






































































































































































































































































































































































































































































91 
SUBROUTINE SEARCH(X,U,N,XSTRT,RMAX,RMIN,PHI,PSI,NCONS,NEQUS,MAXM,N 

IVIOL,f,G,JPRINT,INDFX,R,XO,xs,oxxx,TXXX) 
D I \1 F N S I C f\l X ( 1 l , X S T R T ( l ) ' :\'i X ( 1 ) ' R M I N ( 1 ) ' P H I ( 1 ) ' P S I { l ) ' X 0 ( l ) ' X ( 1 ) ' 

lDXXX(l) dXXX(l) 

c 
C DIRECT SEARCH PORTION OF SEEKl AND SEEK3 
c 
C T H I S I S T H E D I R E C T S E A RC H A LG 0 i T HM 0 F H 0 CK E AN D J E t: V ES 
C SEARCH IS USED GE SEEKl AND SEEK3 
C NNDEX=l MEANS SEARCH HAS bEEN CALLED BY SEEKl 
C N ND EX =-= 2 jv'1 E M·l S S EA i::Z CH H 1\ S U EE N CALLED f3 Y S E EK 3 

NVIOLl=l 
KKK=U 
Ml = 0 

20 Kl=l 
K2=N 

30 DO 4G I=Kl,K2 
DXXX(l)=O. 
TXXX(I)=O. 
XO(I)=O. 

1-4- u X B ( I ) = 0 • 
DO 60 I=Kl,K2 

6 0 X ( I ) = XS TR T ( I ) 
C SET FIRST BASE POINT 

DO 7U I=Kl,K2 
70 XO (I) =X (I) 

C GENERATE DELX(I) AND TEST(!) 
DO 80 I=Kl,K2 
DXXX( I) = I )-RMIN( I)) 

8G TXXX(I)=DXXX(l)*G 
NCALL=l 

100 CONTINUE 
GO TO (1Gl,1 L21NNDEX 

101 CALL 
GO TO 110 

1 G 2 CALL 0 P T I F 2 ( X , UAR T , PH I ' P S I ' NC 0 N S , NE Q US ' NV I 0 L ' R l 
110 IF(NCALL.NE.11GOTO 120 

U;\FHO = U;\ RT 
J.2J CONTINUE 

IF(NVIOL.EQ.0)NVIOL1=0 
IF(NNDEX.E0.1) GO TO 130 

C I NDICATES TO SEARCH THAT IT IS BEING USED BY FEASBL 
IF(INDEX.EQ.l) GO TO 130 

C IF SEARCH IS BEING USED MERE LY TO OBTAIN A FEASIBLE STARTING POINT 
C THEN RETURN AS SOON AS SOLUTION GOES FEASIBLE 

IF(NVIOL1.E Q. 0 )G0 TO 385 
l3 U GO TO (17 0 , 21 0 , 355) NCALL 
l 70 CONT UWE 

C K E SE ARCH 
180 

DO 24J I=Kl,KZ 
X( I )=X( I )+DXXX( I) 
NCALL=2 
GO TO 100 

200 CONTINUE 
GOTO 230 

X(I )=X(!) - 2.0*DXXX{I) 
NCALL=3 
GO TO 100 

210 CONTINUE . 
IF(U.l\FH.Lf.U/\RTO) 230 
NFAIL = NFAIL + 1 
X( I )=X( I )+DXXX( I) 
GOTO 240 

230 U/.1.RTO :::: UART 
2t1-0 CONT I NUE 
250 IF(NFAIL.FQ. N)GOTO 260 

GOTO 315 
260 DO 2 80 I =K l,K2 

IF(DXXX(Il.r:.T.TXXX(J)) GO T tJ 290 
zao CONTINUE 

GO TO 385 
290 DC 310 I=Kl,K2 
?JO DXXX ( I J=DXXX ( I)!?. 

