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1. SCOPE

This SAE Aerospace Standard (AS) provides the method for presentation of gas turbine engine steady-state and transient
performance calculated using computer programs. It also provides for the presentation of parametric gas turbine data
including performance, weight, and dimensions computed by 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. This standard is applicable, but not limited to, the following program types: data reduction,
steady-state, transient, preliminary design, study, specification, status, and parametric programs.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications

shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of thisxdoqument takes precedence.
Nothing in this documen}, however, supersedes applicable laws and regulations unless'a)spetific exemption has been
obtained.

2.1.1  SAE Publications

Available from SAE Interpational, 400 Commonwealth Drive, Warrendale, PA*15096-0001, Tel: 8/7-606-7323 (inside USA
and Canada) or +1 724-7[76-4970 (outside USA), www.sae.org.

AIR4548 Real-Time Modeling Methods for Gas Turbine Engine Performance

AIR5509 Using Engine Test Data to Model Engine Perforthance

AIR6508 Supplemgntal Propulsion System Performance Station Designation

ARP1420 Gas Turbine Engine Inlet Flow Distortion Guidelines

ARP4148 Gas Turhine Engine Real Time Rerformance Model Presentation

ARP4868 FunctioniBased API for Gas)Turbine Engine Performance Programs

ARP5571 Gas Turlline Engine Rerformance Presentation and Nomenclature for Object-Orignted Computer Programs
ARP7998 Shared Nlemory Interface for Gas Turbine Engine Performance Programs

AS210 Definitior) ©f Commonly Used Day Types (Atmospheric Ambient Temperature Characteristics Versus

Pressure Altitude)

AS755 Aircraft Propulsion System Performance Station Designation
AS4191 Gas Turbine Engine Performance Presentation for Computer Programs Using Fortran
AS6502 Aircraft Propulsion System Performance Nomenclature

Figure 1 presents a family tree of SAE S-15 documents and illustrates the relationship between the various SAE S-15
documents referenced in this document.
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GTE Performance
Presentation

AS681
Fortran Object- Day Types Analysis/ Real-Time
Oriented AS210 Data_ Simulation
Station AS755 Reduction ARP4148
Numbering AIRE508 ARS509 AIRA548
Nomenclature AS6502 ARP5571
AS4191 ARP4868
Interface
ARP7998

Figure 1 - S-15 document family.tree
2.1.2 1SO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 2533 ISO stanfard atmosphere
2.1.3 NIST Publicationg
Available from NIST, 100[{Bureau Drive, Stop 1070, Gaithersburg, MD 20899-1070, Tel: 301-97516478, www.nist.gov.
NIST-JANAF  Thermochemical Tables, Fourth Edition, Parts | and Il
2.1.4 U.S. Government Publications

Copies of these documerts are, available online at https://quicksearch.dla.mil.

MIL-E-5007D Engine, Aircraft, Turbojet and Turbofan, General Specification for [Inactive]

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.
2.2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

TSB 003 Rules for SAE Use of SI (Metric) Units
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2.2.2 ISO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 1000 Sl units and recommendations for the use of their multiples and of certain other units

2.3 Program Categorizations

Computer programs which calculate engine performance may be categorized according to their time dependency, method
of calculation, and their life cycle phase (concept design, development, production, field use, and overhaul). The program
types defined below are not mutually exclusive; in fact, it is quite common for two or more of the functions listed to be
combined in a single program.

2.3.1  Program Time Dependency

Engine programs can be defined based on their time dependency:
o Steady-state program
e Transient program (real-time or non-real-time)

2.3.2 Engine Program Life Cycle Phase

Engine programs can be defined based on their life cycle phase:
e Preliminary Design pyogram/study program

e Specification program
e Status program

e Parametric program
2.4 Definitions

2.4.1 Program Type D¢finitions

2411 DATA REDUCTION PROGRAM
Program used to interprgt results from performance testing. A data reduction program may dirgctly compute component
performance characteristjics.(€.g., efficiency) from measured data using standard engineering gquations. Alternatively, a
data reduction program may-empley-a-steady-state-ertransient-engine-program-as-its-eeresand-ektend its iteration scheme
to match predicted component parameters to engine test data. In the latter case, the predictive capability of the engine
model can be used to extrapolate the test results to the desired test condition (which may be unattainable with the given

hardware or test facility). The engine model used as the core of this type of data reduction program will nearly always be a
status model as defined below. Applications of data reduction programs include:

a. Interpretation of test data to facilitate the generation of status models.
b. Analysis of performance verification tests.

c. Interpretation of engine/airframe performance issues based on aircraft flight tests.
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241.2 PARAMETRIC PROGRAM

A special type of preliminary design program. Program which estimates 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 generally result
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.
2.41.3 PRELIMINARY DESIGN PROGRAM

Program which estimates the engine performance prior to the point in the development of the engine when its performance
is defined by a specification. A typical application of a preliminary design program is to provide data to support preliminary
aircraft design.

