
































































































































oo aoaoaooOoaoaooaooaaooaaa

(W@

40

v VELOCITY

A SPEED OF SOUND

DADH DERIVATIVE OF SPEED OF SOUND WRT ALTITUDE
DELTA POWER SETTING (CONSTANT)

TMAX CONSTANT (MAXIMUM THRUST)

CUTPUT PARAMETERS:

SFC SPECIFIC FUEL CONSUMPTION

THRUST THRUST

DSFCDV DERIVATIVE OF SFC WRT VELOCITY

DSFCDH DERIVATIVE OF SFC WRT ALTITUDE

DTHRDV DERIVATIVE OF THRUST WRT VELOCITY

DTHRDH DERIVATIVE GF THRUST WRT ALTITUDE
TWO TABLES: TABLE3 GIVES SFC = TAB3(AM,H)

TABLE4 GIVES CSI = TAB4(AM,H)

THRUST = TMAX*CSI*DELTA, DELTA = POWER SETTING
(CONSTANT)

PROGRAMMER: M.X. HORN, MAY, 1982
MAJOR SIMPLIFICATIONS FOR TOMP (6.11.81)
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IMPLICIT REAL*8 (A-H,0-Z)

COMMON/TABLE3/AM3 (26), H3(11),TAB3(26,11)
COMMCON/TABLE4/ AM&4(26), HA4(11),TAB4(26,11)
COMMON/TLIMIT/INDIC(4,2),NGE(4,2) ,NCOMP(4) ,NTABLE

COMMON/CON3 /KML3 , KMU3 , KHL3 , KHU3
COMMON/ CON4 / KML4 , KMU4 , KEL4 , KHUS

COMMON/FSTEP/ITOPH
COMMON/EMERG/KPRINT
DATA JPRINT/0/
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VAL2D1(P,Q,F00,F10,F01,F11) = (1.0D0-P)*(1.0D0-Q)*F00 + P*(1.0DO
i -Q)*F10 + Q*(1.0D0-P)*F01 + P*Q*F1l1

PART11(F1,F0,X1,X0) = (F1-F0)/(X1-X0)

RATIO(AX,A1,42) = (AX-Al)/(A2-Al)

PARTV1(Q,DELTA1,F00,F10,F01,F11) ((F10-F00)*(1.D0 - Q)
i + (F11-F01)*Q}; / DELTA1l

1]

PARTV2 (P,DELTA2,FC0,F10,F01,F11) = ((FO1-F00)*(1.D0 - P)
1 + (F11-F10)*P) / DELTA2

H
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IPRINT = 0
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IF (JPRINT .EQ. 1) IPRINT = ITOPH
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= RATIO(AM,AM3(KML3),AM3(KMU3))
QCSI = RATIO( H, H3{KHL3), H3(KHU3))
C5I = VALZD1(PCSI,QCSI,TAB3(KML3,KHL3),TAB3(KMU3,KHL3),
1 TAE3 (KML3,XHU3) ,TAB3 (KMU3 ,KHU3))
THRUST = TMAX * CSI * DELTA
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= RATTO(AM,AM4 (KML&) , AM& (RMUS))
QSFC = RATIO( H, H&4(KHL4), H4(KHUL))
SFC = VAL2D1(PSFC,QSFC,TAB4 (KML4 ,KHLA) , TAB& (RMU4 , KHLA)
1 TAB4 (KML4 ,KHUA) , TAB4 (KMU& , KHUZL ) )
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DELTM = AM3(XMU3) - AM3(KML3)

DELTH H3(KHU3) - H3(KEL3)
DCSIDM = PARTV1(QCSI,DELTM  ,TAB3(KML3,KHL3),TAB3(KMU3,KHL3),
1 TAB3 (KML3,KHU3) , TAB3 (KMU3 ,KHU3) )
DCSIDH = PARTV2(FCSI,DELTH  ,TAB3(KML3,KHL3),TAB3(KMU3,KHL3),
1 TAB3 (KML3,KHU3) , TAB3 (KMU3,KHU3))
DELTM = AM4(KMU4) -~ AM&4(RMLAG)
DELTH = H4(KHU3) - H&4(KHL3)
DSFCDM = PARTV1(QSFC,DELTM  ,TAB&4 (KML4,KHL&4) ,TABSG (KMUL,KHLA) ,
1 TAB& (KML4 , KHUSG) , TAB4 (KMU4 , KHU4) )
DSFCDH = PARTV2(PSFC,DELTY  ,TAB&4(KML&4,KHLA4),TABL (KMU4 ,KHLG),
1 TAB4 (RML& , KHU4) , TAB4 (RMU4 , KHUG) )
DELTM = AM3(RMU3) - AM3(KML3)
DELTH = H3(KHU3) - H3(KHL3)

DWRTM1=(TAB3 (KMU3 , KHU3) -TAB3 (KML3 ,KHU3) ) /DELTM
DWRTMO=(TAB3 (KMU3 ,KHL3) -TAB3 (KML3,KHL3) ) /DELTM
DWRTH1=(TAB3 (KMU3,KHU3) -TAB3 (XMU3,KHL3) ) /DELTH
DWRTHO=(TAB3 (KML3 ,KHU3) -TAB3 (KML3,KHL3) ) /DELTH
KPRINT = 0

IF (KPRINT .EQ. 1) PRINT 1302,DWRTM1,DCSIDM,DWRTMO
IF (KPRINT .EQ. 1) PRINT 1303,DWRTH1,DCSIDH,DWRTHO

DELTM AML (RMUL) - AM4 (KML4)
DELTH H4 (KHUG) - HL4(KHLG)
DWRTM1=(TAB4 (KMU4 ,KHU4 ) -TAB4 (KML4 ,KHU4 ) ) /DELTM
DWRTMO=(TAB4 (KMU4 , KHL4 ) ~TAB4 (KML4 ,XKHL4 ) ) /DELTM
DWRTH1={TAB4 (KMU4 ,KHU4 ) -TAB&4 (XMU4 ,XHL4) ) /DELTH
DWRTHO=(TAB4 (KML4 , KHU4 ) -TAB& (KML4 ,KHL4) ) /DELTH
IF (KPRINT .EQ. 1) PRINT 1304,DWRTM1,DSFCDM,DWRTMO
IF (XPRINT .EQ. 1) PRINT 1305,DWRTH1,DSFCDH,DWRTHO

1302 FORMAT(' CHECK DERIVATIVES:',/,' DWRTM1 = ',D15.7,2X,' DCSIDM = ',
1 D15.7,2%," DWRTMO = ',D15.7)

1303 FORMAT(' CHECK DERIVATIVES:',/,' DWRTH1 = ',D15.7,2X,' DCSIDH = ',
1 D15.7,2X," DWRTHO = ',D15.7)

]
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G .
1304 FORMAT(' CHECK DERIVATIVES:',/,' DWRTM1 = ',D15.7,2X,' DSFCDM = ',
1 D15.7,2X," DWRTMO = ',D15.7)
1305 FORMAT(' CHECK DERIVATIVES:',/,' DWRTH1 = ',D15.7,2X,' DSFCDH = ',
1 D15.7,2¥,' DWRTHO = ',D15.7)
c
DMDV = 1.0D0/A
DMDA = -V/(A*A)
C
c -----------------------------------------------------------------------
C .......................................................................
DSFCDV = DSFCDM * DMDV
DSFCDH = DSFCDH + DSFCDM*DMDA*DADH
&
DTHRDV = TMAX * DCSIDM * DMDV * DELTA
DTHRDH = TMAX * (DCSIDH + DCSIDM*DMDA*DADH) * DELTA

IF (KPRINT .EQ. 1) PRINT 1300,DTHRDV,DTHRDH

IF (KPRINT .EQ. 1) PRINT 1301,DSFCDV,DSFCDH
1300 FORMAT(' IN FTRIEB:',/,' DSFCDV=',D15.7,2X, 'DSFCDE=',D15.7)
1301 FORMAT(' IN FTRIEB:',/,' DTHRDV=',D15.7,2X,'DTHRDH=',D15.7)

