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SYMBOL GLOSSARY

= vorticity
- panel length
= velocity on aerofoil surface

U - freestream velocity

SUBSCRIPTS AND SUPERSCRIPTS

a - actual value

d - designed value

err - error

i - index of surface element corner point
ic -~ control point

m - modification curve

NC - value at chosen control point

o - value on 23012

r - requested value

TE - value at trailing edge control point



SUMMARY

Little is known about the detailed flow on the upper surface of
aerofoils, prone to trailing edge separation, during the process of

dynamic stall.

The present report describes a method whereby the pressure gradient
on the trailing edge upper surface of a given aerofoil may be modified
to either enhance or reduce such separations, for a given section, whilst

retaining the leading edge pressure distribution.



1. INTRODUCTION

The effect and importance of trailing-edge separation on the dynamic
stall onset of typical rotor sections is at present unclear. It has,
however, been suggested (1) that a certain amount of flow reversal takes

place within the boundary layer prior to the onset of separation.

Further investigation into the effects of trailing-edge separation on
dynamic stall onset may be carried out if a standard aerofoil (for which
there are experimental data available) is modified and re-tested. The
chosen aerofoil was the NACA 23012 and the required modification was one
which would enhance the boundary layer separation at the aerofoil

trailing-edge.

The type of modification was restricted to those that did not

significantly alter the leading edge pressure distribution.

The description herein is of a numerical method for the modification
of a standard aerofoil section. The method centres on the postulation
that to enhance separation a more severe and sustained adverse pressure

gradient must be imposed on the boundary layer.
2. METHQOD

The complete modification procedure was essentially three algorithms;
(i) a potential flow panel method allowing calculation of the original
pressure gradient at any angle of attack, (ii) a procedure allowing the
modification of this gradient and (iii) an inverse potential flow panel
method (A.A. method) to calculate a new profile from the modified

vorticity distribution.

Full details of algorithms (i) and (iii) are given in references (2)
and (3) respectively. As observed by Leishman (2) the optimum number of

panels was 50.

The pressure gradient was calculated using the formula

%iﬂ—-uﬂ (1)



This was easily converted into a form suitable for a panel method
calculation. Hence using the notation used in figure (1) we have

%_gg_ yie <y1+1 = 11)

s Ly

ic

V12 = yi® (2)

2L4

yi+l + vyi

Since Yic = 2

The method used to modify the pressure gradient was essentially a
curve fitting procedure conforming to a maximum of three boundary
conditions. If, for instance, the pressure gradient between x; and x» was

to be altered (see figure 2) then the three boundary conditions would be

(i) f .}_{.1 = l (_i_p.
c p ds
NC
- X 1d
(ii) f(;z) == ﬁ (3)
P TE
2
(iii) f'(fl) _1 ggg
e NC
m
1
where (E-SE) =f(§) is the modification curve.

Three types of modification were chosen for investigation: (i) a
conic parabola, (ii) a combination of a straight line and a tangency
circle (see figure 3)and (iii) the simplest modification, a straight
line. These particular modifications were chosen because they gave

similar curves to that of the original gradient.

(i) The parabolic solution

Based on the three b.c's, a curve of the form:

() ) {2

can be solved for values of a, b and d. However, this led to unpredictable



shapes (see figure 4).

Therefore, it was decided to restrict the choice of curve to a conic

parabola of the form:

m 2 2
(ld_P> -a) —=axl = -p (4)
p ds c

shere (a, b) is the vertex position.

The procedure adopted to solve this equation was:

(i) Positioning of the vertex at a chosen upstream control pt
(i.e. NC in figure 2). Thus (a,b) is found.

(ii) Choice of an initial value of the pressure gradient for the
trailing edge. This was used as a boundary condition to
find A.

(iii) Determination of a position, G, on this parabola where the

2
gradient equals l—g;g
3 NC
(iv) Movement of the vertex so G now lies at NC.
(v) Re-calculation of the trailing edge pressure gradient.

This procedure was adopted because it was easily computable and always

led to a solution.

