

) TO: Commander w h 3 4_ 2 2L
Wright Air Development Center

Wright-Yatterson Air Force Base, Ohio

ATTN: WCLPO-L

L

SUBJECT: Proposed Technical Program for Engine Inlet Compatibility
REFERENCE: WADC Letter dated 2 November 1955

1. 7This contractor eppreciates the opportunity to review and present
. comments on the proposed technicul program for engine inlet compali-

bility. The program is cowmmendable in its scope, practicality, and
probvable effectiveness.

2. It appears that & shorter over-all development time for the engine-
airframe combination mey result from the program. Incompatihilities 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 en engine
through its qualification test and into production may be increesed
ebout six months if the tests with distortions and with the inlet duct
aere required prior to the qualification test.

3. Because the problem of engine-inlet duct compatibility is still
relatively new and inadequutely understood, we urge the Alr Force to
move cautiously in making provisions of the proposed program mendaiory.
; We believe this is particularly true vhere new test facilities will be
| needed. Several of tane tests described in the program require test
facilities that, tc the best of this contractor's knowledge, are

| existent only in small number.

L. 8Section JIa of the proposed progrem states that compressor rig tests
should be run at static sea level, also at appliceble altitude and Mach
number conditions whenever poseitle. Tais contractor's compressor rig
has insufficient power to test compressors at inlet conditions corre-
sponding to altitudes below 30,000 feet. Ii is belleved th:. most exist-
} . ing compressor rigs have similar limitations. Inebility to test at

O TR S TEarE
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Conmander, WADC - 12-8-55

static sea level conditions on the rig has not been considercd a scerious
limitation, inasmuch as the surge mergln at static sea level is gener-
ally greater then at altitude.

5. Not all enginc contraclors posscss cngine altitude test facilities,
The testing st altitude (referrcd 1o in Scetion IIv) would, thercefore, at
this time, have to be done in a government facility. It seems likely
that the deinand upon goverament facllitics could exceed their capacitics,

6. The studies of supersonic duct buzz, mentioned in Seetion ITIc, would
require elaborate test facllities that, to the knowledge of this contractor,
«re almoct non-existent.

7. Results of inlet duct testing accomplished to date indicate that the
presence of an engine after the inlet duct influences the flow patiera to
& considerable degree. It is sugrested that Section la be amended to state
gpecifically that, wherever possible, wind tunncl tests be run with an
engine installed after the inlet duct.

8. It is suggested that a Section numbered Ie te added. The section may

read: "From information available, devise a definition of flow distortion
that 15 more precise than AP/Pavg and formulate a femily of representative
steady-state distortions to which engines should be subjected. Also obtein
and dissaminate information on representntive transiecat distortions, their
magaitude, their geometric pattern, end their durafion of time." The pro-
len of generating representative distorilons in a corpressor rig or a

static engine test, by meens of screens, ete., is not straichtforwerd. A
byproduct of the fanily of flow distertions that migihit be devised by NACA
would be a definition of the screen or spoiler geomztiry reguired v pro-
duce each representative distortion. fThe transicat distortions referred

RTINS T R DT T 1

Lto are those resulting from aircraii maneuvers and gun end rocket fire,

9. It appears to this coutractor that the rcyuirement of Section YId is
impractical. Tae s=clion deals with the si21) marzin value to be ennloyed
in engine ecceptance tests. Using present procedurss for engine acceplauce
testing, it is irmossible to stell the compressor ard thus determine the
surge margin. An exception exdists vnen low referred RPl stall can te
obtained by overriding the acceleratlion control., Althoush we agree that the
objective of Section IId is highly desirable, we c2a suggest no simple modi-
fications to the accepitance testing procedure to peruit the stall margin to
be checked.

10. We feel there is great merit in Mr. Silverstein's suggestion that the
industry standadize on a smell number of inlet duct configurations. The
trend 10 pod-mounted engines in supersonic alrcrafi should make this
approach feasible, Engines of different sizes could be accommodated by
geometrically scaling a given inlet duct. Certainly in supersonde flicht
the flov distortions at the eagine inlet will teada to becone more sevare,
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Commander, WADC - 12-8-55

Mr. Silverstecin argues that by liuiting the nunber of inlet duct designs,
it will be possidble to concentrate develepment and tius obtein uwniforaly
better inlet ducts than if each sircraft has a differcnt duct geonetry.
We recommend thati Mr. Silversiein's proposal be seriously considered.

11. fThe Air Force's desire to gain a better understanding of the funda-
mental phenomena of inlet duct compativility is apprecinted by this con-
tractor. The neetings anong the Services, NACA, alrfraue manufactuwrers,
and engine companies, have gone a long way to promote a better understand-
ing of the problem, and continuatioa of this approech, coupled with the
excellent program proposed by the Air Force, should achieve success. Ve
shall be pleased 1o cooperate,

Respectfully submitted,

—
@7&(
an Chi n
Cniel EngAneer

AC:FS:gw

¢c: BAGR - Central District
BAR - Kansas City
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CraANCE S =TT T

T /OUGHT ATRCRAFT

INOCGAPORATLS  PALIAS, TINAN

B - "nc: 1T CS
PR e S A v NOV 30 1935
i
E- 4976 ﬂLDLL\“
Commander DEC 1 &
Wright Air Development Center
Wright-Patterson Air-Force Base, Ohiom v pioave pant
Con . " Daties, Teers
Attention: WCLPO-1 o b
Via: Bureau of Aeronautics Representative
Dallas, Texas
Subject: Comments on Proposed Technical Program
for Engine-Inlet Compatibility
Ref: (a) «ADC Ltr. WCLPO-1 dated 2 Novembe»
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-
sicdered to be of primary importance by this airframe manufacturer
in the development of effective fighter aircraft and missiles.

Therefore, the opportunify to comment upon the subject program
of reference (a) is welcomed,

In general; this alrframe 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 compatibllity on 14, 15 and 16 June 1955 at
WADC, data viere presented which 1nd1cated that the distribution
of the flow distortion is also of prime importance. Perhaps
some statlstical distribution function would be of sreater
vaiue and significance, This airframe manufacturer 13 in accord
with the suggested programs for the engine and control manu-

facturers, and 1s currently engeged in the studles and experiments
augzestgd -for the airframe manufacturer.

Aﬁ:ii\‘\“' LRG0 Very truly yours,
C 4—-'- \ Hon AN

\ CHANCE VOUGHT ATRCRAFT, INCORPORATED

R TE
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REPUBLIC AVIATION CORPORATION

FARMINGDALE, LONG ISLAND, NEW YORK
. Telephone Farmingdale 2:1100

. , September 2, 1955
i Ref: 55-5158
HJK/ba)

SUBJECT: Joint Govermment Industry Meeting
= on Engine-Inlet Duct Compatibility

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

Attn: liajor General Albert Boyd
Dept. WCG

Thru: AP Plant Representative

1. During the recent meeting leld et Wright Field on June 1k, 15,
' and 16 on the subject engine-duct cermatibility, Cbl. Appold, Chief of
the Pover Plent Laboratory, rcquested corments and recomacendations frou
¢ the participants. Thesc have been prepared and are subuitted in the
attachod exhibis.

2. ‘The objective of both engine and alrplane manufecturers 1s the
desizn of the best possible propulsion systen. To realize this objective
both nust recognize that the induction system 15 assuning & far more jmportant
role ir. this propulsion system than it has herctofore. Supersonic flight has
brought the inteke ducte irto eguivalence with the rotating engine coupressor,
and et lcast equal consideration must now be pglven to the reculrements and
linitations of the induntion system when designing future engines.

SRS

of attending the reeling end will be hepoy to discuss eny questions ralsed
by the recommendstions in the attached exhibit.

i 3. 'The Joint meetinz on engine-duct problems has set an example of
z the type of cooperation required. ‘he evidence of exiesting close cooperation
o betwveen come engine renufecturcers end the airframe ranufacturers wvae gratify-
) i ing ond it is hoped this attitude can be made to prevail in the entire
' E industry.
%’ %, This Contractor wiches to thank the Alr Force for the oppor cunity 1

REPUBLIC AVIATION CORPCRATION

i
T P l e
i - e -
. :Q-.:':";:’,‘:‘.‘ ! ' ‘ ﬁ' k//;;'!y,//j""-. '
JJ-_} , i T A. Kerivell ‘
el . Vice Presidenti-Chief Engineer |

7.. Encl: As above
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NORTHROP AIRCRAFT, INC.

CABLE ADDRESS "NORAIR™ tN REPLY REFER TO: 3000—3?0h

RBK:ACF:fm

NORTRROI" FIFLD
HAWTIORNE, CALIFORNIA
26 November 1955

Subject: Inlet Distortion Effects
On Engine Performance

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

Attention: WCLPO-1

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

Reference: (a) WADC 1ltr WCLPO-1 dtd 2 November
1955 {encl.)

1. Your recent letter and enclosure concerning a
groposed 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
&8 requested. '

2. In regard to the {roposed 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
rogram and an engine tesgt facility program, The
a8t of these consisted of engine operation while

"connected to the ducting system of the missile both

OFFICIAL FILE COPY
POWER PLANT LAB.

“Diice ol Reenr

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. e )
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KORTHROP AIRCRAFT, INC.

To: Commander, WADC 3000-~3204
RBK:ACF:fm
“tentions WCLPO-1 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 corncerned 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
airplane; 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. 4s a

) further comment, it is our opinion that airframe manu-

y .. facturers would desire to know as much as possible about

7 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 pesition to balance the penalties of weight

~and complexity of the inlet design agasingt the performance

.mhich will. result, The grimary nission for which the

. aircraft is intended will probably delineate the critical
flight conditions and permit & more judicious choice of

. powerplant which will result in the bsest match of air-

. frame and engine. This grocedure will also provide the
necessary challenge to the engine manufacturer to design
engines with greater tolerance to distortion. It is '
our recommendation that the engine manufacturer be
required to include the distortion limits and effects

I
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*NORTHROP AIRCRAFT, INC.

To: Commander, WADC 3000-320/,
RBK:ACF:fm

Attention: WCLPO-1 26 November 1955
Page -3~

of distortion on engine performance in the engine )
model specification in a manner somewhat analogous e
to the present practice of specifying performance

penalties due to inlet total pressure decrements.

The proposal made at a recent conference to the 1
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:ducting of a
particular 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
conpressor face distortion under static cperating
conditions than under high altitude dynamic conditions.
If thia is a physical facc, then it is probably
possible that the engine manufacturer could specify
more lenient distributional tolerances under conditions
of static engine run-up and teke-off. As is well knovm,
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 distributional values under these conditions,
" It is hoped that the subject program will reveal that
this limited range of airplane operation will be
alloved nore lenient distributional tolerances.

6. We sincerely eppreciate the opportunity you have
given us to comment on this progran.

NORTHROP AIRCRAFT, INC.

el LM

.~ ¥m., F. Ballhaus
‘Chief Fngineer DEC 8 1058

AP Piant Rep. Ofc., Marthenp Acfi. tnc., Hawirormg, Colll.
mmn'ntd. Ne sction feu d by thiz oifine,

D Concursed In, “&wfwt

cc: OCALA

LARLES V2 TEUNSNT, L. Cot, USAF
AF Plaal Ripresinietve
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ALLISON DIVISION

GCENERAL MOTORS CORPORATION

INDIANAPOLIS 6, INDIANA came aoontey
7 Deceriber 1955
meesy neren v K1 1I711E

Conmander
uright Air Developiment Center
Viright=-Patterson Air Force Base

Ohio

Via: | USAF Plant Represeniative

Attention: WHCLPO-1

Reference: SADC Letier, Drigadier General Haugen
to R, 1f. Hazen, dated 2 Noveuber 1955,

Subject: Allison Divislon Coitaents on Proposed

Teclhinical Prosrem for Dngine~Inlet
Compativility

1. The Allison Division is tell aware of the
severity of alrcraft perfori:ance problems resulting foom
incompatibilitices bet'/een the ensine and tne sir induction
system. Altnough Allison power-plants have, to date, ex-
perienced litile or no operationnl diffieculties arising fron
inlet flov distortiions, We recoznize that e groat deal of
attention must be given to the conpressor suwrpe problen in
the design end developnent phases of an enjine projran.
we are in full accord With the objJectives implicd by the
technical prozran proposed by the wright Air Develomient
Center, and e sinceiely appreclate the ogportunity to express
our views on the dracticability and eflectiveness of thne
proposed Prosren. '

2. PFundanentally the wADC pro.;osal enconpesses the
problein areas rather thoroughly. In apecific details, horever,
the progran appzerg to nlace a disproportionats share of the
burden for allevietin: duct~ciizine matehing problems upon
the engine manufacturer. At tne Industry-Governuent meoiling
in June it =—as rather universally agreed thet the matching
problenl is the nubuel responsibility of the airfrane and
enrine people alike. we irust that the spparent eirhasis on
the engine phase of tna prozrem results only Ifron our vresent
inzbility to przcisely deflinc zn approach te the solution of
the duect problem. HNaxinum efTectivoness of tho progran Will
be realized from a vigorous yet scudied pursult ol the projranm

oypuuALlﬂghjﬁﬁtiv?ih The egt%pléghgggt,Qf,contractual rojuirenents
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Cormander 7 Decenber 1955
wpipht Alr Dovelopitent Center ELN7HE  Fage 2

must be approached vith caution, particulerly in the initial
phases, to prevent the program from defeating 1ts ovm purpose
throush sheer couplexity.

