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1 I LOWER BOlTND--M = I ,D23.16,2X, 1 C'vl0 = 
2 M = I ,D23.16,2X, 1 CWO = 
3 I UPPER BOTJN1)--H = I ,D23.16,2X, I C\vo = 

512 FORMAT(/, 1 IN 2 GRID VALDES 
1 I LO\VER BOUND--M = 1 ,D23.16,2X, I CA= 
2 M = I ,D23.16,2X, I CA= 
3 I UPPER BOUND--M = I ,D23.16,2X, I CA= 

I ,D23 .16 ,/, 
I ,D23.16,/, 
I ,D23 . 16,//) 

I , /, 
1 ,D23.16,/, 
I ,D23.16,/, 
I ,D23.16,//) 

513 FOID"..AT(/, I IN FDRAG--TABLE 2 VALUES (DCW = F(N,CA)) I,/, 
1 ' LOWER = ',D23 . 16,5X,' UPPER = ',D23.16,/, 
2 'DCW = ',10X,D23.16,/, 
3 I UPPER = I ,D23.16,5X, I UPPER = I ,D23.16,/) 

RETURN 
END 

Subroutines FTRIEB for determinin the and partial derivatives 

c-----------------------------------------------------------------------
FTRIEB(IPD ,AM ,H, V,A,DADH,DELTA,TMAX, 

1 SFC,THRUST,DSFCDV,DSFCDH,DTHRDV,DTHRDH) 
C----------------------------------- ------------------------------------
e 
C PURPOSE: 
C MODE 1: (IPD=O) 
C FTRIEB COMPUTES SFC AND THRUST USING LINEARLY INTERPOLATED 
C VALUES FROM TABLES SET IN SUBROUTINE TABLES. 
v 

c 
,.... 
v 

c 
c 
,.... .... 

t10DE 2 : ( .IPD= 1) 
FTRIEB COMPUTES SFC Al'iD T11RUST, AND THEIR PARTIAL DERIVA­
TIVES USING LHYEARLY INTERPOLATED VALUES FROM TABLES SET 
IN SUBROUTINE TABLE. 

C NOTATION: 
c 
C SOML OF THE NOTATION IN THE PROGRAM IS IN GERMAN (DUE TO 
C HISTORIC AL REASONS IN DEVZLCPING THE SOFT\vARE). THE FOLLOWING 
C GONVERSION TABLE IS GIVßN: 
c 
C ENGLISH NOTATION GERMAN NOTATION 
C CTI CSI 
c 
c 
C STRUCTURE: USER SUPPLIED 
c 
C INPUT 
c 
c 
c 

c 
(' 
v 

c 

:i:PD 

AM 
H 

MODE OF OPERATION 
IPD=O, SFC AND TI-l:RUST 
I?D=l , SFC, THRUST AND PARTIAL DERIVA­

TIVES Cm1PUTED 
MACH = V/ A 
ALTITUDE 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

V 
A 
DADH 
DELTA 
THAX 
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VELOCITY 
SPEED OF SOlJND 
DERIVATIVE OF SPEED OF SOUND WRT ALTITUDE 
PO\vER SETTING ( CONSTANT) 
CONSTANT (l1AXIMUt-1 THRUST) 

OUTPUT PARAMETERS: 

SFC 
THRUST 
DSFCDV 
DSFCDH 
DTHRDV 
DTHRDH 

TivO TABLES: 

SPECIFIC FUEL CONSUMPTION 
THRUST 
DERIVATIVE OF SFC WRT VELOCITY 
DERIVATIVE OF SFC WRT ALTITUDE 
DERIVATIVE OF THRUST WRT VELOCITY 
DERIVATIVE OF THRUST \vRT ALTITUDE 

TABLE3 GIVES SFC = TAB3(AM,H) 
TABLE4 GI\~S CSI = TAB4(AM,H) 
THRUST = TMAX>'<-CSI>'<DELTA, DELTA = PO\vER SETTING 

(CONSTANT) 

C PROGRAHHER: N.K. HORN, MAY, 1982 
C ~~JOR SIMPLIFICATIONS FOR TOMP (6.11.81) 
c-----------------------------------------------------------------------
c 
c 

c 

c 

c 

IMPLICIT REAL~t:a (A-H, 0-Z) 

CO~lliON/TABLE3/AM3 (26), H3(11),TAB3(26,11) 
COMMON/TABLE4/ AM4(26), H4(11),TAB4(26,11) 
COMMON/TLIMIT/ INDIC (4,2),NGE(4,2),NCOMP(4),NTABLZ 

COMMON I CON3 /KML3 , k'MU3, KHL3 , I<..1iU3 
COMMON/CON4/KML4,Kt-!U4,KHL4,KHU4 

cmmON/FSTEP /ITOPn 
COM~~ON/EMERG/KPRINT 

DATA JPRINT/0/ 

c -- -----------------------------------~------------ ---- -- ---------------
c SFC = TAB4 (t-!ACH, ALT) 
c--------------- --------------------------- -----------------------------
s--- ---- -- ----------------------------------------- -- ---- ---------------
C FUNCTION STATEMENTS 
c--------------------------------------------------------- --------------
c-----------------------------------------------------------------------

c 

c 

c 

VAL2Dl(P,Q,FOO,FlO,FOl,Fll) = (l.ODO-P)*(l.ODO -Q)*FOO + P*(l.ODO 
1 -Q)>'<FlO + Qo'<(l.ODO-P)''"l''Ol + P*Qo':fll 
PARTll(Fl,FO,Xl,XO) = (Fl-FO)/(Xl-XO) 
RATIO(AX,Al,A2) = (AX-Al)/(A2-Al) 

PARTVl(Q,DELTAl,FOO,FlO,FOl,Fll) = ((FlO -FOO)>t:(l.DO - Q) 
1 + (Fll-FOl)*Q) / DELTAl 

PARTV2(P,DELTA2,FOO,FlO,FOl,Fll) = ((FOl -FOO)o':(l.DO - P) 
1 + (Fll -FlO)*P) / DELTA2 

c---------------------------------------------------- --- --- -------------
IPRINT = 0 
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IF (JPRINT .EQ . 1) IPRINT = ITOPH 
c 
C----- ------------------------------------------------------------------
C TABLE 3: 

c------------------------------------------------------------ ----- ------
PCSI = R_I\TIO(A!1.M13(KNL3) , A''ß(KNU3)) 
QCSI =RATIO( H, H3(KHL3), H3(KHU3)) 
CSI = VAL2D1 (PCSI ,QCSI, TAB3 (KML3 ,KHL3) , TAB3 (KHU3 ,1."HL3), 

1 TAB3(KML3,KRU3),TAB3(K."1U3,KHU3)) 
THRUST = TMAX -;~ CSI * DELTA 

C-----------------------------------------------------------------------
e TABLE 4: 

c------------------------------------------------------------- -- --------
PSFC = RATIO(AM,AM4(KML4),AM4(KMU4)) 
QSFC = RATIO ( H, H4 (Y..HL4), H4 (KHU4)) 
SFC = VAL2Dl(PSFC,QSFC,TAB4(KNL4,KHL4), TAB~(KMU4,KHL4), 

1 TAB4 (10:114, KHU4) , TAB4 (I01U4, .K11U4)) 

c--- -------------------~----- -- ----------- --- -------------------- ---- ---
IF (IPD .EQ. 0) GO TO 50 

C------ ----------------------------------------------------------------­
e---- ---·------------------------------------------------- -------- --~ ----
C PA..T{TI AL DERIVATIVES 

c-----------------------------------------------------------------------

c 

c 

DELTM = .t\.113 (KMU3 ) - AH3 (KML3) 
DELTH = H3 (KJIU3) - H3 (KF.L3) 
DCSIDM = PARTVl(QCSI,DELTM ,TAB3(KML3,KHL3),TAB3(KMU3,KHL3), 

1 TAB3 (K11L3, :KHU3), TAB3 (KMU3 ,KHU3)) 
DCSIDH = PARTV2(PCSI,DELTH ,TAB3(KNL3,KHL3),TAB3(KMU3,KHL3), 

1 TAB3(KML3,KHU3 ),TAB3(KMU3 ,KHU3)) 
DELTM = AM4 (KMU4) - AM4(KML4) 
DELTH = H4(KHU3) - H4(KHL3) 
DSFCDM = PARTV1(QSFC,DELTN ,TAB4(KML4,KHL4),TAB4(KMU4,KHL4), 

1 TAB4(KML4,KHU4),TAB4(KMU4,KHU4)) 
DSFCDH = PARTV2 (PSFC, DELTII , TAB4 (KNL4, KHL4.), TAB4 (KNU4 ,1.1114), 

1 TAB4 (KML4, K'rlU4), TAB4 (KMU4, KlHJ4)) 

DELTN = AM3(KHU3) - AM3 (K~!L3 ) 
DELTH = H3(KHU3) - H3(~rl13) 

mmT~U=(TAB3 (KMU3 , KHU3) - TAB3 (IOJL3 , KHU3)) /DELTM 
D\'TRTI10= (TAB3 (KHU3 , 1.1113) -TAB3 (KML3, KHL3)) / DELTM 
D\VRTHl= (TAB 3 (K1-fu3, KHU3) -TAB3 (KNU3, 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,D"TRTriO 

DELTM = AN4 (K:1U4) - AM4 (IOJL4) 
DELTH = H4(KHU4) - H4(KHL4) 
DWRTM1=(TAB4(KMU4 ,Kh~4)-TAB4 (I01L4,KHU4))/DELTM 

DYlRT!10= (TAB4 (KMU-+, KHL4) -TAB4 (KML4, KHL4 ) ) /DELTM 
D\\TRTH1= (TAB4 C:KNU4 'KHU4 ) -TAB4 (KMU4 I :{}{14)) /DELTH 
D'N'RTHO= (TAB4 (K1'114, KHU4) - TAB4 (KrlL4 , KHL4)) /DELTH 
IE' (KPRiia .EQ. 1) PRINT 1304,DWRTH1 , DSFCm1 ,D\'i'RTif0 
IF (KPRINT .EQ. 1) PRI.NT 130S,DivRTHl,DSE"CDH,DWRTHO 

