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A GENERALIZED THEORY FOR THE DESIGN OF CONTRACTION CONES
AND OTHER LOW-SPEED DUCTS

By Raymond L. Barger and John T. Bowen
Langley Research Center

SUMMARY

A generalization of the Tsien method of contraction-cone design is described. The
design velocity distribution is expressed in such a form that the required high-order
derivatives can be obtained by recursion rather than by numerical or analytic differen-
tiation. The method is applicable to the design of diffusers and converging-diverging
ducts as well as contraction cones. The computer program is described and a FORTRAN
listing of the program is provided.

INTRODUCTION

For incompressible flows in ducts of slowly varying radius the one-dimensional
flow relation between the velocity and the cross-sectional area can be used to predict the
velocity distribution in a given duct or to design a duct for a desired velocity distribution.

However certain applications, such as the contraction cone for a wind tunnel, require
short ducts with a relatively rapid variation of the wall radius. For such applications the
one-dimensional relation no longer suffices, and a solution of the differential equation of
the flow must be sought. Tsien (ref. 1) derived a solution for the stream function in terms
of a prescribed axial velocity distribution, and applied this solution in the design of a
wind-tunnel contraction cone.

It should be mentioned that such a design, obtained from the incompressible-flow
equations, is a conservative design in the sense that when it is operated at off-design
compressible conditions, the ratio of exit velocity to entering velocity is higher than the
design ratio.

The major difficulty in applying Tsien's solution arises from the stringent require-
ments on the form of the input axial velocity distribution. These requirements are such
that only a small class of functions can be used to describe the design velocity distribu-
tion. This problem has been considered in reference 2, where a form of velocity distri-
bution different from that of reference 1 is used.



This form allows more freedom in shaping the design velocity function, but it intro-
duces the problem of requiring hand calculations in analytic form of many derivatives of
the function. Other analyses have utilized different formulations of the solution of the
differential equation according to the way the variables are separated in solving the equa-
tion. The method of reference 3 assigns an exponential type of variation in the axial
direction, and so is limited to a single design velocity distribution. References 4 and 5
use a periodic axial velocity distribution, but inasmuch as the flow is not periodic, this
formulation gives rise to errors near the beginning and the exit of the contraction cone.
An additional problem with this latter method is that the finite-term trigonometric approx-
imation to a function is in general a function that oscillates about the desired function,
and such a "wavy" distribution is not very satisfactory for design purposes. The three
forms of solution for the stream function are given explicitly in reference 5.

The present analysis represents a generalization of the method of reference 1, in
that a wide range of design velocity distributions is permitted so that the method is no
longer restricted to a specific contraction cone but may be applied to the design of a wide
" variety of ducts. Greater accuracy is obtained through the use of an electronic computer
and by retaining a large number of terms in the series solution.

SYMBOLS

A,B,c,d, arbitrary parameters and coefficients in expression for design velocity

g 'p
f ¢ general form of design velocity distribution at centerline
fp preliminary form of design velocity distribution at centerline (eq. (3))
f0 design velocity distribution at centerline used in refer(?nce 1
G total velocity
H, nth Hermite polynomial
k upper summation index
m,n indices
X,r cylindrical coordinates



u,v axial and radial velocity components, respectively

Z = CX
Smn Kronecker delta
= & e-c2x?
i
Y stream function
Subscripts:
i initial
f final
m,n indices

ANALYSIS

Tsien's solution (ref. 1) for the axial and radial velocities in incompressible axi-
symmetric flow is

0 (—l)n f(zn)( ) an
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where fy(x) is the prescribed velocity on the axis. The stream function can be obtained
by integration. Its k-term approximation is
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The kind of functions fg(x) which are appropriate for describing the axial velocity
distribution will now be examined. It is apparent that if the series is truncated at the




nth term 2n - 2 derivatives of fo are required. Therefore, f; must be such that
these derivatives can be obtained in analytic form because it is generally impossible to
obtain high-order derivatives numerically with accuracy. Furthermore, as has been
pointed out in reference 2, the simplest way to insure that conditions at infinity upstream
and downstream be uniform is to require that all the derivatives of fg vanishas x — i,
but of course f must not itself vanish at x = 0.

Thus it is seen that the class of functions that can be used to describe the axial
velocity is severely limited.

In reference 1 this velocity distribution is prescribed by the function
= = 2
ur=0(x) fo(x) 0.55 + 32 ‘Sﬂ e 4dx (2)

The following analysis generalizes the procedure of reference 1 so that a much larger
variety of design velocity distributions is permitted and in such a way that the series can
be carried out to an arbitrary number of terms without any penalty except a trivial
increase in machine computing time.

The basic preliminary form of the design velocity function is chosen to be

2cB -c2x2
(x) =A+ == e dx (3)
p Vi Jo

which is only a slight generalization of equation (2). The derivatives of this expression
can be obtained by recursion, following a development similar to that of reference 1: Let

—c2x2
<I>(x)=c—‘j.7?eCX

then the m + 1 derivative of fp is

D) - 28 5™y
Substitute
x=t (@)
.2 = 22
then
o) - & em L o2 =C“J‘f1< 1Me = 1y (2)



or
8(M)(x) = (:1)Mc™ (x) Hy,(2) (5)

where H,(z) is the mth Hermite polynomial (see eq. (29) on p. 91 of ref. 6). The
recurrence formula for Hermite polynomials is

Hy,(z) = 2z H,_1(z) - 2(m - 1) H,, _o(z)
Multiply both sides by (-1)™c¢™ &(x) and then equation (5) becomes

3M)(x) = 22(-1)Mem H _4(z) - 2(m - D(-1)Pc™ H | _o(2)

-ZCZE— pPlZem-ly (2) + (m - 1)(-1)2em-2 Hm_z'(z):'

1

-2¢2|x é(m'l)(x) +(m-1) é(m'z)(x):l

which is the desired recurrence formula for the derivatives.

Now consider a more general design velocity function fg(x), obtained by adding
terms to fp(x). Since the initial and final velocities are determined by the coefficients
in fp(x), these additional terms and all their derivatives must vanish at t«. They should
also be such that an arbitrary number of differentiations can be performed analytically
in a simple manner. These conditions are satisfied by the form:

k
) = £p() + ) dpe”™% Hy(x) (6)
0

2
The factor e X" in each term of the series assures that the conditions at +e will not
be affected. The derivatives of these terms are obtained by the recurrence formula:

2 2
g—xﬂe-x Hn(x):,=-e’x H,,1(®)

(ref. 7, p. 786, where the stated formula contains an extraneous factor of 2).

The coefficients dj can be determined as follows by means of the orthogonality
property of the Hermite polynomials. Denoting

f d(x) = fg(x) - fp(x)



and substituting in equation (6)

k .
fq(x) = z dne‘X2 H(x) )
0

multiplying by H,,(x) and integrating, yields

k v k
("t By ax= ) a, e Hy() Hyp) dx = ) 2™ty dy
« n - n=0

Thus

dy, = 2m—;‘.—ﬁ§_w f4(x) Hy, (x) dx

where the finiteness of the integral is assured by the nature of fq(x). Of course the
series in equation (7) will, in general, only approximate f4(x) since only k terms are
used.

