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1. SCOPE:

This Aerospace Standard (AS) provides the method for presentation of gas turbine engine
steady-state and transient performance calculated using digital computer programs. It also provides
for the presentation of parametric gas turbine data including performance, weight and dimensions
computed by digital computer programs.

This standard is intended to facilitate calculations by the program user without unduly restricting the
method of calculation used by the program supplier.

2. REFERENCES:
2.1 Applicable Doc

The following p
issue of SAE p
references cite
however, supel
obtained.

2.1.1 SAE Publicat

AS755

ARP1210
ARP1420
ARP4191

ARP4868
2.1.2 International

Standards an
20899-0001.

Lments:

Iiblications shall apply. In the event of conflict between the text of
i herein, the text of this document takes precedeénce. Nothing int

ons: Available from SAE, 400 Commonwealth Drive, Warrendale

Gas Turbine Engine Interface Test Data Reduction Computer Pr
Gas Turbine Engine Inlet.:Flow Distortion Guidelines

Using FORTRAN<ZY
Application Program Requirements for the Presentation of Gas 7|
Performance _on Digital Computers. (when published)

Drganization for Standardization (ISO): Available from National In
d Techinology, Public Inquiries, Administration Bldg. A903, NIST, C

ublications form a part of this document to the extent specified hefein. The latest

this document and
nis document,

sedes applicable laws and regulations unlessya specific exemptiof has been

PA 15096-0001.

Aircraft Propulsion System Rerformance Station Designation and Nomenclature

hgrams

Gas Turbine Engine Performance Presentation for Digital Compditer Programs

urbine Engine

Stitute of
baithersburg, MD

ISO 1000

ISO 2533
ISO 2955

Sl units and recommendations for the use of their multiples and of certain other

units
ISO Standard Atmosphere.

Representations for Sl and other units to be used in systems with limited character

sets
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2.1.3 Other Documents:

NIST-JANAF Thermochemical Tables, Fourth Edition, Parts | and Il, Malcolm W. Chase, Jr.,

Editor, Augus

2.2 Definitions:

t 1998, ISBN: 1-56396-831-2

STEADY-STATE PROGRAM: Steady-state engine programs predict engine performance for

steady-state c
this standard a
Programs), Sp¢

PRELIMINARY
estimate the en
of a preliminary

SPECIFICATIQ
specific engine
engine and airg

STATUS PRO(
the current stat
a specification
programs, but i
programs inclu

(1) prediction f
(2) modeling a
(3) extrapolatio
(4) generation

PARAMETRIC

nditioTs (tmederivatives are Zero), Steady-State engire perforTg
e confined to four categories: Preliminary Design Programs (also
pcification Programs, Status Programs, and Parametric Programs.

DESIGN PROGRAM (also STUDY PROGRAM): Preliminary deg
gine performance until the engine is defined by a specification. A
design program is to provide data to support preliminary aircraft ¢
N PROGRAM: Specification programs establish the guaranteed {
raft guarantees.
ERAM: Status programs are created during engine design and deV
Lis of engine performance. Theyare normally based on greater te
brogram. Status programs do-not alter the commitments establish
He:

Dr an engine test.or/as a baseline for comparison with test data rec
1 engine to investigate test operating procedures for ground test a
n and/or interpolation of limited test data.

bf data for'use in the construction of simulators

PROGRAM: Parametric engine programs are a special type of pr|

nce programs in
called Study

ign programs
typical application
esign.

erformance for a

model. A typical use of specification programs is to generate performance data for

elopment to reflect
5t experience than
bd by specification

hdicate the current status 0f meeting those commitments. Applications of status

uction output,
nd/or flight test,

bliminary design

program. They

estimate the performance and possibly other figures of merit (e.g

, weight and

dimensions) of a class of engines of similar configuration over a range of design parameters (e.g.,
compressor pressure ratio, turbine inlet temperature, airflow). The performance, weight, and
dimensions may be derived from a less detailed analysis than a conventional preliminary design,
specification, or status program. A typical application of a parametric engine program is to provide
data to narrow the range of system design parameters for more detailed studies.
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2.2 (Continued):

TRANSIENT PROGRAM: Transient engine programs predict engine performance under time-
varying conditions. Transient programs may simulate the engine without a control, or they may
simulate the engine and its control system. The categories of transient engine performance
programs mirror the steady-state performance categories: preliminary design, specification, status,
or parametric with corresponding definitions. Applications of transient programs include:

(1) prediction of engine acceleration and deceleration performance,

(2) support of
(3) generation
(4) simulation ¢

DATA REDUCT
performance te
characteristics
Alternatively, a
program as its
data. In the lat
testresultsto t

e
heart of the dal

Applications of

(1) interpretatid
(2) analysis of
(3) interpretatid

ARP1210 provi
NOTE: Providg

progra
progra

Tfrarmerfengine mtegration studies, mctuding - fiighttontrotdevetop
pf data for use in the design of flight simulators,
f the engine during checkout of the control in control benches.

