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SECTION 1

INTRODUCTION

This document is a user’s guide to the Combustor Reliability Prediction Program.

The program relates burner crack initiation life and louver lip buckling life to the boundary
conditions of compressor exit and turbine inlet temperature , expressed as a function of time.
The user must provide a set of reference conditions; metal temperature and strain range for a
particular set of compressor exit and turbine inlet gas temperatures. The program then inte-
grates the damage for each failure mode over the flight and provides a predicted life.

Section 2 of the document provides a program flow map, an engineering description , and a
definition of the function of each subroutine. A detailed engineering description , including
failure model selection , model development and program sensitivity studies, are provided in
the rmal report for this Contract (Volume I).

Section 3 contains the input instructions, a listing of input for a sample case and the corres-
ponding program output.
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1 SECTION II

PROGRAM DESCRIPTION

I . General Description

The Combustor Reliability Computer program described in this report is a FORTRAN pro-
gram compiled on both an IBM 370/ 168 at P&WA and a CDC 2000 for use at Wright-Patterson
AFB. An overview of the program is provided in schematic form in Figure 1. The figure traces
the flow of the calculation from the input stages through the calculation of component en-
vironment and incremental damage at each portion of the flight to the final summation of the
damage for the mission. The appropriate subroutines are indicated by name in parenthesis
in each box. Table I is a summary of the subroutine names and functions.

IDENTIFICATION
DATA

_ _ _ _  _ _ _ _  

MATEFUALS

]

READ REFERENCE REFERENCE
CONDITIONS I ~~ LIBRARY

(MAIN) J (MAIN)

READ TIME - TEMP. TIME - TEMP.
DATA LIBRARY

(INPUT) (MAIN)

CALCULATE LIFE

[__

RESULTS

__]

GO TO NEXT CASE

Figure 1. CRC Program Overview

2
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TABLE I

List Of Names, Routines, and Functions

Name Type Purpose

INPUT Subroutine reads in flight condition , temperature , and flight
time

MAIN Main Program directs mission analysis program flow and calculates
turbine metal temperature , stress, and strain range ;
reads in reference condition

MLIBR Subroutine reads and organizes materials’ properties for turbine
life analysis

UN BAR Subroutine interpolates two-d imensional tables

2. Life Calculation

a. Burner Creep-Low Cycle Fatigue (LCF ) Cracking

This model, and the f ollowing one def ining burner lip buckling l if e, are described in detail
in the final report for this contract (Volume I).

The nomenclature for this section is described in Figu re 2 and the following table.
A, B = Influence coefficients for temperature referencing
Bt = Time - temperature dependent plastic stress-strain relationship
C = Strain-temperature proportionality constant, a function of material and

radius.
= Material ductility

E = Youn~ modulus
f = Flight increment
K 1 = Temperature dependent plastic strain relationship
L = Life
m = Total number of increments
n = Slope of the material LCF curve
N~ = Damage fraction associated with creep
Nf = Damage fraction associated with LCF
TK = Louver knuckle temperature

3 
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TM = Metal temperature

R = Reference condition metal temperature

T 1 = Combustor inlet temperature
T 1 R = Combustor inlet temperature under reference conditions

12 = Combustor exit temperature

12R 
= Combustor exit temperature under reference conditions
= Endurance limit strain range

~eTR = Total strain range

Figure 2. Burner Creep — LCF Nomenclature

At any flight condition , the metal temperature is related to temperatures at the reference
conditions by:

= TMR + A (T1 — TIR~ 
+ B (T2 — T2R~ 

(1)

The cold knuckle of the louver (See Figure 2) is

TK = T l +2 O F ~2)

and the total strain range is calculated from

= C[TM TK]

The program has built in curves of C as a function of radius for bending and hoop stress.
The user selects the failure mode (axial or circumferential cracking). A fatigue damage frac-
tion is calculated for take-off conditions (equation 4) and a creep damage factor is calcula-
ted over the entire flight spectrum (equation (5).

4
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The values of ACe, Dp, E, 
~ 

and Bt are functions of temperature (Bt is a function of timeas well) and are obtained by interpolation of input data tables. The cracking life is then:

L = 

Nc +N f 
(6)

b. Burner Louver Lip Buckling

The burner louver lip buckling model is a dual mechanism failure model of thermal buckling
and coating induced buckling. Failure Is considered to occur when the lip is completely
closed. Temperatures for this failure model are the same as those used in the creep — LCF
model described in the preceding section (equations 1 and 2). Nomenclature for this section
is described in Figure 3 and in the table below:

b = Materials property parameter
= Hoop restraint factor

Cro = Geometric hoop restraint factor
E = Youngs modulus

= flight increment
k = Lip buckling coefficient
L = Lip length

m = Material property parameter

S
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n = total number of flight increments
= Critical buckling temperature
= Louver knuckle temperature
= Louver lip temperature

t = time
t f = time to failure
W = Lip height
W~ = Thermal buckling
& = Strip coating defl~ction

= Time increment

The subscript MAX refers to the largest value over the course of the mission while the super-
script * indicates an equivalent value as explained in the text.