(ii) Tangency circle solution

This modification was different from the parabola inasmuch as it gave
2
a constant value of %—g;% over the majority of the modified region. The
tangency circle allowed the satisfaction of all three boundary conditions.

The procedure adopted te solve for the circle was :

(i) Specification of an upstream control pt (NC) and a value for

the trailing edge pressure gradient.



(ii) Calculation of the gradient of the line through these two

pts (L1i).

(iii) Calculation of the gradient of the tangent to control pt
NC + 1 (L2).

(iv) Determination of the intersection point between L; and Lj.

(v) Erection of the perpendiculars N; and N, and determination
of their intersection pt. Thus giving the centre of the

tangency circle.

(iii) The Straight Line Solution

This modification was chosen because it was the simplest and could
be used to assess any merits gained by increasing the complexity of the

solution (i.e. the two previous methods).

Once the type of modification was chosen the new vorticity
distribution could be calculated. The method of calculation was carried
out from NC towards the trailing edge using the equation

m
2 2 1 dp
Y = 2
i i+ p ds i (5)

This obviously gave a different value of Y1 than the original and

therefore to satisfy the kutta condition YN . had to be altered accordingly.
+

Two conditions were used to estimate the success of any one modification:

(i) As in reference (2) a velocity error was used as a measure of the
convergence of the A.A. method. This was defined as
e Ur-Ua (6)

U



(ii) The departure from the original leading edge conditions on

the new profile was estimated by a defined error

Yovp = Yo - Yd
| Yo (7
The procedure adopted to solve equation (7) was
(1) Choice of an angle of attack range (here this was 09, 10°
and 20°).
(ii) Calculation of the vorticity distributions for both 23012

and modified profile using the forward panel algorithm.

(iii) Calculation of equation (7) for those panels forward of
the point x/c = x/c(NC), followed by an averaging over the

range of angles.

A FORTRAN program was written allowing any one of the above
modifications to be implemented complete with calculation of the new

vorticity distribution.

This was then called the requested vorticity distribution and was
used as input data to the inverse panel program for calculation of the
new profile. The output from this program was called the designed

vorticity distribution.

To allow the calculation of the leading edge errors another FORTRAN
program was written and used in conjunction with the forward panel

program as described above.

To show that the modified profile did, indeed, enhance trailing edge
separation, Garner's method (4) for the prediction of the separation pt
was used. A Glasgow University FORTRAN program utilising this method

was already available for use.

Appendix (1) illustrates the program procedure which includes program
filenames and corresponding data input/output for the pressure modification

program is listed in Appendix (3).



3. RESULTS AND DISCUSSION

During modification all vortices, except Y to Yne inclusive and
YN+1’ were held constant at their original values. As a consequence
of this condition a large modification would cause one of the two

following errors:

(1) A noticeable discontinuity in pressure gradient over the
Nth panel.
(ii) The left hand side of equation (5) would become negative

before the trailing edge was reached.

Therefore, in order to achieve a sensible distribution of vorticity
and hence a reasonable designed profile, only small modifications in

pressure gradient were carried out.

To allow for a comparison between different modifications, a design
criterion was used; this stated that the modification must be such that
the requested trailing edge vorticity was similar to that of the original

23012. This modification was then termed the maximum,

Since the modification procedure could be carried out any any angle
of attack, three angles were chosen, namely 10°, 14.2° and 18°. Each

resulted in a pressure gradient which could be modified three ways.

After the nine modifications were carried out, it was found that
each converged to a reasonable profile. It was therefore concluded that

this method was highly suitable for small modifications in pressure gradient.

However, in order to select a final design method, a more thorough
investigation was carried out and, in general, the following points were

noted:

(i) The best angle to carry out any modification was at 14.2°,
It was observed that at low angles any change in pressure

gradient was relatively large with respect to the original.



This consequently affected the convergence of the A.A.
method. Also, it was noted that at 18° the original
pressure gradient decreases rapidly after the peak thus
leaving a limited amount of vorticity over the rear of the
aerofoil. Consequently equation (5) sligthly restricted
the amount by which the pressure gradient could be

increased (see figure 5).