[ION PROGRAM: Data reduction programs are used to.interpret f
sting. A data reduction program may directly compute-component
e.g., efficiency) from measured data using standart engineering ¢
data reduction engine program may employ a.steady-state or tran
Core, and extend its iteration scheme to matech-component parame
er case, the predictive capability of the engine model can be used
desired test condition (which may be*unattainable). The engine
reduction program will nearly always'be a status model as defing
data reduction programs include:

n of test data to facilitate thelgeneration of status models,
berformance verificationtests,
n of engine/airframe performance issues based on aircraft flight te

des additional infermation on data reduction programs.

brs of engine ‘performance computer programs may combine two d

u: categories (steady-state, transient or data reduction) within a sir|

nent,

esults from
performance
bquations.

sient engine

ters to engine test
to extrapolate the
model used as the
bd above.

sts.

r three of the
gle delivered

3. GENERAL REQUIREMENTS:

This aerospace standard describes a class of software whose audience is one or a few specific users.
It offers standards or recommended practices for the delivery of that software. However, there is every
opportunity for the developer and the user to meet to establish the specific needs for that software.
This standard provides a basis for identifying the issues of that discussion. Elements of this standard
may only be waived by mutual consent of the supplier and the user. Failing agreement to a waiver by
both parties, this standard establishes the requirements for the delivered program.
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3.1 Program Operation:

3.1.1 The program will be supplied in a form adaptable to the user’'s computer. Provision to operate the
program on more than one computer type or operating system will be coordinated between user

3.1.2

3.2 User Documen

3.2.1

3.2.2

and supplier.

The program will be able to function as a subprogram (herein called the engine subprogram) and
as an independent program consisting of a main program which calls the engine subprogram.

The program
be in the forn
(e.g., via the
documentatig
it is permitted

The program

checkout of the program from the documentation that.describes program opera

interpretation

The “Installat
information.

Program Des

minimum memmnory, disk space, etc), software environment (operating system, ¢

programming

Program Setd
or the users’
flowchart and

fation:

supplier will deliver user documentation with the program.“Jser d
of paper manuals, electronic media, on-line help or remotely accq

n for earlier releases of the program. With the explicit approval of
to provide an update to prior documentation.

supplier is urged to separate the documentation that describes ing
of program output.

on and Program Checkout” decumentation will include the followir

cription: This section willdescribe the required computer hardware

p: This section will include instructions and information to enable
computer staff to set up the program. It will include an overall prog
sufficient information to set up and execute the program in indepe

a subprograny. This’information should be provided in paper documentation an
included in ar:[ ob-line help system. An example flowchart for a user calling prod

bcumentation may
ssible instructions

nternet). User documentation will normally be completely independent of

the program user,

tallation and
ion and

g minimum

(computer model,
pmpiler, etc.),

practices, and software quality assurance standards upon which §he program relies.

the program users
ram structure
ndent mode or as
d may also be

ram is included as

Appendix A.

Listings: Source code listings of the calling program and of the input and output statements used
directly by the calling program will be supplied with the computer program. The supplier is urged to
include descriptive comments in the source code listings to facilitate understanding.

Test Cases: This section will describe the test cases that the supplier provides for program
checkout by the user. All test case inputs and associated results including reasonable bounds for
variance of key parameters will be supplied.
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3.2.3 The “Program Operating Instructions” documentation will include the following minimum
information. Additional requirements for specific model types are given elsewhere in this standard.

3.24

Introduction: This section will provide an overview of the engine model, and of the gas turbine
engine being modeled. It will describe the intended uses for the model. It will document the nature
of, and reason for, revisions to engine computer programs from earlier versions.

Table of Contents: This section should list all documents delivered with the engine program and

list the conter
the on-line hg

tsof eactrdocument,—T e orn=tne equivatent stroutdtistatt rajor
Ip system.

Engine Desclliption: A description of the engine will be provided, as represente

program, and
This must inc
engine, averg

Nomenclature
an engine crd

Input/Output:
and program
sufficient dete

Engine Progr
other features

Program Mes
and define al

Identification

any other information to understand the performance and operati
ude specification of the “performance level” of the engine model (¢
ge engine).

p: This section describes the rules of nomenclature used in the m
ss-section to illustrate station identification;

This section will include information-fequired to understand the u
input and output (see AS755). All\program inputs and outputs will
il to avoid ambiguity, including. their units of measure.

Am Description: This seetion will describe the interfaces, options,

b of the program, to enable the user to fully understand the capabi

Numerical Status Indicator (NSI) codes.

program, an
engine progr

m to-earlier releases.

opics included in

by this engine
bn of the engine.
b.g., minimum new

pdel and provides

ser documentation
be described in

imitations, and
ity of the program.

sages: This section will explain the messages produced during pfjogram operation

and Revision Procedure: This section will provide the unique identification of the

blationship of this

rsociated date, and other information needed to understand the r

References:

Include details of any citations called out in the document.