3. The folloWing conmonts pertain to tho specific
detalls of the proposed techmical program and arc listed in
a corresponding order:

I, NACA Investigations

a, The deternination of possible corirelation
botween model and full-scale testing is
of priie importance.

b. It would Le well wortawhile for NACA to
try to establish & more suitable factor
for desceibing distortion -~ perhaps
gometning similar to the boundary layer
forin factor, Also, for optimum correla-
tion of coiapressor and engine testing,
1t is desirable that the distortion tests
be conducied on compressors viiicn are
component parts of existing engines.,

¢, Newly developed ducts should also be tested.

d. The exploratory resesarch siaoculd include
possivle correciive devices such as Iree
Windnills, etc. Studles should also be
direszted toVard tne investigation of com=
pressor stage eaction on attenuating or
amplifying distortion and sultable stegse
design criteria.

II. Engine Manufacturer's Tests

@y Wwhile distortion testing on conpressor
. - migs may be very useful, requirements for
s such testing should not interfere with
the primary develownent of the copressor,
Hence the phrase, ™As soon as practicable",
' -8hould be inserted at the front of line 1.

. __In line 4, substitute "-- Reynolds Fumber
Indices =-" for ®--pAliitude and lMach Nunber
Conditions -=",

8L yalues of 0.20 for steedy stete and
A;Oigg during transients should be the meximum
© T 'alloVebls levels Induced LY Lhe alr inlet
" system. '
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Conimander

7 Deceitber 1955

vwright Air Development Center ELLNE Page 3

b,

Ce

d.

£,

-8

Development schodules may be such as to
pernit the substitution of enginc testing
for conpressor rig testing. Under any
circumnstances it Would not appear necessary
to evaluato blade stress levels on both

tlio ensine and the compressor rig,

The capaclity of available facilities will
definitely limit the scope of engine accel-
eration testing.

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

Item (d) %48 sound in principle. Howeve:,

it must be recornized that a particular
aircralft duct may impose such sevcie penalties
as to prohlbit coaplience with various
Military Spccilication requiremnents -
particularly with respect to maxbaum accele
erstion “ime and unrestricted throttle
movenent,

The tremendous problem of facilities avalle-
ability is obvious,

On the contrary, screens can be used quite
effectively to simulate knoVin in-flight
pressure distributions Whereas use of the
duct alone Vill only provide information
for the see level statlc conditlion.

Except for special problens, the Work oute
1ined under this 1tem should be performed
by ths airlraie nanufacturer since tine
nornal course of testing calls for inves-
tigating alrcralt performance over the
full range of attitudes, mltitudes and
Mach nunbers including the effects of
armament firing.

JIII. Research at Encine and Control Manufacturers

b.

This is an NACA project except insofar as

a certain smount of information sutomatically
accrues frou ensine design studles and

from the testing effected under Phase III,

It sppears likely that supersonlic duct dbuzz
18 intolerable qnder ggyp;pndltions.

118
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Cormandcer 7 December 1955
wrignt Air Developaent Center ELIT7HE Page 4

d. ¥Ye heartily eadorse the projects 1llsted
under (d). It is noted that item 5 intro-~
duces the ubiquitous field cleaning problem.

IV, Research by Alrframe llanufacturers
b. Early testing end development of inlet ducts
are "must" itens if the program of engine
testing is to be conducted With any depree
of rationality.

Information as to thne effects on distortion
patterns of such ltems as skids, external
stores and launch racks (missiles) should
also be suporlied to the engine manufacturer
as early as possible. Items such as these
have, in many cases, imposed very sorious
inlet profile deficiencies.

¢. Minimun acceptable instrumentation is that

¥hici: will accurately defihe the clrcum-
ferential and radial profiles prescribed
for engine testing wnder II-a. Accurate

_profile determination at the engine inlet
will generally require a ninirnm of 8
total-head rales of 5 probes each plus
suiteole vall statics, In sonie cases even
more probes may be required.

4. Valuez of 7245:: commensurate with those
esiablished in II-a for englne testing should
also be fixed for the evaluation of inlets.
Test values nigher than the fixed limits
¥ould then automatically render a duct
unacceptable under any circumstances.

4, Vg feel that itens IV-f,g require some separate
comients since herein lies one of the niost knotty and dellcate
problen areas of the entire pro;ram. There ¢en be no quarrel
with the stated objectives which are baslcally aimed at the
attainment of opiimum ovzrall aireralt performance. It is

. .also obvious that tnroughout the plenning ol the proposed
.technical program, due consideration has been glven to the

probable necessity for accepting some conproulse betreen
peal englne performance and a degres of tolerance tovard
inlet distortion.

s . .
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Comnander 7 December 1955
wright Air Development Center E1M7NE Page S

vhen existing engines of known characteristics are being

considered for a possible application, the relative morits -
of stall margin vs peak performance can be readily evaluated '
and the engine selectlion cen be made accordingly. On the

contrary, when procurement attention 1s focused upon new

engines still iIn the design phase, the tolerance toard

inlet distortions and stall margin sre extremely nebulous .
guantitles and primary emphasis is placed upon tne attainment P
of peak perforimance in terms of aircralt range and/or Viaxe

To maintain a competetive position the engine manufacturer

must 'design to the hilt". Thia situation poses a very real 4
problem to ¥hich there is no quick and ready answer. Although

We cennot suggest an immediate solution, we stronply telieve

that a frank and open aditission of the existence of the

problem is the first step in its elimination,

5. Ve hope that you find the foregoinz comaments
useful and ve will Yelcome the opportunity to take part in
future discussions o engine-~inlet compatipility problems.

Very truly yours,

ALLISOiT DIV1ISION
General Motors Corporation

Olepdae

D. Gerdan
Director of Ingineering

GEC/pf
ccs USAF IR

: [ OFFICE OF T:13 /i PR
ALLISON DIVICIC:E, ¢IoC

| DEC- 91955
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Memo, F-XXX/JXX Stall-Inlet Problem

Appendix VIl -
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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 altitud&,
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 pressure
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 valive 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 distribution 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 distribhution 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 (¥ 2 circumferential § t 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

goaiash
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pressure distributions are unrealistic, when considering inlet design, and tnat
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 pa’d to keep the same stal) 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
kence have ridiculous requirements which no practical inlet duct can meet. Because
the pressure distribution limits have becn 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 distribution a secondary consideration. There are several reasons

why pressure distribution has taken a back seat.

124
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The engine manufacturer's limits were lmpo%siblé to meet in a practical
installation.

Neither the engine manufacturer nor the airframe manufacturer realized
tho effect of pressure distribution on stall, and only the compressor
blade stresses were considered a problem.

Because the inlet 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
1ip separation under all flight conditions, withuwut unduly compromising
the airplane drcg.

Side inlets, which have come into use because of the electronic require-
ments and the decreased volume of the duct, have an inherent pressure
distributien at the inlet due to the effect of the forward 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
fuseiage.

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.

In order to attain the best overall alirplane 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.

125
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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 cperating 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 oue airplane which has flown 1
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 ' i
program to fix engine stalls. One airframer is currently initiating flight

tests on the F-XXX airplane to fix sngine stalls. Another fighter is awaiting its
new inlet ducts bafore 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. ) &

P
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Original full scale static inlet tests ou the inlet duct showed extremely
poor pressure distribution. Pressure distributions in the order of 210 to 15%
¢ were measured. The aixframer immediately embarked on a program to fix this, and by

modifications to a vane through the duct, were able to reduce the pressurz dist-i-

e

bution to approximately * 5%. The Aircraft Lab told the F-XXX project orfice ,éx

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

il

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 consumption.

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

o

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

;i The Air Force, of course, is interested in actual airplane performance and is 1

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

RS

appareant to the Aircraft Lab that neither demanding that the inlet supply zero
pressure distribution or demanding that the engine accept the maximum possible 1

pressure distributions will result in the optimum aircraft performance. The

1 e A g 100

i
optimum obviously lies somewhere inhetween these two extremes. i
"
i

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 1

to estiaate the effect of pressure distribution requirements on airplane installed
thrust, airplane drag and weight. The aircraft performance can then be calculated

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

i ance. |
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In summary then, it is the Aircraft Laboratory's opinion that:

The JXX engine is too sensitive to disturbances.
The present pressure distribution limits are unobtainable at all flight
conditions by eny practical inlet,

Fressure distribution limits should be set which optimize the airplane

performance,
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; Extracts from:
+ 1. ARDCM 80-1, 1959, Fandbook of Instructions for Aircraft

2. MIL-E-5007B, 1969 Military Specifications, Engines
MIL-E-5008B, 1959 Military Specifications, Engines

MIL-E-5009B, 1259 Military Specifications, Engines
: MIL-E-5009A Amendment | 1955
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SECT 7. ENGINE AIR

INTAKE SYSTLEM

7.1 GENERAL

The engine alr intake power plant fnstallation
includes the necessary duets, scoops, pas-
gages, chambers, etc., which obtain ambient

“afr and supply this air to thecngine for com-

bustion of the fuel, Anti-icing and deicing
provisions, antidust devices, and any other
equipment employed in or near the intake

-ducts for the puyrpose of restricting, mod-

ulating, filtering, heating, or cooling the
intake air are also considered part of this
gystem,

7.2 DESIGN OBJECTIVES

The effect ofaerodynamic design ofthe engine
air intake system on turbojet and turboprop
type engine performance is of considerably
greater importance than for reciprocating
engines, The optimum acrodynamic config~
uration of the air inlet and induction system
ducting can be achieved only by exact analy-~
8is of the system requirements and parallel
study and comparative wind tunnel analysis

_of alternate designs. The merlis of duct and

inlet configiration of different design andlo~
cation depend primarily on the type of engine
fnstallation, The critical nature of duct and
entrance configurations inregardtotheeffect
of compressibilily and normal encrgy losscs
at high Mach numbars makes evaluation of the
engine air Intake system by individual per-
formance teeiing imperative, There are
scveral approved methods available for com-
puting the effect of the air induction system
design on aircraft and cngine performance.
¥or this reason, nospecific roethod is recom=-
mended here, Use any ratioral method of
calculating perforinance, ¥ the method
selacted has been publizhid, forwarda report
which explains the method in detafl to WADC
for approval, Subsequently, forwarda report
describing the methods eraployed and the re-
sults obtained in the performance testing of
the enginc alr intake sysiem to WADC for
approval, Inthedesignor planning stage, give
consideration Lo the location of the air inlet to

VOL 1~PART D-CHAP 3
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ifnsure that the sclected position is inanarea
of satisfactory airflew paticrns and boundary
layer characteristics at allattitudes and con~
ditions of operation for which the ailreraft is
designed. A short ajr induction system, con-
sistent with good diffurion practice, Is pre-
ferred. Whereachoice mustbe made between
a long tailpipe extension for the exhaust sys-
tem and a long engine air intake system, the
sacrifice of induction system performance
must be accepled becauscofthe larger penalty
imposcd on engine performance by tailpipe
length, the high weight per unit area involved
in limiting the inhercnt f{ire hazard of the
tailpipe, and by inspection, mainlenance, and
replacement factors. Givespecial cunsidera-
tion to Jocating and positioning the air inlet in
an arez where there is little probability of
entraining foreign particles thrown up by the
wheels of the aircraft,

7.2,1 PRESSURE VARIATION

The air fnduction system total pressurepro-
file at the enginc front face has adirect rela-
tion to gas turbine engine opezration as con-
cerns compressor stall and surge. Tota)
pressure variation from the mean should be
a8 small as is possible with good inlet design.
Radial total pressure variation does not affect
engine compreasor stall as muchas does cir-
curaferential total pressure variation. Cir-
cumfcerential total pressure variaztion from
the mean should not vary more than plus or
minus five percent at all required flight
operation altitudes, angles of attack, ma-
neuvers, and speeds. Recent flight test data
show that relatively wide pressure ‘variation
at a few points in the plancof the compressor
face does not affect compressor stall as
much as dovs medium presgure variationata
greater number of points, Thesizeandloca-
tion of these regions of variation of tota) pres-
sure at the compressor front face appear to
be the deciding factor in current inlet duct
induced engine stall limits.

