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C ^GENERAL MULTI V A N W H L E  s e a r c h  PRBGRA-m TR MINIMIZE a COST FUNCT19N *
C * U 5 I N R  PATTERN St a r c h  ‘'ROlFlFO TB INCLUDE C0NSTRAINTS* *
£ * *
r * l t . * * * * * *  + > >  » * * *f # # * + + +
k.
C *0EFIVIT19NS *
C * *
c * MP----NUMBER OF PARAMETERS 10 Bp SEARCHED (INTEGER) *
c *   PARAMETERS TO -SF SEARCHED (VECTOR 8F LENGTH NP) *
c * STLP--INITIAL STP-P S tZE «F EACH PARAMETER (VECTOR 3F LENTH NP) *
C * hPASS-nUmGE F? Pf -’ ASGpS THROUGH °ATTrRv wjjH THE STEP SIZE OF EACH *
C * PARAMETER ̂ EDJOFQ BY A FACTOR OF 1C *
c * IR - - 3 ’J T P 'J T “PTjfc.N a V A I L A r.H E IN SUBROUTINE PATERA! *
C * 10 = 0 .  *.Vm OUTPUT *
C * 10=1....FINAL ANSWER ONLY/ PRINTED *
c * i o  = p . . . . r f s ’J L ts  rf  e a c h  i t e r a t i o n  p r i n t e d  *
c ,* i o  = ; ; . . • . r e s u l t s  rf  e a c h  s ^ f f  p r i n t e d  *
C * COST--CURRENT VAi_U = r F TuE CRl Tf PIOI: FUNCTION BEING MINIMIZED *
c * *
r  *  * * * * * * *  *■ *  * * * * *  * * *  *  *  *  *  *  * # . ■ + * ■ * ■ * * * * ■ * * * *

* *

•SUPPORTING PRO SKA MS W h ICH MUST BF W i j T TEN BY tJSFR *
* *

*----3ErUNDS(P/IOUT)-SUEWBJTjNE WRITTEN BY USER T9 CHECK FOR BOUNDARY *
* v i o l a t i o n s  f o r  a p a r t i c u l a r  v a l u e  o f t h e  v e c t o r  fs. p r o g r a m  *
* SHOULD BE WRITTEN R* WHEN A VIOLATION OCCURS I01JT IS SET EQUAL *
* TO &NE AND NO VIBl ATTBM OCCURS SET EQUAL Tp Zf RB *
* *
* PR8C(P/COST) SUBROUTINE WRITTEN BY USfR TO CALCULATE A VALUE
* fjF C’JST FOi-? A =>AKTTC-JLa R SET OF PARAMETERS/ P. *
* *

c
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n 
n 

o

/

D I MENS I BN P < ? ) / STfP t NP ) , f31 { 3 ) , S2 ( S ) , T ( 3 ) , S (3 ) j DUm,? { 23 ) 
C8MM8N DUM 1,LUM2i DuM3/SUM 4 / fVJ*'b; TC03T

C
C*****NSTE>#*VECTe?<5 Bl/Rg,T,S NEED ONLY BE DIMENSIONED BY A 

FJUL'AL TD THf NUMBER gF PARa^ETFRS; NP,

 STARTING P‘; I NT
NRr}s.\iPAS5 
L = 1 
IC* = 2
i t t e r =o
003 I*l/f-;P 
Hi { I )»P{ I ) 
ti?C I ) =P( I )
T( J )=P( I J 

5 S {I ) = S T E P tI) - 10 *
C ----- INITIAL !>C:UN;;.ARY C^rCK A N D C«ST FVALUAT I8N

CALL BOUNDStPi TOUT)
IF { I HUT • 1. E ■ 0 ) G 0 T 01 ')

!" t IB .LE*0)0f>T56
•■'■’iTEfAi 10C5i 
P I T F f f j IOOO ) (J>P(U)/J=1/NP)

A RETURN
io c a l l  PKeciPiCij'
3000 I-< 15.LE* 1 ) 0 0 T 9 U

"R I T E (6/lGOJ)ITTr^iCl
>• RITE <6j 1000) (Ji<MJ>i JsliNP)

RETURN
TC0ST=C1

c ........ b e g i n n i n g  o f p a t t e r n  s e a r c h  s t r a t e g y
13. 00 09 lNRUs l/NRD

