
~~ ~~ 

~wt'~„~ "' 9' 	AEF~OSPACE AS 681 D 
~ 	y 	 Superseding AS 681C 

	

~ 	 ,~,~; Mob;~;r 	
S TA N DA R D 	Issued ~ 6-1-5 -" 

40Q Co~onvealth Drive, Warrendale, Pa 15~96 
Revised 10-1-82 

~r a Y 

	

'~~'y N 	; 	 GAS'~.BINE ENGINE STEADY STATE PERFORMANCE PRESENTATION FOR 

	

~e'~L 	 DIGITAL COMPUTER PROGRAMS 

~o ~ M 
~ ~ 
M ~ 

~
~  

~
w 

	

± 	 TABLE OF CONTENTS 	 . 
E 

	

~ 	?§~ca9caPb 	 Pa9e No. 

	

~~ ~ 	1. 	PURPOSE ................................................................................. 	1 

	

~ ~ 	2. 	GSNBii11f. RBQUIR~IENTS .................................................................... 	1 

~
F ~ 2.1 Genecal Sngine Deacription ............................................................... 1 
~ ~ 2.2 Program Operation . . 1. 

	

a 	2.3 	User's Manual ........................................................................... 	1 

	

+ ° ° 	2.4 	Proqram Scope 	......................................................................... 	2 

	

. 	 .. 

	

g~°c~ 5  « 	2.~.t Categoriea of Data ............................................... 	 .. 	2 .................. 

	

v - 	2.{.'L 	Lisits .......................................... 	 ... 	............... 	2 

	

~ 	 ............. 

	

E~ r 	3. 	PROGRII!lMING PRACTICES ........ 	........................................................ 	2 

		

~~

~ 	 ... 

	

~ 	3.1 C o m puter Ca pabilitiea ................................................................... 	2 

	

~ ~ ~ 	3.2 	Progtaa Lanquage ........................................................................ 	3 

~
~ ~ ~ 	3.3 	

Pcecieion .... .......................................................................... 	2 

	

~
~ ~ ~ 

	

	3.4 Station IdentiFication 	 2 

	

~ ;., 	3.5 	Nawenclatu~e ........................................... 	............................... 	2 
~ 	~ 	3.6 	Pa+er Definition ........................................................................ 	3 

	

~~ F 	3.6.i 	
Rating Code ................. ......................................................... 	3 

	

. 	 ... 

	

,~g ~~ 	3.6.2 Power Code o~ Powe~ Lever Angle . 	 3 
3.6.3 Additional Perfocmance Selection .... 	............................................... 	4 

	

~ E S 	3.7 Stanaard Thecsodynawics .................................................................. 	a 

	

~ ± 	~.7.i Stanaard Atapsphere 	 4 

	

w~ ~ ~ 	3.7.2 Stanaard Dry Air ...................................................................... 	4 

	

•W 9 ~ 	3.7.3 	Fuei ............... 	................................................................. 	4 
3.7.4 	Thersocheaical Data ................................................................... 	4 

	

~~ E r 	3.8 Prograianing Standarda ................................................................... 	4 

	

~ S~ 	4. 	PRUGRAM CAPABILITISS .................................................................... 	4 

.... 	 .................. 	............................ 

	

~ !'~, 	~.1 Inlet ttepresentation 	............... 	 ... 	 5 

	

~ i~~ 	l.1.1 	Inlet Mode ............................................................................ 	5 

	

~f~ e~ 	;.1.2  Raa Pcessure Recovery ............................... 	............................... 	5 

	

~ o ~ 	~.1.3 	Distortion ............................................................................ 	5 

	

~« ~ 	

~.2 Custo~ec Services ........................................................................ 	5 

	

~ ; 	4.2.1 Air Bleed 	 6 

	

~ ~ 	1.2.2 Power &xtcaction ........... 	 6 

		

~' ~~
~ 	4.3 Bngine Supplied Noasle Bffecta .......................................................... 	6 

	

~ 	4.4 	Pacaaitic Piowm ......................................................................... 	6 

	

;~ o~ 	4.5 	
Bngine Anti-Icing ...........:................................~~..~...................... 	6 

~
~ 	~ 	4.6 	

Liquid Injection ......................................................................... 	6 

	

x ~ 	i.7 wina~illing 

	

~ ~ 	4.8 	
Reverae Thrust .......................................................................... 	6 - 	! 	!.9 Variable Geooaetry 	 6 

	

Yi r~ i~ 	#.LU 8ngine Stability ..... .................................................................. 	
6 

	

~ ~ ~ 	

#:lt Uaer Supplied•PCOgrams ................................................................... 	6 

	

~
~ 	5. INPUT/OUTPUT 	 6 

	

~

~ 

	

	" 

	

,~ 	5, ~; Program Interface Definition ............................................................ 	6 

	

~ 	~ 	
'$w~: Input . ................................................................................. 	7 

	

~ 	~.1'.1 FIYIN • 	 7 
5.~.2 	VABIN ................................................................................. 	S 

	

P~ C 	5.Y.3 	EXFIN ................................................................................. 	8 

	

~~ ~•~ 	5.3 	Output ....................................... 	........................................ 	8 

	

.~,t~ 	5.3.1 FI$pUT 

	

Z~-  M 	5.3."L 	VAR(aUT ................................................................................ 	9 

	

c ~~ ~ 	5.3.3 	EXPQUT . .............................................................................. 	9 
5.3.~ Printout~ 	 9 

	

~ ~ ~ ~ 	5.4 	linits ... ......~ ........................................................................ 	9. . 	. 