7.2.2 PRESSURE RECOVERY

A high average total pressure rccovery at
the engine front face Is desiralile sothat opti-
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mum cngine performance may be realized,
Preasure recovery normally decrcases with
increasing aircraft Mach number. Desigr
objectives for afr fnlclaverage tolal pressure
recovery are as follows:

MachOto 1 ~ 0,95
Mach 2 ~ 0.85
Mach 3 - 0,60

7.3 GENERAL DESIGN
7.3.1  CONSTRUCTION DESIGN

Make the inletand systera ducting of sufficient
strength to withstand the maximum pressure
depression cncountered at maximum engine
thrust with the afrcraft in static condition, In
addition, provide sufficient strength to with-
stend vibrations produced by airflow varia-
tions (which may exceedthe strength required
to withstand pressure differentials). Employ
flush type riveting in the internal surfaccs of
nll ducting In the system, Do not use con-
struction components in the engire airintake
system which may vibrate looscand enter the
engine, YU their use is unavoidable, provide
safelying of cach part. Submit all pertinent
data and drawings of duct quick disconnectsto
WADC for approval prior to incorporation
in the atreraft,

7.3.1.1 LOCATION

7The air inlets and armament stores should
both be located so that rocket and gunfire
blasts or other effects will not cnter the air
inlcts of gas turblne engines. The effect of
sudden changtes in iniet afr temperature and
pressure and subsequent coinpressor surge
can be serious in gas turbine engine flight
operation, See E.4-3.2,1,3 for location of
rocket launchers and E.4-7,2.2 for informa-
tion on compressor stall,

7.3.2 CONTROL

Airflow control by means of vuriable inlet
spikes, plugs, wedges, bypags doors, or.aucks
fu doors may be necessary on high-specd afr~
craft to supply engine airfllow requirements
ovor the complete range of operating condi-

YOL I-PART D-CHAP 3

1 APR 09

tions, Sce D.3-7.3.2.1 for design of the con-
trois of these variable inlel components,

7.3.2,1 Variable Geometry Inlet Control

Design the variable geometry inlct control
systcm Lo insurc an accuracy of regulation
concistent with the stcady state andtransient
characteristics of the basic engine control.
Make the reliability and fail-safe fcaturcs
of the inlct control compatible with those of
the basic cngine confrol, Submft sufficient
data to WANC to parnait an evaluation of the
control system relative to a specific engine
and aircrafi installation.

7.3.2.1.1  Reliability, Usc as a gulde the
requircments listed in this paragraph, Make
the variable geometry iInletl control the
simplest and most reliable system which will
provide the engine-aircraft combination with
the spccified performance and case of opsra-
tion, Design the inlet control system without
special emergency features so that:

a, A fallure during takeoff of any single
functional part does not reduce the total
thrust below 85 percont of military jet thiust
on an NACA standard day plus 40°F, over

" the sltitude range of sca lcvel o 6,000 ft,

altitude.

b, A failure of any single part doecs not
result in the engine or airframe cxceeding
the structural cperating limits to the extent
that such failures cannot be prevented by
simple corrective pilot wction with a rea-
sonahle period of time,

¢. Faflure of any single part, when installed
in the aircraft, shall not causc an abnormal
operating condition such that aircraft con-
trollability cannot be muintained by simple
corrective pilot action, Incorporate only such
manual and automatic safety featurcs which
have been demonstrated te be reliable and
provide emergency operation under the fail-
urce conditions listed above. Incorporate no
devices, in addition to those required above,
for the purpose of protecting aguinst the
simultancous failurc o two control system
parts, exceopt wherethe first fallurecancause
the second,
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MIL-E-5007B
22 JANUARY 1959

SUPERSIDING
MILE-3007A
27 LY 1951

MILITARY SPECIFICATION

ENGINES, AIRCRAFT, TURBOJET, GENERAL SPECIFICATION FOR

T bis specification bas been approved by the Departinens of Defense and is men-
datory for wie by the Decpariments of the Army, e Nuvy, aud the Air Force.

3.20.3 Inlet Alr Pressure Variation. ‘The estimated maximum radial and circumferential total
pressure distortion limits which can be safely tolerated shall be spccified in the model specification.
In addition the estimated maximum radial and circumfercatial total pressure distortion limits which
can be tolerared without adversely affecting rated engine performance shall also be specified. The esti-
mated effect on engine performance of these distortiony shall be specified in the model specification.
These Jimits shall not include an area bounded by the duct walls and s line spaced therefrom by 114
percent of the compressor tip diameter.

MIL-E-5008B

22 JANUARY 1959

SUPERSEDING
MIL-E-5008A
27 July 1951

MILITARY SPECIFICATION

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

This specification has been approced by the Depariment of Defemse and i3 man-
datory for use by the Depariments of the Army, the Navy, and the Air Fores.

3.20.3 Inlet air pressure variation. The eatimated radial and circumferentisl inlet air total
pressure distribution limits which can be safely tolerated shall bo as shown on curve(s) .........
(The contractor may show these limits in other than curve form.) The estimated effcct of vadial
snd circumferential total pressure variation on thrust, fucl flow, and sir flow shall be as shown on
curve(s)........ (At least § inlet distortion points vhich are to be demonstrated under 4.2.7.1.3
of MI1~E-5009 shall bo specified.)
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) MIL-E-50098
22 JANUARY 1959

SUPERSEDING
MIL-£-5000A
21 JULY 1951

MILITARY SPECIFICATION
ENCINES, AIRCRAFT, TURBOJET, QUALIFICATION TESTS FOR

This specification bas bean approved by the Deparimens of Defense end is 1nan-
dutory for use by the Deparituents of the Army, the Navy, eud the Air Force,

) 4.2.7 Alitude Tosts.

4.2.7.1 Test Conditlons.

42730 General,  An engine, not necessarily engine “A™ shall be subjected to alticude tests
which shall consist of operation and air starting checks at scveral selected thrust conditions scound
the operating limits envelope specified for the engine in the raodet epecification, except that portions
of those tests may be accomplished on separate engines at the discretion of the Using Service. The
points covered on this envelope shall be for a standard hot atmospheze and s standard cold atmosphere
as defined by tables I1 and 11 of MiL~$TD-210, and the altitude rating points. The test poinis selected
shall be the minimum necessary to demonstrate the engine operating and air starting limits envelope.
Untless otherwise specified in the engine model specification, loading of the accessory drives will not be

gequited ducing these tests. If a continuous duty ignition system is specified, it shall be in operation,
' with rated input voltage, at all times afeer a normal stare sequence has been completed.

42.7.33 Inlet Air Pressure Distribution.  For selected tost points as specified in the model speci-
fication, the air total pressure distribution at the compresser inlet shall simulate conditions approxi-
mately equal to the maximum allowable percent and cxtent of variation of the total pressure pattern,
specified in the model specification.
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NiL-E -50094
: ANENDMENT -1
23 DECEMDER 19556

ICLITARY SPECIFICATIOH
4 ENGINES, AXRCRAFT, TURBOJET, QUALIFICATION TESTS FOR

This amendeent foms a part of Kilitary Specification
KIL-E-S009}, dated 27 July 1951, and has been spproved
by the Departnent of Dzfense for use of the Departuwents
of the Army, the Navy, and the Air Force,

*;.2,2.3.3 Altitude Tests.-
‘0}.2.2.3.3.1 Test Conditions,-

. *4.2.2.3.3.1.1 Gencral.- An engine, not neccessarily engine "A,™ shall be subjocted
%0 Altitude tests, which shall consist of opcration and air starting checks at scveral
selected power conditions around the operating limits envelope spzcified for the cngine
in the modol specification, excepl that portions of these tests may Le 2cconplished on
seprratc engines at the discretion of the Using Service, The points covercd on this
envelops shall be for a standard hot atmosphere, a standard cold atwosphere as defined

in ANA Bulletin No. 421, and the altiiude rating points. The test points selected shall
be .the minimun necessary to determine the engine operating and air starting limits
envelope and shall be specified in the model specification,

B e PR

vt s 1ot e b |

*L.2.2,3.3.3.3 Inlet Air Pressure Distribution.- For selccted test points as
j specified in the xodel specification, the alr pressure distribution at the cowprcasor
: inlet shall simulate conditions spproximately equal to the maximum allowable percent
and cxtent of variation of the pressure paltarns specified in the model specification,
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Typical Weapon System Engine and Inlet Interface Criteria
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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 compreéssor inlet distortion limits as

specified in the engine model specification.

3.12,5 AIR INDUCTION SYSTEM

3.12.5.1 DESCRIPTION - Air Inlets (one for each engine) shall be pro-
vided as specified in SPECIFICATION No. (Propulsion Subsystem}.

3.12,5.2 AIR INTAKES

3.12.5.2.1 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 fiow
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 syst~m 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 operings may be provided.

C. [ENGINE SPECIFICAVION (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."

o

3 3.20.3.1 INLET AIR PRESSURE VARIATION DATA - Data from at least 5 dis- . 4
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.
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A. AIR VEHICLE SPECIFICATION (FINAL)

3.12.1,2.1 ENGINE INLET DISTORTION SUITABILITY - The enginc will
operate satisfactorily within the compressor inlet distortion 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 STECIFICATION 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 of the intake inlet and duct shall positively prevent any _
) erratic or(gdvcrsc air flow distribution which would cause engine compressor
stall or other engine malfunction at all normal operating conditicens, 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 cxrcumferentxal and radial air pressure distribution at the engine
face within 5% 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
l : 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.

B. PROPULSION SUBSYSTEM SPECIFICATION (FINAL)

3.8 ENGINE AIR INDUCTION SYSTEM - Each eng.ne 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 desxgn&d 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. 1

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 tc insure static and take-off engine/aircraft design performance, T
additional air inlet opening or openings may be provided. ’
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C. ENGINE SPECIFICATION (FINAL)

3.20.3 INLET AIR PRESSURE VARIATION - Revise this paragraph to read:
"The engine shall tolerate, without adverse effect on operation, any cad-
ial and circumferential inlet air flow maldistribution up to 5% of the
av-rage absolute total pressure at the engine inlet face. The effect of
flow patterns exhibiting Jdistribution non-uniformity in excess of Z5% can
be indicated only by engine and/or flight testing. Patterns to 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. Withim the limits of 5%
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 of qualification tests.

3.20.3.2 INLET AIR PRESSURE VARIATION CORRELATION FACTOR - The estimated
maximum total inYTet 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 Inltet 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-5009 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-5009 shall not be conducted
on the engine since the features and/or components listed are sub-
stantially identical to features and components which are required to be quali-

fied for the engine or are in accordance with approved changes to the

4.38 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 requireéd as paTt of the qualifica-

tion, (See para. 3.20.3.1)

141

AA‘A AL.AL . & A

|




e,

TR

>N NG CTTEENS

AFAPL-TR-71-8B4

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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DEPARTMENT OF THE AL IFORCE
HEAD QUARTEHKRS RESEARCH AND TECHNOLOGY DIVISION (AFEC)
BOLLING AIR FORGE OASKE, T,C, 20332

RTTP 21JUN 18

Engine-Inlet Compatibility

AFAPL (APG) SEG (SEG) AFFDL (FDG)

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

2, The SAB Ad IHoc Committee on Air Breathing Propulsion recom-

mended that the Air Force establish a compressor distoxtion criteria

prediction method and state this along with a distortion index in an

appropriatc military specification. The Deputy Assistant Scerctary

; fox Research and Development has informally stated ihe desire for

l [ ‘an RTD plan for implementing the SAB recommendation and has pro-
: vided informal comments and guidance,

3. On13 June 1966 at AFFDL, representatives of SEG, AFAPL, AFFDL
and HQ RTD discussed the preparation of an RTD plan for implementing

; the SAB recornmendations. As agreed upop atih_it_;_r_n_gg_ti.n.g.__i; is re-
tlt_._\_estr:d that SEGQ assume lecad xaspongibility for the establishment of

an ad hoc group fox the preparation of a plan, As discuésed, the plan
will cover currcnt status of appropriate programs of both the Air Force

£ and other government agencies, and augracntation and emphasis nceded
in ¢ritical areas to mcet the requircments of the next generation of
systems such as the US/FRG V/STOL Fighter, AMSA, and future follow~-
on systeras, This plan should present a coordinated, unified technical
approach to the resolution of the engine-inlet matching. Representatives
of the Aeromechanics Division arnd the Propulsion and Power Division of
HQ RTD will be at Wright-FPatterson AFB during the week of 27 June 1966
to review the plan. :

[ rE——

"