2414 REAL-TIME PROGRAM

Transient performance pi
ARP4148 and AIR4548 p

2415 SPECIFICATIC
Program which establishq
is to generate performang
2416 STATUS PRO
Program which reflects th

on greater test experien
specification programs. A

ogram whose outputs are generated at a rate at least as fast as the phy
rovide additional information on real-time programs.
N PROGRAM

s the guaranteed performance for a specific engine'model. A typical use
e data for engine and aircraft guarantees.

5RAM
e current performance status of a specific engine or group of engines.

ce than specification programs. Status programs do not alter the coni
pplications of status programs-include:

sical system represented.

of specification programs

They are normally based
mitments established by

a. Pre-test performance prediction for a specific engine.

b. Modeling an engine tp investigate test operating procedures for ground test and/or flight test.

c. Extrapolation and/or interpolation of limited test data.

d. Generation of data o1 simulation.of engine for use in simulators.

e. Prediction of the aver|age performance of a group of engines (e.g., the average of all production engines shipped).
f. Generation of data for aircraft flight manuals.

AIR5509 discusses how test data is reduced and used to create engine models. These could include status programs.

2417 STEADY-STATE PROGRAM

Program which predicts engine performance for steady-state conditions (i.e., when time derivatives are zero).
24.1.8 STUDY PROGRAM
A program that reflects perturbations or updates to a previously defined engine configuration for investigative purposes

(e.g., an impact assessment of a proposed change). Such a program may or may not become a new definition of the engine
configuration.
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2419

TRANSIENT PROGRAM

Program which predicts engine performance under time-varying conditions. Transient programs may simulate the engine
with a simplified control algorithm, or with a detailed simulation of the actual engine control system. Applications of transient

programs include:
a.
b. Support of airframe/e
c. Generation of data or

d. Simulation of the eng

2.4.2 Other Definitions

Prediction of engine acceleration and deceleration performance;

ngine integration studies, including flight control development;
simulation of engine for use in simulators;

ine for control bench testing.

2421 MODEL

Two applicable definitions:

a.
characteristics) of a (

b. A specific member of

2422 REFERREDE
Airflow (W) at a given en
that reference statio (e.qg.

3. GENERAL REQUIRH

This aerospace standard
or recommended practicq
user to meet to establish
that discussion. Element
agreement to a waiver by

3.1 Program Implemen

3.1.1  Program Adaptal

A computer program together with the appropriate input which simulates/the performa

p.

articular gas turbine engine design.
a gas turbine product line (e.g., PW120 or CFM56;7).
NGINE AIRFLOW (W*R)

gine station, indicated by the asterisk, @djusted for the conditions (pres
W1R, W1AR, W2R).

MENTS

describes a class of software whose audience is one or a few specific
s for the delivery of that software. However, there is every opportunity
the specific needs(for'that software. This standard provides a basis fo
5 of this standard_may only be waived by mutual consent of the supp
both parties,his'standard establishes the requirements for the delivere
tation

ity

nce (and possibly other

sure and temperature) of

users. It offers standards
for the developer and the
I identifying the issues of
lier and the user. Failing
d program.

The program shall 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 shall be coordinated between user and supplier.

3.1.2

Program Functionality

The program shall 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.
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3.1.3 Points of Consideration

The supplier and user shall consider the following points:

Build for 32 or 64 bit.

Software end user contact information.

Software supplier contact information.

List of compiler/hardware combinations to which the supplier has easy access.
Operating system and hardware for which the customer requires software.

What compiler, versions, and options are required.