	

~

~ s.~ 	5.5 Numerical Status Indicators ..................................... 

	

w E 	 ........................ 	9 

CoppripM 1982 br Soebt~r of A~lemoti+ ►~ Enpint~n. ~c. 	 Print~d in U.3.'►. 

All rights reserved. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
68

1d

https://saenorm.com/api/?name=de80b5a1dd21ec7dcf8032a5f70cfe33


TABLE OF CONT1tNTS (Cont'd 

Pa9e No. 

6. PADGNIIII IDBNTIFICATIOII ................................:........................... 	10 

7. PROGR1111 CH~CROt1T ......................................................... ...... 	....... 	10 

8 _ 	PROGRAN RBYISIONS ........................................................................ 	10 

9. OPTIONAL FEATl1RSS ........................................................................ 	10 

10. RBFBRffiiC8 DOl:UMBNTS ...................................................................... 	10 

1tPY►.NDIX As Flowcdart of a User Calling Prograw .............................................. 	12 
APBliIiDIX B: ffi~asples of Calculation Flow Path ................................................ 	14 

11PPBNDIX Ct U.S. Casta~a~y Units and 82 (lietric} ............................................. 	15 

~~I 

~ 

~ 

_,.~ 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
68

1d

https://saenorm.com/api/?name=de80b5a1dd21ec7dcf8032a5f70cfe33


~~ 

	 -1- 

1. ?URPOSE 

1.1 This Aerospace Standard (AS) provides a method for the presentation of gas turbine engine steady 
state perfo~mance as calculated by means of digital computer programs. 

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

Note: Applicable reference documents are listed in Paragraph 10. 

2. GENERAL REQUIREMENTS 

2.1 General En ine Descri tion: A general description of the engine will be provided. This description 
w 11 inclade the tppe of engine, engine configuration and all general charactertsitcs that are necea- 
sary to understand the performance and operation of the engine repreaented by the coaputer program. 
Examples are: thrust or power class, airflow, pressure ratios, airbleed stationa, nozzle type. 
bypass ratio, method of thrust augmentation and engine control cbaracteristics. 

2.2 Proqram Operation: 

2.2.1 The program will be supplied in a form readily adaptable to the user's co~uter. Proviaion for 
operating the program on more than one computec type or operating system ahould be individually 
coordinated between user and supplier. 

2.2.2 The program will have the capability of functioning both as a subroutine (herein called the engine 
subroutine) and as an independent program (consisting of a MAIN program containing a CALL atate- 
ment to the engine subroutine). 

2.3 User's Manual: 

2.3.1 The program supplier will delivec the IIser's Manual with the program. The Osec's Manual vill 
stand alone in that it will be independent of previous IIsera` Mannals. 	 . 

2.3.2 The following information will be contained in the Uset's Manual under the following headings. 

1. Introduction: 

2. Table of Contents: 

3. Enq ine Description: This section will enable the user to identify the engine and its 
general characteristics including operating and control limits which are functionally 
dependent on variable engine parameters. 

4. Proatam Descciption: This section will enable the user to identify the computer equip~eent 
and programming practices upon which the psogram relies. 

5. Nomenclature: This section will include program variable names, station identification and 
other nformation required to understand the Dsec's Manual. 

6. Proqram Set-Up: This section will include instcuctions and information to enable the 
proqram user's computec staff to set-up the program. It will include an overall program 
structure flowchart and sufficient information to understand the program overlay strocture, 
if applicable. An example of a flowchart for a user ca113ng program is included as Appendtx 
A, 

7. Eneine Program Performance Options: This section will describe the interfaces, options, 
~m~tations an~ other features contained in the program, to enable the user to understand 
fully the capability of the program. For specification programs, this section will also 
include an overall floWChart that illustcates the performance calculation flowpath between 
major engine components. Examples of calculation flowcharts are included as Appendi: B. 

8. Input/Output: This section will describe all program inputs and outputs in sufficient 
detail to avoid ambiguity and will list the units of all input and output parameters. 

9. Proq ram Messages: This section will explain the messages produced during program operation 
and identify the Numecical Status Indicator codes. 

10. Listings: This section will contain FORTRAN listings of the calling program and of the 
input and output FORTRAN statements utilized directly by the calling program. The supplier 
is encouraged to inlude descriptive comments in the listings to facilitate user under— 
standing of the FORTItAN statements. 

11. Test Cases: This section will describe the test cases that the supplier provides for 
program checkout by the user. All test case inp~ts and printouts will be supplied rrith the 
computer program, or in the User's Manual. 
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12. Identiflcation and Revision Pcocedure: 

13. Kefecences• 

2.3 Pcoq cam Scope: 

2.6.1 Categories of Data: Steaay state engine pecformance programs discussed in this Standard will be 
confined to two basic performance categories: pceliminary design or speciEication. Pceliminary 
design programs may vaty in scope, but will be representative of the defined engine performance 
until the engine ia deEined by a specification. A specification program will accurately cepresent 
the engine described by the specification and will identify the appropriate model specification. 
Normally, the computer pcogram will be the p~imary soucce of performance data. 

Tvo additional categories oE program are status and data reduction interface programs, Which 
covered by wRP 1211 and 1210 respectively. 

2.4.2 Limits: Limits observed by the computer program will be defined in the User's Manual. When limi 
are ~nctionally dependent on othec parameters, it will be so stated in the User's Manual. 