Figure 3. Burner Louver Lip Collapse Nomenclature

The temperature below which thermal buckling will not occur, called the critical buckling
temperature, is determined from:

TC~~~Ece/k 4~TK (7)

where:

~~ € E’+ m l n (~~e~~) + b
C~’ (8)

E + E ’

The values of E , m and b are functions of the material and hot metal tempera ture TM while
E’ is Youngs Modulus , evaluated at the cold knuckle temperature. The value of k is a
function of the lip geometry and 

~ 
is calculated from built in curves that relate the

critical plastic strain to the lip temperature and buckling coefficient.

6 
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If the critical buckling temper ature is exceeded , the lip buckles by an amount relative to
the total strain. The curve , independent of material and radius , is built into the program.
The program takes the max imum value of lip strain to calculate the thermal buckling.

Superimposed upon the thermal buckling is a coating induced buckling which forces the lip
to close as a result of volumetri c lip changes in the coating. The amount of closure is pro-
portional to the geometry , temperature , and time at temperature . In any time increment , the
amount of closure is:

/ L ” 2
Wc =Cr I_~ 

8i (9)
\ 1.5/

is a geometric restraint factor that varies from Cro at or below the critical buckling
temperature to 1 at 2000°F (1367°K). C~ is a function of lip geometry and is a part of the
program . The coating strip deflection &. is a function of time at temperature and is com-
puted from curves that are also a part of1 the program .

Since the lip temperature varies with each flight increment , an equivalent term is calculated
to reach the deflection just prior to the start of the increment and at the new temperatu re .
If 6i l  represents the coating strip deflection up to the flight increment and TM. the new
lip temperature: 1

= f (10)

6~ = f  [t i l *+~~ti~T
M ]  ~~~i-l 

( I I )

At the conclusion of the fligh t , an equivalent temperature is calculated such that