GOTO 18 u 



c- ESTAGLISH NEW BASE POINT 
315 DO 320 I=Kl1K2 
320 XB(I):::: X(!} 

Ml :::: Ml + 1 
IF (NNDEX.EQ.lJ GO TO 330 
GO TO 340 

330 KKK=KKK+l 
IF(KKK.NE.IPRINT) GO TO 340 
CALL UREA L(X, ULOW ) 
WRITE (6,2) Ml ,ULOW ' (X(I ), I=l,N) 
KKK=O 

3t+O CONTINUE 
IF( M l.GT.MAX~J GO TO 385 

_ C M !\KE A PAT T E f~ N ~ 10 VE 
DO 350 I=Kl,K2 

?50 X(IJ = X(I) + (X(IJ - XO(IJ) 
NCALL=4 
GO TO 100 

355 CONTINUE 
IF(UART.LT.UARTO) GOTO 370 
DO 360 I=Kl,K2 
XO(I) = Xf3(I} 

36U X(I) = XB(!) 
GOTO 180 

370 DO 380 I=Kl,K2 
380 XO{!)= XB(l) 

U.l.\RTO = UART 
GOTO 180 

385 CALL UREAL(X,UJ 
GO TO(I03,1G4)NNDEX 

1 0 3 CALL OPTI~Fl (X,UART,PHI,P SI ' NCO NS , NEQUS ,NVIOL) 
GO TO 1C5 

104 CALL O PTI ~F2(X,UART,PHI,P SJ ,NCONS,NE QUS ,NVI OL ,RJ 
105 IF< NVIOL . EQ . UJGOT0387 

IF( M l.GT.~AX~JWRITE(6,4JMAXM 
KO=l 

387 RFTURN 

92 

? FOR~AT{ H ~ ,y4, 3X ,5E16.8/(24X,4El6·8Jl 
4 FOR~AT( Hv,6 GHNO FEASIBLE SOLUT I ON AFTER ALLO ~ ABLE NUMBER OF MO VES 
l' M/\XM ,J6/) 

END 



93 . 
surROUTINE PARTIAL(X,N,NCONS,NEQUS,PHr,Psr,G 'R, CH,UX,PSX,PHX, 

1 Pl\RT,P;\ST) 
C 0 M \'10 N L L S T ( 5 C; ) , NS ( 1 U 0 ) ' F N { 1 0 0 ) , S I ( '+ , -, 0 ) ' S 0 ( 4 ' 3 0 ) ' S i'l ( 1 7 ' 3 0 ) H Y D 
COM~ ON IS,NF,JJ,LOOP ,~I N , NOU T, ~SN , ~ODE , NP LNT,ISP HYD 
COMMON KPRN T(l O ), NCA LC, NO CO~P, N SR HYD 
C Qt.AM 0 N [EN ( 6 (J 0 ) , NP 0 I N T ( 2 5 ·~ 2 l ' 1'K 0 LJIH HY D 
COM MON XYZ(SU), NC' NHEX 

c 01.-1 j\.' c f\l 1'1! 2 1 ' r~ 2 1 ' M 2 p ' r ~ 2 p ' N s N 0 ' N s l ' N s 2 ' f'>i s 3 ' f' j c 0 ~'w 1 ' i'K u i. '1 p 2 ' N c u ~ ·/; p 3 
D I t·;. [ NS I ON X ( 1 l 'G ( 1 ) , PH I ( 1 ) 'PS I ( 1 ) ' U X < l ) , PH X ( ~~ ' l ) 'P 3 X ( f\! ' 1 ) 'CH ( 1 ) ' 

1 PAf~T ( 1) ,PAST( 1) 
DIV=SCf~T(R) 
ZER0=-1.0E --10 
CALL SUPPLY(X,~H,?HJ,PSI,PSX,PHx,ux,N,NCONS,NEQUS,PART,PAST) 

WR ITE(6,49) ( 1J,X(J) ),J=l,Nl 
WRITE(&,51) ({J,CH(J) J,J=l~N) 
l:J R I T E ( 6 ' 5 2 ) \ ( J , P H I ( .J ) l ' J = 1 ' NC G N S ) 
WRJTE(6,53l (( J,J,PHX(I,J),J=l,NCONSJ,I=l,N) 