A simpler, but less accurate, approximation could be obtained by matching the func-
tion fd(x) at k points and obtaining the coefficients as solutions of k simultaneous
linear equations.

Actually, neither of these methods for determining the coefficients has been used
so far. Rather, the calculation of fg(x) was programed for visual display, and various
values of the coefficients were tried until a close approximation to the desired fg(x) was
obtained.

A description and listing of the computer program is given in the appendix.
DESIGN PROCEDURE

The basic considerations that govern the design of a contraction cone from a pre-
scribed axial velocity distribution have been discussed in reference 2. In general the
same considerations are applicable to the design of other kinds of ducts.

After selecting an appropriate axial velocity function the next step in the procedure
is to determine several streamlines by solving the equation for the stream function,

S fézn—z)(x) r2n

220 14[(n - 1)]?




where

k

fg(x) = A + 3\‘/:“7}3 ;{ e'czxzdx + z dne'X2 Hp(x) (8)
n=0

for r at the designated x-stations with fixed values of . A computer program library
routine, utilizing interval-halving, was used for this purpose. It may be noted that, in
accordance with Descarte's rule of signs, there may be as many as k positive solutions
of equation (1) for r2 and sofor r (for fixed y and x). However, any possible
ambiguity in the solution can be avoided by making an initial estimate of the radius from
the one-dimensional approximate relation between velocity and area ratio, after one point
on the streamline has been computed. '

As successive streamlines are determined, the velocity distributions along the
streamlines are also computed. These display a greater radial variation in regions of
larger curvature, eventually leading to an adverse velocity gradient in regions of inward
turning of the wall. Of course some radial velocity gradient is normally acceptable, and
generally a slight adverse velocity gradient can be tolerated by the boundary layer. These
factors must be considered when selecting a streamline for the actual duct contour inas-
much as the duct length is shortened by taking larger values of the stream function. Since
a short duct implies savings in material, space, and wall-friction losses, the usual design
goal is to have the shortest possible duct compatible with acceptable flow quality.

DISCUSSION AND EXAMPLES

The form of the design velocity distribution is determined by the choice of the vari-
ous parameters in equation (8) in a manner which can be readily demonstrated. Using the

OO
identity 5 e'°2x2dx = g, one readily computes that upstream, at x = -oo,
0

f,1=A-B

and downstream, at X = +o,

fg,f=A+B.

7
Consequently A = Z(fg,l + fg,f

B = -%—(fg’f - fg,i)- When d, =0 for all n the velocityis A at x =0; and, inasmuch

as the odd-order Hermite polynomials are odd functions of x, the presence of the terms
containing these polynomials does not change the velocity at the origin. The even-order

), the average of the initial and final velocities, and



polynomials, on the other hand, influence the velocity function in a symmetric (even) man-
ner and, consequently, affect the velocity at the origin.

The nature of the exponential factor e-c2x2 in the integral term of f (x) and

f (x) assures that f (x) will be essentially flat outside of some ne1ghborhood of x=0.
Inasmuch as the terms of the summation each contain a factor of e'X2 the neighborhood
of x =0 over which these terms alter fp(x) depends on the magnitude of ¢ compared
to 1.

An example is shown in figure 1. Here an axial velocity distribution obtained by
using only the two terms of fp(x) (eq. (3)) is compared with one obtained with the same
values for the parameters except with dy = 0.1. Thus, the initial and final velocities and
the velocity at the origin are all unchanged, but the variation of velocity throughout the
design region is radically changed. This distribution (with dq = 0.1) has appropriate
characteristics for a contraction-cone design, that is, it is relatively short between the
flat ends with smoothly varying curvature. Figure 2 shows a contraction cone designed
from this velocity distribution together with several internal streamlines. Figure' 3 shows
the distributions of velocity along these streamlines. As expected the radial variation of
velocity is greatest near the entrance where the curvature is greatest.

A different kind of design velocity distribution is shown in figure 4. Here the initial
and final velocities were prescribed to be 0.5 and 1.0, respectively, with the terms with
Hermite polynomials all chosen to have zero coefficients except dg = 0.6. Thus the max-
imum velocity occurs at x = 0, where fg =A+ dO = 1.35. Such a velocity distribution
(one with the peak velocity between the ends) cannot be described with the original Tsien
formulation.

A duct designed from this velocity distribution is shown in figure 5 together with
some streamlines, and the wall velocity distribution is shown in figure 4. The radial
variation of velocity is noticeable at the minimum, where the curvature is relatively large.
This result may be compared with that of figure 3 for the contraction cone where the rela-
tively small curvature at the minimum results in a nearly uniform flow there.

CONCLUDING REMARKS

A method for generalizing the Tsien procedure of contraction-cone design has been
presented. The class of design velocity distributions is enlarged in such a way that con-
ditions far upstream and downstream are unchanged, and so that the derivatives required
in the calculation can be obtained by a recurrence formula rather than by numerical dif-



ferentiation. The generalized method is no longer restricted to contraction cones but now
permits the design of diffusers and converging-diverging ducts.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., September 26, 1972.



. APPENDIX
COMPUTER PROGRAM FOR LOW-SPEED DUCT DESIGN

A computer program has been developed which will calculate the wall contour for a
subsonic duct. The program is written in the FORTRAN IV language for use on CDC 6000
series computers. Since it was desired to take an interactive approach to the problem,
-the program has been implemented on the LRC interactive graphics system using the
CDC 250 Cathode Ray Tube (CRT). The program listing and a description of its input
and output are presented in this appendix.

Description of Program

The program is basically divided into two parts. Part I of the program builds an
I X 4 design table where the stream function i, the axial coordinate x, the radial coordi-
nate r, and the number of derivative terms N are column vectors; I is the number of
row entries. The program computes the value of the stream function at any point x,r or
the value of r for an arbitrary value of  at some specified axial coordinate. By
employing these two computations (each of which stores an entry in the design table), the
user can determine the neighborhood of the desired solution and approximate the bounda-
ries of its convergence.

Part II of the program computes the radial coordinates which agree with some spec-
ified range of the axial coordinates and a fixed value of the stream function (streamlines).
In addition, it gives the corresponding velocity distribution in the duct and its axial and
radial components. The streamlines are visually displayed on the CRT with a visual cue
at the point where the velocity is no longer monotonically increasing. The plotting speci-
fications are variable and may be input during program execution.