1302 FOR.J."1AT(' C1i'ECK DERIVATIVES: ', /, ' DWRTMl = ',D15 . 7,2X,' DCSID~1 =' 
1 DlS. 7, 2x,' D\vRTI10 = I ,DIS . 7) 

1303 FORHAT( I CHECK DERIVATIVES : I '/'' DWRTHl = I ,DlS. 7 '2X , I DCSIDH = I 
1 Dl5.7, 2X, 1 D\v"RTHO = ' ,D15 . 7) 



c 

c 

c 
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1304 :F'OR~1ATC I CHECK DERIVATIVES: I,;, 1 mVR.TM1 = I ,D15. 7, zx, 1 nsFcmt = 
1 D15. 7 ,2X, I DWRTHO = I ,Dl5. 7) 

1305 FOR.HAT(' Ch"ECK DERIVATIVES: I,/' I Di~RTR1 = I ,D l S. 7 ,2X, I DSFCDH = I 

1 D15. 7 ,2X, I DWRTHO = I ,D15. 7) 

miDV = 1. ODO/ A 
DMDA = -V I (A''<A) 

C------------------------- ---------------------------------------------­
e-----------------------------------------------------------------------

c 

DSFCDV = DSFCDM * DMDV 
DSFCDH = DSFCDH + DSFCDM:'<DMDA''DADH 

DTHRDV = THAX :<: DCSIDM :<: DMDV :': DELTA 
DTHEH = Ti'1AX :'< (DCSIDH + DCSIDM,'<DMDA*DADH) * DELTA 
IF (KPRINT .EQ. 1) PRINT 1300,DTHRDV,DTHRDH 
IF (KPRINT .EQ. 1) PRnlT 1301,DSFCDV,DSFCDH 

1300 FORMAT( I IN FTRIEB: I,/' I DSFCDV= 1 
.• DlS. 7 '2X, 1 DSFCDH= 1 , DlS . 7) 

1301 F0&.'1AT(' IN FTRIEB: 1
,/,

1 DTHRDV= 1 ,Dl5.7,2X, 1 DTHRDH= 1 ,Dl 5.7 ) 
c-------- ------------ -- -------------------------- ---------- -------------

50 CONTINUE 

c-----------------------------------------------------------------------
IF ( IPRIN"T . EQ. 0) RETURN 

C----------------------------------------------------------------- ------
C PRINT OPTIONS FOR SAFETY CHECKS 

c-------- ---------------------------------------------------------------

c 

c 

c 

c 

c 

PRINT 510,AM3(KML3), H3(KHL3),AM, H,AH3(KMU3), H3(KHU3) 
PRINT 511, A.l'14 (KHL4) , H3 (KHL4), AM, H, AN4 (KMU4) , H4 (KHU4) 
PRI~IT 512,TAB3(KML3,KHL3),TAB3(KML3,KHU3), 

1 CSI,TAB3(KM:U3,KHL3),TABJ(KMU3,KHU3) 
PRINT 513, TAB4 (1.'}114 , .K'".t1L4 ), TAB4 (KML4, KHU4), 

1 SFC,TAB4(KMU4,KHL4),TAB4(KMU4,KHU4) 

510 FORMAT(/' I IN FTRIEB--TABLE 3 GRI D VALUES I' I' 
1 I LO't'IER BOUND--1'1 = I ,D23.16,2X, I H = I ,D23.16,/' 
2 M = ',D23.1.6 , 2X, I H = I ,D23.16,/' 
3 ' UPPER BOUND--M = ! ,D23 . 16,2X, ' H = ',D23.16,//) 

511 FORMAT(/ ,' IN FTRIEB--TABLE 4 GRID VALUES 1 
,/, 

1 ' LOWER BOUND--H = ',D23.16 , 2X, I H = ',D23.16 , /, 
2 t-1 = ',D23.16,2X, ., H = I ,D23 . 16,/ , 
3 ' UPPER BOUN~--M = ',D23 . 16 ,2X , : H = I ,D23.16,//) 

512 FOK~~T(/, ' IN FTRIEB--TABLE 3 VALL~S (CSI = F(M, H)) 1 
,/, 

1 : LO~~R = I ,D23.16,5X, I UPPER = I ,D23.l6,/, 
2 CSI ',10X,D23.16,/, 
3 ' UPPER = I ,D23 .16 ,5X, I UPPER = ',D23 .1.6 l /) 

513 FOR~fAT(/, 1 IN FTRIEB--TABLE 2 VALUES (SCF = F(t-1, H))' , /, 
1 ' LOWER = I , D23 .16,5X, I UPPER = ' ,D23 . 16,/, 
2 ' SFC ',10X ,D23 . 16,/ , 
3 ' UPPER = I ,D23.16,SX, I UPPER = I ,D23.16,/) 

RETUR..l\ 
END 
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Subroutine INITBD sets initial bounding values for the SUBPHI subroutine 

c------------------------- ------------------- ------~--------------------
SUBROUTI~ffi INITBD(~ITRPR,BOUNDL, BOUNDU) 

C-----------------------------------------------------------------------
e PTJRPOSE: INITBD SETS THE BOUNDING VALUES FOR THE TRAPFING 
C PARAMETERS BEFORE THE INTEGRATION BEGINS. 
c 
c 
c 
c 
c 
c ,.. 
V 

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

INPUT PARAMETERS : 
NTRPR DHfENSION OF BOUNDL AND BOUNDU VECTORS 

C OUTPUT PARAMETERS: 
C BOUNDL(J) LO\VER BOUND ON TRAPFING PARMIETER NUMBER J 
C BOUNDU(J) UPPER BOUND ON TRAPFING PARAMETER NUMBER J 
c 
c 
C PROGR~~R: M.K. HORN, DFVLR-OBERPFAFFENHOFEN , AUGUST, 1982 
c 
c-----------------------------------------------------------------------

IMPLICIT REAU•8 (A-H, O-Z) 
c 

DIMENSI'JN BOUl'IDL(NTRPR) .BOUNDU(NTRPR) 
c-----------------------------------------------------------------------

coMMON/TLIMIT/INDIC(4,2),NGE(4,2),NCOMP(4),~~ABLE 

COMMON/GRIDBD/GRIDL( 4, 2),GRIDU( 4, 2),IBL( 4, 2),IBU( 4, 2) 
DATA IPRINT/0/ 

C-----------------------------------------------------------------------
C INITIALIZATION BLOCK: 
C-----------------------------------------------------------------------
C 
C BOUNDS GRIDL ~ND GRIDU ARE SET IN TABLIM (ALREADY REFERENCED) 
C BEFORE EACH Ii\"TEGRATION BEGINS . BOUNDU(I) AND BOUNDL(I), 
C 1=1, ... ,NTRPR, MUSTEE SELECTED FROM THESE VALUES. 
c 

c 

c 

c 

DO 10 II = l,NTRPR 

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

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

C NO BOUNDS HAVE BEEN SET YET FOR TRAPPlNG PARAMETER "II" 
c 

c 

c 

BOUNDL(II) = GRIDL(ITABLE,ICOMP) 
BOUKDU(II) = GRIDU(ITABLE,ICOHP) 
ISET = 1 
GO TO 10 

8 CONTINUE 
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C BOUNDS HAVE BEEN SET FOR TRAPFING P.t\RANETER ttiiu--COMPARE THESE 
C KITH THOSE FOR TABLE "ITABLE" COMPONENT "ICOHP" 
c 

c 

c 

IF (GRIDL (ITABLE, ICOHP) .GT. BOUNDL(I I)) 
1 

IF (GRIDU(ITABLE,ICOMP) .LT. BOUNDU(Il) ) 
1 

10 CONTINUE 

IF (IPRI~r .EQ. 0) GO TO 14 

BOUNDL (I I) = 
GRIDL(ITABLE,ICOMP) 
BOUNDU (I I) = 
GRIDU(ITABLE,ICOMP) 

PRINT 1588,(J ,BOUNDL(J) ,J,BOUNDU(J),J=l,NTRPR) 
1588 FORt~T( ' INITIAL BO~~S BEFORE INGRATION BEGINS : ', / , 

1 (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 

c-------- -- ------------------- ----------- -------------------------------
C LIFT COEFFICIE!I;T'f GENERATOR USING CUBIC SPLINE COEFFICIENTS FROM 
C TOMP 

SUBROliTINE LIFTC ( IDERI V, T, CA, DCADT, NODE) 
c---------------- --------------------------- ----- ------ -----------------

IMPLICIT REAL>':8 (A-H,O-Z) 
COH.!'1GN/ CTRt1PP / GRID ( 15 , 5) , STIFF ( 15 , 5) , U ( 15 , 5 , 5) , A ( 1.5 , 5 , S) , 

1 B (15 , 5 , 5) , C ( 15 , 5 , 5) , UL (15 , 5 , S) , UU (15 , 5 , 5) , 
2 u~(15, 15,5 ,5 ), 

3 AH(15,15,5,5),BH(l5,15,5,5),SH(l5,15,5,5), 
4 P(lO),Y(70),TOL,INTERV,KONTRL , KNOT (5 ) , NP,~~. 

5 IDUM(3) , 
6 LDv~ C 2 1 ) 

c 
LOG I CAL LDill1 

C--------------------------- ------- ------- ------------------------------
e NOTATION: 
c 

c 

c 
c 
c 
c 

SOME OF THE NOTATION IN THE PROGRfuV. IS IN GERMAN (DUE TO 
HISTORICAL REASONS IN DEVELOPING THE SOFTWARE) . THE FOLI.OWING 
GONVERSION TABLE IS Giv~N: 