D»1P I=liNw 
IP S(I)=S(I)/ic.

n u m b e r



I"< Ift-LE*i)nfiT8??0 
" P I T E (A *10031
=--̂ I TE ( ftj. lOOQ) ( J'S< J) j Jal/NP)

2'J IFAIU*0*G
 PEF?TUR3ATlt'N A30UT T

135 30 I = 1  ̂NP 
I O O

21 P(I)=T(I)+G(1 )
IC=IC+1
c a l l  b o u n d s  t-n  t8 l t )
IF { IOUT.BT-OJB'ITDE?
CALL P:*9C(i3,Cc)

L =L+1
I- ( 19.l_T*3)GRTf)2P 

I TF. ( 6 j i 00?) L/C?
I T F { 6 / 1000 1 ( J # F C J ) > J => 1 f NP ) 

2? I F < e i - C 2 ) ? S , 2 3 , ? B
23 IF { IC • J£ • 2 ) SO To 24 

S tI)=-3(I J 
SO TO21 

2<t IFAILS IF/-JL*1 
Pf I )=TC I)
USTQ30 

2b T t I ) = P ( I )
Cl =C2 

30 COYTINJE
IF ( IF A I L « L T • Yp 5 f3'j T 0 3B 
IF( ICK.F_fJ.2Ki9T09Q 
IF ( J C K * £ L ■ 1 K jBT035 
CALL P*3C(T,Ce)

L = L-*-l
I-C 13 -LT*3)Gf»T931

100?)Lj CP

179



ITE f 6 / 10001 (J/ T (J ) / Jb 1 / vP ) 
IP(C1-C2) 32,3A,3A 
I C :< = 1
DO 33 I*1/NP 
H I  ( I ) *3211)
P< I ) = 3 2 d >
T U  )=Oc(I )
Ot’ 70 20 
C 1 = C2 
ILU = 0
id 39 i*iiNP 
b e d  ) * T t n
IP (A-35(31 d  )-bp (I ) ).LT.*01 #A'3S(S( I))) 181=151 + 1
C ^ M I N U E
I F ( dJl.E0-!'-D )50Te90
ICIKb 'j

lTTr9=ITTrP+l
I~ ( re .lt-pjohts^c-
'■•wlTEtft / l o o n  I T T F R / C 1 
-- -• I T E { 0 / 10CC1 (J/T(J),J*1/NP) 

ACCELERATION S t e p  
SJ*1*0 
CSAb 11*1/11 
00 Ac 1 = 1/NP
T ( I )*02( I )+SJM»c( l ) ' B l ( n )
P(| )=T(I)
SJ*SJ-*1
c a l l  b e U L D S d ,  I OUT )
I P d O U T . L T d  ) 0 d 0 ‘tA 
Ic (II*EC.11)IC<=1 
C O ’.’T IN.JE 
:>'H7 I = l/M>
61 ( I ) = 5 2 ( I )



■ ooToao
90 D991 I=1*NP
91 T f I ) =h21 I )
90 CONTINUE

D?10J I = i / N °
100 P < I ) =T(  I )

COST = C1
Ir (I?,L£*0)RFTUK\
•aRITE(6*100*)L/C1
WRlTEf lOOO) ( J > P ( J), Jsl*NP)

RETURN
1000 FSRMAT( 10X,5( l7#F.l3*6)/>
1001 FORMAT { / /1 a 1 ■+ M ITERATION N'O • * I b/bX/ 5MC6ST a jEl5.6*3CX,

1 1UHPARA--T.TERS)
1002 F3rKAT(lOX:iMi.y., [A, 4SX5MCHST = >Eli3t6)
1003 FORMAT (/I >:?SHSTEP s TZF P?JR rACK PARAMETER 1
1004 FORMAT ( 1hH:^.AmS ,!E^K AFTFR / I 3# HX, 23MFUNCT I0NjAL EVALUATIONS // 

1 SXbuCRST-/ E 15 • b. > ?'.)?■ s t RUSD T I ■ "AL PARAMETERS )
100b F8 RMAT (1H 1 3F<- I*- I T I AL PARAMETERS 2uT OF BOUNDS >