C .......................................................................
IF (IPRINT .EQ. 0) RETURN
C _______________________________________________________________________
g PRINT OPTIONS FOR SAFETY CHECKS
C _______________________________________________________________________
PRINT 510,AM3(XML3), H3(KEL3),AM, H,AM3(KMU3), H3(KHU3)
PRINT 511,AM&(XML4), H3(KHL4),AM, H,AM4(KMU4), H4(KHU&L)
PRINT 512,TAB3(KML3,KHL3),TAB3 (KML3,KHU3),
1 CSI,TAB3(KMU3,KHL3) ,TAB3 (KMU3,KHU3)
PRINT 513,TAB4(KML4,KHL4) , TAB4 (KML4 ,KHU4) ,
1 SFC,TAB4 (KMU4 ,KHLA) , TABL (KMU4 , KHU4)
®
510 FORMAT(/,' IN FTRIEB--TABLE 3 GRID VALUES ¥l s
1 ' LOWER BOUND--M = ',D23.16,2X, ' H = ',D22.16,/,
g M="',D23.16,2¥, ' H = '",D23.16,/,
3 ' UPPER BOUND--M = ',D23.16,2¥%, ' H = ',D23.16,//)
C

511 FORMAT(/,' IN FTRIE
1 ' LOWER BOUND--M
2 M
3 ' UPPER BOUND--M

--TABLE 4 GRID VALUES gy
',D23.16,2%X, ' H = ',023.16,/,
',D23.16,2X, ' H = ',D23.16,/,
',D23.16,2X, ' H = ',D23.16,//)

L B [ = =

512 FORMAT(/,' IN FTRIEB--TABLE 3 VALUES (CSI = F(M, H))',/,
' 1

i LOWER = ',D23.16,5X," UPPER = ',D23.16,/,
2 ' ¢sI YIOE D28 16.7,
3 " UPPER = ',D23.16,5X,' UPPER = ',D23.16,/)
g
13 FORMAT(/.' IN FTRIEB--TABLE 2 VALUES (SCF = F(M, H))',/,
1 ' LOWER = ',D23.16,5X," UPPER = ',D23.16,/,
2 ' 8FC Y, 10X . D28, 16,7,
3 " UPPER = ',D23.16,5X,' UPPER = ',D23.16,/)
.
RETURN

END
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Subroutine INITBD sets initial bounding values for the SURPHI subroutine
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PURPOSE: INITBD SETS THE BOUNDING VALUES FCR THE TRAPPING
PARAMETERS BEFORE THE INTEGRATION BEGINS.

STRUCTURE: STANDARD (USER-SUPPLIED DIMENSIONS IN COMMON BLOCKS.
SEE PHI DESCRIPTION.)

INPUT PARAMETERS:

NTRPR DIMENSION OF BOUNDL AND BOUNDU VECTORS
OUTPUT PARAMETERS:

BOUNDL(J) LOWER BOUND ON TRAPPING PARAMETER NUMBER J

BOUNDU(J) UPFER BOUND ON TRAPPING PARAMETER NUMBER J

PROGRAMMER: M.K. HORN, DFVLR-OBERPFAFFENHOFEN, AUGUST, 1982
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IMPLICIT REAL*8 (A-H,0-Z)

¢
DIMENSION BOUNDL{NTRPR) ,BOUNDU(NTRPR)

C -----------------------------------------------------------------------
COMMON/TLIMIT/INDIC (4,2) ,NGE(4,2),NCOMP(4) ,NTABLE
COMMON/GRIDBD/GRIDL( 4, 2),8RIDU( &, 2),IBL( 4, 2),IBU( 4, 2)

DATA IPRINT/O/

C -----------------------------------------------------------------------

c INITIALIZATION BLOCK:

C -----------------------------------------------------------------------

c

c BOUNDS GRIDL AND GRIDU ARE SET IN TABLIM (ALREADY REFERENCED)

c BEFORE EACH INTEGRATION BEGINS. BOUNDU(I) AND BOUNDL(I),

c I=1,...,NTRPR, MUST BE SELECTED FROM THESE VALUES.

c
DO 10 II = 1,NTRPR

c
ISET = 0
DO 10 ITABLE = 1,NTABLE
LIMIT = NCOMP(ITABLE)

DO 10 ICOMP = 1,LIMIT

C
IF (II .NE. INDIC{ITABLE,ICOMP) ) GO TO 10
IF (ISET .GT. 0) GO TO 8

c

& NO BOUNDS HAVE BEEN SET YET FOR TRAPPING PARAMETER "II"

c
BOUNDL(II) = GRIDL(ITABLE,ICOMP)

BOUNDU(II) = GRIDU(ITABLE,ICOMP)
ISET = 1
GO TO 10
C
8 CONTINUE
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BOUNDS HAVE BEEN SET FOR TRAPPING ?ARAMETER "I1"--COMPARE THESE
WITH THOSE FOR TABLE "ITABLE" COMPONENT "ICOMP"

IF (GRIDL(ITABLE,ICOMP) .GT. BOUNDL{II)) BOUNDL(II) =
1 GRIDL(ITABLE,ICOMP)
I¥ (GRIDU(ITABLE,ICOMP} .LT. BOUNDU(II)) BOUNDU(II) =
1 GRIDU(ITABLE,ICCMP)
10 CONTINUE

IF (IPRINT .EQ. 0) GO TO 14
PRINT 1588, (J,BOUNDL(J),J,BOUNDU(J),J=1,NTRPR)
1588 FORMAT(' INITIAL BOUNDS BEFORE INGRATION BEGINS:',/,
i (5X,'BOUNDL',I2,') = ',D15.7,2X, 'BOUNDU',I2,"') = ',D15.8))
14 CONTINUE '

RETURN
END

Subroutine INSERT, in conjunction with QROOT, is given in [3]

Subroutine LIFTC, determines the value of the lift coefficient
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LIFT COEFFICIENT GENERATOR USING CUBIC SPLINE COEFFICIENTS FROM
TOMP

SUBROUTINE LIFTC(IDERIV,T,CA,DCADT,NCDE)

IMPLICIT REAL*8 (A-H,C-2Z)

COMMGN/CTRMPP/GRID(15,5),8TIFF{15,5),U(15,5,5),4(15,5,5),

1 B(15,5,5),C(15,5,5),UL(15,5,5),UU(15,5,5),

2 UH(15,15,5,5),

3 AH{15.,15,5,5) ,BH{15.15 .5, 5}, 0H{15 15,5, 5%

& P(10),Y(70),TCL, INTERV,KONTRL,KNOT(5) ,NP,NY,
5 IDUM(3),

6 LDUM(21)

LOGICAL LDUM

NOTATICN:

SOME OF THE NOTATION IN THE PROGRAM IS IN GERMAN (DUE TO
HISTORICAL REASONS IN DEVELOPING THE SOFTWARE). THE FOLLOWING
CONVERSION TABLE IS GIVEN:

ENGLISH NOTATION GEREMAN NOTATION
CL CA

THERE IS ONLY ONE INTERVAL. THUS, T DOES NOT HAVE TG BE LOCATED
WITHIN THE INTERVAL MESHES. EACE INTERVAL "I" HAS KNOT(I)NODES.
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C COMPUTE LIFT COEFFICIENT (WITHOUT PARAMETER DISTURBANCE)
[
C

CA = SPLINT{KNOT(1),GRID(1,1),U(1,1,1),8TIFF(1,1),

1 A(1,1,1),B(1,1,1),0(1,1,1),T)

IF (IDERIV .EQ. 0) RETURN

DCADT = DSPLNT(RNOT(1),GRID(1,1),U(1,1,1),STIFF(1,1),

1 A(1,1,1),B(1,1,1),C0(1,1,1),T)
c -----------------------------------------------------------------------
C JCADT (WRT TIME) MUST BE SCALED BY 1/TFINAL = 1/P(1)
[ e e e e R

DCADT = DCADT/P(1)
C

RETURN

END

Subroutine LOCATE, determines the bracketing indices for locating a parame-
ter in a given vector array
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PURPOSE :
SUBROUTINE LOCATE CHOSES MPT AND NPT SO THAT AV IS
BRACKETED BY VECTOR(MPT) AND VECTOR(NPT), MPT = NPT - 1 .
BOUNDS: BNDL= VECTOR(MPT), BNDU=VECTOR(NPT) ARE
ARE RETURNED.

