| ggyu}b@
¥y

"NASA TECHNICAL NOTE

*

-r

o~

~

=]
=
T
- - T r:.??"\\

= 56 o

e _ B AR

{ NASA-TN 527355 FORTRAN PROGHAN ¥og  — — — T TETi= s
| CALCOLATING YELOCITIES. AND SPREANMLIFRS oN

THE HUB~-SHROQD HID-CHANNEL FLOW SyRpacp

(or AY AXTAL~0R MIXEp-pLog TURBONACHINE. Unclas
(23 (¥AS3) . 214 p yC g5.95 - CSCL 01a
l -—‘.___‘h__*,_.._...,_ﬁhh____.iﬁ_u__*_,,__h —

: : H1/01 . 40924

N

FORTRAN PROGRAM FOR CALCULATING

VELOCITIES AND STREAMLII\II\]TE; E(El\; v SUREACH
ID-CHA _

THE HUB-SHROUD M | :

OF AN AXIAL- OR MIXED-FLOW TURBOMACHIN

II - Prografnmer’s Manual
}

Ey Theodore Katsanis and William .D. McNally

Lewis Research Center
Cleveland, Obio 44135

‘ . D. C. « APRIL 1974
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION - WASHINGTON,



1. Report No. 2. Government Accession No. ’ 3, Reciplent’s Catalog No.

NASA TN D-7344

4. Title and Suttie FORTRAN PROGRAM FOR CALCULATING : B. Report Date
' VELOCITIES AND STREAMLINES ON THE HUE-SHROUD MID-CHANNEL APRIL 1974
FLOW SURFACE OF AN AXTAL- OR MIXED-FLOW TURBOMACHINE 8. Performing Qrganization Code
II - PROGRAMMER'S MANUAL
7. Author(s} B. Performing Organization Report No,
Theodore Katsanis and William D. MeNally . E-7516
10, Work Unit No.
8, Performing Organization Name and Address 501-24

Lewis Research Center

sx . 11, Contract or Grant No. |
National Aeronautics and Space Administration

leveland, Ohio 44135
c ! o 4413 13. Type of Report and Perlod Covered

12. Sponsoring Agency Name and Address Technical Note

National Aeronautics and Space Administration

. 14, Sponsoring Agency Code
Washington, D. C. 20546

15. Supplementary Notes

16. Abstract

A FORTRAN-IV computer program, MERIDL, has been'developed-that obtains a subsonic or .
shock-free transonic flow solution on the hub-shroud mid-channel flow surface of a turbomachine.
- The blade row may be fixed or rotating and may be twisted and leaned. Flow may be axial or
mixed, up ta 45° from axial. Upstream and' dowhstream flow variables ean vary from hub to

. shroud, and provigion is made to correct for 'loss of stagnation pressure. The results include
velocities, streamlines, and flow ahgles on the flow surface and approximate blade surface
velocities. Subsonic solutions are obtained by a finite-difference stream-function solution.
Transonic solutions are obtained by a vel'ocii:y‘;gradient method, using information from a
finite-difference stream-furiction solution at a reduced mass flow.

17. Key Words {Suggested by Authoris)) ’ . ‘ 18. Distriburtion Statement
Meridional plane; Turbomachine; Mid-channel Unclassified - unlimited
flow surface; Axial flow turbomachine; Mixed-
flow turbomachine; Transonic flow

: : Cat, 01
19, Security Ciassif. {of this repart) 20. Security Classif. [of this paga) © ] 21. No. of Pages 22 Price”
Unclassified ‘ Unclassified 212 ° 8575,

* For sale by the National Tectinical information Service, Springfield, Virginia 22151
’

/




CONTENTS

S UMMA RY L - . . L] - L] - L] - L] - * - » 4« &« & =& * * = ¥ » =+ = * 5 & 9 8 @ L] L] - » - -
mTRoD UC TION 8 % & & ¥ 4 & » * ¢4 4 % 4 & m T B F & E &5 & B3 4 * 3 & w = € v LI T
QVERALL PROGRAM PROCEDURE . .. . . . .+ ¢ o c v e 4 e n s e

DETAILED PROGRAM PROCEDURE . . + « « s v o v 0 s s s st v v v v s v s 0 us

STORAGE REQUIREMENTS « & « v ¢ ¢ o % o v o0 o s 8 s s o o s 2 » v 2 o«
CONVENTIONS USED IN PROGRAM . . . . . . .. .. et e e e e ..
LABELED COMMON BLOCKS . & v & v ¢ s o s v ot o v o v s s s s s 3 s o o s

MAIN PROGRAM

SUBROUTINES .

Subrouting INPUT .« ¢ & v o o« o v o 0 0 o o 8 8 s s o 0 6 2 s v oo s s o
Subrovtine INPLOT . . 4 4 ¢ ¢ 4 o o o v % 2 2 2 o5 o s s 2 8 s o o o3 P
Subroutine MESHO . + . v v ¢ ¢ 4t 4 ¢ v ¢ ¢ o 4 s s 6 v 8 8 s s s s o s s 0
Subroutine CROSCD . .. .. S e e r s s s e s s ey s e ey
Subroutine PRECAL . . . ... .. .. ... S h et s e s ke e e e h s
Subroutine THETOM . . . . .+ . « . « . .
Subroutine THIKOM . . -« ¢« « v ¢t ¢ ¢ o ¢« « < " e ke s e e e a e e
Subroutine LOSSOM + ¢ ¢« 4 ¢ o o o ¢ o 2 s s ¢ o s 2 2 8 8 ¢ 2 s s 2 s« .
Subroutine MEPLOT - « + « « + + ¢ &+ ¢ s s a s h b ek e s e e e e s
S_ubroutinePTBDRYi ...........
Subroutine VBDRY . . . . . . . . . it o v it v s e an
Subroutine INIT ... .. ....... Nt ar r h e e e s e
Subroutine COEF . . . ... € b e v m b e s e s st e e e s e P e e
Subroutine SOR - . . . & . v v ¢ v v v « & C et h e e s e e e
Subroutine NEWRHO . . . . ... .. b4 e b e e e e e e e . .
Subroutine OQUTPUT . + v v v v+ ¢ s » o 2 » e ae e e e e e e
Subroutine BLDVEL . . . . + « 4 4 v 4« v« = & I
Subroutine ILETE. . . . . + +. « . . . S 4wt e e e e s e e s e e e e
Subroutine TSONIN « « v & v ¢ v v &t s v ot e m e e e e e e
Subroutine INDEV .. ... ... .. b e e e e s e e e e s e e e
Subroutine SLPLOT .. .. ... Ve e s e e s e b a e s e e e e e
Subroutine SVPLOT ... .. .. b e e e e S e e b e e e e s .
Subroutine TVELCY . ... ... .. e et e e e e et e e
iii

12

12

14

15

15
15
15
16
19
20
22
22
23

25

25
25
28
28
28
29
33
38
39
40
40
41
41
41



Function TOPE . . . . . o e e e e e e e e e e e e e e e e e e 45

Functions TIPF, RHOIPF, LAMDAF, RHOOPF, and RVTHTA ., .. .. 45
Subroutines CONTIN . . .+ v v v o v e e e e e e e e e e e s e e e e e e 45
Subroutine PABC . . . . . . 4 i i e e e e e e e e e e e e e e e e e e e e e 50
Subroutine INRSC T . . . . v i it e e e e e e e e e e e e e e e e e 50
Subrouting ROOT . . & & v i i e et ot e e e e e e e e e e e e e e 52
Subroutine LININT . . . . & i i ot e e e e et e e e e e e e e e e e 53
Subroutine SPLINE . . &« « v v v v e s e s 4 et e e e e e e e e e e e e . 58
Subrouting SPLINT . . . . . v i i i e e e e e e e e e e e e e e e e 58
Subrodtine SLOPES & . . . i . o e e e e e e e e e e e e e e e e 59
MAIN DICTIONARY - - - « o o o ot e e e e e e e e e e e e e s e 59
PROGRAM LISTING - - . v v v ot v v s e e e e e e e e e e e e e e e e e 118
APPENDIXES

A - FINITE-DIFFERENCE FORM QF STREAM-FUNCTION EQUATION . . . . 192
B -~ MATCHING UPSTREAM AND DOWNSTREAM FLOW CONDITIONS TG

STREAM-FUNCTION SOCLUTION . . . . . . ... . ... 197

C - CALCULATION OF PARTIAL DERIVATIVES OF THETA ON
ORTHOGONAL MESH . . . . . . . . . . it i it et i e i e e e s 198
D - LINEAR INTERPOLATION IN A QUADRILATERAL. . . . . . .. .. ... 201
E-SYMBOLS . . « v« t i v i v i it e s i i e vt i s e e e e e e e 207
REFERENCES . . . . . . . ot e i e e i e s e e e e e e e e e 209

iv



FORTRAN PROGRAM FOR CALCULATING VELOCITIES AND STREAMLINES
ON THE HUB-SHROUD MID-CHANNEL FLOW SURFACE OF AN
AXIAL- OR MIXED-FLOW TURBOMACHINE
IT - PROGRAMMER'S MANUAL
by Theodore Katsanis and William D. McNally

Lewis Research Center

SUMMARY

A FORTRAN-IV computer program, MERIDL, has been developed which obtains a
subsonic or transonic, nonviscous flow solution on the hub-shroud mid-channel flow sur-
face of a turbomachine. The flow must be essentially subsonic, but there may be locally
supersonic flow, The solution is for two-dimensional, adiabatic shock-free flow. The
blade row may be fixed or rotating and may be twisted and leaned. The flow may be
axial or mixed, up to approximately 45° from axial. Upstream and downstream flow
conditions can vary from hub to shroud, and provision is made for an approximate cor-
rection for loss of stagnation pressure. ' S

The basic analysis is based on the siream function and consists of the solution of the
simultaneous, nonlinear, finite-difference equations of the stream function. This basic
solution, however, is limited to strictly subsonic flow. When there is locally supersonic
flow, a transonic solution must be obtained. The transonic solution is obtained by a
combination of a finite~difference stream-function solution and a velocity -gradient solu-
tion. The finite-difference solution at a reduced mass flow provides information which
is used to obtain a velocity-gradient solution at the full mass flow.

The program input consists of blade and flow channel geometry, upstream and down-
stream flow conditions from hub to shroud, and mass flow. The output includes stream-
line coordinates, flow angles, and velocities on the mid-channel flow'surface; incidence
and deviation angles at the blade leading and traijling edges; and approximations to the
blade surface velocities. The output may also include input information for a blade-to-
blade flow analysis program..

The program is reporied in two volumes with partI as the user's manual and part I
as the programmer's manual. Part I contains all the information necessary to use the
program as is. It explains the equations involved and the method of solution and gives a
numerical example to illustrate the use of the program. This report, part I, contains
all information necessary to understand the operation of the program. It explains the
overall program procedure and gives a detailed description of all the subroutines. There
is also a dictionary of variable names and a complete program listing. '



INTRODUCTION

The design of blades for compressors and turbines ideally requires analysis
methods for unsteady, rotational, three-dimensional, viscous flow through a turboma -
chine. Clearly, such solutions are impossible at the present time, even on the largest
and fastest computers. The usual approach at present is to analyze only steady flows
and to separate inviscid solutions from viscous solutions. Three-dimensional inviscid
solutions are just beginning to be contemplated for coming generations of computers.
So at present, inviscid analyses usually involve a combination of several two-dimensional
solutions on intersecting families of stream surfaces to obtain what is called a quasi-
three -dimensional solution.

Since there are several choices of two-dimensional surfaces to analyze and many
ways of combining them, there are many approaches to obtaining a quasi-three-
dimensicgnal solution. Most two-dimensional sglutions are either on a blade-to-blade
surface of revolution (Wu's 81 surface, ref. 1) or on the meridional or mid-channel
stream surface between two blades (Wu's 82 surface). However, when three-
dimensional effects are most important, gignificant information can often be obtained
from a soiution on a passage cross-sectional surface (normal to the flow). This is
called a channel solution (see fig. 1).

Blade —
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Figure 1. - Two-dimensional analysis surfaces in a turbomachine,



In this report a solution to thé equations of flow on the meridional 82 surface is
carried out. This solution surface is chosen when the turbomachine under considera-
tion has significant variation in flow properties in the hub-shroud direction. A solution
onh the meridional surface will show this variation. The solution can be obfained either

* by the quasi-orthogonal method, which solves the velocity-gradient equation from hub
" to shroud on the meridional flow plane (ref. 2), or by a finite-difference method, which
" solves a finite-difference equation for stream function on the same flow plane. The

quasi-orthogonal method is efficient in many cases and carr obtdin solutions into the

- transonic regime. However, there is difficulty in obtaining a solution when aspect ratios

are above 1. Difficulties are also encountered with curved passages and low hub-tip
ratio blades. For such cases, the most promising method is the finite~difference solu-
tion, but this solution is limited to completely subsonic flows. o

Two finite -difference programs for flow on the mid~channel surface of a turboma-
chine have been reported in the literature (refs. 3 and 4). Since both are finite-
difference methods, they are necessarily limited to subsonic flow cases. Marsh's
method (ref. 3), termed the matrix throughflow method, closely follows the development
given by Wu in reference 1. However, the computer program was not included in refer-
ence 3, nor is it available to the general user. Davis' program is provided in refer-
ence 4 but is limited to certain families of compressor blades and flow surfaces.

The method described in this report uses both the finite-difference and the quasi-
orthogonal (velocity gradient) methods, combined in a way which takes maximum advan-
tage of both. The finite~difference method is used to obtain a subsonic flow solution.
The velocity-gradient method is then used, if necessary, to extend the range of solu-
tions into the transonic regime.

A computer program, MERIDL, has been written to perform these calculations.
This program is written for axial- or mixed~flow turbomachines, both compressors and
turbines, up to approximately 45° from axial. Upsiream and downstream flow condi-
tions can vary from hub to shroud. The solution is for compressible, shock-free flow,
or incompressible flow. Provision is made for an approximate correction for loss of
stagnation pressure through the blade row. The blade row may be either fixed or ro-
tating and may be twisted and leaned. The blades can have high aspect ratio and arbi-
trary thickness distribution.

The solution obtained by this program 2alsc provides the information necessary for a
more detailed blade shape analysis on blade-to-blade surfaces {fig. 1). A useful pro-
gram for this purpose is TSONIC (ref. 5). Information needed to prepare all the input
for TSONIC is calculated and printed by this program.

The MERIDL program has been implemented on the NASA Lewis time-sharing
IBM-TSS/360-67 computer, For the numerical example of this report, storage of varia-



bles required 60 000 words for a 21 X 41 grid of 861 points. Variable storage could be
easily reduced by equivalencing of variables or by using a coarser mesh. Storage for

the program code is 18 000 words. This storage could be reduced by overlay of code.

Run times for the program range from 3 to 15 minutes on IBM 360-67 equipment, de~

pending upon the mesh size uséd and the compressibility of the flow.

The MERIDL: program is reported in two volumes, with the user's manual presented
as part I in reference 6 and the programmer's manual presented as part II in this report.
Part I contains all the information necessary to use the program as is. It explains the
method of solution and gives a numerical example to illustrate the use of the program.
Part I includes the sections METHOD OF ANALYSIS, DESCRIPTION OF INPUT AND QUT-
PUT, NUMERICAL EXAMPLE, and appendixes which derive the mathematical equations
used. This report, part II, contains all information necessary to understand the oper-
ation of the program. It explains the overall program procedure and gives a detailed
description of all the subroutines. There is also a dictionary of variable names and a
complete program listing. The appendixes explain numerical techniques used and de-~
rive certain numerical algorithms. So, part II includes the sections OVERALL PRO-
GRAM PEOCEDURE, DETAILED PROGRAM PROCEDURE, MAIN DICTIONARY,
PROGRAM LISTING, and appendixes which derive the numerical methods used.

OVERALL PROGRAM PROCEDURE

This main section gives an overall view of the program calculation procedure. The
next main section should be consulted for the detailed program procedure. Reference
will be made to the proper section or appendix for the equations and their derivation or i
for the numerical techniques used.

The main program guides the overall flow of the program. All the main subroutines
are called by it. Figure 2 is a flow chart for the main program.

The first step is to read and print out all the input data. This is done by the INPUT
subroutine. Upstream and downstream flow conditions can be given either as a function
of the streamline or as a function of radius. For program calculations, both the stream
function and the radius are needed. INPUT estimates values of either stream function or
radius, whichever was not given as input, based on the area distribution. These values
are later adjusted with each iteration. The next step is to call INPLOT, which plotsall
the upstream and downstream input flow variables as well as the input blade sections
from hub to tip.

The next subroutine is MESHO, which calculates the coordinates of the orthogonal
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mesh in the solution region. Details of the numerical technigue are given in reference 7.
After this PRECAL is called to calculate quantities which remain fixed throughout the
calculations. These quantities include the s and t mesh coordinates, hub and tip wall
curvatures, and leading- and trailing-edge z- and r-coordinates at horizontal mesh
lines. Subroutine PRECAL also calls THETOM, THIXOM, and LOSSOM.. Subroutine
THETOM calculates 2¢/0s and 36/0t at the orthogonal mesh points. (All symbols are -
defined in appendix E.) These partials are used to calculate the blade flow angle g and
the tangential velocity W g affer the meridional velocity Wm has been calculated.
Subroutine THIKOM calculates the tangential blade thickness ty at the orthogonal mesh
points. Subroutine LOSSOM calculates the ratio of actual to ideal relative stagnation
pressure downstream of the blade and then distributes the loss linearly through the blade
row from leading to trailing edge. The method of making loss corrections is discussed
in appendix D of part I (ref. 6). Finally, PRECAL makes corrections in mass flow,
wheel speed, and whirl for the reduced-mass-flow solution if the full-mass-flow solu-
tion cannot be obtained directly (i.e., when REDFAC < 1.0).

Next MEPLOT is called to plot the meridional plane view of the blade and passage
and to piot the orthogonal mesh. Then VBDRY is called to calculate the stream~function
values along the upstream and downstream boundaries of the orthogonal mesh. This is
done by using the velocity-gradient equation derived in appendix C of part 1 (ref. 6).
Iteration is required to establish the correct temperature, density, and whirl to use in
the velocity-gradient equation. Now INIT is called to initialize array variables as re-
quired for the first iteration. Most variables are set either to zero or to some value
which will avoid division by zero later on.

At this point, everything is ready to solve the stream-function finite-difference
equations. These equations are nonlinear. They are solved by an iterative procedure,
with two levels of iteration. The inner iteration solves a linearized equation, and the
outer iteration makes corrections to the linearized equation so that the solution conver-
ges to the solution of the original nonlinear equation. There are three subroutines
called to obtain the solution to the linearized equation: COEF, SOR, and NEWRHO.
Then there are four subroutines to print and plot this information and prepare for the
next outer iteration: OUTPUT, INDEV, SLPLOT, and SVPLOT. These seven sub-
routines are repeated until convergence is obtained.

Subroutine COEF calculates the coefficients of the finite-difference equations.
These coefficients are derived in appendix A, Because of the sensitivity of the calcula-
tions to the value of a(rVg)/ar, this value is damped from iteration to iteration. Thus,
only a portion of the predicted change in value is actually used. This portion is speci-
fied by the input value of DNEW.



Subroutine SOR solves the finite-difference equations for the stream function u by
Successive overrelaxation using an optimum overrelaxation factor (ORF). This is the
inner iteration. The optimum overrelaxation factor is calculated by subroutine SOR on
the first iteration. Subroutine NEWRHO calculates velocity components at each mesh
point by differentiating the stream function nuinerically along the orthogonal mesh lines.
These values are used to calculate new densities at each mesh point. When whirl is not
given as input, NEWRHO also makes reinitialization calls to readjust the estimated val-
ues of stream function to go with the input temperature, density, and tangential velocity.

~ See appendix B. Subroutine NEWRHO also calculates values of £ and ¢ (eqs. {Al} to

I

(A3)) at the mesh points to be used in COEF on the next iteration. And NEWRHO checks
the relative change in velocity from the previous iteration at each mesh point. The max-
imum relative change in velocity is checked to see if the solution is converged.

Now that a solution (converged or not) has been obtained, OUTPUT is called. - Sub-
routine QUTPUT first calculates other velocity components and flow angles at all mesh
points. Then QUTPUT calculates streamline curvature and critical velocity ratio at
each mesh point. Subroutine BLDVEL is called to calculate the blade surface veloci-
ties, as explained in appendix G of part I (ref. 6). Also BLDVEL calculates the average
blade -to-blade density to be used in NEWRHO in the next ieration. And BLDVEL calcu-
lates Fr at each point by using equation {(A4). The radial vector Fr is used by COEF
in calculating the coefficients of the finite-difference equations. After returning from
BLDVEL, OUTPUT will print out data at the orthogonal mesh points, if desired. Then,
if output is desired along streamlines, the necessary interpolation will be done and data
will be printed for all streamlines. Similarly, interpolation will be done and data
printed for hub-tip station lines.

After OUTPUT, INDEV is called. Subroutine INDEV calculates a correction to
90/ds for a short distance into the blade to match the mean surface within the blade to
the free-stream flow angles, both upstream and downstream. The method for doing this
is deseribed in appendix F of part I (ref. 6). Subroutine INDEV also calculates and

~ prints out incidence and deviation angles if this is requested. If desired, SLPLOT will

plot the streamlines and SVPLOT will plot the mean and blade surface velocities.

At this point, the main program will start a new iteration by going back to COEF if
the solution has not converged. If the solution has converged, there are two possibilities,
If REDFAC is 1, the final solution has been obtained and the program is through. If
there are data for another case, the program will start this case; otherwise the pro-
gram is.stopped. If REDFAC is less than 1, the final approximate full-mass-~flow so-
1ution will be calculated by TVELCY, First, the mass flow, rotational speed, and inlet
and output whirl are restored to their full values. This requires reinitialization calls



of LAMDAF and RVTHTA for inlet and outlet whirl. Then TVELCY calculates

an/am and W 6/ am for use in the velocity gradient equation. These guantities are
first calculated from the reduced-mass-flow solution and then are adjusted by dividing
by REDFAC. Now the velocity-gradient equation (derived in appendix C of part I

{ref. 6)} is solved along each vertical mesh line. Iteration is required to establish the
correct temperature, density, and whirl to use in the velocity-gradient equation. When
TVELCY is through, TOUTPT is called. Subroutine TOUTPT is an alternate entry point
for OUTPUT. The only difference is that the flow angles are considered to be known,
and the velocity components are caiculated from the velocity magnitude and the known
flow angles. Then the same sequence of INDEV, SLPLOT, and SVPLOT is called as

for the finite~difference solution. Normally, only the smaller (subsonic) of two possible
solutions is obtained by TVELCY {part I, appendix C); but if desired, both the larger

(**supersonic'') and smaller solutions can be obtained. If both solutions are desired,
TVELCY, TOUTPT, IN'DEV, SLPLOT, and SVPLOT are called again. This completes
the program. If there are data for another case, the program will start on this case:
otherwise the program is stopped.

DETAILED PROGRAM PROCEDURE

This main section gives the detailed program procedure for all the subroutines.
The previous main section should be consulted for an overall view of the program calcu=-
lation procedure,

Most of the subroutines in MERIDL use the same set of variables. These variables
are all defined in the MAIN DICTIONARY. All subroutines are described prior to the
main dictionary. First, the main subroutines and other subroutines which use the main
dictionary are described, and then the remaining subroutines with special dictionaries
are described.

The calling relation of all subroutines is shown in figure 3. Note that figure 3 is
not a flow chart. A tabulation of all subroutines called and all COMMON blocks for each
subroutine is given in table I.

The first subsections presented here describe the general aspects of the programs,
including storage requirements, conventions used, and description of labeled COMMON
blocks. They are followed by a detailed description of the subroutines.
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TABLE I. - SUBRQUTINE CALLS AND COMMON BLOCKS

Subroutine name{ COMMON blocks | Called subroutines Calling subroutines Subroutine name | COMMGON blocks | Called subroutines Calling subroutines
or entry point {a) or entry point {a)
—
MERIDL, fenmf INPUT None - main MEPLOT ANPUTT/ PTBDRY MERIDL
/INPUTT/ INPLOT program JCALCON/ Microfilm plot
MESHO /PLTCOM/ subroutines
FRECAL
MEPLOT PTBDRY JINPUTT/ SPLINT MEPLOT
VBDRY FCALCON/ SLPLOT
INIT /PLTCOM/
COEF VBDRY FETEY TIPF MERIDL
SOR /INPUTT/ RHOIPF
NEWRHO /CALCON/ | LAMDAF
ouTPUT /VARCOM/ | TOPF
INDEV RHOOPF
SLPLOT AVTHTA
SVPLOT CONTIN
TVELCY
TOUTPT (OUTPUT) CONTIN None PABC VBDRY
TVELCY
INPUT fmmmf SPLINT MERIDL
ANPUTT/ PABC None None CONTIN
/CALCON/
JINTITL/ TNIT /INPUTT/ RROIPF MERIDL
JCALCON/
INPLOT /ANPUTT/ Microfilm plot MERIDL JVARCOM/
FCALCON / subroutines
JINTITL/ SPLINT COEF FEE None MERIDL
SPLINE ANPUTT/
JCALCON/
MESHO /INPUTT/ CROSCD MERIDL SVARCOM/
JCALCON/ SPLINT
/CROSCM / SPLINE SO0R FATTYS None MERIDL
ROOT JINPUTT/
JCALCON/
CROSCD JINPUTT/ None MESHQ /VARCOM/
SCROBCM/ ROOT
NEWRHO Jamnf LAMNIT (LAMDAF} MERIDL
PRECAL /INPUTT/ LAMNIT {LAMDAF) MERIDL JINPUTT/ RVTHIT (RVTHTA)
/CALCON/ BVTNIT (RVTHTA) JCALCON/ TIPNIT (TIPF)
TIPNIT (TIPF) /YARCOM/ RHINIT (RHOPIF)
RHINIT (RHOIPF) RHONIT (RHOOPF)
RHONIT (RHOQPF) LAMDAF
SPLINE TIPF
INRSCT RHOIPF
SPLINT SLOPES
THETOM SPLINE
THIKOM RVTHTA
10580M
QUTPUT FETTY SLOPES MERIDL
THETOM ANPUTT/ SPLINT PRECAL (entry point - JINPUTT/ TIPF
JCALCON/ SPLINE TOUTPT) SCALCON/ LAMDAF
AINDCOM/ LININT /VARCOM / BLDVEL
/SLCOM/ RVTHTA
THIKOM ANPUTT/ SPLINE PRECAL /STACOM/ SPLINT
/CALCON/ LININT LININT
LOS30M fonnf TIPF PRECAL ILETE
AINPUTT/ LAMDAF TSONIN
/CALCON/ TOQPF TSONIN fmny SPLINE OUTPUT
RHOIPF /INPUTT/ TIPF TOUT?PT
SPLINT /caLcon; | muHomF
/VARCOM/ INRSCT
/SLCOM/ LIMINT
SPLINT

il

10

--= denotes an unlabeled COMMON bilock,



N

TABLE I. - Cancluded. SUBHOUTINE CALLS AND COMMON BLOCKS

Gubr outine rama | COMMON biotks | Called smbroutines |Calitng subroutines § Subroutine name | COMMON blocks | Called subroutines | Calling subroutines
or entry imint {a) ot entry point (a)
BLDVEL faenf SLOPES OUTPUT RHOOPF /INPUTT/ Tene VBDRY
J JINPUTT/ LAMDAF TOUTPT {see entry /CALCON TVELCY
JCALCON/ | TIPF RHONIT) .
/VARCOM/ . | RHOIPF . .
RHONIT ANPUTT/ SPLINE PRECAL
ILETE fNPUTT/ SPLINT OUTPUT (entry paint FCALTON/ TOPF NEWRHO
JCALCON SPLENT [SPLINT) TOUTPT tor RHOOPF)
INDEV fm-i LININT MERIDL RVTHTA f--=/ Mane VBDRY
ANPUTT/ - (see entry /DNPUTT/ NEWRHO
/CALCON/ RVTNIT) /CALCON/ QUTPUT
VARCOM/ /VARCOM/ TOUTPT
/INDCOM/ TVELCY
TOPF
‘SLPLOT F-—=t Microfilm plat MERIDL 0
ANPUTT/ subroutines RVTNIT i;;/m_ - LININT PRECAL
/3LCOM/ PTEDRY (entry point /CALCON/ SPLINT HEWRHO
/PLTCOM/ tor RYTRTA) SPLINE TYELCY
SVYARCOM/
SVPLOT f-—-f Microtilm plot MERIDL INRSCT f—f SPLINT PRECAL
JINPUTT/ subroutines TSONIN
/SLCOM/
ROOT - CROSCD MESHO
TVELCY et LAMNIT (LAMDAF} MERIDL
. . JINPUTT/ RVTNIT {(RVTHTA} LININT None None ) THETOM
JCALCON/ | SLOPES THIROM
/VARCOM/ | LAMDAY OUTPUT
RVTHTA TOUTPUT
TIPF TEONIN
TOPF INDEV
RHOIPF LAMNLT
RHOOPF RVINIT
CONTIN SPLINE famnd Nene NBLOT
TIPF /MNPUTT/ None LOSSOM . MESHO
(séé entry " /{CALCON/ : VEDRY PRECAL
TIPNIT) NEWRHO THETOM
OUTPUT THIKOM
TOUTPT NEWRHO
TSONIN TSONIN
BLDVEL - TIFNIT
TVELCY RHINIT
TOPY LAMNIT
, RHONIT
'TIPRIT /INPUTY/ SPLINE - PRECAL RVTNIT
{eniry paint FCALCON/ NEWRHO -
'for TIPF} SPLINT fmamf None INPUT
(see entry MELOT
RHOIPF SINPUTT/ None LOSS0M §PLENT) MESHO
(see entry /CALCON,/ VBDRY PRECAL
RHINIT) T TRETOM
NEWRHOQ LOSS0M
‘ THONIN PTBDRY
BLDVEL OUTPUT
TVELCY TOUTPUT
TSONIN
RHINIT AINPUTT/ SPLINE PRECAL ILETE
{entry point FSCALCON/ NEWRHO LAMNIT
for REOIPF) RVTNIT
LAMDAF o Nane LOSSOM INRSCT
{sec entry JINPUTT/ VEDRY SPLENT . None WLETE
LAMNIT) JCALCON/ NEWRHO {entry paint
/VARCOM/ OuTRUT for SPLINT)
TOUTET
BLDVEL SLOPES Nane None " NEWRHQ
TYELCY ’ QUTPUT
TOPF TOUTPUT
LAMNIT =i LININT PRECAL BLDVEL
) /INPUTT/ TVELCY
(entry point ] JcaLcoN/ SPLINT NEWRHD
for LAMDAF) VARCOM/ SPLINE TVELCY Micrnri.lm plot None -| Nol applicable NPLOT
TOPF INPUTT TIPF LOSSOM subroutines Mf: LoT
SLPLOT
CALCON LAMDAF VBDRY SVPLOT
RVTHTA TVELCY

2 ___ denotes an unlabeled COMMON block,




STORAGE REQUIREMENTS |

The MERIDL program has been implemented on the NASA Lewis time~-sharing
IBM-TSS/360-67 computer, Storage for the program code is approximately 18 000
words. For the numerical example of part I (ref. 6), storage of variables required ap-
proximately 60 00¢ words for a 21 x 41 grid of 861 points. As dimensioned for a
100 X 101 grid, storage of variables would require about 680 000 words. The user can
reduce the storage requirements for variables, as desired, by changing the dimensions.
The main dictionary indicates how each variable should be dimensioned to reduce the
storage required. This is indicated by reference to certain input variables, such as
MM, MHT, NHUB, NTIP, NBLPL, NPPP, and so forth. The variables with the most
significant effect on storage requirements are MM and MHT,

As an example, consider the two-dimensional array ALPHA, This variable is in the
/VARCOM/ COMMON biock and is dimensioned ALPHA (100, 101) in the program listing.
In the main dictionary, it is listed as ALPHA (MM, MHTP1). Suppose that the maximum
desired value for MM is 60 and that for MHT it is 40. Since MHTP1is MHT + 1, the
maximum value for MHTP1 would be 41, Then ALPHA should be dimensioned ALPHA
(60, 41).

Similarly, all other dimensioned variabies should have their dimension changed as
required. Most dimensioned variables are in COMMON blocks, but there are a few
which are dimensioned locally only. In addition, the calls to LININT must be changed
‘to reflect any changes in the dimensions of the first two LININT arguments.

CONVENTIONS USED IN PROGRAM

For convenience, a number of conventions are used in naming variables and assign-
ing subscripts.