2
d
(ii) With increased modification of the constant E‘agg'of the

straight line, the larger was the vorticity error.

Based on the stringent conditions above the best overall modification
was the parabolic solution at 14.2°. The velocity error was 1.3% and
the average leading edge error was 1.1%. Figure 8 shows a graph of the

predicted separation point at various angles of attack.
4. CONCLUSIONS

A method for the modification of a standard aerofoil to enhance
boundary layer separation has been developed. This method was applied
to the NACA 23012. The resulting profile can now be tested under static
and dynamic conditions and the data obtained compared to that of the

NACA 23012.
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APPENDI X 1

() PROGRAM SE QUENCE

FOR PROFILE

MODIFICATION

AN.22012

!

—»>—

AN .AEROPF 2

-ANLANGI

Y

AN.GRADIMOD

\ 4

AN REROAR

GRAPHICAL
ouTPuUT
ON BENSEN

AN GENAOT

AN AATALK

AN . 23012

AN . ANG L

AN AEROPF2
.AN. GRADMOD
AN. AEROAAR
AN AATALK
.AN . GENPLOT

Program

( 3 max \muxm)

MODIFIED
23012

File contc(mm?) coordinates of o 50 Pomel NACA 23012
File COnl:amm:j the anfj\ea of atrack ot which  the

pressure 8ro«cl(enf moc\\pco&toﬂ s to Lmry‘emenkecl

Fofworcl potenhal (‘,low p.cme\ proaf‘o\m

PfZSSuPQ 3ro\c\\ent moAtFlcc&ton proamm

Inwrse potential elow ‘ panel program
calculate moclnped Cp and Leig
PJo‘HLrﬁ Rouline



(b) PROGRAM SEQUENCIE

AND  LEADING EDGE  ERIORS

FOR__SEPARATION POINTS.

b GRAPICRL

oUuiruT

sAN. ANG2
23012
PLOTTING
AN £ AN . GARNER
N_AEROPF2 —p—— » B e
MODIFIED
23012

AN LERR

: LERDING EDGE  FRRORS.

AN . GARNER Progr‘om

o AN . LERR Proaram

AN . ANGQ?2 Rc\n%g of

uhlczu\ﬂ Qarners me U«\oei

to  calculate \e&c\tna ec\ae errors

an8l€ oF aﬁ'(lcks



APPENDIX 2

Listing of file .GRADMOD by LF 4 an 17 APR 1954 at 14:55:4%
File created aon THILI Q2 FER 1924 : file last maodified on MION 14 APR 1934

B R R T T R E R F B e s
PROGRAM T MODIFY PRESSURE GRADIENT

WRITTEN TO LUZE QUTPUT FROM . AEROFPFZ

NOTE:HERE S0l IS +VE CLOCKWISE

WRITTEN BY A.NIVEN

JAN 1924

DR b b b b S R e R R R R R R R R R R R R S

O0Oano

REAL X(100).XC(100),Y(100),LEN(100)
REAL SOL(100),VT(100),CF(100),CZPCC100),FGRATC100)
REAL =0LD(100)Y,FPERADO(C100)

C READ IN AFROFOIL GEOMETRICAL. DATA AND NI, OF ANGLES

READN(3, #)N, NA

WRITE(4,#)NA

WRITE (&, %#)N,NA

00O 100 M=1,N+1

REAT(3.#)X (M), XCT(M), Y(M),LEN(M)
WRITE(L,3#)X (M), XT(M)>,Y(M),LEN(M)

100 CONTINLE

C START CALCUILATION FOR EACH ANGLE HERE
TRLIN=0

120 IRIN=TRIIN+1
WRITE(10,%)“THE MOUOIFICATINN ANGILE IS=-

C READ TN INITITAL AERDFOIL VELQZITY DATA
REAT(Z, #) ANGLE , JF
WRITE(2, #)ANGLE, .IP
WRITE(10, #)ANIGLE, IF
DO 160 M=1.N+1
READCE, #) SO (M), VT (M), CP (M), CRC (M), FGRATI(M)
160 CONTINLE