STRUCTURE : STANDARD (NO USER CHANGES)

INPUT PARAMETERS:
NPTS DIMENSION OF ARRAY VECTOR
VECTOR VECTOR ARRAY, DIMENSIONED NPT
AV THE VALUE TO BE LOCATED IN ARRAY VECTOR
ITABLE TABLE BEING ANALYZED (FOR PRINT STATEMENTS)
ICOMP CCMPONENT OF TABLE #ITABLE BEING ANALYZED

CUTPUT PARAMETERS:

MPT INDEX VALUE BRACKETING AV
NPT INDEX VALUE BRACKETING AV, NPT > MPT
BOUNDL VECTOR (MPT)
BOUNDU VECTOR(NPT)
LABRELING:
deshlmfesesldeyeedd Tedevedevreent iy {)
----------- B T T e L e T T
VECTOR(1) VECTOR(2) VECTOR(3)

ALL POINTS '"+" HAVE NPT=3, MPT=2 .
POINT "0" HAS NPT=4, MPT=3
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REQUIREMENTS : ,
VECTOR ENTRIES SHOULD BE DISTINCT AND SHOULD BE IN ASCENDING
ORDER.

COMMENTS:

IF AV LIES OUTSIDE OF THE GRID, A WARNING WILL BE PRINTED,
AND THE PROGRAM WILL TERMINATE. USER MUST THEN EXTEND THE
TABLES (USING, E.G., EXT1D, EXT2D, OR EXT3D) TO CONTINUE.

USER CHANGES: NONE

PROGRAMMER: M.K. HORN, DFVLR-OBERPFAFFENHCFEN, MAY, 1982

IMPLICIT REAL#*§ (A-H,0-2)
DIMENSION VECTOR(NPTS)
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IF (AV .LT. VECTOR(1) .OR. AV .GT. VECTOR(NPTS)) GO TO 100
DO 10 I = 2,NPTS
IF (AV .LT. VECTOR(I)) GO TO 30

10 CONTINUE

30 CONTINUE
NPT =1
MPT = I-1
BNDL = VECTOR(MPT)
BNDU = VECTOR(NPT)
RETURN

100 CONTINUE

PRINT 1500
PRINT 1501,ITABLE, ICOMP,AV,VECTOR(1),NPTS,VECTOR(NPTS)
1500 FORMAT(//,' DIFFICULTIES IN TABLE ',I3,3X,'WITH COMPONENT ',I3,
/,' VALUES ARE QUTSIDE CF THE TABLE GRID.',//,
' THE PROGRAM WILL TERMINATE.',//,' THE USER SHOULD CALL',
' TABEXT TO EXTEND THE TABLE,'/,' UNLESS THE LIMITS ARE',
' ALREADY REDICULOUSLY LARGE.',//)
1501 FORMAT(/,' TABLE= ',I2,2X,'ICOMP= ',I2,' PARAMETER=',D23.16,/,
' YECTOR(1) = ',D23.16,2X, "VECTOR(' ,13,") = 7,
2 D23.16,///,"' TERMINAL ERROR',//)
STOP
END

£ L=

—

Subroutine MATRX1, MATRXZ used in conjunction with RHS evaluation to multiply
matrices

SUBROUTINE MATRX1(NEQN,Y,SCPROD, ISHIFT,B)
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PURPOSE: FORMS SCALAR PRODUCT

DIMENSICNS: B =4 X 1 , Y COMPONENTS USED 1,...,4
'

SYSTEM: SPRCD = B Y IS5 FORMED

NOTE :

SUBSCRIPTS ARE SHIFTED BY THE AMOUNT "ISHIFT" IN RHS
I.E., Y(ISHIFT+1),...,Y(ISHIFT+4) ARE USED IN GENERATING SCPROD

PROGRAMMER: M.X. HORN, JUNE, 1982

IMPLICIT REAL*S (A-H,0-2)
DIMENSION Y(NEQN)
DIMENSION B(4)

DATA LIMIT/&/

SCPROD = 0.0DOC
DO 55 J = 1,LIMIT

535 SCPROD = SCPROD + B{J)*Y(J+ISHIFT)

RETURN
END

""" SUBROUTINE WATRX2 (NEQN,Y,YP,ISHIFT,&
PURPOSE: PERFORMS MATRIX MULTIPLICATION
DIMENSIONS: A =4 X & , Y COMPONENTS USED 1,...,4
SYSTEM: YP =AY IS FORMED
NOTE :

SUBSCRIPTS ARE SHIFTED BY THE AMOUNT "ISHIFT"
I.E., YP(ISHIFT+1),...,YP(ISHIFT+4) ARE GENERATED USING
Y(ISHIFT+1), , Y(ISHIFT+4)

PROGRAMMER: M.X. HORN, JUNE, 1982

IMPLICIT REAL*8 (A-H,C-Z)

DIMENSION Y(NEGQN),YP({NEQN)
DIMENSION A(4,4)
DATA LIMIT/&4/

De 12 I = 1,LIMIT
YP(I+ISHIFT) = 0.0D0
DO 12 J = 1,LIMIT
12 YP(I+ISHIFT) = YP(I+ISHIFT) + A(I,J)* Y(J+ ISHIFT)
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RETURN
END

Subroutine PART, for establishing and updating independent variable stops

C -----------------------------------------------------------------------
C _______________________________________________________________________
SUBROUTINE PART(MODE,TPART1,NTPRT1,ISTOP1,TPART2,NTPRT2,ISTOP2,
1 FINTEG,NEQN,T,Y,YP)
C _______________________________________________________________________
C _______________________________________________________________________
IMPLICIT REAL*8 (A-H,0-72)
DIMENSION Y(NEQN),YP(NEQN)
DIMENSION TPART1(100),TPART2(100)
DIMENSION IPARTL(100),IPARTU(100)
C
DIMENSION TRPR(2),TRPRP(2)
DATA NTRPR/2/
DATA IPRINT/0/
DATA IZERO/1/,MODE2/2/,MORE3/3/,MODE&4/4/
c
COMMON/PRINTR/IPR
COMMON/CTRMPP/GRID(15,5),STIFF(15,3),U(15,5,5),A(15,5,5),
1 B(15,5,5),C6(15,5,5),UL(15,5,5),UU(15,5,5),
2 UH(15,15,5,5),
3 AM(15,15,5,5),BH(15,15,5,5),CH(15,15,5,5),
4 P(10),YDUM(70) ,TOL, INTERV,KONTRL,KNOT(5) ,NP,NY,
5 MOQP, IG,NPHI,
6 IMPULS , LDUM(29)
LOGICAL IMPULS,LDUM
€
C
COMMON/TLIMIT/INDIC(4,2) ,NGE(4&,2) ,NCOMP (&) ,NTABLE
COMMON/GRIDBD/GRIDL( 4, 2),GRIDU( 4, 2),IBL( &, 2),IBU( &, 2
COMMON/PARTV/PVECT(30) ,LPOINT( &, 2, 30),NPOINT
C
c
COMMON/CHCKCA/CLIFT
c
COMMON/TABLE1/T1P1(26), TAB1(26)
COMMON/TABLE2/T2P1(24) ,T2P2(35) ,TAB2 (24 ,35)
COMMON/TABLE3/T3P1(26),T3P2(11),TAB3(26,11)
COMMON/TABLE4 /T4P1(26) ,T4P2(11) , TABL (26,11)
&
COMMON/CON1/KL11,KU11
COMMON/CON2/KL21,KU21,KL22,KU22
CCMMON/CON3/KL31,KU31,KL22 . KU32
COMMON/CON4 /KL41 ,KUAL K142 , KUL2
LOGICAL FINTEG
g
IF (MODE .EQ. 2) GO TO 50
c
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MODE 1: CALL IS MADE BEFORE INTEGRATION BEGINS.
MAKE ANY NEEDED INITIALIZATION.
INITIALIZATION: TABLE LIMITS AT INITIAL CONDITIONS MUST BE
SET (FOR WHICH TRPR VALUES ARE NEEDED)