ENGLISH NOTATIO!'i 
CL 

GERNAN NOTATION 
CA 

Cu- ----- -- ------------------------------- -- -------- ---------------------
C THERE IS ONLY ONE INTERVAL. THUS, T DOES NOT HAVE TG BE LOCATED 
C iHTHIN THE INTERVAL ~1ESHES. EACP. INTERVAL "I" HAS KNOT (I )NODES . 
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c---- - ----------- ---------- --- --~---------- -----------------------------
c COMPUTE LIFT COEFFICIENT (WITHOUT PARAMETER DISTL~BANCE) 
C------------------------------------------------------- ----------------
C 

CA = SPLINT (KNOT(l),GRID(l,l),U(l,l, l),STIFF(l,l), 
1 A(l,l , l),B(l , l,l),C(l,l,l),T) 

IF (IDERIV .EQ. 0) RETt~N 

DCADT = DSPLNT(KNOT(l),GRID(l,l) ,U(l,1,1),STIFF(l,l ), 
1 A(1,1,1),B(1,1,1),C(1,1,1),T) 

C------------------------------------ -- ---------------------------------
C ~CADT (\VRT TIME) MUST BE SCALED BY 1/TFINAL = 1/P(l) 
c---------------------------------------- -- -----------------------------

DCADT = DCADT/P(l) 
c 

Subroutine LOCATE, determines t he bracketing indices for locating a parame­
ter i n a given vector array 

c------------------- ---·--------------- -- -- -----------------------------
c --- ---- -- -- ------------------------ ------ - ---------~-------------------

SUBROUTINE LOCATE(NPTS,AV,VECTOR, MPT,NPT,BNDL,BNDU,ITABLE,ICOMP) 
C----- -------------------------- --- -- --------------------- -- -----------­
e------------ -----------------------------------------------------------
C PURPOSE: 
C SUBROUTINE LOCATE CHOSES MPT A~ NPT SO TRAT AV IS 
C BRACKETED BY VECTOR(i"!PT) AND VECTOR(NPT), MPT = NPT - 1 . 
C BOUNDS: BNDL= VECTOR(MPT), BNDU==VECTOR(NPT) ARE 
C ARE RETURNED. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

STRUCTu~: 

INPUT PAR..tv·1ETERS: 
NPTS 
VECTOR 
AV 
ITABLE 
ICOMP 

C OGTPUT PARAMETERS: 
c 
c 
c 
c 
c 

NPT 
NPT 
BOUNDi. 
BOUNDiJ 

C LABE LING: 

STANDARD (NO USER CHANGES) 

DIMENSION OF ARRAY VECTOR 
VECTOR ARRAY, DIMENSIONED NPTS 
THE VALl~ TO BE LOCATED IN ARRAY VECTOR 
TABLE BEING ANALY2ED (FOR PRINT STATEMENTS) 
COMPONENT OF TABLE #ITABLE BEING ANALYZED 

I~~EX VALUE BRACKETI~G AV 
INDEX VALu'E BRACKETING AV, NPT > MPT 
VECTOR(MPT) 
v"'ECTOR (NPT) 

c -- --------+- ------------- -+----- -------------+----------
c VECTOR(l) v~CTOR( 2) VECTOR(3) 
c 
C ALL POINTS "*" HAVE NPT=3 , MPT=2 
C POINT "0" HAS NPT=4 , NPT=3 



c 
c 
c 
C REQUIRE:t-tEr--rrs: 
C VECTOR ENTRIES SHOULD BE DISTINCT A~ID SHOULD BE IN ASCENDING 
C ORDER. 
c 
c cmn1ENTS : 
C IF AV LIES OUTSIDE OF THE GRID, A vlARNING WILL BE PRINTED, 
C M'D THE PROGRAI1 WILL TERMINATE. USER HUST THEN EXTEND THE 
C TABLES (USING, E.G., EXTlD, EXT2D, OR EXT3D) TO CONTINUE. 
c 
C USER CHANGES : NONE 
c 
C PROGRAHMER: H.K. HOR.~, DFVLR -OBERPFAFFENHOFEN, HAY, 1982 
C----- ----------- ---------- -- ---------- ------- -------------------------­
e----- -- ------- ---- ----- --------------------- --- --- ---------------------

c 

IMPLICIT REAL*8 (A-H,O-Z) 
DIMENSION VECTOR(NPTS) 

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 
C-- -------------- ----- -------------------- ------------------------------
C SET ~fPT, NPT 
c---------------------- ------ ------------------------------------- ------

c 

c 

30 COt-I!INUE 
NPT = I 
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 FORHAT(/ I' I DIFFICULTIES IN TABLE I' I 3, 3X, 1 WITH. COMPONENT I' I3' 
1 I, 1 VALUES ARE OUTS IDE OF THE TABLE GRID. 1 ,II , 
2 1 THE PROGRAM vliLL TERm NA TE . I , 1;, I THE USER SHOULD CALL I , 

3 I TABE:X! TO EXTEND THE TABLE' I I, I UNLESS THE LHfiTS ARE I , 

4 1 ALREADY REDICULOUSLY LARGE. 1 ,II) 
l501 FORMAT(/' I TABLE= I 'I2, 2X, I ICOMP= I ' I2 ' I PARAMETER= I ,D23 .16 'I' 

1 I VECTOR(1) = I ,D23.16,2X, 'VECTOR( 1 ,13, 1
)- I 

2 D23. 16 ' I I /' I TERMINAL ERROR I ' I/) 
STOP 
END 

Subroutine t-!ATRXl, MATRX2 used i n conjunc-cion with RHS evaluation to multiply 
matrices 

c---- --- ---- ---- ---- --- -- --------- --- ------------ ------ --- --------------
SUBROUTI~~ MATILX l(NEQN,Y,SCPROD,ISHI?T , B) 
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C-----------------------------------------------------------------------
C 
C PURPOSE: FORMS SCALAR PRODUCT 
c 
C DHlliNSIONS: B = 4 X 1 , Y COHPONENTS USED 1, ... , 4 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SYSTEM: 

NOTE: 

T 
SPROD = B Y IS FORMED 

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

C PROGRJ._NtfER: ~1. K. rtOfu~, JUNE, 19 8 2 

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

c 

c 

c 

I~PLICIT REAL~""8 (A-E,O-Z) 

DHfENSION Y(NEQN) 
DIMENSION B(4) 
DATA LIJ1IT/4/ 

SCPROD = O.ODO 
DO 55 J = l,LIMIT 

55 SCPROD = SCPROD + B(J)*Y(J+ISHIFT) 

RETURN 
END 

c---------------------- ------------------------------- ------------------
SUBROUTINE MA~X2(NEQN,Y,YP,ISHIFT,A) 

c-------------------------------- -- -------------------------------------
c 
C PURPOSE: PERFORMS MATRIX ~fULTIPLICATION 
c 
c 
c 
c 
c 

DIMENSIONS: 

SYSTEM: 

A = 4 X 4 
' 

Y COMPONENTS USED 1, . . . ,4 

YP == A Y IS FORUED 

C NOTE: 
c 
C SUBSCRIPTS ARE SHIFTED BY THE AMOUNT "ISHIFT:t 
C I.E., YP(ISHIFT+1), . . . ,YP( ISHIFT+4) ARE GENERATED USING 
C Y(ISHIF~+1), , Y(ISHIFT+4) 
c 
C PROGRAtfrffiR: ~.K. HORN , ~~. 1982 
C-----------------------------------------------------------------------
C 

c 

c 

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

DI~~NSION Y(NLQN),YPCNEQN) 
DH!ENSION A(4,4) 
DATA LH:!IT/4/ 

DO 12 I = l,LIMIT 
YP(I+ISHIFT) -= O.ODO 
DO 12 J = 1,LIMIT 

12 YP(I+ISHIFT) = YP(I+ISHIFT) + A(I,J)* Y(J+ ISHIFT) 



c 
RETURN 
END 
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Subroutine PART, foJ: establishing and 11pdating independent variable stops 

C-- --------------------------------------------------------------------­
e-----------------------------------------------------------------------

SUBROUTINE PART(MODE,TPART1,NTPRT1,ISTOP1,TPART2,NTPRT2,ISTOP2, 
1 FINTEG,N~QN,T,Y,YP) 

C----------------------------------------------------------------------­
e------------------------- ----------------------------------------------

c 

c 

c 
c 

c 
c 

c 

c 

c 

c 

IMPLICIT REAL*8 (A-H,O-Z) 
DIMENSION Y(NEQN), Y?(NEQN) 
DIMENSION TPART1(100),TPART2(100) 
DIMENSION IPARTL(lOO), IPARTU(lOO) 

DIMENSION TRPR(2),TRPRP(2) 
DATA NTRPR/2/ 
DATA IPRHrT/0/ 
DATA IZER0/1/,MODE2/2/,r10DEJ/3/,HODE4/4/ 

COlli~ON/PRINTR/IPR 

COMMON/CTRMPP /GRID(l5 ,5), STIFF(l5, 5), U( 15,5, 5) ,A (lS ,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),CH(15,15,5,5), 
4 P (10), YDUM(70), TOL, INTERV ,KONTRL,KNOT(S) ,NP ,NY, 
5 MQP,IG,NPHI, 
6 IMPULS,LDUM(2Q) 

LOGICAL IMPULS,LDü~ 

COHr-10N/TLU1IT/INDIC (4, 2), NGE (4 ,2) ,NCOMP (4) ,NTABLE 
COMMON/GRIDBD/GRIDL( 4, 2),GRIDU( 4, 2),IBL( 4, 2),IBU( 4, 2) 
CCMMON/PARTV/PVECT(30),LPOINT( 4, 2, 30),NPOINT 

CmfMON/CHCKCA/CLIFT 

COMMON/TABLE1/T1P1(26), TAB1(26) 
COMMON/TABLE2/T2P1(24),T2P2(35),TAB2(24,35) 
CO~~ON/TABI~3/T3P1(26),T3P2(1l),TAB3(26,11) 

COMMON/TABLE4/T4P1(26),T4P2(ll) ,TAB4(26,11) 