Which interfaces sho
On which media shal

Any test-bed/test-sta

e Correct setting of any

3.2 Program Operation

3.21 Limits

Limits observed by the cd

The engine program will g
to be credible. If not, the
provided in the output. T
applicable limiting engine
3.2.2 Program Consist
Consistency is used herg

more rigorous model or
coordination of model cor

Lild the software support (e.g., command line, , API, DLL, Matlab, VBA,
the supplier provide the software.
nd/flight-test software specifics.

applicable environment variables.

mputer program shall be specified(in the user documentation.

llow inputs set beyond their.specified limit, upon request, provided the sy
nput will be limited. Regardless of the situation, an appropriate numeri
he numerical status indicator shall clearly define output validity, limitir
controlling parameter:

ENCy
to mean(the agreement between model outputs and reference data. §

est data=*Consistency criteria vary significantly and depend upon the
sistency is a key element of model delivery.

etc.).

pplier believes the results
tal status indicator will be
g parameters and/or the

Reference data may be a
specific application. The

3.3 User Documentati

n

The program supplier shall deliver user documentation with the program. User documentation may be in the form of paper
manuals, electronic media, online help or remotely accessible instructions (e.g., via the internet). User documentation shall
normally be completely independent of documentation for earlier releases of the program. With the explicit approval of the
program user, it is permitted to provide an update to prior documentation.

The program supplier is urged to provide separate documentation that describes installation and checkout of the program
from the documentation that describes program operation and interpretation of program output.
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3.3.1

The Installation and Program Checkout Documentation

This documentation shall include the following minimum information.

Program description: The program description section shall designate a unique program identification. This program
description section shall also describe the required computer hardware (computer type/model, minimum memory, disk
space, etc.), software environment (operating system, compiler including version and options, etc.), programming
practices, and software quality assurance standards upon which the program relies. The program supplier and the

Program setup: This section shall include instructions and information to enable the program users or the users’
computer staff to set up the program. It shall include sufficient information to set up and execute the program in
independent mode or as a subprogram. Any other information necessary to retrieve the program from the delivery
media shall be provided. This information shall be provided in paper documentation, electronic media, or may also be

a.
engine identification shall also be provided.
b.
included in an online help system.
c. Source code: Source

program shall be sup

Data shall also be degfined as internal (binary) or external (readable) form. The supplier is ur

comments in the sou

d. Test cases: This secLion shall describe the test cases that the supplier provides for program

test case inputs and
3.3.2 The Program Op

This documentation shall

given elsewhere in this standard.

a. Introduction: This sed
It shall describe the i
computer programs fi

b. Table of contents: Th
document. The onlind

c. Engine description: A
any other information
“performance level” d

d. Nomenclature: This s

code for the calling program as well as the input and output statements U
blied with the computer program documentation. File types shall bédefing

ce code to facilitate understanding.

ssociated results including reasonable bounds for, variance of key para
prating Instructions Documentation

include the following minimum information. ‘Additional requirements for

htended uses for the model. It'shall document the nature of, and reasd
om earlier versions.

s section should list all'documents delivered with the engine program an
equivalent shoulddistall major topics included in the online help systen

description of'the engine, as represented by this engine program, shg
to understand-the performance and operation of the engine. This must i
f the engine model (e.g., minimum new engine, average engine).

bction.describes the rules of nomenclature used in the model and providg

to illustrate station idqentification.

sed directly by the calling
bd (e.g., source or object).
pjed to include descriptive

checkout by the user. All
meters shall be supplied.

specific model types are

tion shall provide an overview of the engine model, and of the gas turbipe engine being modeled.

n for, revisions to engine

d list the contents of each
.

ll be provided along with
hclude specification of the

S an engine cross-section

Input/output: This section shall include information required to understand the user documentation and program input
and output. All program inputs and outputs shall be described in sufficient detail to avoid ambiguity, including their units
of measure.

Engine program description: This section shall describe the interfaces, options, limitations, and other features of the
program, to enable the user to fully understand the capability of the program.

Program messages: This section shall explain the error, warning, and status codes produced by the program.

Identification and revision procedure: This section shall provide the unique identification of the program, an associated
date, and other information needed to understand the relationship of this engine program to earlier releases.

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 online help systems).


https://saenorm.com/api/?name=2e607c059d324c0608ef71c53a79da0f

SAE INTERNATIONAL AS681™L Page 11 of 27

3.3.3 Range of Validity
The boundaries within which the engine program is valid shall be described in the user documentation.
3.3.3.1  Valid Range of Flight Envelope

When test data is limited, the valid range of an engine program may only be a part of the complete flight envelope. Any such
limits of program validity shall be identified in the user documentation.