CALL PHIPAR(MODE2,NEQN,T,Y,YP,NTRPR,TRPR, TRPRP)

IF (.NOT. FINTEG) GO TO 45

INITIALIZE FORWARD INTEGRATION:

CALL TABLIM TO INITIALIZE INDICES FOR TABLE ANALYSIS
CLIFT = U(1,1,1)

CALL TABLIM(TRPR,NTRPR)
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CALL PARTCA({TPART1,IPARTL,IPARTU,NTPRT1)
KL22 = IPARTL(1)
KU22 = IPARTU(1)
IF (IPR .NE. -1) GO TO 777
PRINT 775, (J,TPART1(J),J=1,NTPRT1)
775 FORMAT(' TPART1(',I3,') = ',D15.7)
777 CONTINUE

IF (.NOT. IMPULS) GO TO 15

IF (IG .NE. 2) GO TO 15

BACKWARD DIFFERENCING WILL BE USED TO FORM GRADIENTS. INITIAL-
IZE TPART2 VECTOR (PVECT AND RELATED PARAMETERS).

=.T. ==> BACKWARD DIFFERENCING IS USED.
2 ==> GRADIENTS ARE TO BE FORMED.
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1l

LPOINT(TABLE ,COMP ,1) = KL"TABLE""coMpP"

LPOINT(1, 1, 1) = KL11
LPOINT(2, 1, 1) = KL21
LPOINT(2, 2, 1) = KL22
LPOINT(3, 1, 1) = KL31
LPOINT(3, 2. 1) = KL32
LPOINT (4, A 1) = KI&1
LPOINT (4, 5, 1) = Ki42
NPOINT = 1

15 CONTINUE
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CALL WARN (MODE4,TRPR,NTRPR,T,Y,NEQN, IZERD)

IF¥ (IPRINT .EQ. 0) RETURN
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PRINT 1503, (J,TPART1(J),J=1,NTPRT1)
1503 FORMAT(' TIME(',I3,'= ',D15.7)

RETURN

45 CONTINUE
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NTPRTZ = NPOINT
IF (NTPRTZ .LE. 0) GO TO 48
DO 46 J = 1,NPOINT

46 TPART2(J) = PVECT(J)

48 CONTINUE
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CALL WARN TO SEE IF INDICES ARE PROPERLY SET
(INDICES ARE LEFT OVER FROM FORWARD INTEGRATION)

CALL WARN(MODE4,TRPR,NTRPR,T,Y,NEQN,IZERO)

IF (IPRINT .EQ. 0) RETURN

PRINT 1504, (J,TPART2(J),J=1,NPOINT)
1504 FORMAT(' TPART2(',I3,') = ',D15.7)

RETURN

50 CONTINUE

MODE 2: UPDATE MODE. A TPART1 IS A STOPPING CONDITION.
MAXE ANY UPDATE NEEDED.
ISTOP1 .NE. 0 ===> TPART1(ISTCP1) IS STOPPING VALUE

IN FORWARD DIFFERENCING MODE OF TROMPP, NO TPART2
VECTOR WILL BE IMPOSED.

CALL PHIPAR(MODE2,NEQN,T,Y,YP,NTRPR,TRPR,TRPRP)

IF (.NOT. FINTEG) GO TO &0

KL22 IPARTL(ISTOPL)
Ko22 IPARTU(ISTCPL)
IBL(2,2) KL22
IBU(2,2) Kuzz
GRIDL(2,2) = T2P2(KL22)
GRIDU(2,2) = T2P2(KU22)

0o

CALL WARN(MODE3,TRPR,NTRPR,T,Y,NEQN, IZERO)

RETURN
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60 CONTINUE
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IF (ISTOP1 .EQ. 0) GO TO 79
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IF (ISTOP1 .EQ. 1) GO TO 70
XL22 = IPARTL(ISTOP1-1)
KU22 = IPARTU(ISTOP1-1)
IBL(2,2) = KL22
IBU(2,2) = KU22
GRIDL(2,2) = T2P2(KL22)
GRIDU(2,2) = T2P2(KU22)
INDEX = 6
70 CONTINUE
IF (ISTOP2 .EQ. N) GO TO 100
STOPPING ON A TPART2 VECTOR ELEMENT (GENERATED DURING FORWARD
INTEGRATION
DO 75 ITABLE = 1,NTABLE
LIMIT = NCOMP(ITABLE)
DO 75 ICOMP = 1,LIMIT
INDEX = LPOINT(ITABLE,ICOMP,ISTOP2)

non

IF¥ (IABS(INDEX) .EQ. 0) GO TO 75

IBL(ITABLE,ICOMP) = TABS(INDEX) - ISIGN(1,INDEX)

IF (IBL(ITABLE,ICOMP) .LE. 0) IBL(ITABLE,ICOMP) =1
IBU(CITABLE,ICOMP) = IBL(ITABLE,ICOMP) + 1

CALL TABBND(ITABLE,ICOMP)
75 CONTINUE

100 CONTINUE

_______________________________________________________________________
-----------------------------------------------------------------------
-----------------------------------------------------------------------
-----------------------------------------------------------------------

RETURN
END



Subroutine PARTCA, for determining lift coefficient stops
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SUBROUTINE PARTCA(TVECT,IVECTL,IVECTU,NTVECT)

i T T e e e T R e e ]

PURPOSE:

PARTCA (ALONG WITH QROOT) LOCATES ALL T VALUES
CORRESPONDING TO CA(I) INTERSECTIONS WITH THE CUBIC
CURVES. THESE T VALUES ARE STORED IN TVECT AS STOPPING
CONDITIONS FCR THE INTEGRATION. IVECTL AND IVECTU
STORE THE BRACKETING INDICIES CORRESPONDING TO THE

CA COMPONENTS.

PARTCA REFERENCES "QRCOT" WITH A SET OF CUBIC COEFFICIENTS AND
THE VECTOR "CA" TO LOCATE THE VALUES OF T FOR WHICH THE

CA VALUES INTERSECT THE CUBIC. PARTCA ADDS THESE POINTS

TO VECTOR TVECT (FORMED IN INCREASING ORDER) AND STORES

THE BRACKETING INDICIES OF CA CORRESPONDING TO THE TVECT(J)
POINT IN IVECTL(J) AND IVECTU(J).

STRUCTURE : USER SUPPLIED

INPUT PARAMETERS: CUBIC COEFFICIENTS (STORED IN COMMON CTRMPP)

CA VECTOR (STORED IN COMMON TABLE2)

GUTPUT PARAMETERS: TVECT VECTCR OF T VALUES FOR STOPPING

THE INTEGRATION (DIMENSION 100)

IVECTL(J) LOWER BRACKETING CA INDEX FOR THE
INTERVAL TVECT(J) TO TVECT(J+1)
(DIMENSIONED 100)

IVECTU(J) UPPER BRACKETING CA INDEX FOR THE
INTERVAL TVECT(J) TO TVECT(J+1)
(DIMENSIONED 100)

PROGRAMMER: M.K. HORN, DFVLR-OBERPFAFFENHOFEN, JUNE, 1982

IMPLICIT REAL#*8 (A-H,0-Z)

COMMON/CTRMPP/GRID(15,5),STIFF(15,5),U(15,5,5),4(15,5,5),

B(15,5,5),8(15,5,5),UL(15,5,5),U0(15,5,5),
UH(15,15,5,5),
AH(15,15,5,5),BH(15,15,5,5),CH(15,15,5,5),
P(10),Y(70),TOL, INTERV,KONTRL,KNOT(5) ,NP,NY,
IDUM(3),

LDUM(21)

