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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) describes a class of digital computer
programs for use by organizations other than the engine supplier for reduction of engine test data
relating to the interface of the engine in the airframe or test facility. This ARP also is intended as a
guide for the preparation of such computer programs.

2. REFERENCE

S:

2.1 Applicable Documents:

The followin
issue of SAH
issue in effeg
document a
this documeg
has been oh

2.1.1 SAE Publi
15096-00(

AS681

ARP755

ARP4191

2.1.2 ISO Publig

ISO 1000

ISO 2533

nt, however, supersedes applicable laws and regulations unless a s
tained.
1.

Gas Turbine Engine Steady State and-Transient Performance Pre
Digital Computer Programs

Gas Turbine Engine Performance Station Identification and Nome

Gas Turbine Engine Rerformance Presentation for Digital Comput
Using FORTRAN 77

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

Standard Atmosphere. (This is consistent with the U.S. Standard

1962, for altitudes up to 50 000 meters.)

0 publications form a part of this document to the extent specified’hérein. The latest
E publications shall apply. The applicable issue of other publicationg shall be the

ct on the date of the purchase order. In the event of conflichbetweeh the text of this
nd references cited herein, the text of this document takes-precedence. Nothing in

becific exemption

cations: Available from SAE, 400 Commonwealth Drive, Warrendal¢, PA

sentation for

hclature

er Programs

ations: Availablexfrom ANSI, 11 West 42nd Street, New York, NY 10036-8002.

certain other

Atmosphere,

ISO 2955

Information processing - Representation of SI and other units in systems with

limited character sets
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2.1.3 Other Documents:

NASA Technical Paper 1906

NASA Technical Paper 1907

Thermodynamic and Transport Combustion Properties of
Hydrocarbons with Air, Part | - Properties in SI Units, Sanford
Gordon, 1982

Thermodynamic and Transport Combustion Properties of
Hydrocarbons with Air, Part Il - Compositions Corresponding to
Kelvin Temperature Schedules in Part I, Sanford Gordon, 1982

NASA Teghnical Paper 1908

NASA Teghnical Paper 1909

3. GENERAL REQUIREMENTS:

3.1

3.2

3.3

Engine Desgription:

Thermodynamic and Transport Combustion Prpperties of
Hydrocarbons with Air, Part Il - Properties.in U.S. Customary
Units, Sanford Gordon, 1982

Thermodynamic and Transport Combustion Prpperties of
Hydrocarbons with Air, Part IV, - Compositions [Corresponding to
Rankine Temperature Schegdules in Part Ill, Sanford Gordon,
1982

A description of the engine will be provided. This description will include the typg of engine, the
general arrgngement of components, and'such general characteristics as are ngcessary to

understand fhe data reduction procedure:

Instrumentation Description:

A list of the nstrumentationneeded to obtain data for this program will be included. Calibration
for engine sppplied instrumentation will be provided or included in the computer program.

Modes of Pijogram Qperation:

The program will-have the capability of functioning both as a subroutine and as an independent
program. Thelatter may incorporate additional procedures and input data supplied by the

responsible organization and required for propulsion system performance calculation (e.g., inlet,
environmental control, and exhaust system analysis), and will consist of a MAIN program
containing a CALL statement to the subroutine. Where unprocessed data are to be input,
correction procedures and instrument calibration will also be supplied by the responsible

organization.
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3.4 User's Manual:

The program supplier will deliver the User's Manual with the program.

The following format and content shares common sections with AS681 and is recommended for
the User's Manual:

1.

2.

10.

11.

12.

13.

Introduction.

Table

of Contents.

Enging
charad

Progra
and pr,

Nomenclature. This section will include program variable’names, station id

otheri

Progra

program users computer staff to set up the program.

Progra
other

program.

Input/Q
descril
all inpt

Progra
operat

Description. This section will enable the user to identify the enging
teristics.

m Description. This section will enable the user to identify the comy
bgramming practices upon which the program relies.
nformation required to understand the User's:Manual.
m Set-Up. This section will include instruétions and information to €

m Capabilities. This section will describe the interfaces, logic optior]
rogram features that enable the‘user to understand fully the capabil

Dutput. This section will describe in detail the input required to use t
ped in Item 7 of thistsection, the output the program produces, and v
t and output parameters.

m Messages: This section will explain the messages produced duri
on that.identify output status, program logic paths, and, if applicablg

substitttion procedures that were used and will identify the numerical statu

Listings.

and its general

uter equipment

entification, and

nable the

s, limits, and
ty of the

he features
ill list the units of

ng program
, data reject and
s indicator codes.

This section will list the computer code statements comprising thg

b subroutines that

are supplied in source form.

Test Cases. This section will describe the test cases that the supplier provides for program
checkout by the user.

Identification and Revision Procedures.