COHMOK/ CONl/KLll, KUll 
COMMON/CON2/KL2l,KU2 l,KL22,KU22 
COMMON/CON3/KL31,1.'U3l,KL32. KU32 
COMMON/CON4/KL41, :KULf l,KL42, :KU42 
LOGICAL FUiTEG 

IF (110DE . EQ. 2) GO TO 50 

c- --------------- -- --------- --------------------------------------------
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C MODE 1: CALL IS MADE BEFORE INTEGRATION BEGINS. 
C MAKE Al'IY NEEDED INITIALIZATION. 
C--------------------------------------------------------------------- --
e I NITIALIZATION: TABLE LIMITS AT INITIAL COl'-l'DITIONS ~tuST BE 
C SET (FOR WHICH TRPR VALUES ARE NEEDED) 
c 
c 

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

IF (.NOT . FINTEG) GO TO 45 
C- ----------------------------------------------------------------------
C INITIALIZE FORWARD I~fEGRATION: 
C CALL TABLIM TO INJTIALIZE INDICES FOR TABLE ANALYSIS 
c------------------------------------------------------------- ----------

CLIFT = U (1 , 1, 1) 
CALL TABLIM(TRPR,N1RPR) 

c------ .. ---- ------------------------------------ ------------------------
c CALL PARTCA TO ESTABLISH LIFT COEFFICIE~1 STOPS AND SET INDICES 
c-----------------------------------------------------------------------

c 

CALL PARTCA(TP.ART1, IPAR'!'I.,IPARTU,NTPRT1) 
KL22 = IPARTL(l) 
KU22 = IPA:i\TU(1) 
IF (IPR .~~. -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 (I G .~~ . 2) GO TO 15 

C-----------------------------------------------------------------------
C BACKWARD DIFFERENCING WILL BE USED TO FORM GRADIENTS. INITIAL-
e IZE TPART2 VECTOR (PVECT AND RELATED PARA~1ETERS) . 
c 
C IMPL~SE=.T . ==> BACKWARD DIFFERENCING IS USED. 
C I G = 2 ==> GRADIENTS ARE TO BE FORMED. 
c---·---------------- ----------------------------------------------------

PVECT(l) = T 
c 
c LPOINT(TABLE ,COMP l 1) = KLttTABLE" tt COMP" 
c 

LPOINT(l, 1, 1) = KLl l 
LPOINT(2, 1' 1) = KL21 
LPOINT(2, 2, 1) = KL22 
LPOINT(3, 1' 1) = KL31 
LPOINT(3, " '• 1) = KL32 
LPOINT(4, 1' 1) = KL41 
LPOINT(4 _, 2, 1) = K142 

c 
NPOI.t\7 = 1 ,.. .... 

15 CONTINUE 
c 
c-- ------------- -- ----------------------- --------------------- ·----------
c CALL WARN (IN MODE4 TO SEE IF INDICES HAVE BEEN PROPERLY SET 
c------------- ------ --- ---------------------- --- ------------ --- ---------

CALL WARN(HODE4,TRPP..,NTRPR, T,Y, NEQN,IZERO) 
c 

IF ( IPRI~IT .EQ . 0) RETURN 



c 

c 

so 

PRINT 1503, (J, TPARTl (J), J=l ,NTPRTl) 
1503 FORNAT(' TIME(' ,!3 , '= ',DlS. 7) 

RETURJ.'i 

45 cm.rnNUE 
c--------------------------------------··------------------------ -- ------
c INITIALIZE BACKWARD INTEGRATION : SET TPART2 VECTOR 
c-------------------------------------~----------------------------- - ---

c 

c 

NTPRT2 = NPOINT 
IF (~1PRT2 .LE. 0) GO TO 48 
DO 46 J = l,NPOI~7 

46 TPART2(J) = ?VECT(J) 

48 CO~INUE 

c---------------------------------------- --------·---- -------------------
c CALL WARN TO SEE IF INDICES ARE PROPERLY SET 
G (I~~ICES ARE LEFT OVER FROM FORWARD INTEGRATION) 
c--------------------------------------·--------------------------------
c 

c 

c 

CALL WA~~(MODE4,TRPR,NTRPR,T,Y,NEQN,IZERO) 

IF (IPRINT .EQ. 0) RETUPu'i 
PRINT 1504,(J,TPART2(J),J=1,NPOINT) 

1504 FORMAT(' TPART2(' ,I3, ') = ',D15.7) 
RETURN 

50 CONTINUE 

C---------------- ------------ ------------------------------------------­
e-----------------------------------------------------------------------
C HODE 2: UPDATE MODE. A TPARTl IS A STOPPING CONDITION. 
C HA.."tCE ANY UPDATE 01EEDED . 
C ISTOPl .NE. 0 ===> TPARTl(ISTOPl) IS STOPPING VALUE 
c 
C IN FORWARD DIFFERENC ING ~!ODE OF TRONPP, NO TPART2 
C VECTOR VILL BE IMPOSED. 
C----------------------------------------------------------------------­
e----------------- ----- --------------------------------- ----------------
c 

CALL PHI PAR (~!ODE 2, NEQN, T, Y, YP, NTRPR, TRPR, TRPRP) 
c 

IF (.NOT. FIN1~G) GO TO 60 
c-----------------------------------------------------------------------
C FOR\vARD INTI:GRATION--LIFT COEFFICIENT UPDATE : 
c-----------------------------------------------------------------------
c 

c 

c 
c 

KL22 = IPARTL(ISTOPl) 
KU22 = IPARTU(ISTOPl) 
IBJ..(2,2) = KL22 
IBU(2,2) = KU22 
GRIDL(2,2) = T2P2(KL22) 
GR!DU(2,2) = T2P2(KU22) 

CALL \vARN(HODE3, TRPR_, NTRPR, T, Y ,NEQi'l , I ZERO) 

RETURJ.~ 
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c 
60 CONTINUE 

c 
C------------------------------------------------------ ---- -------------
C BAC~~ARD I~!LGRATION--NO UPDATES AT T=O 
c--------------------------------------------------------- --------- --- --

IF (T .LT. 1.D-12) RETURN 
C----------------------------------------------------- -- -- --------------
C BACKWARD INTEGRATION--DETE~~INE IF TPART1 OR TPART2 STOP 
C- ----------------------------------------------------- ----- ------- -----
e 

IF (ISTOP1 .EQ. 0) GO TO 7J 
C-----------------------------------------------------------------------
e STOPPING ON A TPART1 VECTOR ELEMENT (LIFT COEFFIGIENT) 
c---------------------------------------------------- ----- ---- -- --------

IF (ISTOPl .EQ. 1) GO TO 70 
KL22 = IPARTL(ISTOP1-1) 
T-u22 = IPARTU(ISTOP1-1) 
IBL(2,2) = KL22 
IBU(2,2) = KU22 
GRIDL(2,2) = T2P2(KL22) 
GRIDU(2,2) = T2P2(K~22) 
INDEX == 6 

70 CONTINUE 
IF (ISTOP2 .EQ. 0) GO TO 100 

C------------------------------------------------------ -----------------
C STOPPING ON A TPA..~T2 VECTOR ELE~fENT (GENERATED DURING FORWARD 
C INTEGRATION 
c---------------------------------------~----------------- -------- - - - ---

c 

c 

c 

c 

Do 75 ITABLE = 1,NTABLE 
LIMIT = NCOMP(ITABLE) 
DO 75 ICOMP = 1,LIMIT 
INDEX = LPOINT(ITABLE,ICOMP,ISTOP2) 

IF (IABS(INDEX) .EQ. 0) GO TO 75 
I BL(ITABLE,ICOMP) = IABS(INDEX) - ISIGN(1,INDEX) 
IF (I BL(ITABLE, ICOt-1P) . LE. 0) IBL(ITABLE, ICOHP) = 1 
IBU(ITABLE,ICOMP) = IBL(ITABLE ,ICOMP) + 1 

CALL TABBND(ITABLE,ICOMP ) 
75 CONTINUE 

100 CONTINUE 

C--------------------------------------------------------- ----- -- -------
e CALL 1'WARN" TO SEE IF BOUNDS ARE VIOLATED: 
c--------------------------------------------------------- -------- ---- --

CAI.L WARN(MODE4,TRPR,NTRPR,T , Y,NEQN,IZERO) 
C---------------------------------------------------- -- -- -- ---- ---------
C UPDATE ODE: 
c--------------------------------------------------------- ------ --------

CALL RHS(T,Y,YP) 
c-------------------------------------------··------- -- ---- ---------- --- -
c 

RETUR.~ 

END 
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Subroutine PARTCA, for determining lift coefficient stops 

c----------- -- ------- ---------------------------------------------------
SUBROUTINE PARTCA(TV'ECT, IVECTL, IVECTU ,NTVECT) 

c-----------------------------------------------------------------------
c 
C PURPOSE: 
c 
C PARTCA (ALONG WITH QROOT) LOCATES ALL T VALUES 
C CORRESPONDING TO CA(I) INTERSECTIONS WITH THE CUBIC 
C CURVES . THESE T VALUES ARE STORED IN TVECT AS STOPPING 
C CONDITIONS FOR THE INTEGRATION. IVECTL AND IVECTU 
C STORE TP~ BRASKETING INDICIES CORRESPONDING TO THE 
C CA Cm1PON'ENTS . 
c 
C PARTCA R.EFERENCES "QROOT" WITH A SET OF CUBIC COEFFICIENTS AND 
C THE VECTOR "CA" TO LOCATE THE VALDES OF T FOR \miCH THE 
C CAVALUES INTERSECT THE CUBIC. PARTCA ADDS THESE POINTS 
C TO VECTOR TVECT (FOR~~D IN INCREASING ORDER) AND STORES 
C THE BRACKETING INDICIES OF CA CORRESPONDING TO THE TVECT(J) 
C POI~7 IN IVECTL (J) AN~ Iv'ECTU(J). 
c 
c 
C STRUCTURE: USER SUPPLIED 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

INPUT P ARANETERS : 

OUTPUT PARAMETERS: 