3.3.3.2 Parametric Engine Program Limitations

When test and design data are limited, the range of a parametric engine program shall generally be a subset of the full flight
envelope and power level range. Also, capabilities such as anti-ice bleed, distortion effects, and windmilling, are often
omitted in these programs. Such limitations shall be described in the user documentation. Life and duty cycle assumptions
shall also be clearly described in the engine description section of the user documentation to aid interpretation of the
predicted performance, weight, and dimensions.

3.3.4 Data Packs

Engine programs can in¢lude a mechanism to allow modification of the performance representation (or other program
features) using so-called flata packs. This often eliminates the need to deliver a completely new engine program. Whenever
an engine program provifles such a capability, its use is to be described in the.user documentation. Further, whenever a
new data pack is issuefl, associated documentation shall be provided to<assist users in inpstallation, checkout and
interpretation of program [results with the data pack. All applicable items listed in 3.3.1 and 3.3.2 shall be addressed.

4. PROGRAMMING PRACTICES
4.1 Computer Capabilifies

As engine performance grograms 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 thg program supplier and the-user so that the program delivers acceptable computing performance
on the user’s computer system.

4.2 Program Interface Language

Any ANSI standard comguter language-(e.g., C, Ada, Fortran, C++) may be used for engine conputer program interfaces
provided the language hfs been.agreed to by the user and the supplier. Languages for which{an ANSI standard is not
available may also be used, but careful coordination between the supplier and the user regarding Janguage issues (such as
compiler choice and spedific features to be used) is strongly recommended. The underlying progfam language is driven by
the supplier while the intgrface language is primarily driven by the user.

4.3 Program Interface Specification

AS4191 describes the use of Fortran and Fortran COMMON blocks to manage data communication between user and
supplier.

ARP4868 describes the use of a function-call application program interface (API) as an alternative to the position-dependent
program interface method of AS4191. The ARP4868 API approach may be implemented using Fortran, or languages, such
as Ada, C, or C++.

ARP5571 provides recommendations for several aspects of gas turbine engine performance modeling using object-oriented
(O0) programming systems: nomenclature, application program interface, and user interface.

Interfaces for which a recommended practice or standard is not available may also be used, but careful coordination
between the supplier and the user regarding interface issues is strongly recommended. Engine computer program
developers who elect to use a language not described in these practices are expected to comply with the requirements of
AS681.
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4.4 Platform-Dependent Precision

Platform 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
should be reviewed with the program supplier.

4.5 Station Identification

The numbering system described in AS755 shall 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, shall be
detailed in the user documentation.

4.6 Parameter Nomenclature

4.6.1 Internal Parameter

This document does not fequire use of specific names within the engine subprogram.
4.6.2

Interface Paramdter

Some compilers limit the
shall be determined by th
part of the definition, the (
or AS4191.

Modern programming la
However, there will conti
because the computer en
for fully descriptive name
program.

!

number of characters per parameter label. When.stich a limitation exi
e program supplier and defined in the appropriate‘section of the user dg
rogram supplier shall indicate the corresponding standard parameter na

guages and operating systems permit;,use of fully descriptive labels

vironment precludes use of long strings). In cases where abbreviated ng
5, the list contained in AS6502 shall be used to identify input and output

ARP5571 offers recommeéndations for object-ariented program parameter nomenclature.

4.7 Standard Thermod

ynamics

The following shall be used for engine/performance determination.

4.7.1 Standard Atmosq

here

5ts, each parameter label
cumentation. Included as
me prescribed by AS6502

for program parameters.

ue to be situations where abbreviated parameter names will be desirable (either for economy or

mes are to be substituted
parameters of the engine

Ambient temperature ang

| pressure in engine performance programs shall be consistent with 1§

bO 2533 or, alternatively,

AS210.

4.7.2 Dry Air

Upon request by the program user, the assumed composition of dry air shall be included in the user documentation.