In addition to the basic orthogonal mesh, there are four special mesh schemes used,
as illustrated in figure 4. For each mesh, different conventions are used to indicate
mesh position. The subscripts I and J are used to denote orthogonal mesh position. The
I is used to denote the vertical mesh number, and the J is used to denote the horizontal
mesh line number. The subscripts IS and JS are used in a similar manner to denote
streamline mesh points, and IL and JL the station-line mesh points, Likewise, IN and
JN denote points on the input blade sections, and KN and JN denote points on the alter-
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nate blade mesh located at 10-percent-chord intervals in the THETOM subroutine. Note
that I and IS take on the same values, as do JS and JL. :

In variable names, I or IN indicates the inlet (upstream of blade) and O or QUT
indicates the outlet. Variables ending with OM are generally variables defined on the
orthogonal mesh,

Velocity components on the orthogonal mesh usually have SUB in the name, such as
WSUBZ for Wz. Velocity components along streamlines end in SL (WZSL), while
velocity components on station lines end in ST (WZST). The letiers H or HUB in a var-
iable name indicate the hub, and T or TIP the tip. LE is used for leading edge and TE
for trailing edge. The letters TH indicate a variable in the 6-direction, SURF a varia-
ble on a blade surface, and BL a variable in the blade region. In a variable name,
TEM indicates a temporary variable; P is used to indicate a prime superscript, and PP
double prime; D is used for derivative. Usually, several conventions are combined in
each variable. For example, TIP is used for T, TPPTIP for T* /Ti, and DPDR is
used for dp/er.

All subroutines used for plotting have PLOT in the name. Variables used for plot-
ting have PLT in the name. '

LABELED COMMON BLOCKS

Most variables which are used in more than cne subroutine are placed in labeled
COMMON blocks. A brief description of each labeled block is given. The same varia-
ble names are used in different subroutines for every variable in a COMMON block.
The labeled COMMON blocks are as follows:

/INPUTT/ is used for all input quantities.
/CALCON/ is used for calculated constants which are initially calculated and
are not changed later.

/VARCOM/ is used for all orthogonal mesh point arrays which are changed in
each iteration.

/SLCOM/ is used for output data along streamlines.

/STACOM/ is used for output data along station lines.

/INDCOM/ is used for quantities calculated by THETOM to be used by INDEV,

/PLTCOM/ is used to plot data for hub, shroud, and blade leading and trailing
edges.

/CROSCM/ is used to store quantities required by CROSCD.

/INTITL/ is used to store the input title for use by INPLOT.

Table I shows which COMMON blocks are needed in each subroutine.

14



MAIN PROGRAM

‘ The program is segmented into several main subroutines called by the main pro-
‘ram, as indicated in figure 3. The subroutines are called in sequence, except for the
mter iteration and a switch to obtain a supersonic final solution. The outer iteration is
. loop ‘consisting of calls to COEF, SOR, NEWRHO, OUTPUT, INDEV, SLPLOT, and
'VPLOT. This calling sequence and the outer iteration loop are shown more clearly in
he flow chart for the main program, given in figure 2. Flow charts for some of the

ubroutines are also given with the subroutine descriptions.

SUBROUTINES
Subroutine INPUT

Subroutine INPUT reads and prints all input data cards and initializes some varia-
lles for use later in the program. ‘

All input cards are first read and printed on the output listing in the same form and
rder in which they are given. All array bounds are then checked to see if they are
7ithin limits, and some miscellaneous constants are initialized. Finally, estimates are
nade of varicus required upstream and downstream flow conditions which were not given
5§ input because other input options were used.

Subroutine INPLOT

Subroutine INPLOT makes microfilm plots of a portion of the given input data. By
hecking these plots, the user can see if his input data have been given correctly and
moothly. It is important that the plotted data be smooth, since spline curve fits of
1ese data are used extensively by the program.

Two main sections of input are plotted: the upstream and downstream flow condi-
ions, and the input blade sections from hub to shroud. A separate plot is made of each
f the three given distributions of upstream flow variables and two distributions of down-
tream flow variables from hub to shroud. On each plot, one data point is plotted at
very 1 percent of stream function or radius from hub to shroud. The NIN and NOUT
nput points are also marked. Each input blade section is then plotted, using only the in~
ut points for plotting and marking. After each individual blade section is plotted, a mul~
ple plot is made of all sections together. Examples of all the plots are given-in figures
() to (g) of part I (ref. 6).
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Subroutine INPLOT and the other plot routines, MEPLOT, SLPLOT, and SVPLOT,
all rely heavily on the NASA Lewis in-house microfilm plotting package described in ref-
erence 8. These four routines as well as PTBDRY, which is calied by MEPLOT and
SLPLOT, are self-contained and can be easily removed from MERIDL without disturbing
the remainder of the calculations.

Subroutine MESEO

Subroutine MESHO calculates the coordinates of an orthogonal mesh covering the so-
lution region from upsiream to downstream of the blade row and from hub to shroud.
Subroutine MESHO makes use of four other subroutines - ROOT, CROSCD, SPLINE,
and SPLINT. A flow chart for MESHO is given in figure 5. The method used for gencer-
ating the megh is explained thoroughly in reference 7.

Subroutine MESHO begins with input geometry deseribing the hub and shroud of the
flow passage and the numbers of mesh points desired inthe horizontal and vertical direc=
tions. First, MESHO calculates the horizonfal, or streamwise, orthogonals. It does
this by extending lines vertically from each of the input points on the hub to the shroud.
Each of these lines is then divided into equal increments, the number depending upon the
number of streamwise orthogonals. Streamwise spline curves are fit through the re-
sulting points to give the horizontal orthogonals shown in figure 6,

Vertical orthogonal lines are then constructed one at a time, moving from left to
right between each pair of adjacent horizontal orthogonals, proceeding from hub to
shroud, as shown in figure 7. The procedure for calculating these lines, shown in fig-
ure 8, is analogous to a technique for solving ordinary differential equations known as
the improved Euler method or Heun's method (ref. 9). Beginning at 2 known orthogonal
mesh point on the lower orthogonal, a normal is constructed (line (D) in fig. 8) to the
upper orthogonal. Then the intersection coordinates of this line with the upper orthog-
onal and the slope of the upper orthogonal at the intersection are calculated. ROOT and
CROSCD are used in this process. Line (2) in figure 8 is then constructed in such a
way that it is perpendicular to the tangent to the upper orthogonal at the intersection
point and passes through the original starting point on the lower orthogonal. The coor-
dinates of the intersections of both lines (1) and are nowknown on the upper orthog-
onal. The desired new orthogonal mesh point is the average of these two sets of coor-
dinates.

This process of constructing vertical orthogonal links is continued until the shroud
is reached by all vertical orthogonals. This completes the generation of the orthogonal
mesh.

Notice in MESHO that the locations of thé upstream and downstream boundaries of
the orthogonal mesh at the hub are fixed by the inputs ZOMIN and ZOMOUT (fig. 7). The
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locations of these boundaries at the tip, however, cannot be given ahead of time and are
totally dependent upon the orthogonal mesh generation procedure.

Axial distance between vertical ‘orthogonal origins at the hub is determined by the
number of mesh lines requested in the following three regions: MBI mesh lines up-
stream of the blade from ZOMIN to ZOMBI; MBO ~ MBI mesh lines from ZOMBI to
ZOMBO; and MM - MBO mesh lines downstream of the blade from ZOMBO to ZOMOUT

(fig. 7). The number of horizontal orthogonals is MHT + 1, which is the same in 511
three regions.

" Subroutine CROSCD

The ROOT subroutine (p. 52) requires the calling of a special function or subrou-
tine. In MERIDL, that routine is CROSCD. It is called by ROOT to calculate for a given
z~coordinate the difference in r-coordinates of line () and the upper horizontal orthog-
onal in figure 8. (ROOT finds the z-coordinate where this difference shrinks to zero,
that is, the intersection of the straight line () and the hor1zontal orthogonal curve.)

The input argument for CROSCD is

7 value of z=coordinate in ROOT

The following two values are given as output:

RMR difference in r-coordinates of straight line and curve
S1.1  slope of horizontal orthogonal at 2z '

CROSCD uses the equations of a cubic spline curve to interpolate and ealculate r as
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a function of z on the horizontal orthogonal. The spline curve information is trans-
mitted to CROSCD from MESHO in the /CROSCM/ COMMON.

Subroutine PRECAL

Subroutine PRECAL caleulates many of the fixed constants which will be needed
by the subroutines in the outer iterative loop of MERIDL. Figure 9 gives a flow chart
for PRECAL.

First, PRECAL initializes the subroutines for calculating upstream and downstream
flow conditions. To do this it calls LAMDAF, RVTHTA, TIPF, RHOIPF, and RHOOPY,
entering at the special entry points of these routines used for initialization.

The array of blade-to-blade spacing B (the BTH array) is then initialized to the
blade pitch (in radians) at every point onthe solution mesh. This array is modified in
the blade region later in PRECAL when THIKOM and LOSSOM are called.

In the cases where output streamline values (FLFR array) were not read in (NSL = 0),
PRECAL assigns eleven (11) values to FLFR from 0 to 1.0, in increments of 0.1. Also,
if the given endpoints of FLFR do not equal 0 and 1.0, PRECAL adds these values as end-
points. ’

Then, PRECAL uses the z~ and r-coordinates of the orthogonal mesh (ZOM and
ROM), calculated in MESHO, to calculate the s and t arrays (SOM and TOM) on the
orthogonal mesh. Adjacent points are linked with straight line segments in this calcula-
tion of s and t, but the correction between arc length and chord length is not significant
for adjacent points.

The curvatures of the hub and shroud profiles are then calculated where these pro-
files are intersected by the upstream and downstream boundaries of the orthogonal mesh.
These curvatures are later required in the VBDRY subroutine.

The z~ and r-coordinate arrays (ZLE,RLE and ZTE,RTE) are then set up at points
which define the leading and trailing edges of the blade. These values are the first and
last values for each biade piane from the ZBL and RBL blade-coordinate input arrays.
The intersections of these leading and trailing edges with the hub and shroud are also
calculated with INRSCT calls.

Various quantities are then calculated on the orthogonal mesh at or near the ieading
and trailing edges of the blade. With INRSCT calls, the z- and r-coordinates of inter-
sections of horizontal mesh lines with the blade edges are calculated. Vertical mesh
line numbers (ILE and ITE) of mesh points which lie just within the blade leading and
trailing edges are then calculaied by comparing the z-coordinates of mesh points along
the orthogonals with the z-coordinates of intersections of the orthogonals with the blade

edges. The 8- and t-coordinates are then calculated for the points where the horizontal
mesh lines cross the blade edges.

20



Initialize subroutines
LAMDAF, RVIHTA, TIFF, and RHOIFE
by ealeulating splines of
Inputs again st stream function

alculdte pp
from [oss

Initializa subroutine
REOOPE

Iniiiafize BTH to
pltch

re
output s?reamlin
locatlons spacifled

. Inltiplize
11 stteamlines
Sel F{FR end
polnts » 0.0, 1.0

alculate s~ and -
rdinates of orthogona
mesh, SOM and TOM

Calculate curvatures of

hub and shroud at mesh

boundaries, CLURVHE,
CURVHO, CURVTY, CURVTO

1
Stare from Input blade
sectian arrays, ZBL and RBL,
Tato leading- and trailing-edge
arrays, ZLE, RLE, ZTE, RTE

Calculate Intersections of
biade edges with hub and shroud
{

Calculate 2, r, s, and @
where orthogonal mesh
crosses blzde edges;
caltudate TLE and ITF

. 1
THERGM
Calcuate dBids and AB/31

THIKOM
Correct pitch, BTH,
{ for blada thickress

LOSSOM
Correct pltch, BTH, for
total pressure loss

REDFAg <Le

Yes

Redure w, w, A, rv,
for reduced-flow solutlon

Reinitiallze subroutines
LAMDAF and RVTHTA for
reduced-Flow solution

Figure 9, - Flow chart for PRECAL

21



Then PRECAL calls three other subroutines, THETOM, THIKOM, and LOSSOM.
The THETOM routine calculates 58/s and 96/8t at the orthogonal mesh points. Sub-
routine THIKOM makes corrections to the BTH array to account for blade thickness,
and 1LOSSOM calculates the relative total pressure loss at the downstream boundary of
the orthogonal mesh. This loss is distributed linearly through the blade row by making
an additional correction to the BTH array.

Finally, in PRECAL, corrections are made to some upstream and downstream in-
put arrays and corresponding boundary conditions in the case where 2 reduced-mass-
flow solution is to be obtained (REDFAC < 1.0). The wheel speed, mass flow, whirl,
and tangential velocity are all reduced by REDFAC; and the upstream and downstream
boundary conditions of whirl are reinitialized by LAMDAF and RVTHTA calls.

Subroutine THETOM

Subroutine THETOM calculates the gradients 26/8s and 36/¢t at the orthogonal
mesh points which lie within the leading and trailing edges of the blade. This process
is thoroughly described in appendix C.

Theta coordinates of the mean blade surface (THBL) aregiven at the input blade
section points (ZBL,RBL). Gradients of the #-coordinate are required in the s~ and
t-directions at the orthogonal mesh points within the blade for use by the NEWRHO sub-
routine,

Subroutine THETOM makes use of the technique of defining an alternate mesh which
ig entirely contained within the blade on which 24/3z and 34/3r are obtained., By in~
terpolation, 38/0z and 96/3r are then obtained at the required orthogonal mesh points.
Finally, 96/9s and 96/dt are calculated from 98/0z and 96/¢r at these points.

Subroutine THIKOM

Subroutine THIKOM calculates the blade thickness in the f-direction at the points of
the orthogonal mesh which lie within the blade edges. (Input blade thicknesses are not
given at the orthogonal mesh points, nor are they given in the 9-direction. They are
given normal to the blade mean camber line along each input blade section.)

THIKOM first calculates the s'-coordinate and then the angle x between the mean

camber line and the s'-coordinate direction, as shown in figure 10. (The s'-coordinate
corresponds to the input blade section direction.) With these angles, approximate thick-

nesses in the tangential direction t‘9 are calculated from thicknesses normal to the
meanline tn by the equation
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t
v . i ‘ t9=__ n
; _ . COS K

This caleulation is subject to error for highly cambered or highly staggered blade sec-
tions but is adequate here since t P is only used as a blockage correction to the BT_H

array. : :
After t, is obtained at the input points, LININT is called to interpolate and obtain

it at the orthogonal mesh points. Then it is subtracted from the BTH a;'ra'y.

jrB

Figure 10. - Calcuiation of thickness in tangential direction.

Subroutine LOSSOM

Subroutine LOSSOM calculates the downstream relative total pressure loss and dis-
tributes it upstream through the blade row as an area correction. This correction is
made to the BTH array. The loss.is calculated as 1 minus the ratio of actual to ideal
relative total pressure along the hub-shroud input line downstream of the blade.

ON
Loss=1 - o

‘ (pg)id eal

In one input option, p}, T{, and P are given and T, is then calculated from
Euler's equation. Then using the relations
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and

we form the ratio of actual to ideal relative total pressure

Tt \Y / (’)" "1)
po ?E)_ (Ti ,

1t T 1
(po )ideal B TO

There is an alternate input option where loss is given as input. In that case, relative
total pressure ratio is calculated as

14

© _-1-Loss

(p;;)ideal

Subroutine LOSSOM then estimates the stream function, based on area, at points on
the downstream boundary of the orthogonal mesh. Subroutine SPLINT is then called to
interpolate the values of relative total pressure ratio at these same downstream bound-
ary mesh points. From the interpolated values of pressure ratio, loss is computed by
using the preceding equations. It is assumed that the horizontal mesh lines are close
approximations to the actual streamlines, Thus, the loss is distributed along horizon-
tal mesh lines. Along any mesh line, loss is assumed to be constant in the region
downstream of the blade trailing edge and equal to the downstream boundary value. Be-
tween the blade leading and trailing edges, loss is distributed linearly from zero at the
leading edge to full value at the trailing edge. Itis assumed that no loss occurs up-
stream of the blade. Loss is included in the stream-function solution by reducing the
value of B as follows:

Bnet = B(1 - Loss)

where Bnet ig the final value stored in the BTH array.
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Subrowutine MEPLOT

Subroutine MEPLOT makes two microfilm plots of the blade in the meridional plane.
The first plot shows the input hub and shroud geometry and the blade leading and trailing
edges. The edges are obtained from the ZBL and RBL input arrays. The second plot
shows the same hub, shroud, and blade but with the generated orthogonal mesh super -
imposed on the solution region. Examples of these plots are given in figures 16(h)
and (i) of part I (ref. 6). _

Prior to making these two plots, MEPLOT calls PTBDRY to obtain the boundary
points to be plotted on the hub, the shroud, and the blade edges and to scale the plots.

Subroutine PTBDRY

Subroutine PTBDRY obtains coordinates used in plotting the hub, the shroud, and
the blade edges by the two routines MEPLOT and SLPLOT. Using SPLINT calls,
PTBDRY interpolates on the input arrays ZHUB, RHUB and ZTIP ,RTIP to obtain
100 plotting points on both hub and shroud. The same is.done with the blade leading and
trailing edges. After the plot points are obtained, PTBDRY searches the range of val-
ues to be plotted for the maximum in both X- and Y-directions and adjusts the range of
plotted points so that it is the same in both directions. The computed information is
stored in the /PLTCOM/ COMMON .-

.Subroutine VBDRY,

. Subroutine VBDRY calculates the value of the stream function along the upsiream
and downstream boundaries of the mesh region. The calculation is based on the velocity-
gradient equation (C9) of part I (ref. 6). o : ' ‘

- There are four arguments for VBDRY so that the same coding can be used for either
the upstream or downstream boundary. These arguments are LOC, TIPF, RHOIPF,
and LAMDAF. The argument LOC is the value of I for the desired boundary, that is,
LOC =1 on the upstream boundary and LOC = MM on the downstream boundary. The
other three arguments are function subroutines. That is, TIPF, RHOIPF, and LAMDAF
will refer to the subroutines of the same name at the upstream boundary but will refer to
TOPF, RHOOPF, and RVTHTA, respectively, at the downstream boundary. Figure 11
is a flow chart for VBDRY. 7

The first step is to set CURVH and CURVT to the value of the meridional curvature
at the hub and tip. For this, values previously calculated in PRECAL are used. To
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Figure 11. - Flow chart for VBDRY.

start the iterative procedure, a reasonable estimate of the hub relative velocity is
needed (WHUB). This estimate is based on a one-dimensional calculation. Before any
coefficients for the velocity -gradient equation can be calculated, values for whirl and
free-stream absolute stagnation temperature and density are needed. These are all
functions of stream function. An initial value of stream function is estimated based on
area distribution. Values for whirl and free-stream absolute stagnation temperature
and density are then obtained from subroutines LAMDAF, TIPF, and RHOIPF and are
stored in arrays.
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Now the coefficients of the velocity -gradient equation (C9) of part I (ref. 6) can be
calculated. Either equation (C10) or (C11) of part I will be used, whichever is appro-
priate. The curvature, 1/r o 18 assumed to vary linearly along the boundary. It is
assumed that the boundary is normal to the streamlines so that & = ¢. The quantity
cos ¢ has been previously calculated by MESHO.

After the coefficients are calculated, the velocity-gradient equation is solved
numerically. WHUB is the initial value of W on the hub. The first iteration will use the
value of WHUB calculated previously by VBDRY. Later iterations will use estimated
values calculated by CONTIN. Once WHUB is specified, the numerical solution to the
velocity -gradient equation is calculated by the Heun method (ref. 9). The equations used
in the Heun method for this case are

W
* . . ;
Wj+1 = Wj' + (dW)]. first estimate of W].+1

= imate of W,

W]+1 W + (dW) second estimate o j+1 > )
W oawr*
Wi = il average of two estimates of Wit
2 . J

where (dW), i (eq. (CQ) of part I) is evaluated at t. and WJ, and where (dW)* L1 s ‘eval-
uated at t +1 and W7 1 At the same time the solution of the veloc1ty-grad1ent equa -
equation 1s being calculated, the mass flow 1ntegrat10n is also being caleulated by trape-
zoidal integration:

tip
w = pW cos grB dt
0

The equations used in calculating the integrand are (B13), (C5), (C6), (C7), and (D4) of
part I (ref. 6). At the end of the DO loop at statement 80, the integrated mass flow,
UOM (LOC, MHTZPI), has been calculated for the specified value of WHUB. This value
is checked to see if it is within the tolerance to MSFL. If not, CONTIN is called to pro-
‘vide.the next estimate for WHUB., See CONTIN for a description of the procedure for
finding the correct value for WHUB. Provision is made to adjust WHUB to avoid prob-
lems in caleulating either g (if WHUB is too small) or T /T' (if WHUB is too large).

(See eqs. (C6) or (B13) and {D4) of part I.) After a few 1terat1ons, usually four or five
~and not more than 100, a soluticn will be found that satisfies continuity. This completes
the inner iteration of this subroutine. Then the values of the absolute stagnation tem-~-.
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perature T' or T' the absolute stagnation density ol ; or p , and the whirl x or
(rV ) are recalculated from the new stream-function values. If there is a significant

change in any of these values, the solution will be repeated (REPEAT = .TRUE.).

When 2 final acceptable solution is found, the program returns to the main program.
1f the passage is choked or if an acceptable solution cannot be found in 1000 total itera-
tions, the program will print an error message and stop. See the section Error
Messages in part I (ref. 6) for suggestions on what to do when an error message is
encountered.

Subroutine INIT

This subroutine initializes certain arrays in /VARCOM/. This is necessary to
start the outer iteration running from COEF to SVPLOT. For the initial iteration, it is
assumed that p = p; throughout the passage. All other values are set to zero, except

for W g W, and W, which are set to values which will avoid division by zero.

Subroutine COEF

Subroutine COEF calculates the coefficients 4y, g, gy and a 4 and the con-
stants k_ for the finite-difference equations. The finite-difference equation is {A5) or
(AT). The coefficients are calculated by the procedure of equation (A8), and the con-
stants are calculated by equation (A8). Within the blade row, the value of the con-
stant k depends on a(rVG) /ar. This gradient tends to be unstable with iteration, so
that usually damping is required between iterations. The damping rate is controlled by
the input variable DNEW. Suggestions for choosing proper values for DNEW are given
in the INPUT section of part I (ref. 6). For every outer iteration, the maximum and
minimum values of a{rV 6) Jor ‘and the maximum predicted change in a(rvg) /or are
calculated and printed. When it is indicated by the value of IDEBUG, the coefficients a
and the constants K, will be printed,

i

Subroutine SOR

Subroutine SOR solves the finite-difference equations (A5) by the method of over-
relaxation (ref. 10). Equation (A5) holds at every interior point of the orthogonal mesh
where the value of u is initially unknown. Thus, if there are n interior points, we
have n equations with n unknowns. Equation (A5) is nonlinear buf can be linearized
by using values from the previous outer iteration for the nonlinear terms or factors.

28



"SOR solves only the linearized equations.

The overrelaxation iteration is the inner iteration; it is optimized by using an op-
timum overrelaxation factor (ORF). The calculation of ORF is done only the first time
that SOR is called. The optimum value for the overrelaxation factor Q is estimated
by using equations (B3) and (B1) of reference 11. Af each interior point, ug”'l is cal-

culated from the values of u at the neighboring points by

4
“l;m = 2 A%

i=1
where each u is the most gecently calculated value for the point. To start, ug =1
at the interior points and u, = 0 at the boundary points. The maximum (LMAX) and
minimum (LMIN) values over all the interior mesh points of the ratio ug“'l /ug‘1 are
calculated for m=1, 2, 3, . . . until the LMAX and LMIN ratios are close to each
other. Then the optimum overrelaxation factor (ORF) is calculated by
ORF =2 / (1 + m ) The theory for calculating ORF is derived in refer-
ence 10, .

With an optimum value for the overrelaxation factor £, the solution to equation (A5)

is calculated by overrelaxation by

A 4
m+1 m .m
U =Wy + Ly Z:aiui + ko u,
j=1

where each w is the most recently calculated value at an interior point or is a bound-
ary value., During each iteration, the maximum change of the stream funetion is calcu-
lated. When this maximum change is reduced below 10"5, the iteration is stopped, and
the current estimate of the siream function is accepted as the solution.

Subroutine NEWRHO

Subroutine NEWRHO calculates the veloeity magnitude and components and the den~
sity at each point of the orthogonal mesh. Figure 12 is a flow chart for NEWRHO. ,

Normally, the upstream and downstream flow conditions, including whirl, are given
as a function of the stream function. However, this information may be given as a func-
tion of position from hub to tip. In this case, an initial estimate of streamline position
is made in PRECAL. Then adjustments are made in each iteration. This is done in
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NEWRHO by reinitializing the subroutines for calculating upstream and downstream
flow conditions (LAMDAF, RVTHTA, TIPF, RHOIPF, and RHOOPF). An explanation
of how upstream and downstream flow conditions are matched to the stream function
golution is given in appendix B.

The main function of NEWRHO is to calculate the partial derivatives of the stream
function in the s~ and t-directions. These partials are used to calculate the velocity com-
ponents. These components, together with either the blade shape or the specified whirl,
determine the relative velocity magnitude. With the relative velocity known, the density
can be calculated. Subroutine NEWRHO calculates ¢ and ¢ for the next iteration.

The first major loop in NEWRHO calculates 51/9s and op''/ds. This is done by
first calculating I and p'' along the horizontal mesh lines. The acfual relative stag-
nation pressure p'' is calculated by
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'}’/(7""1} e T
s -P
P = p'RT' T 1 - _ideal (2)
AT Pigeal
where
" 2w -.(u.sr)-2
oo T ®
'I‘i cp i

Equation (3) is the same as equation {B13) of part I with W = 0. The rothalpy I is cal-
culated from equation (B7) of part I (ref. 6). Then, 31/ds and 9p''/os are calculated
by calling the subroutine SLOPES.

The next loop calculates Wt. First, SPLINE is called to calculate 2u/0s along
horizontal mesh lines. Then Wt is calculated by equation (G11) of part I.

The final major loop calculates partial derivatives in the t-direction and then calcu-~
lates Ws, Wg, Vg, W, p, £, and T at every mesh point. The first inner loop calcu~
lates T"/Ti and p'' by equations (3) and (2). along vertical mesh lines. The values of
the t-coordinate and stream function u are also stored in femporary arrays. Then
SPLINE is called to calculate du/at, and SLOPES 1s called twice to calculate 91/3t and
dp''/ot. The second inner loop performs the remammg calculations. Equation (G10)
~ of part I is used to calculate W Within the blade WB can be calculated from W g’ Wt,
36/3s, and 36/3t. Since '

WB_W tanB

tan g = rg—e--rag ds _a_agt_
- dm s 'dm’ @9t dmh

as Vs
dm Wm
'_t_zfv.i
dm W_m
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Then Va and W are calculated by

V9=We+wr

afw? w2 a2
w_‘/vvgwuwsﬁ»wt

The ideal density p is calculated by

1/¢-1)

_ {7

b =p ;‘)
1

where T/T{ is calculated by equation (B13} of part I (ref. 6). Then 2p/3r and JI/or
are calculated by

ig—zégsinqsw@-cosqo
or as at

oI =§lsinqo+ﬂcosq)

or ds Jt

Relative total temperature T'' is also needed and is calculated from previously calcu-
lated values of T /Ti and T%. This gives all the quantities needed to calculate ¢

and ¢ from equations (A2) and (A3) of part I.
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After all calculations are done, the iteration number and the maximum relative
change in velocity are printed. Also, if the solution is converged on velocity, the print
control variables are set fo 1 whenever a positive value is specified as input. This re~
sults in output being printed for each item asked for after convergence.

There are also two error messages for NEWRHO in case the velocity at some point
becomes too large or if the upstream whirl is too large. Suggestions for correcting in-
put are given inthe section Error Messages in part I. ‘ '

Subroutine OUTPUT

The OUTPUT subroutine caleulates and prints all the major output data from
MERIDL. A flow chart for QUTPUT is shown in figure 13. Depending upon the wishes
of the user, OUTPUT has the potential for printing output on three separate sets of
points. These points are illustrated in figure 14. Qutput may be obtained_(l) at the or-
thogonal mesh points, {2) along streamlines where they are crossed by vertical orthog-
onal mesh lines, and (3} along streamlines where they are crossed by user-deSIgnated
hub-shroud station lines. A detailed description of the output in each case is given
in part I under Printed Output.

The printing of output is controlled by the iteration counter ITER and the input var-
iables IMESH, ISLINE, and ISTATL. Because of the large volumes of output possible,
it is only given at the locations requested by these variables and when ITER is an inte~
ger multiple of these variables.

No matter what the values of IMESH, ISLINE, and ISTATL data are calculated at
the orthogonal mesh points for every iteration. (Whether or not it is printed depends
upon IMESH.) Output along streamlines and on station lines is then interpolated from the
calculated data at the orthogonal mesh points if the values of ISLINE or ISTATL indicate

that the user desires these outputs at the current iteration. Ouiput along streamlines is
also calculated if it is needed for plotting {(controlled by IPLOT) or if it is needed for
caleulating the input to the TSONIC program (controlled by ITSON). '

The first sections of the QUTPUT routine calculate data on the orthogonal mesh.
At the main entry to this routine, Ws s Wt’ and WS are known from NEWRHO; and
the other velocity components and flow angles are calculated as follows:

_‘.f 2 2
Wm—- Ws+wt

Wi
sin(ov - @) = —
W,

33



Pe

Calculate velocities and
angles at mesh poinis, Calculate velocities
W sinlo-g), cosio-pl, at mesh points,
W, W, o, and§ Wy Wo W, Wr, and ¥y
t T
¥

Calculate Ur end WiW,
at orthogonal mesh points

i
BLDVEL
Calculate blade surface
velocities
¥
Exchange surface
veloctties if necessary,
due to machine arientation

Is
orthogoenal
mesh output ta

Write output
on orthogenal
mesh

be printed 7

!

Is
streamline
output desired

No o

by user, needed for
platting, or
for TS?NIM

Yes

Calculate z-, r-, and m-
coordinates of sireamlines

]

LININT
Interpolate on orthogonat
mesh to obtain W, Wr,
WB’ W!wcrﬁ Urcn i”m, a, Bn
and W on streamlines
1
ILETE

Determine which streamline
points lie within the blade;

1LS and ITS

'




Gt

¥

LININT
Interpolate on orthogonal
mesh 1o obtaln Wy anc W, " |-

on streamlines

Is

streamline

autput to be

printed
?

Yes | Weite output
along streamlines

i

No =

Is .
hub-shroud
station-line output

No

. Oesired by user

Calcutate z-, ¢-, and m-
coordinates of hub-
shroud station lines.

¥

LININT
Interpolate on orthogonal
mesh o obtain W,, W, W
W, Ure, Wi, e B, W?'
Wy, and Wy, along statien
lines )

¥
Write output along
station lines.

- Is
_ TSONIC
nput desirad 7

Yes

“Figure 13. - Flow chart for OUTPUT,




Vs

cos{a - @) = ——
Y

szwscosgo-wt gin ¢

Wr=W’tcos<,r:'-1—WS sin @

w
a = tan~1{ -
Y,
W
g = tan"1{ &
Va

Shroud

-
ID—-.
|'>-._
[

Horizontal
orthogonals =,

T
P~
!

Vertical
orthogonals —<

—— =

i
[
|
|
|
~
\
i
)
i

K.
-9

Streamlines

Mesh-point gutput - at intersections of

Hb grthogenat mesh
< Streamiine output - where streamfines
cross vertical orthogonals
O Station-line output - where streamiines

cross user-designated station lines

—————  Streamlines and station lines
————— “Orthogonal mesh lines

Figure 14, - {ocation of three major types of output.

This coding is followed by an entry point TOUTPT which is used only after TVELCY has
been called to obtain transonic velocities (see the block diagram, fig. 2, when

REDFAC <1.0). From this entry point, the velocity components are calculated some-
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‘what differently since W has been recalculated by TVELCY, as well as g upstream
and downstream of the blade. The angle o is assumed to be the same as in the final
subsonic iteration. With W, 3, and o known, the velocity components are now calcu-

lated as follows:

Wm =W cos 8
We =W sin g8
WzFWm cos o
Wr = Wm sin o

v =W6+wr

g

At this point in the program, all velocity components and flow angles have been
calculated, regardless of the eniry point. With velocity components and flow angles
known, streamline curvature is obtained from |

L:%:Eg.cos(a - () +§%sih(a - @)
d

r dm s
Then critical velocity ratio is obtained from

2w - (wr)2

2(:p

T =T! ~
C 1

W W

w
cr 2¥R T
¥y +1

The subroutine BLDVEL is then called to calculate and return an estimate of blade sur-
face velocities. Finally, a check is made to see if the suction- and pressure-surface
velocities have to be exchanged because of the orientation of the turbine or compressor,
At this point, all desired information has been calculated onthe orthogonal mesh and is
printed if ITER is a multiple of IMESH. |
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The next section of the QUTPUT routine calculates output on the streamlines where
they are intersected by vertical orthogonal mesh lines. This output is calculated only if
ITER is a multiple of ISLINE, IPLOT, or ITSON. First, streamline z- and
r-coordinates are calculated. The m-coordinates are then calculated from these, using
the z =0 point along a streamline to correspond to m = 0. Interpolations are then
made by using LININT and the orthogonal mesh data to obtain W, W, Was w/w or
and 1/rc. By using variations of the preceding formulas, Wm, o, 3, and W are calcu-
lated from these values. Subroutine ILETE is called to establish which mesh points
along streamlines are between the blade leading and trailing edges. Subroutine LININT
is then used to obtain Wz and wtr at these points. Finally, this output is printed if
ITER is a multiple of ISLINE.