Whe~ the input calls for an operating point outside limits, the program will proceed to complete i 
calculation, if possible, and output the appropriate Numerical Status Indicator. 

The Numerical Status indicator will cleatly define output,  validity, limiting parameters and t 
applicable limiting engine controlling variable. 

The program wi11 always be capable of continuing with the next case pcovided the user's subrouti 
and/or computec operating aystem do not override this capability. 

2.4.2.1 Limits are divided into thcee categories as follows: 

1. Engine limits as used herein are those limits that are neither automatically applied by t 
engine control nor precluded by the engine design, e.g. maximum temperature limit if automat 
over-temperature control is not provided and pilot action is necessary. 

2. SAVironmental operating limits are defined by the operating envelope of inlet tempeiature an 
pceseure; or equivalent altitude, free stceam Mach number, ram recovery and atmospheri 
conditiona. 

3. Program limits are those which define the bounds within which the program will function and 
will adequately simulate the engine, Program limits will exceed corresponding engine limits, 
but preliminary design programs may be incomplete because component definition is inadequate. 

3. PROGRAMMING PRACTICBS 

3.1 Computer Capabilities: Computer size requirement and program execution time depend on the complezity 
ot the engine simulation and the type of computec. The standard steady state engine performance 
program normally cequires at least 32000(decimal)32 bit words of highspeed memocy for a simple engine 
configuration. Such a pcogcam will normally execute in 5 seconds CPU time or less per case on a 
computer with a one micro-second memory. Requests for programs on computecs with less capabilities 
must be individually coocdinated. 

3.~ Pcogcam _Language: &ngine computec programs will use as a minimum language ISO 1539 FORTRAN (level: 
ful~FO1tTRA~1 [Numbei 1]). This language may be augmented by features found in the commonly used 
FukTltAN languages of industcy when these features ace known to be acceptable to the progcam users. 

3.3 Pcecision: Hardware and software diftetences (e.g, word length, compiler and operating systew) among 
computera can cause differences in perfozmance output from otherwise identical pcograms, Diffecences 
fron the supplied test cases greater than s0.258 should be coordi~ated between user and supplier. 

3.~ Station Identitication: T6e numbering system described in SAE Aerospace Recommended Practice ARP 755 
will be used in program input and output to identify the points in the gas flow path that are signifi- 
cant to engine performance definition. Supplements to the system of ARP 755 that are necessa~y will be 
detailec~ in the User's Manual. 

3.5 Nomenclatuce: 

3.5:1 The list of symbols contained in ARP 755 will be used for identification of input and output para- 
meters. Theae symbols are not requiced to be used for FORTRAN names within the engine subroutine. 

While the use of the same nomenclature vithin the engine subroutine may have merit in cectain 
instancea, such use rill unduly restrict the program supplier and thus will be left to the discre- 
tion of t4e program supplier or to coordination between program user and supplier. 

~3.5.2 The following symbols, which refer specifically to computer programs, ace added to t6ose of ARP 755: 

CaSS 	 Numecical case identitication 
CLnSS 	 Engine program security classiEication 
ZuEN`r 	 ~ngine program titles - for printout 
NIri 	 Input iile number 

. 

• f ~ 

~ 
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i N¢OT 	 Output file number 
NSI 	 Numerical Status Indicatoc 
PC 	 Power Code 
RC 	 Rating Code 
SDIST 	- 	 Inlet pressure and temperature distortion selection 
SERAM 	 Ram pressure cecovery selection 
SIM 	 inlet mode selection 
SWIND 	 Windmilling performance selection 
TITLE 	 Title supplied by program usec 
Z(leading) 	Prefix for a variable name used in input that may 

also be used in output. All physical parameters 
in the labeled common FIXIN will have the leading Z. 

3.5.3 Compilers limit the number of characters per parameter name. When this limitation is not compatible 
with 3.5.1 and 3.5.2, each parameter name abbreviation will be determined by the program supplier 
and defined in the appropriate section of the User's Manual. 

3.6 Power Definition: Power level and other performance parameters for the significant engine ratings 
(e.g. Intermediate, Take-off) will be available from the program by simple input. 

The power level selection will be implemented using the following input items: Rating Code (RC), Power 
Code (PC), Power Lever Angle (PLA) and additional performance selection. 

3.6.1 	Rating Code: The Rating Code permits selection of specified ratings that may•require diffecent 
Power Lever Angles as flight or atmosphecic conditions vary. Rating Code will always be input,. 

Rating Codes are defined as follows. Unassigned Rating Codes may be used for additional ratings in 
which case they must be coordinated between program user and supplier and defined in the User's 
Manual. 

~ 

Rating 
Definition 

Military Commercial Code 

100.0 Maximum Emergency 
Augmented 90.0 Maximum Continuous Maximum 

60.0 Minimum Augmented Minimum 
55.0 -- Wet Take-off 

55.0 Maximum -- 
50.0 Intermediate Dry Take-off 

Non 45.0 Maximum Continuous Maximum Continuous 
Augmented 40.0 -- Maximum Climb 

35.0 -- Maximum Cruise 
21.0 Idle 	(Flight) Flight Idle 
20.0 Idle (Ground) Ground Idle 

Reverse 15.0 Idle Idle 
5.0 Maximum Reverse Maximum 

-- 0.0 Use PC (or PLA) Use PC (or PLA) 
only only 

3.6.2 	Power Code or Power Lever Angle: The ; Power Code has three uses: 

3.6.2.1 When positive, it is intended to repiesent, and, when known, should be replaced by Power Lever 
Angle. Positive Power Code values are assigned as follows: 

;~ 
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Power 
Code Definition 

100.0 Maximum 

Augmented to to 

50.0 Minimum 

Non 50.0 Maxi~um 

Augmented to to 

20.0 Idle 

15.0 Idle 

Revecse to to 

5.0 Maximum 

3.6.2.2 When zero, performance consistent with the input value of Rating Code will be calculated. 

3.6.2.3 WAen negative, Power Code may be used to select alternative methods of oower level snecification, 
e.g. iteration to a specified net thrust or selection of an incremental power series. The values 
and uses of these negative values of PC will be defined in the User's Manual. 