C CHOOSE TYPE OF MODIFICATION
170 WRITE(Z2,175)
WRITE(10,175)
175 FORMAT(* (A) CHOOSE: PARAROLA=1, STRAIGHT LINE=Z, CIRCLE+LINE=%")
READ(1,#)ICH
WRITE(10Q,#)ICH
WRITE (2, 130)
WRITE(10,130)
180 FORMAT(” (RBR) CHOOSE:PGRAD RETURN=]1.PGRAT REDUCTION=Z”)
READ(1,#)JFROD
WRITE(10,#)IPRM
WRITE (2, 250)
WRITE(10,250)



Listing of file .GRAOMOD bv LF 4 orm 17 APR 1754 at 14:55:4%

250

FORMAT (- () INFPUT DOWNSTREAM BOUNDARY CONUDITION FRESZURE GRAUY)
READ(1,*)YTE

WRITE(10,#)YTE

WRITE(2,2460)

WRITE(10, 260)

FORMAT(” (D) INPUT UPSTREAM BOUNUARY CONDITION CONTROL FTY)
READ (1, #)NC

WRITE(10,#)NC

IF(ICH.NE. 1) GOTO S10

3333 e S 3 B 2 B RN R R SRR E SRR RS EFHF R FE RS BB R R RSB R RSB FFFEEFEREH

C CALCLILATE NEW PRESSLIRE GRADIENT FROM PARABCLA
I8 e T e )

B

OO0

LISE

YTE FOR TINTIAL VERTEX POSTION
YV=PGRAD (NLC)

XV=XC (NC)

F4a=( (YTE-YV) ##Z2) / (XI2(1)=XV)

GRADIENT BOUNDARY CONDITICN AND VERTEX SHIFT

DYDXP=(PGRAT(NC) —FGRATD(NC+1) ) / (XC(NC) =XC(NC+1) )
YG=P4A/ (2. 0%DYDOXP)+YV

XG=((YG-YV)##Z) /F4A+XV

SHIFTY=YV-YG

SHIFTX=XV-XG

YV=YV+SHIFTY

XV=XV+SHIFTX

CALCULATE NEW PRESSIIRE GRAUIENT VALLES
SNOLVE GLIADRATIC USING —-VE SQRT

440
470

480

Do 470 M=1,N-1

JF(M.GE.N) GOTO 440
AO=YV##2-P4A% (X (M) =-XV)

Al=2.0%YV
PGRADON(M)=(A1-SORT (A1 ##2-4,0%#A0) ) /2.0
GOTO 470

FPGRADD (M) =FPGRALI (M)

CONTINLE

- QUTPUT VALLE OF YTE FOR 2 & 2

WRITE(2,420)

WRITE(10,480)

FORMAT(” (E) FARABOLA T.E PRESSURE GRAUIENT IS:--)
WRITE(2, *)PGRADD(1)

WRITE(1O, #)PGRATD( 1)

GATO 260

(et 2 2 2 e X e e T e e R R R R TR R R

C CALCLILATE NEW PRESSLIRE GRADIENT FROM STRAIGHT LINE
[ R R 2 s T T E e R R T PR

510

IF(ICH.ER.3) 5QTO SS90



listina of file .GRAUMOD bv LF 4 on 17 APR 1924 at 14:55:4

C GRADIENT OF LINE
DYDXL=(YTE-PGRAN{NC) ) / (XC(1)=XIZ(NZ))

C NEW PGRAD VALUES

Do 580 M=1,N-1
TF(M.GE.NZ) GOTD S70
FPGRATO(M) =YTE+DYDXL# (XC(M)=XC(1))
GOTO SR=0

570 PGRADU(M)=PGRATI(M)

S20 CONTINLUE
GOTO 2460

B R T E E 2 1 B R D g g RV
C CALCULATE NEW PRESSLIRE GRADIENT FROM CIRCLE TANGENCY
B s L R S 2 R R g R g g v gV
C FIND GRADIENT OF LINE BETWEEN 1 % NC
S90 OYDXVT=(YTE-PGRAD(NIZ) ) / (XC(1)=XIZ(NC))
THETA=ATAN(DIYDIXVT)
430 NC=NC+1
WRITE(Z,4&50)NC
WRITE(10,AS0O)NC
430 FORMAT (Y (E) LIFSTREAM BOLUNDARY CONUITION FT NC=<,14)