The nexti section of the OUTPUT routine calculates output on user -designated hub-
shroud station lines where they intersect the streamlines. This output is calculated and
printed in the hub-shroud direction, in contirast to the throughflow direction of the pre-
vious two sets of output. It is only calculated if ITER is a multiple of ISTATL. The
z=- and r-coordinates of the station lines are calculated first. All "'regular' station
lines are straight lines (not necessarily radial) from the hub to the shroud. ''Blade
edge'' station lines are those whose hub and tip coordinates correspond to the inter-
sections of the blade leading and trailing edges with the hub and tip. Coordinates along
these station lines will follow these edges even when the edges are curved. After the
z- and r-coordinates are established, m-coordinates are calculated from these, again
using z =0 as the reference for m = 0. Interpolations are then made using LININT
with the orthogonal mesh values to obtain Wz, Wr’ W g W/W er, and streamline curva-
ture. The values of Wm’ o, B, and W are calculated from these. LININT is then
called to obtain Wl and wtr for station lines which lie within the blade. The station~
line output is then printed.

The final small section of OUTPUT calls the TSONIN subroutine to obtain input data
for the TSONIC program (ref. 5). This ecall is only made if ITER is a multiple of ITSON.

Subroutine BLDVEL

This subroutine calculates blade-surface velocities and densities and F . First,
a(rve)/ dt and a(rvg)/ 9s are caleulated by using the SLOPES subroutine. Thren,
[d(rVe)/dm] Bcos g is calculated, and W, and W, are calculated by equation (G4) of
part 1 (ref. 6). From this, p; and Pty are calculated by equations (B13) and (D4) of
part I. The average density Pyy 18 calculated by Simpson's rule

_ Pt Appig t Py
Pay = "
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This quantlty is used in NEWRHO in the next 1terat10n Then the predmted value of F
is calculated by

¥ =YJ- g—9asmcp+-a—6-cosqo DFDM- . , .. &+ . (4
T B at ' :

where

a(rV )

DFDM = -B cos 3
cm

Equation {4) is obtained from equations (B23) and (G2) of part I (ref. 6). The new value
for F _is calculated from the old F, and the predicted value of F. by usmg the mput
dampmg factor FNEW, as explained inthe section INPUT of part I. : "

At the end, the minimum and maximum predicted values of Fr and the maximum
change in Fr are calculated and printed. If debug output is requested, the arrays
which change each iteration are printed. : ;

Subroutine ILETE

The points where streamlines are intersected by the vertical orthogonal mesh lines
are the streamline mesh points. These are, in general, different from the orthogonal
mesh points. Subroutine ILETE calculates two integer arrays, ILS and ITS. They con-

‘ r .~ Streamlines

] -~ Vertical orthogonal
mesh lines

' 1415

1s=1

Figure 15. - Location of ILS, ITS points by ILETE.

\
!
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tain the numbers of the vertical mesh lines at the first intersection of a streamline with
a vertical mesh line inside the blade region at the leading and trailing edges of the
blades. These points are illustrated in figure 15. The ILS and ITS arrays are used in
OUTPUT in the calculation of blade surface velocities along streamlines.

Subroutine TSONIN

Subroutine TSONIN generates and prints the data required as input o the TSONIC
blade~to-blade analysis program (ref. b). Subroutine TSONIN is only called when ITER
is a multiple of ITSON. The data generated are printed for each of the stream surfaces
from hub to shroud, using 1 percent of the mass flow about a streamline to define a
stream surface or flow channel.

A complete description of the TSONIC input is given in the TSONIC report (ref. 5).
The output generated in TSONIN is slightly different from what is required by TSONIC,
These differences and the changes which have to be made to make these data acceptable
to TSONIC are described in part 1.

Subroutine INDEVY

Subroutine INDEV recalculates 26/2s to allow for incidence and deviation. This
means that the mid-channel flow surface differs from the blade mean camber line near
the leading and trailing edges, so as to match the upstream and downstream flow angles,
Figure 16 shows the procedure as applied to the leading edge. A similar correction is
made at the trailing edge. A correction for blockage is made so as to satisfy both con-
tinuity and tangential momentum at blade leading and trailing edges,

The calculation starts at the hub and proceeds to successive horizontal mesh lines
up to the tip. Both incidence and deviation corrections are calculated for each hori-
zontal mesh line. The corrected (3 f;’/i?s)hf of the blade leading or trailing edge is cal-
culated from equations (F1) and (F2) of part I (ref. 6}, These eguations relate (2 9/as)bf _
to the flow angles £, and g . -

The corrections to 26/38 are made so that the difference varies linearly from the
blade leading or trailing edge for the distance specified in appendix F of part [. After
the corrections are made, the incidence and deviation angles are printed if re-
quested. ‘

No correction is made to 90/t since it is nearly normal to the flow.

40



““Mean camber ling

“Lfne midway between
mean camber lines

*_ Mean camber
line

L Corrected mid-channel
flow surface

‘“Free-stream flow

figure 16. - Corrected mid-channel flow surface, The correcled miﬁ—
channel flow surface is used to calculate (68/ds)y. Incidence =

Bor - Bor

Subroutine SLPLOT

Subroutine SLPLOT makes a microfilm plot of the streamlines in the hub-shroud
meridional flow plane. The first small section of coding plots a separate frame of film
identifying either a subsonic solution and iteration number or a transonic solution. The
remaining coding plots the hub, shroud, and blade profiles in the meridional plane and
then adds the streamlines to the same plot. An example of this piot is given in fig-
ure 16(j) of part 1.

Subroutine SVPLOT

Subroutine SVPLOT makes microfilm plots of relative velocities on all streamlines
from hub to shroud. These plots are only made when ITER is a multiple of IPLOT or
when ITER = 1. A separate plot is made for the velocities on each sireamline. These
plots include mean flow velocities and blade surface velocities plotted against meri-
dional coordinates. Examples of these plots aregiven in figures 16(k) and (1) of part I
(ref. 6). After the separate streamline plots are made, three composite plots are made.
The first contains the mean flow velocities for all streamliines. The second and third
contain the suction- and pressure~surface velocities, respectively, for all streamlines.

Subroutine TVELCY

Subroutine TVELCY calculates the full-mass-flow, transonic solution when REDFAC
is less than 1. The velocity-gradient equation developed in appendix C of part I is used
to obtain the solution. Figure 17 is a flow chart for TVELCY,.
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The first step in the program is to restore the full value of mass flow, rotational
speed, and inlet and outlet whirl. The subroutines LAMDATF and RVTHTA must then be
reinitialized.

Next, oW /dm and awa/am are calculated. These are calculated from the
partials with respect to s and t by using the angle o - ¢. Since the calculations
are based on the reduced-mass-flow values of W m and WB’ the result must be di-
vided by REDFAC to obfain the full-mass-flow values. :

Statement 60 is the beginning of the outer DO loop. It starts at the upstream bound-
ary and solves the velocity ~gradient equation for each vertical mesh line. The initial
estimate of W on the hub (WHUB) is set equal to the reduced-mass-flow value for W
divided by REDFAC. For a given vertical line, the coefficients a, b, ¢, d, e, and f
of the velocity-gradient equation (A7) of part I are calculated. The coefficients are cal- f
culated by equations {A8) to {A11) of part 1. Of these coefficients, a, b, and d will not
be changed after the initial calculation, so they are calculated first. The initial arrays .
for whirl, temperature, and density are calculated at the same time.

For each vertical mesh line, an inner and an outer iteration is required. Each outer
iteration consists of solving the velocity -gradient equation for a given distribution of up-
stream and downstream flow conditions. The inner iteration solves the velocity-gradient
equation by varying Woap 2t each inner iteration until continuity is satisfied. The outer
iteration staris at statement 90. None of the coefficients change during the inner itera-
tion, so the remaining coefficients, ¢, e, and f, are calculated from equations (A9) to
(A11) of part I before starting the inner iteration. Also, part of the integrand for the
mass flowintegration is calculated now. This part is RCARB, which is equal to
pj cos(a - @)rB.

At statement 140, the inner iteration starts. First, initial values are set. The nu-
merical solution of the velocity-gradient equation and the mass flow integration are done
in the DO 200 loop. Trial values of WHUB are used in the velocity -gradient equation,
unti} the solution obtained results in the input mass flow across the vertical mesh line,
The first iteration will use the value calculated by the statement after statement 80,
Later iterations will use estimated values calculated by CONTIN. Once WHUB is speci-
fied, the numerical solution to the velocity-gradient equation is calculated by the Heun
method, as described for VBDRY. The solution procedure is the same, except that dwW
in equation (1) is evaluated by equation (A7) of part I {(ref. 6). The mass flow is calcu-
lated by trapezoidal integration of

ty
w = f P pW cos g cos(a - @)TB dt (5)
0
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s explained in appendix D of part I (ref. 6), p is the ideal density and B 1s reduced
1o reflect any loss of stagnation pressure.
The inner iteration ends when the velocity-gradient solution gwes the correct mass
flow in equation (5). (If the correct mass flow is not obtained in 100 iterations, an error
ssage is printed, and the program goes to the next vertical line.) After the end of the
imner iteration, at statement 250, the upstream and dowmstream flow conditions are
checked. If there ig a significant change in the value of inlet or outlet stagnation tem-
Perature or density, or whirl, these values will be adjusted and the inner iteration will
be repeated by going back o statement 90, unless there has been a total of over 1000
iterations for a given vertical mesh line. The outer iteration is completed when there
is no significant change in the solution, and the program goes to the next vertical line
(the DO 280 loop). After all vertical lines have been completed, control is returned to
the main program. If the blade is choked, a message is printed wﬂ:h the choking mass
flow. .

Function TOPF

Function TOPF calculates downstream stagnation temperature T(')' from the up-
stream stagnation temperature and the change in whirl, That is,

The input-argument (SF) is the value of the stream function (between 0 and 1. The
function TOPF is then T) for this streamline. '

Functions TIPF, RHOIPF, LAMDAF, RHOOPF, and RVTHTA

These five routines are similar. Their purpose is to calculate one of the free- -
stream quantities as a function of stream function. Interpolation is by means of a splme '
fit curve,

All these subroutines have an alternate entry point for initialization. The initiali~
zing call results in a SPLINE call to calculate the coefficients for the spline fit.

If the free-stream quantities are not given as input as a function of stream function
{i.e., if LSFR = 1), the stream function is first estimated and later iterated to be ad-
justed to the correct stream-function value. These adjustments to the stream function
{SFIN and SFOUT) are done in LAMDAF and RVTHTA.
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The input argument for all these subroutines is SF, which isthe value of the stream
funetion.

Subroutine CONTIN

Subroutine CONTIN is a curve-filting routine. On each call the calling programs
must furnish a2 point on the curve, and then CONTIN will specify the next value of the
abscissa. The calling program must then calculate the ordinate corresponding to this |
abscissa. After three calls, a parabola is fitted through the three peints, and this is
used to estimate the abscissa where the desired ordinate will be obtained. XEST is the
value of the abscissa, and YCALC is the value of the ordinate on each call. XEST is
changed by CONTIN {o return the next value of the abscissa to the calling program.

Figure 18 is a flow chart for CONTIN. Flow through the program is controlled by
the value of IND. For each new case, IND is set to 1 by the calling program. Then
CONTIN changes the value of IND on later calls. The significance of IND on the various
calls is given in table II. XDEL is the maximum increment for the change in XEST. On
the first two calls, usually XEST is increased by XDEL each time. The exceplion is
when YCALC is greater than YGIV and the subsonic solution is desired (JZ =1). Then
XEST is decreased by XDEL each time. h

On the third apd later calls, there are always three points so that a parabola can be
fitted through the three points. The parabolic coefficients are calculated by subroutine
PABC. Anytime that XEST falls outside the range of previocusly calculated 'valﬁes, a
shift is made until XEST is within the desired range.

When the parabolic curve is close to a straight line, equation (D13) is used instead
of the quadratic formula. The reason for this is explained‘ in appendix D.

Figure 19 illustrates the procedure for a typical case. On the first call to CONTIN,
IND =1 and YCALC corresponding to XEST is furnished by the calling program. Sup-
pose that YCALC is less than YGIV and that the subsonic solution is requested. Then
XEST becomes XORIG, and YCALC becomes Y(1) in figure 19. XORIG will be the origin
for the curve fitting so that X(1) = 0 in this case, Next CONTIN increases XEST by
XDEL. Then a return is made to the calling program to obtain the YCALC which corre-
sponds to this value of XEST. On the second call to CONTIN, the new value of YCALC
becomes Y(2) and XEST - XORIG becomes X(2), as indicated in figure 19. Subroutine
CONTIN increases XEST by XDEL again, and a return is made to obtain YCALC for the
third time. On the third call to CONTIN, the new value of YCALC becomes Y(3) and
XEST - XORIG becomes X(8). This gives the three points shown in figure 19. The
curve shown represents the true curve of YCALC against XEST.

At this time, a check is made to determine whether the solution is within the range
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Figure 18, - Flow chart for CONTIN.



8%

TAELE Ii. - SIGNIFICANCE OF IND IN VARIOUS

CALLS TO CONTIN

Value of Call Significance
IND

1 First First call

2 Second JZ = 1, YCALC less than WTFL,
or JZ =2

3 Second JZ = 1 and YCALC greater than
WIFL

4 Third IND = 2 on second call

Fourth or later Right shift was made so that
XEST will be within range of
stored previous values.

5 Third IND =3 on second eall

Fourth or later Left shift was made so that
XEST will be within range of
stored previous values.

6 Fourth or later Subsonic or supersonic solution
ig predicted by quadratic fit and
is within range of solutions
obtatned,

T Fourth or later Choked flow is predicted by
guadratic fit apd is within
range of solutions obtained.

10 Never Choked solution found
11 Never 100 calls made but no solution

found

YOIV

Y13

Y2

¥

= XDELf=—
= XDEL=—

X0 X120 X3

YORIG

Figure 19, - Starting procedure for CONTIN.
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<\>f the three points obtained. If not, additional peints are calculated, and the three
pbints are shifted as required. For example, in figure 19, a shift to the right is re-
quired. In this case, point 2 would become point 1, point 3 would become point 2, and
XEST would be increased by XDEL. This procedure is repeated until either the solu-
tion or the maximum point is within the range of the three points obtained.

Since the curve represents mass flow as a function of the velocity at some point,
the curve will be of the type shown. The maximum point on the curve isthe choking
mass flow. This type of curve is approximated well by a quadratic curve. After it hag
been determined that a solution is within the range of the three points (i.e.,

Y(1) = YGIV = Y(3) for a subsonic solution), a parabola is fitted through the three
points. This situation is illustrated in figure 20. The next value of XEST is deter -

T True curve

¥(3) ™~

l\-Pe:n'abola
YGIV

Figure 20. - Approximating curve with a parabola, -

mined by the ﬁoint where the parabolic curve intersects the YGIV line. Then the return
is made to obtain YCALC. If YCALC is sufficiently close to YGIV, this will be the solu-
tion. Otherwise, CONTIN is called again, XEST - XORIG becomes X(2), YCALC be-~

comes Y(2), and the procedure is repeated (as many as 100 times) until YCALC is
sufficiently close to YGIV.

The detailed operation of subroutine CONTIN is given in figure 18 and table II. The
calling statement for CONTIN is

CALL CONTIN(XEST,YCALC,IND, JZ, YGIV,XDEL)

The input variables for CONTIN are
XEST - last value of X used to calculate YCALC

YCALC value of Y corresponding to XEST (calling program calculates YCALC)
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- IND controls sequence of calculation in CONTIN; calling program getg IND =1
to indicate a new solution

JZ determines whether subsonic or supersonic solution will be obtained:
JZ = 1, subsonic solution '
JZ = 2, supersonic solution

YGIV value of Y desired for solution

XDEL maximum permissible change in XEST between iterations
The output variables for CONTIN are

XEST ‘value of X to be'used to calculate the next value for YCALC

IND used to control next iteration in CONTIN and to indicate when a choked
solution is found or when no solution can be found (table II)

The internal variables for CONTIN are

ACB2 ale - y) /b

APA coefficient a of X2 in quadratic fit

BPB coefficient b of X in quadratic fit

CPC constant C in quadratic fit

DISCR discriminant, Yb? - dac

NCALL number of times CONTIN has been called for a given case

X array of three values of XEST - XORIG

XORIG value of XEST on initial call, modified by right or left shiits

XOSHFT amount of change of XORIG
Y array of three values of YCALC

Subroutine PABC

Subroutine PABC calculates coefficients A, B, and C of the parabola
y = sz + Bx + C passing through three given X,Y points.

Subroutine INRSCT

Subroutine INRSCT calculates the coordinates of the point of intersection of two
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spline curves lying on a common plane which are known to cross within the range of
the end points of each. In a general x-y coordinate system, the first spline curve is
supplied to INRSCT as a function of x

y = f{x)
and the second as a function of y
x = g(y)

The solution technique consists of systematically cdnstructing pairs of tangent
slopes to the two curves and locating the points of intersection of the two slopes. Each
intersection point provides new coordinates from which new slopes and an intersection
are calculated. These intersections quickly converge to the intersection point of the

original curves. : ,
This technique is illustrated in figure 21. The original trial x-coordinate is always

x = gly)

y = fix)

® Presant trial
© Next trial

XY Xp¥e

Figure 21. - Procedure for calculating intersections in INRSCT,

midway between the end points for f(x). This value is Xy, from which ¥y and slope 84
are calculated by SPLINT. The calculated yi is then used as input to SPLINT for gy.
From this SPLINT call, Xq and 89 are calculated, as shown in figure 21. The inter-
section point of the two slopes is calculated from ' ‘
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Then X, becomes Xy for the following iteration of this process.

To check convergence of this process, the distance is calculated between each pair
of intersection points x,,¥, for adjacent iterations. When this distance becomes less
than the tolerance, an exit is made from INRSCT. Failing to meet the tolerance in

20 iterations causes an error message to be printed.
The calling statement for subroutine INRSCT is

CALL INRSCT(XCURV1, YCURV1,N1,XCURV2, YCURV2, N2, XCROSS, YCROSS)

The input arguments for INRSCT are

XCURV1(N1) x-coordinates for f(x)

YCURV1(N1) y-coordinates for y = f(x)

XCURV2(N2) x-coordinates for x =g(y)

YCURV2(N2) y-coordinates for g(y)

N1 number of spline points for £(x)

N2 number of spline points for g(y)

The output arguments for INRSCT are

XCROSS x-coordinate of intersection of two input curves

YCROSS y~coordinate of intersection of two input curves

Subroutine ROOT

Subroutine ROOT finds a root for 1(x) =y by the bisection method. The function
f(x) must be defined on the interval [a,b] by the subroutine FUNCT. FUNCT is a dummy
name; any subroutine name may be used in the calling program. In MERIDL, FUNCT
is CROSCD.,

The interval is bisected 20 times by ROOT. This gives a resolution of x of 10'6
times the interval length. After the root has been located, the difference f(x) -y is
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checked to see if it is less than TOLERY. If not, a message is printed with details
on the iterated calculations.
The calling statement for ROOT is

CALL ROOT(A,B, Y, FUNCT, TOLERY, X, DFX)

The iﬂput arguments for ROOT are

A a

B b

Y oy |

FUNCT external subroutine to calculate f(x)-

TOLERY tolerance on solution (x is accepted as a root if |'f(x)" -'.yf < TOLERY)
The output arguments for ROOT are
X value at x such that fx) =y
DFX f'(x)
The calling sequence for FUNCT must be

FUNCT(X, FX,DFX,)

These arguments are defined as follows:

X b4
FX f(x)

DFX £ (x)

Subroutine LININT

Subroutine LININT is a general-purpose subroutine for two-dimensional interpola-
tion. It is called many times by several subroutines.

Subroutine LININT locates the point (xo,y D) in a two-dimensional mesh with coor-
dinates stored inthe x and y arrays. Then the value of z o at x o'Yo is interpolated
from the z-array values csrresponding to the X and y arrays. Figure 22 isa flow
chart for LININT. '
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Figure 22, - Fow chart for LININT.



A typical mesh is shown in figure 23. ‘The mesh need not be orthogonal; but it must
consist of two sets of lines, with one set running more or less horizontally (never verti-

~ix ]
3 ¥
1 2 (I4=’ 4, 342333

Figure 23. - Typical mesh for LININT.

cal) and the other set running more or less vertically (never horizontal). The number
of vertical lines is NX, and I denotes the number of the line (running from 1 at the left
to NX at the right). The number of horizontal lines is NY, and J denotes the number of
the line (running from 1 at the bottom to NY at the.top). ' The lines between mesh points
are assumed to be straight lines. o : '

At the outset ,' some value of I and J must be specified . Any value within the pre~
scribed limits is legal. On repeated calls to LININT, usually the value from the pre-
ceding call is used. The values of I and J desired are the numbers shown at the bottom
of figure 23. In this figure 1 =4, J= 3. The procedure is to check to see on which side
of each of the four boundary lines the point lies. The variables ABOVE and RIGHT are
used to indicate the position. ABOVE = -1 indicates the point is below the bottom line,
ABOVE = 0 the point is between the bottom and top lines, and ABOVE = 1 the point is
above the top line. Similarly, RIGHT = -1 indicates the point is to the left of the left
line, RIGHT = 0, the point is between the left and right lines, and RIGHT = 1 the point
is to the right of the right line. Thus, when ABOVE = RIGHT - 0, we have the correct
mesh region. If not, I and/or J are incremented by plus or minus 1 to move to the
proper adjacent region. In this way, eventually the proper region will be found. If the
point lies entirely outside the region defined, the nearest mesh region to the point
(= oY 0) will be found. In this case, extrapolation is required, and the variable EXTRAP
is used to indicate the direction of extrapolation. EXTRAP is dimensioned 2.
EXTRAP(1) corresponds to ABOVE, and EXTRAP(2} to RIGHT.

After the proper mesh-point region is found, interpolation between the function val-
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ues at the four corners is used. The method used is described in appendix D. First,
the quadratic coefficients are calculated by equation (D8) or (D10). Then, the quadratic
equation (D7) or (D9) is solved either by the quadratic formula, or by the binomial ex-
pansion, equation (D13), as explained in appendix D.

The same coding is used to calculate both fx and f . After these values are ob-
tained, equation (D14) is used to calculate the interpolated value of Z,-

The calling statement for LININT is

CALL LININT(X,Y,Z, NX,NY,NDIMX, NDIMY, X0, Y0,Z90,1,J)

The input variables for LININT are

X two-dimensional array of x-coordinates of mesh points

Y two-dimensional array of y-coordinates of mesh points

Z two-dimensional array of z-function values at mesh points
NX number of mesh points in the x-~direction

NY number of mesh points in the y-direction

NDIMX dimension of X, Y, and Z arrays in the x-direction

NDIMY dimension of X, Y, and Z arrays in the y-direction

X0 x-coordinate of interpolation point

YO y-coordinate of interpolation point

I initial guess at number of vertical mesh line to the left of CXO,- Y0)
J initial guess at number of horizontal mesh line below (X0, YO)

The output variables for LININT are

Z0 interpolated value of Z at (X0, Y0)
I number of vertical mesh line to the left of (X0, Y0)
J number of horizontal mesh line below (X0, Y0)

The internal variahles for LININT are

ABOVE integer, 1 indicates (X0, Y0) is above the current I,J region, 0 within,
and -1 below

ACB2 ac/b2 (eq. (D13))
CASE used to indicate whether F1 or F2 is the proper solution
DISCR discriminate, b2 - 4ac (eq. (D7) or (D9))
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EXTRAP array to indicate extrapolation either horizontally or vertically
FA b/2 (eq. (D7) or (D9)) |

FB V(b2 - 4ac)/2a (eq. (D7) or (D9))
or f

FF fx r y
FX £

Fy fy

Fl

F2

JEX indicator, first or second pass through coding to calculate fx or fy
IN new value for I

JN new value for J

QA a (eq. (D8} or (D10Y)
QB b (eq. (D8) or (D10))
QC c {(eq. (D8) or (D10))

RIGHT integer, 1 indicates X0,Y0 is to the right of the current I,J region,
0 within, and -1 left

X0t X091 (see appendix D for notation)
X02 Xgg OF Xgg3 | -
X13 Xy3 OF Xig

X21 Xpgy OF Xg4

X42 X49 OF Xyq

Y01 Yo1

Y02 Yoa OF Yg3

Y13 Y13 Or ¥ys

Y21 Va1 O ¥g3q



Subroutine SPLINE SR —

Subroutine SPLINE calculates the first and second derivatives of a cubic spline
curve at the spline points. SPLINE solves a tridiagonal matrix given in reference 12 to
obtain the coefficients for the piecewise cubic polynomial function giving the spline fit
curve. The SPLINE routine is based on the end-point condition that the second deriva-
tive at either end point is one=half that of the next spline point.

The calling statement for SPLINE is

CALL SPLINE(X,Y,N,SLOPE,EM)

The input variables for SPLINE are

X array of ordinates
Y array of function values corresponding to X
N number of X and Y values given

The output variables for SPLINE are

SL.OPE array of first derivatives

EM array of second derivatives

Subroutine SPLINT

Subroutine SPLINT is used for interpolation, including interpolation of the deriva-
tive. The interpolation is based on the cubic spline curve, with the same end conditions
as SPLINE. The alternate entry point, SPLENT, allows for interpolation at a new set
of points based on the spline curve of the previous SPLINE call.

The input variables for SPLINT are

X array of spline point ordinates

Y array of function values at spline points

N number of X and Y wvalues given

Z array of ordinates at which interpolated values and derivatives are desired
MAX number of Z values given

The output variables for SPLINT are

YINT array of interpolated function values

DYDX array of interpolated derivatives

58



Subroutine SLOPES
Subroutme ‘SLOPES calculates the f1rst derwatwes (slopes) based on a parabolic fit
through three’ ad]acent pomts Thzs subroutine is used when the 1nput pomts may not be
Suff1c1ent1y smooth for the SPLINE subroutme ‘
“The calling statement for subroutine SLOPES is’

CALL SLOPES(X,Y,N, SLOPE)

The input arguments for SLOPES are

X array of ordinates
Y array of function values corresponding to X
N number of X and Y values given .

The output variable for SLOPES is
SLOPE  array of first derivatives

MAIN DICTIONARY

The main dictionary for MERIDL is given in this section. It contains the definitions
of variables for all the principal subroutmes (from INPUT to RVTHTA, see table of con-
tents) of the program. The rema1mng subroutmes (CONT]N to SLOPES) are, of a,
rthl'lS : oo .
Al 1mp0rtant varlables are mcluded in the ma1n d1ct1onary These mclude all o
COMMON variables, any d1mensmned variables 1n the subroutmes and all 1mportant
undimensioned variables. Only locally used undlmenswned var1ab1es of minor impor~
tance are not included, . . - o

The names of all dimensioned variables are.followed by the variables. which deter =
mine what the dimensions should be. For example the thi'ee-dlmensmnal array A is,
dimensioned A(4,100, 101) in the /VARCOM/ COMMON but is listed as A(4,MM, MHTP1)
in the dictionary. - This enables the user to easily alter the dimension of A (and reduce
the program's variable storage) if he knows maximum limits to MM and MHTP1 for his
application. See the section STORAGE REQU[REMENTS for further explanatlon ‘

The dictionary also indicates the COMMON blocks or the subroutmes in which each
variable is used. Variables in COMMON are used in many subroutines. ' The COMMON
blocks are listed for each subroutine in table I. : : ‘
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Variable name

A(4, MM, MHTP1)

A0

AA{MHTPI)

AAA(NHUB)

AAA(100)

AAA(MHTPI or MM)
AAA(MHTP1 or NOSTAT
or NSL or 20)

AAA(NIN or NOUT)

AANDK(integer variable)

ALPHA (MM, MHTP1)

ALPHLE
ALPHTE

ALPSL{MM NSL)
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COMMON Subroutine

block

MESHO

VARCOM

COEF

VBDRY

MESHO

PTBDRY

NEWRHO

OQUTPUT

LAMDAF
RVTHTA

TSONIN

VARCOM

INDEV

INDEV

SLCOM

Description and comments

left-hand boundary on an in-
terval of z~-coordinate, m

coefficients of finite~
difference equation (A7)
for stream function, u

a, (eq. (A8))

coefficients, a, of velocity-
gradient equation ((C9),

part I}

dummy array of slopes of a
spline fit of horizontal
rows in RRAD array

dummy array of slopes of
spline fit curves

dummy array used in
SPLINE calls

dummy array used in
SPLINT calls

dummy array used in
SPLINT calls

input for TSONIC (ref. 5)

o at orthogonal mesh
points, rad

¥jar rad
Qe rad

o at points along stream-
lines where they cross
vertical mesh lines, rad



Variable name

ALPST(NSL, NOSTAT)

|

ALVERT(MHTP1)
, AN\G(HNPPP.')

ANGI.l(lll _NBLPL)

ANGZ(11;NBLPL)

AR

ATVEL(MHTP1)

BB(MHTP1)

COMMON
block

STACOM

INPUTT

Subroutine

OUTPUT

INPLOT
THIKOM
TSONIN

THETOM

THETOM

TVELCY

MESHO

VBDRY

Description and comments

o at points along station
lines where they cross
streamlines, rad

temporary storage for val-
ves of @ from ALPHA
array on vertical mesh
lines, rad

angles from meridional
plane of blade-section mean
camber lines at blade-section
inpuf points, rad

angles with respect to:
radius of hub-shroud lines
of alternate mesh (fig. 26),
rad

angles with respect to
z-axis of input blade sec-
tions at alternate mesh
points {fig. 26), rad

input gas constant, R,

J/(kg) (K)

coefficients, a, of velocity-
gradient equation ({(A7),
part I) at orthogonal mesh
points along vertical mesh
lines

right-hand boundary on in-
terval of z-coordinate, m

coefficients, b, of velocity-
gradient equation {(C9),
part I}
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Variable name

BDY(4)

BESP(MM)

BETA(MM,MHTP1)

BETAI

BETAO

BETSL (MM, NSL)

BETST{NSL,NOSTAT)

BLDAT(integer variable)

BLDCRD

BLDEV
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COMMON Subroutine
block
VBDRY
TSONIN
VARCOM
TSONIN
TSONIN
SLCOM
STACOM
TSONIN
INDEV
INDEV

Description and comments

variable containing words
INLET and QUTLET used
in printing error message

normal thicknesses of a
stream channel, at
MR, RMSP points, printed
as input for TSONIC
(ref. 5), m

B at orthogonal mesh
points, rad

Bi at blade leading edge
(input to TSONIC, ref. 5),
deg

B, at blade trailing edge
(input to TSONIC, ref. 5),
deg

B at points along stream-
lines where they cross
vertical mesh lines, rad

B at points along station
lines where they cross
streamlines, rad

input for TSONIC (ref. 5)

true blade chord along a
horizontal mesh line, m

deviation angle, corrected
for blockage, where a hor-

izontal mesh line intersects

trailing edge (Bbf - Bb)t ,
e
deg



Variable name.

BLINC

BLNK
BRNG

BTABLD

BTFSLE

BTFSTE - -~ -

BTH(MM, MHTP1)

BTHLE
BTHSL

BTHTE

COMMON Subroutine
block

INDEV

INPLOT

INPLOT
SVPLOT

INDEV

INDEV

INDEV

CALCON

INDEV
TSONIN

INDEV

Description and comments

incidence angle, corrected
for blockage, where a hor-
izontal mesh line infersects

leading edge (Bbf"' Bb)

deg

1e’

blank word used in some
plot titles

bottom or lower range of
values on a given plot

blade mean camber line angle
at leading or trailing edge,

By rad

upstream flow angle, Ber. ..
extrapolated lirearly along
a horizonfal mesh line to
blade leading edge, rad

" downstream flow angle, Be»

extrapolated linearly along
a horizontal mesh line back
to blade trailing edge, rad

B at orthogonal mesh
points, rad (These values
are corrected for total
pressure loss through the
blade row.)