	

3.6.3 	Additional Performance Selection: Additional performance selection may be required e.g. windmill- 
ing performance by use of windmilling selection, S4VIND. 

3.7 Standard Thermodynamics: The following ~eferences will be used for engine oerformance determination: 

	

3.7.1 	Standard Atmosphere: Ambient temperature and oressure will be consistent with the geopotential 
p~essure altitude of ISO 2533. 

	

3.7.2 	Standard Dr Air: The composition of standard dry air is to be based on that used for ISO 2533, but 
v th the number of molecular species ceduced by the re-allocation of trace elements. The composi- 
tion will be defined in the User's Manual. 

	

3.7.3 	Fuel: Fuel characteristics used in the computer orogram will be defined in the User's Manual. 

3.7.4 Thermochemical Data: Thermochemical data used in the computer program will be defined in the 
ser s Manua . 	ermochemical data for the purpose of gas turbine engine perfoxv~ance calcula- 
tions 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 efficiency requirements. Upon request by the user, the 
~upplier will supply a comparison of the thermodynamic process calculations based on his thermo- 
chemical data and that given by NASA Technical Papers 1906, 1907, 1408, and 1909 within the 
range of applicable engine operating conditions. 

3.8 Programming Standards: 

	

3.8.1 	The highest level of compiler optimization operationally available to the program supplier is o-e- 
ferred but requires coordination between aser and supplier. 

3.8.2 The program supplier will orovide automatic preventive action for the followi~g illegal arithmetic 
operations or processes: the square root of a negative number, illegal srguments to expo~ential, 
logarithmic and inverse trigonometric subroutines. This preventive action will oreclude these 
illegal arguments from being transferred to the user's system supplied 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 provi~ed the user's subroutines and/or computer oneratinq system do 
not override this capability. 

3.8.3. T6e program supplier will assume that the comouter memory is not cleared when the program is loaded. 

3.8.4 The engine program, while operating in the subroutine mode (see 2.2), will be available as one sub- 
routine call rather than separate calls to a collection of subroutines which, when taken in combina- 
tion, represent the engine. 

4, pROCRAM CAPABILITIES 

Program provisions for the effects described in this section will be included when they are aonlicable. 
Aovever, it should be recognized that, genecally, each addition to the program increases core reguire- 
ments and running time and delays delivery. Coordination of program requirements between user and 
svpplier is recommended. 

~ 
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- 5- 	 AS 681 D 
a.l Inlet Representation: 

~ 	4.1.1 Inlet tdode: The engine program will calculate performance when provided with either of the follow- 
ing combinations (aelected by inlet mode selection, SIM): 

l. Altitude, free stteam e~ach number, deviation of ambient temperature from standard and one of 
the options of 4.1.2. 

2. Ambient pressure and temperature, inlet/engine interface total pressure and total teepera- 
ture, and a tewperature increment for inlet heat transfer to be added to the inlet total temp- 
erature. 

4.1.2 Ram Pceasuce Recovery: Several cam pressure recovezy options vill be provided (aelected by ram 
presaure recovery selection, SERAM). Two categories of options are provided. The first category is 
to be used for engine inlet aveiage recovery and the second pcovides the capability to differentiate 
primary and secondary stream recoveries. The folloving values of SBRAM are defined: 

~ 

SERAM DEFINITION 

Average Recovery Options 

1 	A specified ram pressure recovezy standard. 

2 The input ratio of engine inlet total pressure to free stream total pressure. 

3 The ratio of engine inlet total pressure to free stream total pressure (SRAl~) as a 
function of referred engine airflow (W1AR) and/or free stream Mach nwnber (XF!). 

Differentiated Primary and Secondary Stream Options 

4 	The input ratio of primary stceam engine i~let total pressure to free atream total 
pressuzet and the input ratio of secondary stteam engine inlet total pressure to 
fcee stream total pressure. 

5 The input ratio of secondary stream engine inlet total pressuce to free stream 
total pressute as 	a function of 	referred engine air 	flow 	(w1AR) 	and/or 	free 
stiea~ t~aah 	nu~aber 	(XM)~ 	and the 	input 	ratio of primary stream engine 	inlet 
total pressure to free stream total pressure. 

6 The ratio of primary stream engine inlet total pressure to free stream total 
pressure as 	a function of 	referred engine 	airflow 	(W1AR) 	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 ceferred engine airtlow (WIAR) 
and/oc free stream Mach number 	(XM). 

SERAM options 4, 5, and 6 ate intended for use with higd bypass ratio fan engines and may be omitted for 
ofher applications. 

S~Rwht options 3, 5, and 6, which provide for a functional relationship between ram tecovery and 
engine airflow and/or fceestream Mach number, cequice a user suplied subroutine vith the following 
calt sequence: 

CALL ERAMX (XM~ WR*~ SECALC~ ERAM) 

:*w1R or Wlnx as appropriate. 