T * = f  
~~~~~~~~~~ 

(12)

Since failure is assumed to be the complete lip closure, the amount of strip coating
closure for failure is

W — W~ max

C ( L \ 2  (13)
rmax

and the time to complete collapse

tf f [&f, T*] (14)

7 
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SECTION III

PROGRAM OPERATION

This section describes both the input information and format required to run the mission
analysis-failure model program, and the output from the program . A sample case (input and
output) is also provided.

1. Program Input

a. Program Instructions

Details of the input for this deck , and the format of the input, are described in the following
pages. Each page (or more than one page if required) illustrates arid describes each data card
or type of data card . Each card or type of card is divided into fields , or sequences of card
columns, into which are entered the input parameter values.

Data will always be input in one of the three following forms:

• Floating point number (denoted by F. P.) — this form of input may consist of the
characters “+“, “—“ 0-9, and “.“ (decimal point). If neither “+“ nor “—“ is input ,
then a positive number is assumed. The decimal point must be input unless other-
wise specified. If the decimal point is input, then a number may be entered anywhere
within its field. An additional character , “E”, may be used to input a floating point
number with an exponent. For instance, the number 13,460,000.0 may be input as
.1346 E8 or the number 0.0000001346 may be input as .1346 E-6. When a number
is input with an exponen t, then the exponent (E-6 for example) must be right adjusted
within its field .

• Integer number (denoted by INT.) — this form of input may consist of the same
characters as a floating point number except for the decimal point (a decimal point
must not be input). An integer number must be right-adjusted within its field.

• Alphanumeric input (denoted by A/N) — this form of input may consist of any
character available on the computer and may be entered anywhere within its field.

If the input field for a floating point number or an integer number is left blank , then a zero
is assumed. Blanks in alphanumeric input will be blank characters .

b. Input Package

The input package is divided into three parts, as described below:

• Part 1 consists of the first card indicating the number of cases to be run and the number
of burner material packages to be input.

• Part 2 (card types 2-7) defines the material properties. Up to five packages can be loaded.

8
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• Part 3 is the reference condition package including eight data cards.

The case title card (card type 8) indicates the number of reference conditions, up to
5. The program will generate a life prediction for each reference condition input.
Card type 9 describes the flight duration and frequency used for averaging damage over
a mixed set of missions.
Card type 10 identifies the material and the failure mode (cracking or buckling).
Card type 11 indicates the number of reference modes (louvers) to be analyzed plus
the units of temperature input.
Card type 12 identifies the compressor exit and turbine inlet temperatures at the ref-
erence conditions.
A card type 13 is required for each louver to be analyzed to defme parameters for either
the cracking or buckling failure model.
Card type 14 identifies the fligh t condition and the time-gas temperature boundary
condition.
The last card of each case (type 15) contains a minus 1.

NOTE
The input data cards, as described above, are illustrated on pages 10-24 following.

9
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Card Type: 1

Title: Indicator Card

General Instruction:

NCASES IBRN

0 0 0 U D C 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 4 5 3 0;! 3 73 76 ‘ 6  7 III 3! z; 2; 24 5 2 2 1 ,, 1,31 ..’ 72 1’ 3, ~ 361’ 3 3 1 6 4 1 6 1 4 7  4 ’46 4363 4 41., 503; 3 : : ,  5 * 5 3 3 3 3 7 5 4 3 9 6 3 .; 224 3 64 6 3 3 6 6 7 6 6 6 6 3 ’ !  73 73 74 73 76 77 76 76 40

Name Type Column(s) Description

NCASES INT 1-10 TotaL number of cases to be run (no Limit). Each case is described
by card s 8 14.

IBRN INT 11-20 Number of Burner Material Packages input , up to a maximum of
5. Input described by card types 2-7.

10
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Tide: Burner Material Package

General Instruction:

Input package IBRN times if IBRN >0 on card Type I , Columns 11-20.

NAME BUR NER MATERIAL PACKAGE

0 0 0 0 1 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0  C 0 0 0 0 0 0 0
3 1 4 9 7  7 i , O ;,~~!,! l6 ’3 ’! IJ e ,, ’c :. ; : ; , 3 , 5 1 ,  ‘, 33 ’~~ ,; 1 7 3 ’ ; , ; ; ~~J - ~. 3 7 * ~~,;* 3 4 * 4 ! * 3 4 6 4  91* 650 3 . . , 3 6 3 5 7 3 5 3 5 4 5 7 6 6 .. , 2 6 3 6 , 3 7 6 6 6 6 6 ( 3 7 6 ’ ’ 1 ’ ! ’ 4 7 3 7 6 ! ’ 6 1 1 6

Name Type Column(s) Description

NAME INT 1-4 Material name (1038 , 5566, etc.)

TITLE A/N 9-80 Descriptive title of material package.

I I
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Card Type: 3

Tide: Burner Materi al Package

General Instruction:

—NT1

NT2

I ~~~I I r— NT4

i l l  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i” 1 N Ti T2 T3 14 15

0 0 0 0 L I O C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
I 3 7 4 3 7  ‘ 6

Name Type Column(s) Description

NTI INT. 1-2 Num ber of metal temperatures used to define parameters on
card type 30 Max = 9

NT2 INT. 3-4 Number of metal temperatures used to define 131 curve.
Max = 9

NT3 INT. 5-6 Numbe r of 6TR and corresponding buckled deflection
values input . Max = 15

NT4 INT. 7-8 No. of Tm for 
~CP curve

NT + NT5 ~ 20
NT5 INT. 9-10 J No. of buckling coeff. for e~p curve

N F.P. 11-20 Material constant (N = 2.35 for 1038)

Ti F.P. 21-30

T2 F.P. 31-40

T3 F.P. 4 1-50 Time input for BT curve (input in ascending order)

14 F.P. 51-60

15 F.P. 61-70

12
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Title: Burner Material Package

General Instruction:

Repeat these 2 cards NIl times.

FiO.3 EiO. 4 E1O.4 E1O.4 EiO.4 E1O.4 E1O.4 E1O.4

DP OP

TMETAL (NTi) (SMOOTH) (WELDED) ~~Ee E K 1 M b

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 f J 0 0 0 0 0 0 0 0 0 0 ’J O O O O O O O O O O O O O
7 7 4 9 7

2
2 3 4 9 7  ‘ 6 ! 0 1 7 2 !1 17 ’S !S ! 7 1 7 6 3 0 2I 7 2 2 3 ? 4 i 5 2 3 2 ) , 2 3 0 I ’ ! 7 3 3 33 ; , 3 6 3 ’ ! II*1 6 1 6 2 * ’ 4 3 *546 4 . I . ,503; 3 ; 2 3 3 * 5 ! ! s ! 7 5 6 9,60 3, 11 63 84 63 6 6 6 1 6 , € 9 3 3 I 12 fl 7 * T h ’ 6 ’ ; 1 7 6 l O

Name Type Column(s) Description

TMetaI (NIl ) F.P. 1-10 Metal temperature at which the following 9 parameters are
taken . (“ F)

DP (Smooth) F.P. 1 1-20 BRN cracking parameter.

DP (Welded) F.P. 21-30 BRN cracking parameter.

F.P. 31-40 BRN cracking parameter.

E F.P. 41-50 BRN cracking + buckling ~‘arameter .
Taken from materials

K 1 F.P. 51-60 BRN cracking parameter. curves provided corres-
ponding to TMetal (NIl)

M F.P. 6 1-70 Louver buckling parameter.

b F.P. 7 1-80 Louver buckling parameter.

F.P. 1-10 Louver buckling parameter (log value)
2

SMax F.P. 11-20 Louver buckling parameter.

13
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Card Type: 5

litle: Burner Material Package

General Instruction:

Repeat this card NT2 times.

FiO. 3 Ei O.4 E1O.4 EiO.4 E1O.4 E1O.4

TMETAL (NT2) 81 (Ti ) 81 (12) BT (T3) 81 (14) BT (15)

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  i 0~’ 0 0 0 0 0 0 0 0 0 0 0 0 0
3 3 4 3 9  7 $ ~~~~l5 lI ,3 ’3 34 ‘3 !9 13 1 19 ’0 7I 24 13 71 .s 7 5 2 ; ,. 23 3 O . , ’12 33 34 .3 3 6 1 ’ ; 3 3 9 * 3 4 1 43 411! *34( 4 * 946544 , 3.5,39 3333 51 40 36 (3 61 53 33 94 35336191 93 376 ’ ! ! ; 3 5 1 4 7 3 7 6 7 9 76 15 13

Name Type Column(s) Description

TMetaI (NT2) F.P. 1-10 Metal temperature for the corresponding values of BT
(Repeat card NT2 times) — “F

BT (Tl) F. P. 1 1-20

BT (T2) F.P. 2 1-30
Time — temperature dependent parameters

BT (T3 ) F.P. 31-40 (Input to correspond to Tl - T 5  and TMetal)

BT (T4) F.P. 41-50

BT (15) F. P. 5 1-60

14
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Tide: Burner Material Package (Strain Range - Buckled Deflection)

General I nstruction:

Input values continuously leaving no blank fields.

E1O.4 E1O. 4 E1O.4 E1O.4 E1O.4 Et O.4 E1O.4 E1O.4

( 

E~~ (1) ~TR (2) ~TR (NT3) WB Ii) WB (2) WB (NT3)

0 0 0 0 0 0  C 0 0 0 6 0 0 0 0 0  0 0 0 0 0 0 0  a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0  I 0 0 0 0 0 0 0 0 0 0 0 0 0
7 3 6 3 7 ’ S 5 7 6 9 33 33 36 3 79 33 775 33 77 32 3)? ; 7 3 2 3 2 , ? . ? 3 3 0 ’ 3 7 3 2 96 ; ;361 ’ 7 3192 * I 6 ? 6 ’ 4 3 4 1 4 6 6 .743 50~~, 3 .~ 5 3 5 3 7 ! 373I 36IO 63 52 43 b4 45406 I 6I66 1O ’l I2 1 3’ ! 7 5 7 5 1 3 1 ? I6O

Name Type Column(s) Description

eTR (l- NT3) F.P. 1-As Required Total strain range.
(In Fields of
10)

WB (l-* NT3) F.P. Fields of 10 Buckled deflection corresponding to 6TR (NT3) values
Immediately
Following
6TR Values

15



AFAPL-TR-77-8
Volume III

Card Type: 7

Title: Burner Material Package (Critical Plastic Strain Curve)

General Instruction:

Input values continuously leaving no blank fields.

E1O.4 E1O.4 E1O.4 E1O.4 E 1O.4 E1O.4 E1O.4 E1O.4

TM (1) TM(2) TM (NT4) KB (1) KB (2) KB (NT5 )

0 0 0 0  0 IC -  0 0 0 6 0 0 0  0 00  0 0 0 00  0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
7 7 3 6 9 3  ‘ S 3 3 9 11 13 9 95 3 39 99 ’ 1 7 5 3 3  77 22

E~p (1. N15) E~p (2, 1) J €~ p (NT4 .

0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
L 3 7 3 4 9 6  ‘ 1 6 9 0 11 32 1316

Name Type Column(s) Description

TM (I -
~ N14) F.P. 1-80 Metal temperature for critical plastic strain curve. —

As Required
in Fields of
10

KB (I -b’ NT5) F.P. 1-80 Buckling coeffloent for critical plastic strain curve.
As Required
in Fields of
(immediately
following last
TM value
input)

ECP(l , l~’NT4, F.P. 1-80 Critical plastic strain
NT5) I Input values of €~p continuously along lines of constant

metal temp. (TM) for given buckling coefficients (KB). )

16

.. - .



- - - .- 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 

- --.-