Subprogram Index

The following is an index of the subprograms called by this program and their
sources. AUTHOR denotes routines written by the authors of this paper. CALCOMP
indicates routines available as a part of the CalComp graphic output system. CRT indi-
cates routines which are a part of the LRC interactive graphic system. LIBRARY denotes
routines which are on the LRC computer complex system tape. The functions of the
authors' routines are also given. '

10



Subprogram

ABS

AXES

CALPLT

CDC250

DAYTIM

DERIV

ENCODE

EXP

FACT

FLOAT

FOFR

FUNC

IFIX

ITR2

LEROY

LINPLT

MESAGE

MGAUSS

NEXT

LIBRARY
CALCOMP
CALCOMP
CRT
LIBRARY
AUTHOR
LIBRARY
LIBRARY
AUTHOR
LIBRARY
AUTHOR
AUTHOR

LIBRARY

LIBRARY
CALCOMP
CALCOMP
CRT
LIBRARY

CRT

APPENDIX - Continued

Function

Computes the derivatives of fg(x), equation (6)

Computes the factorial of an integer

Evaluates 1 - fg(x) for routine ITR2

Evaluates the integral in fg(x)



APPENDIX - Continued

Subprogram Source Function
NOTATE CALCOMP

PARAMS  CRT

PNTPLT CALCOMP

RECIN LIBRARY

RECOUT LIBRARY

RVALUE AUTHOR Computes r, velocities u and v,and G for y at x
SCREEN CRT

SIGN LIBRARY

SQRT LIBRARY

STREAM AUTHOR Computes i at any point x,r

Program Input

The first two cards should contain the velocity distribution function (free field). It
will be printed as a part of the header on the first page of program output.

The next input block should contain the velocity distribution function parameters and
the parameters used in the iterative method to determine the radius of the duct. These
variables should be input under the FORTRAN IV Namelist format. A description of these
variables and the corresponding names used by the source program are as follows:

Name Symbol Description
$FPARAM Name required by input routine
AG1 Lower bound on the neighborhood of r
AG2 Upper bound on the neighborhood of r
C2 c2 Velocity distribution function parameter

12



APPENDIX - Continued

Name : Symbol Description
DELR Initial size of the scanning interval ri=rit DELR
I ri<r<ry, , DELR= DELR/2
D1 dyq Velocity distribution function parameter (see eq. (6))
D2 d2 Velocity distribution function parameter (see eq. (6))
EPS1 Z:l Relative error criterion for determining convergence. If
r:|>2= w =2, implies convergence
73] > 2y, r; |0 “1 P g
EPS2 Z9 Absolute error criterion for determining convergence. If
r; £24, |ri - ri_1| = Z, implies convergence
MAXIT Maximum number of iterations to be used
NACC N Number of derivative terms to be used
\'21 f g,i Desired initial velocity in the duct
s .
V2 fg £ Desired final velocity in the duct
b
$ Required by input routine

The next input section forms the basis for the design table. Each card should con-
tain an axial coordinate (columns 11-20, F10.4) and a radial coordinate (columns 21-30,
F10.4). These coordinates should be chosen such that the stream function is specified
throughout the entire field of interest. The value of the stream function is computed at
these points and stored in the design table ordered on decreasing values of .

The final input block is to be input at the CRT station. The variables in this block
may be changed at any time during execution of the program affording interactive control
over the program. By varying these parameters the user may take advantage of program
options to (1) add and delete entries-in the design table, (2) make limited changes to the
velocity distribution function, and (3) vary the iteration scheme to achieve convergence.

13



APPENDIX - Continued

Name Symbol Description
AG1 *
AG2 | *
Al A Velocity distribution function parameter (see eq. (3))
A2 2\[2. cB Velocity distribution function parameter
c2 *:
DELR *
DPSI Increment from PSIMIN to PSIMAX
DX Increment from XMIN to XMAX
D1 *
D2 | *
EPS1 *
EPS2 *
GDIST Length of Y-axis for velocity plot (in.)
GDV Y-axis scale for velocity plot (units/in.)
GMAX Maximum velocity computed
GMIN Minimum velocity computed
GOR Y-axis origin for velocity plot
1 Row number in design table

14



IP1

P2

MAXIT

NACC

PsI Y
PSIMAX

PSIMIN

RDIST
RDV
RMAX
RMIN
ROR
Vi

V2

XDIST
XDV

XMAX

APPENDIX - Continued

Description
Printing control for part I of program

Printing control for part II of program

Maximum streamline to be computed

Minimum streamline to be computed

Length of Y-axis for radial plot (in.)
Y-axis scale for radial plot (units/in.)
Maximum radius computed

Minimum radius computed

Y-axis origin for radial plot

Length of X-axis (in.)

X-axis scale (units/in.)

Maximum value of x for which Y is computed

15



APPENDIX - Continued

Name Symbol : Description

XMIN Minimum value of x for which ¢ is computed
XOR ' X-axis origin

NOTE:

The starred (*) variables are defined previously in the éppendix.
A sample input follows:

F(X) = Al + A2*I(SQRT(2PI)*E **(-C **2* X **2))DX + E** - (X**2)*(D1*HO + D2*H1)

I = INTEGRAL FROM 0 TO X '

$FPARAM AG1 = 0.0, AG2 =1.0,C2 = 1.0, DELR = 0.1, D1 =0.0,D2 = 0.1, EPS1 = 1L.E - 6,
EPS2 = 1.E - 6, MAXIT = 200, NACC = 10, V1 = 0.133, V2 = 1.0$

1.0 11
1.0 .9
0.0 1.0
-1.0 .9
-1.0 0.0
1.0 N
1.0 .6
1.0 4
-1.0 7
-1.0 6

Program Output

. On the first page of printed output, the velocity distribution function, its parameters,
and the design table are printed.

On the following pages, the radial distribution is shown for i = PSIMIN to
y = PSIMAX incremented by DPSI over an axial range of X = XMIN to X = XMAX incre-
mented by DX. The resultant velocity G and its axial u and radial v components
are also included.

The plotted output included the radial distribution curves, the velocity distribution
curves, and the centerline velocity curve. They are displayed on the CRT during program
execution with the capability of saving them for post-processing on the Calcomp plotter.
The plot format is similar to that of the figures shown in the main body of the paper.

Following is the printed output which corresponds to the input previously presented.
Streamlines are shown for y = 0.003, 0.006, 0.009, 0.012, and 0.013. The centerline

16
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APPENDIX - Continued

PROGRAM CNCONK(INPUT:10019OUTPUT=1001QTAPE5=INPUToTAPEﬁ:OUTPUT.TAP
1E8)

Ltow <PEED NDuCT DESIGN

DIMENSION PSIs(10u)s A(L0D)s RA(1NG) e MESG(L0),s TONF(R)» XPLOT(500
1ye YPLNT(500). NAC(Ino}

DIMENSTION ORG(2)s DV(2)e DIST(2)s JRCD(2)

DIMENSION DAT=(2)s FCTURe2)

EQUIVALENCE (SNR0RG (1)) e (GOR,0RG(2)) (RDVeDVI1)) e (GNVeDV(2))
L(RDISTSDIST(IVYy (GDTSTNIST(2))

COMMON /YDY/ NFLReEPSIIEPSZeMAXIT

COMMON /YD2/7 NACCHPSTeXeRaUNVan

COMMON /YN3/7 n2YeA2eC?4D19D2

COMMON /YD4/ aG1eAG2

NAMELTIST/FPARAM/ AGle AGPs C29+ DELRe N1s N2 EPS1s EPSZ2oe

1 mMAXTIT. NMACC. Vie V2 :