The usec suppliea subroutine will interpret the value of SECALC to ceturn the folloving values of SRAM: 

SL~'(:ALC BRAM 

1.0 Average 

2.0 Primary Stream 

3.0 Secondary Stream 

4.1.3 Distortion: The effects of inlet pressure and temperatuce distoction (radial, circwaferential, and 
temporal) on the engine will be included in the program when data or estimates ace available 
(aelected by distortion selection, SUIST). T6e input used in pressure distortion calculations will 
consist oi the following four pacameters for each instrumented ring (See ARP-1420): circumferential 
distortion intensity (ZDPCQP), circumferential distortion extent (ZDANG), circumferential distor- 

~ tion multiple (ZXMPR), ana raaial distortion intensity (ZDPRQP). 
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AS 681 D 
4,2 Customer Secvices: 

~.2.1 Air Bleed: The engine program wiil calculate performance when air bleed is extracted for customer 
se=vices. The user will be able to input the amount of air extracted from each bleed station as a 
zatio to the component inlet gas Ylow fzom which it is being extcacted and as a cate. The ratio and 
rate of bleed air are additive in the calculation of bleed flow. The cocresponding output tempeta- 
tutes and pressuces will include all engine induced heat tcansfet and pressure losses up to the 
bleed port interface, except in preliminaty design progcams prior to bleed system definition. 

4,2, y  p
owet Sxtraction: The engine program will calculate engine performance when power is eztracted for 

custaeer secvices. 

4,; ~w9ine Supplied Nozzle Effects: 

4.3.1 Mo::le pacameters used in the calculation of engine performance will be provided as output. These 

' sossle parameters will include: 

No~zle area(s), all gas flows, all engine discharge gas tempecatures and pcessures, ideal 
gross thrust, and =equited user s~pplied nozzle cooling ai=flow. 

4,3.2 Nhen a sepacate subroutine or supplementary data is needed t=o riate d ta w ll ebeeprov ded in9the 
supplied nozzle for user performance calculations, the app p 

program output. 

q,~ Parasitic Flows: Parasitic flows include those planned flows other than the customet bleed flow which 
ace scharged itom the engine at points other than the ezhaust nozzle. The engine progcam will calcu- 
late the eifect on engine gerfocmance of such planned flows, and pressure, temperature and flow rate 

vill be included in the progcam output. 

4.5 Bnyiae Anti-Icing : The engine program will have capability of calculating engine performance when 

opecation iTl~ea use of engine anti-icing. 

4.6 Liquid Injection: when opecation involves the use of liquid injection for augmentation, e.g. water/ 
alcohol, the engine progtam will have the capability of calculating engine performance for such opeta- 
tion. The flow rate used in the pecfocmance calculation will be included in the program output. 

4.7 Windailiinq: 
 The engine pro9raw vill provide performance uader windmilling conditions. The Usex's 

Nanual will include the Mach number versus altitude region in vhich program output is valid. 

a.7.1 Pceliainary design programs need only output net thrust (i.e, dcag) and engine inlet airflow without 

bleed or povec extcaction. 

q,7,y gpecification  programs will have additional capability, as applicable. 

4.8 Atvecse Thrust: If the program suppliec provides or has primary responsibil
ity  foz the pecformance of 

aa engine thrust ceveraer or spoiler, then the engine program will calculate this pecformance over the 
pover zange mutually a9reed between the program supplier and user. The flight envelope, engine limits, 
or any other specific limitations on the use of this capability will be defined in the User's Manual. 

4.9 Vaciable Geometr y: If the engine repcesented by tde ptogram inco[pocates variable geometty features that can be rescdeduled at the usec's option to optimize total system performance, then a physical and 

f~nctional description  of this variable geometry will be included in the Usec's Manual. Also, the 
ergine program output will include definition of the position of the variable geometry for which the 
petfotmance is calculated. If the nser has the option to reschedule the variable geometry aithout con- 
sulting the progcam suppliet, then a description of the method of input and the permissible vaciation 
vill be included in the User's Manual. This would not normally include vaciable geometcy trim pro- 

cedures used on production engines. 

4.1U Snaine Stabilit y: The engine pcogram will ptovide indication of the appropciate component stability, 
(e.g. comptessor surge, burner blow-out) by use of an appropriate Numecical Status Indicatoc. 

4.11 Usec Supplied Pco q rams: The engine program, when used as a subroutine, may be cequired to interface 
with user supplied programs which represent such featutes as engine inlet, ejector inlet for an engine 
supplieil nozzle, eahaust nozzle, ports foc customer services or secondary nozzles for boundacy layer 
control. The methods of operation of the user supplied program and the engine sub~outine must be 
clo6ely coorainated to allow ioc interaction between them, and to ensure any necessary input and output 
is provided. The program usec will therefore provide to the program supplier documentation describing 

his intended usage of the interface items. 

5, IMPUT/UUTPUT 

f 

~ 

5.1 P=o9ram Intecface Definition: 

5.1.1 The communicat ion  between the calling program (wcitten by eithet the pco9ram supplier o~ user) and 
the engine subroutine will be handled completel y  by six labeled commons.. The CALL statement to the 
engine subroutine wili contain no acguments. The six labeled commons will be FIXIN (Fixed Input), 

SXP~UT((Expanded utput)EXPThe`enginee ub outine Fwil~l never esto e c m'put d~values in FIX NutVARIN or 

EXpIN. 