B, , rad

le

B along a streamline, rad

B

e rad
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Variable name

BTVEL(MHTP1)

Cl

C2

CAMP(MM, MHTP1)

CAMPLE
CAMPTE
CBETA

CCA(MHTP1)

CCB{(MHTP1)

CHANGE

CHFL

CHLIM
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COMMON Subroutine
block

TVELCY

COEF
COEF

VARCOM

INDEV
INDEV
TVELCY

VBDRY

VBDRY

SOR

TVELCY

TVELCY

Description and comments

coefficients, b, of velocity -
gradient equation ((A7),
part I) at orthogonal mesh
points along vertical mesh
lines

cy (eq. (A8))

c, (eq. (A8))

cos(a -~ @) at orthogonal
mesh points

cos{o - ‘P)le
cos(a - Pie
cos g

coefficients, C,» Of
velocity -gradient equation
((C9), part 1)

coefficients, ¢, of
velocity -gradient equation
{€C9), part )

change in value of stream
function at a mesh point
during an overrelaxation
iteration

choking mass flow for a
vertical orthogonal mesh
line, kg/sec

minimum choking mass flow
per passage, kg/sec



Var iabie" name

CHORDF

COSBTA
cp

CPHI(MM, MHTP1)

CPHILE
CPHITE

CPTIP(MHTP1)

CTVEL(MHTP1)

CURV(MM, MHTP1)

CURVH

CURVHI

CURVHO

COMMON
block

CALCON

CALCON

VARCOM

CALCON

CALCON

Subroutine

TSONIN

VBDRY

INDEV

INDEV

TVELCY

TVELCY

VEBDRY

Description and comments

length of blade section along
streamline in m-direction
(input to TSONIC,

~ref. 5), m

cos f3
Cps 3 /(kg}(K)

cos(yp) at orthogonal mesh
points o

cos(¢;,)

cos(¢y,)

Zcp’I‘{ at orthogonal mesh
points along vertical mesh

lines, (N}{m)/kg

coefficients, ¢, of velocity-
gradient equation ((A7},
part I) at orthogonal mesh
poinis along vertical mesh
lines

1/r o at orthogonal mesh
points, 1/m

CURVHI or CURVHO, 1/m

curvature of hub at point
where it is intersected by
first (upstream) vertical
orthogonal mesh line, 1/m

curvature of hub at point
where it is intersected by
last (downstream) vertical
orthogonal mesh line 1/m
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Variabhle name

CURVSL(MM, NSL)

CURVST(NSL, NOSTAT)

CURVT

CURVTI

CURVTO

D1

D2

DALDS(MM)

DALDT(MM, MHTP1)

DALVER(MHTP1)

DBL
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COMMON Subroutine

block

SLCOM

STACOM
VBDRY

CALCON

CALCON
COEF
COEF
OQUTPUT
OUTPUT
OUTPUT
TSONIN

Description and comments

1/r ¢ Aat points along
streamlines where they
cross vertical orthogonal
mesh lines, 1/m

1/ o at points along sta-
tion lines where they cross
streamlines, 1/m

CURVTI or CURVTO, 1/m

curvature of shroud at point
where it is intersected by
first (upstream) vertical
orthogonal mesh line, 1/m

curvafure of shroud at point
where it is intersected by
last (downstream) vertical
orthogonal mesh line, 1/m

d, (eq. {(A8))
dgy (eq. (A8Y)

de /9s at mesh points along
horizontal mesh lines,
rad/m

da /3t at orthogonal mesh
points, rad/m

ga /0t at mesh points along
vertical mesh lines, rad/m

one~half of tangential blade
thickness (in radians) at
intersection of a stream-
line with blade leading or
trailing edge



Variable name

DCHANG

DEGRAD-

DEL

DELCH

DELM

DELMAX

DELR

DELRHO(MM, MHTP1)

DELRNG

DELRTH

COMMON Subroutine
block

COEF

OUTPUT
INDEV

INPLOT

OouUTPUT

TSONIN

VBDRY
TVELCY

MESHO

PTBDRY
OoUTPUT

VARCOM

INPLOT

INPLOT

Description and comments

maximum value of change in-
estimated values of
a(rVB)/ar at a mesh point
between any {wo outer iter-
ations, m/sec

conversion constant from
radians to degrees

increment between plotted
stream function or radius
points

1 percent of average meri-
dional chord length of
blade, m

increment of meridional dis-
tance, m

increment for Whub at each
iteration to satisfy con-
tinvity, m/sec

increment in r-~coordinate, m

difference in density, be-
tween suction and pressure
surfaces, at orthogonal
mesh points, kg/ms

maximum range of points on
a plot in either bottom-top
or left-right directions

plotted blade spacing of a
blade section, m
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Variable name

DELT
DELZ

DENS

DENTOL

DFDM(MM, MHTP1)

DFDS(MM)

DFDT(MM, MHTP1)

DFVERT(MHTP1)

DIDR

DIDS(MM, MHTP1)

DIDT(MHTP1)

DIST(NPPP)
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COMMON
block

VARCOM

Subroutine

INPLOT

MESHO

PTBDRY
THETOM
OouTPUT

TVELCY

TSONIN

BLDVEL

BLDVEL

BLDVEL

NEWRHO

NEWRHO

NEWRHO

THIKOM
TSONIN

Description and comments

tangential blade thickness, m

increment in z-coordinate,
m

pi or py, kg/m®

density tolerance (input for
TSONIC, ref. 5)

-B cos §[d(rV,)/dm] at

orthogonal mesh points
(eq. (4)), m/sec

a(rVB) /s at mesh points
along horizontal mesh
lines, m/sec

a(rVG) /ot at orthogonal
mesh points, m/sec

a(rVB) /ot at mesh points
along vertical mesh lines,
m/sec

el/or, m/asec2

91/2s at orthogonal mesh
points, m/siec2

31/at at mesh points along
vertical mesh lines,
m/sec2

distances on meridional
plane along lines connecting
input blade-gection points
{ZBL,RBL), m



Variable name

. DISTLE

DISTTE

DLAM

DLDU(MM, MHTP1)

DMAX

DMD2

DMIN

DNEW

COMMON Subroutine
block
: INDEV

INDEV

TVELCY

VARCOM

COEF

PTBDRY

COEF

INPUTT

Description and comments

distance along horizontal
mesh line from leading
edge of blade for which a
blade shape correction is
made for incidence, m

distance along horizontal
mesh line from trailing
edge of blade for whicha
blade shape correction is
made for deviation, m

change in rVa bhetween
points on vertical mesh
lines, mz/sec

. gradients of rV, with re-

spect to stream function,
d(rVB) /du, at orthogonal
mesh points, m“/sec

(This array is only defined
and used in regions outside
of blade row.)

.‘ maximuam calculated‘valu_e of

a(rvﬁ,)/ar at any mesh
point, m/sec

expansion distance on
smaller range of a plot

minimum calgulated value of
a(rvg)/ar at any mesh
point, m/sec

input damping factor on cal-
culation of a(rve) /or
within blade row from outer
iteration to outer iteration
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Variable name

DPDR

DPDS(MM, MHTP1)

DPDT(MHTP1)

DPREL

DRBL

DRBTH

DRTHBL(NPPP ,NBLPL)

DTDRLE

DTDROM

DTDRTE

DTDS(NPPP)

DTDSFL
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COMMON

block

Subroutine '

NEWRHO

NEWRHO

NEWRHO

TVELCY

TSONIN

THIKCM

THIKOM
TSONIN

INDEV

THETOM

INDEV

THIKOM
TSONIN

INDEV

Deseription and comments

ap''/or, N/m3

9p'' /os at orthogonal mesh
points, N/m3

op'' /ot at mesh points along
vertical mesh lines, 1\‘r/m3

change in p'' between
points on vertical mesh
lines, N/m2

tangential blade thickness
at intersection of a meri-
dional streamline with
blade leading or trailing
edge, m

interpolated value of tangen-
tial blade thickness, m

tangential blade thickness at
ZBL,RBL input points, m

(ae/ar)le, rad /m

38/3r on orthogonal mesh,
rad/m

] 9/ar)te, rad/m

88/9s, rad/m

(ae/as)bf at leading or
trailing edge, rad/m



Variable name

DTDSLE(MHTP1)

DTDSTE(MHTP1)

DTDTLE
DTDTTE
DTDZLE

DTDZOM _

DTDZTE

DTHDM(NPPP).

DTHDR(11,NBLPL)
DTHDS(MM, MHTP1)
DTHDSP(11,NBLPL)

DTHDT (MM, MHTP1)

COMMON
block

INDCOM

CALCON

CALCON

Subroutine -

INDEV

INDEV

INDEV
INDEV
INDEV

THETOM

INDEV

- INPLOT

THETOM

‘Description and comments

96/9s of mid-channel flow
surface at points where

horizontal mesh lines cross-

leading edge of blade,
rad/m

96/9s of mid-channel flow
gurface at points where
horizontal mesh lines cross
trailing edge of blade,
rad/m

(aa/at)le, rad/m
(26/0t)q, rad/m
(ae/az)le, rad/m

06/ez on orthogonal mesh,
rad/m '

(ae/az)te,. _rad/m N

06/3s' used to estimate
blade angle to calculate
tangential blade thickness
from TNBL, rad/m

96/2r on alternate blade
mesh (fig. 26), rad/m.

768/3s at orthogonal mesh
points, rad/m

96/ds' on alternate blade -
mesh (fig. 26), rad/m

d8/3t at orthogonal mesh
points, rad/m
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Variable name

DTHDTP(11,NBLPL)

DTHDZ(11,NBLPL)

DTIP

DTPP

DTVEL(MHTP1)

DUDS(MM)

DUDT(MHTP1)

DVDRT

DVTHDR(MM, MHTP1)

DWMDM(MM, MHTP1)

DWMDS(MM)

DWMDT(MM, MHTP1)

DWMVER(MHTP1)
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COMMON
block

INDCOM

Subroufine

THETOM

TVELCY

TVELCY

TVELCY

NEWRHO

NEWRHO

COEF

COEF

TVELCY

TVELCY

TVELCY

TVELCY

Description and comments

98/0t" on alternate blade
mesh (fig. 26), rad/m

d6/3z on alternate blade
mesh (fig, 26), rad/m

change in T} between points’
on vertical mesh lines, K

change in T'' between points
on vertical mesh lines, K

coefficients, d, of velocity-
gradient equation ((A7),
part I) at mesh points along
vertical mesh lines

du/2s along horizontal mesh
lines, 1/m
du/dt at mesh points along

vertical mesh lines, 1/m

updated estimate of
Vv B) /9r at a mesh point,
m/sec

a(rVB) /9r at orthogonal
mesh points, m/sec

dWm/dm at orthogonal
mesh points, 1/sec

an/as along horizontal
mesh lines, 1/sec

an/ dt at orthogonal mesh
points, 1/sec

an/at along vertical mesh
lines, 1/sec



COMMON
block

Variable name

DWTDM(MM, MHTP1)
DWTDS(MM)
DWTDT(MM, MHTP1)
DWTVER(MHTP1)
DYDX(10)

DYDX(MM or MHTP1)
DYDX(NBLPL)
DYDX2(MM or MHTP1)

DYDX2(NBLPL)

EM(NIN or NOUT)

Subroutine -

TVELCY

TVELCY

TVELCY

TVELCY

INPUT

PRECAL

THETOM

PRECAL

THETOM

TIPF
RHOIPF
RHOOPF
LAMDAF
RVTHTA

Description and comments

aw Q/dm at orthogonal mesh
points, 1/sec

awa/as along horizontal
mesh lines, 1/sec

awg/at at orthogonal mesh
points, 1/sec

W, /ot at mesh points along
vertical mesh lines, 1/sec

temporary storage for
gradients

temporary storage for de-
rivative of several SPLINE
and SPLINT calls

temporary storage for de-
rivative of several SPLINE
calls

temporary storage for sec-
ond derivatives ca’lcu_lated
by SPLINE calls

temporary storage for sec-
ond derivatives of several
SPLINE calls

second derivatives of spline-‘
fit curves
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Variable name

ECP

ERROR

ERSOR (interger variable)

ETVEL(MHTP1)

EXPON

EXTRAP

FCHANG

FLFR(NSL)

FMAX

T4

COMMON Subroutine
block

INPLOT
MEPLOT
SLPLOT
SVPLOT

SOR

TSONIN

TVELCY

CALCON

INDEV

BLDVEL

INPUTT

BLDVEL

Deseription and comments

end of plot indicator
(EOP = 1.0)

maximum absolute value of
change in u at any point
for an overrelaxation iter=
ation

input for TSONIC (ref. 5)

coeificients, e, of velocity~
gradient equation ((A7),.
part I) at mesh points
along vertical mesh lines

1/tr - 1)

distance along horizontal
mesh line from blade lead-
ing or trailing edge to first
mesh point outside of
blade, m

maximum value of change in
Fr at any mesh point be-
tween any two outer itera-
tions

input values of stream func-
tion designating stream-
lines along which output is
to be printed

maximum new predicted
valye of Fr at any mesh
point during an outer iter-
ation



+ Variable name |

FMIN

. FNEW

FR(MM, MHTP1)

FST(MM, MHTP1)

FTVEL(MHTP1)

FVERT‘(MﬁTPi) _

GAM
GRAD(101)

GRAD(MHTP1) .

COMMON Subroutine
block
BLDVEL
INPUTT
VARCOM
VBDRY
BLDVEL
BLDVEL
TVELCY
BLDVEL
INPUTT
INPLOT
LOSSOM

Description and commentis

minimum new predicted
value of F at any mesh
point during an outer iter-
ation

input damping factor on cal-
culation of Fr from outer
iteration to outer iteration

F r at orthogonal mesh
points (eq. (A4)), m/sec2

stream function, u, at mesh
point on vertical boundary

predicted value of Fr ata
mesh point

rVB at orthogonal mesh -
points, m“/sec '

coefficients, f, of velocity-
gradient equation ((A7),
part I) at mesh points
along vertical mesh lines

temporary storage for val-
ues of rVa from FST
array on vertical mesh
lines, mz/’secr

input, v

dummy array for deriva-
tives calculated by SPLINT
calls in INPLOT

dummy array of derivatives
calculated in SPLINT ecall

75



Variable name

H1

H2

H3

H4

IDEBUG

IEND

IL
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COMMON

block

INPUTT

Blank

Subroutine Description and comments

COEF h, (eq. (A8), fig. 24)
COEF h, (eq. (A8), fig. 24)
COEF h3 (eq. (A8), fig. 24)
COEF h, (eq. (A8), fig. 24)

integer input indicating mul.
tiple of outer iterations at
which debug output is
printed

integer indicator of stage of
solution to which program
has proceeded:

IEND = -1, prior to con-
vergence of subsocnic
solution

IEND = 0, between con-
vergence of subsonic
solution and beginning
of transonic solution

IEND =1, during first
transonic solution with
all velocities smaller
than choking~mass-flow
solution

IEND = 2, during second
transonic solution with
all velocities greater
than choking-mass-flow
solution

VBDRY integer (1 or 3) to identify
proper word in BDY array



Variable name - COMMON Subroutine . = Description and coniments
block

ILE(MHTP1) CALCON vertical mesh line numbers
' of first mesh point inside
blade region at leading
edge

ILS(NSL) SLCOM vertical mesh line number
o of first intersection of a
streamline with a vertical
mesh line inside blade re-
gion at leading edge

IMESH ' INPUTT integer input indicating the
' multiple of outer itera-
G - tions at which major out-

' put is printed for orthog-
onal mesh

IND VBDRY integer which indicates
TVELCY ‘solution procedure in
CONTIN

INTVL : TSONIN input for TSONIC (ref. 5)

IPLOT . INPUTT * integer input indicating
multtiple of outer itera-
tions at which major out-
put is plotted on micro-
film o

IPLT MEPLOT indicates which of two plots
is being made

ISLINE - , INPUTT integer input indicating mul-
tiple of outer iterations at
which major output is
printed along streamlines
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Variable name

ISTATL

ISUPER

ITE(MHTP1)

ITER

ITS(NSL)

ITSON

JZ

78

COMMON
block

Subroutine

INPUTT

INPUTT

CALCON

Blank

SLCOM

INPUTT

VBDRY
TVELCY

Description and comments

integer input indicating mul«
tiple of outer iterations at .|
which major output is
printed along station lines:

integer input indicating
whether only subsonic, or
both subsonic and super<
sonic, solutions of
velocity -gradient. equation
are to be calcglated )

vertical mesh line numbers
of last mesh point inside
blade region at trailing
edge

outer iteration counter, in-
cremented by 1 at beginning
of each outer iteration

vertical mesh line number of
last intersection of a
streamline with a vertical
mesh line inside blade re-~
gion at trailing edge

integer input indicating mul-
tiple of outer iterations at
which information is .-
printed as input for TSONIC
program (ref, 5)

integer used to indicate to
CONTIN that subsonic
(JZ = 1) or supersonic
{(JZ = 2) solution is desired



Variable name

K(MM, MHTP1)
{(real variable)

KNEW(real variable) .

LAMBDA (MHTP1)
{real variable)

LAMBDO(MHTP1)
(real variable)

LAMISAI(real wvariahle)

LAMIN(NIN)
(real variable)

LAMOUT(NOUT)
(real variable)

LAMVT

LMAX(real variable)

- COMMON

block

- VARCOM

INPUTT

INPUTT

INPUTT

Subroutine

COEF

VBDRY
TVELCY

TVELCY

PRECAL
LOSSOM

SOR

Description and comments

kg (eq. (A9)) at orthogonal-
mesh points

updated value of k (eq. (A9}
at a mesh point

A for mesh points along
vertical mesh lines,
‘mz/sec

(er) , for mesh points
o
along vertical mesh lines,

mz/sec

A, mz/sec

~ input values of X at points

along line from hub to
shroud on which upstream
flow conditions are given,
mz/ sec

input values of (rV 9) at

points along line from
hub to shroud on which
downstream flow condi-
tions are given, m2/sed'-'

input integer (0 or 1) indi-
cating whether upstream
and downstream whirl (0)
or tangential velocity (1)
is given as input

maximum value of RATIO
over all mesh points
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Variable name

LMIN(real variable)

LocC

LOSOUT(NOUT)
(real variable)

LRNG(real variable)

LSFR

LTPL

MARK
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COMMON
block

INPUTT

INPUTT

INPUTT

CROSCM

Subroutine

SOR

VBDRY

INPLOT
SVPLOT

Description and comments

minimum value of RATIO
over all mesh points

integer (1 or MM) indicating
vertical mesh line number
for which VBDRY is called

input fraction of absolute
total pressure loss, at
points along line from hub
to shroud on which down-
stream flow conditions are
given

left-most point of range of a
plot

input integer (0 or 1) indi-
cating whether upstream
and downstream flow condi-
tions are input as a function
of stream function (0) or
radius (1)

input integer (0 or 1) indi-
cating whether downstream
total pressure (0) or frac-
tional loss of stagnation
pressure (1) is given in
input

marker in MESHO and
CROSCD to indicate if
CROSCD is being called
for the first time



Variable name

MARK(NOSTAT)

MBI

MBL(NPPP NBLPL)
(real variable)

MBLD"

MBO

MCT

MHT

COMMON. Subroutine
block

OUTPUT
INPUTT
INPLOT
SVPLOT
- INPUTT
OUTPUT
INPUTT

Description and comments

integers between 1 and 4 in-
dicating whether output
station lines are outside
blade, within blade, or on -
leading or trailing edge

input number of vertical

" mesh lines from left
boundary of orthogonal
mesh (ZOMIN) to first
point of mesh-size change
(ZOMBI)

g'-coordinate, corresponding
to ZBL and RBL, used for
plotting input blade sec-
tions, m

nurmber of suction-surface
or pressure-surface veloci-
ties on a plot

input total number of verti-
cal mesh lines from left

“ boundary of orthogonal

mesh (ZOMIN) to point of
second mesh~-size change
(ZOMBO)

integer (1 or 2) indicating
 whether a compressor (1)

" or a turbine (2) is being

analyzed

input total number of hori-
zontal mesh spaces from
hub to shroud of orthogonal
mesh; maximum of 100
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Variable name

MHTP1

MLESP(5)
(real variable)

MM

MMM1

MR(MM)(real variable)

MSFL(real variable)

MSL(MM, NSL)
(real variable)
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COMMON

block
CALCON

TSONIN

INPUTT

CALCON

TSONIN

INPUTT

SLCOM

Subroutine

- Deseription and comments

MHT + 1

m-~coordinates of blade sur=-
face spline points near
leading edge of a blade
section, printed to make a
layout to obtain input for
TSONIC (ref. 5), m

input total number o'f verti-
cal mesh lines from left to
right boundaries of orthog-
onal mesh (ZOMIN to
ZOMOUT), maximum of
100

MM -1

m-coordinates of points de-
fining a stream channel,
printed as input for
TSONIC (ref. 5), m

input total mass flow through
entire circumferential an-
nulus of machine, kg/sec

m-coordinates of points
along streamlines where
they cross vertical mesh
lines, m (Origin of
m-coordinate along a
streamline corresponds to
point where z =0 along
streamline.)



COMMON
block

Variable name

MSP(MM)(real variable)

MST(NSL, NOSTAT), STACOM

(real variable)

MTEM(NOSTAT)
(real variable)

MTESP(5)
{real variable)

NBL N INPUTT

NBLPL INPUTT

NBLPTS

. Subroutine‘

TSONIN

ouTPUT

 TSONIN

TSONIN

Description and comments

- m=coordinates of blade sur-

face spline points, given‘as
input for TSONIC
(vef. 5), m

m-coordinates of points
where station lines cross
streamlines, m (Origin of
m-coordinates along a
streamline corresponds to
point where z =0 along
streamline.)

temporary storage for val-
ues of m~coordinate for
MST array, m

m=-coordinates of blade sur-
face spline points near
trailing edge of a blade sec-
tion, printed to make a lay-
out to obtain input for
TSONIC (ref. 5), m

input number of blades in
blade row

number of input blade planes
or blade sections on which
data (ZBL, RBL, THBL,
TNBL) are given to de-
scribe mean flow surface
and blade thickness, maxi-
mum of 50

number of spline points on

suction or pressure sur-
face of a blade section
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Variable name COMMON Subroutine Description and comments
block

NCOUNT VBDRY total number of iterations
TVELCY or attempts at satisfying
velocify -gradient equation

WNHUB INPUTT number of input data points
in ZHUB and RHUB arrays,
maximum of 50

NIN INPUTT - number of input data points
in upstream arrays of
flow properties (SFIN,
RADIN, TIP, PRIP,
LAMIN, VTHIN), maxi-
mum of 50

NOSTAT INPUTT input number of hub-shroud
stations (located by coor-
dinates in ZHST and ZTST)
at which output is desired,
maximum of 50

NOUT INPUTT number of input data points
in downstream arrays of
flow properties (SFOUT,
RADQUT, PROP,
LOSOUT, LAMOUT,
VTHOUT), maximum of 50

NPPP INPUTT number of input data points
per blade section or blade
plane in ZBL, RBL,
THBL, and TNBL arrays,
maximum of 50

NREAD Blank integer number of input
tape-reading unit of com-
puter which is running
MERIDL
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Variabie name

NRSP

NSL

NTIP
NWRIT

OMEGA

ORF

ORF

ORFMAX
ORFMIN

PHI i

PITCH

PLOSS(MM, MHTP1) -

COMMON
block

INPUTT

INPUTT

Blank

INPUTT

CALCON

CALCON

Subroutine

TSONIN

SOR

TSONIN

SOR

SOR

OUTPUT

Deseription and comments

input for TSONIC (ref. 5)

input number of streamlines
from hub to shroud (desig-~
nated by values in FLFR)
at which output is desired,
maximum of 50

number of input data points
in ZTIP and RTIP arrays,
maximum of 50

integer number of output
tape -writing unit of com-
puter which is running
MERIDL

input rotational speed, w,
rad/sec

overrelaxation factor

overrelaxation factor (input
for TSONIC, ref. 5)

current estimate for maxi-
mum value of ORF caleu-
lated using LMAX

current estimate for mini-
mum value of ORF calcu-
lated using LMIN

@, deg
27 /NBL, rad

fractional loss of relative
total pressure at orthog-
onal mesh points
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Variable name

PLOSSL

PLOSTE

PLTX(101)

PLTY(101)

PPTHBL(NPPP ,NBLPL)

PRATIO(MHTP1)

PREL{MM or MHTP1)

PRELN

PRINP

PRIP (NIN)
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COMMON
block

INPUTT

Subroutine

TSONIN

INDEV

INPLOT

INPLOT

INPLOT

LOSSOM

NEWRHO
TVELCY

TVELCY

PRECAL
LOSSOM

Description and comments

fractional loss of relative
total pressure at a
ZSL,RSL point along a
streamline

fractional loss of relative
total pressure at blade
trailing edge

temporary storage of x-plot
coordinates of many
arrays in INPLOT

temporary storage of y-plot
coordinates of many
arrays in INPLOT

values of ré for pressure
surface of adjacent blade,
used for plotting input
blade sections, m

N /(pg)ideal for each hori-
zontal mesh line down-

stream of blade

p'' at mesh points along
horizontal or vertical mesh
lines, N/m2

new p'l, N/m2

o N/m?

input, pi, at points along
line from hub to shroud on
which upstream flow con~
ditions are given, N/m2



Variable name

PROP(NOUT)

PTHBL(NPPP NBLPL)

R1
R2
RADIN(NIN)

RADOUT(NOUT)

RATIO

RBL(NPPP,NBLPL)

COMMON  Subroutine .

block
INPUTT
INPLOT
MESHO
MESHO
INPUTT
INPUTT
SOR
INPUTT

Description and comments

input, pb, at points along .
line from hub to shroud on
which downstream flow
conditions are given, N /m2

values of ré for pressure
surface, used for plotting
input blade sections, m

r-coordinate of intersection
of line (D), fig. 8, with
upper horizontal mesh
line, m

r-coordinate of intersection
of line (2), fig. 8, with
upper horizontal mesh -
line, m

input r-coordinates of points
along line from hub to
shroud on which upstream
flow conditions are
given, m

input r-coordinates of points
along line from hub to -
shroud on which down-
stream flow conditions are
given, m

u?l+1/ ™ for use in eqs.
(B2) and (B3) of ref. 11

input array of r-coordinates,
corresponding to ZBL, of
points deseribing mean
blade surface, m
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Variable name

RBLTEM(NBLFL)

RBRNG

RCARB(MHTP1)

RCURV

REDFAC

REFR

REFSL

REFZ
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COMMON
block

PLTCOM

INPUTT

CROSCM

CROSCM

CROSCM

Subroutine

ouUTPUT

TVELCY

CROSCD

Description and comments

temporary storage for values
in RLE and RTE arrays, m

r-coordinate of bottom
boundary of a plot of meri-
dional plane or orthogonal
mesh, done in MEPLOT, m

p cos{a - ¢)rB alonga
vertical mesh line (eq. (5)),
kg/rn2

r~coordinate of horizontal
mesh line at input
z=-coordinate, m

input factor used to reduce
mass flow (MSFL) in order
to assure subsonic flow
throughout flow passage

reference r-coordinate in
MESHO from which
orthogonal mesh is extend-
ed by addition of another
"link,"" m

reference slope in MESHO
of vertical link being ex-
tended from a known
orthogonal mesh point to a
new mesh point

reference z-coordinate in
MESHO from which
orthogonal mesh is extend~
ed by addition of another
"link,'"' m



Variable name COMMON
block

RELER
RELTOP(NOUT)
REPEAT
RHIN CALCON
RHO(MM, MHTP1) VARCOM
RHOAV(MM, MHTP1) . . VARCOM

RHOIP(MHTP1)

RHOIP(NIN)

RHOIP

Subroutine

NEWRHO

PRECAL
LOSSOM

VBDRY
TVELCY

VBDRY
TVELCY

RHOIPF

INIT

Description and comments

maximum relative cha_nge
in W at any mesh point
between two outer iter-
ations

p;'/p, at hub-shroud input
points downstream of
blade row

logical variable indicating
that velocity-gradient so-
lution should be repeated
with new values of TIPBDY,
RHOIP, and LAMBDA

r-coordinate of intersection
with hub profile of line on
which upstream flow con-
ditions are given, m

p, at orthogonal mesh
points, kg/m3

average density across flow
channel from suction sur -
face to pressure surface,
at orthogonal mesh points,
ke /m3 .

p; for mesh points along
vertical mesh lines,

kg /m3

p; at input points of up-
stream flow conditions,
kg /m3

p! at hub, kg/m3
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Variable name

RHOIP

RHOL

RHOOP(MHTP1)

RHOOP (NOUT)

RHOSL

RHOT

RHOUT

RHOW

RHPLT(100}

RHUB(NHUB)

RILOM(MHTP1)

RLE(NBLPL)
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COMMON
block

CALCON

PLTCOM

INPUTT

CALCON

Subroutine

TSONIN

BLDVEL

TVELCY

RHOOPF

TSONIN

BLDVEL

VBDRY

LAMDAF

Description and comments

p; for a streamline, kg/m3,
input for TSONIC (ref. 5)

3
Pys kg/m

pb for mesh points along
vertical mesh lines, kg/rn3

o; at input points of down-
stream flow conditions,

kg/m3

p at a ZSL, RSL point along
a streamline, kg /m3

r~coordinate of intersection
with hub profile of line on
which dovnsiream flow con-
ditions are given, m

pW, kg/(mz)(seC)

r ~coordinates used for plot-
ting hub profile, RHUB, in
MEPLOT, m

input r-coordinates of points
defining hub or bottom
boundary of flow chan-
nel, m

radii for spline fit of
stream function against
radius

r ~coordinates of input blade
section points (from RBL)
defining leading edge of
blade, m



' Variable name COMMON - Subroutine Description and comments

:_ block .

'RLEH CALCON | r-coordinate of intersection
. - of leading edge of blade

with hub profile, m .

RLEOM(MHTP1) CALCON - r-coordinates of intersec-~
-tions of horizontal mesh
lines with blade leading

edge, m

RLEP - TSONIN r-coordinate of point near
- leading edge of blade sec-
N - ' . tion along meridional
' streamline, m

RLESL L ' © . TSONIN r-coordinate of intersection
of a streamline with lead-
ing edge of blade, m =

RLET - oo o CALCON r-coordinate of intersection
T S ' of leading edge of blade
with shroud profile, m

RLINE ' CROSCD r-coordinate on straight-
T RO line vertical orthogonal
I link at input
oo z-coordinate, m

'RLPLT(100): . . .. PLTCOM © " r=coordinates used for plot-
vl ting blade leading edge,
RLE, in MEPLOT, m

RMEAN N ) B VBDRY mean radius (r_hub + rﬁp) /2, m

RMR .. . o MESHO . RCURV - RLINE in
CROSCD CROSCD, m

RM§P(LM)~ o oo TSONIN - r-coordinates of points de-
fining a stream channel,
printed as input for
TSONIC (ref, 5}, m
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Variable name

ROLOM(MHTP1)

ROM(MM, MHTP1)

ROTI(MM or MHTP1)

RPC(11,NBLPL)

RRAD{NHUB, MHTP1)

RRNG

RRTHBL(NPPP NBLPL)

RSL(MM, NSL)

RSLTEM(NSL)

RSPLT(100)
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COMMON Subroutine
block

RVTHTA
CALCON

NEWRHO
INDCOM

MESHO

INPLOT

SVPLOT

INPLOT
SLCOM

QUTPUT
PLTCOM

Description and comments

radii for spline fit of stream
function against radius

r-coordinates of orthogonal
mesh, m

rothalpy, I, at mesh points
along horizontal or vertical
mesh lines, m /sec2

r-coordinates of alternate
mesh (fig. 26)

r-coordinates of points along
radial lines from input
points on hub profile to
shroud profile, m

right-most point of range of
a plot

values of ré coordinate of
blade mean camber line of
adjacent blade, used for
plotting input blade sec~
tions, m

array of r-coordinates of
points along streamlines
where they cross vertical
mesh lines, m

temporary storage for cal-
culated values to be put
into RSL array, m

r=-coordinates used for plot-
ting shroud profii., RTIP,
in MEPLOT, m



Variable name .