PRAGRAM INITIALIZATION
CALL €DC2-0
CALL LEROY
CALL SCREFN (1.091e04048)
52=S0RT(2,0)
MNA=100
MPT=500
1P1=1P2=0
JNK 1= UNK2==)
LPLT=0
CALL DAYTIM (naTE)
KEAD 110s FCT
FORMAT (8a10)
READ(S+FPARAM,

CALL PARAMS

CALLL PARAMS (31.PS1+PSI)

CALL PARAMS (11 XeXel{ RoRs1LIsT)

CALL PARAMS (4l DELRGNELReSLMAXTToHAXIT)

CALL PARAES (4lILEPS14FPS1e6LEPS24E£2S52)

CALL PARAMS (21.alsAl.2LAZ2WA2)

CALL PARAMS (41 NACC4MNACC)

CALL PARAMS (L AGLeAGL3LAG2+AG?)

CALL PARAMS (R.IPleIPYe3LIP2,IP2)

CALL PARAMS (2. VI+V]142LV24V2+21.C2.C2)

CALL PARAMS (21N1+]142LND2eN2)

CALL MESBAEE (1e36% TNSERT  IRTTIAL VALUES FOr PST £D1Ve36)
CALL MESAE (1.25% anY FN KEY WLl CONTIMIE «25)
CALL NEXT (KEV)

J3=1 :

GU TO 510
CONT INUE




APPENDIX - Continued

C PART 1
C GENERATE  INTTIAL PSI DISTRIBUTION TARLE
NA=(
139 READ 160N« XeR
LF(EOF+5) 180. 15U
140 FORMAT (10Xe2F1Qea)
15y NA=NA+1]
IF (Na,LE .MNAY GO 10 170
FRINT 1A0« MNANA
1690 FOPMAT (39HOMrxIMUM TNITIAL PST DIMENSION EXCEEDED2I10)
60 7O 130 ’
C COMPUTE Pat
175 Cal L STREAHM
HFSTA(NAY=PSISA (NA)=XFRA(NA) =R
NAC (NA) =NACC ’
60O 7O 130
144 IF (NA.GT MNAY NA=HMNA
Jl=27
ENCODE (N 2197 e MESG) NA
19§ FORMAT (1X41S.211 INTTIAL PSI CcOMPUTED)
CALL MESAGE (1 +MESG. 1)

OO

ORDER INTTIAL PS1 TAKLE ( DFESCENDING )
J3=Na-) '
w0 210 Jl=1e+d3
Je=Jl+)18Jc=J]

120 200 J4=JZetib

IF (PSTIACUS) ot T,PSTA(J*Y)Y JUS=Ja

2 CUNTINUF
1F (JUS.FR.,J1)Y RO T 21V
SAV=PSIAC I SLSIA(IL)Y=PSTIA(JS)SPSTA(JUS)=5AY
SAV=A(J))YSAat ) =A(USYFRA(JS5)=SAyY
SAV=RA(SLYRRA (1) =RKA(U9) FRA(USY=SAV
SAV=NAC (J1)YPNAr (J]1) =nAC(JS) BNAC (J5)=SAV

2lc CONTINUF '

C NISPLaYy  INTTIAL PST TARLFE
220 JRT=]
234 Je=20
J5=50
DU 260 Jl=1«N~eJ2
J3=J1+J2=)
1F (U3 0T, NAY J3=rip
LU 255 Ju=Jle13
ENCODF (JSe265eMESGY J4ePSTA(UG) s 0 {J4 ) «RA(J4) sNAC(J4)
24 FORMAT (3= J=elPebH DEI=eF13,Hhe3H X=eF R a3 RzeFHB 4934 Nz=el2)
CALL AFSAGF (1 eMFS56Ge 15)
25 CUNTIHUF
Cal L MESARE (.32 ARY EN KEY wili CONTIRMIE DISPLAY 33
CaLy “FXT (KF vy
CUMNT [ rjur

onNS
[0y
«



299y

300

310

32vu

3390

34y

26

APPENDIX - Continued

EDIT INYTIAL PST TABLE

CALL MESAGE (1254 END OF PST RANGE NDISPLAY2S5)

GO TO (27¢+620)e JRT '

CALLL MESAGE ()e«26¢% BEGIN EDIT RANGE OF PST24)

CALL MESAGE (1«27H VARIARLES ARE X R Te27)

CALL MESAGE (137K FN KEY WIIL COMPUTE PST AT X AND RPe37)
CALL MFSAGE (1364 FN KEY WTI L TNSERT PSTe Xo AND R436)
CALL MESAGE (1230 Fn KEY Wi L NELETE 1423)

CALLL MESAGE (139H FN KEY WII L DISPLAY PSTeXeAND K AT T1439)
CALL MESAGE ()e328 Fn KEY WItL NISPLAY PST RANGE.s32)

CALL MESAGE ()e«36H Fy KEY WII L FND EDIT AND CUNTINUF «36)
CALL MESAGE (14374 Fn REY Wit L COMPUTE ® AT PSI AND X+37)
CALL MESAGE (1e4]1+ Fn KEY STAPLE TRANSFER TO PLUOT ROUTINEs4])
CALL MESAGE (1.3R+ Fn KEY WILL DFLETE ENTIRKE TARLE3R)
CALL MESAGE (133 FN KEY 10 WiLL COMPUTE Als A24373

LCXNOU F v

CALL MESAGFE (1«38~ AMY OTHER F:j K€Y with DTSPLAY UPTIONS,3#)

CALL HEXT (KEv)

IF (KEY.En,1) n0 10 »29vy
IF (KFY, EG.2) <O TU 1110
IF (KEY.EN.3) 0 TO 4006
LF (KEYEN &) O 10 430G
IF (KFY.EN.%) 60O TO 220
IF (KEY ,ENn.h) 6O TU 840
IF (KEYEG,T) D TU 44U
IF (KEYJEOLR)Y O O 420
IF (KFY.EN,9) 60O TO 490
IF (KEY.EO,10y GO TO sS40
GU T0O 28y

CuMPHTE Pql
CALL STREAM
ENCONFE (504300 «MESGY PSTeXeReNACC
FORMAT (5H PST=eF16,6e¢3H X=oFR _ 49tH RzeFB.4¢3H N=e]4)
CALL MFSAGE (1+MESGeS0)
GO TO 2A0

INSFRT PSSt I TaRLF
IF (NALFO,.MNAY GO TO 390
IF (PST1.LT.PSTACLY) a0 TO 320
Jl=1l
GL TO 340
LY 330 Ul=2sNa
IF ((DSTalFePSTA(Il=]))) eAND (PSTLAELPSTALILYY) 6O TO 340
CONT [ NUF
Jl=NA+1
OU TO 3e&0
Ul 354 J2=Jdlerin