CUBIC COEFFICIENTS (STORED IN COMMON CTRNPP) 
CA VECTOR (STORED IN COMMON TABLE2) 

TVECT VECTOR OF T VALUES FOR STOPPING 
TrlE INTEGRATION (DIMENSION 100) 

IV'ECTL(J) 10\~'ER BRACKETING CA INDEX FOR THE 
INTERVAL TVECT(J) TO TVECT(J+l) 
(DIMENSIONED 100) 

IVECTL1(J) UPPER BRACKETING CA INDEX FOR THE 
INTERVAL TVECT(J) TO TVECT(J+l) 
(DI11ENSION'ED 100) 

C PROGRAHMER: M. K. HORN, DFVLR -OBERPF AFFENHOFEN , JtJNE , 19 8 2 
c-----------------------------------------------------------------------
c 

IMPLIC IT REAL*8 (A-H,O-Z) 

COMMON/CTRMPP/GRID(l5,5),STIFF(15,5),U(l5,5,5),A(l5,5,5), 
1 B(l5,5,5),C(l5,5,5),UL( l 5,5,5) , UU(l5,5,5), 
2 Lm(lS,ls,s,s), 
3 AH (15, 15 , 5, 5) , BH (15, 15,5, 5) , CH (15, 15,5, 5) , 
4 P(lO),Y(70),TOL,INTERV,KO~~L,KNOT(S),NP,NY, 

5 IDUM(3), 
6 LDUl'1( 21) 
C0lli10N/TABLE2/T2Pl(24 ) , CA (35),TAB2(24,35) 
COMMON/TLHfiT/INDIC(4 , 2) ,NGE(4, 2) ,NCOMP (4) ,NTABLE 



c 

c 
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DATA ZAPP/1.D-10/ 

DIXENSION TVECT(100),IVECTL(100),IVECTU(100) 
DIMENSION TDUM(100), ITDUM (100) 
DH!ENSION IV(lOO) 
DIMENSION CACA(35) 
DATA NTDUM/1 00/, I PRINT/0/ ,EPS/1. D-10/ 
LOGICAL LOGDUM 

C-----------------------------------------------------------------------
e 
c-----~--- -------------------------------------------- ---------- --- -----

c 

NCA = NGE(2,2) 
DO 5 .; = 1 , NCA 

5 CACA(J) = CA(J) 

C-----------------------------------------------------------------------
e T = 0 IS THE FIRST TVECT POINT- -LOCATE BRACKETING INDICES 
C (U(1,1,1) IS THE LIFT COEFFICIENT AT T=O. 
C---------------- --------------------------------------------------- ----
C 

c 
c 
,.. 
v 

TVECT(l) = 0. ODO 
IF (IPRINT .EQ. 1) PRINT 155S,U(1,1,1) 

1555 FOR.t-18.T( I u AT TO = I ,D15. 7) 
CALL LOCATE (NCA, U(l, 1, 1) ,,CACA,MPT ,NPT, END!.. , BNDU ,0, 0) 

IF (DABS(U(l,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 

c 
c 

c 

CALL LIFTe(O,EPS,CAEPS ,DUMMY,O) 
CALL LOCATE (NCA, CAEPS, CACA, NPT, NPT, Bt'-l'DL, BNDU, 0, 0) 

8 CONTINUZ 

IVECTL( 1) = MPT 
IVECTU( 1) = NPT 
NTVECT = 1 

C-----------------------------------------------------------------------
e A SET OF eUBie COEFFICIENTS IS ASSOCIATED WITH EACH SUB-INTERVAL 
C (GRID(I,1), GRID(I+1,1). INTERSECT CA LINES WITH EAeH 
G OF TrlESE CUBICS ~D THROW O~T ANY T VALu~S NOT IN THE 
C GRID SUB-I/II'TERVAL (DONE IN QROOT) . THE T VALUES WITHIN 
C THE GRID SUB-INTERVAL BECOME STOPPING CONDITIONS FOR THE 
C I~ITEGRATION--WITH POINTS STORED IN TVECT, I~~ICES IN IVECTL 
C AND IVECTU. 
c-----------------------------------------------------------------------

LH!IT = KNO'l( 1) - 1 
C--------- -- ---------------------- -- ------------------------------------
e LH.!IT IS THE NUr!BER OF CUBIC EQUATIONS BEING ANALYZED 
C ONE FOREACH INTERVAL (GRID(I,1), GRID(I+1,1 ) 
c----- -------------------------------------------------------- ------- ---

DO 20 I = 1,LIMIT 
C--------------------- --------------------- -----------------------------
e SET CUBIC eOEFFieiENTS FROM CTRüt'IPP-FOR THE ITK CUBie 
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C COEFFICIENT ORDERING IS SOME\lliAT S\liTCHED 
c-------------------------------------- ---------------------------------

AA = C( I , 1, 1) 
BB = B( I, 1 , 1) 
CC = A ( I , 1 , 1) 
DD = U( I, 1, 1) 
TLOWER = GRID( 1,1) 
TUPPER = GRID(I+1,1) 

c----------------- ·-----------------------------------------------------
c COEFFICIENTS FROM SPLINE ARE SET ON THE INTERVAL (0, T) . 
C CALL "SHIFT" TO SHIFT THE T SCALE FROM 0 TO GRID(I,1) 
C (THIS ca~NGES THE AA,BB,CC,DD VALUES) . 
c----------- ------------------------ ------ ------------------------------

CALL SHIFT(TLOWER,AA,BB,CC,DD) 
C-----------------------------------------------------------------------
C CALL QROOT TO INTERSECT Tr'.E CA VALUES \HTH THE CURRENT CUBIC 
c-----------------------------------------------------------------------

CALL QROOT (AA, BB , CC , DD, TLO\V"ER, TUPPER , NCA, CACA, 
1 N1DUM,TDl~,ITDu~,NDUM) 

c 
IF (~DUM .EQ. 0) GO TO 20 

c 
C-----------------------------------------------------------------------
C NDUN POINTS HAVE BEEN RETURNED FROM QROOT. ADD THESE ON TO 
C THE TVECT VECTOR AND STORE THE BRACKETING VALDES IN IVECTL 
C ~~ IVECTU SLOTS CORRESPONDING TO THE TVECT VALUE. 
c 
C ~1AKE SURE THAT THE FIRST TDlJM VALUE IS NOT THE LAST TVECT VALUE. 
C-----------------------------------------------------------------------
C 

IF (DAES(TVECT(NTVECT)-TDUH(l)) .GT. ZAPP) GO TO 10 
C-----------------------------------------------------------------------
C TDUM(l) REPEATS THE LAST TVECT VALUE--REMOVE FROH VECTOR 
c----------------------------------------------------------------- ---- --

NDu11 = NDUM - 1 
IF (NDu~ .EQ . 0) GO TO 20 
DO 9 J = 1,NDUM 
TDU11(J ) = TDUM(J+1) 

9 ITDUM(J) = ITDUM(J+1) 
C-··------------------------------------------------------------------ ---
C ALL TDUM POINTS ARE DISTINCT FROM EXISTING TVECT VALUES 
C ADD TDtJM ON TO THE END OF TVECT 
c----------------------------------- ------------------------------------
c 

10 CONTINUE 

!JO 15 J = 1 ,NDUN 
TVECT(NTVECT+J) = TD'l.J11(J) 

C-------------------------------------------------------------------- -- -
C ITDUH(J) = KK GORRESPONDS TO THE v'ECTOR(KK) VALUE. DETERMINE IF 
C :HIS IS THE UPPER OR LOWER BRACKETING VALUE AND SET IV'ECTL 
C AN~ IVECTU VALl~S. 
c------------------------------ -------- -- ----------------------------- --

c 

T = TDUM(J) 
DERIV = (3.DO>'•AA*T + 2.D0i•BB)>'<T + CC 
IF (DABS (DERIV) .GT. ZAPP) GO TO 11 

C LOCAL MINIMG~ OR MAXIMUM 
c 



c 

c 

CURVE = 6 . D0'" AA ,.,T + 2 . DO,.,EB 
IvcCTL(NTV~CT+J) = ITDUM(J) 
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IF (CURVE .LT. O.ODO) IVECTL(NTVECT+J) = ITDUM(J) - l 
IVECTU(NTVECT+J) = IVECTL(NTVECT+J) + 1 
IF (IPRI~IT .EQ. 1) PRINT 1669,TDlli1(J) 

1669 FORMAT(/ I' I CA BOUNCES ON A CACA GRID AT T = I ,DlS. 7 'I/) 
GO TO 15 

11 CONTINUE 
IF (DERIV .GT . O.ODO) GO TO 12 

C DECREASI~G FUNCTION 
c 

c 

IVECTL(NTVECT+J) = ITDU11(J) - 1 
IVEGTU(NTVECT+J) = ITDUM(J) 
GO TO J.S 

12 C:ONTH.TUE 

C INCREASING FUNCTION 
c 

,.. 
v 

c 

IVECTL (NTVECT+J) = ITDUM(J) 
IVECTU(NTVECT+J) = ITDUM(J) + l 

15 CONTINliE 
NTVECT = NTVECT + NDID1 

20 CONTINUE 

IF (IPRINT .EQ . 0) RETU~ 

C-----------------------------------------------------------------------
C PRINT TVECT VALT.JES At-m BRACKETING INDICES AS A SAFETY CHECK. 
C---------------------------------------------------------- -------------
C 

c 
c 

c 

DO 29 J = l,NTVECT 
?RINT 1599,J,TVECT(J),IVECTL(J),I\i'ECTU(J) 

1599 FORMAT(' TVECT(',I3, 1
) = ',D15.7,2(2X,I3)) 

29 CONTilli'UE 

LIMIT = NTVECT - 1 
DO 30 J = !,LIMIT 
TAVG = O. SDO·k(TVECT(J) + TVECT(J+l)) 
CCA = SPLINT(KNOT(l),GRID(l, l),U(l,l,l ),STIFF(l,l), 

1 A(l,l , l),B(l,l,l),C(l,l,l),TAVG) 
IVL = I\TECTL(J) 
IVU = IVECTU(J) 
PRINT 1 500, TAVG,CA(IVL),CCA, CA(I\~) 

1500 FORMAT(' TAVG = 1 ,Dl5.7 , 2X,' CA LOWER = 1 ,D15. 7 , 1 CA= ',Dl5 . 7, 
1 I CA UPPER = I ,D l5.7) 

30 CONTINUE 

RETURN 
END 

Subroutine PHIPAR , for evaluating t he trapping parameters 
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C--------------- ------------ ---------- -- -------------------------------­
e--------------------- ---- -----··----------------------------------------

SUBROUTINE PHIPAR(HODE,NEQN,'l ,Y,YP,NTRPR,TRPR, TRPRP) 
c------------------------- --------··------- -----------------------------­
c------------ --------------- ------ ·· ------- ------------------------------
C PURPOSE: PHIPAR EVALUATES THE TRAP?HiCi PARAMETERS, TRPR, AND 
C THEIR DERIVATiv~S FOR USE IN SUBPHI. 