RST(NSL,NOSTAT)

RTE(NBLPL)

RTEH

RTEM(10)

RTEM(MM)
RTEM(NBLPL)

RTEM{MHTP1 or
NOSTAT or 20)

RTEOM(MHTP1)

RTEP

COMMON Subroutine

block

STACOM

' CALCON

CALCON
INPUT
MEPLOT
THETOM
QUTPUT

CALCON -
TSONIN

Description and comments

r-coordinates of points along
station lines where they
cross streamlines, m

r-coordinates of input blade
section points (from RBL)
defining trailing edge of
blade, m

r-cpordinate of 'intersecfion
of trailing edge of blade
with hub profile, m

temporary storage for
r-coordinates, m

temporary storage of
r-coordindtes from ROM
for plotting, m

temporary storage of

r-coordinates from
RPC, m

teraporaiy storage for values
from ROM array on verti-
cal mesh lines; also tem-
porary storage for values
from RST array along sta-
tion lines, m

r-coordinates of inter-~
sections of horizontal mesh
lines with blade trailing
edge, m

r~coordinate of point near
trailing edge of blade sec-
tion along meridional
streamline, m
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Variable name

RTESL
RTET

RTHBL(NPPP, ,NBLPL)

RTIN

RTIP(NTIP)

RTLEP1(5)

94

COMMON Subroutine
block

TSONIN
CALCON

INPLOT
CALCON
INPUTT

TSONIN

Description and comments

r~coordinate of intersection
of a streamline with trail-
ing edge of blade, m

r=coordinate of intersection

of trailing edge of blade
with shroud profile, m

ré-coordinate of blade
mean camber line, corre-
sponding to points in
ZBL,RBL, used for plot-
ting input blade sections, m

caleulated r-coordinate of
intersection with shroud
profile of line on which up-
stream flow conditions are
given, m | -

input r-coordinates of points
defining shroud or top
boundary of flow channel, m

rf at blade suction-suriace
spline points near leading
edge of a blade section,
referenced to zero at lead-
ing edge, used to make a
layout to obtain input for
TSONIC (ref. 5), m



“Variable name

RTLEP2(5)

'RTMP (NHUB) -

RTOLER

RTOUT

RTPLT(100) -

RTRNG

s

COMMON
block

CROSCM

CALCON

PLTCOM

PLTCOM

Subroutine-

TSONIN

VBDRY

TVELCY. -

Description and comments

rf at blade pressure-
surface spline points near
leading edge of a blade
section, referenced to
zero at leading edge, used
to make a layout to obtain
input for TSONIC
(ref. 5), m

temporary storage for por-
tions of RRAD array in
MESHO and CROSCD, m

tolerance on relative error
of subsequent calculated .
values of integrated mass
flow

calculated r-coordinate of
intersection with shroud
profile of line on which *
downstream flow condi-
tions are given, m

r-coordinate uséd for plot-
ting blade trailing edge,
RTE, in MEPLOT, m

r=-coordinate of top boundary
of a plot of meridional
plane or orthogonal mesh,
done in MEPLOT, m
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Variable name

RTTEP1(5)

RTTEP2(5)

RVA

RVA

RVAS

RVAS

SAL

SAMP (MM, MHTP 1}

SAMPLE

SAMPTE
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COMMON
block

VARCOM

Subroutine

TSONIN

TSONIN

VBDRY

TVELCY

VBDRY

TVELCY

TVELCY

INDEV

INDEV

Description and comments

ré at blade suction-surface
spline points near trailing
edge of a blade section,
referenced to zero at trail-
ing edge, used to make a
layout to obtain input for
TSONIC (ref. 5), m

ré# at blade pressure-
surface spline points near
trailing edge of a blade
section, referenced to zero
at trailing edge, used to
make a layout to obtain in-
put for TSONIC (ref. 5), m

ijj cOoS B]. 21rrj/NBL,
kg/(m){sec)

kg /(m){sec)
Py1Wieq €08 Byyq 2775,/
NBL, kg/(m)(sec)
Pi+1Vis1 €08 Byyy
cos{a —1;0)]-_'_ 11']-+1]3j+1
kg /(m)(sec)
sin o

sin{a - ¢) at orthogonal
mesh points

sin{a - qo)le

sin(ao - (p)te



Variable name

. SBETA

“SDIST

SDRIV(NHUB)

SF(MHTP1)

SFIN(NIN)

‘SFOUT{NOUT)

SINBTA

SL1

SLCRD(integer variable)

SLEOM(MHTP1)

COMMON ~ Subroutine
block

TVELCY
INDEV
CROSCM
LOSSOM
INPUTT
INPUTT
VBDRY
MESHO
CROSCD
TSONIN
CALCON

Description and comments

sin 3

DISTLE (or DISTTE) plus
the distance from blade
leading (or trailing) edge
out to first adjacent mesh
point, m

second derivatives of a
spline fit of horizontal
rows in RRAD array in
MESHO, 1/m

estimate of stream function
at mesh points on down-
stream boundary of
orthogonal mesh

input values of stream func-
tion along hub-shroud line
on which upstream flow
conditions are given

input values of stream func-
tion along hub-shroud line
on which downstream flow
conditions are given

sin g

slope of horizontal
orthogonal at its point of
intersection by a radial
line in CROSCD

input for TSONIC (ref. 5)

s—coordinates of intersec-
tions of horizontal mesh
lines with blade leading
edge, m

ki



Variable name

SLIDLE

SLIDTE

SLOM(MM)

SLOPE(NIN or NOUT)

SOM(MM, MHTP1)

SPHI(MM , METP1)

SPHILE
SPHITE
SPLNO1
SPLNO2

SRE(integer variable)
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COMMON Subroutine
block

INDEV

INDEV

MESHO

TIPF
RHOIPF
RHOOPF
LAMDAF
RVTHTA

CALCON

CALCON

INDEV

INDEV

TSONIN

TSONIN

Blank

Description and comments

solidity at leading edge of
blade where it is inter-
sected by a horizontal
mesh line

solidity at trailing edge of
blade where it is inter-
gsected by a horizontal
mesh line

slopes of horizontal mesh
lines at mesh points

derivatives of spline-fit
curves

s-coordinates of orthogonal
mesh, m

sin @ ai orthogonal mesh
points

sin P1e
gin Pre
input for TSONIC (ref. 5)
input for TSONIC (ref. 5

switch used to turn on and
off printing of error or
warning messages in some
subroutines



Variable name

SRW (integer variable)

SSTHEL(NPPP, NBLPL)

STEOM(MHTP1)

,

STHBL(NPPP, NBLPL)

STRFN(integer variable)

SURVL'(integér. variable) |

SYM

SYN

SZRBL(NPPP)

SZRPC(11 or NBLPL)

' COMMON

block

Blank -

INPLOT

CALCON

INPLOT

TSONIN
TSONIN

INPLOT

MEPLOT

SLPLOT
SVPLOT

MEPLOT

THETOM

THETOM

Subroutine

Description and comments

switch used to turn onand
off printing of debug infor-
mation in some subroutines

values of rd for suction
surface of adjacent blade,
used for plotting input
blade sections, m

g=coordinates of intersec-
tions of horizontal mesh
lines with blade trailing

edge, m

values of rf on suction
surface, used for plotting
input blade sections, m

input for TSONIC (ref. 5)

input for TSONIC (ref. 5)

_ indicator used to select a

special plot symbol from a
table

indicator used to selecta
special plot symbol from a
table

arc length along input blade.
section in meridional
plane, m :

arc length along vertical or
horizontal lines of alter-
nate mesh {fig. 26)
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Variable name

TANBBL

TANBFL

TEMPER
TGROG

THBL(NPPP NBLPL)

THLEOM(MHETP1)

THLESL

THPC(11,NBLPL)

THSL
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COMMON Subroutine
block

INDEV
INDEV
TVELCY

CALCON

INPUTT

CALCON
TSONIN
THETOM
TSONIN

Description and comments

tan By,» tangent of blade
mean camber line angle at
leading or trailing edge

tan Bpe» tangent of flow
angle at leading or trailing
edge, corrected for block-
age

Ti' or TZ), K
2yR/ly + 1)

input array of 0-coordinates,
corresponding to
RBL, ZBL, of points de-
scribing mean blade sur~
face, rad

#=coordinates of intersec-
tions of horizontal mesh
lines with blade leading
edge, rad

#=-coordinate of intersection
of streamline with blade
leading edge, rad

¢-coordinates of points on
alternate mesh {fig. 26),
rad

6~coordinate (relative to
MERIDL origin, not
TSONIC origin) of mean
blade surface at points
along meridional stream-
lines, rad



Variable name

THSP1(MM) |
THSP2(MM)
THETOM(MHTP1)
THTESL

TINP
TIP (NIN)

TIPBDY(MHTP 1)

TIPT(MHTP1)

TIPTEM

COMMON
block

CALCON

INPUTT

Subroutine ‘

TSONIN

TSONIN

TSONIN

PRECAL
LOSSOM

VBDRY

TVELCY

TSONIN

Description and comments

g-coordinates of blade
suction-surface spline
‘points, given as input for

TSONIC (ref. 5), rad
§-coordinates of blade
pressure-surface spline
points given as input to
TSONIC, rad
f=coordinates of iniersec-
tions of horizontal mesh
lines with blade trailing
edge, rad
o-coordinate of intersection
of meridional streamline
with blade trailing edge,

rad

T!, K
1

input Tj

' at points along the

line from hub to shroud on
" which upstream flow condi.

tions are given, K

T'i at points on upstream or

downstream boundary of
orthogonal mesh, K -

Ti at points along vertical

mesh lines, K

input TIP for TSONIC
(ref. 5)

T; along a streamline, K,
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Variable name-

TITLEI(ZO)‘

TITL1(9)

TITL1(15)
TITL1(10)
TITL1(12)

TITL2(8)
TITL2(10)
TITL2(3)
TITL2(9)
TITL3(5)

TITL3(3)
TITL3(3)

TITL3(14)
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COMMON
bleock

~ INTITL

Subroutine

INPLOT

MEPLOT

SLPLOT

SVPLOT

INPLOT

MEPLOT

SLPLOT

SVPLOT

INPLOT

MEPLOT
SLPLOT

SVPLOT

Description and comments

alphanumerical contents of
input title card

plot title INLET ABSOLUTE
TOTAL TEMPERATURE

plot title HUB, SHROUD,
AND BLADE BOUNDARIES
IN MERIDIONAL PLANE

plot title STREAMLINE
PLOT IN MERIDIONAL
PLANE

plot title MERIDIONAL AND
SURFACE RELATIVE
VELOCITIES

plot title INLET ABSOLUTE
TOTAL PRESSURE

plot title ORTHOGONAL
MESH IN MERIDIONAL
PLANE

plot title Z DIRECTION

plot title STREAMLINE NO.
XXXX, U = XXXXXXXX

plot title INLET ABSOLUTE
WHIRL

plot title Z DIRECTION
plot title R DIRECTION

plot title MERIDIONAL
RELATIVE VELOCITIES
FOR ALL STREAMLINES



" Variable ‘name

TITL4(9)

TITL4(3).

TITLA(1D)

TITL4(15)

TITL5(8)

TITL5(5)

LI

TITL5(16)

TITL6(9) -

TITL6(6)

TITL7(6)

L

TITL7(2)

TITL8(9) .

A

COMMON -

block

Subroutine’

INPLOT .

MEPLOT

SLPLOT

SVPLOT

INPLOT

SLPLOT

SVPLOT

INPLOT

SVPLOT

INPLOT

SVPLOT

INPLOT

A

., 'Description.and comments

plot title INLET ABSOLUTE _
TANGENTIAL VELOCITY

plot title R DIRECTION | .

plot title SUBSONIC
SOLUTION, ITERATION
NO. XXXX I

plot title SUCTION SURFACE
RELATIVE VELOCITIES
FOR ALL STREAMLINES

plot title OUTLET
ABSOLUTE TOTAL
PRESSURE '

plot title TRANSONIC
SOLUTION

plot title PRESSURE
SURFACE RELATIVE
VELOCITIES FOR ALL
STREAMLINES

plot title OUTLET
ABSOLUTE TOTAL
PRESSURE LOSS

plot title MERIDIONAL
' COORDINATE

plot title OUTLET
ABSOLUTE WHIRL

plot title VELOCITY .

plot title OUTLET
ABSOLUTE TANGENTIAL
VELCCITY
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Variable name

TITL10(13)

TITL11(6)

TITL12(6)

TITL13(4)

TITL14(2)

TITL15(5)

TITL16(5)

TITL17(5)

TITL18(5)

TITL19(5)

TITL20(5)

TITL21(5)

TITL22(5)

TITL24(10)
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COMMON Subroutine
block

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

INPLOT

Description and comments

plot title INPUT BLADE
SECTIONS FROM ZBL,
RBL, THBL, TNBL

plot title BLADE SECTION
NO. XXXX

plot title COMBINED BLADE
SECTIONS

plot title STREAM
FUNCTION

plot title RADIUS

plot title INPUT ARRAY -
TIP

plot title INPUT ARRAY -
PRIP

plot title INPUT ARRAY -
LAMIN

plot title INPUT ARRAY -
VTHIN

plot title INPUT ARRAY -
PROP

plot title INPUT ARRAY -
LOSOUT

plot title INPUT ARRAY -
LAMOUT

plot title INPUT ARRAY -
VTHOUT

plot title BLADE SECTION
MERIDIONAL
COORDINATE



Variable name .-

TITL25(9)

TLEREF

TNBL(NPPP,NBLPL)

TOLER

TOLER

TOM(MM, MHTP1)

TOP(MHTP1)

TOP -

TPP

TPPN

TPPTIP(MM or MHTP1)

COMMON
block

 INPUTT

CALCON

Subroutine

INPLOT

TSONIN

MESHO

TIPF
RHOIPF
RHOOPF

" LAMDAF

RVTHTA

TVELCY

PRECAL
LOSSOM

NEWRHO

TVELCY
OUTPUT

TVELCY

NEWRHO

- Description and comments

plot title TANGENTIAL
COORDINATE -
RADIUS*THETA

g-coordinate of leading edge
of blade, relative to
TSONIC origin (ref. 5),
rad

input array of blade normal
thicknesses, corresponding
to ZBL,RBL coor- '
dinates, m

tolerance used in RO_OT
calls

tolerance for a point close
to a spline point

t~coordinates of orthogonal -
mesh, m

T(') at points along vertical
mesh lines, K

T, X

T'' at a mesh point, K

new T, K

T"/Ti along vertical or
horizontal mesh lines
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Variable name

TRNG
TTEM(NBLPL)

TTEREF

TTIP

TVERT(MHTP1)

TWLMR(MHTP1)

TWLMR

UBDEV

UBINC
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COMMON

block

Subroutine

INPLOT
SVPLOT

PRECAL
THETOM

TSONIN

VBDRY

NEWRHO
BLDVEL
TVELCY

NEWRHO
BLDVEL
OuUTPUT
TVELCY

TVELCY

VBDRY
NEWRHO
BLDVEL

INDEV

INDEV

Description and comments

top or upper range of values
on a given plot

temporary storage of
#=-coordinates, rad

f-coordinate of trailing edge
of blade, relative to
TSONIC origin (ref. 5),
rad

T/T]

temporary storage for val-
ues from TOM array on
a vertical mesh line, m

2w - (wr)2 at points along
vertical mesh lines,
m?2 /sec2

2w - (wr)z, mz/sec2

deviation angle, neglecting
blockage correction,
where horizontal
orthogonal intersects

blade, (3fs - Bb)te, deg

incidence angle, neglecting
blockage correction, where
horizontal orthogonal in-
tersects blade,

(Bts = By), .+ dee

]
le



Variable name COMMON Subroutine Description and comments
webo T e T i :"f blOCk
ﬁILOM(MHTP'i)' R © LAMDAF stream-function values for
spline fit of stream func-
tion against radius

UNEW L ‘ .. SOR new estimate for u ata
B - mesh point '

UOLOIVI(MHTP n RVTHTA stream-function values for
| spline fit of stream func-
tion against radius

UOM(MM, MHTP1) VARCOM stream function, u, at
: orthogonal mesh points

UTEM{(MHTP1 or 20} OUTPUT temporary storage for val-
e e ues from UOM array on
vertical mesh lines; also
e C stream function at
‘ 20 equaily spaced points
from hub to shroud

UVERT(MHTPL, 2) ' ° SOR temporary storage for
: boundary values of stream
function on upstream and
downstream boundaries of
orthogonal mesh

UVERT(MHTP1) . - . NEWRHO temporary storage for val-
R K ues from UOM array along
vertical mesh lines

VELTOL" - oo INPUTT input convergence tolerance
ST e > on maximum velocity
change in each outer iter-
ation, over all mesh points,
for reduced mass flow

L

VTH(MM,MHTP1) -~ =~ * VARCOM V, at orthogonal mesh
s ' points, m/sec
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!

/

Variable name COMMON Subroutine Description and comments {
block

VTHIN(NIN) INPUTT input values of (V 9) _ at points
i

along line from hub to
shroud on which upstream

flow conditions are given,
m/sec

VTHOUT(NOUT) INPUTT input values of (V e) at
[

points along line from hub
to shroud on which down-
stream flow conditions are
given, m/sec

W(MM, MHTP1) VARCOM W at orthogonal mesh
points, m/sec
WAS VBDRY first estimate of Wj +1 at
TVELCY next mesh point along

vertical mesh line
(eq. (1)), WI ., m/sec

j+1°
WASS VBDRY second estimate of W]. +1 at
TVELCY next mesh point along

verfical mesh line

(eq. (1)), W’j':;, m/sec

WBDRY(MHTP1) VBDRY W on upstream or down-
stream boundary of
orthogonal mesh, calcu-
lated by velocity-gradient
equation ((C9), part I),
m/sec

2 2 2 2
area fraction, estimate
of stream function at

radius, r

WHIRL TVELCY A or (xV,), m2/sec
(¢}
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\ ~ - ‘Yariable name

L1

!
© ‘WHUB
WLSSL{MM, NSL)

WLSST(NSL,NOSTAT)

WLSURF(MM, MHTP1)

WMSL(MM, NSL)

WMST(NSL, NOSTAT)

L.
-1

WMVERT(MHTP1).

WRSL(MM, NSL)
WRST(NSL,NOSTAT)
WSL(MM, NSL)

WsSM

COMMON
block

SLCOM

STACOM

VARCOM

SLCOM

STACOM

SLCOM

STACOM

SLCOM

" Subroutine

VBDRY
TVELCY

TVELCY

VBDRY

Description and comments

estimate of Wh b’ m/sec

Wl at points along stream-
lines where they cross ver-
tical mesh lines, m/sec

Wl at points along station
lines where they cross
streamlines, m/sec

W; on orthogonal mesh,
m/sec

Wm at points where stream-
lines cross vertical mesh
lines, m/sec

Wm at points where station
lines cross streamlines,
m/sec

temporary storage for val-
ues from WSUBM array on
vertical mesh lines,
m/sec

Wr at points where stream-
lines cross vertical mesh
lines, m/sec

Wr at points where station.
lines cross streamlines,
m/sec

W at points where stream-
lines cross vertical mesh
lines, m/sec

W, at mean radius, m/sec
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Variable name COMMON Subroutine - Description and comments

block
wWSQ , VEBDRY Wz, mz/secz .
NEWRHO B '
TVELCY
WsQ - BLDVEL W2 or W2, m%/sec®?
WST{NSL, NOSTAT) STACOM W at points where station
lines cross streamlines,
7 m/sec .
WSUBM{MM, MHTP1) VARCOM W_ at orthogonal mesh
points, m/sec
WSUBR(MM, MHTP1) VARCOM : W at orthogonal mesh -
points, m/sec
WSUBS(MM, MHTP1) VARCOM WS at orthogonal mesh
points, m/sec
WSUBT(MM, MHTP1) VARCOM W, at orthogonal mesh -
points, m/sec
WSUBZ(MM, MHTP1) VARCOM . Wz at orthogonal mesh
' points, m/sec
WTEMP NEWRHO new calculated value of W
at a mesh point, m/sec
WTFL TSONIN mass flow per blade ina
stream sheet, kg /sec,
input to TSONIC (ref, 5)
WTH(MM, MHTP1) VARCOM WB at orthogonal mesh
points, m/sec
WTHETA VBDRY WB’ m/sec
TVELCY
WTHSL(MM, NSL) SLCOM W, at points where stream-

lines cross vertical mesh
lines, m/sec
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'h

}] \. " Variable name COMMON - Subroutine-~  Description and comments
\ ‘ .

block
WTHST(NSL, NOSTAT) _STACOM W, at points where station -
lines cross streamlines,
m/sec
WTSSL(MM, NSL) ~ SLCOM B Wtr at points where stream-—

lines cross vertical mesh
lines, m/sec o

WTSST(NSL, NOSTAT) STACOM W, at points where station
> lines crp_s\sz-‘:g.t‘req;pli‘l_le‘s,
m/sec

WTSURF (MM, MHTP1) VARCOM " W, onorthogonal mesh, .
m/sec

WTVERT(MHTP1) TVELCY - WTH on vertical’'mesti lines,
‘ m/sec

WWCR(MM,MHTP1) - -  VARCOM - WW/W,,. at orthogonal mesh .
' ‘ g points

WWCRSL(MM,NSL) SLCOM St W/W,, at points where -
' streamlines eross vertical
mesh lines

WWCRST(NSL,NOSTAT) STACOM W/W er at points where sta=
tion lines cross stream-
lines -

W2ZSL(MM, NSL) o SI.COM Wz at points where stream-
lines cross vertical mesh
lines, m/sec S

WZST(NSL, NOSTAT) STACOM W at points where station
' lines cross streamlines,
m/sec.
XIOM(MM, MHTP1) " VARCOM "t at orthogonal mesh points,

{eq. (A2)), 1/m

111



Variable name

XIOMT

XNEW

Z

Z2

ZBL(NPPP,NBLPL)

ZBLTEM{(NBLPL)

ZEROM

ZETOM(MM, MHTP1)

ZETOMT

112

COMMON Subroutine
block

NEWRHO

NEWRHO

CROSCD

MESHO

MESHO

INPUTT

OUTPUT

OUTPUT

VARCOM

NEWRHO

Description and comments

new estimated value of £ at
a mesh point

percentage of new calculated
value of XIOMT used in up-
dating XIOM

reference z-coordinate, m

z-coordinate of intersection
of line (1), fig. 8, with
upper horizontal mesh
line, m

z=coordinate of intersection
of line @), fig. 8, with
upper horizontal mesh
line, m |

input array of z-coordinates
of points describing blade
surface, m

temporary storage for val-
ues in ZLE and ZTE
arrays, m

translation distance on
m-coordinate so that
m = { corresponds to
z=0, m

t at orthogonal mesh
points (eq. (A3)), m/se\':2

new estimated value of {
at a mesh point



- Variable name

ZHIN

ZHOUT

ZHPLT(100)

)

ZHST(NOSTAT)

oy
H

ZHUB(NHUB)

ZILOM

ZLE(NBLPL) .

ZLEH

.COMMON

block
INPUTT

INPUTT

PLTCOM

INPUTT

INPUTT

CALCON

Subroutine ~ Description and comments

input z~coordinate of inter-
section with hub profil'e“bf
line on which upstream
flow conditions are
given, m

input z-coordinate of inter-
section with hub profile of
line on which downstream
flow conditions are
given, m

z~-coordinates used for plot-
ting hub profile, ZHUB,
in MEPLOT, m

input z-coordinates of inter-
sections of hub-shroud
output station lines with
hub profile, m N

input z-coordinates of points
defining hub or bottom
boundary of flow chans<
nel, m

LAMDAF z-coordinate corresponding

to RILOM

z-coordinates of input blade
gection points (from ZBL)
defining leading edge of
blade, m

PRECAL z-coordinate of intersection
of leading edge of blade
with hub profile, m
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Vériable ‘mame

ZLEOM(MHTP1)

ZLESL

ZLET

ZLPLT(100)

ZLRNG

ZNEW

ZOLOM

ZOM{(MM , MHTP1)

Z0OMBI
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COMMON Subroutine
block

CALCON
TSONIN
PRECAL
PLTCOM
PLTCOM
NEWRHO
RVTHTA
CALCON
INPUTT

Description and comments

z~coordinates of intersec-
tions of horizonial mesh
lines with blade leading
edge, m

z-cocrdinate of intersection
of a streamline with lead~
ing edge of blade, m

z-coordinate of intersection
of leading edge of blade
with shroud profile, m

z-coordinates used for plot-
ting blade leading edge,
ZLE, in MEPLOT, m

z-coordinate of left-hand
boundary of a plot of meri-
dional plane or orthogonal
mesh, done in MEPLOT, m

percentage of new calculated
value of ZETOMT used in
updating ZETOM

z-coordinate corresponding
to ROLOM

z-coordinates of orthogonal
mesh, m

input z-coordinate of inter-
section of vertical mesh
line with hub profile where
first change in mesh
spacing oceurs (MBI), m



‘Variable name

ZOMBO -

ZOMIN
ZOMOUT

ZPC(11,NBLPL)

ZRRNG

t

ZSL(MM, NSL) -

ZSLTEM(NSL)

ZSPL

i

ZSPLT(100)

' COMMON

block
INPUTT,

INPUTT

INPUTT

INDCOM

PLTCOM

SLCOM

PLTCOM

Subroutine

OUTPUT

ILETE

Description and comments

input z-coordinate of inter-

section of vertical me sh
line with hub profile where
second change in mesh
spacing occurs (MBO)}, m

input z-coordinate of inter- -
section of left boundary of
orthogonal mesh with hub
profile, m ' :

input z-coordinate of inter -
section of right boundary
of orthogonal mesh {MM)
with hub profile, m

z=-coordinates of points of

~ alternate mesh {fig. 26) -

z~coordinate of right-hand

boundary of a plot of meri=
dional plane or orthogonal
mesh, -done in MEPLOT, m

z-coordinates of points
where streamlines. cross
vertical mesh lines, m

temporary‘storage for cal- .
culated values to be put
into ZSL array, m

z~-coordinate on leading or
trailing edge of blade cor-
responding to a stream-
line, m : -

z-coordinates used for plot-

'~ ting shroud profile, ZTIP,

in MEPLOT, m -
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Variable name

ZST(NSL,NOSTAT)

ZTE(NBLPL)

ZTEH

ZTEM(10}

ZTEM(MM)

ZTEM(NBLPL)

ZTEM{MHTP1 or
NOSTAT or 20)

ZTEOM(MHTP1)

ZTESL
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COMMON
block
STACOM

CALCON

CALCON

Subroutine

PRECAL

INPUT

MEPLOT

THETOM

OUTPUT

TSONIN

Description and comments

z=coordinates of points
where station lines cross
streamlines, m

z~coordinates of input blade
section points (from ZBL)
defining trailing edge of
blade, m

z~coordinate of intersection
of trailing edge of blade
with hub profile, m

temporary storage for
z-coordinate, m

temporary storage of
z=-coordinates from ZOM
for plotting, m

temporary storage of
z-coordinates from ZPC, m

temporary storage for values
from ZOM array on vertical
mesh lines; also temporary
storage for values from
Z8T array along station
lines, m

z-coordinates of intersec-
tions of horizontal mesh
lines with blade trailing
edge, m

z-coordinate of intersection
of a streamline with trailing
edge of blade, m



Variable name @~ COMMON  Subroutine Description and comments
. | block o |

ZTET : , PRECAL z-coordinate of intersection
| of trailing edge of blade
with shroud profile, m

ZTIN : ' INPUTT input z-coordinate of inter-
section of line on which up- -
stream flow conditions
are given with shroud pro-
file, m

ZTIP(NTIP) _ INPUTT input z-coordinates of points
7 defining shroud or top
boundary of flow chan~
nel, m

ZTOUT INPUTT input z-coordinate of inter-
‘ section of line on which
downstream flow condi-
tions are given with
shroud profile, m

ZTPLT(100) - PLTCOM : z-coordinate used for plot-
ting blade trailing edge,
ZTE, in MEPLOT, m

ZTST(NOSTAT) INPUTT input z-coordinates of inter-
- sections of hub-ghroud
output station lines with
shroud profile, m
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PROGRAM LISTING

COMMON SRW,SREs ITER 4 TENDNREADNWRI Y

COMMON/ INPUTT /GAM, AR, MS FL ,OMECA,REDFAC, VELTOL , FNEW.DNEW,MBI 4MRO,
MMy MHT g NBL s MHUR ¢ NTIP o NINg NCUT 4 NBLPL4NPPPy ROSY AT, NSL4LSFRy
LTPL L AMVYT o IMESH,TSLINE , ISTATL,IPLCT,I SUPER,ITSCN,TDERUG,
JOMIN, JOWRT L 7CMAC, TOMOUT » ZHIN 7T INs ZHOUT, 2TOUT, ZHURL S0
RHURES0) »ZTIP{50) 4RTIP(50) oSFINI50),RADINISO) 4TIP(50)}4PRIP(50),
LAMIN(SO Y VTHINC( SO}, SFOUT(S0) yRADOUTIS0) +PROP(S0) 4LOSOUT(S0) »
LAMOUT(S0) s VTHOUT (S0 ), 7HST (50}, ZTST{50 ), FLFR{50),
TRLES0,5C) yRBLIS0450) o THBLISC,50) s TNBLIS0,50)

EXTERNAL TIPF,TOPF,RHOIPF,RHODPFLAMDAF ,RVTHTA

INTEGER SRW,.SRE

- g

10 I1END= =1
ITER= O
C
C=-READ AND PLOT INPUT DATA
CALL INPUT
CALL ENPLOT
c
C~-CENERATE NRTHOCONAL MESH
CALL MESHO
c

C-=-CALCULATE AL PREL IMINARY FIXED CONSTANTS
CALL PRECAL
C
C-=PFLOT DRTHOGOMNAL MESE
CALL MEALCT
C
C--CALCULATE STREAM FUNCTION ON UPSTREAM AND DOWNSTREAM
C——ROUNCARIES 0OF THE CRTHOGONAL MESH
- CALL VADRY!1+TIPF,RHOTIPF(LANTAF)
CAML VRDRY(MM,TOPF, RHODPF,RVTHTA)
C
C=~CALCULATE COEFFICIENTS, SOLVE DIFFERENTIAL EQUATICNS FOR STREAM
C==-FUNCYION, ANT COMPUTE NEW VELOCITIES AND DENSITIES
CALL INIY
20 TTER = ITER+1
CALL CCEF
CALL SCR
CALL NEWRHO
C
C-=CALCULATE AND PRINT MAJOR OUTPUT [CATA
CALL QuTPUT
CALL INDEV
C
C==FLCT STREAMLINES ANC PLOT VELCCITIES
CALL SLPLOT
CALL SvpLnT
IF (IEND.LTL.0) GC TO 20
1F (REDFAC.EQ.1.0Q) GO TO 10
C
C--CBTAIN TRANSONTC SCLUTION WITH FULL MASS FLOW
30 CALL TVELCY
IF (ISUPERLEQ.2) GO TO 10
REDFAC = 1.0
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CALL TCUTPT
CALL INDEV
CALL SLPLOT
CALL SVPLOT
IF (ISUPER.EQ.O) £C TC 10
TSUPER = 0
CFC TE 30

EAD

SUPRNUTINE INPUT

c

C--INPUT READS ANC PRINTS ALL INPUT CATA CARDS

c

CCMMTN SRW,SREs ITER, TENC,NREAC,NWRIT ‘ '

CCVMON/INPUTT /GAM, AR, MSFL,OMEC2, REBFAC.VELTDL,FNEH,DNEH,MBI,MBG,
MMy MHT 4 NBL 4 NHUB ¢NTIP yNINy NCUT +NREPL NPPP KCSTAT ¢NSLyLSFRy
LYPL,LAMVT, IMESH, ISL INE, ISTATL, 1PLOT,ISUPER 4 TSON,1DEBUGy
TCNMIN, TOVRT 4 ZCWRO, TCNCUT  ZFIN 2T IN, ZHOUT , 7T CUT, ZHUR(50),
RHUR(50) ,7TIP{SCI4RTIP{50) ySFINI5C},RADINISC) ,TIP{50},PRIP(S0),
LAMINGS0),VTHIN{S0 Yy SFOUT (503,RADOUTI50),PROP(50) ,LOSOUTISC)
LAMOUT(50) s VTHEUT(50) 4 ZHST{S0) , 7TST (50 ), FLFR(50),
TRL(50,5C),RBLIS50,50),THBLI50,50),TNBL(50,5C) :

CCMMON/CALCCN/ MMML (MHT P 1, CPy EXPON, TGROGy P ITCH, CURVHI CURVTI,
CURVHO,C URVTO,RHIN JRTIN, RHCUT s RTCUT, RLEHRLET ,RTEH,RTET
TLE150),RLE(S0),ZTE(SO),RTE(SC) 4 ZLEOMI 101} ,RLECMI10L)
SLEQM(101) 4 THLECM(LOL}, ZTECHM (101 ), RTEOM (101 ), STEOM{ 101},
THTEOMU 1011+ TLE(101) 41 TE(1C1) ,70M{100,1011,RCH¥{100,101),
SOM(100,101),TNOM(100,101),A8TH{1C0,101),DTHO S 100, 101D, - -
DTHOT(100,101),PLOSS1100,41010,CPHI(100,101}1,SFKHI(100,101)

COMMONZINTITL/TITLEI( 200 : -

DIMENSTON 7TEM(10),RTEM(10),0YDX(10)

REAL MSFLsLAMIN,LANOUT,LCSOUT

c T . .