END
SUBROUTINE ROUNDS (P^leUTl 
DTTJ-iSlON n (3)
I O'JT = 0 
RETURN 
END
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APPENDIX B

KALMAN FILTER IDENTIFICATION AND CONTROL PROGRAM 

FOR SECOND-ORDER PROCESS
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KALMAN FILTER PARAMETER VALUES

o.r
O.l

0.1
0.1

0.1

0.1

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

0.5 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

£ 0 0 0 0 0.5
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U C <  I

OD ( I ) - X < <>)
ME t I ) B AL V A 0 
U F {I)=ul 
MU ( I ) = X ( A )
QH { I  ) * X ( 5 )
NT IPfcsS 

1 CP’-iTlVJE 
N s  N f! <J T 3
a : = - 20 .
A 2 * l i j .
NT‘-’Y*1
C A L L  C i j R v E  t  N / T A / C . T  , N T P Y /  A l /  A 2  ) 
N  T R Y  =  2
CALL Ci.JR V E t N ̂ 0 & r L T , M T R Y / A1 / A 2 ) 
A 1 =0-0 
A? *. 2 
ijT?Y = l
CALL CURVEC U/CA/OT,UTRYi A1# A 2 1 
NTRY-2
CALL CU»VL(NUCC^LT,m TRY/Al,A2)
c a l l  C u r v e {‘̂ c ^^u T jMTR y  ̂ai /a sj
c a l l  CURVE CV,C.-|/1-T.NTSY/A1 /A2J 
A 1 = •* 2 • b 
A2= . y 
T Y = 1

CALL C u RVL(\#C')#[jT,NTRY* A1 >A2) 
NTMY=2
CALL CURVE t N’# CP > C T , ’■■ITRY/ A 1 > A2 ) 
NT=’Y = 1 
A 1 = - i  0  0  *
A ?  = A;J •
c a l l  c u r v e (w ^ d T j v t f y /a i ,a 2>

co-j



o 
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n 
o-n
 

no
n 

o
CALL PLeT(U./0./99'3!
STOP 
E N 0
SUBROUTINE KAL,J!A\‘( Xi ZK, QOf?/UliU2# N H M E  )
IMPLICIT P t A L * f. (A,H/P-7.)

t h i s  s u b r o u t i n e  u s f s  t h e  f x t e n d e d  k a l m a n  f i l t f r  t r c a l c u l a t e
ESTIMATES OF M STATE V*J? J a BLES# X ,fiY MEASURING THE NOISY OUTPUT 
OF THE PROCESS. H uT.ESSAFY INPUT i n c l u d e s :

P * = I M t IAL COVARIANCE m a t r i x  
XNs I.n It IAL STATE VECTOR ES t T MA TE 
ok = p,recess M-jIsE COVARIANCE 
FKaNLAGUREMF NT NOTSF COVARl AN'Cf
7 K  = V / ,  T r ,  V f ? : . - S u - P v A T  I O N S  r i F  T ^ j r  P p p C E S S  

N = ‘.U. K~R 5F STATE V a P TABLES ESTIMATED 
’ LI: 'r -R 3F STATE VARIABLE'S MEASURED

OI-’ENSieu /N( 7 )/X(7) »H( 7, 7 ) > F il > 7 ) / 3 ( 7, 7 ) i PR3D1 f7,7)
1 / P R Q D 2 ( 7 / 7 ) , P R j D C ( 7 ,  7 ) > Q * t 7 / 7 ) ,  HTf  7 , 7 ) , F T ( 7 , 7  3 * P K 1 ( 7 / 7 ) , WK( 7 * 7 )  
c/P* (7, 7)/nie-f. < 7, 7) , 7<E ( 7  J # Z< < 7 )
DIMENSION x►< { 7 # 7 )
ERUJ VALENCE ( { j , 11,/N(1>)
Ir C NT I M E ■S T •1J"0 IH 7 '
i 'i “ r-»
M^ = 6 

..MM 1 = 6 
N=l
DO 5 I=1,K 
DO g J=1 j *
R K ( I/J)=C-0 
P* i {Ii J)-0*0 
GK(I>J)=0«D
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LO n 4 Ll ’ sO OJ T-l
4 - :vj rvj rvt OJ OJ