4.7.3 Fuel

Fuel heating value assumed by the computer program shall be specified in the user documentation. Fuel specific gravity
shall also be specified if it is used in the performance calculation or in an associated control model. Other fuel characteristics
used in the program shall be provided in the user documentation, if specifically requested by the program user.
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4.7.4 Thermochemical Data

Thermochemical data used in the computer program shall be provided in the user documentation, if requested by the
program user. Thermochemical data, for the purpose of gas turbine engine performance calculations shall be consistent
with data presented in the NIST-JANAF Thermochemical Tables within the limits of physical representation (e.g., reaction
and heat transfer rates), engineering accuracy, and computational efficiency requirements. Upon request by the user, the
supplier shall provide a comparison of the thermodynamic process calculations based on his thermochemical data and that
given by the NIST-JANAF Thermochemical Tables, within the range of applicable engine operating conditions.

4.8 Programming Standards
4.8.1 Platform and Compiler

The choice of platform, compiler, and compiler settings should be coordinated between user and supplier.

4.8.2 Automatic Preventative Action

The program supplier shdll provide automatic preventative action for the following illegal arithimetig operations or processes:

a. The square root of a hegative number
b. lllegal arguments to gxponential functions
c. lllegal arguments to Ipgarithmic and inverse trigonometric routines

d. Division by zero

This preventative action s
When any of these condi
problem(s) encountered.

hall preclude these illegal arguments from being transferred to the user’s
ions renders the case invalid, an appropriate numerical status indicator
The program shall be capable of‘centinuing with the next case provided

system supplied routines.
shall indicate the specific
the user’s program does

not override this capability.

4.8.3 Computer Memory

The program supplier shgll assume that the computer memory is not cleared when the program i$ loaded.

4,84 Subprogram Mode

The engine program, wh
collection of routines whig

le operating in subprogram mode, shall be available as one call, rathe
h, whéen.taken in combination, represent the engine.

I than separate calls to a

5. PROGRAM CAPABILITIES

When a feature described in this section is present, it shall follow the practices herein.

5.1 Power Definition

Specification of the engine power setting for which program output is desired shall be available via simple input. For
example, the user must be able to request take-off power at an operating condition of choice without knowledge of the
intricacies of power management or control schedule.

The engine power setting desired shall be set by input of rating code (RC), power code (PC), power lever angle (PLA), or
some combination of these. Alternative methods of specifying power level (e.g., via input of a net thrust demand or a shaft
output torque demand) may be provided. The program’s method of dealing with conflicting demands (i.e., input of both PLA
and thrust demand) shall be clearly explained in the program documentation.

Recommendations for object-oriented programs are in ARP5571. New programming practices allow character strings for
RC values.
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5.1.1 Power Lever Angl

PLA is the preferred option for engine programs which include a simulation of the engine control and its schedule.

5.1.2 Power Code (PC)

PC may be substituted for PLA in situations where the actual PLA is not known. Table 1 provides recommended PC

assignments.

e (PLA)

Table 1 - Power code assignments

Power Code Definition
Augmented 100.0 t0 60.0 | Maximum to minimum
Nonaugmented 50.0 to 20.0 Maximum to idle
Reverse 15010 5.0 Idle to maximum

5.1.3 Rating Code (RC)

Page 14 of 27

Examples of RC definitiops are given in Table 2. RC allows specification via a single input of ratings which might require

different PLAs as flight d

assignments based on c(
agreeable to the user and

r atmospheric conditions vary. The allowable input values of RC may
strings, but are more typically numerical codes (e.g., “50” for commercial engine take-off rating).

be mnemonic character
Table 2 provides the RC

mmon industry usage. RC values that are not shownyin’/the table are ajailable for uses mutually

supplier.

Table 2 - Rating code assignments

Rating Code Definition—Military Definition—Gommercial
100.0 Maximum Emergency
90.0 Maximum-continuous Maximum
60.0 Minimum Mininjum
55.0 - Wet takeoff
Emergency or contingency
- 30-second OEI
Augmented -—- 2-minute OEI
51.01059.0 2 5-mindte OE|
- 30-minute OEI
- Continudus OEI
550 Maximum
50.0 Intermediate (Dry) takeoff
45.0 Maximum continuous Maximum continuous
40.0 - Maximurn climb
Nonaugmented 356 == aximuom cruise
21.0 Flight idle Flight idle
20.0 Ground idle Ground idle
Reverse 15.0 Idle Idle
5.0 Maximum Maximum

OEIl: One engine inoperative.
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5.2 Inlet Representation

5.2.1 Inlet Mode

The engine program shall calculate performance when provided with any of the following combinations:

a. Altitude, free stream Mach number, deviation of ambient temperature from standard, inlet ram pressure recovery (one
of the options of 5.2.2), and a temperature increment for inlet heating to be added to the free stream total temperature

to determine total temperature at the inlet/engine interface.

b. Ambient pressure and ambient temperature, total pressure, and total temperature at the inlet/engine interface, and a
temperature increment for inlet heating, which can be used to determine the free stream total temperature if desired.

c. Other options, as coordinated between user and supplier.