~~~~

AFAPL-TR-77.8
Card Type: 8 (Required ) Volume UI

Tide: Case Information

General Instruction:

r 
KPO

TITLE OF CASE

0 0 0 0 0 0  C 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  ii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0  ‘J 0 0 0 0 0 0 0 0 0 0 ) 1 0 0
7 1 I 5 6 9 9 30 46 2 ’  ‘l ii “39  17 ‘I 7 5 7 3 1 2  2 3 1 , 3 3 1 .  : 9 6  “ 2 1 ’  34 ,, 361 ’  1 , 1 9 9 1 4 3 4 2 1’,, 4 7 4 6  4 3 3 6 5 5 4 1.2 3~ . 5 3 3 9 1 7 5 3 9 4  5960 SI 32 .3 94 33 6213 6279 33 ’t 34 33 11 35 75 73 199 62

Name Type Column(s) Description

TITLE A/N 1-72 Descriptive title describing case.

KPO INT 74-76 Printout Option
0 — Standard
1 — Expanded

KREF tNT 78-80 Number of reference conditions up to a maximum of 5.

17 
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AFAPL-TR-77-8
Volume Ill

Card Type: 9

Tide: Case Information

General Instruction:

0 0 0 0 0  IC 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0  J O  0 0 0  0 0 0 0 0 0 0  U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  -
• 7 6 5 6 7 9 30 II - ‘‘ ‘9 ,7 .7 II 7 ‘4 1, - ‘ : 23 3 . - ‘  7 — “ ‘:3’ ,~ - ,  2’ 3 ’  1 7 9 41 ~, 97 •~ II ‘‘ II 1 1193 5 5 1 . 2 7 . 3 6 1 . 3 7 7  32 597110 67 .~ .3~~I3  63 93 65 95 90 ‘7 36 :3 74 Th 76 7. 1 19 00 -

Name Type Column(s) Description -

BT F.P. 1-10 Block time - hours.

IT F.P. 1 1-20 Taxi time - minutes.

FREQ F.P. 21-30 Frequency of flights. WF en more than one case is run; the program ¶

will weight the damage for each case and prin t a summary life based -

upon each case and its frequency.

18 
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AFAPL-TR.77-8
Volume UICard Type: 10

Tide: Burner Cracking or Buckling Reference Condition

General Instruction:

1
1CC RB

NAME TITLE OF BURNER R EFERENCE CONDITION

0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Name Type Column(s) Description

Name INT . 1-4 Material name (1038, 5536 , etc.)