4. Itis requested that you give the formulation of this plan your personal
attention and support,

M. C. JEMLER
Xajor Ceneral, USAY
. . Lomaandey

FORGING MILITARY SPACEPOWER

i e Wt

PRI Y i v

. *PRECKDING PAGE ELANK-FOT FILMED.*
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1
RTD Integration and Management Plan
.for Aircraft-Propuision Compatibility, September 1966
<
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FOREWORD

The correspondence following this foreword is the directive amuthority

for the preparation of this RID Integration and Management Plan covering the
arca of Airfrome-Propulsion Compatibility., In view of the past history of
inlet-engine-nozzle watching and problems with current systems develomment,
this effort is considered to be of vital importance, As operational speeds
increase and configurations become more campliex, the problem intensifies,
Unlcss & timely program is immediately initismted to define, solve, and
document the problems of airframe propulsion copatibility, future systems

© will be severely penalized in perfarmance,
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DEPARTMENT OF THE AIR FORCE
L HEADQUARTENRS RESECANCH AND TECHNOL.OGY DIVISION (AFsC)
' GOLLING Atil FONDE UAUE, O,G, 20332

9 P a0
DAL RTTR 21JUN1S

suuer  Fagine-Inlot Compatibility 1

T /AFAPL (APG) SEG {SEG) : AFFDL (FDG)

1. .In view of the cuvvent problems cncountercd in the F-111 develop- .
ment in this arca and the requirement to insure adequate engine~inlet 4
corapatibility in futurc systems such as the FX, US/FRG V/STOL

Fighter and AMSA, it is impcrative that RTD take action now to insuxe
resoiution of this critical probl.m area. - |

oyl bt
o,

e G e

2. The SAB Ad Hoc Conunittee on Air Breathing Propulsion rccoin-

mended that the Air Force establish a compressor distortion criteria

prediction method and state this along with a distortion index in arn '
appropriate militaty specification. The Deputy Assistant Secrctary

for Rescarch and Developiment haa informally stated the desire for

an RTD plan for implementing the 41U recominendation and has pro-

vided inforinal comments and guidance.

b o S

: 3, On 13 Janc 1966 at AFFDL, representatives of SEG, AFAPL, AFFDL

" and HQ RTD discusscd the preparation of an RTD plan for implemaenting

the SAB recommendations. As agreced wpon at this meeting, it is re-

quested that SEG assume lead responsibilily for the establishment of

i an ad hoc group for the preparation of a plan, As discusscd, the plaa

: will cover currcent status of appropriate programs of both the Air Force
and other government agencies, and augmentation and emphasis nceded

: in critical arcas to mcet the requirements of the next gencration of

i systemns such as the US/FIW V/STOL Fighter, AMSA, and future follow-

on systeras, This plan should present a coordinated, unified tcchnical

Ty

JUSS™

'i i
approach to the wrecolution of the caginc-inlet matching, Representatives {
of the Acrornccnanics Division and the Propuleion and Power Division of %
‘ HQ RTD will be a¢ Wright-Patterson AI'B during the weck of 27 June 1966 !
1 to rovicew the plan. {
%, Itis requested that you give the forinulation of this plan your personal !
atteation and support, !
{
ORI |
N C. LINDIR

Malor Gourenl, USAY 4
Loiwauder !
1 i

3 | ' ' ~ FORGING MILITARY SPACEFOWER
i |
5 s
:( q
A ?
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S8ECURITY

This document 1s For Official Use Only. 8ecurity classification is
the responsibility of The Air Force Asro Propulsicn laboratory (AFH).
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AIRFRAME PROPULSION COMPATIBIT.ITY FROGRAM

I. OBJECTIVE

The ultimate objective is o develop criteria which will insure
1ntegra.ted airframe and propulsion system compstibility. Inherent therein
is_the developmept ¢ datg which will allow overall weapon systen perfor- -
wance trede-offe to be made with respect to the degree of airframe and pro-
pulsion campatibility.

II. RATIONALE

Background - Natjonal experience during the past ten Lo fifteen years
in the development of sophisticated airbornec weapon systems has uncovered &
problem ares that is increasing in severity. This prcblem area is that of -
airtrame-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 airfreme-propulsion uyystem com-
patibility resolves itgcelf not only into one of airflow distortion wut
the compromises and trade-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
ctate and transient, and the ability of adjacent components to tolerate
this distortion and to perform satisgfactorily throughout the mnticivated
flight envelope. For c¢xample, the engine must operate satisfactorily over
the entire flignt envalope 1rresp°ct1vc of the amounf of airflow distortion
presented to the conmressor face by the inlet exit;(ordthe inlet must
supply an undistor*ed airflow profile to the engine throughout the flight
regime, There “s an optimum compromise beiweern these {wo extremes and it
is the purpose of this project to provide criteria waich will allow the pre~
diction, determiration and attainment of ithis optimum compramise and its
relationship to overall system perfcrmance degradation.

Scope - This program will be limitcd to a consideration cf gas
turbine powered sjrcraft 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 {&) long duration cruisec type vehicles, {b) highly maneuvereble
type vehicles, and (c) V/STOL type vehicies.

Initial effort will concentrate on inlet-engine matching since there
are exlsting programs underway for engine-nozzle compatibility. The firat years
of effort will be accomplished within existing manpower and funds. A working
group, as described in Part IV, will aupportt{he systen engineering coffices
by providing ilechnical assistance and consula ion on airframe-propulsion
canpatibilily developaent and test programs. The working group will also !
review the anslysis and test reaults to insure satisfactory performance -
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and compatibility of the overall system, The technical advisory pancl
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 predominantely
steady state, relatively isolated, and not correlated te provide commonality
of solutions.

. The overall approach will be to provide as much information and pree

1liminary criteria as possible to systems engineers and managers on a

yperiodic basis ultimately striving for a hard set of specifications |
'completely satisfying the stated cbjective. —

A Working Group, camposed of perscnnel from AFAPL, AFFDL, and SEG, will
be responsible for this effort. TFhase I will complete discussions with
advanced SPO's to determine what current criteria are being used, and when
better criteria would be required to asaist these programs. The Working
Group will continue detailed discussions with industry and other agencies
to furthe:r review the various approaches that have been and are being taken
to provide inlet-engine compatiblity. Much of what is being done today is
teing done on a piecemeal basis lcoking for a specific solution to a
specific problem. The group will analyze all available data to arrive at
8 preliminery set of criteris. Voids will be identified in fundamental
understanding, performance limits under distorted flow conditions, prediction
techniques, test instrumentation and teat criteria.- This will verify the
requirements for and adequacy of the contractural activity planned herein
for Phase 1I, Interdependenrt RTD Laboratory programs in aerodynauics 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. 1

It is recognized that the complete program could be extremely
expensive. In order to reach the program cbjective, planning end programming ]
must be carefully done to attain efficiency in use of resources. Meximum ’
use will be made of existing ground and flignt test data as well as scheduled
future flight tests 8o that the expense of flight testing will be minimized.

No generaliized flight tests are now planned for this program.

The manpower listed in Part IV (Management) is availsble an¢ it is
assumed that costs listed in Part V (Costs) will be programmed through ﬂ
normal cnannels and be asvailable early in FY 68.

III. TECHNICAL INTEGRATION

The most important function of the Working Group is to identify
airframe/propulsion compatiblity date and translate these into usable
subzystems criteria. Airtrue/propuluion compatibility criteria will be
establisghed to permit the determination of the degree of propulsion
system performance degradation (thrust and sf{) for airframe inlet, engine

and exhaust nozzle configurations. The causes and effects of various i 4
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 to

Pernit maximization of mission performance capability. 1
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The criteria to be developcd are:

1. Conceptual, definition and acquisition phase statements of
work requirements including data, testing and reporting.

2, Data, test requirements and reports requirements for wird-
tunnel airframe nodels and demonstrator engines.

3. Instrumentation requirements for airframe and propulsion i
systems testing. s

4, Quantified evaluation processes for Source Selection actions. <

9. Airfreme and propulsion system specifications.

Firm criteria will be aveilable at the end of CY 70 with interim
criteria developed during this program being released at three major
intermediate inilestones, The dates for thece milestones are shown on the
schedule following in this part and the outputs enticipated are:

» 1. Preliminary inlet and engine design date, subsystem per-
formance analysis techniques, and test data acquisition procedurcs will be
generated Lo arrive at & set of campatible subsystem interface and component
degign requirenents for designing and evaluating aerospace vehicles,

2. Establish upgraded inlet-engine performance and compatibility
criteria which provide initial quentitative dats for systems definition,
degign, test, scquisition,

3. Establish advanced interim vehicle sibsystem criterie and
interface requirements from the component data findings cbtained from the
technology program efforts, the state~of-the-art review, and data acquired
from contractors developing advanced weapon systens,

k, Establish firm_specificetiong covering vehicle subsysten
Qezign eritenis and interface requirements to satisfy all contractual
Thases relating to the desjgn, development, test, and acquisition of pro-
pulsion systems and related hardware,

The _criteria developed and refined at the major milestone dates will !
be_intcgrated into the general requirements and specification documents by |
the Systems Enginecering Group., Reports of findings and criteria will te -~
Tublished for use by the System Program Offices in the Conceptual, Pefinition p
and Acquisition phases of Weapon System devalopment and by the RTD Labora- .
teries in establishing Advanced Technology requirements, Periodic meetings
-with the 8PO's, 8BEG, RTD Laboratories, industry and other Goverrment

'
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agencies will permit the integration of all available data and testing
techniques into the planned reports and provide for general uprating of the
industry-Government ur-lerstanding and application of the Airframe-Propulsion
System Compatibility criteria. Assistance will be provided to the Systems
Program Cffices 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 date from which the above criteria will be established
consistis of the following:

Technicai Review and Corrclation of System Project Office
experience, Industry experience, Army, Neavy, FAA, and NASA
Progrems;

Laboratory programe in Airf‘rame/lnlet Aecodynamics, Inlet
Diffuser Decign 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.
Descriplions of each of the planned work elements of the Laboratory pro-
grams follos the schedule chart and are keyed to it by letter.

There are at this time no flight tests planned of & general nature,
Data currently being obtained and planned from the F-111, B70, and other
prugrams will be studied and correlated with ground test data, As new
systems such as AMSA, US/FRG, or FX reach the flight test planning stage,
apecific test plans for airframe-propulsion system compatiblity can be
incorporated. These tegt programs will provide data required for specific
system test objectives and, in addition, will provide data which can be
correleted with resnlts from other test programs to formulate improved
airframe-propulsion compatibility design criteris.

Appendix I 1ists those current efforts vwhich are generally applicable
10 the airframe-Propuls‘on compatibility program.

Appendix II hereto is a 1ist of potential contributors that may be
interviewzd during Phase I. The current status of the inlet-engine
matching work for the F-111, XB70, CSA, AMSA, US/FRG, &nd FX has been
sunmarized in Appendix III.
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8chedule Code A 1

STATE-OF-THE-ART REVIEW (New Program) 1

The in-housc review of planned advanced systems and enginc compati-
bility inlct design information, performance date, and flow distortion
eriteria will be continued and ‘expanded to asgess the current statc-of-thee-art for
turbojet, turbefan, snd VIOL applications. This investigation will
culninate in a document for Government and industrial use which outlines
basic design anud evaluation criteria,

a. Briefings ULy 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 adwizora to acsist in the asscssment of information 1
acguired,

¢. Other small coniracts could be let to assemble &nd review
infornation in certain critical areas.

d. Output will also serve ag the basic foundation for olher efforys
within the total inlet-cngine program. {

e. The Ad Hoe Vorking Group and Technical Advisory Panel will also
provide advice to advanced systems through SEG.

l

{

)

f. Time Phasing ' 1
(1) Initiated on "Go-Ahead (G-A)" date,

(2) Completed in 7 months. ‘

g Inlei-engine review sccomplished by the Working Group.

el a6 U i T L,
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Schedule Code B

Objective:

Scope:

Output:

Time Maasing:

Responsibility:

PRESSURE DISTORTION EFFECTS

To determive the rolative importance of the

 various parameters derived from pressure

measurements &t the ongine face in terms o."
compressor stability margin and perforiance,
The approach will sncludo re-examinmation of
existing data in addition to compressor rig
testing to arrive at a sound base from vhich
tc evaluate distortion effects,

This: program will include the effacts of
distortion on a broad base of compressor
designs including dual spool, variablo
geometry and various blade designs and will
exanine the many distortion paremelers
currently used (size, shepe, locotion,
magnitude, frequency, turtulence, swirl, ete)
in the atteipt to establish more meaningful
parameters,

To provido tho guide lines to evaluate the
stoady statc and dynamic compatibility of

the propulsion system from diffuser exit
distortion contours and establish trade-offs
between performance and siability margin,

Data resulting from this program will be
applicable toward determining the veapon system
performance trade~offs and the constraints

that apply to the system design,

a, Initiated 6 months after program go-ahead,
b, Program to be completed two years,

AFAPL
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Schedule Code C

Objective:

Scope:

OQutput:

Time Phasing:

Responsibility:

AFAPL-TR-71-84

TEMPERATURE DISTORTION EFFECTS

To estnblish the influence of hot gas ingestion

- on porformunce and cngine stability margin by
testing litt and 1lift cruise compressors and
engines with temperature distortion including
the rate of change of tenperature,

This program will test 1lift and lift cruise
compressers and/or engines with temperature
and pressure distortion,

To provide the guide lines to evaluate the offects
of given temperature distortion in terms of
engine flow stability margin and engine perform—
ance trades, Tho results of this program will
be equally valuable in establishing the stability
requirements and the performance trades during

& weapon exhaust ingestion and exhaust
reingestion due to thrust reversing. The data
resulting from this program can be utilized as

a basic tool to determine weapon system perform-
ance trades and design contraints.