. 
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5.1.2 The fixed input parameters placea in labeled common FIXIN will be limited to the order and quan- 

tity defined in 5.2. The fixed output (FIX~UT) vill be limited to the order and quantity of 
parameters definea in 5.3. The remaining cequired input and output Will be dependent on ewgine 
configuration and contained in labeled c~mons VARIN and VAR~UT, reapectively. Labeled ca~so~s 
ExPiN and ExP{8uT will be resecved for additional parametera available through coordiaation 

j 	between the"program supplier and user. 

5.1.3 The nomenclature utilized in the fi=ed input and output com~on blocka (FIXIN and FIX~UT) of 5.2 
and 5.3 is for clarification only. Logically equivalent nomenclature consistent rith AAP 7S5 is 
permitted, e.g. wl may be substituted for w1A in FIX~UT when multiple streass dave not been 
distinguished. 	 ' 

5.2 Inp~t: 

5.2.1 FIXIN: The fixed sequence list of the parameters that will be included in the fi=ed input labeled 
common (FIXIN), and the identity of these pa=ametera (with typical nowenclature consistont with 
ARP 755) are as follows: All parameters ate REAL floating point numbers, ezcept as indicated. 

~~ 

~ 

1. NIN 
2. NsdUT 
3. IND 
i. TITLE 	(18) 
5. CASL~ 
6. ZALT 
7. ZDTAMB 
8. ZllT1A 
9. ZEiZMLA 
10. ZPWXH 
11. ZPAr1B 
1'l. ZP(: 
13. ZPLA 
14. 2YlA 
15. ZRC 
16. S~ttAr~ 

17. SIM 

18. ZTAMB 
19. ZT1A 
20. ZWH3 
21. Zw83Q 

22. 2XM 
23. ZEi2AM1 
24. ZE12M11 
25. -- ) 
26. -- ) 
27. -- ) 
28 . 
29. SUIS`f 

30. 
31. 
32. ZPWSll 
33. 
34. 
35. 
36. 
37. 
38 . 
39 . ZXNSD 
90. Z T1tQS D 

41. SWIND 

Input file number (INT~GER) 
Output file numbet (INTEGER) 
Engine program indicatoc (INTSGER) 
User title - diwension 18 (HOLLERITH) 
Numerical case identification 
Geopotential pressure altitude 
Ambient temperature minus atandard atmospheric teoperature 
Temperature to be added to T1A 
xam pressure recovery ai station lA 
Customei high pressure rotor power extraction 
nmbient pressure 
Power code 
Power lever angle 
Engine inlet total pressure at station lA 
Rating code 	 ' 
Ram pressure recovery selection 
Ave~ra e ~O t~ions 
SERAt~f -- 1, Selects ~tilitacy Specification ram pressure recovery 
3E1tAM = 2, 9electe input value of ra~ pressure recoverp 
SERAM = 3, Selects ram pressure recovery fra usec supplied 

subroutine (BRA!!8) 
Differentiated Optiona 
SERaM = d, Selects npnt values of priaarp and eecondary ram presaure 

recovery 
Seram = 5, Selecta input value of pri~ary stream raa pressure 

recovezy and calls user aupplied subroutine (BRAtIX) for secondary 
stream ram pressure recovery. 	 . 

SERAM = 6, Selects primary and secondary streas ru pressure recoveri 
fcom user supplied subroutine (SRAMX) 

Inlet Mode Selection 
SIM = 1, Selects altitude and Mach nu~ber 
SIM = 2, Selects pressure and temperature 

Ambient temperature 
Sngine inlet total temperature at station lA 
High pressure compressor discharge bleed florr rate 
High pressure compressor bleed f1oK ratio (discharge over component 
inlet) 
Free stream Mach number 
Primary stream ram pressure recovery 
Secondary stream ram pressure recovery 

Intentionally blank 

Inlet pressure and temperature distortion selection 

Retained for consistency with ARP 1257 
Delivered shaft power 

Retained for consistency with ARP 1257 

Delivered shaft rotational speed 
Uelivered shaft torque 
Windmilling selection 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
68

1d

https://saenorm.com/api/?name=de80b5a1dd21ec7dcf8032a5f70cfe33


-8- 

5.2.2 V~ RIN: The va~iable input labeled common VARIN will contain input dependent on engine configur 
tion. 

5.2.3 SXPIN: The expanded input labeled common EXPIN will contain additional input available th 
cootdination between progcam supplier and user. 

5.3 Output: 

5.3.1 FIX T: The fized sequence list of the parameters that will be included in the fixed output 
la eled common (FIX~i1T), and the identity of these parameters (with typical nomenclature con- 
sistent with ARP 755) are as follows: All parameters are REAL floating point numbers, eacept as 
indicated. 