5.2.2 Inlet Ram Pressure Recovery
Several options for inlet ram pressure recovery shall be provided (identified by the inlet ram pregsure recovery selection).
Two categories of options are provided. The first is used for engine inlet average recovefy." The second provides the ability
to differentiate primary arjd secondary stream recoveries. The specific options are defined in Table 3.

Table 3 - Inlet ram pressure recovery assignments

Inlet Ram Pressure
Recovery Selection Definition
Average Recovery Options

A specified inlet ram pressure recovery standard. A typical inlet pregsure recovery ratio is
defined by the following equations @nd conditions:

y Recovery = 1 from 0.0 to 1.0 Mach number
Recovery = 1-0.075(Mo-1)"3%from 1.0 to 5.0 Mach Number
Recovery = 800/(M¢*+935):- above 5.0 Mach number, with Mo = fr¢e stream Mach number
(Obtained from: MIL-E-5007D, 15 October 1973, p.12, 13.)
2 The input value of pressure recovery.

3 The recovery is defined as a function of referred engine airflow andfor free stream Mach
number. It usually‘includes inlet frictional losses as well as shock Iosses, if any.

Differentiated Primary gnd
Secondary Stream Optipns

4 The inpyt-value of recovery of primary stream engine; and the inpuf value of recovery of
secondary stream.
5 Theinput value of recovery of primary stream. The recovery of the secondary stream is

defined as a function of referred engine airflow and/or free stream Mach number.

The recovery of primary stream is defined as a function of referred gngine airflow and/or free
6 stream Mach number. The recovery of secondary stream is defined as a function of referred
engine airflow and/or free stream Mach number.

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

Options 3, 5, and 6 provide for a functional relationship between inlet ram pressure recovery and engine airflow and/or free
stream Mach number. They require a usersupplied subprogram.

The user-supplied subprogram shall interpret the value of the inlet ram pressure recovery based on the Inlet Ram Pressure
Recovery Calculation Option, as presented in Table 4. Upon request, the supplier's engine program shall call this
user-supplied subprogram. Refer to AS4191 or ARP5571 for more details.


https://saenorm.com/api/?name=2e607c059d324c0608ef71c53a79da0f

SAE INTERNATIONAL AS681™L Page 16 of 27

Table 4 - Inlet ram pressure recovery calculation options

Inlet Ram
Option Pressure Recovery
1.0 Average
2.0 Primary stream
3.0 Secondary stream

5.2.3 Distortion

The effects of inlet pressure and temperature distortion (radial, circumferential, and temporal) on the engine may be included
in the program when data or estimates are available. ARP1420 shall be consulted for details.

5.3 Customer Services

5.3.1 Bleed Air
The engine program shall calculate performance when air is extracted for customer services, in¢luding customer anti-ice.
The user shall be able to $pecify the amount of air extracted from each bleed station as a’flow rate|and/or, where applicable,
as a ratio to a referenced engine station gas flow. If the user specifies non-zero values for both rfate and ratio of the bleed
air, the resulting total blged flow is the sum of the two specified values. The corresponding putput temperatures and
pressures shall include epgine induced heat transfer and pressure losses up to,the bleed port int¢rface.

5.3.2 Power Extraction

The engine program shall calculate engine performance when powenis.extracted. The user can specify the amount of power
extracted, usually from a gearbox drive pad connected to a given engine shaft.

5.4 Engine Supplied Npzzle Effects
5.4.1 Nozzle Parametgr Output

Nozzle parameters used|in the calculation of engine performance shall be included in the proggram output. The nozzle
parameters shall include:

a. Nozzle area(s)
b. All gas flows

c. All engine discharge pas témperatures and pressures

d. Ideal gross thrust

e. Required user-supplied nozzle cooling airflow
5.4.2 Program Supplied Nozzle Geometry

When a separate subprogram or supplementary data are needed to define external geometry of an engine supplied nozzle
for user performance calculations, the appropriate data shall be included in the program output.