8., Initiated 6 months after go-ahead.
b, Program tc be completed in one year.

AFAPL
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Schedule Code D

Objectives

Scope s

Output:

Time Fhasing:

Responsibilitys

AIRFRAME-INLET INTERACTION (New Program)

T dotermine some of the most important effects of inlet
placement on induction system performance and compressor
face flow field distortion.

b.

Ca

d,

For each of goneric classes of vehicles such ass
(1) Cruise - Strike - Reconnaissance
{2) Tactical - Intercept ~ Interdiction

(3) v/sroL
(4) Transport - Iogistics

Done in two iteratlions to provide data on inlet-vehicle
integration.

For .cpresentative vehicle configurations, using different
types of inlets with subsonic diffusers the distortion at
the englne face for a common diffuser will be related to
placement and integration on ths vehicle to determine
favorable locations,

For the VIOL engine inlets, tests will be parformed with

gas genorators to determine the placement on the VIVL
vehicles where minimum hot gas ingestion or thermal gradienta
ecist.

This effort to generally define inlet~airframs integration aud
define what types of flow fields must be simulated in inlet tests.
Preliminary and final inlet placement data would provide information
applicable to trade~off studles of system parformance.

&
b

Ca

Initiated 6 months after go-ahead.
Baslc program continues for one year.

dvatems orlented effort initiated 21 months after go-ahead.

AFPLL with SEQ input to second phass.

166
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Schedule Code E
SUFERSONIC IRLET DEVEIOPHENT (New Progranm)

ObJective: Object will be to develup configurations with a minimum of flow
separation and distortion at various flight conditiors, back
pressures, and angles of attack or yaw. Developmant with objec-
tive of low distortion (especially of the critical typs as defined
by the engine development program) but high performance in a
vehlcle environment.

Scope1 a. JFor each of the generic clesses of vehicles;

(1) Cruise - Strike - Roconnaissance
(2) Tactical - Intercept
(3) VIOL - Supersonic Mission Profile

- NI e y— T e e W o e B T == e
b
!
) d
{
9
[
‘1
4
1

b Lines of the supersorzL(_&itfuae;:-.\gI several different types
will be analyzod and testedy ——

(1) Ardsymmetric 1
(2} 2-p i
(3) Three-Dimensional _)

External Compression

it e 9

Internal-External Compression

¢. Items to be accomplished for the supersonic portions of the
diffusers for the different systems are:

(1) Contour

(2) .Amount of variablo geometry ' {
(3) Eleed and bypass systems

(4) Dofine airflow characteristics

(5) Define performance and complete documentation of
distortion delivered to the subsonic diffuser,

d. Fxtonsive testing of a family of inlet configuwrations for
each class of vehicles will be ¢onducted over the operating
Mach Number range.

Output Tnls program will provide candidate superconic diffuser configura-
tions to be chocked out in the airframe interaction tests and
Turther developed in the subsonic-supersonic diffuser program.
By boing systems orlonted tv the gensric classes of vehicles, ;4
the relationship (for various inlets ) of high compatibility to o
vehlcle systens performance parameters such as weight, volume,
&rd drag will be ostablished so that system compromises can be
" performod.,
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ime Phasing: a.
be

Initiated 9 months aftor go-ahead.

Qutput to systems-orionted-airfrsme intersction progran,
12 Monthe after initiation.

Effort comploted 18 months after initiatdion.

Rsaponsibility: AFPIL
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8chedule Code E

Py

SUBSONIC DIFFUSER (New Program)

Objectives The objective of this semi-cmpirical subsonic diffuser investiga-
. . . tion i3 to dotermine the effoct of diffuser geomotry and sub-

systoa design and operation on linlet performance and compressor
face distortion.

z
¥
:
5
&
<
E

;,: Scope a., Effect of high dP/dx on performance and distortion.

£

E b. Effect of ribboed diffuser designs on psrformance end dis-
3 4o-tion levels.

&

¥ ¢. EfTect of proximity and poripheral distribution of bypass
¥ 8 blow-in doors on performance and distortion.

d. Determine limitations on rapid changes in cross-sectional
shapes in temms of performance and distortion.

‘i . Establish limits on turning angles and equivalent conical
£ anglea.

:

§ £. Deaigns related 4o missions defined for future aircraft by

SE3 in iterated program.
ge Investigate distortion correczting devices.

Output: Information on items a through g above will be provided to
systems designers for use in configuration definition armd trade-

off studies. Additional information on engine face distortion

i and flow characterietics will be provided to the parallel engine

1 distortion tolerance program. Diffuser configurations will bo

dafined for usc in the inlet-diffuser progran to follow.

Time Fhasing: a. 15 month basic program initiated 9 months after go-ahead.

b. 9 month "systems-orlentedn phase initiated at close ol
basic program.

Responalbliitys  AFFDL
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Schedule Code E

Objective:

Seopat

Output;

dmo FPhasing:

Responsibility:

INLET-DIFFUSER TESTS (New Program)

To couple results from the supsrsonic inlet and subsonic diffuser
‘afforts as well as the SEG systems integration program. Combina-
tions of the designs for systoms applications will be investigated
and wind-tunnel tested in relatively large scale to determina the
most important inputs to steady state inlet perlormance and com-

pressor face flow distortion.

a. Parallel programs @ill be accomplished for short range, long

ranga, and VIOL applications,

b. Key combinations of blead, bypass, angle of attack, lip
design, internal dP/dx to be tested for representative inlet
typss with adequate simulation of vehicle flow field. Per-
formance and distortion datas will be correlated with analysis.

Output in terms of inlet performance and engine face distortion
data will be given to the engine development programs and sysicms
designers for use in configuration definition and trade-off studiss.
Most promising combinations will be incorporated in tests with
advanced engines bsing developed with subsequent refinements for

compatlibility.

a. Primary 15 month program initiated 27 months after go-ahead

date.

b. Refinemant program (9 months) initiated as required during

or after Inlet-angine tests,

AFFDL
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Schedule Code F

Objective:

Scope:

Output:

Time Phasing:

Responaibility:

AFAPL-TR.71-84

DISTORTION SENSING SYSTEH

To Getermine the sensor, signature, control mode,
and actuition mechanism requirements to maintein
engine stability by direct indication of distortion
level or by anticipation of a-distortion level,

To developec an engine control scheme to maintain
turbine engine operation at specifie points in the
flight envelope where an abnormal level of non-
uniform inlet flow and to establish the performance
trades peculiar to such & systen,

This program will result in flight worthy hardvare
to demonstrate stable engine operation during
adverse {low conditions,

8, Initiated 1 January 1967,
b. Program to be completed in 3 years,

AFAPL
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Schedule Code G ~ H

Objeciive:

Scopes

Output

Time Phasings:

Rasponsibility;

INLET-INGINE TEST

To determine the effect of inlet-angine coupling on Airframe-
Propulsion-Compatibility and to develop an integrated control
system. Prsliminary definition of inlet-angine compatibility
will be obtained by an early wind tunnel test program in which

a currently available engine will be tested with a simple iniet
configaration. Important inlet operational variables inown to
affect flow distortion and ergine operation will be investigated.
Other interaction phenomena will be identified., Combinations of
sovera! inlet design types with the most advanced engines avail-
able will be investigated (for long range, short range, VIOL
missions) in large wind tunnel facilities to explore in detall
the Interface problem and the dynamlc interaction of inlet and
engine., (Careful analysis of results will be used in inlet and
engine design iterations and, after finul wind tunnel tests, will
be usad to establish criteria for design integration of airframe-
inlet and engine in future alrcraft defined by SEQ systems inte-
gration studies.

‘Inlets investigated in the final efforts will test important

combinations of placement, bleed system operation, bypass
operation, and integrated control asystem.

Information will be sufficiently general to assure flight
vehicle development which 1s free from serious inlet-engine
compatibility problems during development. To be glven to
SE} for development of detailed specification criteria for
advanced systems. Also given to industry as airframe-propul-
sion syetem compatibility criteria for use in system design
and trade-off studlies.

a. Preliminary compatibility definition test program (12 month
program with 3 months testing) injtiated 15 montha after
go-lhemic

b. Inlet test with advanced &ngine (15 months program) initiated
39 months after go-ahead.

¢, Refined inlet and engine tests (9 month program) after
completion of inlet modifications.

AFFDL and AFAPL,
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Schedule Code J

GROUND AND FLIGHT INSTRUMENTATION STANDARDIZATION

{New Frogram)

Analytical investigations will be conducted which are directed
toward the development of & standardized instrumentation package and data
reduction techniques to define “nlet performance, the source of distortion,
and determine the effect of nonuniform flow characteristics on propulsion
systen performance during wind tunnel and flight testing.

Same considerations of the analytical investigation should include
the inlet and engine, type, placement, and response characterisiics of
the steady state and transient inmstrumentation and use of instrumentation
to obtain a correlation between windtunnel teating and fligat testing.
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ADVANCED SYSTEM PIANNING

: (Currently Planned Programs) -

The Systems Engineering Group and the Aeronautical Systems Division
continuously plan and evaluate advanced weapon systems. The Working Group d
: working with the ASH Yirectoratc for Advanced Systems planning will 4
. integrate thege planned weapon sysicm configurations and mizsion performance ,:
characteristies into the Airframe/h‘naine Compatibility Analyszs. Basic Y
tecanical data on the causes and effects of distortion will be developed <
: for each major subsystem (airframe-inlet, engine, exheust 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 acccmplished and that overall ‘
weapon system performance and final configuration (including size and :
weight) can be optimized by trade-offs between weapon system performance B
requirements, configuration, and the propulsion system and related inlet
and exhaust system performance degradation effects.

The distortion criteria, their cffects on subsystem performance and
weapon systema performance and configurstion will be utilized by ASD to
permit more effective planning and evaluation of future weapon systems,
Continual Working Group coordination will be accamplished with the SPO's
such that the criteris and other data developed can be factored into the
in-development 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
i Working Group's analyses of distortion and its effects to permit an .
; updating and improvement of the compatibility criteria. 1

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 semsing technology programs being
conducted by the RTD Laboratories toward the most probable configurations
of near weapon systems.
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AIRFRAME-EXHAUST NOZZLY

(Currently Defined Program) 9

Airframe-Exhaust Nozzle Integration

To develop design procedures t¢ be used in the optimization of flight
vehicle performance by proper integration of sirframe and exhaust nozzle
system. See Appendix I, Project 1476,

Analytical Investigation

Analytical study of nozzle flow field including internsl mixing .
flow and effects of external flow on integrated nozzle parformance. 8ee s

Appendix I, Task 147601,

Inteprated Nozzle Testing Techniques

To develop wind tunnel testing techniques, support equipment,
instrumentation, and facility modifications for iriegrated exhaust nozzle

systems. See Appendix X, Task L47€02,

Afrframe-Nozzle Testing

Experimental determination of integrated nozzle performance and
correlation with analytical sclution for a matrix of design date ~ appiicable
‘to advanced systems. See Appendix I, Task 147603.

v
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AF 33(615)-2698
GENERAL ELECTRIC

Matnhematical Modeling of Inlet/Engine Systems ‘ .

OBJECGTIVE: 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 o
Mach 3 operation at high dltitudes and Mach 1.2 dash at low
altitudes. This program wil) be completed June 1967.

AF 33(615)-3128
Explaratory Research Program for Twrbo-propulsion Exhaust Systems

OBJECTIVE: 1. To develop comprehensive mathematical models for the degign
analysis of advanced exhaust nozzle configurations.