C STRUCTURE: USER SUPP~IED (CALLING SEQUENCE STANDARD) 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

INPUT PARANETERS: 
MODE 

NEQN 
T 
y 
yp 
NTRPR 

OUTPUT P~~TERS : 

TRPR 
TRPRP 

USER IDENTIFICATION PARAMETER 

MODE=l: PHIPAR CALLED FROM SUBPHI. TRPR 
AND TRPRP ARE TO BE COMPUTED 

HODE<~: PHIPAR CALLED FROM PART . YP MAY NOT 
BE AVAILABLE. ONLY TRPR VALu~S ARE 
TO BE COMPUTED. 

D Ii•1ENS I ON OF ODE SYSTEM 
INTIEPENDENT V~~IABLE 
DEPENDE~~ VARIABLES 
DERIVATIVE OF Y 
Nm1BER OF TRAPFING PAR...A.METIRS 

TRAPP::NG PARAMETER VECTOR 
DERIVATIVES OF TRAPFING PARAMETER 

C PROGRAMMER : M.K. HORN, DFVLR-OBERPFAFFENHOFEN, JUNE, 1982. 
c 
c-----------------------------·-----------------------------------------­
c---------------------------------- -------------------------------------
C CO~~NTS: FOR Cu~RE~f APPLICATION--
C TRAPFING PARAMETERS ARE NEEDED BEFORB THE INTEGRATION 
C BEGINS IN ORDERTO SET TABLE LIMITS. DERIVATIVES 
C ARE NOT YET AVAILABLE. PHIPAR IS CALLED FROM PART 
C WITH MODE = 2 . TR?R A .. l(E TO BE Cm1PUTED . TRPRP ARE 
C NOT TO BE COMPUTED. 
C----------------------------------------------------------------------­
e---------------------- ---------- ---------------------------------------

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

c 
c------------- -- ------------ ------ -- ------·--------------------------- ---
c DEFINE THE PARAMETERS USED IN THE PHI VECTOR 
C---------------------- -- -----------------------------------------------
e 
C COMPONENT 1: MACH ~"ill1BER = VELOCITY / SPEED OF SOUND 
C COMPONENT 2: ALTITUDE = H 
c 
C Cot1!1ENTS: ( 1 ) VELOCITY = Y(l ) 
C SPEED OF SOUND IS OBTAINEiJ FROM SUBROUTINE FAHl 
C DERIVATIVE INFOPJ-1ATION ALSO Cü:-1ES FROH FATM 
c 
C (2) ALTITUDE = H = Y(3) 
c 



57 

C--- --------------------------------------------------------------------
e USER SETS DIMENSION OF TRAPPING PARAMETERS, NTRPR, IN CALLING 
C PROGRMf 
c-- -- -~-- -- --- - ------ -- --- -- ----- -- - -- ----------------------------------
c 
c-- -- -------- -- ---- -- ------------ ------------- -------------- w-----------
c TER1'1S NEEDED TO EVALUATE TRPR AND TRPRP 
c-----------------------------------------------------------------------
c 

c 

V = Y(l) 
H = Y(3) 
CALL FATI1( H,RHO,A,DRHODH ,DADH) 
Pu'1 = V I A 

C IF LIFT COEFFICIENT IS A TRAPP ING PARAMETER, ACTIVATE THE 
C FOLLOWING CALL STATEHENT (\VHICH IS PRESENTLY A Cmf~1ENT CARD). 
c 
C !ZERO = 0 
C CALL LIFTC(IZERO,T,CLIFT,DCADT,IZERO) 
c 

IF (MODE .EQ. 2) GO TO 10 
c 
C DERIVITIVES rillST BE ~~T NORMALIZED TIME 
c 

c 

c 

DVDT = YP(l) 
DHDT = YP(3) 
DMDT = -V/(A~~A) ~~ DADH ~-r DHDT + DVDT/A 

10 CONTINUE 

c------------------------------------------------------------ -----------
C TRPR AND TRPR!? V ALUES 
c---- -------------------------------------------------------------------
c 

c 

c 
c 

TRPR( 1) = AM 
TRPR (2) = H 

IF (MODE .EQ . 2) RETURN 

C DERIVITIVES MUST BE WRT NORi'fALIZED TIME 
c 

c 

TR!?RP(l) = DMDT 
TRPRP(2 ) = DHDT 

RETURN 
END 

Subroutine PLIFTC , for determining the lift coeffi cient for the perturbed 
c~bic coeffici ents 

C----------------- --- -- -------- ------- -- ------- --- --- -------------------
C PERTURBED COEFFICIENTS 
C LIFT COEFFICIENT GENERATOR üSING CUEIC SPLI~~ COEFFICIENTS FROM 
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C TOMP 
SUBROUTINE PLIFTC(IDERIV,T,CA,DCADT, NODE) 

c------ ----------------------------- ---------------- -- ------------------

c 
c 

IMPLICIT REAL*8 (A-H,O-Z) 
COMMON/CTR~!PP /GRID (15, 5), STI::;"F (15, 5), U(l5, 5, 5) ,A (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(l5,15,5,5),BH(l5,15,5,5),CH(l5,15,5,5), 
4 P(10),Y(70),TOL,INTERV,KONTRL,KNOT(5),NP,NY, 
5 LDUM(21),IDU~l(3) 

LOGICAL LDUM 
C--- --------------- ------------------ ---------------------------- -------
e NOTATION: 
c 
C SOME OF THE NCTATION IN THE PROGRAM IS IN GERMAN (DUE TO 
C HISTORI CAL REASONS IN JE'fELOPING THE SOFTWARE). THE FOLLOWING 
C GONVERSION TABLE IS GIVEN: 
c 
c 
c 
c 

ENGLISH NOTATION 
CL 

GERMAN NOT!,TION 
CA 

C----------------------------------------------------------------------­
e------------ ---------------------------------------------- -------------
C THEF.E IS ONLY ONE INTI:RVAL . THUS, T DOES NOT HAVE TO BE LOCATED 
C iVITHIN THE INTERVAL MESHES. EACH INTERVAL "I" HAS KNOT(I)NODES . 
C-----------------------------------------------------------------------
C 

c------------------- --- ---- ----------------------··- -- -------------------
c COMPUTE LIFT COEFFICIENT WITH PARAMETER DISTJRBANCE 
c---------------------··-------------------- -----------------------------
c 

CA = SPLINT(KNOT( 1) ,GRID( 1, 1), UH( 1 ,NODE, 1, 1), STIFF(l , 1), 
1 AH(1 ,NODE,1,1),BH(1,NODE,1,1),CH(1,NODE,1,1),T) 

c 
IF (IDERIV . EQ . 0) RETURN 
DCADT = DSPL~i(~~OT(l),GRID(1,1), 

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

C-----------------------------------------------------------------------
C DCADT (\VRT TH1E) HUST BE SCALED BY 1/TFINAL = 1/P(l) 
c------ ------------- ------------------------------- -------- -------------
c 

DCADT = DCADT/P(1) 

RETURN 
END 

Subroutine PR1DT1, FR2DT2, PR2DT3, PR2DT4 are all copies of rnodel subroutine 
PRlDT. or PR2DT given in [3) 
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Subroutine QROOT, for determining the zeros of a cubic equation is given in 
[3] 

Subroutine QMM~, 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, f0r evaluating the differential equations, 

C----------------------------------- -- ---------------------------------­
e-----------------------------------------------------------------------

SUBROUTINE RHS (T ·' Y, Yi') 

C··---------------------------------------------------------------------­
C------------------- -- --------------------------------------------------
C PURPOSE: 
C RHS SUFFLIES THE RIGHT Hfu~D SIDES OF THE DIFFERENTIAL 
C EQUATIONS (AND OF THE ADJOINT SYSTEN IF FORWRD=TRUE) 
c 
C STRUCTURE: USER SUFFLIED 

C INPUT PAR.~fETERS : 

C T VALu~ OF I~~EPENDENT VARIABLE 
C Y VALGE OF DEPENDENT VARIABLE 
c 
C OUTPUT PAR.i\J-1ETERS : 
C YP VALUE OF DERIVATIVE OF Y 
c 
C PROGRAM~1ER: M.K. HORN, DFVLR-OBERPFAFFENHOFEN , MAY, 1982 
c----- .. ------------------------------------------------------------- -- --
c 

c 

c 
c 

IMP~ICIT REAL"'<8 (A-H,O-Z) 

DIMENSION Y( 1),YP(l) 
DIMENSION PSTA1c(4,4),PCA(~),PTF(4) 
DH1ENSION DCA(ll) 