49 FOR MAT(2X'* X(*,12,*l =*,El5.7l 
5 1 F 0 R M f\ T { 2 X ' -~ C H ( -~- ' I 2 , .!~- ) = -:~ ' E 1 5 • 7 ) 
S ~ F 0 R ~.~ A T ( 2 X ' ~k P H I { ·* , I 2 , ~~ ) :: -~ ' E 1 5 • 7 ) 
53 FOR MAT(2X,*PHX(*,I2'*'*'12,*) ::*,[15.7) 

DO Ju I=l,N 
1. U G(I)=UXC!) 

IFC N CO~ S .EQ.0)G0 TO 1 
CALL UREt~L (X,U) 
CA.LL CO NS TCX,N COf\lS,PHI) 
DO 20 I=l,N 
DO 20 J=l ,t'KONS 
IF(PHI (J) .GT 11ZERO>GO TO 21 
G( I l=G( I)+( l u .E+20)~A-A G S(PHXC I ,J)) 
GO TO 20 

21 IF<PHX( I ,J) .LT .-ZEl~O)GO TO 20 
G( I )=G( I l+R//'d3S(PHX( I ,J)) 

2 0 CONTI NU E 
1 CONTINUE 

IF(iffQUS.EQ. ~ )GO TO 2 
DO t+ O I=i,N 
GO 5 0 J= 1 ,NF:OUS 

SU G(IJ=G<IJ+ABS<PSI(J) **2)/DIV 
4.(J CONT I NUE 

2 RETURN 
END 



SUP I~ 0 U T J N f=- S UP P L Y ( X , C H , P H I , P .S I , P .S X , PH X , U X , N ' i\! C 0 N S , N E 0 US ' 
1 PA RT,PAST) 

C 01\1 ' .. ,10 N Ll_ ST { 5 U ) , NS ( 1 CU l ' E i'l ( 1 CJ 0 l , .S I ( !~ ' ~) 0 l ' SO ( 4 ' ?, 0 l ' SN ( 1 7 ' 3 0 ) HY D 
C 0 fv1 rv·1 0 f\ I S , N E , J J , L 0 C P , N I >~ , i~ 0 UT , ,,;: ~) N , !·1 CJD E , / ·~PL N T ' I SP H YD 
C 0 i'v'1~ 110 N K P I~ N T ( 1 J ) , N Cl\ L C , i· J 0 C 0 HP , i"~ S F~ t-i Y L.· 
COi'-';;\w/\l EEN (6 :Ju ) , NPOif'JT(25,2),NCOUNT HYD 
COMMON XYZ ( 50 ), NC, NHE X 

C 0 i :1: ·10 N fV1 2 1 , f\J 2 1 , f./1 2 P , i\J 2 P ., f\! SN G , i~ S 1 , N S 2 , N S 3 , iK 0 f·< P 1 , N C 0 f v; P 2 , NC 0 ~/i P 3 
D I ~.t: F N S I 0 N X ( l. ) s U X ( 1 ) ' P .S X ( N ' 1 l ' P H X ( N ' 1 ) ' P H I ( 1 l ' P S I ( 1 l ' 

1 PA f~T (l),pf,_ST (l),CH(ll 
CAL L UREAL (X,UOl 
DO 1 0 I==l,N 
X ( I ) = X { I ) +CH ( I ) 
CALL URF.1\ L(X,U) 
X( I l=X( I )-CH( I) 

10 UX(!)=(U-UOl/CH(IJ 
IF( NCON S . fQ . Cl GO TO 20 
c.n,LL UREA L (X,U) 
CALL . CO NS T(X,NCCNS,PARTJ 
DO 3U I=l,N 
X ( I ) = X ( I l +CH ( I ) 
CA.LL URE'AL (X,U) 
C~LL CCNST (X, NCO NS,PHil 
X( I l=X( I )-C H( I l 
D 0 3 U J = 1 ' i'-JC :JN S 