- 4 4 ex* rvj O i o ; ru
OJ 0 J O J a * OJ

.HI

cr*

u u  u
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lA
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7 F U , U = X ( ? )
F(J,2)*X(1)
F{l/3)*XPf'PV 
Ftl/*HaUl+/(<>)
F ( 1/ b J s'Jc-’̂ OFh E V 
F { 1, £> } = X ( '* )
F(?j2)=l*0 
F ( \t 'A ) s 1 . b 
F t i b ) - 1 ■ 0 
F ( S / 5 ) = t - C'
F (6/6) = 1 .U

C
C CALCULATE T^AVSPCiSr -̂ F JAC03IAN
C

oe ?. i.i,m 
DS 2 J=i/M 

2 FT(J,I ) = F ( I , J)
r

C SYSTEM EEUATIfKS
C

X\' ( 1 ) =X ( £ ) *X ( i )+X( 3)*XPR£V + X < M *  £-jl+X{6) )+ X (5)*fU? + DPFEV)
x'x (2 ) = x ( ? )
XNi ( 3 ) 3 X ( 3 )
x \ * u ) = x m
X N (5)* X C b >
*S: ( 6 ) = X < M  
XH--A V = X ( 1 )
DP ME V'*X ( h )

C
C PPFOICTlf.M STFD 
C

call ?i ATP I >'>{':'■* MM, 'Ii-iM, F , », PR801 }
CALL MATF I X (r-.j vM/ MsY / F r SDI > FT/ PR902 )

VOO
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n
c a l l  ADDCN,Mr--,3RG0?,:j k ,p k i )

c o r r e c t i o n  s t e =>

9 C5MTINUE:
W . U J c X N t l )
De 3 I = 1, N 
09 3 J=1,0 

3 HT(J» I ) = M  I, J)
c a l l  m a t p Ix c ' > im,nj,p < i ,h t ^prstji >
CALL ;iAT*lXC?./v ^i-#?Pf)Dj ,PRCn£)
CALL AD0(\,N,PRe:,?/t?<<,pR')r>3) 
Hy'.»C<itN/,-:)*l •/(PA5.'j3(N/N J )
CALL NAT? l'/A'-j \ r »  j PR0D2/PR!?O3)
K'-'K] = 1
09 A 1=1/0 

a 0 IFF ( I / 1 )=7/A] )-Z<? ( I )
CALL NATF I A £ I", 0 j 1 / »R'jC3* 9 |FF,?R«0? ) 
09 A JO I*1.N

4oo x( r > = x t  u\ )+DFOi;S[i>i)
C ALL Na I x (■■: J v , ' ;S , pR9 0 3 , h , PROO 1 )
09 5 I » 1 , 0  
09 5 J=l,9 
PW,.:D2( I i J)=0*0 ’
IF ( I • E fJ*J)PRCD?( I, J) »1 *G

5 P^'SD Jt I , J ) -r't\002( I , J) -PRHOl ( I> J)
CALL NAT*i> C.t '!M,^--;s^pR'J03/PKi,P)

OUTPUT

A P * Z K t 1 )
6 CONTINUE 

pc'tijR m
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END
SUBROUTINE y ATP I X (I i-M/N/AjB j C)

THIS SuBht1 JTI Nr PERFORMS THc MATRIX MULTIPLICATION A*B TS YIELD 
THE PRODUCT MATRIX C, WHERE A IS L 9Y M, B IS BY N/ AnD C IS L BY 
N •

IMPLICIT REAL*- {A.H,B-Z)
DP'ETSIQN A ( 7 / 7 ) / 3 { 7 W ) / C ( 7 ^ 7 )
DS 1 I = 1 Jf L 
CF? 1 J'«l/N 
C ( I # J ) s 0 * 0 
D3 1 Kal,f:

1 C ( ItJ)=CtI,J)*A(1/K )*B<K.J)
RETURN 
E M
SUBPOUTI NE A D D (M .N , A / C )

THIS SURHPUTIN f ADDS Th e  m BY N M a TRIXf S A AND R Tg YIELD THEIR 
M DY N SUM/ C*

IMPLICIT HEAL * A (A,H/5-Z)
DIMENSION A (It 7) j D (7/7)*Cf 7,7)
U? 1 1 = 1,v 
DO 1 J=1,N 

1 C C 1/J 1 - A (I,J J + " tIij)
RE TURN 
END
FJVCT I r:M E M  N ( VSt’ED/ XMlJ/ BRTX )

C RANDS* NUMBER NENEBATgN--NgR'-< aL DISTRIBUTION 
SU"=U.
Xv A X = 1 • 0 
X M IN = 0 * 0

192



193

ffD
3 --Xrp a*O*—« < 3CL OV- H ’Pco a--uj <•vuo CL >-z >7 mZ*""3 P- -icr 7rX JC *— •»CD■wll.tP 4̂X ~y IX *— c:,in< > ■ i T — •i—?..5 i- X y. >;.J—1 X t r>' (n 1 H Ll.*LJ*1 - * X ■X > < 00 X >-X + * ' >-T— -i- < rr.■N LU Cl torr CV IX > CjX »• tiJh- Li1! J ■?->; ri< o to < 1— QJ m si:- H UJ 01 {) ►— T - 7’c C' fW * »■ ■ t-X >' liJL> 3 io{T 1 :J0 -—' <: cV r,̂■l ..“J 3 i—i J > Ll j 1— _ j i-_ , j

t_ CO Lj Lu r.'. m s£- > z X u; r—1
f\J Ul *— ”5" r j '• ■ 1 0 *» -=r .,» • 1— 1—1 r:>«—1U* *• a: X Zj .j t- sO ■—i*—*_J 4 T— UJ 1 •w *«-*■.X r- »-« ; iV. fo *— ti >- l, _ j.. ■r*' ŵ
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CALL P l BT(1?*C/0.0#-3)
CALL PLOT(0»C*--0*3)
CALL AXIS(0.*C,/1H ,-l,8.0*Q**TM(Nl )/TIM (N2) ) 
CALL AXIS t ,0.* lw *+l*5-0r9U.Q*Hr^{M),TE:^(^2) ) 
CALL p L 5 T ( C » 0 f - • 0 * '<)
call plot {k.g/5 .■';*?)
CALL PL0T(.h*L*0»O/P)
CALL PL9T<r'»C*0.0,-3)

2 CA‘lL P l OT(0.#0./?)
CALL FLr,‘U T r /,TL"'i*N* 1*0,0)
WFTlRN
T O



APPENDIX C

KALMAN FILTER PROGRAM FOR IDENTIFICATION OF FIRST- OR SECOND-ORDER

MODEL OF A HEAT EXCHANGER



KALMAN FILTER PARAMETER VALUES

S 0 / - 1

0 

1.0 
.2 

1.0
.18

-.03

^0/-l

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

*0.1 0 0 0 0 0 '

0 0.1 0 0 0 0

0 0 0.1 0 0 0

0 0 0 0.1 0 0

0 0 0 0 0.1 0

0 0 0 0 0 1.0
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THIS PR0GRAX STvULAtfS the 0PF.PATI&N BP a HPAT EXCHaNGfR and utilizes thf 
EXTENDED KALIAN FiLtfR FOR MBOEL IPENTIFICATI3N• THE ?'AINI PROGRAM 
INITIALIZES Tr-E F’HYr.TCAL CHARACTERISTICS OP THE EXCHANGER AND THE 
PROPERTIES be T-iE S-ELL-SinE STEA-1 A\iD TUHE-SIPE FLUID.

IMPLICIT REAL *5 ( A - h / :J" Z )REAL*'*
D I NF.NS I fiM A t ?U / ?0 ) , - ( 20, ?_Q ) , T ( P.O > / D < 3 )
DIMENSION XD U ’i ( EOF ) , UTU'-i ( S02 )
C0'-*IDN A/v/T
c b m m b n  4K32 p /Rl v ,t p ,T3o >s e t p t ,V/n e /Nt k y ,h t i 'if
CBVVP--J XD'JM / UNU '/O' iH* Kl K, v OIH
TO = TUbE SIDE "LUlP IM.ET TpHPEKATUREtgo = shell si or stfah initial teoperaturf 
RLV*FLUID vr LHC I TY/f XCHaNGfR irr/jTH
PEACfbilOEJNREA:) ( bi 1 ON ) RLV / AK21 1 > A'<?.*.?t AKb?2 
R E A 0 ( b j IQS) TL/TS3 
!r.fR I TE ( 6 / 10F)\
LRI TEI 6» lUUJRLV, Ar.Pl 1 / A ^ 2 A K 3 P 2  
■/.'RITE <6/103)1';* ISO 
CALL SETUPp(n*i*r<?
P(R)=A.u9 
CALL PktiCUP)100 FCRNATl6X/F7.3/1X*Fh .ht4*,F6.A,Ax,F6.A )