ICORB INT. 5 Indicator for cracking or buckling model
(1 = cracking, 2 = buckling)

Title A/N 1 1-76 Descriptive title or burner reference condition

19
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AFAPL-TR-7’7-8
Volume UI

Card Type: 11

Tide: Burner Reference Condition

General Instruction:

~_ ROR F

(liii 0 C O O  0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0  17 a 5 9 - ¶ 4 0 2 ’ 7 71 36 ‘7 5 II 7 1 ‘0 ‘‘ 7. . 3~~S 2 .  1. 2~~ $ 2, . ‘ 1 3 3 4 ,239 ) ’  ‘‘ ‘991 4, 43 6’ 18 47 62 4 3 4 9 5 9 3 2  - 3 3 1 . 5 1 5  53 9 4 5 7 10 23 12.394  9: 9 3 6 3 1 4 7 9  90 ‘3 94 74 71 II 70 II I 74 60

Name Type Column(s) Description

NR INT 1-2 Number of louvers , up to a maximum of 9, examined

RORF INT 3 ° Ror °F(0~~°R, l °F)

KTM INT 4 = 1 for burner

20
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AFAPL.TR.77.8
Card Type: 12 Volume Ill

Title: Burner Reference Condition

General Instruction:

TT4 REF TT 5 R E F

0 0 0 0 0 0  C 0 0 0  C O O  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  U 0 0 0 0 0  0 0 0 3 0  3 0 0 0 0  0 0 0 0 0  0 0 0 0
3 7 2 a 5 7 9 7 0 9 7 32 3 3 9  ‘1.35 33 7 1 9 7 3 7 1 313) 24 358 : 9. .’, 1, 9 87 3 7 3 1 3 9 2 2 3 3 9 ’  7 3 9 9 3  43 43 4’ 43 ‘740 4 474 9 50 33 7 6659  533 5 1.7 54 5 9932 ’  9 1 6 3 6 6 6 2 4 9 0 5 9 0 9 7 10 1 7 93 3 74 7979 ,3 7011 40

Name Type Column(s) Description

TT4 Ref F.P. 1-10 Reference TT4 (°R or °F)

ITS Ref F.P. 11-20 Reference TTS (°R or °F)

21 - 
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AFAPL-TR-77-8
Volume UI

Card Type: 13

Tide: Burner Reference Condition

General Instruction:

Repeat NR Times

F8 .5 F8,5 F8.5 F8.5 F8 .5 F8.5 F8.5 F8.2 F8.2 F8.2

RAD L L2/RH W CHB A
R E F  

B
R E F  

BTMR T
4

(FI) T5 
(FI b

0 0 0 0 0 0  C 0 0 0 6 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 3 0  : 1 0 0 0 0 0 0 0 0 0 0 0 0 0
3 4 7 34 33 2 1 , 8 9  ‘7 36 31 ‘7 34 10 121 1324 13: 31 1,1,:) ‘111 ,’ 2 1 8  1 1 5 9 4 1 98 • 2 4 ’ 4 • , 4 9 6 4  4 3 4 9 5 )  6. ~~ . 84 3315 150 5 7 4 3 4 8  . 9 3 7 4 9 1 . 0 1 4 8 6 2 9 9 79 1 7. 78 7 1 7 9 7 0 ’, ‘7 19 00

Name Type Column(s) Description

RAD F.P. 1-8 Radius of louver in inches

L F.P . 9-16 Louver lip length in inches — (not input if ICORB = 1)

L2/RH F.P. 17-24 Non-dimensional constant — (not input if ICORB = I )

W F.P. 25-3 2 Non-deflected louver lip gap (See Fig. below)

CUB F.P. 33-40 Hoop or bending stress 1. bending stress outer liner
2 . hoop stress - outer liner
3. hoop stress - inner liner

AREF F .P. 41-48 Influence coefficient for T4

BREF F.P. 49-56 Influence coefficient for T5 TM = A REF (T4 - T4 REF~ 
+

BTM R F.P. 57-64 Reference Metal Temperature BREF (T5 - T5 REF~ 
+ 

~~TMR

T4(FI) F.P. 65-72 Flight idle I4

T5(FI) F.P. 73-80 Flight idle T5

R

Figure 4 Louver Geometry
22
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AFAPL-TR-77-8
Card Type: 14 Volume UI

Tide: Time - Temperature Boundary Conditions

General Instruction:

As many as required.

IPERF

111100C 0 0 1  6 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 3 4 5 6 ‘ 9 7 3 94 12 1 5 3 4  ‘7 5 9 9 6 I’S “ 2 , 1 1 34 1 , 3 1 2, . 1 1 4 1 1  ‘‘ ‘2 3 ’  34 ~4 36 3’ 3 7 3 7 4 )  41 42 4’ 49 ‘7 4 4 4 ’  9 34 9 0 0 31  4 ‘. 1 5 4  45 74 1.1 50 3415 SI 34 6) 64 65 66 17 10 99 I0’I 72 53 74 15 10 33 7014 40

Name Type Column (s) Description

IPERF INT 1-10 Flight Condition
1. Takeoff
2. Climb
3. Cruise
4. Descent
5. Thrust Reversal

11’4 F.P. 11-20 Compressor Exit Temperature (°For °R)

TF5 F.P. 21-30 Turbine Inlet Temperature (°F ~ R)

FLTIME F.P. 31-40 Time spent at flight condition (mm .)