3() PHX( I 9J)=(P H I (J)-Df,R T(J) l /CH( I) 
20 JF( NEQUS .EO. Ul GO TO 40 

CALL EQUAL ( X,PA S T,NE QUS) 
DO 6 U I=l,N 
X < I ) = X ( I ) +CH < I ) 
CALL EOUAL(X ,PSJ, NEQUS ) 
X(l)=X(I)-CH(l) 
DO 6l.J J=l,NEQUS 

60 PSX(J,J)=(PSI(Jl-PAST(J))/CH(I) 
t+ O r~ E TURN 

END 



c 
c 
c 

c 
c 
c 
c 
c 
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s u p p 0 u T I N f: 0 p T I r, F ?. ( x ' u f\f-n ' ? H l ' p s I ' N c 0 j\j s ' N F Q u .s ' t~ v I 0 L ' F~ ) 
( 0 ~,,, ~ .. ~ 0 f\'. L L S T ( ~1 C ) , \~ S ( 1 0 0 ) ' E "'. ( 1 0 0 ) ' ~) T ( L+ ' 3 0 ) ' .S 0 ( L+ ' 3 0 ) ' S ;'~ ( 1 7 ' 3 0 ) 
C C<,·I .\\ () f.j I S , NE 'J J , L OC P , f'J I 1\ , i l 0 lJ T , 1· , S i'l , i··'iO DE , I'~ PL NT , I SP 
COM~O~ KPRNT(10),NCALC,NOCO~P,NSR 
C ()1/ 1 M 0 N E E N ( 6 0 U ) , NP 0 I ~n ( ~ 5 , 2 ) , iK 0 UN T 
CO MMON XYZ(5G), NC, NHEX 

C 0 '"1i< 0 N (112 1 , N 2 1 , r:1 2 P , N 2 P , ;'~ SN Q , i\l S l , N S 2 , N S 3 , f K 0 /'.'; P 1 , f\: CG :/, P 2 , NC 0 i·l : P 3 
COM~ON /OPTt/ KO , NNDE X 
D I f v' F N S I 0 N X ( 1 ) , P H I ( 1 ) , P S I ( 1 ) 
V tr~ Y i·iINOI~ VIOL/UIOl\JS OF INF.OU.ALITY ((.Jj,JSTi:;,:AINTS SHOULD NOT i.i,AKE 
TH[ Ei'HIRE -SOLUTION INFE/\.Sl f3L_E, TH[REFOl'-<E TF.:ST FOR PHI(I}.GE.ZERO 
VJ HE R E Z ER 0 = -- 1 • U E -- 1 0 
ZER0=-1.0E ·-lU 
f\JVIOL=O 
s u :vi 1 = (J • 0 
SUM2= 0 .0 
CALL URF.l\L(X,U) 
SEEK3 PENALTY FUNCTIONS -

T H E /\ R T I F I C I A L. 0 f:3 J EC T I V E FU NC T I 0 N I S 0 F T H E F 0 [~ M 
U ,~ f~ T = U F~ E f\ l_ + w~- SU:·:; ( 1 • I PH I ( I ) l + SU :'1 ( ( PS I ( ..J ) 1H~ 2 ) IS 0 I~ T ( !~ ) ) 

J.10 DIV=SORT(R) 
I F C \! C 0 r-- ~ S • L E • u ) .G 0 T 0 1 1 3 
CALL CO NST (X,NCONS,PHI) 
DO 112 I=l,NCONS 
I F IPHI (1).GE.ZEROlGOTOJll 
f\IVIOL=NVIOL+l 

C ADD A SEV[RE PENALTY TO ANY PHI(!) wHICH IS VIOLATED 
S U :'vi l = SU rq + /\ B S ( PH I ( I ) ) ?(- 1 0 • 0 E + 2 0 
GOTCJl 12 

C AVOID DIVIDING BY APPROXI MATELY ZERO, THE RE IS NO POINT PENALIZING 
C A VERY SMALL PHI<Il ANYWAY 

111 !F(ASS(PHI(l l ).LT.-ZEROlGGTOll2 
SUMl=SUMl+R/f1t3S( PHI (I)) 