1 02 FfjR^AT(OX, IE)
103 EUR 'AT(*>X,rA.O/*X,rA. J)

CALL PLOT (O-iC*., 999)
5 73 p
END
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suBRbUTi;.'E e p o c h s

TMIS SURRBjrp.p CASCUU a Tf s THf INITIAL FLUID AMD WALL TpMPrRATURE 
PROFILES A\0 lulTl ATE'S THF I MTEUR a T ISM.

IMPLICIT K E A L * c CA-H/G-7. )
R C a l *^ XDUUpjD’lM
UIMENSISM T(2U),F(p) ,A{20,SO J / M P O '  ?0)
D H E N S I  CM XCUM(2 0 F W J G U M (p Q 2 )
COMMON1 A / B > T
CfiMMjN A-fe?ll / A.;212, A<3P2,RLV#TB / TS^, S c TPT/Nj ME, NTRY; NT I ME 
COMMON XDUP/LD.jMi <DU-!/-<LK,\0'JM
SU ■ = j *u

CALCULATE INITIAL -LJlD AMO WALL TEMPERATURES 

FOR TUBE SIDE c’LlJlu

SS<1 = M*( AK3! 2+4*32?)/(HLV*AK2l 1*A<3?2)
T(l)=TU/{I.+t./SS<1)+TpQ/{1.+SS<1) 
r;g 71 I=2/N
T( I )-T(1-1)/(l. + l«/S3Kl)+TS9/{1 •+SS<1 }

71 CONTINUE

INITIAL SETPo Im T 
SETPT=T(M)

NT=N+1
NE=2*N

FOP TUBE WALL 

DO 72 IbMT/NE ■
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T 11 ) = T ( I -N ) / \i .+A<^H/A'<?1 2)+TS0/( 1 *+AK2i2/AK3E2)
72 CONTINUE 

NEO <='■;£
NSIZE-NE

NPTS s NUKSER OF INTEGRATION ST f PS 
RF.\C(5,70>NPT3

70 F9»MAT(I4)
CALL INTS ( NECv MSI 7s > NPTS,P )
RETURN
eni;
SUPROUT IvE I NT G (ME C ,NSIZ E ,NPT S,P )

THIS SUBRBUTINr US f S A FO1jRTH-BKUrIT RU n GE-KUTTA INTEGRATION T0 
OBTAIN T h F CL0SEO-I OOP TIME RE-GPOn Sf OP THE HEAT e x c h a n g e r *

IMPLICIT REAL*-: (A-M,e-Z)
KEAL*8 OfXFSLLC'G
r e a l *a- P:.p»v, xv,j/ SDt # X«F*C, URECi STEF* C 
CO"'MJN A/P/X
COMMON D’.JMi ,,,'J i2,D.jH3/F:LV, TO/TSO>SETPT,N/NE,NTRY*HjI ME 
C O ^ O N  XREC/ LREC t < T I TE^ KL«■ / N01J: !

DEFINITION'S r
•■PC = MU-'Hr-R Or FOUATIONS Tn Br s o l v e d
NSI7t- = EI7P SPEC tF iCATITn FOR ARRAYS -* M'JST BE GREATER THAN BR 
EGUAL TO NEC
NPTS = OF POINTS TO BE STORED FO? EACH Of THE STATE V ARI At3!_
;.»T = In Te G-j aTIh N s t e p  s i z e
A; \+, Li W  XD-iT = ELFHfNTS OF THE MATRIX EQUATION XDST * A*X+ B*J 

NU P S E T - - 0 - - C O' N C T A N T FLoW RATE
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C HeDCON*C--Pl CONTROLLER
=l-’M OD-L CONTROL a l g o r i t h m

£
READ ( 5,501 ) NUHOEH, OAOCON 
WIC I T E (6, 505 ) NOr-DER > M 0 DCGN 
yx 1 1 )=o.u
Y X ( 2 ) s 0 * ■)
GH TO { 1002, IC03) , -..ORDER