1. CLASS 	(6) Engine program security classification - Dimension 6(HOLLERITH) 
2. IDENT (36) Engine program titles - Dimenaion 36 (80LLERITH) 
3. NSI 	(10) ltumecical Status Indicator - Dimension 10 	(2NTSGER). 	See Para. 5.5. 
4. AE8 Primary exhaust nozzle throat effective area 
5. AE18 Bypass exhaust nozzle thzoat effective area 
6. ANGBT Boat-tail angle 
7. PRAM Ram drag 
S. FG Gross thrust 
9. FGI Ideal gross thrust 
10. FG19 Bypass atream gross thrust 
11. PGI19 Bypass stream ideal gross thrust 
12. F8V Fuel lower heatinq value 
13. FN Net thrust 
14. PB3 High preasute compressoc discharge bleed flow total pressuce 
15. P7 Primary exhaust flow total pressure 
16. P17 Bypass exhaust flow total pressure 
17. SFC Specific fuel consumption 
18. -- Retained for historical consistency with ARP 681B 
19. TB3 High pcessure compresaor discharge bleed £lo~r total temperature 
20. TC Control temperature (cockpit display) 
21. T7 Primary exhaust flow total temperature 
22. T17 Bypass exhaust flor+ total temperature 
23. WFE Bngine fuel flow rate 
24. WFT Total fuel flow rate 
25. W1A Sngine inlet flow rate at station lA 
26. W7 Pr3mary exhaust flow rate 
27. W17 Sypass exhaust floa cate 
28. W2_ (+) High ptesaure compressor inlet flow rate 
29. XNEi High presaure rotor rotation speed 
30. XNI Intermediate pressure rotor rotational speed 
31. XNL Low pressute rotor rotational speed 
32. XNSD Delivered shaft rotational speed 
33. ALT Geopotential pressure altitude (*) 
34. ERAMIA Ram pressure recovery at station lA (*) 
35. PA!!B Ambient pressure (*) 
36. PLA Powec lever angle (*) 
37. P1A Engine inlet total pressure at station lA (*) 
38. TA!!B Ambient temperature {*) 
39. T1A Engine inlet total temperature at station lA (~) 
40. XM Free stream Mach numbec 	(*) 
ai. -- 	> 
as. -- 	) 
43. -- 	) Retained for consistency with ARP 1257 
44. -- 	) 
45. -- 	) 
d6. PWSD Delivered ahaft powec 	(*) 
47. -- 	) Retained for consistency with ARP 1257 
48. TRQSD Delivered shaft torque (*) 
49. SRAMl Primary stream ram Qcessure recovery 
50. ERA!!11 Secondary stream ram pcessure recovery 
51. -- 	) 
52 '  ~ Intentionally blank 
53. -- 	) 
54. -- 	) 
55. DTAMB Ambient temperature minus standard atmosphere temperature (*) 

*These locations will contain the values of each parametec used in the computation. The input 
values of these parameters are contained in labeled common FIXIN where they are prefixed by the 
letter Z. 

+The full number repcesenting the relevent station designation (e.g. W21, W215, W2A) will be 
defined by the program supplier. 

r 

. 

.~ 
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~ 

56. DT1A 	 Tempecature to be added to T1A 4*) 
57 . PC 	 Power code (,* ) 
58. RC 	 xating code (,*) 
59. w83 (@) 	 High pressure compressor discharge total bleed flow rate (,*) 
60. wB3Q (C) 	 eigh pressure comp~essor total bleed flow ratio 

(discharge over canponent inlet) (,*) 
61. PwxH 	 Customer high pressure rotor power eztraction (,*) 

.*These locations wilt contain the values of each parameter used in the computation. The input 
values of these parameters are contained in labeled common FI%IN where they are prefi:ed by the 
letter Z. 	 I 

1 

~°Reaultant from combined inputs 5.2.1.20 and 5.2.1.21. 	 i 

5.3.2 Vw UT: The variable output labeled common VAR~UT will contain output dependent on enginel 
confiyuration but not included in FIX¢UT. 

5.3.3 El( UT: The expanded output labeled common EXP~UT will contain additional output available 
throngh coordination between program supplier arid user. 

5.3.4 Printout: In addition to the output parameters in labeled co~one FI%~IUT, VARpUT and SXP¢OT, the 
output printout will include all input parameters (FIXIN, VARIN and EXPIN). All printout will be 
undec the contcol of the calling program. 

5.3 Units: Input and output parameter values will be based on the pound, foot system of neasurement com- 
monly used in the United States. The metric International Syatee of Units (SI) is an acceptnble 
alternate. Appendi: C defines the units that will be used for either syatem. 

5.5 Numerical Status Indicators: 

5.5.1 Nuaecical Status Indicators will be used, where applicable, to notify the program user of any 
limitation or qualification of the output data. The Numerical Statua Indicatot codes defined in 
5.5.2 witl be used. The program supplier also may elect to print the actual words of the measage 
in the output. 

5.5.2 A four digit number vill be used as the aeasage indicator. Tbe first digit will indicate the 
qcaiitp of tfie ovtpnt, aa defind in lebie 1. The aecond digit will indicate the nataKe ~f the 
problem affecting the output, as defined in Table 2. The third and fourth digits will indicate 
specific messages that will be defined in the User's !lanual, M array of ten N~uerical ~tatue 
Indicatora (the first nine and the laet one encounteced) will be available for output. 

~ 

TABLE 1 

dSI First Digit, Quality Indicators 

0000 Al1 output valid, no errors, no limits ezceeded 

UXXX Input reset to limit, output valid as specified 

lxxx Limit e:ceeded, output provided for intecpolation only 

2XXX to BXXX Open for supplier's use with definitions supplied in the User's Manual 

9XXX Output not valid 

TABLE 2 

NSI Second Digit, Category Indicators 

X1XX Computing problems (e.g, fails to converge, job in loop, failure unknown 

X2XX Input problems (e.g, missing input, Mrong order) 

X3xx xating or powec messages (e.g, thcust requested above or below 
engine capability, control limits) 

X4XX Installation problems (e.g, bleed flov pressure or percentage 
exceeded, power extcaction e:ceeded, secondacy flow limit 
exceeded, distortion limit exceeded) 

XSXX Envelope problems (e.g. engine structural limit exceeded, Mach 
limit exceeded, temperature limit eaceeded~ 

x6Xx Stability problems (e.g, surge, burner blow-out) 

X7xx to X9xX See User's Manual 
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6. PROGRAM IDENTIFICATION 

6.1 Svery engine program will have a unique identification and date. Provision will be made to ptint out 
this identification on each set of output. 