Index: Although not mandatory, an index is highly desirable (or a search engine for on-line help

systems).

Data Packs/Card Packs: Engine programs can include a mechanism to allow modification of the
performance representation (or other program features) using so-called data packs or card packs.
This often eliminates the need to deliver a completely new engine program. Whenever an engine
program provides such a capability, its use is to be described in the user documentation. Further,
whenever a new data pack or card pack is issued, associated documentation will be provided to
assist users in installation, checkout and interpretation of program results with the data pack/card
pack. All items listed in paragraphs 3.2.2 and 3.2.3 are to be addressed except for those that
obviously do not apply.



https://saenorm.com/api/?name=cdb53423db3225f20cf5864cf9cbcf77

SAE AS681 RevisionH

3.3 Program Scope:

3.3.1 Engine Limits and Program Limitations: Engine limits are those conditions beyond which the

3.3.2

3.3.3

3.3.31

3.3.3.2

engine is not intended to operate. Engine limits observed by the computer prog

ram will be

specified in the user documentation including any functional dependence on other parameters.

When input to the engine program calls for operation beyond engine limits, the program will

perform the calculatlon if pOSSIble and mclude an approprlate numerlcal status
output. The
the applicable

I|m|t|ng engine controlling varlable

Program limitations define the bounds within which the program will funétion an

indicator in the
parameters and/or

i still adequately

simulate the ¢ngine (these need not coincide with the engine limits),*Program IJ;mitations will

normally excged the corresponding engine limits, however, more/restrictive pro
may be used|based on agreement between the program suppliep and user.

Consistency:| Consistency is used here to mean the agreement between transi

and reference data. Reference data may be a more rigerous model or test datg.

gignificantly and depend upon the specific-application. The coordin
a key element of model delivery.

criteria vary
consistency i$

Validity: The|boundaries within which the engine program is valid will be descri
documentatign.

When test data is limited, the valid range of an engine program may only be 3
complete flight envelope. Any-sueh limits of program validity will be identified
documentation.

When test and design.data are limited, the range of a parametric engine prog
be a subsef of the full'flight envelope and power level range. Also, capabilitie

bleed, distotion effects, windmilling, etc., are often omitted in these programs|.

will be desqgribed.in the user documentation. Life and duty cycle assumptions

ram limitations

bnt model outputs
Consistency
ation of model

bed in the user

part of the
in the user

am will generally
5 such as anti-ice
Such limitations
will also be clearly

described i

the engine description section of the user documentation to aid ifterpretation of the

predicted performance, weight, and dimensions.
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4. PROGRAMMING PRACTICES:

4.1 Computer Capabilities:

4.2

4.3

As engine performance programs increase in size or complexity, they place greater demands upon
their computer hosts. The program execution time will depend on the inherent capability of the host
computer, the complexity and level of detail embedded in the model, and the extent of the studies
being accomplished using the engine program. These issues need to be understood by both the

program suppli
the user’'s com

Program Langu

Any ANSI stan
computer progf
Languages for
between the su
features to be |
programs will u

ARP4191 desc
communication
practice used d

ARP4868 desc
to the position-
be implemente

Both ARP4191
throughout the
language not d
and must patte

T ard e USer su - that the progranT detivers acceptate Tomputing
puter system.

age:

ard computer language (for instance, C, Ada, FORTRAN 77) may
ams, provided the language has been agreed to-by)the user and t
Wwhich an ANSI standard is not available may also be used, but ca
pplier and the user regarding language issues-(such as compiler g
sed) is strongly recommended. If not otherwise coordinated, eng
se FORTRAN 77 as a default language:

Fibes the use of FORTRAN 77 and FORTRAN COMMON blocks t
between user and supplier. The approach of ARP4191 is, in esse
uring the last 30 years.

ribes the use of a “function-call application program interface” (AP
lependent programsinterface method of ARP4191. The ARP4868

and ARP4868 describe interface protocols commonly used and w|
gas turbine‘industry. Engine computer program developers who €
bscribedin these practices are expected to comply with the requirg
n theirimplementation after ARP4191 or ARP4868, choosing the

practice that m

I using FORTRAN,Jor in newer languages, such as Ada, C or C++|.

performance on

be used for engine
ne supplier.

eful coordination
hoice and specific
ne computer

D manage data
nce, the standard

) as an alternative
API approach may

ell understood
lect to use a
bments of AS681,
recommended

pst.closely matches their selected program interface strategy.