2. To define various exhaust nozzle configurations with known
rerformance characteristics to meet the flexibility
requirements of advanced propulsion systems,

3. To analytically and experimentally investigate the cooling
design technology and perform mechanical degign studies
necessary for advanced exhaust systems., This program will
be completed in June 1968,
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AP 33(615)-3537

OBJECTIVE

-Analytical and Experimentel Investigation of Rotating Stall Phenomens
in Turbine Engine Compressors

AFAPL-TR-71-84

CORNELL AERORAUTICAL LABORATORY 1

To formulate a theory leading to the prediection of the inception,

~and the characteristics at onset, of rotating stall and thua

to provide input parameters which will enable implcmentation of
a control mode to meintain an adequate stall margin but with
significant improvements in turbojet-engine performance and
efficiency. This program is expected to-be completed by

June 1970 and ready to be integraied with a propulsion system
two years later. \
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AF 33 (657)-96T4 Continental

AF 33 (657)-16626 Allison - Rolls Royce
AF 33 (657)-15785 General Electric

AF 33 (657)-15786 Pratt & Whitney

AF 33 2657 «15787 Curtiss - Wright

AF 33 (657)-10592 General Electric

These engine demonstrator programs include distortion testing to
eatablish stability mergins snd the effects cf pressure distortion on
engine performance, , -

AF 33 (6573-32&9 GASL
AF 33 (657)-3286 United Aircraft
NASI - L4589 Garrett

These programs 4o develop the blade designs for supersonic compressors
include the analysis of the effects of non uniform aupersonic flow at the
compressor face, These contracts will be completed in February 1967,
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PART IV

MANAGEMENT CHART

AFAPL-TR-71-84

RTD
8EG AFAPL AFFDL
| S : —=
~
“~
™~ ~
~. ~
ey
TECH. ADVISORY PANEL WORKING GROUP
Sinpson APT R. Supp Cheiz APH
Zonars D H, Gratz Prop APIC
Klepinger SEF G, Strand Prop APTC
Barrett SEJ L. Surber’ Aero FDMM
Rall 8ENX K. Richey Aero FDMM
D, Stava Aero YoM
K. Kanouse., PropS SEJDA
J. Tirpack PropS SEJIA
D. Watne AeroS SEFDA
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PART V

COSTS

The following fund requirements are preiiminary and are based on
the program 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.

1+ &8 & 1 1 o

State of the Art Review o1

Engine Pressure Distortion Effects .6 A

Engine Temperature Diatortion BEffects .9 .6

Airframe Inlet Interactions 3 9 o7

Inlet Design Criteria 3.7 3.0 2.5 (1.0)

Engine Distortion Sensing Dynumics L0 .90 .50 .30

Engine-Inlet Interactions - General .2 -2

Engine-Inlet Interactions ~ System Criented 2.0 1.0 |

Ground-Flight Instrumentation Standardizetion 220 : ?
TOTAL B0 Sk Slo W8 (2.0) ]

#Avsilable within laboratory Fuads ' R 1

T ST AT T T
a

e T R
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Appendix I

EXPLORATORY AND ADVANCED DEVELOPMENT PROGRAMS REJATED TO

AIRFRAME~-FROPULSION COMPATIBILITL

181

62 05 21k
Project 3066 Gas Turbine Technolagy :
624 05 33b A
R i .
lepe gyy:: Meas, anioAral; Technology
Big  Staviiter sca comrey i
634 06 ok V/6TOL Assult Transport |
634 06 o5k Hi Bypass Turbofan
634 06 094 Lightweight Turbojet
634 06 514 Turbo-Accelerator
634 06 644 V/S8TOL Aircraft Technology
" 634 06 TOU VIOL Engine Develoment
634 06 B2k ATEGG {
63 06 83k AMBA
644 03 034 XB70
644 03 o5k YF12A
64k 03 06k P12
64k 03 204 J58 Engine R&D
334 20 o1k F-111
ko5 64 o1k C5A <
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APPENDIX II

Ajrframe

Bejl

Boeing

Douglas

General Dynamics
Fort Worth
San Diego

Grurman

Ling-Temcc-Vought

Lockheed
California
Georgia

MceDonnell

Norair

North American
Colunbus
Los Angeles

Republic

Ryan

Govermment

Army
.Lrnold Engineering
RASA
Ames
langley
Lewisa
Navy

Institutions

Jonns Hapkins

POTENTZAY CONTRIBUTORS TO

ENGINE/INLET MATCHING SURVEY

Engrinc

Allison
Continental ALE
Garrett

General Electxic

Lymnn
Evendale

Lyconing
Pratt & Whitney
Florida
E. Hartford
Rolls Royce
United Aircraft Corp.
wWright Aeronautical

Airlines

American

Pan American
TWA

United

California Institute of Technology
. Massachusetts Institute of Technology

Cornell. Aeronoutical Laboratories
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APFENDIX III
F-111 Inlet - Engine - Airframe Testing

STATUS

The F-111 aircraft has been operating with cxcessive performance
penalties due to the prodblems of nozzle/airfeams integration and engine-
inlet mismetching. The initial flight test program encountered scuvere
engine stalls, aftecrburner blowouts, afterburnor lighting difficulties,

and exhaust nozzle tail foather instability. Most of thesc problems have
y been significantly reduced due to design changes and refinements in the
inlet and propulsion system arcas.

The inlet total pressure distortion was reduced by the use of vortex
generators and careful tailoring of the boundary layer bleed system to
minimize the externel boundary layer air entering the inlet. In addition,
the environmental air sub inlet was relozated outside of the main inlet
duct. Further improvement in distortion is expected tomwsult from an
ingrease in cross-sectlonal area distribution of the subsonic diffuser.

L. The engine has also contributed significantly to the improvements
' ) in the propulsion system operation. Numerous modifications have been

: made to the engine controls and to the afterburner configuration which has
greatly helped the reliability of afterburner performance. Flight tests
have been conducted with rematched engines which have improved the besic
stall characteristica of the TF-30 ongine. In addition, the use of sixth 1
stage bl.ed at the higher mach numbers has allowed the flight envelope to
be groatly cxpanded, Future improvements are expected by the use of a
modified corpresgor design with a significant gain in distortion tolerance.

The above advances have utilized a largs number of facilities and
testing techniques. Thess include static wind tunnsl, and flight tests of
the inlet with both steady state and dynamic inatrumentation. Recent tests

. have included measuremsnt of swirl angle at the inlet exit. Engine develop-
. mont has been done on compraossor rigs, static engine stands, altitude test
I facilities, flying tost beds, and in the F-111, . Attempts to duplicats the
_ flight test results in ground facilities by the use of distortion scraeens
: have not given good correlation. Work is continuing in these areas.
b Additional wind tunnel and flight tests will be performed to investigate
A number of design changes to the boundary laysr diverter, inlet and
diffuser geometry. Revised inlet controls and senseors are being investi-
gated. Fuctensive distortion screen testing is wnderway on the TF-30
engine to investigate the effects of various distortion patierns on
engine stall limits, stability and performance,
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XB-T0
INLET/ERGINY MATCHING

A follow-on rlight test it Leing considercd for the XB-70 that
.would include an inlet/engine matching section with the objective to
establish distortion parameters, design criteria and stability charac-
teristics of the XB-70 inlet duct and propulsion system configuration and
to validate dynamic modeling analyais program for these subsystcms as
established by Northr American Aviation and General Electric.

Stcady state ani transient performance data at various engine air-
flow demands, and flight conditions, will be cbtained relating inlet control,
stability, and internal and exiernal disturbances and turbulence transients
+12 engine stability, control, and compressor inlet distortions and their

. effecis on the A/B envelope, airstart map, throttle bursts and chops,
v engine surge, stall and shutdown, and inlet duct staits and unstarts,
> particularly during buzz,

Data 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 correiated with wind tunnel and engine altitude
test cell measurements to esteblish inlet-engine performance simulation
methods and analysis. Such data is vital to the understanding of engine-
inlet distortion, as has effected the F-1llA develomment, and to the
correct engineering of future AF weapon systems (V/STOL fighter, FX, and
AKSA), These dsis may also be valuable to the National Supersonic Trans-
port Program. . _ ' -
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C-5A Fngine-Inlet-Airframs Testing
STATUS

]
e aa &

.The Airframe Contractor Lockheed Aircraft Company (IAC) is engaged
in a closely integrated test program with the Genzral Electric Company
(GE) the engine contractor te verify the compatibility tetween the
enginc and inlet interface. The TF-39 engine (GE) and inlet (LAC)
comoatibility will be deminstrated by a series of testing prepgrams con-

tinuing throughout the development program. Test hardwarc will be modified "
vhere suitable perfirmance gains can be accrued. Tesis have been con-

ducted bty GE on a 2/3 scale engine to demonstrate both individual and -
combined distortion capabilities on the major engine components and theixr

assemblies., Several ground and wind tunnel distortion tests have been

completed and the results to date have shown ithe 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 thai exceeded

the Air Force's testing requirements.

Inlet distortion testing with simulated distortion patterns will be
conducted on TF-39 full scale fan assemblies, compressors, and complete
ongines. 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. . ‘

Full scale inlet-engine testing will be carried cut at the GE low
spoed test facility and initial flight testing will be acccomplished
with & B-52 flying test bed aircraft. Ful scale alditude testing will
algo be carried out in the AEDC wind tunnel and in conjunction with the !
flying test bed program. Full scale inlet and thrust roverser tests are
scheduled throughout ¥Y 67. The LAC inlet will be tested early in the
Program to uncover and correct distortion problems that may precipitate
and design refinements will be incorporated to minimize installation
losses. IFndurance testing starting in FY 67 will include the engine
with the inlet and thrust reverser atta.ched to px‘ovide both compatibvility
and operating experience.

&
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AMSA PROGRAM - ENGINE - INIET-AIRFRAME TESTING

STATUS

) There arce five contractors currently performing design studies and
component testing. The airframe contractors are Boeing, Genersl Dynamics,
and North American., The engine contractors are GE and P&W. The prescnt
design-analysis efforts were completzd in July 1966. A follow-on program
is being planned Lo extend this effort through Moy 1967. One of the tasks
to be underteken dur’ng the follow-on program is to check the campatibility
of the engine and inlet design and investigate the integrated engine inlct
control systcm concept to determine it's feasibility, interfates, and
potential problem arcas.

e R e A N

e s YRty

The specific effort concerning the propulsion systcm has been centered
on investagating engine cycles, carrying out enginc component tests ond
performing complete scale model engine tests. Preliminary designs of the
engine nacelles and associated inlets have been progressing concurrently
with the engine design studies. The wind tunnel inlet development tests

. are scheduled to begin in October 1967. The contractors are fabricating
1/8 to 1/10 scale test models of the latest AMSA inlet configuration
mounted on an ddeguate portion of the aircraft structure to simulate actual
environmental conditions. These tests will be run at AEDC to provide
data on inlet recovery, flow distortion, flow stebility, and other flow
characteristics for each scale model inlet. These results will be used to
determine the effects ¢of flow variations on engine performance,

ISR T

The AMSA engine program is & two year study emphasizing both design
and test efferts. The major objective of the program is to predict the
propulsion system perfc:mance capability which can be developed in the early
1970 time period. The progrex includes a dynamic computerized analysis
to predict, overall engine performance using test data for input., Several
factors will be investigated in this engine simulation analysis. The
{ important cheracteristics to be used in the engine analysis will be thLe
: effect of inlet distortion and flow translents on compressor performance,
Both representative inlet distortion pattern flow data and engine component
test data will be used to predict the engine response characteristics and
performance levels, Also, other effects will be investiguted by the engine
contractors. These effects are inlet unatart, inlet buzz, duct turbulence
and cyclic temperature changes due to hot gas ingestion. Matching the
engine to the inlet over this wide range of hostile environment will be
aceamplished by making the inlet distortion and engine surge margins
campatible to these variocus flow transients for all normal modes of flight
operation.
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US/FRG ENGINE/INLET MATCHING
STATUS
f Tne final atudy reports from the US/FRG V/STOL fightrs nrogram aro

novw being evaluated by a joint US/FRG team.

S e

Lift and lift/cruise engine installations may peint out additional
enzine/inlet matching problems for a V/SIOL aiveresw. Reingestion of
3 recirculated hot gus and inlet porformance duriry -transition are examples
of the special type of provlems that may be pre:.mt ifor V/STIL aircraft.

o

At this point in the program no specific testing of engine/inlct
conpatibility is planned or scheduied,
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FX - 5TUDT PROGRAM -
Inlet/Bngine Matching

In the FX Study moat of the proposers have suggested looking at inlst
size, shapa, and location but not at inlet/engine matching. e company
plans model tests and intends to do, as future work, an investigation
of the sensitivity of inlets to varisbles, modification of study input
data to retfiect wind tunnel results, and detailed inductlion aystom dasign
and performance calculations.
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Extract from Aircraft Company Presentation to Air Force
Regarding Interface Operational Problems

Appendix XIV -
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ASD TN-7C-3

Cripinal Subnission Date:s 2 Dacomber 1969

Title: Airframe/Propulsicn System Compatibility Criteria
and Performance.