C-~READ ANC PRINT INPUT CATA _ L ‘

c AR S EE | : : 3 L

S b N

[« JAS O VI S I

NRFAD 5
NWRIT = &
10 WRITE(NWRIT,1000)
READ (NREAC,1050) (TITLEI(ID,I=1,20)
WRITE(NWRIT,1050) (TITLFI(1), 1=1,20)
WRT TEINWRIT,1100)
REAN {NREAN,1030) GAM,AR, MSFL,CMEGA.REDFAC VELTC&,FNEH BNEN
T {REQFAC.LE.0.) REDFAC=1.0
TF {VELTOL.LE.D.}) VELTOL=.01
IF (FMEW.L E.0.) FNEW=0.5
1F (DNEW.LF.C.) CNEW=0.5 _ . - : T
VELTOL = VELTOLEAMINI{FNEW,ONEW)

"WRITEINWRIT ;10400 GAM, ARGMSFL(IMEGA, REDFAC,VELTGL.FNEN,DNEH‘_
WRITE{NWRIT,,11101} '
READ (NREAD, LO10) MRI yMRO,MM  MET  NRLyNHUB yNTTP 4NIN 4NCUT o NBLPL,

INEPPNOSTAT GNSL -
WRTTECNWRTIT,1020) MBI 4MBC, MM, MHT,NRL4ANHUB,KTIP,NIN,NCUT ,NBLPL,

1INPPP NOST AT, NSL C ‘ ' ' Co

WPITE(NWRIT,1120)

READ (NREAD,1010) LSFR.LTPLILAVVT
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120

20

40

sC

€C

70

8¢

WRITFINWRIT,1020)
WRT TEINWRTT,1130)
READ [NREAD; 1030
WRITEINWRIT 1040
WRITE(NWRIT,1140)
READ {NREAD;1030)
WRITE{NWRIT,1040!
WRITE(NWRIT,115Q)
REAN (NREAL,1030)
WRITE{NWRIT 1040}
WRITE(NWRIT.1160)
READ INREAT,1030)
WRITEI(NWRIT,1040)
WRITEINWRIT,1170)
READ (NREA(,1030)
WRTTEINWRIT ,1040)
WRITE{NWRIT,1180}
READ ¢NREAL,1030)
WRI TE(NWRIT 41040])
IF TLSFR.,EQ.1) GO
WRITEtNWRIT,1190]}
READ I[NREAD,1030})
WRITEINWR IT,1040C)
GL TC 30

WRTTE{NWRIT,120C)
REAN (NREAD,1030)
KWRITE(NWRIT 41040}
WRITE{NWRIT,1210}
READ (NREAD,1030)
WRITE(N®RIT,1040)
WRITEIMWRIT,1220)
READ INREAD,1030)
WRITEENWRIT 1040}

LSFR,LTPL L AMVT

TOMIN,ZNOMRI ;7 CMRC , ZEMOUT
TOMING INMA L, ZOMAD, Z2OMOUT

{7THUR(T )} =1 ,NHUBRY
(ZHUR(T S, I=1,NHUIR)

TRHURTT) ,I=14NHURB)
{RHUB {1}, I=1,NHIR)

(I7IP(1),I=1,NTIP)
(7T1PLI), I=1,NTIF)

(RTIPLI)+E=1,NTIP)
(RTIP{I), I=1,NTIP}

ZHING ITIN
FHINy ITIN
T 20

(SFINCT),I=1,NIN)
(SFINCI),T=1,NIN)
(RADIN(I} I=1,NTN)
(RACINTT), I=1,NINY

(TIP(TI)+I=1,NIN}
(TIP(I),I=1,NIN]

(PRIP{I)yI=1,NIN}
(PRIPAI} I=1,NIN)Y

IF (LAMVTLEQ. 1Y GC TOD 4C

WRITE(NWRIT,1230)
READ (NREAD.,1030)

TWRITEINWRIT,1040)

GCTC 50

W¥RITE{NWRIT,1240)
READ INREAD,1030Y
WRITE(NWRIT,1040)
WRITE(NWRIT,125C)
READ (NREAD,1C3C)
WEITE(NWRIT ,L040)
TF {LSFR.EQ.1Y GO
WRITEINWR IT,1260)
REAN {NREAN,1030)
WRITEINWRIT,.L104GC}
GC TC 70

WRITEINWRIT,1270)
READ (NREAD,1030)
WRITE(NWRIT,1040}
IF {LYPL.FO.1) 6O
WRITEINWRIT,1280)
READ (NREAD,1030)
WRITEINWRIT, 1040}
G¢C TC 90

WRITE(NWRIT,1290])
READ (NREAD, 1030}
WEITEINWRTIT, 1040}

TLAMINETY, T=1,NIN}
{LAMIN(T) 4 T=1,NIN)

TYTHINII) o I=1NIND
(VITHIN{ T}, I=1,NIN)

IHDUT,,ZTOUY
ZHEOUT » TTOUT
10 60

(SFOUT{I), E=1,NOUT)
(SFOUTITY «I=1,NOUT}

{RADOUT({I D), I=1,NOUT)
(RACCUT {10, I=1.NOUT)
70 BQ

{PROPAT), I=1,NCUT)
(PROP{E) ,I=1,NOUT)

(LOSOUTLEY o I=1.NOUT)
(LOSOUTL{I), I=1,NDUT)



C

SC

100
11¢

120

130

140

1¢0

170

1F (LAMVT.FC.1) GFf TOD 100
WRITEINWRTT,1300)

REAN {NREALC,1030) {LAMDUTII}, I=1,NOUT)

WRITE(NWRIT 104C) (LAMOUT(TY,T=1,NOUT)

GO T 110

WRITE{NWRIT,1310)

RFAD (NREAD,1030) [(VTHOUTII) oI=14MCUT])

WRITE(NWR IT, 1040} (VYTHOUTIT),I=1,NOUT)

WRITEINWRIT ,1320)

NN 120 IN=T1,NRLPL

READ {NREAL,1030)} (7BLUIN,IN},IN=1,NPPP}

WRITEINWRIT 10401 {ZRLUEN,IN),IN=1,NPPP]

WRTITEINWRIT,1330)

fC 130 JIN=1,4NRBLPL

READ (NREAD,1030) (RALIIN,IN}, IN=1,NPPP)

WRITEINWRIT,104C) (RALIIN,JIN) ,IN=1,NPPP}

WRITEINWRTIT,1340) -

NEC 140 JIN=1,KRLFL

READ (NREAC,1020) {(THRLUIN,IN)sIN=1 ,NPPP}

WRITE{NWRIT,1040) (THRLIIN,JIN}, IN=1,NPPP)

WRTTEINWRIT ;1350)

DD 150 JN=1,NRLPL

RE2AD (NREAC,1030) (TNRLUIN.JK), IN=1,NPPP)

WRITEINWRI T410460) (TNRL(IN,JN) I N=1,NPPP)

IF {NOSTATLED.LD) GO TO 160

WRITEINWRIT ,1360)

READ {NREAD,1030) {ZHSTII},T=1,NCSTAT)

WRITE{NWRIT ,1040) (ZHST{1}, I=1,NOSTAT)

KRITE(NWRIT,1370) :

READ t{NREAD,10320) (ZTST{I1,1=14,NG5TAT)

WRITE(NWRIT,1040) (ZITST(1), [=1,NOSTAT)

IF (NSL.EQ.O0Y GO TQ 170
MRITE(NWRIT,1380}

READ C(NREAC,1030)} (FLFR(ID'I=1'NSLI

WRITE(NWRET,1040) (FLFRUI) .T=1,KSL)

WRITEINWR [T,139G)

READ (NREAN,1010) IMESF.!SL!NE,ISTATL,IPLDT.ISUPER'ITSDN.IDEBUG

WRITE(NWRIT,1020) IMESH,ISLINE+ISTATL+IFLCT, ISUFER,ITSON,IDERUG

WRITEINWR IT,1000)

IF (MM LE L 10D AND e MHT dLEL 100 AND G NHUB L ELSD JAND A NT IP JLELSOLAND,
ININLLE. SO AND . NOUT. LEe 5C. AND.NRLPL  LEL50, AND.NFPF,LELS0.AND,
ZNCST AT W LE oS0 AND WNSL WL EF oS0 AND AL SFR WGE+ D ANDLSFRLLE. 14 AND.
FLTPLuGE e De ANDLLTPLLLEL) cAND L AMVT GELOANDLLAMVT LLFL1I) GO TO 180
WRITE(NWRIT, 1400}

bl

€C-~-CALCULATE MISCELLANEOUS CONSTANTS

c

C

18C

MMM] = MM=]

METP 1= MHT+1

EXPCN= l.’(pﬁu-lo1

CP = ARSGANZEXPON

TCROG= 2., *CAMSAR/{GAM+ 1.}
PITCH= 2.%3,1415927/FLOAT(NBL)
MSFL = MSFL/FLOATINBL)

C~~ASSUNME VALUES FGR 7HIN,ZIT IN, ZHOUT,AND ZTOUT
C——IF THEY WERE NCT GIVEN AS INPUT

c
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IF {LSFR,EC.1) €0 TO 200
IF {7HINGNE.O.eOR.2TIN. NE.DL) 6GC TO 190
FEIN = TOMIN

7TIN = 70OMIN

16C IF {7HOUT.NE.C..CR, ZYUUT-NE 0.) GC TC 200
THOUT = Z0OMOUT
ITCUT = 7OMCUT

C
C--CALCULATE ESTIMATED UPSTREAM AND COWNSTREAM VALUES CF
C--STREAM FUNCTION, TF RACIUS WAS GIVEN AS INPUT
C .
260 77EMt 1)Y= ZHIN
ITEMI2)= THCUT
CALL SPLINT{ZHUR,RHUB4NHUIB, ZTEM, 24 RTEM, CYDX)
RHIN= RTEM( 1}
RHOUT= RTEM(2}
7TEMEL1)} = ITIN
TTEM(2)= 2TOUT
CALL SPLINTUCZTIP4RTIPyNTIP,2TEM,;24,RTEM,DYDX)
RTIN= RTEM(])
RTOUT= RTEML2]
RINSQ = RTINE®2-REIN®*2
ROUTSO = RYCUTH&2-RHOUTE®2
1f {LSFR.EQ.0) GO TO 230
00 210 J=1,NIN -
210 SFINCJ) = (RADINCJ)»k2-RHIN®%2) /RINSQ
nc 220 J=1,NOUY
220 SFOUT(J) = (RADCUT(J)*¥2-RHOUT*&231/ROUTSO
60 TO 280
C
C--CALCULATE ESTIMATED UPSTREAM ANC COWNSTREAM VALUES OF
C—~-RPADTIUS, 1F STREAM FUNCTION WAS GIVEN AS INPUT
c
230 DC 240 J=1.NIN
. 240 RADINCJY = SORTI(RHIN®®2+SFINCJ}*RINSC)
CO 250 J=1,NOUT
25C RACOUTES) = SCRT{RHOUT *##2+SFCUT (JI*ROUTSH)

C
C--CALCULATE ESTIMATEL UPSTREAM AND DOWNSTREAM TANGENTIAL VELOCITIES,
C--IF WHIRL WAS GIVEN AS INPUT
C
260 ¥F TLAMVTLEQLEY GO TO 290
D0 270 J=1.NIN
270 VTHIN(I ) = LAMIN{SI/RADINCY)
NC 2RO J=1,NOUT
280 VTHOUT( 4) = LAMDU7iJlIRAUDUT(Jl
IF {(LSFR.ED.LL) LAMVT=1
RETURN
C
C~--CALCULATE ESTIMATED UPSTREAM AND DOWNSTREAM WHIRL,
C--1F TANGENT TAL VELOCITY WAS GIVEN AS INPUT
c
260 DO 200 J=1,4NIN
00 LAVMINIZ) = RADIN(JIZVTHIN(LY
DC 310 J=1,NOUT
210 LAMOUTIJ) = RADOUTCINEVTHOUTI J)
C
C--FCRMAT STATEMENTS
c
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1000 FCRMAT (1H1)

1C10 FORMAT (1615)

1020 FORMAT 12X, 1612X,15))

1030 FCRMAT (BFL0.5) .

1040 FCR™AT {LX,8616.7)

1850 FORMAT (20A4) o ) ' -

1100 FORMAT (///4X,20HGENERAL  INPUT  DATA/TX, 3HGAM, 14X 2HAR 4 13X,
14HMSFL 4 11 Xy SHOMEGA 411 X s 6HREDFAC 10X y6HVELTOL, 10X s 4HFNEW, 11Xy

24FONEW)
1110 FCRMAT (9SH - MBI MR- . MM MHT = . NBL NHUB - NTIP
1 NIN NOUT NBLPL NPPP NCSTAT. ~ NSL) R :
1120 FORMAT (25H LSFR  LTPL  LAMVT)

1130 FCRMAY (///74X,29HFUB  AKND SHRCUD INPUT EATA/7X.5FPZOMIN,11X,
1 SHZOMBI, 11!'5H?C#BG'10X.6HZCNCUT! 4

1140 FORMAT (7X, 11HZHUR ARRAY} :

115C FCRMAT (7X,11HRHUB ARRAY)

11€C FORMAT (7X, 1IHZTIP ARRAY)

1170 FORMAT (TX, L1IHRTIP ARRAY! ' . o

118C FORMAY (///7&%21HUPSTREAM INFUT CATA/TX,4HIHINR 11X, 4HITIN)

1190 FORMAT {TX, LIHSFIN . ARRAY) Y g :

1200 FCRMAT (7X,12HRACIN ARRAY)

1210 FCRMAT (7X,10HTIP ARRAY)

1220 FORMAT (TX, 11HPRIP ARRAY)

1230 FCRMAT (7X,12HLAMIN ARRAY)

1240 FCRMAT (T7Xy12HVTHIN ARRAY) ,

1250 FORMAT (/774X 23HDONNSTREAM  TNPUT DATA/T7X,SHZHCUT,10X:5HZTCUT)

1260 FCRMAT {(7X,12HSFOUT ARRAY)Y . . Co , o

1270 FORMAT (7X,13HRADDUT ARRAY)

1280 FORMAT (7X, 11HPROP ARRAY) . . .

1260 FORMAT (TX,13HI.CSCUT  ARRAY)

13C0 FORMAT (7X,I3HLAMCUT  ARRAY)

1310 FORMAT (TX, 13HVTHOUT ., ARRAYY - - .. . -1 L

1320 FCRMAT (///4X,S4HBLADE MEAN CAMBRER L INE -ANL THICKNESS - INPUT
1 TATA/7X, 10+H78L ARRAY)

1330 FORMAT (7X,10HRAL ARRAY) _ .

1340 FORMAT (TX.1IHTHRL ARRAY) ‘ . e,

1350 FORMAT (7X, 11HTNAL ARRAY): . e .

1360 FORMAT 1/ //4X,31HCUTPUT STATICN. LOCATION - CATA/7Xy11HZHST - ARRAY
1)

1370 FORMAT 17X, J1HZITST . ARRAY) ., e S

13E0 FORMATY (/774X ,40H0UTPUT STREAFL!NE FLOW FRACTION DATA/7Xs 11HFL
1IFR  ARRAY) ,

1390 FCRMAT {///74X,2BFOUTPUT PRINT CONTROL DATA/EX,4BHIMESH T1SLINE.
1ISTATL IPLOT ISUPER ITSON ICEBUG)Y

1400 FORMAT (94H1 MM MHT,NHUR 4NTIP (NI N,NOUT, NBLUL,hPFF,hESTAT.NSL'LSFR,
ILTPL,CR LAMVT TS TOO LARGE OR TOO SMALL)
RETURN
ENT

SLEBROUTINE INPLCY

C--INDLOT PLOTS THE UPSTREAM AND OGHNSTREAM INPUT FLCW VARIABLES
C-=AS WELL AS THE INPUT BLADE SECTICNS FROM HUA: TO SHROUD
C
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COMMNN/ INPUTT/GAM AR ¢y MSFL,IMEGA,REDOFACy VELTOL s FNEW,DNE W, MBI ,MBO
MM oMY G NBLy KHURNT IP, NIN, NCUT s NBLPL,NPPP,NOSTAT,NSL+LSFR,
LTPLsLAMVT,IMESH I SLINE,ISTATL»IFLOT ISUPER,ITSCN,ICEBUG,
70MIN, ZCMBI, 7OMB0, ZOMOUT, ZHINSZTIN,ZHOUTLZTCUY,ZHUB( 50) ,
RHURISO) 7TIPIS50),RTIP{50),SFINIS0)+RADIN(SO),TIP{SD)+PRIP(50),
LAMINE 503, VTHINIS0) ¢« SFOUT{SC) RADCUT{50) ,PRUFPI50]),LOS CUT {50),
LAMOUT {503 VTHOUT (S50, ZRSTLS03,2TST(50) ,FLFRIEC),
7RL{S0,50):RBLISC,50) s THRLISD 450),TNRL(50,50) :

COMMON /CAL CON /MMM 1 MHTP 1 ,CP E XPON, TGROG 4PI TCH,CURVHI yCURVTI »
CI'RVHO, CURVT Gy REINGRT IN, RHOUTy RTDUT,, RLEH,RLETyRTEHLRTET,

FLE{ 50) JRLEISD) 4 ZTE(SO) (RTE(SO) ;ZLEOM{101}, RLEOM (101},
SLEOMU101), THLEOM{ 101),ZTECHM( 1013 ,RTEOM(1C1), STEOM(1ICL ),
THTEOM(101),TLE(1D01),ITEC101), 7OMC100, 101)yROM{ 100,101},
S0OM{ 100,101, TCM{100,101) ,8TH(1CO,101),DTKCS(100Q,101),
DYHDT( 100, 101),PLOSS(100,1C1)4CPHIN100,101),SPHIELCO,101)

COMMON/ZINTITL/TITLEL(20)

DIMENSTON MBL{SO,5%C)RTHRLUISO,SCY o STHRLIS0,50},FPTHRLIS0+50)
RRTHAL (50,5014 SSTHRAL {50, 501,PPTHRLI S0, 50),

PTHDOM{S0} 4 ANGISO0) ,PLTXCLOY },PLTY (101), GRACT101),

TITULUO  TTITL2{BY « TITL3 SY o TITLELG) « TITLS{B) + TITLEH(O) TITLT(6),
TITLBI(S Y, TITLI0(13 ), TITLLII(E)TITLI2(61, TITLI2( 4},

TITLI4G2) e TITLISIS ) TITLLS(S)»TITLL7(S)TITL1E(S5)},TITL1IGLS),
TITL204 S, TITL2UH S)» TITL2215) ,TITL24L10) ,TITL25(9)

REAL MAL.LAMIN,L AMOUT,LCSOUT,LRNG

DATA TITLL/Y INLOL'ET A',"BSOLYy"UTE ®*4'TOTA®»"'L TE®y *"MPERY4*ATUR

1+ 'E v/

CATA TITL2/7YINLEY'T AP, 'SOLU", "TE T', 'OTAL Yy ' PRE',1SSUR,'E M

SCH W o O 4 G g

[« JV I N X

CATA TITL3/VINLE®, 'T ABY, vSOLU", *TE W'y "HIRLY/

DATA TITLA/VINLE®,'T AR®,9SCLU" ;" TE T%," ANGE® , "NTIA®,*L VE',*LOCE®
1 'TY L

DATA TITLS/YOUTLO,'ET A',*BSOLY,"UTE *, *TOTAY, 'L PRI, 'ESSU?,*RE ¢
BﬂTA TITLOH/ *OUTL 9, *ET A%y 'BSOL *y *UTE ' 'TOTA",*L PR',"ESSU' +'RE L"
1,°08§ v/

DATA TITLT7/°0UYLY,%ET A','8SOLY ,PUTE *,twHIR® 0L v/

DATA TITLA/ *DUTL; "ET A, *RASOL ", "UTE %, *TANG*, "ERTI*, AL V', *ELOCY
1,7 1YY 9/

OATA TITLIO/TINPUT 9T BLY,VADE ", *SECTY o' TONS' 40 $C18¢ ¢ 12FR,
1°0M 79,780, 1,7RBL+"y* THR', 'L, T, *NRL */

OBYTA VITLIL/® B9 P LADEY,* SEC*,*TIONt ,* NC.T," XXXX'/

DATA TITLL2/°COMB Y, "INED*s® BLA'S"DE S*,"ECTI" *CNS */

DATA TITLI3/SSTRES,PAM £9,0NCT*, *ION o/

DATA TITL14/% RAY,'DIUS'/

CATA TITLLS/YINPUY'T AR'y "RAY 4'— TIt,'P 1y

DATA TITLI6/*INPUT,'T ARY4TRAY 7,9— PRY, [P o/

DATA TITLRT/PTNPU®,*T ARV, FRAY 7 40— LAt (0 MIN ¢/

DATA TITLIB/ZYINPU, 'T AR, SRAY 1,%— VT¢,IHIN v/

DATA TITLIO/SINPU? o' T AR®,PRAY 7,%— PR? 0P 1/

DATA TITL20/YINPU'T AR"4'RAY *,0— LO¢ ,*SOUTY/

DATA TITL2L/TINPUT, T ARY, *RAY 74— LA',*MOUTY/

DATA TITL22/VINPU? 1T AR 4*RAY ®,1— VT ,tROUT Y/

DATA TITL24/"BLAD!,'E  S",ECTI ", *(N *,*MERTY A CICN® 9 AL *,

1Y COORY ,"DINA®,*TE 1/

DATA TITL25/9 TANG® s'ENTI® 4% AL C*,*OCRD" o* INAT®,°F - 9,%RACIY,
10USST, "HETAY/

DATA BLNK/® v

DATA Symfexey

TF CIPLOT.LE.O0) RETURN



c
C~=PLOT TITLE NN MICROFILM
c
CAtL LRSIZE(0L0,20. 0'0 0,10.0)
CALL LRCHSTI(4)
caLL LRLér;NtTITLEI,ao.U.l 0,5.0p 1a 0} :
CALL LRCHSI(2) i
CALL LRSTZF(Q.0,10.0+0.0,10,0)
CALL LRMON
CALL LRXLEGIBLNK,1)
CALL LRMOFF
C
C-=-PREPARE FOR PLOTTING DOF INLET CONEITIONS
C
IF (LSFRL.EQ.1Y GO TO 2¢
PLTY (1) = SFIN(1}
PLTY{101) = SFINININ)
DEL = (SFIN(NINI-SFIN(11)}/100.
0C 10 J=2,100
10 PLTIY(Y) = PLTY!J—11+DEL
BRNG = AMINI({SFINCL)SFOUT( 1))
TRNG = AMAX1(SFIN{NIN).SFOUT(NCUT])
GO TN &0 .
20 PLTY({1) = RADIN{1)}
PLTYI101) = RADINININ]
DEL = (RADINININI-RADIN{1})}/100.
DC 30 J=2,100
30 PLTY(Y) = PLTY(JI-1)+DEL _
BRNG = AMINL{RADINI 1},RADOUT( 1})
TRNG = AMAXLIC{RACIN(NINY,RAOOQUT (NOUT})
C
C--PLOT INLEY ARSOLUTE TOTAL TEMPERATURE
c
&0 LRNG = TIP(1)
RRNG = TIP(1)
DC 50 J=1,NIN ‘
LRNG = AMINICLRNG,TIP(J))
50 RRNG = AMAX1(RRNG,TIP(J)}}
CALL LRANGE(LRNG ¢RRNG y BRNGy TRNG)
CALL LRGRID(1,+1411.0y11.0)
CALL LRCHST7t4) .
CALL LRLEGNETITLLI+264+041.0+0.540.0)
CALL LRCHS Z2(2) _
CALL LRLIEGNITITLIS5 +204+044.0+14390.0)
IF [LSFR.EQL0) CALL LRLEGN(TITLL3,1641,0.2¢4.2,0.0)
TF (LSFR.EQ.1) CALL LRLEGNI(TITL14,8,140.2¢%.7+C.C)
CALL LRCHSZ(4)
1F (LSFR.ED.DOY CALL SPLINT{SFIN,TIP,NIN PLTY'lOI'PthyGRAD!
IF (LSFR.EQLL)Y CALL SPLINT{(RACIN,TIP, NIN-PLTY'lﬂlgPLTK'GRAD)
CALL LRCURVIPLTXoPLTY 101 42,5YF,0.,0)
IF (LSFR.EQ.DY CALL LRCURV(TIP,SFINNIN,44SYN,1.€)
IF (LSFR.EQ.1Y CALL LRCURV(TIP.RAEIN'NIN.4.SYM.1.0)
[
C==PLOT INLET ABSOLUTE TOYAL PRESSURE
c
LRNG = PRIPI])
RRANG = PRIP(1)
DC 60 J=1 ¢NIN

125



60

LRNG = AMINLULRNG PRIP{ I}

RANG = AMAXIIRRNG,PRIPI 1}

CALL LRANGEILRNG:RRNG;RRNG,TRNEDY

CALL LRLEGNITITLZ2:32+041.6+0.5+0.0)

CML LRCHST(2)

CALL LRLEGNITITL16:20+0+%4.091.3:0.01)

IF (LSFR.EQC,0)Y CALL LRLEGN{TITLEN 1691 +0.2+94.24+0.0}

IF {LSFR.EC.1Y CALL LRLEGNITITLLIG4+8B+1+0.254.7+C.C}

CALL LRCHS?{4%)

IF (LSFR.EQ.Q)} CALL SPLINT(SFIN'PRIP'NINQDLTY;IOlfPLTX GRAD)
TF (LSFR.EQLL)Y CALL SPLINTIRADINSPRIPSNIN,PLTY 1C1,PLTX,GRAD)
CALL LRCURVIPLTX4PLTY 101,42 ,5Y#,0.01)

IF (LSFR.LEQ.QY CALL LRCURVIPRIP,SFINGJNINy4,5YM,1.0)

I1F (LSFR.EQLLY CALL LRCURVIPRIP,RACINSNIN, 4,5YM, 1.0)

C==FLOT INLET ARSOLUTE WHIRL

C
C
70
c
C
B0
<0

100
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IF (LAMVT.EQ.1) GO TO 80

LRNG = LAMIN(1)

RRNG = LAMIN(L}

DO 70 Jd=1,NIN

LRNG = AMINI(LRNG,LAMINtS))

RRNG = AMAX]IU(RRNG,LAMIN{J))

CALL LRANGE{LRNG yRRNG+BRNG, TRNG)

CALL LRLEGNITITL292010+245+0.%5:0.0)

CALL LRCHSZ2{(21}

CALL LRLEGNITITL17+2C+044.051.2,0.0)

IF (LSFRLEQLD)Y CALL LRELEGN{TITL13,1641,0.254.2+0.C)

TF (LSFR.FENL1) CALL LRLEGNITITLLA B 41 40.2+45.7,0.0})

CALL LRCHS71{4)

TF (LSFRLEQLD) CALL SPLINTH{SFINSLAMINSNING,PLTY,1C1.,PLTX,GRAD)
IF {LSFR.EOQ.LY CALL SﬂL]NTlRADIN'LAFINnNIN'PLTY1101¢PLTX'rRAC,
CALL LRCURVIPLTX,PLTYy101,2,5¥YM,0,.C}

TF (LSFR.EQ.0) CALL LRCURVILAMINGSFINSNIN;%,SYM, 1.0)

IF (LSFR.EQL1Y CALL LRCURVILAMIN,RADIN, NIN,#.SYF-I¢O’

GC TC 110

C—=PLOT INLET ABSOLUTE TANGENTIAL VELOCITY

LANG = VTHINILY

RRNG = VTHINE 1)

DO 90 J=1.NIN

LRNG = AMINI(LRNG,VTHIN{J))

RRNG = AMAX1(RRNG ,VTHIN(J}}

CALL LRANGE(LRNG,RRNG, BRNG, TRNG)

CALL LRLEGNITITL4,3640,1.1,0.5,0.0)

CALL LRCHST2)

CALL LRLEGN{TITL18,20y0+4.0y1.3,0.0)

TF (LSFR,EQ.C) CALL LRLEGN{TITLI3,16:1+0.24+%4.2,0.0})

TF (LSFR.FO.1) CALL LRLEGN{TITLL1448 919002y 4a7+CaC}

CALL LRCHSZ(4)

IF (LSFR,EQ.O) CALL SPLINT(SFIN,LAMINSNIN,PLTY,101,PLTX,GRAC)
IF fLSFRLEQ.1) CALL SPLINTCRADINGLAMIN NIN,PLTYs1Cl,PLTX,GRAD)
RINSG = RTIN#42-RHEN®%2

DN 100 J=1,101 '

IF (LSFR.EDLO) PLTX{JII=PLTX(J) /SORT(RHIN®*24PL TY{J)*RINSQ}

IF (LSFR.EQ.L) PLYX(JI)=PLTX (JI/PLTY {J)

CALL LRCURVIPLTXoPLTY 1CLs2,S5YV,C.0)

IF (LSFRLEQ.O) CALL LRCURVIVTHIN,SFINGJNIN 4, 5YN,1,0)

LI 5|



IF TLSFRLENLLY CALL LRCURVEVTHINRACINSNIN,4,5YM,1.0)
c
C«-PREPARE FPNR PLRTTING OF DUTLET CONDITIONS
Lo

110 IF CLSFR.EN.1) GO YO 13¢C
PLETY (1) = SFOUT (1)
PLTYL101) = SFOUTINCGUT)
DEL = (SFOUTINOUTI-SFOUT(1))/1C0.
0C 120 J=2,100
120 PLTY()) = PLTY(J-11+0DEL
60 T0 150 ‘
130 PLTY(L) = RACCUT{(1)
PLTYT101) = RADOUTC(NOUT)
DEL = {(RADDUTINOUTI-RADOUTL1Y)/100,
PC 140 J=2,+100
140 PLYY(L) = PLTY(J-1)+DEL

c
C--PLOT DUTLET ARSOLUTE TOTAL PRESSURE o
C - . P " _-".,‘._‘.
150 IF (LTPL.EC.1) 60 TO 170
LRNG = PRCP{1)
RRNG = PROP{1}
DC 160 J=1,NOUT
LRNG = AMINI(LRNG,PROP(J})
160 RRNG = AMAX1(RRNG,PROP(J)}
CALL LRANGE(LRNGyRRNGs BRNGy TRNG)
CALL LRLEGNITITLS,32,041.540.540.0)
CALL LRCHST(2)
CALL LRLEGN(TITL19,20404440¢1.3,0.0}
TF (LSFR.EQ.0} CALL LRLEGN(TITLIZo16+1:0424442+0.0)
TF (LSFR-E0.1) CALL LRLEGN(TITL148,150.24427+CeC)"
CALL LRCHSZI&)
[F (LSFR.E.0) CALL-SPLINTESECUT sPRCPyNCUT,PLTY, 1015 PLTX,GRAC)
IF (LSFR.EQ.1) CALL SPLINTIRADOUT.PRUP;NDUT,PLTY,lcl,PLTX.GRAOJ
CALL LRCURV(PLTX5PLTY,101,2,5Y¥,0.0)
TF (LSFR.ED.0) CALL LRCURV{FRCP,SFOUT,NOUT 14 5SYMy1.0)
1F (LSFR.EQ<1) CALL LRCURV{PROPRANOUT,NOUTy4sSY¥,1.0)
60 TO 190
c _ e L
C--PLOY OUTLET ABSOLUTE TOTAL PRESSURE LOSS
c

17C LRNG = LOSTOUTILY
RRNG = LOSOUTL])
0C 180 J=1,NOUT
LRNG = AMINL{LRNG,LOSOUT{N]
180 RRNG = AMMAXI{RRNG,LOSDUTIIY)
CALL LRANGE {LRNG RRNG, BRNG,TRNC)
CALL LRLEGN(TITL6136’011.0;0-570 {43 ]
CALL LRCHSZ(2) '
"CALL LRLEGNITITL20+420+40+4%. Dv1.3v0.03
IF (LSFR.EQ.O0} CALL LRLEGNUTITLLII 16414042 %, Zv0.0i
TF (LSFRLEQ.L) CALL LALEGNCTITLI4,8,1+40.294.7+0.C1
CALL LRCHS?(4) - : . .
IF (LSFROEQ.OY CALL SPLINTUSFOUT L LOSOUT,NCUTLPLTY,101+PLTX4+GRAD)
TF {LSFR.EQLLY CALL SPLINT(RACOUT,.LOSOUT, NﬂUTcPLYY;lOlvPLTX.GRAD!
CALL LRCURVIPLTX4PLYY,101,2+5YV,0.0)
IF (LSFR.EQOLO0Y CALL LRCURVILOSOUT,SFCUT,NCUT,4,5YM,1.0)
TF (LSFR.EQ.L) CALL LRCURV{LOSCUT, RACOUT,NOUTy 4, S¥YM,1.0)

127



C

C-=FLNT MUTLET ARSOLUTE WHIRL

C

160 IF {LAMVT_ FO.1) GG TQ 210
LRNG = LAMOUTIL)
RRKG = LAMCUT (1)
NG 200 J=1,NOUT
LRNG AM INL{LRNGLAMOUTE JY)
200 RRNG AMAXL{RRNG,LAMQUT LY}

CALL LRANGE{LRNG yRRNG 4RRNG o TRNG)
CALL LRLEGNITITLT712490+42.0+¢0.540.0)
CALL LRCHSZ(2)
CALL LRLEGN{TITL21,2040+4.09142,0.0)
TF (LSFR.FQ.DY CALL LRLEGNITITLLI3y 1€+ 140.24%4.2+0.0)
TF {LSFR.ENLLY CALL LRLEGNITITL1448,3250.294.7,0.0}
CAML LRCHST(4)
IF {LSFRL.EQ.DY CAtL SPLINT{SFOUT,LAMOUT,NOUT,PLTY,1014PLTX,GRAD)
IF {LSFRLEN.1Y CALL SPLINTI(RACCUY +LAMCUT NCUT,FLTY»101,PLTX,GRALCY
CALL LRCURV{PLTX,PLTY, 1014 2,5YM,0.0) :
IF ULSFR.F0.0) CALL LRCURVILAMOUT,SFOUT NOUT»4.5¥YM,1.0)
IF (LSFRLEN.1} CALL LRCURVI{LAMCUT,RADOUT sNOUT 34 4SYV4140)
GC TC 240

H

|

C
C--PLOT DUTLET ARSOLUTE TANGENTIAL VELOCITY
c
210 LRNG = VYTHCUTI(1)
RRNG = VTHOUTI1)
£n 220 J=1,NOUT
LRNG AMIN] CLRNG,VTHOUT (33}
220 RRNG AMAY YIS RRNG (VTHCUTLI))
CALL LRANGE(LRNG, RRNG, BRNG, TRNE)
CALL LRLEGNITITLS,:36+0+1.0:0.5:0.0)
CALL LRCHSF(2)
CALL LRLEGN(TITL22y20+0¢4.041.3,0.0)
IF (LSFR,ERLO) CALL LRLEGN(TITL13,164140.2+%2:0.0}
TF (LSFRLEDL) CALL LRLEGNITITL14+48:140e244479CaC)
CALL LRCHS7(4)
IF (LSFRLED.D) CALL SPLIKTUSFCUT LAMCUT NCUT+PLTY» 1014 PLTX, GRAD)
IF TLSFRLEDL1) CALL SPLINTIRADOUY L AMOUT.NOUTPLTY,101,PLTX GRAD}
RCUTSE = RTCUTSRZ-RHOUT %%2
no 23c J=1,101
If (LSFR.EQ.0) PLYX(II=PLTX(S)/SORTIRHOUT2224PLTYL J)#ROUTSQ)
230 TF {LSFRLEQ.1) PLTX(JI=FLTX (JN/PLTY Y]
CALL LRCURVIPLT X4PLTY41C14245YV,0.0)
ITF (LSFR.EC.O0Y CALL LRCURV(VTHOUT, SFOUTNOUT»4,5Y#,1.0]
IF (LSFRLEQLLY CALL LARCURVIVTECUTsRACCUT 4 NCUY » 45 5¥YMy 1.0