Precision:

Hardware and software differences (e.g., word length, compiler, operating system) between
computers can result in differences in performance output from otherwise identical programs.
Differences in output of steady-state programs from the supplied test cases greater than 0.25%
should be reviewed with the program supplier. For transient programs, differences smaller than +1%
at a given output time are considered normal for engine transients of 10 seconds or less. Larger

differences sho

uld be reviewed with the program supplier.
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4.4 Station ldentification:
The numbering system described in AS755 will be used in program input and output to identify points
in the gas flow path significant to engine performance definition. Supplements to AS755, deemed
necessary by the program supplier, will be detailed in the user documentation.

45 Nomenclature:

4.5.1 Modern progh
program varigbles and parameters. Engine programs are permitted, but notirequired, to use these
descriptive lapels for variable identification. However, there will continue-to_be situations where
abbreviated qymbols will be desirable (either for economy or because the computer environment
precludes us¢ of long strings). In cases where symbols are to be substituted for fully descriptive
labels, the lisj of symbols contained in AS755 will be used to identify’input and gutput parameters
of the engine[program. AS755 does not require use of specific.symbols within the engine
subprogram.

4.5.2 The following|symbols, which refer specifically to computer programs, are addefl to those of
AS755.
a. CASE Numerical case identification
b. CCLASS Engine program security_classification
c. CIDENT Engine program identification
d. NIN Input File Number
e. NOUT Output File Number
f. NSI Numerical status indicator
g. PC Power code
h. RC Rating.code
i. SDIST Inlet;pressure and temperature distortion selection
j. SERAM Rant pressure recovery selection
k. SIM [nlet mode selection
. SWIND Windmilling performance selection
m. CTITLE Title supplied by program user
n. Z (leading) Prefix for a variable name, used in input, that may also be used in output.

4.5.3 Some compilers limit the number of characters per parameter label. When such a limitation
precludes compatibility with 4.5.1 and 4.5.2, each parameter label will be determined by the
program supplier and defined in the appropriate section of the user documentation. Included as
part of the definition, the program supplier will indicate the standard parameter name per AS755 or
AS681.

-10 -
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4.6 Power Definitio

n:

Power level and other performance parameters for the significant engine ratings (e.g., takeoff,
intermediate) will be available from a steady-state engine program by simple input (the user will be
able to request these significant engine ratings without needing to know the intricacies of power

management).

The power level selection will be implemented using the following input hierarchy: Power Lever

Angle (PLA), P
user document

4.6.1 Power Lever

4.6.1.1 When posit
angle is kng
shown in T4
injection. T
these powe
codes will
documenta

pwer Cote (PC), RatinmgCode(RC),and any additiorat performman

htion will describe the selection process.
Angle or Power Code: The Power Code is defined as follows:

ve, the power code will represent the power level specification. W
wn, it should replace the power code. Positive Power Code valug
lble 1. Many engines will have power levels covering emergency ratings and/or water
he value of Power Code and Rating Code in.the range 51-59 may
r levels while maintaining consistency withTables 1 and 2. Unas
e coordinated between the program user and supplier and defineg
ion.

TABLE 1 - Power Code Assignments

ce selection. The

hen power lever
s are assigned as

be used to define
bigned power
in the user

Power
Code Definition
100.0 Maximum
Augmiented to to
60.0 Minimum
50.0 Maximum
Nonaugmented to to
260 tcte
15.0 Idle
Reverse to to
5.0 Maximum

-11 -
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4.6.1.2 When Power Code has an input value of zero, the input value of Rating Code will be the basis for
the calculated performance. Rating Code definitions are given in Table 2.

TABLE 2 - Rating Code Assignments

Rating Definition Definition
Code Military Commercial
1000 Maximum Emergency
Augmented 90.0 Maximum Continuous Maximum
60.0 Minimum Minimum
55.0 Wet Takeoff
55.0 Maximum
50.0 Intermediate Dry Takeoff
45.0 Maximum Continuous Maximum Cortinuous
Nonaudmented 40.0 Maximum CIirqlb
35.0 Maximum Crulse
21.0 Flight Idle Flight Idle
20.0 Ground ldle Ground Idle
Revers¢ 15.0 Idle Idle
5.0 Maximum Maximum

4.6.1.3 A negative
specificatio
settings). T
documenta

nput value of Pewer Code will be used to select alternate method
N (e.g., iteration to a specified net thrust or selection of a specified
he optionsavailable using negative Power Codes will be fully des

on.

4.6.2 Rating Code:

The Rating Code permits selection of specified ratings that may H

5 of power level
series of power
Cribed in the user

equire different

Power Lever Angles as flight or aimospheric conditions vary.

Rating Codes are defined in Table 2. Unassigned Rating Codes may be used for additional ratings
which should be coordinated between program user and supplier. Additional Rating Code options
will be defined in the user documentation.

4.6.3

engine operating conditions (e.g., SWIND).