Objectivess

1. "Establish Dasizn, Test, and Performance Criteria of tho
Airframe/Propulsion System to assure compatibility throughout
weagon system mission envelopes.

2. Acquire:
{a) Specification and Design Handbook Data
(5) ZImproved Analysis/Test/Evaluation Technigues
{c). Refinod Dofinition of Contractor Development Zfforts

End Prodqct Reauired:

1. The end product should be a document or documents delinea’ing
the information specifind under objectives.

Program Elesent: 63202F and 63216F

Prioritx; Vital,

Provlens The problem is to establish criteria for the orderly
development process of providing total integration of the propulsicn
gystem into the airframe system. Each new systenm is unigque and ao

such requlres that the compatiovilily interrface of each subsysten T2
covpletely assessed to assure that the system will waet its oporationel
mission desimm requircments. In this context, the Airframe/Propulsion
system compatibility problem shall be considered for only the inlet/
enzine/oxhaust suhsystens. The highly complex sysiems presenily deing
davelepad and for future requirements will depend nizkly on ihe tech-
nology base estabiished for the inled/engine/exhiaust aspects of the
weapon systen. Inproper integration of these swosysiems may resuli in
reduced reage, reduced payload, and restricted mancuvering capabililies
among other oporational constraints. The technoloyy will ba used o
contirually assess tho problem, provice fop development tools necessasy
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to cefino limitations, and vo maintain the vitel natwro ol the pretlen.
The technology is nocded today and will need io oe continually updated
as long as air breathing propulsion systems are used.

Suepested ‘f.m;-osch:

1. JFngiro and Component D2sign Regquiremenits - Establish standard
dorinitions regarding stability parameters and the affccts
engine compongnts have on these. Investigate the methods for
propulsion sysicm stability and determine the englne related
characteristics.

2. Afrcraft Configuration and Inlet Location Design Criteria -
Establish ground rules for the optimization of the aircralt
with proper propulsion systen integrotion with »egard 4o T-D
parancters, afterbody end exhaust system epiimization, and
iniet placenent with regard o FOD, foredbody, wing elfects, ebc.;
establish progran guidclines for proper irntegration into the
aircraft inciuding Airframe/Propulsion system intezration plans,
intexface control documoenis, test requirements, decign sub-
stantiation criteria, wind tunnel models, test faciliiies,
total fuil scale invegration, atc,

3. Inlet/Engine Control Requirements and Interizces - Design
eriteria needed includes guidolines for overall propulsion
systen integration with respoct 4o controls for the engine
and inlet. Integration ol tho cenirol systems Jor gas
ingestion due %o woopons firinz can beo considercd Jne aspecte
Roview cwrrent dosiga requirements and modify as “ieccssary
to conform t0 current tochnology.

L. Irproved Instrumentetion for Divelopment and Flight Test -
Inprove instrumentztion and instrumenistion techniques to
provide for data gathering for development and flight test.
Congidoraticns include type of instrumentation, location in
tost vehicle, validation of rasults, handling of da%vs,
socuracy of instrumentation, otc.
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Related FBfforts: APC has boccme recognized as a nocessary consicoravion
in tho develepment of a wogzpon sysbem. Iittonzive effert i

excrved by the governmont, airframe contiractors, avd propulzion systen
cortraciors to cstablish criteria for the satisfaetory inlczeation of
propulsion and airfrans sysiems. Cwerently, extensive eofferic are being
extended in the B-14, F-111, and F-16 weapon systems. Laboratory
progeans include the Airframe Propulsion System Inicgration {4P€I) and
Advanced Turbine Engina Gas Goneraticn (ATIGC) offoris. Reports
published include:

5 diing

AFAPL-TR-68-30 Proccdures and Sugpested Programing Exphasis to
Obtain Criteria Essential to Cblaining Propulsion
System Flow Stadility; Gratz, Harlen J.; May 1968.

AFAPL-TR=-6T=75 Zpproachos 10 Determine and Evaluate tho Siability
of Propulsion Sysiems; Tear, R.C. Sqd. Lér. RAT;
Feb 1968.

APTA T-69-12 Jdcchniques for Establishing Prepulsion System
Stability; Brimelow, Brian, Sqd. Ldr. RiF;
Apr 1969,

Support: No funding or hardwars sapport is aveilable fram the
requesting organization, Manpower requiremonts wiil hava to be
established and validated prior {0 considering any commitment from
the requesting organization. BReview of r¢poris end documentation
for ccmments are recormended as it becomes available.
Technical Points of Conteoct:

Originator R. E. Grizm, ASN/ASNII-10, 52610 A%

" Lab Contact L. YoKouny, AFAPL/APTP, 52278 L\
puthentications K Ruchsy SRUROMN Sp2Y A

22 D2, 1767
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List ol AD Nuwdbers for AFAPL Technical Reports

AFAPL TR 66-142

Part
Y AD B57561
-2 856562
3 659281
4 852182
5 851899
6A 851900
6B 851901
7 851902
8 851903
9 851904
10 851905
1 503303
12 852021,
13 856225
U, 503304,
15 503328
16 852757
17 859232
18 856563
19 852785
20 853262
AFAPL TR 69-36
Part
1 AD 856229
2 AD 503329
AFAPL TR 69-4,
Part
1 AD 503305
11 856259
11X 858526
v 858916
v 855767

VI 858917
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TheASN=37-70-5-(1)

DATS OF INITIATION IR KrVISIOM:

30 Jarmsry 1YTL

Adrfrano/Peopulsion System Compatlbility Criteria and
Perfornencs

ORIECTIVE:

1. Dotoblish-dosien, tsst, and pexfornsnce eritoris of the
Airframe/Propulsicn Systea o osuxs compatibility throughout wuapon systin
nisslon e¢nvolopss.

2+  Acquirol

(a), Specificaticn and Dzsign Hordbook Pita
{b) Improved Anxdds/Test/Evaluaticn Techniques

{¢) Ecfined Difinition of Conirector Diwelonmunt Efforts

PROGPAY ELEMENT:

63202F rna 63215F

TeOIB0LOGT LAPORTAICSE CATEGORY (TIC):

e technolozy is in the cless I catogory.

The provlen 48 0 ¢ot-bilsh evituria for the orlurly dueveloiruni
Procios of providing tetel fntesration of ithe zronulsien systen indo tho
alyforre grohune  Lzeh nov gyoden Lo wnigue ond o8 cvch ruqulies thnt i
connstibllity dntorfnco of cach guboystin be coupletaly acsesaed ta ossure
thet the systea v st 1ts onuzetional misslen €osiar roguiriacnts. In
thig contint, the firfprems/Pocrvlsoion systea coazetivilisy prodblem ohall
be ecnslderid for only i inlot/ensinc/osinush cubsystema. The hizhly
CepLex systens prosontly bolng devuloned and Jor fuinys regelrenenis will

.
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ad Lirbly on the tuchuolesy bace woiablich.d fer the inlet/ungive/
exhaust agpocts of the veapon syalem.  Isoroder intezration of tiwse cune
syatuas may westld in reduccd rengo, redused paylowed, ond regirictud nonsue
viring espabilities among othir opewalionzl constraints, Tiw techuolely
vill bo wged to cendinually asscss the problen; nrovide for devolonmint
tools nccesnaxy to define limitoldiens, and to uoinioin the vitsl noiarce of
the problem. The technolozy is needed todoy ard uill nced to be continwdly
wdated 23 long as edy Lreathing produloicn systens ors uscd.

ey ey

i
!
T

FETATLD EFFOITS¢

APC hes bucone recoznized &8 a avcescory consldaration fn the
developaent of & weepon systems bxtensive cefford de bling cxerted oy the
govirnaint, alrircas contractors, and propululon oystia contrectors to
0 cotablish erituria for the satinfoctory dntepraticn of propulgion and alre
freac syatens. Laboratory programs include the Alrframo Propulsoion Syuiem
Intogratica (APSL) mad Advanced Turbine Engine Cas Conoration (AT:GG)
effartse Reports publichcd includos

JFAPL-TR-£8-30 TProcidurcs end Sug
Obtedn Critusic Yooow
1

Ly W .y 015 .8
Sysien Flow St

R L TR

SPAFLaTR=O7~TE  fAnzrochns 40 Didiraine cod Dvadusie the Strbility

of Propulsion fystems; Tesr, RiC. Sode Ldre RAT
FCb 1968.

e 4

APTA TH-65-12 Techniquea for Esicbliching Propulsion Systen
Stability; Brimclou, Brian, Syde Idr. RAF}

SUCGESTED APTROACK:

1. ‘ZIneine end Cosmonent Dasipn Reguircncnia = Ectablish gtondcs
definitions rigarding stabllity parsastere end ths affects ongine cemzonints
: have on thuge. Investizate the metheds for propulsien aystem stability sad

doterning the ongine relatod charactiriotics.

2. Alreraft Confiparsticn end Inlet Loscation Dosipgn Critirie -
Establieh ground svdes feor the optinmizaticen of the cdrerslt vith prozir
prosvloion cyster intosration with yegerd to T-D paramsters, eftersocy o
exh2uzt Sysiin optinization, eiad inlobt plecenont ulth rozard to FOU, fonc~
boiy, wing cIfcets, cte.s eotablish promraa suldelines for nropor intesrze
tica dnto tho edrcraflt lzelvding Alrfrone/Pronvleion tysten integraticn
Plovs, intirfaco coatral desvnenio, tost requireninte, dosisn zuaboi-nlive
tion criterie, wind tuzncl nodeln, tist facilitics, totel full ceale
Iategration, €tc.

2.
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3, I u:t/ 7% Gonbrol Pequisersnbs ond Inborfaees = Dosisg
eritoria noadad £ac1ac s peiceli 33 Rew overall prozatilcen c;/.mc—\ At IR
Lion writh rasnzst 4o ceiiols for the enniar md Snled,  Telepeatiea of ih
contb=o) oty Lor goo innouil on €23 Lo weaicas Lixing o o coazidirnd
cna enncele *tcv‘c' cuorent (.......I.JI') roquircncuts and nedliy ¢y Z‘.’JCCLS:‘.J Lo
ccalom 0 omrent decmulosy

. Tpoosed Inotxciern n for Tovnleranad end el
Tromevd dnstimaninlica oot dng Sovioa Liniqans o 7:-.”... ;
3 -~

gothooing for davelenz=ont and ",L.:,' G Goobe Coasicornticns incln d.) 't:,' 3 O
dusuitooniaiion, lccan:c.\ in tasy n..a.c..., validation of resulis, headiing

of data, coccwrasy ol instraionbetion, cic.

SUPPCRT:

No fanding cr ha:
orcamdlzeticn,. Vo -.' oile ‘s %3 ]J. .Mo to 'ba oz _oi.i h-d *ﬁi vaildae
{$2d prler to cong w“*r.._, acnt frea ho romwesting ovpandeatlon,
Roviowr ¢f aeoorin and cosvmaniatles Sp reccinondsd as $hoy “boocre evallilie.
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STABILITY MARGIN AUDIT

The stability margin allocation of a qualification test
engine is shown in Fig. XVI-1l. 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 ettributed totthe primary factors
affecting engine stability is shown for defined boundary con-
ditions representing a (ypical flight condition (intermediate
ang)naxinum engine power at 55,000-ft altitude, Mach number
1.6).

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 18 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
engire test results, Altitude qualification test engines are
npot normally subjected to intentional surge because of the
‘hazard of structural damage and unnecessary delays in engine
qualification testing. The compregsor 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 accouating
procedures and on the comparison of operating line data (speed, ‘
flow, pressure) from prequalification and qualification englue,
test programs.

Surge limit data for the stability margin audit should be
obtained using a consistent gpecified compressor loading tech- 1
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 4
match) to establish the surge limit at quasi-steady-state con-
gitions)uning the test procedures discussed in Section 3.2,4 ) P

Ref. 1).
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Carefully selected and defined engine and environmental
boundary conditions are required for a meaningful stability A
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 | 3.3.6 (Ref. 1). Other environmental conditions which require B
definition are the projected aircraft installation interface L
conditions (aircraft service requirements such as compressor .
bleed and power extraction). Engine operating conditions are
defined in terms of corrected rotor speed, corrected rotor 1
speed ratio, the engine service bleeds, and the control mode
of operation, Each boundary condition used to define the
surge and operating iines requires precise definition ag shown
Dy the matrix presented in Fig. XVI-3. The condition matrix is -
organized to 1llustrate the building block concept. Baseline
data are established first using the techniques discussed in ‘
Section 3.2 (Ref. 1); the various destabilizing factors
(Reynolds number, inlet distortion, control mode, and aircraft
service requirements) are then quantitatively defined.

e
P EA g L s (e

g

8 s AR 4

Stability margin, as a function of high~pressure compres-
sor eirflow, 1is presented in Fig. XVI-4. The margin allocation
required for each of the primary factors is ipdicated by the
"stability stack" presentstion, Quantitative assessment pro-
vides the information 7 cquired to verify the development of
engine stability margir to levels required for projected
migsion operating conditions.