COMMON/TABLE2/T2P1(24), CA(35),TAB2(24,35)
COMMON/TLIMIT,INDIC(4,2) ,NGE (4,2) ,NCOMP(4) ,NTABLE



DATA ZAPP/1.D-10/

C
DIMENSION TVECT(100),IVECTL(100),IVECTU(100)
DIMENSION TDUM(100), ITDUM{100)
DIMENSION IV(100)
DIMENSION CACA(35)
CATA NTDUM/100/,IPRINT/O/,EPS/1.D-10/
LOGICAL LOGDUM
C
(e b A B o - s o -
C
(i i T T o
NCA = NGE(2,2)
DO 5 J = 1,NCA
5 CACA(J) = CA(J)
C
(i v st s e e 4 e e
C T =0 IS THE FIRST TVECT POINT~-LCCATE BRACKETING INDICES
C (U(1,1,1) Is THE LIFT COEFFICIENT AT T=0.
() e R S 5 m
C

TVECT(1) = 0.0D0
IF (IPRINT .EQ. 1) PRINT 1555,U(1,1,1)
1555 FORMAT(' U AT TO = ',D15.7)
CALL LOCATE(NCA,U(1,1,1),CACA,MPT,NPT,BNDL,BNDU,0,0)

c
c
IF (DABS(U(1,1,1)-CA(MPT)) .GT. ZAPP) GO TO 8
+
C INITIAL VALUE OF LIFT COEFFICIENT LIES ON A CA GRID VALUE
C LOCATE THE CA VALUE AT T+EPSILON FOR PROPER MPT,NPT LABELING
c
CALL LIFTC(0,EPS,CAEPS,DUMMY,0)
CALL LOCATE(NCA,CAEPS, CACA,MPT,NPT,BNDL,BNDU,0,0)
c
c
8 CONTINUE
c
IVECTL(1) = MPT
IVECTU(1) = NPT
NTVECT = 1
C -----------------------------------------------------------------------
C A SET OF CUBIC COEFFICIENTS IS ASSOCIATED WITH EACH SUB-INTERVAL
C (GRID(I,1), GRID(I+1,1). INTERSECT CA LINES WITH EACH
C OF THESE CUBICS AND THROW OUT ANY T VALUES NOT IN THE
5 GRID SUB-INTERVAL (DONE IN QROOT). THE T VALUES WITHIN
> THE GRID SUB-INTERVAL BECOME STOPPING CONDITIONS FOR THE
C INTEGRATION--WITH POINTS STORED IN TVECT, INDICES IN IVECTL
C AND IVECTU.
C .......................................................................
LIMIT = KNOT(1) - 1
C -----------------------------------------------------------------------
c LIMIT IS THE NUMBER OF CUBIC EQUATIONS BEING ANALYZED
c ONE FOR EACH INTERVAL (GRID(I,1), GRID(I+1,1)
C .......................................................................
DO 20 I = 1,LIMIT
C -----------------------------------------------------------------------

c SET CUBIC COEFFICIENTS FROM CTROMPP-FOR THE ITH CUBIC
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COEFFICIENT ORDERING IS- SOMEWHAT SWITCHED

AA =C( I, 1, 1)
BB =3(I, 1, 1)
CC =A({ I, 1, 1)
DD =U( I, 1, 1)

TLOWER = GRID( 1I,1)

TUPPER = GRID(I+1,1)

COEFFICIENTS FROM SPLINE ARE SET ON THE INTERVAL (0, T).
CALL "SHIFT" TO SHIFT THE T SCALE FROM 0 TO GRID(I,1)
(THIS CHANGES THE AA,BB,CC,DD VALUES).
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CALL QROOT (AA,BB,CC,DD,TLOWER,TUPPER,NCA,CACA,
1 NTDUM,TDUM, ITDUM,NDUM)

IF (NDUM .EQ. 0) GO TO 20

B T T T T T e e e e e e T

NDUM POINTS HAVE BEEN RETURNED FROM QROOT. ADD THESE ON TO
THE TVECT VECTOR AND STORE THE BRACKETING VALUES IN IVECTL
AND IVECTU SLOTS CORRESPONDING TO THE TVECT VALUE.

MAKE SURE THAT THE FIRST TDUM VALUE IS NOT THE LAST TVECT VALUE.
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IF (DABS(TVECT(NIVECT)-TDUM(1)) .GT. ZAPP) GO TO 10

NDUM = NDUM - 1
. IF (NDUM .EQ. 0) GO TO 20
DO $ J = 1,NDUM
TDUM(J) = TDUM(J+1)
9 ITDUM(J) = ITDUM(J+1)
ALL TDUM POINTS ARE DISTINCT FROM EXISTING TVECT VALUES
ADD TDUM ON TO THE END OF TVECT
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D0 15 J = 1,NDUM

TVECT (NTVECT+J) = TDUM(J)

ITDUM(J) = KK CORRESPONDS TO THE VECTOR(KK) VALUE. DETERMINE IF
THIS IS THE UPPER OR LOWER BRACKETING VALUE AND SET IVECTL
AND IVECTU VALUES.

T = TDUM(J)

DERIV = (3.DO%*AA®T + 2.DO%*BB)*T + CC

IF (DABS(DERIV) .GT. ZAPP) GO TO 11

LOCAL MINIMUM OR MAXIMUM



CURVE = 6.D0%AA*T + 2.DO*EB

IVECTL(NTVECT+J) = ITDUM(J)

IF (CURVE .LT. 0.0D0) IVECTL(NTIVECT+J) = ITDUM(J) - 1
IVECTU(NTVECT+J) = IVECTL(NTVECT+J) + 1

IF (IPRINT .EQ. 1) PRINT 1669 ,TDUM(J)
1669 FORMAT(//,' CA BOUNCES ON A CACA GRID AT T = ',D15.7,//)
GO TO 15
&
11 CONTINUE
IF (DERIV .GT. 0.0D0) GO TO 12
C
g DECREASING FUNCTION
c
IVECTL(NTVECT+J) = ITDUM(J) - 1
IVECTU(NTVECT+J) = ITDUM(J)
GO TO 15
12 CONTINUE
c
C INCREASING FUNCTION
c
IVECTL(NTVECT+J) = ITDUM(J)
IVECTU(NTVECT+J) = ITDUM(J) + 1
15 CONTINUE
NTVECT = NTVECT + NDUM
c
20 CONTINUE
c
IF (IPRINT .EQ. 0) RETURN
C -----------------------------------------------------------------------
c PRINT TVECT VALUES AND BRACKETING INDICES AS A SAFETY CHECK.
[ i e b T T ——
c

DC 2% J = 1,NTVECT
PRINT 15%9,J,TVECT(J),IVECTL{J},IVECTU(J)
1599 FORMAT(' TVECT(',I3,') = ',D15.7,2(2X,I3))

29 CONTINUE
C
c
LIMIT = NTVECT - 1
DO 30 J =1, LIMLT
TAVG = 0.5D0*(TVECT(J) + TVECT(J+1))
CCA = SPLINT(KNOT(1),GRID(1,1),U(1,1,1),STIFF(1,1),
1 E(1.3 .10, B0, 1.0 61, 1. 1) AV
IVL = IVECTL(J)
IVU = IVECTU(J)
PRINT 1500, TAVG,CA(IVL),CCA,CA(IVU)
1500 FORMAT(' TAVG = ',D15.7,2X," CA LOWER = ',D15.7,' CA = ',D15.7,
1 ' CA UPPER = ',D15.7)
30 CONTINUE
g
RETURN
END

Subroutine PHIPAR, for evaluating the trapping parameters
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PURPOSE: PHIPAR EVALUATES THE TRAPPING PARAMETERS, TRPR, AND
THEIR DERIVATIVES FOR USE IN SUBPHI.

STRUCTURE: USER SUPPLIED (CALLING SEQUENCE STANDARD)

INPUT PARAMETERS:
MODE USER IDENTIFICATION PARAMETER

MODE=1: PHIPAR CALLED FROM SUBPHI. TRPR
AND TRPRP ARE TC BE COMPUTED

MODE==2: PHIPAR CALLED FROM PART. YP MAY NOT
BE AVAILABLE. ONLY TRPR VALUES ARE
TO BE COMPUTED.