1002 YX(GJ = 1.:J 
YX(A)=Q.O 
GO T'J 100 A

1003 Y X (3)= 0•0
Y X ( A ) = i • L 

IOCh CONTINUE
Y X ( 5 ) * 0 • 0
Y X ( 6 J = 0 • - 
DP-'F V1*Y< (6)
DP0EV2=DPREV1

ALAf-i JAsT I VE CS\!STA\‘T CF F T RST-OROpR S E T P M N T  RESP9NS 
RE a D(5, 1111 J A U T J A

W R I T E ( 6 / i l l t )A l A W D a 
1111 FOR M A T (1X/F1C*A)

\’UPSET=1--STF ChA'iGE TN FL0W FATf 
K'iPSETsl--;iTE:u CwA ;0E IN INLET FL'jlD TrMPERATURF 
READ C5/SOI >\La GET/<U?Sf;T,*CHAvG,\irlT

GUI FORMAT! II# 2X, I \t 2X, M ,  P.X, T1 )
WR I TE t 6#b O b )NLPSET,XJPSET,KCHANG#NFIT 

SO S F 0 A T  U.K./ 111 Ex / 11 , 2X,T A, ?X, 11 )
DO 20cf N T s 1j NT=>



IF (NU^SET • ?':F. • 1 . 3 * •  -T • NET • KCHANG ) riH Tg 5 0 3  
RLV=-9*RLV 
CALL SETJP

?03 c o n t i n u e
M T T = ’ J T - 1 
Df? 97 1 = 1/NFC 
XOGT (I ) =.;• 0 
09 97 J=1/V:C'J 
S Tr) £ £ = A { I / J)
TF.''P ( J ) = < ( J J 
L c 1
IF {j , Frj. 1. ALL• I .f 9. 1 ) U=Tf?
IF (J-EQ. 1 'AM.;. 1 .fT. 1 * A;.jO . v T . G F - 1 2 O O ) U » T 0  + 1O. 
I f ( J »E C • 1 * A U C • T * F 9 . 1- ANO.NT. UE-lf tO yjU^TB + S*
I *=■ < J-NE*F*Oc- * I .NE'---N)Gi> T9 110 
IF ( M T * E C • 1 )St.T3T*1 A.C •
IF(NT'EC«'t9n)SrTPTs3fjO.
IF < NT • EG • ftCG) St TPT * H O .
FF^DK = 3ETPT-x (n:J 
IF (NT.j T. 1 )j ,’I TO 401

C
C INITIAL VALUES F(;F h g n t p o l .Le p
c 
c

SAUPLT = CENTF-j Li_E:E SAMPLING T I !>E 
C ( =Dj FOF CC’NT T N JOLJS C.GMTFOLLf F )

SA-'PLT = ?.0
c

XI = X ( N )
NCi;IEC = SA'JPLT/OT+ -Onl 
NSAMPL*-’ -CHEC + ?
N S A N P L * - H  ^

FF'?0^1=EOFjP
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DP 2 J = 1D'
2 FT ( Ji I) = - I I, J)

C
C SYSTEM E"\i‘JAT i “ljS
C

X\(l ) = *<E ) */( 1 J+X( P)*XPPEV + X £ M *  t ;J 1 + X ( 6 ) J+ X(5)*(U2+0PREV) 
IF ( Ny KijER • E C • 1 ) X \ ( 1 ) - X t 2 ) * X (1 5 +X t 3 ) * (' j \ + X ( k ) )
/S'. (2 ) = / ( 2 )
AN(3) s a (3>
XL ( A ) = / ( )
XL («) = ,<(?; )
x\t 6 )= X (-)
X W - R V = A («)
O ^ E ^ X U )

r

C PRECiCTI'.-M STEM’
r

c a l l  m a t * z /<?•/••'*, y . -m , f , p , p s e m )
CALL. * ATP IX (i*/ ••*'•1, / P-?93 1 # FT , PH3[)2 )
CALL A j C< m , v‘:,oRfjD?, )/*