5.5 Parasitic Flows

Parasitic flows include planned flows, other than the customer bleed flow, discharged from the engine at points other than
the exhaust nozzle. As these flows may impact installation or nacelle design, the engine program shall calculate the effect
on engine performance of such planned flows, and the total pressure, total temperature, and flow for each parasitic flow
shall be included in the program output.
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5.6  Fluid Injection

When engine operation allows the use of fluid (e.g., water/alcohol) injection for augmentation, the engine program shall
compute engine performance for such operation. The injected flow rate used in the performance calculation shall be included

in the program output.

5.7 Fuel Properties

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

restrictions apply:

a.

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

b. The allowable variation in fuel properties for a specific fuel shall be based on requirements set forth by appropriate

agencies.

5.8 Windmilling

The engine program mayj
specify the conditions (e.

5.9 Reverse Thrust
The engine program mayj

so, the user documentati
valid.

offer prediction of performance under windmilling conditions. Ifyso, the
., altitude versus Mach number regime) for which programeutput is va

include prediction of the performance of the engine with an attached th
bn shall specify the conditions and engine limjts (e.g., power setting) fo

5.10 User Defined Control Schedules

If the engine program ing
options shall be provided
schedule parameter(s) fo
without consulting the prd
in the user documentatio
understanding of the use

5.11 Engine Stability

If the engine program ing
numerical status indicato

ludes control schedules that can<be changed by the user, a descriptio
in the user documentation. The engine program output shall define
I which the performance is-Calculated. If the user has the option to charj
gram supplier, a description‘of the method of input and the permissible
n. In these situations, both the program user and the program supplier
’s requirements, andyagree to the methods used to achieve these requi

icates component stability problems (e.g., compressor surge, burner k
shall’be set.

5.12 User-Supplied Prog

user documentation shall
id.

rust reverser or spoiler. If
- which program output is

n of the control schedule
the setting of the control
ge any control schedules
ariation shall be included
need to have a thorough
'ements.

low-out), the appropriate

jrams

The engine program, when used as a subprogram, may be required to interface with user-supplied programs representing
such features as engine inlet, ejector inlet for an engine supplied nozzle, exhaust nozzle, ports for customer services, or
secondary nozzles for boundary layer control. The operation of the user-supplied program and the engine subprogram must
be closely coordinated to allow for successful interaction between them, and to ensure the necessary input and output is
provided. The program user shall provide documentation to the program supplier describing the intended use of all interface
items.

5.13 Transient Programs
It is particularly important that there be close coordination between the program supplier and the program user for transient

programs. The paragraphs that follow indicate some of the issues requiring discussion, and some of the more common
practices for transient models.
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5.13.1 Time Interval Control

Transient programs usually have a set time increment which shall be used internally and the user may select how many
internal time increments should be run before output is needed. An input value (e.g., TIMEO) shall be used to set the time
interval between generated outputs. Alternatively the user can supply an integer value which is defined as a number of time
steps between generated outputs. It is suggested that this time interval be an odd multiple of the internal time increment.
Another input (e.g., ZTIME) shall be used to define the termination time of a given transient case.

If the transient engine program is being called as a subprogram, execution control shall return to the calling program after
an input value of time (e.g., ZTIME).
5.13.2 Input Parameter Varying with Time

When the program user is required to perform studies that vary an input parameter with time, the responsibility to provide

this capability belongs to the user.

5.13.3 Input Parameter
Provision to schedule an i
flow, power extraction ve|
the internal engine paranm

5.13.4 Steady-State Initi

A steady-state solution p
(e.g., ZTIME) has a val
representation of the eng
behavior may result. In th
transient solution shall ng

6. INPUT/OUTPUT

6.1  Program Interface
For many years, engine
the standard for commur
available to develop the
even if Fortran is the lan
defines the traditional pro
that is also compliant to t

Scheduled Against Internal Engine Parameters

hput parameter against internal engine parameters (e.g., distortipn’paran
rsus shaft speed) shall be the responsibility of the program-user. The |
eters required for these calculations from the engine subprogram outpu

alization

roviding initial conditions for the transient shall be generated wheneve
e of zero. However, it should be recognized that a transient simu
ine control system which may not be amgnable to a steady-state soluti
is case, the steady-state solution may®mot exactly agree with a quiescs
t be used for steady-state performanee analysis.