35y
360

370
380

&0

4a

45§

46

470

480

49§

500

APPENDIX - Continued

J3z=nNA=-JP+ J]
FSTA(JI3+1)=PSTA(J N $a(JI3+1)=A(13) sRA(J3+1)=RA(JSI)
WAC(J3+1)=NAC(.13)

CUMT INUE

PSTAC LY =PSTISr (Jl)=XsRA(I])) =R

NAC(J1)=NaCC ‘

NA=NA+]

ENCODF (7R 387 4i4E506) NAleoNAC(Jl)oPSIA(Ql)oA(Jl)oRA(Jl)
FURMAT (9w TOTAL I=9T7493H J=9T4434 N=9g[394XeSH PS[=eFlheb94H
19,4444 R:oFg.b)

CALL MESAGE (1 eMESGe3D)

CALL MESARE (1«MESG(s)Ys47)

6u TO 2%0
CALL MESARE (4«23 MaX | HAS REEN REACHEN23)
GO TO 2890

NELETF crTRY I IN PST TAHLE

DO 410 J2=TeN2

FSTAC 12)y=PSTA(12+1)
ACJ2)=A(J2+])

KA (JP2)Y=RA(J2+1)

HMAC (J2)=NAC(J2+1)
CONTINUF

NHA=NA=~1]

ENCONE (374421 «MESGY NAGT
FORMAT (Y4 TOTAL I=eT5e1Re8H DFLETEDN)
CALL MESAGE (Y MESGe )
00 TO 2RO

Jl=1
Gu 10 370

COMPUTE R FOR PST AT X
CapL wvaLuE (1CODE)
ENCONE (504450 ¢MESGY PSTeX
FURMAT (5H PST=eF16,245H X=9F16,R)
CALL MESAGE (1 eMESGea?)}
ENCODE (50460 «eMESG) RIG
FUORMAT (3H R=,F16.HeCH G=eF1r.8)
Call. MESARF (1 4MESGes0)
ENCONE (S0e4T70eMESOGY) UsV
FORMAT (3% U=,.FlbheHesH V=9F16eH)
CALL AFESANRE (1 eH4ESGes1)
ENCONE (50e4R".MESG) NACCC1CONF
FURMAT (3H WN=.J2e124 ERROR CUDF=413)
CAlLL MESARE (1MES5G420)
CALL MFSAGFE (125H ANY FN KEY wilLL CONTTINUE +25)
CALL NEXT (KEv)Y
6o T0O 2R0
NA=ZO$PSTA(I)=PSTIA(R2)=9.F1§
CALL MESAGRE (1elor TAaRLE DELETFDe14)
Gu TO 240

J3=2
GO TN 5310
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COMPUTE FUNCTION  PARAMETERS al A2

N eoNeNel

16 C2=ARS{(C2)
Al=Q.5%(V1+V2)
A2=S2H#SORT(C2Yy&# (VZ2-V))
ENCODE (10095259 MESGY V1eV2eC24A1,A2
S2G FURMAT (12H TNTTe VELTeFBe4sl?H FINAL VEL.=eFBetsaH C2=eF10.696X0
lah Al=9FlR ., BeaH ArZ=eF16,8)
CALL MESAGE ()1 e4MESGe40)
CALL MESAGE (1«MESG(5)420)
Cat . MESAnRE (14MESG(7)440)
ENCODE (34¢53n4MESG) N1sD2
53¢ FORMAT (4H D1l=oFl3ebheaH D2=9F13,6)
: CALL MESAGE (1«MESGs34)
GO TO (120+2BNn)s J3

' £ND INITTAL P<S EDIT
40 CALL MESAGE (3,285 RFPEAT FN KFY » TO END EDIT28)
CCALL MESAGE (1e38H4 AMY OTHER FN OKEY Wikl DISPLAY UPTIONSe38)
“CALL NEXT (KEY)
IF (KEY.NE.Hh) GO TO 280
IF (IP1,NF,0) 0 TO 610

OO0

oOc

OUTPUT INTTIAL PS] TABLE
DO 600 Jl=1eNn
IF( MODC Jl=1. 35 ) NE. 0 ) 60O TO 595
PRINT S50s nATE(D)
S50 FURMAT(1H)//S0Xxs *CONTRACTION CONE DESIGN TABLE®s 15X, #DATE#.
1 5Xe ATO)
‘ PRINT 564s 0T ,
560 FURMAT (/10Xe0HVELOCTTY DISTRIBUTION FUNCTIONGSXeBAL10N/4SXe8A10)
PRINT 570+ Vie V2s Alse A2, C2 :
57¢ FURMAT (/70Xe 1 1HINIT, VELe=9F9,445Xs [IHFINAL VEL =9F G ,495XK93HA1=F
190645X03HARS9F G 45X GHCH#229F 5, 2)
_ PRINT 571D1ls D2
571 FORMAT (53X, #nix=Hy FR, Go # Np=®. FR,4)
PRINT GHO
S8G  FORMAT (//32XeTHIs17Xe3HPST 919X e 1HXe19XalHR$SXy IHN)
595 CONTINUF
PRINT 590« J1PSTA(JY1)YIA(IL1)eRA(JIIWNACIIL)
59¢ FORMAT (2RXe1%a3F20,51R)
600 COMNTINUE
610 CUNTINUE
C
C

it

.M‘
V100
\
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PART 11
SET-upP PLOT PARAMETERS

CALL PARAMS (41 XMIN9gXMINe2LDXeNXe4LXMAX s XMAX)

Call. PARAMS (ALPSIMINSPSIMINs4LDPSTeNPSIs6LPSIMAXsPSIMAX)
CALL PARAMS (3LROKsRNR43LROVIRNVeSLRDISTsRDIST)

CALL PARAMS (3LGOReGOR3ILADVIGNVISLGDISTSGNIST)

CALL PARAMS (L XUKsXNR43LXDV e XNVaSLXDISTsXDIST)

CALL PARAMS (4LRMINPMINsaLKMAXsRMAX)

CALL. PARAMS (41 GMIiNeAMIN4LGMAX ¢ GMAX)

AMIN==4 0FNX=r ,4FAMAX =4, 0
PSIMINZ ,0279DPSI=140%PSIMAX= 027
I18=8

JOATA=URPS=JGS=y

CALL CALPLT (n.,0s0e0.-3)
TMaJ=1405TMIN=G, 1
JRRCD=1HXEXHGT=44 0/ 15, 85 JNX=-1]
XDIST=10.03RDTST=1040$GNIST=10,0
JBCD (1) =1 HRIJILCD(2) =1 HGRUN=+ ]
JSYM=3%JSTZE=1$PY=0,1

MCURVF=11

CALL MFSAGE (1320 Fn KEY 1 WL NISPLAY PST RANGE«32)

CALL HMESARE (1427H FH KEY 2 WILL COMPUTE DATAS27)

CALL MESAGE (1e4hH VARIABLES ARE XMINeDXoXMAXsPSIMINSNDPST+PSIMAKe4
16)