]

C
C--FLOT INPUT ALACE SECTIONS
G
C——CALCULATE RLADE SECTICN PLCY CCCRCINATES ALONG MERICIONAL PLANE
240 DC 250 JSN=1.NBLPL
MELIL1,JNY = 7RLI1,JN)
DN 220 IN=2,NPPP
250 MPLOIN,UNY = MBLOIN-1JMI+SQRTO(ZBLL INy INI=-7BLITK-1,JN})**2+
1LRARLUIN, AN} =RAL (IN=-1,0N) Yk¥2)
C--CALCULATE TANGENTIAL PLOT COORDINATES
ne 260 JN=1,NALPL
CALL SPLINE(MAL(]1,IN)yTHRLIL4JN) yNPPF,OTHCM, ANC)
DELRTH = (RBL(L1,IN)+RALINPPP, IN)}/2.%PITCH
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DL 260 IN=]1.,NPPP
ANGUTIN) = ATAN(RBL(IN, IN)*DTHCM{IN))
RELT = TNRLOIN,JN)I/COSUANGEIND)
RTHBLOIN, IN) REL{IN, JN)=THRLUIN, IN)
STHRLI TN, JN) RTHBLIIN, INI+DELT /2.
PTHRLITN, IN) RTYFBLIIN, IN}-CELT /2.
RRTHALI TN, IN) RTHALII N, JN)+DELRTH
SSTHRLUINGUNY STHRLIIN, JN)+DELRTH
26C PPRTHRLUTN,.IN) PTHRLEIN  INY#EELRTH

[ I

W

C--CALCULATE RANGE OF PLOTS, AND SET UP FCOR PLOTTING INCIVICUAL

C=--pLADE SECT INNS
LRNG = MBL(1,1)
RENG = MRLINPPP,1)
= PTHREL{1, 1)
TANG = SSTHAL{NPPP,NRLPL}
on 270 IN=1,NBLPL
LRNG = AMINI{LRNGC,MPL(Ll,JN})
RRNG = AMAXIERRNG,MBLINPPP,IN})
BN 270 IN=1.NPPP
BRNG = AMINI{BRNC,PTHBLIIN.JN})
270 TRNG = AMAXLOTRNG o SSTHBLEIN, INY)
= RRNG
NELLR = RRNC-LRNC
= TRAG~BRNG
DELRNG = AMAXLI{DELLR,DELBT)
RRNG = LRNC+DELRNG
TRNG = BRNG+DELRNG
£ALL LRANGE(LRNG ,RRNG ¢ BRNG, TRNG)
C-~PLOT PLACE SECTIONS AND SHOW SOLIDITY
CALL LALEGNITITLIO52+042.7+0.7:0.0)
D0 280 JN=1,NRLPL
CALL LRCHS Z(3) )
CALL LRCMVYCJIN,I 2TITLLI1(6) 414410}
CALL LRLEGNATITLI1+24+0+43.049.5450.0C)
CALL LRCHST7(2) - :
CALL LRIEGNITITLZ26 44040424841 340.0)
CALL LRLFGNITITL2E4364190.243.2,0.0)
CALL LRCHSZ{%) ‘

CALL LRCURVIMBLI{L 4JIN) yRTHBLI{L 4 IN) yNPPP,2ySYN,0.0}

CALL LRCURVIMBL{ 1, JN}sRTHRLI1,JN),NPPP, 4, SYM,0,C}
CALL LRCURVIMAL{L 4N} ,STHBL(1,JN),NPPP, 2,5YM,0.0)
CALL LRCURVIMBLI 1, JN) PTHRLIEL 4 JNY 4 NPPF,2,5YM,0.0)
CAML LRCURVIMABLIL,JN),RRTHBL( 1+INYHNPPP,2,5YM,C. )
CALL LRCURVIMBLIY 4 JN) JRRTHBL{L NI, NPPP,4,S5YM, 0.0
CALL LRCURVIMBLL1,IN) ¢ SSTHRL{1,JN) 4NPPP,2,SY¥,0.0}
280 CALL LRCURVIMBL (14 IN)+PPTHRL{1,INYJNPPP4245YM,1, ()

{--CALCULATE RANGE OF PLCT, AND SET UP FOR PLCT COF MULTIPLE

C--BLADE SECTIOMS
RRNG = RRTEM
TRNG = STHRLINPPP,AELPL)
no 290 4N=1,NBLPL
OC 290 IN=1,NPPP
250 TRNG = AMAXLUTRAG,STHRLUIN, INJ})
DELRT = TRMG-RRNG
DELRNG = AMAXYUCELLR, DELBT)
RRNG = LRNGH+DELRNG
TRNG BRNG+DELRRKG
CALL LRANGE(LRNG,,RRNG,RRNGs TRNG)
C-=-FPLOT MULTIPLE ALACE SECTIONS
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CALt LtRARIC(3,2,11.Cs11.0)

CALL LRCHSZ{3}

CALL LRULEGNITITLLZ,24:043.4+9.5,0.0)

CALL LRCHS7L2)

CALL LRULEGN(TITL24,40,042.8y1.3,0.01

CALL LRLEANITITL2S:36+]1 ¢+0.2¢3.3,0.0)

CALL LRCHSZ(4)

Ecp = 0.0

00 300 JMN=1.NBLPL

IF (JNEQNBLPLY EOP=1.0

CALL LRCURV("HL(I1JN|1RTHPL(1'JN31N9PPgZQSYM1 0.0% l

CALL LRCURVIMBLE 1¢JNY yRTHALLY 3 UN) o NPPP 34 ,5YM,0.0}

CALL LARCURVIMAL (1¢JNYySTHBL ( 14 IN ) 4NPPP+2,5YM,0.0)
acn CALL LRCURVIMBL (L 3N} 4PTHRLIL y INI 4 NPPP,2,5YM, ECPY}

CALL LRCURVIZBL yRBLe0y1+5YM,1.0)

RETURN

ERD

SURROQUTINE MESHD

C

C=~NESHO CALCULATES COORDINATES DF Ah CRTHCCONAL MESH

C-«COVERING THE SOLUTION REGION

C

CCMMONZINPUTT /GAM AR MSFL (NIMECGA,REDFAC,VELTCLy FNEW, ONEW, MBI ,MBD,
MM, MHT ¢ NBL yNHUByNTTIP ¢ NINyNOUT s NBLPL (NPPP,KCST AT yNSL,L SFR,
LTPLyLAMVYT  TMESH, ISL INEy ISTATL, IPLOT, ISUPER,I TSON,IDEBUG,
TOMIN.ZOMBT  ZOMBO TOMOUT o ZHIN» IT LAy ZHOUT » ZTCUT, ZHUR(50),
RHUR(SO 7 TIP{SC),RTIPIS0) ,SFIN(SO) ,RADINISCY ,TIP{SO) PRIPI(5Q],
LAMIN(SO )+ VTHIN{S0) 4 SFOUT (503, RACOQUT(50),PROP{SDY,LOSOUTISC),
LAMOUTE S0} yVTHCUTES0) o ZHSTIS0) 4 ZTSTUS0), FLFRISO),
ZPL(SO,SG),RBLISO;SoleTHBL|‘0750!;TNB£1SOgSC)

CCMMON!CALCUNI"HHI,“HTPI.CP.EXPON,TCROP'P!TCH,CURVH!’CURVTIv
CURVHO ;CURVTO ,RHINSRTINGRHOUT ,RTOUT 4RLEH +RLET 4RTEH,RTET,
ILE(SO ), RLELSG), ZTE{SO)sRTE{ 501, TLEOM{ 1C1},RLECM{1C1)
SLEOM{101) yTHLEOM{1OL 1,2 TECM(LIOL },RTEOMI101 1}, STEOM{(101),
THTEOMi 161y, TLECROLY »ITEC1C13 4Z20MC100,101) »RC¥(100,101),
SOHI100,100)TOM{20G, 101 3, BTHI 100,101, DTHD ST 10C, 2020
DTHOT{1004101},PLOSS{100,1010,CPHI{100,101),SPKIL100,101)

COMMON/CROSCM/RTMP{ 100+ SDRI VS 100) ;REFZ ;REFR.REFSL ¢ MARK

DIMENSICN RRAD(LOD,1013,5L0ME10Q), AR20100)

EXTERNAL CROSCOD

MARK = 1]

CALL CRCSCE(ZCMIL 1) .RMR,SLLD

MARK = 0

=~ o N e

[- TR R

c
C~=STCORE RRAD ON HUB CONTOUR
DO 10 I=1+NHUB
10 RRAD(I,1)= REUBLI)
C
C-=-CALCULATE RRAD CN SHRCUD CCONTQUR
CALL SPLINTA{ZTIP,RTIP,NTIPyZFUB,NHUB RRAD{1,MHTP 1) ,AAA)
c
C--COMPUTE RRAD ON RADIAL LINES FRCM HUR TC TI?P
OC 20 I=1,.NHUR
DELR = tRRAD(ILMHTPLI-RRACLI,1))/FLCAT (MHT)
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0N 20 J=?,MHT ‘ -
20 RRAD{I,.J))= RRAC(I,J-1)+CELR . : L e -
o : C ok
C-~COMPUTE 70M ON HUR
MPINM] = MAI-1 =
DELT= {70MBI-7CNIN)/FLCAT(MEIML)
70M{ 1, 1= 7OMIN
or 30 1=2,MRI _
210 Z2CM{I,1)= 7CM{I-1,1)+DEL? e : .
DELY = {(70MBO=-70OMRI}/FLOAT(MBO-MBI] '
MRIPL = MBIl
D &40 T=MAIPL,MAD
40 Z0M{ 1, 1)= 7OM(1-1,1)+DEL?
DELZ= (70MCUT-20MEN )Y/ FLCAT{MM=MBO)
MAOP 1 = MB{+]
N0 S0 [=MBOP1,MM
50 2CMEY,1)= 70M{I-1,1)4DEL?

c

C=--COMPUTE ENTRIES TO ZOM AND ROM ROW BY ROW FROM HUB 10 SHROUD

C
DO 150 J=2,WHTP1

c . 1 4 PR

C~--{ALCULATE R—COCRCINATES, SLOPES, ANC ANGLES OF PREVIOUS ROW o
CALL SPLINT{ZHUB 4RRADIL ¢ J~1) ¢ NHUR, ZCMIL 3 J=11,M¥y ROM(1,J-1),SLOM])
0O 50 I=l.MM
CPHI1,3-1)

60 SPHI(1.,4-1)

1./SQRT{1.4SLAM(TI*%2)
SLOM(T)®CPHI{T+4-1}

C
C-~CALCULATE RTMP, ANG SECOND CERIVATIVES, SDRIV, ON PRESENT ROW.

PO 70 T=1,NHUR ,

7€ RTMP(T}= RRAD{1,J)

CALL SPLINE(7HUBy RTMP (NHUB,AAAsSDRIV)

c
C--MOVE ALONG PRESENT ROW, ONE POINT AT A TIME, LCCATING ICM
C--CCORCINATES OF ORTHOGONAL MESH POINTS ALONG THE ROW.

DC 140 I=1,MM
REF7= 70M(1,J-1)

REFR= ROMIT,J-1)

DC 860 K=2,NHUR.

IF {ZHUBIK)LT.ZOM(T,3-1)) GO 10 80 :

DELR = RRACIK-1¢J)-RRAD{K=1,J-1)=CZOM(T,J=1)=ZHUB(K=-1)}/
1{7HUBCK)=ZHUB (K=1) }*(RRAD(K=~1+J) ~RRAD(K=1,J=1} -RRACIK,; J }+
2RRAD(K,J=11) .

GC TC 90

B0 CONTINUE
S0 IF {ABS{SLOM(1)).LE.0.0001} GO TO 120
C
C--LOCATE INTERSECTICN CF LINE NORMAL TC PREVIOUS ROW WITH PRESENT ROW

REFSL= —1./SLOM(T)

DELZ= DELR/REFSL

IF (ABS(REFSL}.GT.10.) DEL?=DELR/SIGN(10.,REFSL)

IF (REFSL.LT.0.) €O TO 100
A= ZCHIT,3-1)

B= A+2.0%DELT
GC TC 110

1CC B= 7CMII,J0-1)
A= B+2.0%DELZ
110 TCLER= DELR/110.
TFLABSISLOV(I)).LE..O1) TOLER = TCLER/ABS (SLCM{I1}#,01
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CALL ROOT(A;B,0.-CROSCN;TOLER:7Y:5L1)
Rl= REFR+REFSL*{Z1-REFZ)
G0 Th 130

C
C=-<~tCCATE TINTERSECTION IF NORMAL TO PREVIOUS ROW IS RACIAL

120 REFSL= 0.

CALL CROSCOUZIOM{T,Jd~1),RMR,S51L 1)
1= 7CM{I4J-1)
R1= RMR

C
C~-~CALCULATE FINAL LCCATION OF Z0M

120 72= {70MIT 4 =114 IROMUT 5 J=1)~R1I®SL14Z1¥SLLI#*%2) /{1 . +5L1%%2)

R2= R14SL1%¥(72-11)

14C 7CMil,0)= (71+412}/2.

150 CONTINUE
c
C--CALCULATE R-COORCINATES, SLOPES, AND ANGLES OF FINAL ROW

CALL SPLINT(ZHUB RRADIL yMHTPL) NHUB, 2CM{L 4 MHTPL1 ) 4 MM,
IROM( 1, MHTP1),SLOM)
DC 160 T=1,MM
CPHITTILMHTPL) = 1./SORTUI.+SLCM(])}*22)
160 SPHI{I,MHTPL) = SLOM{TISCPHI(I,MHTP 1}
RETURN
END

SURROUT INE CROSCECUZ,RMR,5L1)

c

C-=~CROSCD CALCULATES R AS A FUNCTION OF 7 ALONG A CURVE AND ITS

C-=INTERSECT ING STRATIGHT LINEs AND COMPUTES THE DIFFERENCE BETWEEN THE

C-=-VALUES OF R DN THE STRAIGHY LINE AND CURVE FOR A GIVEN VALUE OF 7

C

COMMON/Z INPUTT /GAM, AR, MSFL . OMEGALREDFAC, VELTOL ,FNEW ,DNEW, MBI ,¥BO,
MMy MHT s NEL s NHUB o NT 1P, NIN, NCUT o NBLPL,NPPP NOSTAT4NSL,LSFR,
LTPLLAMVT  IMESH I SLINE+ISTATL,TPLOT,,ISUPERITSCN,IDERUG;
TCMIN, IOMBT, 70MBO, 7OMOUT, ZHIN,ZTIN,ZHOUT,,ZYOU T, ZHURLS0) ,
RHUB(50) s 7TIP(S0Y ;RTIPISO Y SFINTSO)RADINESOI,TIPISOI PRIPISO),
LAMINE 500, VTHIN(SO0) s SFOUTI 50) yRADOUT (500 4 PRCPIS0) ,LOSCUT (501,
LAMOUT (5014 VTHOUT {50 )y THST (S0 ), ZTSTE( 50 ) FLFR( 50),
ZRLL 504+ 50) 4RBL(50,50) ,THBL{50,50),TNBL (50,50)

COMMON f/CROSCM/RTMP({100) ,SDRIV{ 100) ,REFZ 4REFR 4REF SL y MARK

TF{MARK.Efl.1) RETURN

Ny

C
C-~LCCATE POSITION CF 7 [N 7HUB ARRAY
DO 10 I=2,NHUB
1F (7.LE.ZHURC(TI) GO TO 20
10 COCNTINUE
c
C--COMPUTE R-COCRODINATE (RCURVY AND SLOPE (SL1) ON THE CURVE
C--FOR THE GIVEN VALUE CF 7
20 DEL7? = ZHUB(I)-ZHUBII~1}
501 = SDRIVITY
SCI1 = SDRIVIT=-1)
ITHEMZ = FHUR(I)-Z
IMTH = Z-7HUBR(I-1)
RTI = RTMPII}/DEL?Z
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RTT1 = RTMP(I-1} /DELT _ :

RCURV = SDTL#ZEM7##3/6./DEL7+ SDI#ZMZH*3/6, /DELZ4(RII-SDI*DELZ/6.)
1% IMZHe{RTI1-SCI1#DELZ/ 6, V¥ZHMT :
GL1 = -SDI187HMZE%2/2, J/OELZ + SCIXZMZH®%2/2./DELZ + RTI - RTI1 -

1 1S01 ~ SDILI*NEL7/6. , .

IF (REFSL.EC.0.} 6C TO 30

c :
C~-COMPUT £ R-CNORDINATE (RLINE) ON STRAIGHT LINE
C-~-FOR GIVEN VALUE CF 7 -

RYINE= REFR4REFSL&{]1-REFT}
C

C~-CCMPUTE CIFFERENCE IN R=-COCRDINATES
AMR= RCURV—RLINE
RETURN
¢
C-~SPECTAL CASE FCR RACIAL STRAIGHT LINE
20 RMR = RCURV
RETURN oL I o
END | N

SUBROUTINE PRECAL

C

C--PRECAL CALCULATES MANY OF THE REQUIREC FIXEC CCNSTAATS

C

CU”"QNIINPUTT!GAM;AR:MSFLoDMEGﬂ,REDFAC'VELTDL,FNEV,DNEHyMBI'PBGv
MM,MHT,NHL,NHUH'NTIP;N[N;NDUT,NBLPL,NPPP,NDS?AT;NSL:LSFR,
LTPL;LAMVT;T“ESH.!SLINE;ISTATLvIPLET'ISUPER.!TSCN,IDEBUG.
ZﬂMIN;?BMBI'ZGHBD'ZDHDUT.ZHIN,ZT!N.ZHGUT,ZTUUT,ZHUB!50),
RHUH(SO?q?TIP(SOlvRTlptﬁol'SFINQEO!,RADIN(SOIrTIP(SO)gPRIPI501’
LAMINCSOI,VTHIN(50)'SFOUT(501.RADGUT!50).PRCP(SG),LUSCUT(BD!,
LANCUT (5010, VTHOUT (50 1, ZHST {500, 7 TST( 50),FLFRIEQ),
7811 50,50} ,RRLI50.,50) 4 THBL(50,50),TNBL(50,50) .

COMMONZ7CAL CON /MMM | yMHTP 1 ,CP 4E XPONy TGROG » PI TCHy CURVHI 4 CURVTI
CURVHﬂpCURVTE,RHIN'RTIN'RRGUT.RTUUT.RLEF,RLET;RTEH:RTET-
TLE(50) 4RLE(50) ZTE(50) »RTE{50) 4 ZLECM(101), RLECMILOL ),
SLEGM(IOI),THLEDM(IOL!.ZTEOM(101!'RTEDM11011,5TEUM1101!;.
THTEﬂﬂilollqlLE(lﬂll’ITEIIDI)pZUMIlOO;lOl);PGP!lUO,10111
SOM{ 100, 1010, TOM( 1004101) 48TH( 100,101} ,DTHDS(1C0,101)
DTHPTE100,101),PLOSS {100,4101),CPHI(100,101),5PHIT1C0,101)

DIMENSION DYDX(100),DYDX2(100) . TTE¥(100),RELTCF{50)

REAL MSFL,LAMDAF, LAMIN,LAMOUT,LAMDAT,LOSOUT

-3y e

O Bk ay e

c
C--INITTALIZE TIPF, RHCIPF, LAMDAF, RHOOPF, AND RVTHTA
C
CALL LAMNIT
CALL RVINITY
CaLL TIPNIT
CALL RHINTT
C--CALCULATE PROP, IF LCSCUT WAS GIVEN AS INPUT
IF (LTPLLEQL.GY GO TO 20
pr 10 J=1NCUT
TINP = TIPF{SFOUT(JID
TLAMDAT = LAMDAF(SFOUT(JD. 1, 1)
TCP = TOPFI(SFCUT(J))
PRINP = RHOTPFLSFCUT( I} I&ARRTIMP
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RFLTCPUY) = 1.,-L0SOUT (I}
10 PROPLI) = RELTCRLIVEPRINP®I(TOP/TINP)*¥*{ GAMIEXPON j

20 CALL RHONIY

C
C~~INITIALI?E THE BYH ARRAY
C
DN 30 J=1,METP1
Nt 30 I=1,MM
ac RTH{ T, 8)= PITCH
C
C-~TINITIALITE THE FLFR RARRAY IF IT WAS NOT READ IN
C
IF {NSL.GE.1Y GO YD 50
NSL = 11
FLFRI1} = 0.
FLFRI11) = 1.0
nn 40 J=2,10
&0 FILFRLYY = FLFRUJ-1140.1
a0 TO &0
c . .
C~=-SET END PCINTS FOR FLFR ARRAY
c
50 1F (FLFRI1).E0.O0.)} GO TO 7O
TEVWPL = O,
DD 60 JLz=1,.NSL
TEMP2 = FLFR(JL)
FLFREJIL) = TEWP]
&C TEMP1 = TEMP2
NSL = NSL+1
FLFRINSLY = TEMP]
70 IF (FLFR{NSL).EQ.1.0} GO TO 8¢
NSL = NSL+1
FLFRINSY) = 1.0
C
C~=CALCULATE SOM FROM THE Z0OM,ROM ARERAYS
C
EQ 00 90 J=l,MHTP1
STM{1,3) = 0.
D0 S0 [=2,Mm
€0 SOM{T,0)= SOMIT=1, 01+ SORT{{ZOM(T I} =2CM{I -1, 0 )2 %24 (ROM(T )}~
1RCML{T-1 450 ) %%2)
C
C~-CALCULATE TDM FROM THE Z0OM,R0OM ARRAYS
C
DO 100 I=), MM
TOM{I.1) = (e
DT 100 J=2,MHTPL
1CC TOMI T, )= TOMET o J~1 )¢ SORTULZON{T 4 Y =2CM( T, 0=1) ) 822+ {ROM{ 1,0 )-
1ROM (T, J-1))#%2)
C

C-=~CALCULLATE CURVATURES ON HUB AND SKRCUD
C~=#T ENTS OF DRTHOGONAL MESH
C
CALL SPLINE(7OMIL ,1)4RON{Lo1),¥M,BYCX,0YCX2)
CURVHTI= DYDX20 1) /{1.4DVDX{ L) 2212415
CURVHN= NYLX2 (MM) /(1. 4DYDXIMM}222) %2, 5
CALL SPLINE{Z(OM{L ,MHTPLY,ROM{L,MHTPL) s#M,CYCX, EYLX2}
CURVTI= DYCX2{1)/( 1. +DYDX{ 1) %22} e%] ¢
CLRVTO= DYTX2IMM)/ (1 +DYDOX(MNM)222)2%].5
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C . e
C-~CALCULATE LEADING EDGE ARRAY, ZLE,RLE ,FROM 7R{ AND RBL ARRAY¥S -
C--~CALCULATE INTERSECTICN OF LEADING ECGE WITH HUR AND SHROUD ‘PROFILES
c . N
L0 110 JN=1.NRLPL Tt
FLEEINY = 7RLI{1,JN)
110 RLECJIN} = RALI1,JN} R
CALL INRSCY(ZHUR,RHUB,NHUR 7LERLE+NBLPL,ZLEH,RLEH) _
CALL INRSCTUFTIP RTIP(NTIP,7LE4RLE,NPLPL, JLETHRLET) ~~
c
C--CALCULATE TRAIL ING EDGE ARRAYy 2TELRTE ;FROM 7BL AND RBL ARRAYS !
C-~CALCULATE INTERSECTICNS OF TRAILINE EDCE WITH HUB AND SHRDUD PROFILES
¢ | A il
00 120 JN=1,NRLPL C
FTECIN] = 7RUINPPR,IN) R R
120 RTETIN) = RBLINPPP,JN) T e e
CALL INRSCT{ZHUR ,RHUR NHUR 4 ZTEZRTE+NBLPL +Z TEH4RTEH) -, .0 ¥ - ¢
CALL INRSCTC(ZTIP,RTIP,NTIP,ZITE4RTE,NELPLy 2ZTETHRTET) . Co

*

C e T

C--CALCULATE ORTHOGONAL MESH ARRAYS AT THE LEAD!NP EOGE
C=~TLEQM,RLEQM,SCEOQV, THLECM
C-—-CALCULATE TLE ARRAY CF MESH PCIAT LCCATICNS INSICE ELACE
C~-{EACING EODGE e
(o .
TLEOML 1) TLEH ‘ :
RLEOMEL) = RLEH = -
TLECMIMHTP1) = TLET ’ o
RLEOMI{MHTPL) = RLET :“”'
CC 130 J=24MHT
13¢ CALL INRSCTI{Z7OM(1,4) sRCH(L,J) MM, ZLEoRLE’NELPL'ZLEGM(JI'RLEQ”{J3I
DO 160 J=1+MHTP}
DT 140 I=1,¥¥
IF (7TLEOMI JYLLEL7OMET 4 01) GC TC 150
140 CONT INUE
15C TLEtS) = 1 T
ILFS = 1-1
160 SLEMMLY]) = SUM{ILEJ1J1+SQRT(1?tEOM(J)-?DM(ILEJ,JI}**2+(RLECN(J!*
1RCMITLE S, J) )*%2)
NN 170 IN=1,NRLPL . ’ o
170 TTEMCINY = THRLAL,INY ° » © ‘ v '“~r'-,‘ S
CALL SPLINT(RLESTTEM, NBLPL,PLECM,MHTPI TFLEU”nCYCX! Pt

]

c
C--CALCULATE ORTHOGOMAL MESH ARRAYS AT THE TRAILING EDGE P
C~=7TEQO¥,RTEOM,STECV,THTECH

.C

C--CALCULATE ITE ARRAY CF WESH PDINT LOCATIONS INSTDE BLADE Lo ad
C=-TRATLIKG EODGE - o
7TIEOME 1) = 7TEH - . T
RTEMM{L1} = RTEH RN

7TECY(MHTPLY = TTET -

RTENM{NMHTP 1) = RYFY R S R Une - Ly,
Of 1R0 J=2,¥HT A b '
180 CALL Iunscrcrcurl.J:,Rcv|1.J1.MM 7TE:RTE¢NHLPL12TEOM1JI RTEGMIJ]]
pn 210 J=1,MATPY
TLES = ILE(S)-1 : S I
DF 190 T=1LES, MM ' ' o
IF (PTEOM{J) L T.INM[T,J}) GO 1c 200 -
16C CCORT TRUE . o R
2Ce TIECY) = 1-=-1 R
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1ITED = -1
210 STEOMLA} = SOMUITESy JI4SORT ((ITEONII)=70M T TTES 5.0 )) #22+(RTEOMI 3}~
IROMUTTE Sy J})2%2)
00 220 JN=1,NRLPL
22C TYEMUIN) = THBLINPPP, N)
CALL SPLINTERTE s YTEMyNBLPL,RTECM, ¥HTPL ;THTECHE, LY LX)

c
C-~CALCULATE THETA CRACIENTS CN THE CRTHOGONAL MESH
C
CALL THETOM
C

C-~CCRRECT ATH FOR BLADE THICKNESS CN THE ORTHOQGCNAL MESH
c
CALL THIKOM
C
C~=CALCVLATE ACTUAL-TO~IDEAL RELATIVE TOTAL PRESSURE RATIC
C--CCWNSTREAM OF BLADE, AND CALCULATE LOSS ON ORTHOGONAL MESH
C~=-CORRECT BTH FCR TOTAL PRESSURE LOSS
C
CALL LOSSOM
C
C--REDUCE MASSFLOW, WHEEL SPEED, AND WHIRL FOR RECUCED FLCW SOLUTICN
C
IF (RECFAC.EQ.L1.0) RETURN
OMEGA = OMECA®REDFAC
MSFL = MSFLHREDFAC
DD 230 J=1,4NIN
LAMIN{S ) = LAMIN{ J)SREDFAL
230 VTHIN(JI} = VTHIN{JI®REDFAC
DO 240 5=1,.N0UT
LAMOUT(S )= LAMDUT(JI®REDFAC
240 VTHOUT (D) = VTHOUTHJ)Y*REDFAC

C
C——RE-INITIALIZE LAMDAF AND RVTHTA FOR REDUCED FLCW
C
CALL LAWMNIT
CALL RVINTTY
RETURN
END
SUBRODUTINE THETOM
c

C-=THETCM CALCULATES THE DERIVATIVES CF THETA WITH RESPECT TO S AND T

C-~DIRECTIONS DN THE ORTHOGONAL MESH

C

COMMON/INPUTT/GAM 4 ARy MSFL,OMECAsRECFAC,VELTCLy FNEW, DNEW, MBI ,MBO,
MMy MHT s NBL 4y NHUBZNTIP yNIN,NCUT ,NBLPLNPPP,NCST AT yNSL 3L SFR,
LYPL,LAMYT; IMESH, ISL INE, ISTATL, IPLOT, ISUPERI TSON, IDERUG,
JOMINSZOMRT s ZCMBO, ZOMOUT 3 ZHIN 9 2T IN4 ZHOUT, ITCUT, ZHUR(50),
RHUB(50)42TIP{SCI4RTIP{50) ,SFIN{SO) ,RANDINISC) sTIPISO} PRIPI501],
LAMIN{50) « VTHIN(50),SFCUT (50, RACOUT {501,PROP(50),LO50UTL5C),
LAMOUT( S0} s VTHOUTL50) 4 ZHSTLSO0D » ZTST{50),FLFR{50),
TBL 1504501 sRBLES0, SO} THRL{SC,5C) , INRL( S0,%C)

COMMON/CALCON/ MMML ,MHT P14 CPy EXPONy TEROG, PITCHy CURVHICURVTI,

1 CURVHO,CURVTOyRHINSRTINyRHOUTyRTOUT,RLEH RLET yRTEH,RT ET,

PR PN
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TLE(S0 ), RLECSC)y ITE(SO}, RTECED),JLEOMO1CL) 4RLECH(LICL) o
SLECM(1011 +THLEOM{101 ), 7TECHULI0L ) 4RTEOMELIOL), STECM(101),
THTEO"!IOI!,ItE(101)vITE!lGi),ZG"!IOO,lOI!;RC?!lOO;lOllt
SOMI100,101), TOM(100,1013, RTH{ 100,1011,0THDSI 100,181
DTHDTI100,101),PLOSSI100410Y),CPHIE100,101),5PHI(100,1017
CUMHONIINDCGNITPC(llgEO)qRPClII;SUI’DTHD?(IIsSC) »CTHOR(11 ,50)
DUMENSION THPCUL1 450} ANGZUI1,50), ANGRI11,50},ETHDSPL 11,50},
1 DTHDTP(llySUI1§ZRIL(50}fSZRPC(SOJ1ZTENE5GI.RTEV(SOIyTTEM(SO‘v
2 DYCX(S0},DYDX2( 50}

[ JRY IV R

c
C--CALCULATE GRADIENTS UF THETA WITH RESPECT TO CISTANCE ALCNG INPUT
C~=7FLyRBL L INES
c
C--LCCATE INTERSECTIONS OF INPUT ZBL.REBL LINES WITH LINES FROM
C--kyUB TD TIP AT TEN PERCENT CHORD INTERVALS
DC SO JN=1,NBLPL
DEL7= 0 1% (7RLINPPPJN)-IBLIL+JN})
7PCI1,dN )= ZRLI 153N}
0C 10 KN=2,11
10 ZPCIXN,IN)= ZPC IKN=1, INY+DELZ
C--CALCULATE R COORCINATES AND ANCLES WITH RESPECT TC 7 AXIS AT
C~~INTERSECTION PCINTS
CALL SPLINTUZBLUL1sJIN)JRBLOL,JNI 4NPPPGZPCUL yINY 411 ,RPCALIN)
IANGZIL,IND)
DO 20 KN=1,11
20 ANG7{KN,JN} = ATANCANGZ (KN,JIN})
C--CALCULATE ARC LENGTH ALONG INPUT LINES USING INPUT POINTS
STRBILIU1)= O. ‘
D0 30 IN=2,NPPP
30 SZRBL{INY = SZRBLIIN-1V+SORT({ZRL (IN,INI~ zaLttu—l.Jnalttz
L+(RBLC TN, SNI=RRLITN=1, SN} 1%%2)
£~-CALCULATE ARC LENGTH ALONG INPUT LINES USING POINTS AT TEN
C~-PERCENT 0If CHORD '
SIRPC(1}= C.
NC 40 ¥N=2,11
40 STRPCIKN) = STZRPEIKN-1}+SORT (LZPLEAKNG INI-ZPCIKN=15 IN)}I%¥2
1#{RPCIXNy JN)~RPCLKN=14 IN) 1222}
C--CALCULATE THETA AND CHANGE OF THETA WITH ARC LENGTH ALONG INPUT LINES
$0 CALL SPLINT(SZRBL:?HRL!IfJN}'BFPP¢SZPPC;11,THPCGIfJN),DTHDSP(l,JN!
1)
C .
C--CALCULATE GRAtIENT OF THETA WITH RESPECT TGO DISTANCE UP TEN PERCENT
C-=CHORD ZPC.RPC LINES
p .
: DC 80 KK=1,11 "
C--CALCULATE SLOPES AND ANGLES WITH RESPECT TC R AXIS. ALONG THE
C--TEN PERCENT CHORD, HUB-TIP LINES
DC 60 JN=1,NRLPL -
TTEML ANY= ZPC KN, IN)
© RTEM{JINI= RPCIXN,JIN)
60 TTEM(JINI= THPCUIKN,IN)
CALL SPLINE(RTEM,ZTEM,NRLPL.DYOX,DYCX2) - : e
SRPLI1 )= 0. '
ARCRIRN,1)= ATAN{CYCX(L1))
OO 70 JN=2.NRLPL
S7RACIJINY = S?RPC!JN—I)+SORT!IRPC(KN,JN)-RDC!KN'JN-I!!#*2
1+ (7PCLEN, JAI=7PC(KKy JN~1))%%2)
70 ANGREXNJNY= ATANIDYDX{JIN))
C--CALCULATE CHANGE 0F THETA wrrH ARC LENGTH ALONG HUR- TIP LINES
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C