DIMENSIOl~ YADJ(60), YFADJ(60) 
DATA NADJ/60/ 

COH!'!ON/CTRl'1PP/GRID ( 15,5), STIFF ( 15,5), U( 15,5, 5) ,ADUl1( 15,5, 5), 
1 3(15,5,5),C (15,5,5),UL(15,5,5),UU(15,5,5), 
2 un(l5,15,5,5), 
3 AH(15,15,5,5) , BH(15,15,5,5), CH (15, 15,5,5), 
4 P (10) , YDll~1(70), TOL , INTER V ,KONTRL ,KNOT(S), NP , NY, 
5 IDUM(3), 
6 U1PULS ,Fit-.TIG, LDUM (19) 



c 

c 

Cm1MON/FSTEP / ITOPH 
COMMON/CHCKCA/CLIFT 
COMHON/ FKOUNT/KOUNTF,KNTFIT 

DATA JFRINTI O/ 
DATA IZER0/0 / 
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C TrlRUST-MA..X IS FOR TWO ENGINES 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
,., 
\J 

c 

c 

c 

c 

c 

c 

c 

,.. 
V 

DATA TMAX , DELTA,S,GI8527 . 68DO,l.OD0,49.246D0,9.80665DOI 

LOGICAL FINTIG,LDUM,HlPULS 

CONSTANTS ~~EDED: TMAX, G, DELTA, S (T~1AX AND DELTA ARE NEEDED 
FOR FTRIEB) 

STATE VECTOR , Y: 

Y(l) = V 
Y(2) = GAMMA 
Y(:J) = H 
Y(4) = WEIGIIT 

WITH MACH NUMBER DEFUiED BY Ai'1 = V I A, \{HE RE A = A (H) 

PARTIAL DERIVATIVES f>Jlli NOT COMPUTED I PD=O 
IPD==l PARTIAL DERIVATIVES ARE COHPUTED IN FDRAG AND FTRIEB 

IPD = 1 
IF (FINTEG) IPD = 0 

KOUNTF == KOUNTF + i 

KNTF IT = KNTFI'f + 1 

IPRINT = 0 
IF (JPRI~~ .EQ. L) 

V = Y(l) 
GAMMA = Y(2) 
H == Y(3) 
vlE I GHT = Y ( 4) 

SING = DSIN(GAMMA) 
COSG = DCOS(Gru'1MA) 

IPRINT = ITOPH 

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

CALL LIFTC(IZERO,T , CA,DCADT,IZERO) 
CLIFT = CA 
Ai'! = V;'A 

IF (IPRINT . NE. 0) PRINT 1566, T, V, GM!MA,H, WEIGHT,AM,CA 
1566 FORt-tAT(/, I IN RHS--AT T = I ,D15 . 7,/, 

J. ' VELOCITY = ' , Dl5.7, 1 GAM!1A = 
1 ALTITG~E = ',D15 . 7, ' w~IGHT = 
1 ~lACH NU!'-1BER = 1 ,D15. 7, 1 LIFT CF. = 

I ,015.7 , 1 , 
' ,DlS. 7' I' 
1 ,Dl5.7,1/) 



c 

G 

G 

c 
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CALL FDRAG(IPD,AM,CA,V,H,S.,RHO,DRHODH,A,DADH, 
1 DRAG,DDRDV,DDRDH,DDRDCA) 

CALL FTRIEB(IPD,AM,H,V,A,DADH,DELTA,TMAX, 
1 SFC,THRUST,DS~CDV,DSFCDH,DTHRDV,DTHRDH) 

IF (~PRINT .NE. 0) PRINT 1567,1~UST,DRAG 
1567 FORMAT(' THRUST = ',Dl5.7,2X, 'DRAG = ',D15 .7,1) 

YP(l) == G,~((THRUST - DRAG)IWEIGHT- SING) 
YP(2) = GIV * (0. 5DO * RHO "~~ V*V * S ~··cA I WEIGHT - COSG ) 
YP(3) = V * SING 
YP(4) = - SFC * THRüST I 3600.0DO 

TF = P(l) 

IF (IPRINT . N~. 0) PR!~~ 1568,TF 
1568 FORMAT(' USING ',D15.7,' AS TF TO SCALE THE DERIVATIVES' , 1) 

c 
c 

IF (.NOT . FI~fEG) GO TO 15 
c 
C-----------------------------------------------------------------------
C DERIVATIVES ARE w'RITTEN \4RT TU1E--FOR NORMALIZED DERIVATIVE 
C D ( ) IDTAU "' D ( ) IDTIME ~~: TF 
c-------------------··---------------------------------------------------
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 =. ,D15.7,3X,' DERIVATIVES ARE:', 
1 1,4(2X,D15.7)) 

c 
RETURN 

c 
15 CONTINtJE 

c 
c-----------------------··-----------------------------------------------
c FORM ADJOINT SYSTEM 
C---------- ------------ ------ -- --------- ------------ ---------------------
e LV = Y(5) 
C LG = Y(6) 
C LH = Y(7) 
C LW = Y(8) 
c---------------------------··-------------------------------------------
c DUE TO SUBSCRIPTING DIFFICULTIES- -LABEL Y, YP FOR ADJOINT SYSTEM 
C YADJ Al.'-l'D Y?ADJ AND COPY INTO Y, YP BEFORE RETURNING 
c--- -------- ------- -- --------------------------------------- ------------,... 
u 

c 

c 

DO 18 J = 1,NADJ 
YADJ(J) = Y(J) 

18 CONTINUE 

DO 20 J = 1,NY 
YPADJ(J) = YP(J) 

20 CONTINUE 

c--------------------------- -------- -------------------- -- ---------------
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C GONSTRUGT COEFFICIENTS FOR THE DERIVATIVE OF THE HAMILTONIAN 
C HRT TEE STATE VECTOR (PSTATE(4,4)) 
C GONSTRUGT COEFFICJ.ENTS FOR THE DERIVATIVE OF THE HAMILTONIAN 
C ~VRT LIFT COEFFICIENT (DHDCA(4)) 
C GONSTRUGT COEFFICIENTS FOR THE DERIVATIVE OF THE HAMILTONI~N 
C WRT FINAL TIME (DHDTF(4)) 

c--------------··-------------------------------------- ------------------
c 

c 

c 
c 

c 

c 

c 
c 

c 

PSTATE(l,l) ·- -GIWEIGHT ~'< t,DTHRDV- DDRDV) 
PSTATE(1,2) == -G~'<(O . SDO~'<RHO~'<'S~'<CAIWEIGHT + COSGI(V*V) ) 
PSTATE(1,3) == -SING 
PSTATI (1 , 4) == (DSFCDV~'<'THRUST + SFC*DTHRDV) I 3600 . ODO 

PSTATE (2, 1) = G~'<'COSG 
PSTATE (2, 2) = - G>'<Sit-iGI V 
PSTATE (2, 3) = -V>'<COSG 
PSTATE(2,4) = O.ODO 

PSTATZ(3,1) = -Gi wciGHT * (DTHRDH- DDRDH) 
P3TATE(3,2) = - G* O.SODO ~"' V '"' S *CA~"' DRHODH I WEIGHT 
PSTATE(3,3) = O. ODO 
PSTATE (3, 4) = (DSFCDH ~'< THRUST + SFC -!: DTHPJ)H) I 3600. ODO 

PSTATE(4,1 ) = Gl(\vEIGIIT-'<'\VEIGHT) ~·: (THRUST - DRAG) 
PSTATE(4,2) = G ''" O. SDO * RHO * V *S *CA I (WEIGHT*WEIGHT) 
PSTATE (4, 3 ) = O. ODO 
PSTATE (4,4 ) = O.ODO 

PCA(l) = -Gi ivlUGHT '"' DDRDCA 
PCA(2 ) = G*(O .SDO '"' RHO * V * S I WEIGHT) 
PCA(3) = O. ODO 
PCA(4) = O.ODO 

PTF(l) = YP(l )ITF 
PTF (2) = YP ( 2)/TF 
PTF ( 3 ) = YP(3)/TF 
PTF(/+) = YP(4)/TF 

C-------------------------- ---------------------------- ------ ------- ----
G 1ST SET FOR GRAD IENT OF COST FUNCTION 

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

c 

CALL MATR..."\2 (NADJ , YADJ, YPADJ , 4, PSTATE) 
CALL MATRXl U~ADJ, YADJ, DHDCAl, 4, PCA) 
CALL HATRX 1 ( N.!I..DJ, Y ADJ , DHDTI' 1 , 4 , PTF) 

c---------------------------------------------------------------- -- -----
C 2ND, 3RD, A~·ID 4TH SET FOR GRADIENT OF COST FUNCTI ON 

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

c 

CALL ~1ATR..'<: 2 (NADJ , YADJ , YPADJ, c3 , PSTATE) 
CALL HATR.'ü (NADJ , YADJ , DHDCA2, 8, PCA) 
CALL HATRX1 (NADJ , YADJ,DHDTF2 , 8 , PT.F) 

CALL MATRX2(NADJ, YADJ , YPAJJ , l2 , PSTATE) 
CALL riATRX l (NADJ, YADJ, DHDCA3, 12, ?CA) 
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G 

c 
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CALL MATRX1(NADJ,YADJ,DHDTF3,12,PTF) 

CALL MATRX2(NADJ,YADJ,YPADJ,16,PSTATE) 
CALL MATILX1(NADJ,YADJ, DHDCA4 , 16,PCA) 
CALL MATRX1(NADJ,YADJ,DHDTF4,16,PTF) 

KOUNT = 20 

C-----------------------------------------------------------------------
e C0~7ROL DISTURBANCE DUE TO PARAMETER DISTORBANGE 
C FORM QUADRATURE EQUATIONS 
C-----------------------------------------------------------------------
C 
C CONTROL PAPJ\METER AT CURRENT VALUE OF T 
c 

c 

c 

c 

IOWTK = KNOT(l) 

DO 80 I = 1,KNOTK 

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

C INTEGRAND FOR "QUADRATURES" 
c 

c 

c 

c 

c 

c 

c 

c 

c 

DO 81 J = l,KNOTK 
KOD~ = KOUNT + 1 
YPADJ(KOUNT) = DHDCA1*DCA(J) 