Additional Performance Selection: Additional performance selection may be required for unusual

-12 -
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4.7 Standard Thermodynamics:

The following references will be used for engine performance determination:

4.7.1 Standard Atmosphere: Ambient temperature and pressure in engine performance programs will

4.7.2

4.7.3

4.7.4

4.8 Programming S

4.8.1 The choice of

be consistent

with the geopotential pressure altitude of ISO 2533.

Standard Dry Air: The composition of standard dry air is to be based on that used for ISO 2533,

nnmbercﬁmdﬂm‘spemﬁmﬁﬁy‘&m#eaﬁmmmﬂ‘ements. Upon
request by th

but with the

Fuel: FuelH
documentatio
calculation or
provided in th

in an associated control model. Other fuel charactefistics used in

e user documentation, if specifically requested by.the program user.

b program user, the composition will be included in the user doctmentation.

pating Value assumed by the computer program will be spgécified if the user
n. Fuel Specific Gravity will also be specified if it is uséd in the performance

he program will be

Thermochemjcal Data: Thermochemical data used in the~computer program will be provided in

the user docy
of gas turbing
NIST-JANAF
representatio
efficiency req
thermodynanm
NIST-JANAF

highest level
rapid comput
as a result.

Thermochemical Tables, Fourth Edition, Parts | and Il, within the |
uirements. Upon request by theuser, the supplier will provide a ¢

ic process calculations based-on his thermochemical data and tha

tandards:

ation, although the supplier should be careful to insure that errors

mentation, if requested by the program user. Thermochemical datg, for the purpose
engine performance calculations will be consistent with data pregented in the

mits of physical

N (e.g., reaction and heat transfer.rates), engineering accuracy, arld computational
pmparison of the

t given by the

Thermochemical Tables;within the range of applicable engine opérating conditions.

compiler optimization should be coordinated between user and sUipplier. The
pf compiler-eptimization available to the program supplier is preferred, to provide
bre not introduced
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4.8.2 The program supplier will provide automatic preventative action for the following illegal arithmetic

operations or

Illegal arg
Illegal arg
Division b

oo oW

This preventa
system suppl
Numerical St
always be ca

this capability.

4.8.3 The program
loaded.

4.8.4 Theenginep
separate callg

5. PROGRAM CAP
Features describ

5.1 Time Interval G
It is particularly|
program user f

requiring discu

5.1.1 Aninputvalu
from the start

processes:

The square root of a negative number

uments to exponential functions
uments to logarithmic and inverse trigonometric routines
y zero

htus Indicator will indicate the specific problem(s) encountered? T}
pable of continuing with the next case provided the user's.progran

supplier will assume that the computer memory iS NOT cleared w

ogram, while operating in subprogram mogde, will be available as o

ABILITIES:

bd in this section will be included when they apply.
ontrol (Transient Programs):

important that there be close coordination between the program s
pr transient pragrams. The paragraphs that follow indicate some @

bsion, and some of the more common practices for transient mode

b of time;" ZTIME, will be used to inform the engine subprogram of
of the'fransient case at which it is to return control to the calling prd

also be return

mwmmmwmegmgmmw”ed to the user's
e

d routines. When any of these conditions renders the case invaljd an appropriate

e program will
does not override

en the program is

he call, rather than

5 to a collection of routines which, whenitaken in combination, repijesent the engine.

upplier and the
f the issues
S.

the value of time
gram. Control will

ed)if certain values of Numerical Status Indicator are created. En

ine subprogram

output data will be available at each return.

5.1.2 A steady-state solution providing initial conditions for the transient will be generated whenever the
input value of time, ZTIME, has a value of zero.

5.1.3 TIMEO will be used to define the time interval between generated outputs. ZTIMET will be used to
define the termination time of a given transient case.
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514

5.1.5

5.1.6

5.2 Variable Input

521

5.2.2

5.2.3

It may be necessary for the user to iterate between a user program and the engine subprogram. In
this case, repeated input to the engine subprogram for the same value of time (ZTIME) may be

required, until convergence of the iteration is achieved. In these situations, both the program user
and the program supplier need to have a thorough understanding of the user’s requirements, and
agree to the methods used to achieve these requirements.

Both program user and supplier need to understand the user’s frequency requirements. The
engine subprogram must contain logic to ensure that its internally-selected time step is adequate to

properly mod

converge can

also be caused by severe ramps or step changes of input. If suc

anticipated, cpordination between program user and supplier is essential;

The program
value (FYPH
time at which
frequency rey

When the prg
responsibility

Provision to S
parameters v
responsibility

frequency is changed from FYPH to FYSH and TIMEF2 is the tim
erts to FYPH.

Transient Programs):

to provide this capability belongs.to-the user.

chedule an input parameteragainst internal engine parameters (e
brsus intake mass flow, power extraction versus shaft speed) shal

required for these calculations frem-the engine subprogram output.