CALL MESAGE (1437H Fii KEY 3 WIi L SCALE PSI NDISTRIBUTION37)

CALL MESAGE (14427 VARIARLES ARE XORsXDVeXDISTeROR+RDVIRNISTe42)
CALL MESAGE (1379 Frt KEY 4 WILL PLOT PSI DISTRIBUTINON37)

CALL MESAGE (735H Fn KEY S5 WL SCALE G DISTRIBUTION,35)

CALL MESLGE (1e31H VARIARLES ARE ROFRe GDVe GDISTH31)

CALL MESAARE (1435H Ft) KEY 6 WILL PLOT 6 DISTRIBUTIONG35)

CALL MESAGE (yestH FN KEY 7 WILL NISPLAY NON-MONOTUNE VELOCITYs44)
CALL MESAGE (1426H FN KEY A WILL FND PROGRAM,26)

CALL MESAGE (14397 FN KEY 9 wliL RETURN TO PSI RANGE ENIT,39)
CALL MESAGE (14251 FN KEY 10 WTLL NORMALIZE «25) _

CALL MESAGE (1438% ANY OTHER Fn KFY WILL DISPLAY OPTIONS,38)
CALL NEXT (KEVY)

IF (KEY.EN.1) GO TOU &30

[F (KEY,EN.2) 6L TU A&l

IF (KEY,E0,3) 6O TO rlb

IF (KEY,EN.4) 0 TO 236

IF (KFY,LFQ,5)Y 60O TU 1099

IF (KEY.ED.6) 6O TO 930

[F (KEY,EN,7) GO TU 1120

LF (KFYENJR)Y GO TO 1170

IF (KEY,E0.9) D TO >70

IF (KFY_ EN,10y GO TO 850

LU TO 620
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DISPLAY INTTIAL PSI TARLE

JRT=2
GO TO 230
COMPUTE RanIAL NISTRIRUTIUN

RCURVE=(PSIMAY-PSIMIN) /DPS]
JINK1I=UNK1+]
LPLT=LPLT+1

CHECK FQO» o MaAXIMUM NUMRER OF CURVES
IF (RCURVE LE FLOAT GACURVE=1)) 6O TO A60
ENCODE (37+46539«MESG) RCURVE o MCHRVFE
FORMAT (2XeF12.5Ss114 MORE THAN +I5e7H CURVES)
CALL MESAGE (4«MESG3T)

G0 TO 620
KPT= (XMAX=XMINY ZDX
CHECK FO= MaXIMUM NiIMRER oF PUINTS

IF (RPT LFFLNAT(MPT=1}) GO TO KRG
ENCODE (374675 «MESG) RPTMPT
FORMAT (2X4F12,59e11H MORE THAN oI5e7H POINTS)
CALL MESAGE (4 4MESGeRT)

GU TO K20

ICURVE=TFIX(RrURVE+],5)
NPT=TFIX(&PT+1,5)

REWIND §B % ATOhE=n
RMAX=GMAX==]1,F90

RMIN=GMIN=]oF 0

PS1=PSTMIN

WU 799 J2=191MIRVE
GTONE==14F9
IEOF=4%U3=-1
K=XMTN

ICODE=1

DO 785 Jl=1eNLT
COMPUTE RapDIUS

CALL RVALHE (1CONE)
IF (ICODE,EFQenY DH=R
CALL RECOHT (1R1eIENFJI29J19PSTaXeRel}eVe(5)
IF (JUTONE ,NE .3y GU Tn 700

CHECK FOoo NON=MONOTONE VELOCTTY
IF (G GT«TONSY GO T 690
TOMNE(1) =J23TOE(2) = 1R TONE (3) =2 STATONE (4) =X
FTONE(S) =RETONC(6)Y=USTONEA(T)=VITONE (R) =G
JTONE=1
6O TO 700
GTONE=G
CUNTINUF

CHECK F O MINTMUM AND MAXTMUM  YRLOT

VALUES
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IF (RJLTePMINY KMIN=®

IF (R.GTe2MAX)Yy RMAX=D2

1F (GLTeGMINY GUIN=A

1F (G.OT.HMAX)Y OGMAA=R

LE (IP2,NF.0) RO TO 7706

J3=U3+1

ouUTAUT CiiRVE Jz

IF( MOD( J3s 35 ) LNF, 0 ) ~O  TO 765

PRINT 7104 J2e DATE() Y PSIMIN, PSIMAXS AMIN, XMAX

FURMAT (1W1//76a7Xe s34 K OAND G NISTRIRUTION FOR CURVE «13¢20Xe6HDA
FTE 9SXaA10//7207eAHFST = oF 14,600 X92HT0eF1l4ehol10Xe3HX= «Fl4,695Xe2HT
2U0sFl4,.5)

PRINT 720. PST

FORMAT (5HPPST=eFl4,A)

PRIMT 7304 Viae VP2s &le A2 C2« NACC

FUPMAT (/8Xe 1 YHINIT, VELe=eFR.4+SXel1IHFINAL VELe=9FB,4¢5Xe3HAL=sFR
Lol oSXe3HADP=9F 0 [ GeSXeSHCH#2=eFR 495X 2HN=9]3)

PRINT 7404 Di1e DZ2s LPLT

FURMAT (40X e3RNI=eF8 495X s AHN2=9F H 4 ¢S X e RHPLOT NOW s 15)

PRINT 750

FORMAT (/13XePHPTol4X e lHXe 14Xy 1HR G 14Xy 1HUS 14X 1HV 14X e 1HG)
CONTINUFE

FRINT 760¢ JleXoResUeV,4(

FURMAT (11545F15,06)

CONTINUF

A=xX+DX
IF (X,6Tex4AX) X=xMaX
CONTINUF

PST=PST+06S]
IF (PSI.GT.PStraX) PSI=PSIMAX
CUNTINUF

DIsSeLny MEN MU AND MAX T MUM PLOT VALUES

ENCODE (BU B0 e MESG) RMINSHMAX ,GMINeGMAX

FURMAT (614 RMIN=9F 14 ,646H KMAXZoF14.,646H GMINZsFlb4,hehH GMAX=,Fl4,
16)

CALL "FSAGE (1.16H nATA  COMPUTENs o)

CALL ESARF (1 eMESGesn)

CAlL{. "“ESARE (1 +MESG(5) 40}

JOATAZ)

LU TO AP0

IF (unata ,NELy GO Tn 820
CALL MESARE (72.294CAMNOT SCALFE NO DATA COMPHTED29)
LU TO KPU

CCOMBUTE x  AND R SCALES
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820 AOR=XMIN
ADV= (XMAX=XMIMY /XDIST
ROR=RMIN
ROV=(AMAX<RMIN) /RDIST
ENCONE (34«83~ ¢MESG) XURe XDV
83C FORMAT (5H X00=eF}12,.5¢7TH XDV=9F12.5)
ENCODE (36«84~ oMESG(A) IROReRNY
840 FORMAT (54 ROD=¢F1lZ.5e7H RNDV=eF12.5)
CALL MESAGE (1.MES5Ge36) ‘
CaLL MESAGE (1«MESG(x) 436)