112 CONTINUE 

HY fl 
HY D 
HY0 
H YD ' 

113 IFCNEOUS.LE. UlGOT0115 
CALL EOJAL(X,PSI,NEQUS) 
DO l lL+ J == 1 'N EQUS 

1 l 4 S U :'l, 2 =SU f/12 + { .1\ f3 .5 < PS I ( J } ) -:(- * 2 ) ID IV 1 8 I 
1 1 5 UAR T = U +SU 1vH +SUM 2 

RE T Uf-< N 
END 
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s u F:'. IW u T I ~ff~ F r :\m ( x ' 1-\ L ;·! ! D /\ ' [) ' N ' pH i ' () s l ' N (cf\; s ' f\~ F 0 us ' Fu f\J 1 ' I~ ) 
( c~ 1·< 'Y) ~ .1 L L s T ' s c..: J , >: s ( 1 c r_~ 1 , F ~: ( 1 o ·J J ~ s T ( 1, , 3 o l , so ( 14 , 3 o ) , s t' i ( 1 1 , 3 o ) H Y D 
C () t1: ! / C) f•l I S ' N E , J J , L 0 0 r-· ' !\ ~ 1·· j ; "-l 0 U T , , _,1 S t\l , fv'1 C [) t: , i ,~ PL_ N T , I SP HY D 
c o~ -1i'v',ON Y.Pf~;n ( 10) ' i\Ct\LC ' ~·W (Q j'.~P ' j,\.SR HY D 
COM MO N E[N(6 JU ), NPOINT ( 2~ '2), NCOUN T HYD 
COM~ON XYZ(5G), NC' NHEX 

C 0 f\1: II, 0 N H 2 1 ' f~ 2 1 , 1··1 ,7- P , i'~ 2 P , /'~ S ~.J Q , f\l S l , NS 2 , i''~ S 3 , i'~ C Of'-"1 P 1 , i\J C 0:,·1 P 2 , ~; C Oi'1I P 3· 
CO M:V10N I OP T I I KO ' rm DE x 
DIMENS IO N X ( l ) , D ( 1 ) , PH I ( 1 ) , PS I ( 1 ) 
L :::U 
Al=l.E-7 
K=l 
.S:::2. (J ( -~ * -~i· -;(- -~- -)(- -~- ~- -~t -~~ -~- -~-* -~- -X- ~(- -~- ~~ .;~ ->(- h- -~°'" -X- ·~- .;~- -)(- -~~ -;~ · :.~ -~~ -;~ -~- -~ ·~~ -~~ -;~- ~~ ~~ ·k -~ )~- -;~- ~(- -~ -i~ ·~- ·k -;~ -~- ·X- -;,\:. ~~ ~- ~- · ·;~ -~:- ~;- * * * * * ~- -~- .:_;--~~ ~~- ~-~-

( T H I S S E C T I 0 N F I f\j US G 0 UN 0 S 0 N T l 1 [ VA L U E 0 F A L MD I\ 
50 AL=Al ·:.:-( ( ( S-:H~- K )-1.) /(S-1.)) 

DO 1 I=l,N 
X(J}=X{l)+AL*D(l) 

c 
c 
c 

C 1\ L L 0 P T I i' .i F 2 ( X , F U N ~ , P H I , P S I , N C 0 ;\J S , 1'~ f::: 0 U S ' f\l V I 0 L , F~ ) 
DO 2 I=l,N 

2 X( I l =X ( I )-AL~-D( I) 

l U 

9 

11 

12 

13 

3 

L1 

5 

6 

7 

8 
1 ') 

IF(F UN2 .GT.F0NllGO TO 10 
K=K+l 
FUNl=FUN2 
IF(K4GT.75)G0 TO 40 
GO TO 50 
IF(K. NE .l)GO TO 9 
.A.Ul1Dl\= :J . s~~ 1. E-7 
GO TO 49 
IF( K. EQ .2)G0 TO 11 
GO TO 12 
A~=u .o 
R = 1. E-·6 
C=/\L 
(30 TO 13 
A= A 1 ,';- ( ( S -)f- ~:- ( K - 2 ) ) -1 • ) I ( S ·-· 1 ~ ) 
R=.l'\P-( (S ->HdK -1) l-1. )/LS-1.) 
C=AL 
CONTI NU E 
**** **** ******~* **~***** ~********* * **** ~** ********************** ** ** 