C FIND GRADIENT OF TANGENT T NZ
OYDXNC=(PGRAT(NC) —PGRAD(NC+1) ) / (XC(NIZ) =XIZ(NC+1) )

T FIND PT OF INTERSECTION
D1=PGRAD(NC) =YTE+OYDXVT# X (1) =DYDIXNIC#XIT (ND)
XI=D1/(DYDXVT-DYDXNI)
FGRADI=YTE+DYOXVT#(XT~-XC(1))
WRITE(2,#)7(F) INTERSECTION AT:-~
WRITE(10,%#)7(F) INTERSECTION AT:-~
WRITE(2,#)XT,P5SRADI
WRITE(10,#)XI,FGRADI

C GRADIENT OF PERPENDICULAR FROM NI
oYDXCP=-1.0/0YDOXNC

= LENGTH FROM NC T (XT,PGRADI)
DIST=SERT( (PGRAU(NC) —FGRATT ) ##2+ (XCIND) =X T) ##32)

(]

FIND FDOT OF PERPINDICLILAR N INPUTED LINE
FGRADF=PGRADI+DISI#SIN(THETA)
XF=XI+DIST#COS(THETA)

0

- GRADIENT OF PERFENDICULAR FROM (XF,FGRALDF)
DYDXVP=-1.0/DYDXVT

" FIND PT OF INTERSECTION OF FERFENDICULARS.......



Listing of file .GRAUMOD by LF 4 an 17 AFPR 19324 at 14:55:42

IS aiviem ncn aite GIVING THE CENTRE OF THE CIRCLE
D2=FPGRADNF-FGRAT(NC) +DOYDXCP#XIZ(NZ) =DYOIX VP # XF
X=5=D2/ (DYDXCP-0DOYNDXVP)
FGRADS=PGRAUF+0OYDIXVF# ( X5—XF)

WRITE(2,#)7(G) CIRCLE CENTRE IS:--
WRITE(10,#)“(5) CIRCLE CENTRE IZ:-~
WRITE(2, #) XS, PGRADS
WRITE(10, #) X5, PGRADES

Ly}

FIND RADIUS OF CIRCLE
RADZ=(XZ-XF) ## 2+ (FGRAUS-FGRAUF ) ##Z

WE NOW HAVE ALL THE FARAMETERS T FINU NEW FGRAUS
FROM TNPUTED STRAIGHT ILINE DR TANGENLCY CIRCLE
LISING -VE SORT
DO 210 M=1,N-1
IF(M.GE.NC) GOTO 200
IF(XC(M).L.T. XF) GOTO 240
FGRADD(M)=YTE+DYDXVT# (XC(M)=XZ(1))
GOTO 210
240 AC=PGRATUS*#Z+ (XL (M) -XS) #¥2-RA0Z
B=2.0#PGRADS
O3=B#B-4.0#*AC
TF(DR.LT.0.0) GOTO 220
07=1.0
TF(PGRAUS.LT.0.0) NI7=-1.0
PGRADD(M) =(B-0N7#SORT(D2)) /2.0
E0TO 210
200 PGRADD(M)=PGRAD(M)
‘210 CONTINLE
GOTO 960
220 WRITE(Z,920)IRIN
WRITE(10,930) IRLIN
720 FORMAT(* #####N0 CIRCLE SOLUTIAON AT ITERATION=,14)
WRITE(2,3%) “####4358383t33#54TRY AGATNSHH#H 444X H X H1%%"
WRITEC(1OQ, #) " ###addt #2542 TRY AGATNHHH# 544 HHHEFE%
GOTD 170

(s Nw]