Instrumentation. This section will list the instrumentation and its characteristics.
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3.4 (Continued):
14. Error Analysis. This section will describe the computer program test data reduction error
analysis procedures and the results of error analysis, when requested by the customer.
15. References.
3.5 Program Scope:

3.5.1 Categories of Programs to be Considered: Engine test data reduction progran

from prog
airflow, to
3.5.2 Limits: Al
temperatu
which is s
input data

calculatior

NS may range

ams that are limited to calculation of external performance, e.g., thr
those that include an analysis of component performance for censis

known limits will be defined in the User's Manual, e.g., range of inp
e limits for which calibration curves are supplied, range @f compone
ipplied, or range of thermodynamic data for which calculations are v

, if possible, and output the appropriate status indicator. The status

clearly define the validity of the data. The program will always be capable of ¢

next case

this capab

3.6 Error Analys

Upon reque

organization

provided the user's subroutines and/or computer operating system g
lity.

S

5t by the customer, an error analysis will be conducted by the partici
s to determine the accuracy of significant output parameters.

4. PROGRAMMING PRACTICES:

4.1 Equipment

The user's 1

Capabilities:

neasurement'system and computer capabilities may limit the progra

development must bé preceded by user/supplier coordination.

4.2 Program La

nguage:

ist, fuel flow, and
fency checks.

It pressure and
nt performance
alid. When the

calls for an operating point outside limits, the program will proceed to complete its

indicators will
pntinuing with the
0 not override

Dbating

m. Program

Any computer language (e.g., C, ADA, FORTRAN 77) may be used for engine computer
programs if the language has been coordinated between the user and the supplier. If not
otherwise coordinated, engine computer programs will use as a minimum language FORTRAN
66 [level: full FORTRAN (Number 1)] as originally defined in ANSI X3.9, 1966a. This language
may be augmented by features found in the commonly used FORTRAN languages of industry
when these features are known to be acceptable to the program users. ARP4191 contains

additional in

formation for FORTRAN 77 applications.
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4.3

4.4

4.5

451

45.2

45.3

4.6

Station ldentification and Nomenclature:

Station identification and nomenclature will be consistent with ARP755. Supplements to the
system of ARP755 that are necessary will be detailed in the User's Manual.

Nomenclature symbols are not required to be used for variable names within the program. While
the use of the same nomenclature within the program may have merit in certain instances, such
use will unduly restrict the program supplier and thus will be left to the discretion of the program
supplier or to coordination between program user and supplier.

Standard Atmosphere:

Ambient tenpperature and pressure will be consistent with the geopotential presgure altitude of
ISO 2533.

Program Thermodynamics:

Standard Dry Air: The composition of standard dry air is tO be based on that ysed for
ISO 2533,[but with the number of molecular species reduced by the reallocatign of trace
elements.| The composition will be defined in the Users'Manual upon request by the customer.

Fuel: Fue] heating value assumed by the computer program will be specified |'L'1 the User’'s
Manual. Huel specific gravity will also be specified if it is used in the performace calculation or
its associdted control model. Other fuel characteristics used in the program wlll be provided in
an appendix to the User’'s Manual, upon*request by the customer.

Thermochemical Data: Thermocheinical data used in the computer program will be defined in
the User’'s|Manual upon request by the customer. Thermochemical data for the purpose of gas
turbine enpgine performance, calculations will be consistent with data presented|in NASA
Technical |Papers 1906, 1907, 1908, and 1909 within the limitations of physical representation
(e.g., reaction rates, heat transfer), engineering accuracy, and computational ¢fficiency
requirements. Upondgeguest by the customer, the supplier will supply a comparison of the
thermodyrjamic pracess calculations based on his/her thermochemical data and that given by
NASA Teghnical Papers 1906, 1907, 1908, and 1909 within the range of appli¢table engine
operating ponditions.

Programming Standards:
The level of compiler optimization requires coordination between user and supplier.

The program supplier will provide automatic preventive action for the following illegal arithmetic
operations or processes: the square root of a negative number, illegal arguments to exponential,
logarithmic and inverse trigonometric subroutines. The numerical status indicator will clearly
define the validity of the output. The program will always be capable of continuing with the next
case provided the user's subroutines and/or computer operating system do not override this
capability.
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5. PROGRAM CAPABILITIES:

51

52

6.

6.1

6.2

6.3

INPUT/OUTP

Installed Performance Effects:

The program will be capable of processing applicable installed performance and variable
geometry position data.

Program Logic:

Where prac

ical, the program will supply the loqic for a course of action:

When a
When th
When b
When b

coow

These items

logic paths lhave been rejected, which input data values have been rejected, ang

assumptions

Program Int

The commuhpication between the calling program (written by either the program

and the rem
supplier.

Units:
Input and oy
commonly u

Appendix A

Numerical §

data element is missing

e data element is present but is rejected based on instrumentation €
hd data are recognized through program consistency checks

hd data are recognized to be present on the basis of the test history
may require special input signals to the program.~The program will
5 have been made to complete the analysis.

T

brface Definition:

ainder of the reduction program will be coordinated individually betw

tput parameter values will be based on the pound, foot system of m
sed in the United States. However, the (SI) metric system is an acc
and B define the units that will be used for either system.

tatus-Indicators:

valuation

indicate which

what alternate

supplier or user)
een user and

easurement
pptable alternate.

Numerical status indicators will be used where applicable to notify the program user of any
limitations or qualification of the output data. The numerical status indicators will uniquely identify
the actions described in 5.2.
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