THIS SE CTIQ ,\j FINDS THE EX/\ CT VAL.UC. or:- /\U·1DA LW OU/\Ul:~A TJC POLYiWi'1 It\L s 
B E S T \/ /\ LU E 0 F A u .: D /\ I S f3 R /\ C K E T E D \t, I T H I N 1-'\ A ND C 
DO 3 I=l'N 
X( I l= X ( I )+A~~D( I) 
C ;\ L L 0 P T I i'v':F 2 ( X , F. A , PH I ' P S I , 1\JC 0 N S , i~ E 0 US ' i'{v I 0 L ' f~ ) 
DO I+ I= 1 'N 
)((I )=X( I l --A~-D ( I) 
DO 5 I=l,N 
X ( I ) = X ( i ) + 13-~-c ( I } 
CALL OP TI MF2(X,FB , PH I,P S J, NCON S, NEOLJS , NV IOL,RJ 
DO 6 l=l,N 
X ( I ) :::: X ( I ) - !3 .;t D ( I } 
DO 7 I= 1, N 
X ( I l = X ( I ) + C :c- D ( I ) 
c AL L 0 p T I HF 2 ( J. ' F c ' pH I ' p s I ' N c Of'~ s ' N c: m.: s ' rrv I 0 L ' R i 
DO 8 I= l, N 
X( I ).=X{ I )-C~- D ( I) 
1\ D 1 ::.: ( ( ( U -l;. f3 ) - ( C ;:- C ) ) * F I\ ) + ( ( ( (-;t- C ) - ( /:., -x- /\ ) ) -::- F : ~ l + { { ( t, ~* :\ ) - ( U .;~- D } ) ~- F C ) 
AD2=?•*(( ( 8- C)*FAl+{(C-Al*F S l+CI A -E) ~ FC)) 
AD=/\Cl /AD2 
I F ( t, E S ( /• ·- C ) • L T • 1 • E ·- t+ ) G 0 T 0 2 0 
L=L+l 
I F { L • Cj T • 2 ,_: j c; 0 T 0 2 1 

c /\D IS THE fvd f\J I,\·ilJi·i OF THE APP FW XI; <': /'dE PO LY!\U['-i! ,E\l_ 1::ir,ssu~G TH i~C:U(JH 1\ ci 1~ .• 
DO 51 I:=l, N 

CS J X ( I ) :-:: X ( I ) + t, D ;~ D ( I J 
C 1-'\ LL C P T 1 Hr: 2 ( X ' F D ., PH i ' ? , r'-l C 0 /\J S , :\J [ 0 US ' ~(V l O L ' I~ ) 
DO 52 I ==l .,N 

5 2 X ( i ) ::: X { I l ·- /\ D -;-, D ( I ) 
IF( B.GT.AD)GQ TO 15 
IF(F BoGT .F DJGO TO 16 
C=/\D 
FC=FD 
GO TO 19 

16 /\·::8 
Ff\";,; r-- 8 



B=AD 
FB=FD 
GO TO 19 

15 IF(FB.GT.FD)GO TO 17 
A=AD 
FA=FD 
GO TO 19 

17 C=B 
FC=FB 
B=AD 
Ff3=FD 
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GO TO 19 
c ***********~************ * **** * ******* ** * ***********~~**************** ; 