B S S 2 Ty S 2 R R R R TR X 2 B R R gy
T CALCULATION OF NEW VORTICIES
D R R R R L L R Xyt T L L L LTy
P60 SOLD(NY=—1,0%#S0L (N)
DN 1120 M=N-1,1.-1
IF(M.GT.NC) GOTO 1110
P90 DA=SOLD(M+1)##2-2, O#LEN(M) #PGRATLDI(M)
JF(D4.LT.0.0) 30TO 1040
SOLD(MY=SERT(0I4)
WRITE (2, #)M, PGRADD(M) , 30DI_D(M)
WRITE(10,#)M, FGRADD(M) , SOLDCM)
GOTO 1120



listina of file .GRADMCOU by LF 4 oan 17 AFR 1924 at 14:55:4:=

1040 IF(IPRO.ER.1) GNITO 1140
ODS=S0OLD(M+1)##2/ (2, O%¥LEN(M))
DA=D5/1000
FGRADD (M) =05-04
IF(M.EQ.1) PGRADD(M)=DS
WRITE(Z,#)05S
WRITE(10,#)NS5
IF(PGRATUDO(M) .LT.0.0) GSOTO 11320
GOTQ 2920 )
1110 SOLD(M)=—1,0%20L (M)
1120 CONTINUE
GOTO 1200
1130 WRITE(Z2,#) "#####PRESSIURE GRADIENT HAS BECOME -VE BRY REDUCTICONS
1140 WRITE(2,1150)
WRITE(10,1150)
1150 FORMAT( " ####¥#N VORTICITY DISTRIBUTIGON FOR THESE CONDIJTIONS?)
IF(ICH.NE. Q) GOTn 1120
WRITE(Z,#)THETA, YTE
WRITE(10,#)THETA,YTE
S0TO 1190
11280 WRITE(Z,#)NC,YTE
WRITE(10Q,%#)NC,YTE
1190 WRITE(Z,#) " ####553 45385555 TRY AGATN##FHE S 4 XSS HH 5557
WRITE(10Q,3#) "ttt xtaaxatdtTRY AGAINF#EH 141 HH 58 H1% "
GOTO 170 -

C CALCULATION OF SOLO(N+1) & FGRAULD(N)
1200 SQLD(N+1)=—1.,0#30LL0(1)
FGRADD(N) = (SOLO(N+1 ) ##2-S0OLO(N) ##2) / (2, 0#LEN(N) )
WRITE(Z, #) "PGRADDOU(N) JS:--
WRITE(Z, #)PGRATDI(N)
WRITE(10, %) “PGRANDO(N) IS:--
WRITE(1O, #)PGRATDN(N)

C CHOICE OF WHETHER T KEEP THIS MORIFICATION
WRITE(Z,1210)
WRITE(10,1210)
1210 FORMAT (" ! !'IMOKAY S0 FAR? — 1=YES, Q=N 1its)
REALD(1,#) IO
WRITE(10,#)I0
IF(IO.E®,.Q) 1530TD 170

T CALCULATION OF TANGENTIAL VELNCTTIES & PRESSURE COEFFICIENTS
C AT CONTROL PTS
oo 1250 M=1,.N
VT (M) =ABS((SOLO(MY+SOI_TI(M+1) ) /2. 0)
CPC(M)=1.0-VT (M) #%2
1250 CONTINUE

C AT CORNER PTS



l.Listina of file .GRADMID by LLF 4 on 17 AFR 1954 at 14:55:4%

DO 1280 M=1,N+1
CP(M)=1.0-SOLDO(M) #3%Z2
12230 CONTINUE

I OUTPUT TO FILES
WRITE (4, #)ANGLE, JF, NC
WRITE(4, #)ANGLE
WRITE(4,#)N
N0 1350 M=1,N+1
WRITE (A, #)SOLD(M) , VT(M) , CP (M), CRPC(M) , PGRADT(M)
WRITE(4.%)X(M),Y(M),30L0O(M)