Definition

programs were developed using the Fortran language. AS681 was dev
icating between(the calling program and the engine subprogram. Toq
engine subpregram and the calling program. Other communication me
guage of cheice. This standard no longer insists on the traditional pr
gram interface, for those who choose to use it. ARP4868 describes an a
his document, AS681.

heters versus intake mass
brogram user shall obtain
t.

r the input value of time,
ation usually includes a
bn. Some initial unsteady
nt transient solution. The

bloped, in part, to specify
ay, many languages are
thods may be preferable,
bgram interface. AS4191
ternate program interface

odeled. The actual labels

All programs shall providg thie'following inputs and outputs as appropriate to the engines being m

are provided in AS4191, for Fortran programs, and in ARP5577, Tor object-oriented programs.

6.2 Minimum Input List

Note that in the following, engine inlet station 1A applies to turbofan and other engines using average of all streams. In other

cases (e.g., turboshafts),
e Documentation:
O
O

o User title

the station is 1.

Numerical case identification

Engine program designation/indicator
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e Environment:

o

e Installation:

o

o

e Power level:

o

Inlet mode selection

Pressure altitude

Ambient pressure

Ambient tempera
Ambient tempera

Free stream Mac

ture
ture minus standard atmospheric temperature

h number

Inlet pressure an
Inlet ram pressur
Inlet ram pressur
Engine inlet total
Engine inlet total
Temperature incH
Bleed flow of ead
Bleed flow ratio (

Customer power

Rating code (RC
Power code (PC

Power lever ang|

i temperature distortion selection

P recovery selection

e recovery for each inlet stream

pressure at station 1(A)

temperature at station 1(A)

ement for inlet heating to be added to free\stream total temperature at g
h customer bleed

bleed flow divided by referenced engine station gas flow) of each custor

extraction from each available location

b (PLA)

tation O

ner bleed

Delivered shaft power

Delivered shaft torque

Delivered shaft rotational speed

Windmilling selection
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e Transient:
o Time from start of transient case at which control is to be returned to calling program
o Termination time of transient case
o Output time interval
o Polar moment of inertia of external load on the power turbine
e Program input/output:
o Input file identification

o Output file identification

6.3  Minimum Output Ligt

Note that in the following,[engine inlet station 1A applies to turbofan and other engines using avergge of all streams. In other
cases (e.g., turboshafts) the station is 1.

e Documentation:
o Engine program security classification
o Engine program fitle(s)/program identification
o Numerical status|indicator

e Environment:
o Pressure altitude
o Ambient pressur¢
o Ambient temperature
o Ambient temperature minus-standard atmospheric temperature

o Free stream Mach number

e Installation:

o Temperature increment for inlet heating to be added to free stream total temperature at station 0

O

Inlet ram pressure recovery for each inlet stream

o Customer power extraction from each available source

o Boat-tail angle

o Total bleed flow (combined result of inputs of bleed flow and bleed flow ratio) of each customer bleed

o Total bleed flow ratio - (total bleed flow divided by referenced engine station gas flow) of each customer bleed
o Total pressure of each customer bleed flow

o Total temperature of each customer bleed flow
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o Power level:
o Rating code (RC)
o Power code (PC)
o Power lever angle (PLA)
e Engine performance:
o Net thrust
o Total gross thrust (for all exhaust streams)

o Gross thrust of each exhaust stream

o Total ideal gross thrust (for all exhaust streams)
o Ideal gross thrust of each exhaust stream

o Ramdrag
o Delivered shaft ppwer

o Delivered shaft tqrque

Specific fuel cong
Fuel flow, main c
Fuel flow, total off
Fuel lower heatin
Rotational speed
Engine inlet total
Total pressure off

Engine inlet total

umption

bmbustor

all combustors

g value

of each shaft

pressure at station 1(A)
each exhaust stream

température at station 1(A)

o Total temperature of each exhaust stream

o Control temperature (cockpit display)

o Engine inlet flow at station 1(A)

o First compressor inlet flow

o Flow of each exhaust stream

o Throat effective area of each exhaust nozzle

o Output time, from start of transient case
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