81 CON1INUE 

KOUNT = KOUNT + 1 
YPADJ(KOUNT) = DHDTF1 

DO 82 J = l,K~OTK 
KOUNT = KOUNT + 1 
YPADJ (KOL'"NT) = :UKDCA2'""DCA(J) 

82 CONTINUE 

KOUNT = KOUNT + 1 
YP.AD-T(KOUNT) = DHDTF2 

DO 83 J = l , KKOTK 
KOUNT = KOUNT + 1 
YPADJ(KOUNT) = DHDCA3*DCA(J) 

83 CONTUH.TE 

KOUNT = KOU~f + l 
YPADJ(KOUNT) = DIIDTF3 

DO 84 J = 1,KNOTK 
KOUN1 = KOUNT + 1 
YPADJ (KOUNT) = DHDCA4*DCA( J ) 

84 GONTINUE 

KCUNT = KOUNT + l 
YPADJ (KOUNT) = DHDIT4 

DO 90 I = l,KOUNT 
90 YP (I ) = YPADJ (I )"•TF 
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c 
RETURN 
END 

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

Sub~outine SLLSQP, the optimization routine is given in ROOT and PARTCA, is 
given in [_] 

Subrou~ine SUBPHI, for determining the PHI values for the RKF45T stops 

c 
c 
c 
c 
c 
c 
c 

MODEL PHI BLOCK FOR: FORWARD DIFFERENCING OR 
BAC~v~~D DIFFERENCING 
PHI PA~~TERS: MACH NO. AND ALTITUDE 
LIFTC COEFF. STOPS ARE USER-SUFFLIED 
STRUCTURE OF PHI CONPONENTS 

PHI(!) = (2\.lJ-X)~""(X-XL) 

C----------------------------------------------------------------------­
e--------------------------------- --- -------------------------- ---------

SUBROUTINE SUBPHI(NPHI,It-.T])EX,NEQN,T,Y,YP,PP.I,PHIP,KOUNTR,UPDATE, 
1 IVAN,BOUNCE,ABSER) 

C--------- -- --- -- -------- ----------------------------------------------­
e---- ------ ----------------------- ------------------- -------------------
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

PURPOSE: SUBPHI OPERATES IN nvo MüDES . 
MODE 1: (UPDATE= .FALSE.) 

THE USER ~ST SUPPLY THE VALUES OF PHI, 
TBE STOPPING CONDITIONS, AND OF PHIF, THE 
DERIVATIVES OF PHI WRT T, GIVEN THE 
VALUES OF T, Y_, AND YP. 

MODE 2: (UPDATE= .TRUE.) 
THE USER IS INFOP~D THAT PHI(INDEX) HAS 
VANISHED AT T, AND HE SHOULD NAKE ANY 
UPDATES NEEDED . 

C STRUCTURE: STANDARD--W:!:TH l'UNOR USER CHANGES (SEE BELOW . ) 
c 
C INPUT PARMIETERS: 
c 
c 
c 

NPHI Nm1BER OF STOPPING CONDITIONS, 
DIMENSION OF PHI AND PHIF (2 X NO . OF TRAPFING 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

INDEX 

NEQN 
T 
y 
yp 

KOUNTR 

UPDATE 

IVAN 

BOUNCE 
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PARAMETERS) . 
THE PHI COMPCNENT C:T.m.RENTLY BEING 
.ANALYZED OR UPDATED. ( INDEX=O HiPLIES 
INTEGRATION HAS NOT DETECTED THE EXISTENCE 
OF A NEW ZERO.) 
DIMENSION OF ODE SYSTEH (Y AND YP) 
VALUE OF INDEPENDENT V ~-~IABLE 
VALUE OF DEPENDENT VARIABLE, DH1ENSIONED NEQN 
DERIVATIVE OF Y, DIMENSIONED ~~QN 
GOUNTING PARAt·lETER FOR USER' S BENEFIT. 
KOUNTR=O INDICATES INITIALIZATION PHASE. 
KOU~lR IS CHANGED TO 1 AFTER THE INITIAL­
ZATION CALL TO SUBPHI &~ IS INCREMENTED 
BY UNITY AT EACH UPDATE CALL. 

LOGTCAL PARA~TER INDICATING MODE 
UPDATE=. FALSE. => USER ~1UST SUPPLY PHI A.t~D PHIP 
UPDATE= .TRUE. ~> PHI(INDEX) Hl"S V~NISHED AT T. 

~-XE AN~ NEEDED CHANGES. 
LOGICAL PARANETER, USED WHEN UPDATE=.TRUE. 
IVAN = . TRUE. => PHI (INDEX) HAS VANISHED 

THROUGHOUT THE INTEGRATION 
STEP. 

IVAN = .FALSE. => PHI(INDEX) DID NOT VANISH 
THROUGROUT THE STEP 

LOGICAL PARAtffiTER, USED WHEN UPDATE=.TRUE. 
IVAN=.FALSE. 

BOUNCE=.TRUE. => PHI(INDEX) HAS BOUNCED ON A 
ZERO. THIS POINT WAS UPDATED 
ON THE PREVIOUS STEP. IF 
THE STEP IS TO BE REPEATED 
SET KOu~TR=-2. (THIS IS A 
Dmfr!Y VALUE, AND THE PREVIOUS 
VALUE OF KOUNTR WILL BE 
RESTORED.) 

BOUNCE=. ~ALSE. = > PHI (INDEX) DID NOT BOUNCE ON 
A ZERO 

C OUTPGT PARAMETERS: 
c 
c 
c 
c 
c 
c 
c 

PHI 
PHIP 
ABSER 

USER-SUPPLIED VECTOR OF STOPPING CONDITIONS 
DERIVATIVE OF PHI \~~T T 
USER-SUPPLIED, ABSOLUTE ER.ROR TOLERANCE 
DEFAULT VALUE=ABSERR, THE INTEGRATION TOLERANCE 
(MAX (ABSERR ,RELERR)) 

C----------------------- -- ----- --- --------------------------------------
C USER CHANGES: 
c 
c 
c 

(1) T:HE USER HUST SUPPLY PROPER DIME~lSIONING 
IN COM~10N BLOCKS- -'LLIMIT AND GRIDBD 

C AND DH!ENSIONING OF TRAPP!NG PAR..A.i'1ETERS 
c 
C (2) THE USER MUST SUPPLY THE APPROPRIATE NUNBER 
C OF PHI AND PHI COMPON~NTS. (PATTERN IS CLEAR.) 
c 
C (3) THE USER ~y SUPPLY ADDITIONAL PH~ VECTORS 



c 
c 
c 
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NOT RELATED TO TF.E TABLES, AND HUST SUPPLY ANY 
ADDITIONAL e~ALYSIS NEEDED FOR THESE COMPONENTS. 

c-----~------------------- ------- - --------------------------- ------ - ----
c PROGRAMMER: M.K. HO&~, DFVLR-OBERPFAFFENHOFEN, JUNE, 1982 . 
c---------------------------------- -------------------------------------
c 

c 

IMPLICIT REAL"<8 (A-H,O-Z) 

DIMENSION Y(~~QN),YP(NEQN) 
DIMENSION PHI(NPHI),PHIP(NPHI) 
COMMON/IDENT/ITER8,KNT,KNTFI,KNTBI 
COMMON/CRKF45/IOPT,IDUM45(4) 
COffi'!ON/FSTEP / ITOPH 
COMMON/PRINTR/IPR 
DATA MODE1/1/,MODE2/2/,MODE3/3/,110DE4/4/ 
DATA IPRINT/0/ 
DATA ZAPP/l. D-10/ 

c-------------------------··--------------------------------- -----------­
c--------------------------------- ------------- ------- -- ----------------
C USER SUPPLIED DH!ENSIONS: 
r 
V 

c 
c 
c 
c 

DIMENSION OF TRPR, TRPRP, TRNAG, 
BOUNDL, AND BOUNDU 

= NUMBER OF TRAPPING 
PARMETERS 

SEE TABLIM FOR JIMENSIONING VALUES OF GONMONS TLIMIT AND GRIDBD 

C USER SUPPLIES "NTRPPR", THE NUMBER OF TRAPPING PARM.!ETERS 
c----------------------------------------------------------------------~ 
c-----------------------------------------------------------------------

DIMENSION TRPR(2),TRPRP(2) ,SCALE(2) 
DIMENSION TRMAG(2),BOUNDL(2),BOLliDU(2) 
D.ATA NTRPR/2/ 
COM..t10N/TLH1IT/INDIC(4,2) ,NGE(4,2) ,NCOMP(4) ,NTABLE 
Cm.INON/GRIDBD/GRIDL( 4, 2),GRIDU( 4, 2),IBL( 4, 2),IBU( 4, 2) 

c---------------------------------------------------- -- -----------------
LOGICAL UPDATE,IVAN,BOUNCE,UPPER,PHIUPD 

C------------- ------ ----------- -- -- ------- -----------------------------­
e---------- --- -------------------------------------------- --------------
C FUNCTION STATEMENTS 
C- --- ------------ --------------------------------- -- -------------------­
e-------- -- ---- --------------------------------- ------- -- -- -------------

FCT(X,~j,XL,XSCALE) = (XU - X)*(X-XL)* XS CALE 
FCTP(X,h~,X1,XSCALE)=(-2.DO*X + XU+XL)* XSCALE 

C---- ------------------------------------------------------------------­
e---------- -- -----------------------------------------------------------c 
c 
c 
c 

TRAPFING PARM.!ETERS MUST BE EVALUATED--PERFO~~D IN PHIPAR-­
BEFORE PP.I &~ALYSIS CAN BEGIN 

CALL PHIP&~(MODE1,NEQN,T,Y,YP,NTRPR,TRPR,TRPRP ) 

c-------------------------------------------------··------ -- -------------
c 

IF (UPDATE ) GO TC 50 
c 
C------------------------------------------------------------------ ----­
e------------------------------------------------------------------- ----
C ~l0&'1AL MODE OF OFERATION--UPDATE=.FALSE. 
c-----------------·---------------------------------------------------- --