In some cases, the transient engine program operates as a subprogram and its

differs from th
required, it is
that the ratio
require comp

e output timetincrement (TIMEO) required by the user's program.
recommeénded that the user's and supplier's programs be synchro

ex interface schemes that use interpolation and/or extrapolation.

eHthefrequency Tange Tequited by theuser, Faiture of theengine

may have the capability for the user to change the input frequency
to a secondary value (FYSH) and back, once during the transient

subprogram to
n changes are

from an initial
TIMEF1 is the
b at which

gram user is required to perform studies that vary an input parameter with time, the

g., distortion
be the

of the program user. The program user will obtain the internal engiine parameters

time increment
When this is
hized. -- meaning

Df the fwo time increments be an exact integer value. Asynchrongus operation will
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5.3 Inlet Representation:

5.3.1 Inlet Mode: The engine program will calculate performance when provided with any of the
following combinations:

1. (SIM=1) Altitude, free stream Mach number, deviation of ambient temperature from standard,
and ram pressure recovery (one of the options of 5.3.2).

(SIM = Z)memrmmmmﬂperature at the inlet/
engine inferface, and a temperature increment for inlet heat transfer to be‘afded to the inlet

total temperature (T1A =TO + DT1A).

2.

3. (SIM > 2)[ Other options, as coordinated between user and supplier.

5.3.2 Ram Pressurg Recovery: Several options for ram pressure recovery will be provided (identified by
the ram presgure recovery selection, SERAM). Two categories of options are prpvided. The firstis
used for engine inlet average recovery. The second provides the ability to differ¢ntiate primary and
secondary stieam recoveries. The specific options arecefined in Table 3.
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TABLE 3 - Ram Pressure Recovery (SERAM) Assignments

SERAM

Definition

Average Recovery Options
1

A specified ram pressure recovery standard.

Differentiated Primary and
Secondary Stream Options
4

Tl + + i £ H malad-tatal + £
T TTPUl TdUU UT TTHIYnic et tutdl JIrocoourt tU I

stream total pressure.

The ratio of engine inlet total pressure to-free stijeam total

pressure (ERAM) as a function of referred engin

(WR*) and/or free stream Machniimber (XM).

The input ratio of primary stream engine inlet total

pressure to free:stream total pressure; and the i
ratio of secondary stream engine inlet total pres
to free streant total pressure.

The input ratio of primary stream engine inlet total

pressure to free stream total pressure; and the r,

e airflow

hput
sure

atio

of secondary stream engine inlet total pressure {o free

stream total pressure as a function of referred e
airflow (WR*) and/or free stream Mach number

The ratio of primary stream engine inlet total pre

ngine
XM).

ssure to free

stream total pressure as a function of referred e

ngine airflow

(WR*) and/or free stream Mach number (XM); and the ratio
of secondary stream engine inlet total pressure to free stream

total pressure as a function of referred engine ai
and/or free stream Mach number (XM).

rflow (WR¥)
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5.3.2 (Continued):

SERAM optio

ns 4, 5, and 6 are intended for use with bypass engines.

SERAM options 3, 5, and 6, which provide for a functional relationship between ram recovery and
engine airflow and/or free stream Mach number, require a user supplied subprogram with
arguments, XM, WR*, SECALC and ERAM, where WR* denotes W1R or W1AR as appropriate.

The user supplied subroutine will interpret the value of SECALC to return the values of ERAM as

presented in

Fabte=:

TABLE 4 - Ram Pressure Recovery Calculation Options
Option (SECALC) Ram Recovery (ERAM)

1.0 Average
2.0 Primary Stream
3.0 Secondary, Stream

5.3.3 Distortion: The effects of inlet pressure and temperature distortion (radial, circumferential, and

temporal) on
ARP1420 shq

5.4 Customer Serv

5.4.1 Bleed Air: Th
services. Thé
flow rate or, v
non-zero valu
the two speci
temperatures
the bleed por

the engine may be included in the\program when data or estimate
uld be consulted for details.

ces:

e engine program will.calculate performance when air is extracted
b user will be ableto specify the amount of air extracted from each
here applicable,.as a ratio to the component inlet gas flow rate. If

fied values,{subject to override by program limits). The correspon
and pressures will include engine induced heat transfer and press
interface.