NEQN DIMENSION OF ODE SYSTEM

T INDEPENDENT VARIABLE

Y DEPENDENT VARIABLES

YP DERIVATIVE OF Y

NTRFR NUMBER CF TRAPPING PARAMETERS
OUTPUT PARAMETERS:

TRPR TRAPPING PARAMETER VECTOR

TRPRP CERIVATIVES OF TRAPPING PARAMETER

PROGRAMMER: M.K. HORN, DFVLR-OBERPFAFFENHOFEN, JUNE, 1982,

e s R R AR R AR S e A S A R e A R AR G R e e e A e A e e e e e e U S e e e e

COMMENTS: FOK CURRENT APPLICATION=-~-
TRAPPING PARAMETERS ARE NEEDED BEFORE THE INTEGRATION
BEGINS IN ORDER TO SET TABLE LIMITS. DERIVATIVES
ARE NOT YET AVAILABLE. PHIPAR IS CALLED FROM PART
WITH MODE = 2. TRPR ARE TO BE COMPUTED. TRPR? ARE
NOT TO BE COMPUTED.

IMPLICIT REAL*8 (A-H,G-Z)
DIMENSION Y(NEQN),YP(NEQN),TRPR(NTRPR),TRPRP(NTRPR)

COMPONENT 1: MACH NUMBER
COMPONENT 2: ALTITUDE

VELOCITY / SPEED OF SOUND
H

o

COMMENTS: (1) VELOCITY = Y{1)
SPEED OF SCUND IS OBTAINED FROM SUBROUTINE FATM
DERIVATIVE INFORMATION ALSO COMES IFROM FATM

(2) ALTITUDE = H = Y(3)
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USER SETS DIMENSION OF TRAPPING PARAMETERS, NTRPR, IN CALLING
PROGRAM
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¥(1)

Y(3)

CALL FATU( H,RHO,A,DRHODH,DADH)
AM=V /A

<
I

I¥ LIFT COEFFICIENT IS A TRAPPING PARAMETER, ACTIVATE THE
FOLLOWING CALL STATEMENT (WHICH IS PRESENTLY A COMMENT CARD).

IZERQ =
CALL LIFTC(IZERO,T,CLIFT,DCADT,IZERO)

IF (MODE .EQ. 2) GO TO 10

DERIVITIVES MUST BE WRT NORMALIZED TIME

DVDT = YP(1)

DHDT = YP(3)

DMDT = -V/(A*A) * DADH * DHDT + DVDT/A
CONTINUE

B T e e T I e T e ———
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TRPR(1) =
TRPR(2) =

=B

IF (MODE .EQ. 2) RETURN

DERIVITIVES MUST BE WRT NORMALIZED TIME

TRPRP(1) = DMDT
TRPRP(2) = DHDT
RETURN

END

Subroutine PLIFTC., for determining the 1lift coefficient for the perturbed
cubic coefficients
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PERTURBED COEFFICIENTS
LIFT COEFFICIENT GENERATOR USING CUBIC SPLINE COEFFICIENTS FROM
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C 'TOMP -

SUBROUTINE PLIFTC(IDERIV,T,CA,DCADT,NODE)

C -----------------------------------------------------------------------
IMPLICIT REAL*8 (A-H,0-Z)
COMMON/CTRMPP/GRID(15,5),STIFF(15,5),U(15,5,5),A(15,5,5),

1 B(15,5,5),.8015,5,5) ,UE{15,5 ,5) ;U0(15,5.5) .,

2 UH{15,15,5,5),

3 AH(15,15,5,5),BK(15,15,5,5),CH(15,15,5,5),

4 P(10),Y(70),TOL, INTERV,KONTRL,KNCT(5) ,NP,NY,
5 LDUM(21),IDUM(3)

C 3

c
LOGICAL LDUM

C -----------------------------------------------------------------------

C  NOTATION:

C

& SOME OF THE NCTATION IN THE PROGRAM IS IN GERMAN (DUE TO

C HISTORICAL REASONS IN DEVELOPING THE SOFTWARE). THE FOLLOWING

c CONVERSION TABLE IS GIVEN:

C

o ENGLISH NOTATION GERMAN NOTATION

c CL _ CA

C

C .......................................................................

C .......................................................................

G THERE IS ONLY ONE INTERVAL. THUS, T DOES NOT HAVE TO BE LOCATED

G WITHIM THE INTERVAL MESHES. EACH INTERVAL "I" HAS KNOT(I)NODES.

(oo o et o e e e e e

c

C ........................................................................

c COMPUTE LIFT COEFFICIENT WITH PARAMETER DISTURBANCE

L T T T e T e T

g
CA = SPLINT(ENOT{1),GRID(1,1),UH(1,NODE,1,1),STIFF(1,1),

1 AHM(1,NODE,1,1),BH(1,NODE,1,1),CH(1,NODE,1,1),T)

5
IF (IDERIV .EQ. 0) RETURN
DCADT = DSPINT{KNOT(1),GRID(1,1),

1 UH(1,NODE,1,1),STIFF(1,1),AH(1,NODE,1,1),
2 BH(1,NODE,1,1),CH(1,NODE,1,1),T)

C .......................................................................

G DCADT (WRT TIME) MUST BE SCALED BY 1/TFINAL = 1/P(1)

C .......................................................................
DCADT = DCADT/P(1)

g
RETURN
END

Subroutine PR1DT1, FR2DT2, PR2DT3, PRZDT4 are all copies of model subroutine

PR1DT or PR2DT given in {3]



Subroutine QROOT, for determining the zeros of a cubic equation is given in

(3]

Subroutine QMXMN, used in conjunction with QROOT is given in [3]

Subroutine RD2DT2, is a copy of model subroutine RD2DT which is given in [3]

Subroutine RHS, for evaluating the differential equations,
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PURPOSE:
RHS SUPPLIES THE RIGHT HAND SIDES OF THE DIFFERENTIAL
EQUATIONS (AND OF THE ADJOINT SYSTEM IF FORWRD=TRUE)

STRUCTURE: USER SUPPLIED

INPUT PARAMETERS:
T VALUE OF INDEPENDENT VARIAERLE
b'd VALUE OF DEPENDENT VARIABLE

OUTPUT PARAMETERS: =
Ye VALUE OF DERIVATIVE OF Y

PROGRAMMER: M.K. HORN, DFVLR-OBERPFAFFENHGFEN, MAY, 1982
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IMPLICIT REAL*8 (A-H,0-Z)
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g
DIMENSION Y(1),YP(1)
DIMENSION PSTATE(4,4),PCA(4),PTF(4)
DIMENSION DCA(11)

C
DIMENSION YADJ(60),YFADJ(60)
DATA NADJ/60/

c

C

COMMON/CTRMPP/GRID(15,5),STIFF(15,5),U(15,5,5),ADUM(15,5,5),
3(15,5,5),6(15,5,5),UL(15,5,5),00(15,5,5),
UH(15,15,5,5),
AH(15,15,5,5),BH(15,15,5,5),CH(15,15,5,5),
P(10),YDUM(70),TOL, INTERV,KONTRL,KNOT(5) ,NP ,NY,
IDUM(3),

IMPULS ,FINTEG, LDUM(19)

Ul W RS
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1566
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COMMON/FSTEP/ITOPH
COMMON/CHCKCA/CLIFT
COMMON/FKOUNT /KOUNTF ,KNTFIT

DATA JPRINT/0/
DATA IZERO/0/

THRUST-MAX IS FOR TWO ENGINES
DATA TMAX,DELTA,S,G/8527.68D0,1.0D0,49.246D0,9.80665DG/

LOGICAL FINTEG,LDUM, IMPULS
CONSTANTS NEEDED: TMAX, G, DELTA, S (TMAX AND DELTA ARE NEEDED
FOR FTRIEB)

STATE VECTOR, Y:

Y(1) =V
Y(2) = GAMMA
Y(3) = H
Y(4) = WEIGHT

WITH MACH NUMBER DEFINED BY AM = V/A, WHERE A = A(H)
IPD=0 PARTIAL DERIVATIVES ARE NOT COMPUTED
IPD=1 PARTIAL DERIVATIVES ARE COMPUTED IN FDRAG AND FTRIEB

IPD = 1
IF (FINTEG) IPD =0

KOUNTF = KOUNTF + 1

KNTFIT = KNTFIT + 1

IPRINT = 0

IF (JPRINT .EQ. 1) IPRINT = ITOPH
V= ¥(1)

GAMMA = Y(2)

H = Y(3)

SING = DSIN(GAMMA)
COSG = DCOS (GAMMA)

CALL FATM(H,RHO,A,DRHODH,DADH)

CALL LIFTC(IZERO,T,CA,DCADT,IZERC)

CLIFT = CA
AM = V/A
IF (IPRINT .NE. 0) PRINT 1566,T,V,GAMMA ,H,WEIGHT,AM,CA
FORMAT(/,' IN RHS--AT T = ',D15.7,/,
! VELOCITY = ',015.7," GAMMA = ' mrgog. i
i ALTITUDE = ' PA5.7,° WEISHT = ' D15.7.7.
MACH NUMBEER = ',D15.7,' LIFT CF. = ',D15.7.,//)
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CALL FDRAG(IPD,AM,CA,V,H,S,RHO,DRHODH,A,DADH,

1 DRAG, CDRDV,DDRDH , DDRDCA)
CALL FTRIEB(IPD,AM,H,V,A,DADH,DELTA,TMAX,
i S¥C,THRUST,DSFCDV,DSFCDH,DTHRDV , DTHRDH)

(%]

IF (IPRINT .NE. 0) PRINT 1567 ,THRUST,DRAG
1567 FORMAT(' THRUST = ',D15.7,2X,'DRAG = ',D15.7,/)
al

YP(1) = G*((THRUST - DRAG)/WEIGHT - SING)
YP(2) = G/V * (0.5D0 * RHO * V%V % S *CA / WEIGHT - COSG )
YP(3) = V * SING
YP(4) = - SFC * THRUST / 3600.0D0
C
TF = P(1)
g

IF (IPRINT .NE. C) PRINT 1568,TF
1568 FORMAT(' USING ',D15.7,' AS TF TO SCALE THE DERIVATIVES',/)

@
IF (.NOT. FINTEG) GO TO 15
C
(o m oo o o o e e e
C DERIVATIVES ARE WRITTEN WRT TIME--FOR NORMALIZED DERIVATIVE
g D( )/DTAU = D( )/DTIME * TF
[ e e e it T
C
DO 10 J = 1,4
10 YP(J) = YP(J) * TF
IF (IPRINT .EQ. 1) PRINT 1570,TF,YP(1),YP(2),YP(3),YP(4)
c
1570 FORMAT(' AFTER SCALING WITH TF = ',R15.7,3X,' DERIVATIVES ARE:',
1 /,4(2X,D15.7))
C
RETURN
C
15 CONTINUE
&
C ........................................................................
3 FORM ADJOINT SYSTEM
C ........................................................................
C IV = ¥(5)
C 16 = ¥(8)
g TH = Y13
C IN = Y(8)
C ........................................................................
c DUE TO SUBSCRIPTING DIFFICULTIES--LABEL Y, YP FOR ADJOINT SYSTEM
g YADJ AND YPADJ AND COPY INTO Y, YP BEFORE RETURNING
D mmm i o e e e e e e e
o
DO 18 J = 1,NADJ
YADI(J) = Y(I)
18 CONTINUE
c
06 90 J = 1.N%
YPADJ(J) = YP(J)
20 CONTINUE
£
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CONSTRUCT COEFFICIENTS FOR THE DERIVATIVE OF THE HAMILTONIAN
WRT TEE STATE VECTOR (PSTATE(4,4))

CONSTRUCT COEFFICIENTS FOR THE DERIVATIVE OF THE HAMILTONIAN
WRT LIFT COEFFICIENT (DHDCA(4))

CONSTRUCT COEFFICIENTS FOR THE DERIVATIVE OF THE HAMILTONIAN

WRT FINAL TIME

L T T L L T L L T T T T T T -~

(DHDTF (4))

PSTATE(1,1) = -G/WEIGHT *(DTHRDV - DDRDV)

PSTATE(1,2) = -G¥(0.5DO*RHO*S*CA/WEIGHT + COSG/(V*V) )
PSTATE(1,3) = -SING

PSTATE(1,4) = (DSFCDV*THRUST + SFC*DTHRDV)/3600.0D0
PSTATE(2,1) = G*COSG

PSTATE(2,2) = -G*SING/V

PSTATE(2,3) = -V*COSG

PSTATE(2,4) = 0.0D0

PSTATE(3,1) = -G/WEIGHT * (DTHRDH - DDRDH)

PSTATE(3,2) = -G* 0.50D0 * V * § * CA * DRHODH / WEIGHT
PSTATE(3,3) = 0.0DO

PSTATE(3,4) = (DSFCDH * THRUST + SFC * DTHRDH) / 3600.0DO0

PSTATE (4,1)

G/ (WEIGHT*WEIGHT) * (THRUST - DRAG)

PSTATE(4,2) = G * 0.5D0 * RHO * V *S *CA / (WEIGHT*WEIGHT)
PSTATE(4,3) = 0.0DO

PSTATE(4,4) = 0.0D0

PCA(1) = -G/WEIGHT * DDRDCA

PCA(2) = G*(0.5D0 * RHO * V * S / WEIGHT)
PCA(3) = 0.0DO

PCA{4) = 0.0DO

PTF(1) = YP(1)/TF

PTF(2) = YP(2)/TF

FTF(3) = YP(3)/TF

PTF(4) = YP(4)/TF

e me e e e e e M A R e N E MmN SN A WM AN SR e A T4 R G M e e e e W MR G M SR G AR AR SN MR W A M e e R e e e e e e e B A e e
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CALL MATRX2(NADJ,YADJ,YPADJ,&4 PSTATE)
CALL MATRX1(NADJ,YADJ,DHDCA1,4,PCA)
CALL MATRX1(NADJ,YADJ,DHDTF1,4,PTF)

e e e e e e e N R RN D MR M R e e S e R e e S R e e e e e A e e e e e S A e e e e e e A e = e e e e
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CALL MATRX2(NADJ,YADJ,YPADJ, 3,PSTATE)
CALL MATRX1(NADJ,YADJ,DHDCAZ,8,PCA)
CALL MATRX1(NADJ,YAD.J,DHDTF2,8,PTF)

MATRX2 (NADJ,YADJ,YPADJ, 12,PSTATE)
CALL MATRX1(NADJ,YADJ,DHDCA3,12,2CA)
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CALL MATRX1(NADJ,YADJ,DHDTF3,12,PTF)
CALL MATRX2(NADJ,YADJ,YPADJ,16,PSTATE)
CALL MATRX1(NADJ,YADJ,DHDCA4,15,PCA)
CALL MATRX1(NADJ,YADJ,DHDTF4,16,PTF)

KOUNT = 20

CONTROL DISTURBANCE DUE TO PARAMETER DISTURBANCE
FORM QUADRATURE EQUATIONS

B e e e T e e el kT T S,

CONTROL PARAMETER AT CURRENT VALUE OF T
KNOTK = KNOT(1)
DO 80 I = 1,KNOTX

CALL PLIFTC(IZERO,T,CA2,DERIV,I)
DCA(I) = CA2 ~ CA

INTEGRAND FOR "QUADRATURES"