23
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• I A PL-Th77-8
Volume Ill

Card Type: 15(Required )

Tide: Finalizing Card

General Instruction:

• If M = 0 on this card, this card would then be the last card . If M = —1 then card type 1 must
-: follow this card.

J M
0 0 0 0 0 0 0  0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  00

8 7 3 4 5 0 ‘ ¶ 4 lO l l  1 7 3 70 ‘755 77 ’! 1 9 7 9 1 2 2 , 2 2 2 171.1’. 2 ,  Ia 79 76 .7 72 37 34 2~~J4 3 ~~139 4G 4 1 4 7 4 1 4 5 1,14 4 914454 1.; 11 . 1 . 4 1 . 5 2 5  5 5 5 0 5 7 4 5  2, 1~ 63 64 11.4115 1445 10 ‘I ‘2 13 11 95 20 71 7074 40

Name Type Column(s) Description

M INT 79-80 —1 indicates end of the data for the case.

I

24
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AFAPL-TR-77-8
Volume UI

c. Sample Case ( Input and Output)

Table 2 consists of a listing of the input for a sample test case. The numbers to the right of
the input listing on Table 2 indicate the card type corresponding to the preceding input in-
structions.

The test case predicts combustor creep low cycle fatigue (LCF), and lip buckling life, for
two cases.

TABLE 2

Sample Case
PILE: W SO8AF DATA

2 1
10300 JT9D 855 IIAT’L PACKAGE CRP— LC? .LOUYER BUC KLIMG lii 1 1/4/76 (BASE) 2
00 511 6 92.35 .01 .03 .1 .5 1. 3
1000. .748 5 £ 0.1495 1 0.396 E—2.2086 1 8.76 1-6.118 1 5.102 1 6
‘- .352291 1.00 1 0
11600. .805 £ 0.535 1 0.291 1—2.22 1 8.14 1—5.10445 1 5.9 £ 5
— .239791 1.00 1 0
1500. .720 1 0.1485 1 0.265 1—2.21 1 00.157 1—5.94 E 4.82 1 5
— .2046581 1.125 1 0
1600. .595 £ 0.395 £ 0.238 1—2.198 1 8.19 1—5.775 1 4.688 £ 5
— .169901 1.23 1 0 4
1700. .‘480 1 0.315 1 0.21 1—2 .18’4 1 8.277 1—5.56 1 18.51 1 5
.13768E 1.316 £ 0
1800. .380 1 0.250 £ 0.18 1-2.165 1 00.502 1—5 .37 1 14.3414 1 5
— .1071431 1.38 I 0
1900. .31 £ 0.200 £ 0.149 1—2.136 £ 8.770 1—5.213 1 4.213 2 5
— .823901 0.428 1 0
2000. .255 1 0.170 2 0.117 1—2.77 1 7.1063 1—14.99 1 3.1 1 5
— .638301 0.187 £ 0
1000. .179 2—8.185 1—8.198 1—8.222 1—8.237 2—8
1500. .275 g.-5~~3le 5 1—5.149 1—5.87 1—5 .113 2— 16
1600. .58 1—5.83 1—5 . 135 1—4.28 2—4.395 1—4
1700. .98 1—5.166 1—14.28 1—4.56 1—4.97 1— 04
1800. .15 1—4.265 1— 46.53 1—4.145 1—3 .227 1—3
0. 1 0.2 1—3.4 1—3.6 1—3.8 1—3 .1 1—2 .15 1—2.2 1—2 )
.3 1—2.4 1—2 .6 1—2.0 2 0.8 1—2 .12 1—1.152 1—1.178 2—1 > 6
.2 1—1.2183 1—1 .278 1—1.332 1—1 .378 1—1.1462 1—1 j
.1~4 I ‘4.15 E 08.16 2 4.17 2 4.18 1 4.19 £ 4.0 1 0.1 1—2
.2 1—2.3 1—2.4 1—2.5 1—2.1 1—1.15 1—1.2 1—1.0 1 0
.67 1—3.11 1—2.145 1—2.175 1—2.205 1—2.338 1—2.0862 1—2.578 1—2
.0 1—0.6 3 1—3.105 1—2. 108 1—2.17 1—2.2 1—2.333 1—2.1452 1—2
.565 1—20. 1 0.55 1—3.98 1—3.1316 1—2 .163 1—2.191 1—2.320 1—2 7
.1438 1—2.552 1—2.0 2 0.514 1—3.93 1—3.126 1—2.152 1—2.179 1—2
.302 1—2.1412 1—2.517 1—2 .0 £ 0.14 1—3.82 1—3.113 1—2.114 1—2
.165 1—2.28 1—2.385 1—2.485 1—2.0 1 0.38 1—3.72 2—3.1 1—2
.126 1—2.15 1—2.257 1—2.3518 1—2.08467 1—2
D7A ISAYG 8ISSIOI 10/11/76 1 2 8

‘4.0 10.0 1.0 9
103001 001ST— I 8001 CRACKIIG IIODIL all 10/76 10

25 
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AFAPL-TR-77-8
Volume III

TABLE 2 (Con t ’d)

111 II1028. 2700. 1215. .14 .237 .11  2. .6 .4 1870. 1486. 1295. 13
10382 H I ST— I BR I BUCKLI NG NC DE L RN 8/3/76 10

111 11
1028. 2700. 12
15. .18 .237 . 1 1  3. .6 .oe 1870. 4886. 1295. 13

1 1’480. 302 14. 2.
2 13548. 2782. 18.
3 1260. 2660. 30.
3 1260. 2660. 30.
3 1260. 2660. 30. 14
3 1260. 2660. 30.
3 1260. 2660. 30.
3 1260. 2660. 30.
3 1 260. 2660. 12.