5 are available.

for customer
bleed station as a
the user specifies

es for both.rate and ratio of the bleed air the resulting total bleed flow is the sum of

ling output
ure losses up to

This requirem

entis walved Tor preliminary design programs, whnich often do not |

customer bleeds.

nclude modeling of

5.4.2 Power Extraction: The engine program will calculate engine performance when power is

extracted.
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5.5 Engine Supplied Nozzle Effects:

5.5.1 Nozzle parameters used in the calculation of engine performance will be included in the program
output. The nozzle parameters will include:

55.2

5.6

5.7

5.8

5.9

a. Nozzle area(s)

b. All gas flows

c. All engine discharge gas temperatures and pressures

d. ldeal grogsthrost

e. Required|user-supplied nozzle cooling airflow

When a separate subprogram, or supplementary data are needed to define extg

an engine su
in the prograr

Parasitic Flows]

Parasitic flows
engine at point
engine perform
of flow for each
Anti-Icing:

The engine pro
involves the us

Fluid Injection:

When engine o

pplied nozzle for user performance calculations, the appropriate da
n output.

nclude planned flows, other than the customer bleed flow, dischar
5 other than the exhaust nozzle. The engine program will calculats
ance of such planned flows, includingithe total pressure, total tem
parasitic flow in the program output:

gram may have the capability of calculating engine performance w
e of inlet and/or wing anti-icing.

peration @llows the use of fluid (e.g., water/alcohol) injection for al

engine progra
the performan

Z’vewill compute engine performance for such operation. The injecte

calcdlation will be included in the program output.

brnal geometry of
ita will be included

ged from the
e the effect on
perature, and rate

hen operation

gmentation, the
d flow rate used in

Fuel Properties:

When the engine program allows the user to vary fuel properties (lower heating value, specific

gravity), the foll

a.
operated.

owing restrictions apply:

forth by appropriate agencies.

The range of fuel property values is limited to that of the fuels with which the engine can be

The allowable variation in fuel properties for a specific fuel will be based on requirements set
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5.10 Windmilling:
The engine program may offer prediction of performance under windmilling conditions. If so, the
user documentation will specify the conditions (e.g., altitude versus Mach number regime) for which
program output is valid.

5.11 Reverse Thrust:

The engine progranTTay mciuode predictionof theperformarnce of theengime witian attached thrust
reverser or spojler. If so, the user documentation will specify the flight conditiensfand engine limits
(e.g., power sefting) for which program output is valid.

5.12 Variable Contral Schedules:

If the engine prpgram includes variable control schedules that can be scheduled by the user, a
physical and fuhctional description of the control schedule options will be provided in the user
documentation] The engine program output will define the¢position of the variablg control schedule
parameter(s) fgr which the performance is calculated. If the user has the option tp reschedule any
control schedules without consulting the program supplier, a description of the mgthod of input and
the permissible] variation will be included in the user-documentation.

5.13 Engine Stability:

The engine program will indicate compenent stability problems, (e.g., compressol surge, burner
blow-out) by usge of an appropriate Numetrical Status Indicator.

5.14 User Supplied Programs:
The engine program, whemused as a subprogram, may be required to interface with user supplied

programs reprgsenting _such features as engine inlet, ejector inlet for an engine stipplied nozzle,
exhaust nozzle| portsfor customer services, or secondary nozzles for boundary I¥yer control. The

operation of thg usersupplied program and the engine subprogram must be clos¢ly coordinated to
allow for succegsful interaction between them, and to ensure the necessary inputfand output is
provided. The program user will provide documentation to the program supplier describing the
intended use of all interface items.
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6. INPUT/OUTPUT:

6.1 Program Interface Definition:

6.1.1 For many years, engine programs were developed using the FORTRAN language. AS681 was
developed, in part, to specify the standard for communicating between the calling program and the
engine subprogram. Today, many languages are available to develop the engine subprogram and
the calling program. Other communication methods may be preferable, even if FORTRAN is the

language of .
ARP4191 defines the traditional program interface, for those who choose toruse
describes an falternate program interface that is also compliant to this Aerospac

All programs should provide the following inputs and outputs if appropriate to th
If the program uses 6-character labels in its input andQutput facilitieq
below are thg standard and must be provided. This does not preclude use of lo
descriptions.

modeled.

6.2 Minimum Input|List:

CASE
FYPH
FYSH
IND
SDIST
SERAM
SIM
SWIND
TIMEO
TIMEF1
TIMEF2
TITLE
ZALT
ZDT1A
ZDTAMB
ZERAM1
ZERM11
ZERM1A
ZPAMB
ZP1A
ZPC
ZPLA
ZPWSD
ZPWXH
ZRC
ZT1A

Nuimerical case identification

Primary maximum response frequency
Sécondary maximum response frequency

Engine program designation

et pressure and temperatufe distortion selection

e at which frequency is changed to secondary value, FYSH, (for
e at whieh frequency reverts to primary value, FYPH, (for transie
Uger title

Geopotential pressure altitude

nterface.
it. ARP4868
e Standard.

e engines being
, the labels given
nger labels or

transient case)
nt case)

Tempeérature to be added to T1A
At .