6.2 Evety tape t~ansmitted will be externally marked to shov: 

1. Identification of tape; originator; engine; program 

2. Number of Channels (e.g., 7 or 9) 

3. Density (e.g., 556, 800, 1600 bits pec inch) 

~. 	Whether labeled or unlabeled 

5. 	Number of files on the tape 

In addition, the following information must be provided for each file contained on the tape: 

1. Type of information [soucce or object; data in internal form (unformatted) or in external 
form (formatted)] 

2. If object code, type of machine used and operating system 

3. Punch (character) code if card images are supplied (e.g., BCD, ESCDIC) 

4. Any other information necessary for retrieval from the tape, e.g., file name; inter-record 
gap length; cecord length; block length; odd or even parity. 

6.3 Every cacd deck transmitted will be uniqnely labeled with progcam supplier name, engine name and/or 
pcogram identification and numerically sequenced where possible. Any special operating system 
control cards will be included. 

7. PROGRAM CHECKWT 

Program checkout vill be accompiished with the independent program as supplied. Input for test cases 
will accompany the engine program or be included with the User's Manual along with the resultant 
output for sufficient cases to demonstcate all engine program input options described in the User's 
Manual. 

Source cards or card images aill be provided foz the calling program. 

8. PROGRAM REVISIONS 

S.l The nature of, and reason for, changes or revisions to computer programs will be documented by the 
program supplier when the revision is submitted to the user. The User's Manual or program operating 
instructions will be kept current with the revision. 

8.2 When revisions are made they will be identified by an approgriate change to the basic program 
identification number with a corresponding revision date. Documentation which refers to the progcam 
will include revision designations when pcacticable. Revision designations will be included on the 
printout. 

',8.3 Programs revised by the user without written consent of the supplier will be the responsibility of 
the usec. 

9. OPTIONAL FEATURES 

Engine steady state pecformance progtams will contain optional features and capabilities to the 
extent agreed upon between the program supplier and user. The intent of such optional features will 
be to facilitate the calculation of total propulsion system performance. Examples of these features 
ace: iteration to a requested net thrust, a bleed interface procedure, iteration to a requested 
shaft power output, a ram recovety interface procedure, itecation to an externally monitored para- 
setec, huwidity effects, inlet water ingestion effects. 

10. REFERENCE DOCUMENTS 

The following documents are referenced in this standard. 

10.1 International Organization for Standardization (ISO): 

10.1.1 ISO 1000, SI units and recommendations for the use of their multiples and of certain other units. 

10.1.2 ISO 1539, FORTRAN [level "Full FORTRAN (number 1)"]. This is the same as ANSI X3.9 FORTRAN. 

10.1.3 ISO 2533, ISO Standard Atmosphere. This is consistent with the U.S. Standacd Atmosphere, 1962, 
for altitudes up to 50,000 meters. 

~ 

~ 
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I10.1.4 ISO 2955, Representations for SI and other units to be used in systems with limited charactec 
sets. 

10.2 Society of Automotive Engineecs (SAE): 

10.2.1 ARP 755A, Gas Turbine Engine Pecformance Station Identification and Nomenclature, SA~. 

10.2.2 ARP 1210, Gas Turbine Engine Intetface Test Data Reduction C~puter Programs, SAE. 

10.2.3 ARP 1211, Gas Turbine Engine Status Performance Presentation for Digital Computer Programs, SAE. 

10.2.4 ARP 1257, Gas Turbine Engine Tcansient Performance Presentation for Digital C~puter Pcograms, 
SAB. 

~10.2.5 ARP 1420, Gas Tucbine Engine Inlet Flow Distortion Methodology, SAE. 

10.3 Others: 

10.3.1 U.S. Standard Atmosphere, 1962, United States C~ittee on Extension of the Standacd Atmosphere. 

10.3.2 NASA Technical Paper 1906, Thermodynamic and Transport Combustion PrQperties of Hydrocarbons wit 
Air, Part I- Properties in SI Units, Sanford Gordon, 1982. 

10.3.3 NASA Technical Paper 19.07, Thermodynamic and Transport Combustion Properties of Hydrocarbons wit 
Air, Part II - Compositions Corresponding to Relvin Temperature Schedules in Part I, Sanford 
Gordon, 1982. 

10.3.4 NASA Technical Paper 190.8, Thermodynamic and Transport Combustion Properties of Hydrocarbons wit 
Air, Part III - Properties in U. S. Customary Units, Sanford Gordon, 1982. 

10.3.5 NASA Technical Paper 1909, Thermodynamic and ~ransport Combustion Properties of Hydrocarbons wit 
Air, Part IV - Compositions Corresponding to Rank~ne Temperature Schedules in Part ZII, Sanford 
Gordon, 1982. 	 . 

PREPARED BY 
SAE COMMITTEE 3-15 

ENGINE PERFORMANCE PRESENTATION FOR 
ELECTRONIC DIGITAL COI+~I7TERS 

~ 

~~ 
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APPENDIX A 
	

• 

FLOWCHART OF A USER CALLING PROGRAM 
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