JrS=)
GO TO 620
C
Cc NORMA|I TZE LAST MONOTONF STRFAM LINE

850 JPLT=1
IF (UNK1.NE.JHK2) GO TO 92y
DG 900 Jl=lsNPT
XPLOT (J1)=XPLOAT(J1) /YPLOT (NPT)
YPLOT (J1)=YPLNT(JL) /YPLOTINPT)
IF (MOD(J1=-1425) ,NEL0) GO TO RagQ
FRINT 8BK0, DATF (1) '
86 FOPMAT (1H1//27Xsa46HNORMALTIZED CUPVE FOUR LAST MUNOTONF STREAM LINE
1910Xs4HNATE «Sx4ALY)
PRINT 720+ PST
FRINT 876
870 FUORMAT (/733X PHPi9s19Xe1HX919X,41HR)
886 FRINT B890e J1oXPLUT( 1Y YPLOT (D)
890 FORMAT (25XeIV(¢e2F20,5)
900U CONTINUE

ENCONE (B0e910,«MESG) XPLOT (1) o XPLOTINPT) o YPLOT(NPT) o YPLOT (1)
919 FURMAT (4 X1z=eFl3ehettH X2=9gF13.6eAXe0H RI=ZeF13ebebH R2=4F134K)

CALL MESAGE -(1+MESG.40)

CAILL MESAGE (1 MESG(S) ¢34)

CALL MESAGE (14360 INPUT SCALF FACTORS PRESS ANY KFY 436)

CALL NEAT (KEV)

JNK2=JNK 1
929 CONTINUF
GO TO 450
C READ PLNT NATA JPLT=1e RPLOTy JUPLOT=2+GPLOT

930 JPLT=KEY/5+1
IF ((JPLT.FQe1) e AND G (JRSEGLD)Y 60 TO 940
IF ((JPLT EWe2) oD (JGSGEQL0))Y GO TO 940
GO TO Y59
G94( CALL MFSARE (14391 CANNOT PLOT. NATA HAS NOT REEW SCALED39)
LU TO 620
950 CALL AXES (04 eUeusQeDsXNTSToXNReADVeTMAJeTMINGJXHCD 9 XHGT o JNX)

CALL AXFS (DaneU0eut90e0eDISTIRLTY $ORGIJIPLT) ¢DVIIPLT) « TMAJeTMT Ry IR
1CO(JPLTY o« xHOT o )
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REWIND I8

VLU 99y J2=1e1riRVFE

IF ( KEY ,EW, Y0 Y 60 TO 970

U0 360 JlzleNeT

CalLlL RECInM (I”ll’lC’JCVQJp]OPSVQX0R1U9VOG)

APLOT (J1) =X

YPLOT (J1) =R
IF (JPLTWFDe2y YPLOT(UL)=G
CUNTINUE

APLOTINDT 41 ) =xORBAPLOTINPT+2)=xDV
YPLOT (NPT 4+ 1) =026 (JPLTYDYPLOTINDT+2) =DV (JPLT)
PLOT DATA

CaLL LInPLTY (XPLOT9YPLOT~NPT~l.JSYMoJ?oJSIZEsO) ’

NNTATF PLUT
J3=17
ENCODE (J34987«MESGY PSI
FOURMAT (4MHPST=eF1346)
PrT=0,1
PY=FLOAT(J2=11# (PRT+3,2)
Px1=2,% :
CALL HOTATE (~PX1sPYPHTeMESGeNn.00J3)
FPA=(6,0/7,0)#L0AT (U *PHT+(0,14-PX]
PY:"YQO;OO
CaLL PNTPLT (bXxePYsJ2el)
IF ( KEY eV, 10 ) GN TO 991}
CONT I MUF
CUNT INUF
ENCONE (lael0r0eMESG) VI
FORMAT (3rv]=.F13.6)
FY=DIST(JIRLT) -OHT
CaLt NOTATE («PX1ePYPATIMESGe,0016)
ENCONF (lhel010sMESGY VP2
FURMAT (31v2=.F13.6)
FY=PY-2,08PHT
CALL MOTATE («PX)ePYPHToMESGe(.016}
ENCODE (1xe1Q20eMESGY C2
FURMAT (SHCH*#2=eF13,K)
PY=PY=2, (+PHT _ '
CALL NUTATE («PX1sPY.PHTeMESGeNG0e18)
ENCODE (l1ael02peMESHY DI
FORMAT (3D1=.F13.6)

PY=PY<2 ,U¥PHT

CALL SOTBYE (~PX1aPYJPHTaMESGs(,0416)
ENCODE (144104 eMESG)Y ve

FORMAT (3RNZ2=Fl13.6}

PY=zPY=p 0#PHT

CALL MOTATE (=PX1ePYPHTeMESGeN,0e16)
ENCODE (14he]077) et SO AL

FORMAT (3mAl=4F13.6)
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PY=PY=2,0#PHT
CALL NOTATE (=PX1sPY,PHTsMESGeNe0+16)
ENCODE (1A¢10c0sMESGY A?

1060 FORPMAT (AuA2=,F13,.6)
PY=PY=2,0#PHT
CALL NOTATE (=PX1sPYePHTsMESGeN.0+16)
ENCODE (1ae¢lQ70«eMESGY LPLT

1070 FORMAT (9-PLOT NO. +15)
FY=PY=2,0#PHT
CALL NOTATE (~PX19PYPHTeMESGeN.0¢14)

IF (JTONELEQ.3) GO Tn 108§
IF (KEY.,ENL10y GO TO 108¢
C FI.AG NNN=MONOTONE VELOGITY ON PLOT
PX=(TONE (4)=XnR)Y /XDV
PY=(TONE(3#JP) T+2)=0RG(JPLTIV /NV I IPLT)
CALL PNTPLT (OXePYsl)ed)
1080 CALL CALPLY (14.,0+0,09=3)
GO TO 620
1090 IF (JUDATA NE.NY 6O To 1100
CALL MESAGE (29HCANYNOT SCALEWNO DATA COMPUTEN2Y)
GO TO 62G : .
C COMPUITE ) SCALES
1100 GOR=GMIN
LDV=(GMAX-GMINY /GDIST
ENCODE (3/+111GeMESG)Y GORSGDV
1110 FORMAT (5H GOL=eFl2,5«7H GDV=eF12.5)
CALL MESAGE (1.MESGe36)
JGS=1
GO TO 620
1129 1IF (JTONE.NE.~)Y GO Tn 1130
CALL MESAGE (1423 VFLOCITY TS HONOTONE«23)
GO T0 6720
C DISPt AY NON=MONOTNONE VELOCITY
1130 ENCODF (43+s114neMESGY TONE (1) «TONF(2)
1140 FORMAT (7H CUPVE «+F3_,095H PTeF4,0922H NUONM=MONOTONE VFLOCITY)
CALL MESAGE (7 eMESGesl) _
ENCODE (50¢11204MESGY TONE (3) o TONFE (4) o« TONE (S)
1150 FORMAT (54 PSt=sFl2.5e5H XK=eF12,594H HKz=F1272,5)
CALL MESAGE (14MESGes0)
ENCODE (S0De11A0sMESHY TONF(6) e TONF (7)) « TONE (B)