Primary stream ram pressure recovery
Secondary stream ram pressure recovery
Ram pressure recovery at station 1A

Ambient pressure

Engine inlet total pressure at station 1A
Power code

Power lever angle

Delivered shaft power

Customer high pressure rotor power extraction
Rating code

Engine inlet total temperature at station 1A
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6.2 (Continued):

ZTAMB Ambient temperature

ZTIME Time from start of transient case at which control is to be returned to calling program
ZTIMET Termination time of transient case

ZTRQSD Delivered shaft torque

ZWB3 High pressure compressor bleed flow rate

ZWB3Q High pressure compressor discharge bleed flow ratio (discharge over component inlet)
ZXJPTL Polar moment of inertia of power turbine load

ZXM Freestrearmvtactrmommber

ZXNSD De¢livered shaft rotational speed

6.3 Minimum Outplit List:

AE18 Bypass exhaust nozzle throat effective area
AE8 Pnimary exhaust nozzle throat effective area
ALT Ge¢opotential pressure altitude

ANGBT Bgat-tail angle

CLASS Engine program security classification

DT1A Temperature added to T1A

DTAMB Ambient temperature minus standard atmosphere temperature
ERAM1 Primary stream ram pressure recovery
ERAM11 Sé¢condary stream ram pressure recovery
ERAM1A  Ram pressure recovery at stationv1A

FG GHoss thrust

FG19 Bypass stream gross thrust

FGI Ideal gross thrust

FGI19 Bypass stream ideal gross thrust

FHV Fdel lower heating_value

FN Net thrust

FRAM Ram drag

IDENT Engine program title(s)

NSI Numerieal Status Indicator. See 6.6

P17 Bypass exhaust flow total pressure

P1A Erngime et totat pressure at statiom 1A

P7 Primary exhaust flow total pressure

PAMB Ambient pressure

PB3 High pressure compressor discharge bleed flow total pressure
PC Power code

PLA Power lever angle

PWSD Delivered shaft power

PWXH Customer high pressure rotor power extraction
RC Rating code

SFC Specific fuel consumption

SMH High Pressure Compressor Surge Margin

SMI Intermediate Pressure Compressor Surge Margin
SML Low Pressure Compressor Surge Margin
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6.3 (Continued):

T17 Bypass exhaust flow total temperature
T1A Engine inlet total temperature at station 1A
T7 Primary exhaust flow total temperature
TAMB Ambient temperature
TB3 High pressure compressor discharge bleed flow total temperature
TC Control temperature (cockpit display)
TIME Output Time, from start of transient case
TRQSD Detiveredstafttorgue
W17 Bypass exhaust flow rate
WI1A Engine inlet flow rate at station 1A
w2 High pressure compressor inlet flow rate
w7 Primary exhaust flow rate
WB3 High pressure compressor discharge total bleed flow sate’(combined result of inputs of
total bleed flow, WB3, and bleed flow ratio, WB3Q)
WB3Q High pressure compressor total bleed flow ratio.=- discharge over component inlet
(cpmbined result of inputs of total bleed flow, \WBS3, and bleed flow ratio, WB3Q)
WFE Engine fuel flow rate
WFT Tatal fuel flow rate
XM Free stream Mach number
XNH High pressure rotor rotational speed
XNI Infermediate pressure rotor rotational speed
XNL Lgw pressure rotor rotational speed
XNSD Delivered shaft rotational speed
6.4 Program Outpyt:
Display of program output will be' under the control of the calling program.
6.5 Units:
Input and outpyt parameter values may be based on either the metric International System of Units
(S1) or US custpmary units (pound, foot, etc.). The selection of one set or the other should be

coordinated between user and supplier. Appendix B defines the units that should be used for either
system.

6.6 Numerical Status Indicators:
6.6.1 Numerical Status Indicators will be used to notify the user of any limitation or qualification of the

program output. The Numerical Status Indicator codes defined in 6.6.2 will be used. The program
supplier may also elect to include a suitable message in the program output.
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6.6.2 A four-digit number will be used as the message indicator. The left-most digit will indicate the
guality of the output, using the definitions in Table 5. The second digit (from the left) will indicate
the nature of the problem affecting the output, using the definitions in Table 6. The third and fourth
digits will complete the code for the specific problem. All Numerical Status Indicator codes will be
defined in the user documentation. A minimum of ten Numerical Status Indicators (the first nine
and the last one encountered) will be saved for output during steady-state operation.

TABLEES—FirstBigit-Numereal-Statusrdicater-Assighments
NS First Digit, Quality Indicators
00qo All output valid, no errors, no limits exceede&d
0XXX Input reset to limit, output valid as specified
1IXXX Limit exceeded, output provided fop interpolation only
2XXX to 8XXX Open for program supplier's use
9XXX Output not valid

During transi¢nt operation, at least one Numerical Status Indicator will be saved for output.
Additional Numerical Status Indicators may be sayed as agreed between supplier and user. If an
invalid-outpuf Numerical Status Indicator (9XXX) occurs, the transient should bé terminated and
the value of time (TIME) at which failure ocetrred should be available.
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