21 AU-':DA=B 
GO TO 49 

20 ALMDA=(A+C)/2.0 
GO TO L+9 

4 0 \iJ R I T E ( 6 , 2 U CJ ) 
200 FOR ~ AT(lHO,*eOUNDS COULD NOT BE ESTABLISHED*} 
1~9 RE TURN 

END 



Program I nterna l Data 

n • n o n • 1 c: o • ? o G • 3 C) r • Li- o o • s o .11 • 6 i' o • 7 0 n * 8 o 0 • 9 o l • n n 1 • o 3 1 • o 5 
o. oo n.1 0 o. 2n n. 3n n.40 n. so 0 . 60 0 ~1 0 a. so o. 90 1.00 1.10 i.20 
0 • 0 0 0 • } (! C • 1 5 () • 2 0 () • 3 0 0 , I+ 0 Cl • 6 () 0 • '7 () 0 • 8 0 1 • 0 0 1 • 1 Q 1 • 2 0 1 • 3 5 
Oo00 0 .1 0 G.? O 0 .4 0 0 .50 0 .60 0 .7 0 0.80 0 . 90 1.00 1.20 1.40 1.50 
O. CO 0 . 10 O.? O 0.4 0 0 .60 0 . 80 J.00 1.10 1 .2 0 1.30 l.40 1.50 1. 60 
n • n o r·-. l C1 n • ? n n • 1+ :1 c • Ao o • 8 0 l • n r. 1 • 1 -:: l • ? o 1 • 3 r 1 • l+ o 1 • 6 c 1 • 7 o 
o . ro o.1 r o . ?n Q. 3 Q 0 . 40 n .6 n 0.An 1.00 i~?o 1.40 i.~o l.Ro 1.85 
0 • 0 () 0 • ] 0 0 • 2 0 U • L+ !_, 0 • f:, C 0 • 7 0 0 • 8 0 1 • C .J 1 • 2 0 1 • L+ 0 1 • 6 0 1 • 8 Q l • 9 5 
o . oo 0 .1 0 0 .2 0 o .4ci o . 60 a .A o l.oo l.?o i.40 1.60 1.sc ?.oo 2.04 
a . no 0,.1 0 0 .2 0 o .4 0 0 .60 o .so l.oo 1.20 1.40 1.60 1.so 2.00 2.10 
o. no 0 .1 0 o.z n 0 .4 0 0.60 r . sn i.on 1.20 1.40 l.6n J~Bo ?.oo 2.20 
o. oo 0.10 o .2u G.4 0 0.60 o. so i.oo 1.20 1.40 i.so 2. 00 2.20 2.40 
o. oo 0 .1 0 0 .2 0 n .4 0 Oe60 o . sn 1.20 1.40 1.60 2.no 2.20 2.40 2.50 
n.00 0.10 0 .2 0 o .4 0 G. RO 1.?o J.40 1.60 i.so ?.oo 2 .2 0 2.60 2.10 
o . oo 0 .1 0 0 .2 0 o .4 0 n .60 1. 00 1.40 l.6n 1.so 2 . no 2 .2 0 2 . 40 2.so 
o. ~ o 0 . 10 0 .? 0 G.4 0 0 .60 1.00 1.40 I.An I.PO 2.00 ?.40 2.80 2.90 
o. oo G.? O o.40 ') .6 0 l.Oo 1.40 1.60 1. 80 2 . 00 2.40 2.60 2.AO 3.00 
o . oo 0 .2 0 0 .6 0 0 .8 0 1.20 1 .40 1 .6 0 1.80 2~0J 2.20 ?.60 2.80 3.10 
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CN 