1350 CONTINUE

C RETLIRN FOR ANDTHER ANGLE
IF(TRUN.LT.NA)Y GOTO 120
STOP
ENU



Listing of file .l.LERR bv LF 4 on 17 APR 1924 at 14:55:02
File created on WED 22 FEB 1784 : file last madified on TLUE 13 MAR 1924

o 33 3 3 3 2 3 3 B B 0 3 3 3 3 B T 3 S B H S B S M3 S B M NN RN R RS
C FPROGRAMM TO CALCLILATE LEADING EDGE ERRORS

C WRITTEN BY A.NIVEN

- FEEB 1924

R 2 R S S R s R T T T R s ]

REAL SOLM(70),VTM(70),CPM(70),CPCMI70) , PGRANM(70)
REAL SOLAC70),VTA(70),CPA(70),CRCA(T70) ,FGRATA(T70)
REAL SERR(70),CERR(70),PERR(70),XA(70),XZA(70)
TSAVE=0.

TCAVE=0.

TPAVE=0.

C REAU IN PROFILE DATA:D IS5 A DIUMMY ARGLMENT

WRITE(2,#)“TYPE IN NC~
REAT( 1, #) N
READ (32, #)N.NA
WRITE (4, #)N.NC, NA
DD 10 M=1,N+1
READ( 2, #) XA(M), XCA(M)Y , O, I
10 CONTINLE
REAT(5, #)N, NA
oo 20 M=1,N+1
REAU(S, #)D, 0,00
70 ZONTINUE

T START LOOP FOR EACH ANGLE

TANG=0
20 JANG=IANG+]

T READ TN VELOCITY DATA @ M=MODIFIED: A=Z23017

REAN(2, #) ANGLE, .IFM

REAL(S, #) 0, JPA

WRITE (&, #)ANGLE, J(PM, JPA

Do S0 M=1,N+1

REATI( 3, %) SOLM (M) , VTM(M) , CRM(M) , CRCM (M) , FIGRATIM (M)

READ(S, #)S0LAM)  VTA(M) , CPA(M) , CFCA (M) , FGRATIA (M)
T0 CONTINLE

- CALCULATE ERRORS

D0 &0 M=NC+1, N=NEC
SERR (M) =( (ABS (SOLA(M) ) —ABS (SOLM(M) ) ) %100, ) /ABS(SOLACM) )
CERR(M)=( (ARS(CPA(M) ) —ABS (CPM(M) ) ) #100. ) /AR (CFPA(M) )
PERR (M) =( (ARS (FGRATA (M) ) —ARS (FGRATM(M) ) ) ¥100. ) /ABS (FGRADA (M) )
WRITE (&, #)SERR(M) , ERR (M), PERR(M) » XA (M) 5 XA (M)

40 CONTINUE



Listing of file .LERR by LF 4 an

70

SAVE=0.

ZAVE=0.

PAVE=0.

D0 70 M=NC+1,N-NC
SAVE=SAVE+ARS (SERR(M))
CAVE=CAVE+ABS (CERR (M) )
PAVE=PAVE+ARS (PERR(M))
CONTINLE

T=FL.OAT (N+1-2%NC)
SAVE=SAVE/T
ZAVE=CAVE/T
PAVE=PAVE/T

WRITE (A, #)SAVE, CAVE, FAVE
TSAVE=TSAVE+SAVE
TCAVE=TCAVE+CAVE
TPAVE=TPAVE+PAVE
IF(TANG, L.T.NA) GOTH 20
A=FLOAT (NA)
TSAVE=TSAVE/A
TCAVE=TICAVF/A
TPAVE=TFAVE/A

WRITE (A, #) TSAVE . TCAVE, TPAVE
STOP

ENU

17 AFR 1924 at 14:

S

0z



APPENDIX 5

.SCREEN by LF 4 an
MON 14 AFR 1924 @

17 AFR 1924 at 14:55:5¢4
file last mndified on

Listins of file
File created on

THE MODIFICATION ANGLE IS=
1.420000E+01 20
(A) CHOOSE: PARABOLA=1, STRATGHT LINE=Z, IRCLE+L INE=3
1
(B) CHOOSE: FGRAD

RETURN=1,FGRAD REDUCTION=Z

1

()
1.670000E-01
«m
14

(E)
2.4902246E-01

PGRADD(N)
4., 460074L2E-01
trrrgraAay so

1

THE MOUTFICATION ANGLE IS=

1.420000E+01
(R)