DO 81 J = 1,KNOTK

XOUNT = KOUNT + 1
YPADJ(KOUNT) = DHDCA1*DCA(J)
CONTINUE

KOUNT = KOUNT + 1
YPADJ (KOUNT) = DHDTF1

DO 82 J = 1,KNOTK

KOUNT = KOUNT + 1

YPADJ (KOUNT) = DHDCA2*DCA(J)
CCNTINUE

KOUNT = KOUNT + 1
YPAD.J (KOUNT) = DHDTF2

DO 85 J = 1,KNOTK

KOUNT = KOUNT + 1

YPADJ (KOUNT) = DHDCA3*DCA(J)
CONTINUE

KOUNT = KOUNT + 1
YPADJ(XOUNT) = DHDTF3

DO &4 J = 1,KNOTK

KOUNT = KOUNT + 1

YPADJ (KOUNT) = DHDCA&*DCA(J)
CONTINUE

KOUNT = KOUNT + 1
YPADJ(KOUNT) = DHDTF4

1,KOUNT

DOS I=
= YPADJ(I)*TF

YP(I)
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RETURN

a

Subroutine SHIFT, for adjusting cubic coeificients for QROOT and PARTCA is
given in [3]

Subroutine SLLSQP, the optimization routine is given in ROOT and PARTCA, is
given in [_]

Subroutine SUBPHI, for determining the PHI values for the RKF45T stops

MODEL PHI BLOCK FOR: FORWARD DIFFERENCING OR
- BACKWARD DIFFERENCING
PHI PARAMETERS: MACH NO. AND ALTITUDE
LIFTC COEFF. STOPS ARE USER-SUPPLIED
STRUCTURE OF PHI COMPONENTS
PHI(I) = (XU-X)*(X-XL)

agaaaoaoaoqr

SUBROUTINE SUBPHI (NPHI,INDEX,NEQN,T,Y,YP,PEI,PHIP,KOUNTR,UPDATE,
1 IVAN, BOUNCE , ABSER)

PURPOSE:  SUBPHI OPERATES IN TWO MODES.
MODE 1: (UPDATE = .FALSE.)
THE USER MUST SUPPLY THE VALUES OF PHI,
THE STOPPING CONDITIONS, AND OF PHIP, THE
DERIVATIVES CF PHI WRT T, GIVEN THE
VALUES OF T, Y, AND YP.

MODE 2: (UPDATE = .TRUE.)
THE USER IS INFORMED THAT PHI(INDEX) HAS
VANISHED AT T, AND HE SHOULD MAKE ANY
UPDATES NEEDED.
STRUCTURE: STANDARD--WITH MINOR USER CHANGES (SEE BELOW.)
INPUT PARAMETERS:

NPHI NUMBER OF STOPPING CONDITIONS,
DIMENSION OF PHI AND PHIP (2 X NO. OF TRAPPING

G -C QY €} € €3 €2 €3°0363 €3 €3 €3 €1 ') 'y €3 €1 ¢ €
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PARAMETERS).

INDEX THE PHI COMPCNENT CURRENTLY BEING
ANALYZED OR UPDATED. (INDEX=C IMPLIES
INTEGRATION HAS NCT DETECTED THE EXISTENCE
OF A NEW ZERO.)

NEQN DIMENSION CF ODE SYSTEM (Y AND YP)

T VALUE OF INDEPENDENT VARIABLE

i VALUE OF DEPENDENT VARIABLE, DIMENSIONED NEQN
e DERIVATIVE OF Y, DIMENSIONEL NEQN

KQUNTR COUNTING PARAMETER FOR USER'S BENEFIT.

KOUNTR=0 INDICATES INITIALIZATION PHASE.

KOUNTR IS CHANGED TO 1 AFTER THE INITIAL-
ZATION CALL TO SUBPHI AND IS INCREMENTED

BY UNITY AT EACH UPDATE CALL.

UPDATE LOGICAL PARAMETER INDICATING MODE
UPDATE=.FALSE. ===> USER MUST SUPPLY PHI AND PHIP
UPDATE=.TRUE. ==> PHI(INDEX) HAS VANISHED AT T.
MAXKE ANY NEEDED CHANGES.
IVAN LOGICAL PARAMETER, USED WHEN UPDATE=.TRUE.
IVAN = .TRUE. ===> PHI(INDEX) HAS VANISHED
THRCUGHOUT THE INTEGRATION
STEP.
IVAN = .FALSE. ==> PHI(INDEX) DID NOT VANISH
THROUGHOUT THE STEP
BOUNCE LOGICAL PARAMETER, USED WHEN UPDATE=.TRUE.
: IVAN=.FALSE.
BOUNCE=.TRUE. ===> PHI(INDEX) HAS BOUNCED CN A

ZERO. THIS POINT WAS UPDATED
ON THE PREVIOUS STEP. IF
THE STEP IS TO BE REPEATED
SET KOUNTR=-2. (THIS IS A
DUMMY VALUE, AND THE PREVIOUS
VALUE OF KOUNTR WILL BE

RESTORED.)
BOUNCE=.FALSE. ===> PHI(INDEX) DID NOT BOUNCE ON
A ZERO
QUTPUT PARAMETERS:
PHI USER-SUPPLIED VECTOR OF STOPPING CONDITIONS
PHIP DERIVATIVE OF PHI WRT T
ABSER USER-SUPPLIED, ABSOLUTE ERRCR TOLERANCE

DEFAULT VALUE=ABSERR, THE INTEGRATION TOLERANCE
(MAX (ABSERR,RELERR) )

USER CHANGES:
(1) THE USER MUST SUPPLY PROPER DIMENSIONING
IN CCMMON BLOCKS~--TLIMIT AND GRIDBD
AND DIMENSTIONING OF TRAPPING PARAMETERS

(2) THE USER MUST SUPPLY THE APPROPRIATE NUMBER
OF PHI AND PHI COMPCNENTS. (PATTERN IS CLEAR.)

(3) THE USER MAY SUPPLY ADDITIONAL PHI VECTORS
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NOT RELATED TO THE TABLES, AND MUST SUPPLY ANY
ADDITIONAL ANALYSIS NEEDED FOR THESE COMPONENTS.
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PROGRAMMER: M.K. HORN, DFVLR-OBERPFAFFENHOFEN, JUNE, 1982.

L T e e T T e e

IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION Y(NEQN),YP(NEQN)

DIMENSION PHI(NPHI),PHIP(NPHI)

COMMON/ IDENT/ITERS ,KNT ,KNTFI ,KNTBI
COMMON/CRKF45/ IOPT , IDUM&S5 (4)
COMMON/FSTEP/ ITOPH

COMMON/PRINTR/IPR

DATA MODE1/1/,MODEZ2/2/,MODE3/3/ ,MODE4/4/
DATA IPRINT/O/

DATA ZAPP/1.D-10/
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USER SUPPLIED DIMENSIONS:
DIMENSION OF TRPR,TRPRP, TRMAG, NUMBER OF TRAPPING
BOUNDL, AND BOUNDU PARAMETERS

i

SEE TABLIM FOR DIMENSIONING VALUES OF COMMONS TLIMIT AND GRIDBD

USER SUPPLIES "NTRPPR", THE NUMBER OF TRAPPING PARAMETERS
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DIMENSION TRPR(2),TRPRP(2),SCALE(2)

DIMENSION TRMAG(2),BOUNDL(2),BOUNDU(2)

DATA NTRPR/2/
COMMON/TLIMIT/INDIC(4,2) ,NGE (4,2) ,NCOMP(4) ,NTABLE
COMMON/GRIDBD/GRIDL( &, 2),GRIDU( &, 2),IBL( &, 2),IBU( 4, 2)
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FCT(X,XU,XL,XSCALE) = (XU - X)*(X-XL)* XSCALE
FCTP(X,XU,X%L,XSCALE)=(~2.D0*X + XU+XL)* XSCALE

- e T D e S S SR e s N A R S e e e e R S e e e S S AN e SR S N A e M G R e e e e e e e

TRAPPING PARAMETERS MUST BE EVALUATED--PERFORMED IN PHIPAR--
BEFORE PHI ANALYSIS CAN BEGIN

CALL PHIPAR(MODE1l,NEQN,T,Y,YP,NTRPR,TRPR,TRPRP)
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IF (UPDATE) GO TC 50
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