A A T RTIR

REFERENCE

1. Tate, Jack T. and Smith, R, E., Jr. "Normalized Testing
: Techniques to Determine Turbine Engine Stability Margins."
, AEDC-TR-71-249.
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4 Extracts from: T
L ‘ 1. AFSC Design Handbook Series 2-0, Section 2-3,
Propulsion & Power, 1 March 1969, and Military 4
I ) Specification Requirements for Engine Inlets
’ 2. MIL-E-5007C, 30 December 1965
b MIL-E-5008C. 30 December 1965
3 ! MIL-E-5009C, 30 December 1965
! : MIL-E-5009D, 13 November 1967
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CHAP 4 - TURBINE ENGINES
SECT 4F ~ ENGINE AIR INTAKE SYSTEM

DESIGN NOTE 4F1

AFAPL-TR-71-84

AFSC DH 2-3
DN 4F1

SYSTEM COMPONENTS

1. INTRODUCTION

Anti-icing and delcing provisions, antidust
devices, and any other equipment employed
in or near the intake duocts for the purpose
of restricting, modulating, filtering, heat-
ing, or cooling the intake air are also con-
aidered part of this air intake system,

4, DESIGN OBJECTIVES

The effect of aerodynamic design of the
engine air intake system on turbine type
engine performance is of considerably
greater importance than for reclprocating
engineg, The optimum aerodynamic con-
figuration of the air inlet and induction
system ducting can be achieved only by
exact analysis of the syatem requirements
and paratlel study and comperative wind
tunnel analye!s of slternate designs, The
merits of duct and inlet configuration of
different design and location depend pri-
marily cva the type of engine installation,
The oritical nature of duct and entrance
configurations in regard to the effect of
compressibility and normal energy losses
at high Mach numbers makes evaluation of
the engine air intake system by individual
performance testing imperative, There are
seversl approved methods available for
computing the effect of the air induction
system decign on aircraft and engine per-
formance. For this reason, no specific
method {8 recommended here, Use any
resasonsble method for caloulating perfor~
mance, If the method selected has been
‘published, forward a report which explains
the method in detail to the procuring activity

‘for approval, Subsequently, forward a re-

port describing the methods employed and
the resulta obtained in the performance
teating of the engine air intake system to
the procuring activity for approval. In the

‘design or planning stage, give consideration

o e am————
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to the location of the air inlet to ensure
that the selected position is in an area of
satisfactory airflow patterps and boundary
layer charucteristics at all attitudes and
conditions of operation for which the air-
craft is designed. A short air induction
system, comsistent with good diffusion prac-
tice, is preferred. Where a cholce rmust
be made between a long tailpipe extension
for the exhaut system and a long engine
alr intake system, accept the sacrifice of
induction system performance because of
the larger penalty imposed on engine per-
formance by tailpipe length, the high weight
per unit area involved in limiting the in-
herent fire hazard of the tallpipe, and by
inspection, maintenance, and replacement
factors, Give special consideration to lo-
cating and positioning the air iInlet in an
ares where there is little probability of
entraining foreign particles thrown up by
the wheels of the alrcraft,

2.1 Pressure Variatlon

The air induction system total presaure
proflle at the engine front face has a direct
relation to gas turbine engine operation
as concerns compressor stall and surge.
Total pressure variation from the mean
should be as small as possible with good
inlet design. Radial total pressure variation
does nut affect engine compressor stsll as
much as circumferential tolal pressure
variation. Circumferential total pressure
variation from the mean should not vary
more than £5% at zll required flight opera~
tion altitudes, angles of attack, maneuvers,
and apeeds, Recent flight test data show
that relatively wide pressure variation at
a few pointa in the plane of the compressor
face does not sffect compressor stall as
much as medium pressure variation at a
greater npumber of points, The size and lo-
cation of these regions of variation of total

o s e

o i - am

PR LY ST Wt arrese s o i oA il

*PRECEDII} PAGK BLANK~NOT FIIMED,®

215 A




EREE P 2 A ——

AFAPL-TR-71-84

AFSC DH 2-3
DN 4Fi

pressure at the compressor front face
sppear to be the deciding factor in ourrent
inlet duot induced engine stall limits,

2,2 Pressure Recovery

A high sverage total pressure recovery at
the engine front face is desirable so that
optimum engine performance may be real-
ized, Pressure recovery normally decreases
with inoreasing aircraft Mach number,
Design objectives for air inlet average total
pressurs recovery are as {ollows:

Mach 0 to 1 - 0,08
Mach 2-0088
Mach §-0,80

3, CONSTRUCTION DESIGN

Make the inlet and system ducting of suffi-
ofent strength to withstand the maximum
pressure depression enocountered at maxi-
mum engine thrust witt the alromft in
statio oondition, In addition, provide ‘suffi-
ofent strengtk to withatand vibrations pro-
duced by airflow varistions (which may
exoensd the strength required to withstand
pressure differentials), Employ flush type
riveting {n the internal. surfaces of all
ducting in the system. Do not use oonstrue-
Hion oomponents in the engine alr intake

- system which may vibrate loose and enter

the engine, If their use {8 unavoidable, pro-
vide asafetying of each part, Submit all
pertinent data and drawings of duot quick
disoonnects to the proouring activity for
approval prior to Incorporation in the air-
oraft, Locate both the air inlets and arm-
ament stores so that rocket and gunfire
blasts or other effects will not enter the
air Inlets of gas turbine o1 ¢ nes, The sffect
of suddsn changes in inle: sir tempersture
and pressure and subse uent compressor
surge oan be sarious in turbine engine
flight operation, Sse E.4-3.3,1,3 of HIAD
fer launchers and E.4-9,8 of HIAD for in-
formation on compressor stall,

CHAP 4 - TURBINE ENGINES
SECT 4F - ENGINE AIR INTAKE SYSTEM

4, CONTROL

Atrflow ocontrol by means of variable inlet
apikes, plugs, wedges, bypass doors, or
suck-in doors may be neceasary on high
speed afiroraft to supply engine airflow
requirements over the complete range of
operating conditions, See Para 4.1 for de-
sign of the controls of these variadble inlet
ocomponents,

4,1 Variable Geometry
Inlet Control

Design the variable geometry inlet oontrol
system to ensure an ascuracy of regulation
oonsiatent with the ateady-stste and tran-
slent characteristics of the basic engine
oontrol, Make the reliability and fail-safe
{eaturss of the inlet control compatible with
those of the basio engine control, Submit
suffioient data to the proouring aotivity to
permit an evaluation of the oontrol aystem
relative to a sp2oific engine and atroraft
instaliation, )

4.3 Reliability

Usa the requirements listed in this para-
graph as a guide to rellability, Make the
variable geometry inlet oontrol the simplest
and most reliable aystem which will pro~-
vide the engino-aireralt oombination with
the specified perforriance and easeof cpera-
tion, Design the inlet oontrol aystem without
special emargenoy features so that:

a, A failure during tikeoff of any single
funotional part doss not reduce the total
thrust or shaft horsspower. as applicable,
below 90% of the intermediate power/thrust
level normaliy avallable on a standard 4
over the range of wea lavel to 10,000
geometrio altitude, Mandard day is defined
in Rof 1451,

b. A faiiure of any single part does not
result {n the engine or airframe exceseding
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MIL-E-8307C
30 DECEMPER 1555

: SUPLUSEDING

; MIL-1-8007E
23 JANUARY 1059

MILITARY SPECIFICATION

ENGINES, AXRCRAFT, TURBOJET AND
TURBOFAN, GENERAL SPECIFICATION FOR

TMs spoactfication b mandatery for we 3y ¢l Depari.
wmonts and dgonciss of the Deparimaent of Dafense.

: 3.21.2 Inlet air pressurc variation. The estimated maximum radial and eclreum-
ferentia! total pressure distortion limits which can be safely tolerated shall be specified
in the mode! 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 circumiferential total pressure
distortion limits which can be tolerated without adversely affccting rated engipe per-
formance shall be specified. These limita 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

}‘ protsure distortion limits. The instrumentation location shall be specified for inlet air

pressure distortion determination. Using representative values obtainable from this in-

strumentation, the methed and sample caleulations for defermination of fnlet air pres-
aure distortion ahall be specified.
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MIL-E~5008C

30 DECEMBER 1965

BUIERSEDING
MIL-E-5008%
22 JANUARY 1959

MILITARY SPECIFICATION

: ENGINES, AIRCRAFT, TURBOJET AND

TURBOFAN, MODEL SPECIFICATION FOR

: (OUTLINE AND INSTRUCTIONS
FOR PREPARATION)

This spscification ts datory for wse by all Depars-
mands sad Sgoncles of the Depariment of Dofenss.

3.21.2 Inlct air presswve vaviation. The estimaled radial and circumfcrential inlet 3
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 can be tolerated : ]
without adversely affecting rated engine performance shall be shown on curve(s)

e, (The contractor may show these limits in other than curve form.)
The estimated effect of back pressure on the fan and of radial and eircumferential toral
pressure variation on thrust, fuel flow, and gairflow shall be shown or curve(s)
——— (Al 'east five inlet distortion coints which are to be demonstraled under #

inlct air pressure distribution (4.3.12,1.3) of MII~E-5009 shall be specificd.) The
method and zample calculations used for determination of .Inlet zir pressure distortion
shall be shown on the curve No. —
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MIL-E-~5802C
30 DECEMBER 1965

BUPERSEDING
MIL-E-5009B
32 JANUARY 1439
MIL-I-501013
' . 22 JANUARY 1959
= ' MIL-E-§156C
) 2% JANUARY 1959

. MILITARY SPECIFICATION

ENGINES, AIRCRAFT, TURBOJET
AND TURBOFAN, TESTS FOR

Tirls epecification {r mandalory for ure by all Depart-
wmonts snd dgencles of the Depariment of Defense.

4.3.12 Altitude tests,
. 4.5.12.1 Test conditions,

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 covercd

on these envelopes shall include standard hot atmosphere and standard cold atmosphere

as defined by tables 1I and IIl of MIL-STD-210, and the altitude rating points. The test

points selected shull be the minimum necessary to demonstrate the engine operating ang

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

those tests. If a continuous duty ignition system s specified, it shall be in operation,

N with rated input voltage, at all times aftcr & normal start sequence has been completed,

4.3.12.1.8 Inlel air pressure distribution, For selected test points as specified in the
model specification, the fan back pressure and the alr total pressure distribution at the
compressor inlet shall simulate condilions approximateiy equal to the maximum allowable

percent and extent of variation of the total pressure pattern, specified in the model
specification, e
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MIL-E-~5009D
33 NOVIMBER 1967

30 Deccmber 1965

MILITARY SPECIFICATION

PODNS, AIRCRAFT, TURBOJED
AXD TURBOPAM, TESTS FOR

This specification is mandatory for use
by al) Dopartmonts ard Agoacios of the

Departmont, of Defoense.

§.3.12 Altitude,-
4.3.12.1 Test conditicma.

4£.3.12.1.1 General. An engine substantislly 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 sslected thrust
conditions around the operating lirnits envalopss specified for the engine in the
model specification, except that portions of these tosts may be accomplished on
Tha points covered on

separate engincs at the discretion of the using Service.
these envelopes shall include stendard hot atmosphers and standard cold atmosphers

as defined by tables II and 1II of MIL-STD-21C, ‘and the altitude rating points.

fhe test points selected shall be the miniium necessary to demonstrate the engine
operating and air starting (hot starts and cold -tmo{ snvelops{e). Unless other-
wise specified in the ergine model specification, loading of the accessory drives
wil)l ot be required during these tests. If s continuous duty ignition syrtem is
specified, it shall ba in operation, with rated input voltage, at all times after a

normal start sequence has boen completed.

Yor selected test points as

&.3.12.1.3 Inlect air pressure tribution.
specified in the Mﬁéﬂiuuon, the tm"ﬂck pressure and the air total
pressure distribution at the compressor inlot shall simulate conditions approxi-

I._lhly squal to the maximum allowable porcent and extent of variation of the total
peonsure patlorn, #pecified in the sodol specification.
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