FARABCOLA T.E PRESSIIRE GRAUIENT

2.0Z2124ZE+00
2.493220E+00
2.1943247E+00
1.952932E+00
1.7414Z29E+00
1.542044LE+00
1.37044ZE4+00
1.202630E+0Q0
1.0434644E+00
2,922615E-01
7.474A244E-01
&£, 021375E-01
4,7A3775E-01
2. 490284E-01

IS: -

FAR? —

20

1. A1 Z522E4+00
1.543292E+00
1.474252E+00
1,407322E+00
1.341414E+00
1. 277S12E+00
1. 215209E+00
1. 1571SA6E+00
TE+OO
1. 052074E+00
1.007290E+00
R, ERTLTZ2E-0O]
Y. 372517E-01
Y. 1232447E-01

1=YES, Q=N 1t

I5:-

INFUT DOWNSTREAM BOUNDARY CONDITINN FPRESSIIRE GRAT

INPUT UPSTREAM BOLUNDARY CONUITION CONTROL FT

CHOOZE: PARAROLA=1, STRATGHT LINE=Z.CIRCLE+L.INE=3

(B) CHOOSE:PGRAD RETURN=1,PGRAD REDLICTION=Z
1

()
6. 000000E-02
(D)

13

-
HAGNDOO

2. 390054E+00
2.231276LE+00
2.0A47S4E+00
1.339232E+00
1. 704L322E+00
1.5146437E+00
1.320407E+00
1. 1190Z20E+00
9. 120407E-01
7.0332454E-01

1. 8443AYE+QQ
1.4746764E+00

1.193274E+00
1.127427E+00
1.Q46874F+00
1.012444E+00
P LI99001E-0]

INFUT DOWNSTREAM BOUNUARY CONTITION PRESSILIRE GRAU

INPUT UPSTREAM BOUNDARY CONUITION CONTROL FT

MON 14 APR 1954



| istina aof file .SCREEN bv LF 4 an 17 AFPR 1954 at 14:55:54

3 4.907000E-01 92.377551E-01

2 Z2.759474E-01 9.1901327E-01

1 A.000000E-02 9, 145&4LE-01
PGRADD(N) IS:-

4.320266E-01
111 UIOKAY S0 FAR? — 1=YES,0=NO'!!!!

1
THE MODIFICATION ANGLE IS=
1.420000E+01 20
(A)  CHOOSE:PARABOLA=1,STRAIGHT LINE=2,CIRCLE+LINE=Z
3
(B) CHOOSE:FGRAT RETURN=1.FGRAD REDUCTION=Z
1

(C) INPUT DOWNSTREAM BOUNUARY CONUITION FRESSIIRE GRAD

2.200000E-01

(0) INPUT LIFSTREAM EBOLUNUARY CONUITION CONTROL PT
12 '

(E) UPSTREAM BOINUARY CONUITION PT NC= 1!

(F) TINTERSECTION AT:-

3. 206354E-01  2.00124A0E+00

(3) CJIRCLE CENTRE IS:-

2. 2528650E+00 2.5461993E+00

]

13  2.3%00S4E+00 1.5442347E+00
12 2.049975E+00 1.482559E+00
11 1.3852510E+00 1.419127E+00
10 1.4695100E+00 1, 355554E+00
?  1.8S5703E+00 1.Z2?21871E+00
2 1.413174E+00 1.222931E+00
7 1.26603FE+00 1. 1A7722E+00
A0 1.1142321E+00 1. 109471E+00
S 9.602213E-01 1.0553R4E+00
4 2.023230E-01 1.007892E+00
2 & 43273ZE-01 0 9.4671912E-01
2 4.821024E-01 9,352247E-01
1 2.200000E-01 9.,1329472F-01
PGRADD(N) I3:-—

4.593484E-01
'PPEITOKAY SO0 FAR? - 1=YES,O=N0O! !t
1