FILE : 145 08A P DATA A

16 11 50. 2500. 18.0 145 1356. 2735. .25
— 1  15

DI A LK AV GM ISS ION 10~~11,76 1 0 8
4.0 10.0 1.0 9

1 1410. 2960. 2.
2 1335. 2680. 18. )
3 1160. 2360. 120. ‘14
4 1110. 2260. 18.
5 1360. 2660. .25

—1 15

26
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AFAPL-TR-77..8
Volume Ill

2. Program Output

This section notes the program output listing (Table 3) corresponding to the sample case in
Table 2 above. The outpu t has been labeled along the left margin with letters which cor-
respond to the section in the description below:

Section Description

A Burner materials properties

B Title and f ligh t description

Cl Reference condition 1, cracking model

C2 Reference condition 2, buckling model

D Flight condition - time - temperature relationship

E Description of part life at the end of each increment of the fl ight profile.
Note that the creep and fatigue fractions are all cumulative and are
shown for each reference conditions.

El This portion of section E is only printed when KPO = 1 , and represents
the long form print out. Intermediate calculated quantities are printed.

F Printout of mission life and breakdown of damage by flight portion.

G Weighted average of the damage and damage breakdown for all the
missions run.

27
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BESVAVAII .ABIE COPY
0 0 0 0 0 0

e e0 0 0 0  0 0 0 0 0 0
0 1 5 5 5 1 1  40

U, 0 4 0 4 04 0 4 1 4 0 1 4 4 0 4 0 4 0 4 0 4 0 4 0
40 0 0 0 0 0 0 0  4.a 0 0 0 0 0 0

44’4 1’4 N 411 N .4 ( 40 4 00 4 00
— O N 4 0 ( 4 a 4 0*  40

•4 10195 ,ll lll** ‘1 0 0 4~~O ”' 13*
‘0 0 ,, . . . t  I • • • • I
N 000 0 00  0 0 0 0 0 0 00

‘., NNr~ 174 N4cI ~~~~~~~~~~~ 00
0 000 0 0  0 0 0 0 0 0 0 0

— 0 1 5 1 1 5 1
0 4 1 4 0 41 4 1 4 0 4 0  40 4 0 4 0 4 0 4 1 4 0 4 1 4 1 4 0  0

40 ( 40 0 0 0 0 0  1 ~5 4 0 1 0 a ’ N 4 0 a ’7 0
‘-N N 40 N (4 a 41 (50 0’ 005 N N 4.740  0 0 0 0 0 0

40 ( 4 l 0’ 0 ” ' 5 o r 4~~~ • * I I I I
. 0 0 0 0’ . 5  “0 14N 4 0 . 0  .— 44 1.0 41 41 41

40 0 . 4  4 !  • I ~~~~~~I I •  0 0 0 0 0
— 0 0 00 00  00 00 0 0 00  N ‘1.95 0 N
.4 I g I l l i l l
40 N l”4’ 1 0’ N
U N N (~I N N N ‘0 417 41* (95 411 414 Ill 415 Ill a . . .
40 0 0 0 0 0 0  0 00 0 0 0 0 0  40 0 0 0 0 0
40 0 1 1 1 1 1 5

0 4 0 4 0 4 0 4 0 4 0 4 0  7 0 1 4 0 4 0 1 . 1 4 0 4 0 4 0 4 0
40 0 0 0 0 0 0 0  0 00 0 0 000
04 — ‘ 0 m O N e N  40 N 0 0 4 0 0a 7 0

o - ’4 m N O 4 0 ( 4  O O N 4 0 ’ - a ’ - O
40 • ‘ 7~ . 7 l . 7 ’ 1 4 4 5 5 0  1 a ’ 4 0 , 0115 l.7 r4 I 0
0 0 0 s i ra a ’. 7
.4 0 0 0 0 0 0  0 0 0 0 0 0 0 0  411 0 0 000

U N N N N N N  11( 1* a a - 0 0 0” 7  0 0 0 0 0
.1 00 0 000  0 00 0 0 0 0 0  N 0 0 04 1 7

0 1 1 1 1 1 1  N I s ’ 4 0 - 0 0
A. 0 4 0  4 0 4 0 4 0 4 0 4 0  14 (4 4 0 4 0 4 0 4 0 4 0  (4 50 (‘.4 40 N
40 417 0 0 0 0 0 0 0 1* 0 0 0 0 0 0
o 0 ( 40 ’ -  a’ 414 0 40 40 3 0 ( 4 00  “'1 0 !l 0 0 000