C CfDEECTIEL fiTE3
r

3 CC’NTINJF 
ZKL(1)=X: (1)
LJ? 3 1 = 1 . 3  
S'? 3  J  -  1»!"

3  r i T ( J / I ) - r ( I / J )
CAI.L MAT^ IXf r.^'->M̂ NJD <l/HT.PPSEl >
CALL «AT?< t X ( ri/ PRf.'ll , P»8r-2>
CA LL ADD r ' - V, P!?f»r P , p< , RRM03)
PPr.i-.iM:,/' ) = 1 • / f c :'r" '3 D  f'! } 1
CALL MAT:‘I •* {;:> pfT-Tr.-i/ f’snr^p/PPOD^)
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o-o= t r ' i )aci£Hd ! j •' T=r a ĉ:.,'x = i a
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o

DT = 2•0 
A 1°140 *
A ? s 5 •0 
NTRY=1
CALL CURVE t IP3INT^ vRE:C, nT,MT^Y» A1,A2)
\TRY=2
c a l l  c u r v e c i f o i n t /DA/Dt /v t r y / a i > a ?)
A 1 = -  1 • 'j  
A 2  = 0  • A 
NT.?Y = 1
CALL CUPVE( IPHTNT/US/DT/VTRY/A1* Ap)
M R Y  = 2
call c u r v e (i e b j u t , d t / u t r y / a i > a ? )  
call CURVE ( I f-‘8 TNT/ DD/DT/UTRY/ hit A?)
CALL CURVE C I Ff? I NT/ nr , DT / NT RY/ A 1/A p )
NT"Y*1 
A 1 = » 1 • 0 
A?«C*4
CALL CURVE t IRSTNT/'.Fz DT/UTRY/ Al> A?) 

a c o n t i n u e .
RE T U'U'J
EK'?>
SLURO UT 1 F. ?-*ATR IX (I / M / N / A / %  C )

THIS SUBRPUTI \4r PERFORMS THp MATRIX MULT I pL IC AT I ON A*B TQ YIELD 
T«E PRODUCT i-ATRlY C, KHE»E A- IS L BY m , B is M BY N/ AND C IS L BY

IMPLICIT REAL* a (A-H/S-Z) 
D I ME N S I O N  A ( A /  A)  , 3  f fy» t  ) / C f  ft / 6 )  
DP 1 I=1/L 
Dp 1 J = l,\
C ( I /  U 3 s  0  • 0
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n
n

n
o

Df3 1 Ksl/K
i c ( i , j ) = c ( i / j >+afi/<)*e(K,j)

RETURN
END
SUBROUTINE ADD{ M,N, A/B,C)

THIS SuE^fiLiTIN'r ADOS THE M BY N MATRIXES A AND B TO YIELD THEIR 
f1 B Y  N  C  •

IypLIClT PEAL*? fA-HjG-;.)
DI MENS I !?“■' A (f</r ),9(A>6)>C(6y6)
UO 1 1*1 ,i<
DO 1 J=1,N 

1 C< 1/ J)=A( 1/J)+:,( I/.])
RETURN
END
SUNROUTIME CURVE ( * * TEH,BT,NTRY,A1, AP )
DI M ENS  I ON T I ( E C O  ) , T E N  ( S C O  ) / S U E  C h Q U O  )
DO 1 I=l/N 

1 TI ■' t I ) = t I -1) *DT 
Ml *\ + l 
Me s.v + B 
T ! ■ ‘ ( M 1 ) = 0 ■ 0 
T I “> (t\ g ) = r; 5 •
T11' {M E )= R b •
TEN {Ml) = M  
T E C (N R ) = A R
I- (NTrtY.rjT.i )Go TO ?
c a l l  p l o t s (cur.5ooo)
CALL Pl CT(I).0,0.0,-3)
CALL p L D T t 0•0/0 * C /S )
CALL AXIS t 1 H  , -l,7.R/0*yTlM(\;i J/TPCNB))
CALL A X ] S { U »y C » / itJ. , + 1, ‘t.z,30»0* TEN (Ml )jTEM(MB) )
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CALL F L 8 T f 0« C / a ■ ?■ * ̂  )
CALL Pl (?T(7.*/A..A,:>) 
CALL PL6T(7. a »0*0#P)
CALL P l B T ( tj.Cj ".G/-3)

2 CALL PLPT l u . , 0 w 3 )
CALL FL I' ■ L ( T I , TLv* # N , 1 j 0, 0 )
RETURN
E\'C

\
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