1160 FORMAT (3H Uz=.F12.545H V=9F12,5.6H (=9F12,5)
CALL MESARE () «MESGesQ)
GU TO 620

C

C NOPMAL PROGRAM STOP

1170 CAUL MESAGE (6«31H REPEATYT FIN KEY 2 TO END PROGRAMe31)
CALL MFSAGE (4e3RH AMY OTHER Ful KFY WILL DISPLAY OPTIONS,3R)
CALL NEXT (XKEV)H
IF (KEYNF.&8) 0 TO &«20
PRINT 1180
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FURMAT (29H1 ~NORMAL  END OF JOB )

STopP
END
SURRQUTINE STorFaM
COMPUTE VALNE OF THF STREA4  FUNCTION PST AT X AND
X = AX1AL COORDINATE
R = RADIAL COORDINATE

COMMON /YNP/ WACCIPST AR

COF (D =(=1.0) 8 (J=l)#R¥®(2%J)/(2,08#J2*FLOAT(JYRFACT (J=1)##2)

PS1=0.0

VU 10 Jl=1eNare

Je=2#.J1-2

PST=PST+COF(JIY#NDERTY (J2)

CUNTINUE

PS1=0,5%PSY

RETURN

END

SURRQUT TNF KRVALUE (100DE)Y

COMPUTE Re Ue Ve aNN e FOR PSI AT X

G IS THE RESULTANT VELACITY
u IS THE AXIaL COMPONENT

v IS THFE RADY AL COMPONENT
ust INTEQVAL=HALVING METHOD

COMMON /YDN1/ NFLRIEPSISEPSZeMAXTLT

CUMMON /YN2/ NACC+PSTsXeRsUgVen

COMMQON /YN4/ AR) 4 AG?

EXTERNAL FOFR

COF (DN = (=101 (J=)) #R®* 8 J2/ (2,088 (2% J=3)#FACT (J=]) #42)

COFF (N =(=]laQry s (J) s 3/ (2,008 (2#J=2)RFLOAT () #FACT (J=]1) #%2)

CALL TTR2 (ReBB11AGRDELRFOFRGFPS]14FPS2eMAXT T ICODE)
IF (ICODE.FWU,”Y GU Tn 10

R==V=6==099,

RE TUR#H

uzv=0,0

00 40 Jl=1sNACC
Jéz=2#J1-2

J3=2# )1-1

IF ()2 .NF . 0) NRGEARS(R)Y (6T, 1.F~12)) GO TO 2¢
U=2,0%DERTV(J2)
GU TO 3@
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CONTINUE
U=U+COF (J1) ®*DFRIV(J2)
CONT INUFE
VaV+COFF (1) #nFRIV (J7)
CONTINUE

U=0.5%U

V=0 ,5%#V

- G=SORT (L2 +Va82)
KETURN

END
FUNCTTON FACT ()

FACTOPIAL FUNCTION
FACT=1.0
IF (JJEQe0) RETURH
IF (J FN.1) ReTURN

D0 10 J1=2+J
FACT=FACT#FLOAT(J L)
CONTINUF
RETURN
END
FUNCTION FOFR (R)
EVALUATE FUNCTTION  FUR 1722
COMMON /YNZ2/ ~0CCePSTeXeRR

SAV]I=PST
KR=R

CALL STREA™
FOFR=pSTY
PS1=SAv])

 FOFR=PST-FOFR

RETURYN

END

FUNCTION RERIYV (D)

CUOMMON /YN2/ MACCIPST X

CUMMON /YN3/ A1 eA2eCPeD)leNZ |

DIMENSION HERa(S0)e HER(50)e FOFX(1)s ANS(1])
EXTERNAL FUNC

COMPUTE JTH DFwIVATIVE ~ 0OF VFLOCTITY
SK=SQRT(2,0%3,14157245)
EXSEXP(=Co8X#:2) /5
EX1=EXP (=X#%2),
HERM (1) =F x
HERM(P)==p (82X 0M(])
HER(1Y=1.¢

T RER(P)=2.0%X

HER(3) =4 0% X#u2=2,1

FUNCTION




16

n o

36

&S0
(%]

(@]

5¢C

APPENDIX - Concluded

HER (4) xR N#X®2Y=] 2 DX

IF (J.NEe?) G TO 20

KL1=0,0%RL2=X

IF (RLZ2.GT.RLIY GO Tn 10

RLI=X$RLZ=DeN

CONT INUE

CALL MGAUSS (91 1eRL24109ANS FINCeFOFXel)

LERIV= AIOSIGN(I.00X)¢Ad*ANS*EX1*(\I*HED(])oné*HtR‘())

RETURN

IF (J.NFe1) G TO 30
DERTV=B2FF X=Ex 1 ¥ (D1#uFK(2) +D2¥4ER(3))
RETUR

1F (JJNF¢?Y GNn TO 40
DERPIV==Ps1%#A2n r?*A“Etoﬁxlﬁ(Dl*AFR(3)+h2”HFP(A))
RE TURN

HER(J+ 1122 08y o qER (Jy =2, 0#FLOAT (J=-]1) ®HER (J=1)
HER(J+2)1=2.08x#HE = ()2 1) =2, U0%FLNOAT (J)#HER ()

iF ENeIY GO TO B0 :
HEkM(J~l)—-Z. Y C2¥ (XEHERM(J=2) +FLNAT (JU=3) #HERM (J=- 3))
HEPM( J)==p,0¢%n> *(K*HFRM(J 1)+FILLOAT (J=2)V#HERM (J=2) )
sl IQJ . “
IF (MOU‘JCP)Q'!F.C) S‘=-100
VERTVZAPHLFERM (1) +S1#r XI#(NIFHER (J+]1) +N2FHER (J+2))
RETURH
EMD
SURROUTINE FUNMC (XKsFNFX)
UIMENSION FOFx (1)
CUMMON /YN3/ Al eA2aC?

FVALUATE VELUCITY FUNCTINN FOQOR MGAUYUSS
SK=SORT(2.0%3,14159245)
FOFX=EXP (=CP8yuse) /SR
RETURN
EiND
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Figure 1.- Axial velocity used for contraction-cone design (dl = 0.1) compared with that
obtained with d; = 0. Nonzero parameters: A =0.5665; B =0.4335; c = 1.
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Figure 2.- Coordinates of wall contour and some streamlines
for design velocity of figure 1.
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Figure 3.- Velocity distributions along centerline, wall, and streamlines of figure 2.
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Figure 4.- Design (centerline) and wall velocity distribution for duct with an area
minimum. Nonzero parameters: A =0.75; B=0.25; dj=0.6; c2=0.5.
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