0 0 00 5  N 0595 . -oar ~ .0 N 1  0’
1.1 • N N — — 7’ N 211 ~~ ‘N ‘74

C., a 0 .
.4 0 0 0 0 0 0  0 0 0 00 0 00
40

— U 0

~..s 40 N (‘4 N N 174 (50 .0 (4 (4417 .17 417 .95 3 0 40 417 ~ 3 3
0. 0 0 0 0 0 0  0 0 0 0 0 0  .~ 0 ‘~ 0 0 0 0 0

— 0 1 1 1 1 1 1  1 1 1 1 1 1 1 1  • 5 5 1 1 5
-4 0 4 0 4 04 0 4 0 4 0 4 0  4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0  0 40 4.1 1.1 (4 40

8 — - a 00 0 0 0 0  — 0 0 0 00 0 0 l ’7  0 0 0 0 0
s-a o 1 * O m N O ’ O  40 O O N O NN O 1 0  4 0 0( 40 0
40 O N  N 10 411 a 171 ‘0 a ( 4 0’  N O N  0 a’ a’ ~~
40 N — — 150 415 N ‘ II — a — N 414

0 ( • , 4 ,•  1 4 1 1 4 4 1 !
40 0 0 0 0 0 0  0 0 0 0 0 0 0 0  40 0 0000

4..
40 174 N 174 N 174174 4 0 4 0 4 0 4 0 4 0 4 0 4 0  N 40

g 4  5-4 0 0 0 0 0 0  0 0 0 0 0 0 0 0
a’ (95 0 1 1 1 1 1 1

~~~ 0 4 0 4 0 4 0 4 0 4 0 4 0  4 0 4 0 ( 4 4 0 4 0 4 0 4 0 4 0  0
-, U rI 0 0 0 0 0 0  0 0 0 0 0 0 0 0  “5 40 ( 4 ( 4  a a

II 0 411 0 310 145 0 8.1 ‘ 0 0 04 0  3( 4  .00 0 0 00 0 0
40 0 3 3 m 1 7 4.- 0 a N a ’4 0 ,0-’7 N • I I i i(IS • ~~~~~~ ‘ ‘ ‘ ‘  N N N ’ -~~~~~~ N 0 4 0 4 0 4 0 4 0
— 0 . 4 . . . .  I • 4 0 0 0 0 0

I_a 40 .4 0 0 0 0 0 0  00 0 0 0 0 0 0  ( 4 , 9 5 0 .0 (4
17 0.
0 0 — “5 40 — N
— .4 450 (“4 “* ‘11 45 4 5  C’4 450 N N 174 (“4 N 150 N

40 0 0 0 0 0 0  0 0 0 0 0 0 0 0  5-. 0 0 00 0
U 0 5 5 5 1 1 1  41 1 1 1 1 1 1 1 1
40 0 4 0 4 0 4 0 4 04 0 4 0  ((0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0

0 0 0 0 00 00 0 0  40 N 0 0 0 00 0  0 00 0 0 0 00
1 1 1 1 1 1 1 1 1 1  40 0 04 1 70 0 0 0  5.4 .0 . 4 1 * 4 0 0 0 a’N

I 40 0 0 4 0” I N I ” 4  .4 a ’a ” 0 ” 5 4 0 3
I ~~ 0 0 0 0 0 0 0 0 0 0 U • a’ 0. 40 N 440 “I N N N 174 I’- — 0
• 40 0 0 (‘I 40 0 “7 40 (‘4 40 N 0 4 ‘ . • 4 4 (4 ,— ~ ~r* .11 sf1 a
04 O N  410 N 0*  N 445 N .0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  0 0 0 0 0 0
40 0 4 0 .~~~~~~4 4 N 1 7 4..*ma 4 I I I I I
40 . 0 4 0 4 0 4 0 4 0 4 0
40 0 0 0 0 0 0 0 0 0 0 0  l.5 44* ”5 .7 ~I5~~I5 — 0 0 0 0 0 0 0 0  0 0 0 0 0
40 0 0 0 0 0 0  0 0 00 00 0 0 0  a’11I000
(44 0 1 5 1 1 5 5  40

— 0. 04 0  01 4 0 4 0 4 100 l~4 4.1 40 (0 01 454 (41 4.4 01 II 4— N 4(7 0’ —
0 I’- 0 0 0 0 0 0 .4 0 0 0 0 0 0 0 0
40 0 0 0 0 0 0 0  40 ~~~~~~ ‘4117 U~I 0 0 0  4.0 0 0 0 0 0
a. “7 ‘l ”S ” * N N N NN N  ON”'* I 1**040 40

O 0 0 0 0 0 0 0 0 0 0  .‘0’0l15.95 a 145 a . f . a. r ,e . i r ’ 4 —
40 .4 1 1 0 1 1 1 1 1 1 1  0 a.
40 ,~ 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0 0
40 40 40 0 0 0 0 0 0 0 0 0 0
150 ~~ (44 0 0 0 0 0 0 0 0 00

41 0 0 0 00 4 1 700 00  — 0 0 0 0 0 0 0 0  0 0 0 0 0
O N a 1 0 4 0 — — 1 7 41 4 4 a ’ 0  0 0 0 0 0 0 0 0  0 0 00 0

.4 • 4 • • l 4• ! I • l  5.4 • • + +4 ~~~~+ +  0 0 0 0 0
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