o.oo 0 .4 0 o. ao i.oo 1 .20 I.4o i .s o 2.00 2.20 2.40 2.60 z.ao 3.20 
c-:i . c o o .'38 o .6 0 o .85 J.10 1.ss 1.95 2.15 2.30 2.60 2.s5 3.10 3-=•;....;;3-=o;__~----
0 1. 0 1~.o 14.o 17.~ 20.0 23.n 26 .n 29.0 32.n 35.o 38 .r 39.0 40.0 
n] . o 09 . 0 12.8 15.q 19.0 21.252305 26.25?9.0 31 .5 34.0 37.0 40.0 
01 . o 09 . 0 10.5 1?.0 14.5 17.0 ?1.3 2~.8 2A.3 31.0 3~.5 3A.0 40.0 
01 . 0 os . o ic.s 16.0 lR.O ?0.0 72.0 ?4.0 26 . 0 28 . 0 33.C 37.0 40.0 
n1 . o 0 1.s 1 0 . 0 14.4 1°.0 22.4 26.0 2s.0 30.0 32.0 34.o 37.o 40.0 
01 . n 0 1. 0 09 .5 13.5 17.5 21.0 24.0 26.o 28.0 30 .0 32 . o 36.5 40.0 
01 . 0 06 .3 09.0 11.0 13.0 16.8 20.0 23.2 27.0 30.5 34 .5 39.0 40.0 
0 1 . 0 06 .4 C8 .7 12 .7 16~0 17.5 19.0 2?.2 ?5.5 28.5 32.S 37.0 40.0 
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0.625 1.100 1.560 1.960 2.290 2. :560 2.80 
0.712 1.200 1.670 2.070 2 .1+00 2.650 2.89 
O.T78 1. ~2'70 10760 2.140 2.480 2.730 2.96 
0.825 1.330 1.820 2.220 2 o 5'+o 2.800 3~03 
0.892 1.;_~00 1.900 2.300 2.630 2.880 3.11 
0. 91~0 1.1+70 ~ ("80 . .I..';} \. 2.380 2.700 2.950 3ol9 
1.084 1.,638 2 .15J+ 2. 5'-~0 2. 81+4 3.096 3.32 

~---·--

le562 1.935 2~270 2.570 2~860 3.110 3.35 
1.613 2.030 2)no 2.750 3s080 3.360 3.63 
10662 2.,110 2a530 2.890 3.240 3.540 3.83 
1.710 2.190 2~620 2.990 3~350 3.670 3.97 
1.75h 2o2J~.o 2.680 3.060 3"1+20 3.730 lt.04 
1 7·86 2 0P'O t;· 7'?0 ~ 10·0 ~ 1i f;Q ·~ 7,...,1,.0 4 08 ..ii..$ ' •t-J ._,. . ... _ ... ._1• _,.~..) ....J. li • 

1.829 2~330 2.770 30140 3.500 3-820 4.11 
1.858 2.360 2.800 3.180 3.530 3~850 4.14 
l R81 ° ~80 ° ·8?0 ~ 200 ~ ~GO ~ 87i) il 16 • .._,J ... ~- • _, '- • .._ ,_ - ~·' • - _,, • """" ..,., _, • ..... ' ' • 

1.104 2.410 2.850 3e230 3.580 3.900 4.,19 
l O~l ? )~1 1 0 ·; RPO ~ 270 ~ /'* 0 0 ~ 9~0 1• 2·~ e ".:;, _, ._ e T T t:_ e , ) '.) ·-' • ' _., • 0 C. \ ...,.. e .J 1" e - ..i 

1.998 2.511 2.948 3.328 3.673 3.990 4.285 
.____..__ __________________ , -------

From Dennison (9] 
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Appendix 4 

* Oil r e quirements factor Ke 

o.s o.6 o.4 0.2 

0.390 o.490 0.500 0.520 0.530 
0.300 o.1no o.436 o.>vr8 0.513 
0.220 0.330 0.395 o.450 0.500 
0.175 0.265 0.360 0 .1~ 30 0 .491+ 
0.150 0 .. 230 0.335 o.415 o.488 
0.135 0.210 0.315 0 .1+00 0. lt-83 
0.113 0.190 0.280 0.380 o.475 
O\DlOO 0.175 0.260 0.368 0. 1~65 
0.088 0.158 0.250 0.340 o.455 
0.063 0.122 0.235 0.310 0 .J.~38 

From Fuller [ 11] 

* This is the oil flow coefficient required to 
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determine _the quantity of oil that has to be continuously 

supplied to the bearing which is determined by [11]: 

Qe = 0.0272 Ke.R.N.L.C gal/min. 

where; 
R is the journal radius, in. 

N is the shaft revs/min. 

L is the bearing length,ln. 

c is the radial clearance,in. 
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