Call SPLINE(STIRPC,TTEM,NRLPL,CYDX,DYDX2}
NN 8O JIN=1,WNBLPL

BO DTHDTPUIKN, IN)= DYIX(IN)

C~-~CALCULATE DTHDZ AND DTHDR FROM DTHOSP AND OTHOTP AT POINTS CF
C-=~I{NTERSFCTION OF [INPUT LINES AND FUB~TIP LINES

C

C

00 90 SN=1,NBLPL

nrC 90 Kh=1,11

CrSAB= COSTANGZOKAL INY+ANGRIKN,.IN]T

DTHDZIKNy INY= {DTHDSPIKN, NP RCCSCANGRIKN, INY)-LTHET PN, JNY*S INT
LARCT (KN JN} D}/ COS2E

S0 DTHDRIKNy JN)= {-CTHCSPUKN JNIASINCANGRIKN , IN) ) #DTHOTO (KN, INIICOST

IANGZ {¥N+JINY)) /COSAB

C-~-INTERPOLATE TO OBTAIN DYHDZ AND CTHER AT THE POINYS CGF THE CRTHCGONAL
C~-FESH

C-=-ROTATE DTDZOM AND DTODRCOM ON CRTHCCGONAL MESE TO CRBTAIN DTHOS ANC DTHDY
C—~—THE GRADIENTS OF THETA IN THE S AND T DIRECTICNS

c

i00 OTHDT(T )

T

1
i
DT 100 J=1,MHTP1

ILES = ILECY)

ITES = ITE(S}

DC 100 I=1LEJ, ITEY

CALYL LININTUZPC RPCHDTHIZ 911 s NPLPL 211450, 20N (T ) ROMIT D),
INTCIOM, 11,400

CALL LININT(7PCoRPC,DTHFCR,114NBLPL, 11550, ZOM(T,J},ROMIT 4,3,
WTNROMLTIT o J.J)

DTHDS{I+d)

(==
=
9

DYDIOM2CPHILT , J)+DTDRERESPHI (T, .))
CTORCNECPHI{TJI-LTC7OMRSPHI(I,0)

RETURN
ENC

SUBROUTINE THIXKCH

C~=~THIKOM CALCYLATES THE BLADE THICKNESS IM THE THETA DIRECTION AT
C~=-THE POINTS OF THE ORTHOGONAL MESH

C
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COMMON 7 INPUTT /CAM AR MSFL4OMEGA+RENFAC, VELTOL y FNEWONEW, MBI +MBC,
MM o MHT ¢ NELyNHURSNT TP NIN, NCUT s NRLPLo NPPP NOSTAT,NSL4LSFR
LYPL LAMVT ,IMESH,I SLINE,ISTATL+IFLCT ,ISUPER 41TSCN, IDEBUG,
TOMIN, 7CHMBT, 7OMBO, ZOMDUT ZFINSZT INSZHOUT,,ZTCU T, THUB( S0)
RHURIS O + 7TTIP{SOY4RTIP(S0),SFINI(SO Y, RADIN(S0),TIP(SO), PRIFP(50),
LAMING 50 VTHINESO) 4 SFOUTL SC) yRADCUTISO) s PRCP(50),LOSCUT (SO,
LAMOUT{S0),VTHOUT(S0 ), ZHSTI{5D),ZTSTI SO, FLFRIE0),

TBLI50,50) 4RBLIS0,50),THBL(50,50),TNRL(50,50)

COMMOM/CALCON /MMM 1 ,MHTP 1 ,CP+E XPCON, TGROG 4 PI TCH,,CURVHI ,CURVTI,

CURVEN, CURVT O, REIN 4RT INRHECUTy RTNUT; RLEH, RLETRTEHLRTET,
TLEE SO} yRLETS50Y +2TELS0) +RTE(S0)} o ZLEOM(101 )y RLECM(101),
SLEOM{101) , THLEOME 101) , 2 TECH{ 101} ,RTEOM(101), STECH(101),
THTEOM{101 ), ILECIOL) 4 ITE(LOL), 7OM( 100, 1013, ROMI1CC,101),
SOME 100+ 101 TOMLLQ04101} 4BTHIL 00,101 ) ,NATHES (100,101,
CTHDY L1006, 101),PLOSSI100,1C1),CPHIL1C0,101),SPHT(1CO,101)



C

DIMENSTON CISTIS0),0TNS {5017, ANC(50), CRTHARL 150,50}

C--CALCUL ATE AL ANE THICKNESS IN THE THETA DIRECTION FRCM INPUT
C=~THICKNESSES NCRMAL TC MEAN CAMBER LINE

wC

c

no 20 JN=1;NBLPL
RISTII) = 0.
DO 10 IN=2,NPPP

10 DISTUINY = DISTLIN-1)#SORTCCZELLIN, INY- lBL(TN-lyJN])**2+

L(RRLEINGIN)—RBL{IN=1 , IN) } %2}

CALL SPLINEIDIST, THBL!leN).NPPP,DTDS,ANGS
DC 20 IN=1,NKPPP

ANGUINY = ATAN(RBLOIN,JN}*DTDS(IN))

20 DRATHRL (TN 4 INY = TNBLCOIN, IN}/COSC(ANGCIND )

C~—INTERPOLATE TO ORTAIN BLADE THICKKESS IN THETA OIRECTICM AT THE .
C=-FCINTS CF THE CRTHOGONAL MESH

c

C

1t =1
JJ =1

- DT 30 J=1,VMHTP]

TLEJY = TLE(Y)

ITEJ = ITE(JI)

pC 30 I=1LEJLITEJ

CALL LININT{7BL RRL,DRTHBL,yNPPP NBLPL,50,50,7CF(T4J},ROMITI),-
LDRETH, 11y 441

BIH([,3} = RTHUI,J)=-DRATH/RCMI],J]

30 CONTINUE

RETURK
END ’

SURROUTINE LOSSOM

C-=-LCSSCM COMPUTES THE RATIO CF ACTUAL TO ICEAL RELATIVE TOTAL PRESSURE
C--DOWNSTREAM OF THE BLADE, AND THEN DISTRIBHTES THIS (0S5 LINEARLY
C--THRDUGH THE RLACE ROW FROM TRATILING YO LEADING EDGE RY ADDING

~N O PN

C==CNTO THE RLADE THICKNESS AT THE CRTYHOGCNAL MESH PCINTS
C .

CCMMON SRH;SRE,ITERyIENCvNREAD,NﬂRIT
COMMONZINPLUTT /GAM ARy MSFLOMEGA, REDF‘C'VELTOL'FNE“!DNEH’MBI'MBO'
MM, MHT g NBL yNHUBLNTTP (NIN, NOUT ¢NBLPL,NPPD  NOST AT 4NSLyLSFR,
LTPL,LANVTyIVESthSLINEoISTATL,IPLBT;[SUPER,ITSON 1DERUG,
ZOMING7OMBT o ZEMBO, ZOMOUT » ZHIN 2T IN, THOUT » 2TCUT » 2HURES0) o
RHEURBISO I, ITIP{SQ)RTIP(50), SFINT5C),RADINU5C) ,TIP(50) 4PRIP(50},
. LAMIN(5D)'VTHIN(501vSFTUT(503;RADOUTlSO!qPROP(SO):LOSDUT(50!v
"LAMOUT|50!1VTHCUT(50)'7HST(50)1TTST(50i1FLFF(50i e
“TBLfSO'EOI,RELISOg50!17HﬂLf50150],TNBL!50.50)
COMMON/CALCCN/MMPL , MHT P1,CP, EXPUN;TCROG,PITCF.CUPVHI;CURVTI.
CURVHO, CURVTO RHINRTIN,RHCUTRTOUT, RLEHRLET yRTEH,RTET,
JLE(S0) 2 RLE(S0), ZTE(S0),RTE(SQ),ZLEOM( 101}, RLEOM(1C1),
SLFO“IIOII1THLEGM(101l,ZTEEP(lOIloPTEG”(iOl)vSTEG"!!DI);
THTEOM{1C1)s ILF{101),ITEC101),70¥¢ 100,101} ,RC¥(1CC,101),
SCM(100,101),TCNE100,101),8TH(100,101),DTHDSC1CC, 101D,
DTHDT!!UG;lOl’.PLUSS(IOO 101) 4CPHIILIOD,101),SPHI(10C, 101}
DIMENS TON RELTOPUSO), SFL101},GRAD(1ICL),PRATIONLCL)
REA LAMDAF,LAMIN,LAMOUTLAMCAT,LOSOUT N

o JRU BRIV ]
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C
C-~CALCULATE ACTUAL~-TO~IDEAL RELATIVE TDTAL PRESSURE RATIO
C~~CN DCWNSTREAM TNPUYT RCUNDARY
C
NC 20 J=1.KCUT
TINP = TIPF{SFOUTLL))
LAMDAT= LAMCAF(SFOUTI J) 41,1}
TCP = TOPFI{SFCUT(J))
PRINP = RHOIPFUSFOLUTUIIIXARETYINP
IF (LTPL.ED.1Y GO TO 10
RELTOPIY] = PROPIJV/PRINPEITINF/TNP )AE{CAMSEXPON)
G0 A 20
10 RELTOPIY) = 1.-L0S50UT{S)
20 CONTINUE
C
C-=~CISTRYIAUTE LOSS NN ORTHOGONAL MESH WITHIN BLADES, ONE ORTHOGONAL
C~-~NESH LINE AT A TIME
C
BO 30 4=1,MHTP1
30 SFULY)= (ROMIMM, JIR42-ROVMIMM, 115223/ (ROM (MM ,MHTP 1 J2#2-ROMIMM , ] } &2}
CALL SPLINTUSFOUTRELTOPLNOUT,SF4NHTP1 ,PRATIC,CGRAL)
CO 40 d=1,MHTP1
TLEY = ILECJY
SLENTH = STECMUJ)-SLEOMIN)
fIC 40 T1=TLEJ,MM
NELS = AMINI{SLENTH,SOM{I.J)=-SLEDM(J))
PLOSS(I4) = (1.~PRATIGIJ))*DELS/SLENTH
40 RTH{TI:JY = RTHIT, 3 ¥#{1.~PLOSS{§,d1}
IF tIDEBUG.LE.D} RETURN
WRITE{NWRIT,1010)
WRITEANWRITLL000) ((15,3,SO0MUT )78 T, 0),RTHEI,J),DTHDT(E,5),
IPLOSSUT o33 +CPHT (T o 4} » SPHETT y J) 3 I=1 9y MM}, J=1, MHTF1)
RETURN
1000 FLRMAT{Z2I&,TE16.6])
1C10 FORMATULLIHY/ /7 /35%+4THCOMSTANT QUANTITIES CON THE ORTHOGONAL ME
1SFE/S5Xe IHT s 5Xe THI o TXA 3HSOM o 13X 4 2HTOM, 13N, 3HATH 12 Xy SHOTHO T 211 Xy
25HPLOSS o1 X o4 HCPHT 12X, 4HSPHT )
END

SURRDUT INE MEPLOT

C

C-=MEPLOT PLOTS YHE RLADE GEOMETRY AND THE GENERATED CRTYHCGCNAL WESH

C

COVMMON/INPUTT/GAM, ARy MS FL,ONECA, RECFAC, VELTOL,y FNEW,ONEW,MB T ,MBO,
MMy MHT g NBL s NHUR G NTIP yNIN, NCUT,NRLPL, NPP P, NCSTAT s NSL,LSFR,
LTPLyLAMYY, TMESH, TSLINE; ISTATL, IPLDT,I SUPER ,I TSON,IDEBUG,
TOMIN,7OMAT 4 TCVAC, 20MOUT 4 ZHIN, 2T IN, 7HOUT, ITOUT, THUR{ 501,
RHUBE50)+ 7TIP{50),RTIP(SC) s SFIN(S0),RADINISO) ;TIPI{50),PRIF(50),
LAMINCS0}, VTHIN(S0) SFOUTU SO 4RADOUT(S50) 4PREP{S50) 4L OSCUTI5C) o
LAMOUT {500 4 VTHCUT{S50) 4 ZHST (501, ZTST (50 }, FLFRI5D )y
IPL 1509 5C) yRRLIS0,50)+THBLISC,5C) yTNRL(50,50)

COMMON/CALCON/ MMM, MHTP1,CP, EXPON, TCROR, PTITCH,CURVHI ,CURVTI,

1 CURVHO s CURVTO s RHINyRTIN, RHCUT s RTCUT, RLEH, RLET» RTEF, RTET,

2 ILE(SD Y, RLE(SDY, 7TE(SD)RTE(S0), ZLEDMI 101 ,RLECM{1C1) 4

3 SLECMULOLY , THLEOM(1O0L1 ), 7TECHTIOL )} ,RTEDMEINT Y, STENMLIGT ),

e Rt B R R
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4 THTEOM{ 1013, ELEC10T),ITE{1C1) »20M(100,101) 4RCM{10C,10L),
5 SOMU100,101), TOM{100,101},RATH(100,101),NTHDS{1C0+101},
& DTHDT(10C,101),PLOSS(100,101),CPHI(100,101),SFHI{100,101)
COMMON /PL TCOM /ZLRNG ZRANG JRARNG RTRNG ¢ ZHPLTI10CY 4RHPLTI100) o
1 7SPLT(LO0) yRSPLT (1001, 7LPLT (100), RLALT (1001, 2TPLT(100},
2 RTPLTL10C)
DIMENSTION TITLIC1S),TITL2010),TITL3{2),TITLA(3),7TEM(LIOL]),
1RTEMI101} : :
DATA TITLI/'HUB,",* SHR®,*QUD,*,* ANL*,' BLA' ,'CE B*,*CUND',"ARIE'
1y *S$C1, " SRBIY, 'N ME', "RIDI*, *ONAL*,* PLAY,*NE Y/ '
DATA TITL2/"0RTH?® ,*OGON?® 4" AL M*, YESHSE", "CL1$L %, *2IN °*, "MERI', *DION"*
Iy "AL Py "LANE"/
DATA TITL3/*7  Cty *IREC, "TION'/
DATA TITL&/YR DY ,'TREC*,*'TION'/
DATA SYM/*X%/
NATA SYN/SQY/ :
IF (IPLOT.LE.C) RETURN
C
C~~CETAIN PLOT RCUNCARIES. ANC SCALE THE PLOT
CALL PYRDRY

C~=PLCT PRLAQE GECMETRY ﬂNb PLOT ORTHECGONAL MESH
CALL LRMRAGN(1,.C+1.042.0¢1.0})
CALL LRANGE(ZLRNG,ZRRNG+RBRNG,RTRNG)
CALL LRGRIC(-14-141.0,1.0)
TIPLT= ]
CALL LRLEGN(TITL1,60y0y1.340. 710-0)

10 IF (IPLT.EC.2) CALL LRLEGNITITL 29405043 49 0.740.0)
CALL LRCHSZ(2) '
CALL LRLEGNATITL 3, 129012 4.5,1.5%,0.0)

CALL LRLEGN(TITLA 3124140444445, 0.01
CALL LRCHSTZ4) .

CALL LRCURVIZHPLT,RHPLT,y 100, 2,5YM;0.C)
CALL LRCURVITSPLT 4RSPLT +100,2,5YM,0.,0)
CALL LRCURVIUTILPLTRLPLT410042,5YM,0,0}
CAML LRCURV(ITPLY, RTPLT4100,2,5YM,0.0)
IF {1PLT.EC.2) GC TO 20

CALL LRCURVI(ZHUR,RHUB s NHUB 44 £YN 4 0. 0)
CALL tRCURVIITIP,RTIP,NTIP, 4,5YM,0.0)
DO 15 JN=1,NBLPL

15 CALL LRCURV(CZBLC1,JdND,RBLC1,dN),NPPP,2,5YM,0.0)
CALL LRCURVIZILE+RLEsNBLPLy3,45YK,0.01}

CALL LRCURVIZTELRTELNBLPL,3,5YN,1.0)
TPLY= 2
GC 79 10

C-=-PLOT VERTICAL MESH L INES

20 DC 40 I=1,4MM

TTEM{1)= 7OM{I,1)
RTEM(1)= ROM(T,1)
DC 30 J=2 4¥HTP]
ITEM(IY= ICMIT,J)
30 RTEM{J )= ROM(T,H)
§C CALL LRCURV(7TE“'RTEM'MHTPIv2vSYNv0 o)
C——PLOT HORIZONTAL MESH LINES
ECP= 0.0
0N S0 J=24,MHT

§0 CALL LRCURVI(ICM(1,JYsRONM(1,J0, MM, 2, SYM, ENP)
CALL LRCURV(?TENfRTEMQO.I’SYPvlo0’

RETURN
END
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C .
C~-PTRADRY CRTAINS THE HUB AND SHROUCLC ANLC BLADE LEACING ANC TRAILING EDCE

SURRDUTINE PTBORY

C-~ROUNDARIES FNR PLOTTING, AND SCALES THE PLOT

C

COMMON/INPUTT/GAM ARG MSFL,ONECA+RECFACWELTDL,y FNEW, DNEW, MBIy MBO,
MM MUT NBL s NHUBR W NTIP sNIN:NOUT 4NRLPL,NPPR,NKCSTAT 4RSLHLSFR,
LYPL LAMYY o IMESKE, ISL INE, ISTATL» IPLOT ISUPER,ITSON.IDEBUG
FOMINGTUOMAY o TCMBO o 7OMCUT  ZHIN 2T I N 7HCUT o 2TCUT, ZHURLSO0 ),
RHUR(SO),ZTIPISCI4RTIP{S0) 4 SFINISO) ,RADINISCY,TIP{50),PRIP{S5D),
LA“IN‘SO,9VTH[N(5°‘9SFUUT(SO,QRAEOUT(50’UPROP(50'1LOSUUT(501!
LAMDUTESD) o VIHCUT{50) » ZHSTIS0) o ZTSTI50), FLFRIS50),
TRL{S504S0)+RBLISOD:S50)s THBL(S045C)  TNRLISC,5C)

CDMMGNICALCENIM“MI.MHTplcCP,EXPBN,TCRGG.PITCH,CURVHI.CURVTI,
CURVHD CURVTOR ,RHINRTINJRHOUTRTOUY yRLEHyRLET yRTEH,RTET,
FLEC(SD )4 RLE{SO ), 7TEISOYRTE(SO),ZLEOMI 1CLY,RLENM{ 101} ,
SLECMUL101) oTHLECMIL1 01 ), 2TECHM{101),RTEOMI101), STEOM(101),
THTEOM{ 101} ILEC10L) 4 ITECLCL) 470M(100,101),RCH¥(100,4,1011},
SOM(100,1013,TOM{100,101),RTH{ 100, 101)},DTHDS{ 1CCy1CL) . . B
DTHDT(10C,101 ) ,PLOSSULI00,101),CPHIT1004+101),SPHI{100,4101)

COMMON /PLTCOMZ/ZLRNGZRRNG ;RBRNG 4RTRAKG« ZHPLT(10C) 4RHPLTL{1 00},

1 ZSPLTllOO)vRSPL?(lOOl¢ZLPLTI100!gRLPLT(100io?TPLTl1001.

2 RTPLTI100)

DIMENSION AAA(100)

NN W N e

[ JRS BF U U

C~-CBTAIN PLOT PCINTS ON HUBR

c

C

CELT = (ZHUBINHUR)=-ZHUB(1))/95.
THPLTOL1Y = ZHUB(L)
po 10 1=2,100
10 ZHPLT({I} = ZHPLTC(I-1)+DEL2
CALL SPLINTUZHUB RHUB 4 NHUR ,ZHFLT,100,RHPLT ,AAA)

C--CRATATIN PLET PCINTS ON SHROUCD

C

C

DEL7 = (ITIPINTIP)-ZTIP(1})/SS.
ISPLTILY = ITIP(L)
ne 20 1=2,1¢C0
20 ZSPLT(LY = ZS5PLT(I-1)+DELZ
CALL SPLINT(ZTIP RTIPNTIP.7S5PLT, 1030+RSPLT,AAA)

C—=0ORTATIN PLOT POINTS UP RLADE LEADING EDGE

c

€

DELR = (RLET-RLEH) /SS9,
RLPLT{1} = RLEH
RLPLTC100) = RLET

nn 30 4=2,69

30 RLPLT (I} = RLPLTUJ-1)+4DELR

CALL SPLINTURLE7ZLEsNBLPL4RLPLT y100,7LPLY ,AMA}

C--CETATN PLCT PCINTS UP BLACE TRAILING EDGE

C

C

DELR = (RTET-RTEH) /99,
RTPLY(1) = RTEH
RTPLT(100) = RYET

D0 40 J=2,49

40 RTPLT{Y) = RTPLTtI-1)+DELR

CALL SPLINT(RYESZTEJNBLPLLRTPLT 4100 ,2TPLT ,ARA)

C-<CALCULATFE THE RANGE OF TFE PLOT

C
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ZLRNG = AMINI(ZHURLL) 47TIPLL}) _
TRARNG = AMAX1(ZHUR(NHUR),ZTIPI(NTIP)}
‘DO 48 J=1,MHTP1 o "
ZLRNG = AMINI{ZLRNG, ZOM(1,d)) : a

48 ZRRNG = AMAX1CZRRNG, ZOM(MM, u))
DEL? = ZRRNG=7LRNE

ZLRNG = JLRNG-0. 0S®DELY
JRRNG = 7RRNG+D.05%DEL7 -
RARNG = RHUB(L)

ND SO I=2,NHUB
50 RARNG = AMIN] (RERNG,RHURCI})
RTRNG = RYIP(1) o S
DO 60 I=2,NTIP . ' S
60 RTRNG = AMAXI(RTRNG.RT!P(!)) ' '
DELR = RTRKG-RRANC _
RARNG = RARNG=0., 05*DELR
RTANG = RTRNG40,05%CELR
C o : o
C--CHODSE MAXIMUM RANGE, AND EXPAND RANGE IN THE OTHER DIRECTION
c . : .
DME2 = 1.1®*ABS(DELZ-DELR)/2.
1€ (DELR.GTLDELZY GO TH 70
RTRNG = RTRNG4DMD2
RERRNG = RRRNG-OMLC2
RETURN
70 7RENG = ZRRNG+DMD2
TLRNG = ZLRNG-LCMC2
RETHRN
ENT

SUHROUTIHF VBBRY(LCCgTIPF.RHGIPF,LAMChFi

C--VEURY CALCULATES THE DISTRIRUTINN OF STREAM FUNCTION ALONG THE

C--UPSTRFAM AND DCWNSTREAM BNUNDARIES OF THE URTPﬂGONAL MESH

C

CCMMEN SRH . SRE, ITERGTENCHNREAC,NWRIT

COMMON ZINPUTT/GAM AR yMSFL ,OMEG A, REQFAC;VELTUL!FNSH,CNEH,MB['MRU.
MM.MHTgNHLgNHUB'NTIP,NIN,NGUT-NRLPL,NDPP NOSTAT,NSL,LSFR,
LTPL,LAMYT , TMESH, ISLINE, ISTATL, IPLOT, ISUPER, [TSDN,IDEBUGi
TOMEN,7OMBY ,ZOMRO, FONOUT s ZHINS ZTIN, 7HOUT , 7TCUT , ZHURLS50])
RFUB(5D"7TIP(50,¢RTIP(50’OQFIN(SC'1RAD[N15C,'TIP(SG)uPRIP'50|1
LAMIN(SO’vVTHIh(SO)oSFUUTfSU]thEOUT(SGI,PRﬂPfSG} LUSDUT(sﬂlv
LAMOUTI50] , VTHOUTES0) , ZHST(S50) 2 7T1ST(S50) ,FLFRISD),
?PL(SU;SO‘,PBL(50950'vTHBL(50!50’ TNBL( 50, 5C)

CC"M”NICALCFN!UNHI'MHTQInCPrEXFGN TGROGLPITCH, CURVET, CURVT I,
CURVHI . CURVTO 4RHIN SR TINGRHOUT 4RTOUT yRLEHGRLET yRTEHWRTET
JLELSD )+ RLE(SO ), ZTE(S04RTE(SQ)},ZLEDOMT 101} ,RLEDM(1CLY
SLEOMIL101) , THLEOMELINL ) 47TECH(LOL ), RTEDM{L101), STEOM(101)y.
THTEMM{ 1013, ILEC101) oI TEC1C1) yZ0M{100,101),RCMI1C0,101),
SCMI100,101),TOMI100,101),PTH{100,101),DTHCS{ 100,101),
OTHDNTE100,101) ,PLOSSLI00,101) 4CPHI{100101),5FHT{100,101) .

COMMON/VARCOM /AL 4, 100, 101),U0MI1C0,1C1) 441 100,101) yRHC{10G,101},

1 WSURS(10C,1011), HSUBT(IGO'10117”?08?(100,101‘1H§URR(10011011,

2 WSURAME 100, 101 oWTHLLCO,1C1) 3 VIHELO0,101) 4WT100,1011), .

3 ALPFA(lQOilUl)vFETAV10011011vHHCR{lOOflOllcCUPVflﬁﬂylollv

& WLSURFI100 .01 yWTSURF(I00,101), CAMPL100,101),S5SAMPI 100,101,

OB W

[« U NS
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5 RHOAV( 100y 101) +DELRHOT 100,11 ,FR{100,101) 4CFCME100,51011,
6 XI1OM(100, 101}, ZETOM{ 100, 101, DLDUE 100, 101)
DIMENSION TIPRDY(101),RHNIP (101 )4 LAVNRCACLOLY, 2A1102),PB(101),
1 CCAT101)+CCRI1CII4WRDRY{1C1),4BDY(4]}
REAL LAMRDA, L AMC AF,MS FL
LCGICAL REPEAY
EXTERNAL TIPF.RHOIPF,LAMDAF
DATA BROY/HHINLE, 4T +5HOUTL, 4HET  /
c
L--SEY INTTTAL WHUB AND DELMA X
c
L= 1
IF {LNCLG6T. 1) IL=3
CURVE CURVET
CLRVYT CURVTI
IFILOC.EQ. 1) GO TD 10
CURVH CURV KO
CLRVT CURVTC
10 J7 = 1
RNEAN = (RCMILOC, 1)+ROMILOC,METPLI) /2,
RHOIP{1)= RHEHOIPF(.5)
WSM= MSFL/RHDTP(1)/RMEAN/PITCH/TOMILOC ,MH TP}
WTHETA= LAMCAF(.S 4L 0C, 1L}/ RMEAN-OMEGA®RME AN -
WHUR = SORTIWSME%.2+NTHE TA%%2}
DELMAX = WHUR/20.
RTDLER 1.E~4

[

c
C--CALCULATE INITTIAL ESTIMATE OF TIP,RHOIP,AND LAMBDA
C

RH2 = ROMILDC ,1)%%2

DELRZ = ROMILDC/MHTPL)*%2-RH2

DC 20 J=1,MHTP1

WFLF = (ROMILNC I %% 2-RH2) /DELRZ

UCWILCC4,J) = WFLF

TIPBDY(Ji= TIPFLWFLF)

RHQTIPLS )= RHOIPF(WFLF)

20 LAMBODALY)= LAMCAFIWFLF,LNC,J)

NCOUNT = O
C
C~-CAMCULATE CNEFFICTENTS Ay B, AND C FOR THE VELOCITY GRADIENT EQUATION
C

IC DD 40 J=1,MHTPY
ARtS) = CURVHeTORILOC, 3/ TOMILOC,MHTP L) #{ CURVT-CLRVH)
N¥RZ = COMEGA®RCNM(LCCe J)%%2
BREJI) = —[LAMADALJ)-OMR2) /ROMILCC 4 JI*€25 (AACJ) X (LAFRDA(JI)I-ONR2 )+
3 (LAMBDALI Y HOMRZ I/ROMAILAC, I IBCPHIILDC 40 ))
40 CONRTINUE
ne 50 J=1,MHT
CCA )= CPEITIPRCY(S+1)=-TIPRDY (S} I-OMEGAX{LAMBDALI+1)I-LAMBDAL J))
5C CCRUJY = (CP-ARIS®(TIPBDY(I+1)~TIPRDY (J) }-AR/ (REDIP{II4RHOIP(I+1))*
LITIPREYLII+TIPADYL ¢ ) ) S(RHOIPL I+ 1} -RHOIP{ 1))
C
C-=SCLVE THE VELCCITY GRACIENT EQUATICK ALONG THE BCUNCARY
C
REPEAT = FALSE.
UCMILNC 1Y = 0,
€0 INT= 1}
TC WRCRY{1) = WHYye
NCOUNT = NCEOUNT+1
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c

C

C

C

RO

90

100

110

WSO= WPAMyl{1)#22 :

TwiMa= 2.*FNEFA*LﬂHFDA(II (OﬂEfniﬂnutLOC.lli*#Z

TTIIP= 1.-{ WSO+ TWLVMR) /CP/TIPRDYI{1)/2.

IF (TTIP.LT.0.Y GO TO 100 . :
RHOW = RHOTPLLYETTIPE&kEXPONEWRCRY {1} ‘
SITNRTA = {LAMBDAC1}/RCOVMILOC,1) - FMEPﬂtRﬂﬁItPC.ll)!HBCRY(l)
IF (ARSISTNATA) .GTL1.) £ TD SC

CrSATA = SORT(1.,-SINRT A®%2)

ARVA = RHNWXCOSRTA®ROMILOC:11%PITCH

neC 80 Jd=1,4VMHT

NELTA= TOMILOC , J#1)=-TC¥I{LOC+J)

CC = CCALS)I-CCBEIYRTTIP

WAS = WRDRY (3)¥%(1. +AACIYRDELTAY+BBI DI /WBDRY( I SDEL TA+CC /WRDR YU J)
HED = MASkXRD

TWLMR = ?.*¥OMEGAFLAMBNALJ+1)-(CMEGA®ROM{LOC, J+1) }**2

TTIP = . =(WSO+TWLMRI/CP/TIPARDOYII+1Y/2.

CC = CCALNY-CCBLIY%TTIP

WASS = WADEY( I ISAAL T+ 1Y AWASEDELTA+BRII+ 1) /HASHCELYA+CC/WAS
WRORY(J+1} = (WAS+WASS)/ 2. :
WED = WBDRY(J+ 1) %&k?

TTiP= 1.—tuso+TuLMR)/CPIT!PBDV(J+1!/2.

IF {TTIP.LT.0.Y GO TO 100 : '

RHDW = RHOTIPC I+ 1) =TT PxxEXPONEKBORY { J+1) -

SINRYA = (LAMBDA(J+1)/ROM{LOC,J+1)- BMEGA*RUH(LCC¢J+1|l/HBDRY(J+11

IF (ABSISINATA).GT.1.) GO TO 90

COSARTA = SORT(1,—SINBTAZ#2)

AVAS= RHNW#COSRT A*ROM{LOC,J+11#P TTCH

UOMLLOC ,J+1) = (RVA+RVASI®DELTA/2.+UCP(LOC,J)
RVA= RVAS .

C——CHECK CONTINUITY AND ESTIMATE NEw VALUE FOR W AT +UP

TFCIND.GE .6 .AND.ABSCMSFL-UOM{LOC, MHTP1)) . LE .MSFL*¥RTOLERD GO TO 120

CALL CONTIN(WHUR ,UCMIEOCMHTPLY 4 IND,JZ,MSFL,CELMAX])
IF (INCT.10) 6O TD TO ' '
IF (IND.EQ.10} GC TO 120

GO TN 110

WEUR= WHIR+, SEDELMAX

IF {NCOUNT.LT.100C) GO TO 60

6O TN 110

WHUR = WHIIR-, SHCELMAY

IF [NCOUNT.LT.1000) GO TC 50

WRITEINWRIT,101C) BDY(TL)RDY({IL+])

sTCP

C--SOLUTION ORTAINED. UPDATE TIP,RHOIP,ANC LAMBEA

12C CCNTYINUE

DO 130 J=2,M7TP1}

FRAC = UNMILOC,J )/MSFL

ucwiLoC,J1 = FRAC

Tvir= TIPF(FRALC)

IF (ARS{TVAR-TIPROY(J)I.GT.TIPRDY{D)*RTOLER) REPEAT=.TRUE.
TirPALYL 41 = TVAR

TVAR = RHOIPF(FRALC)

If (ARSITYAR-RHOIP(J)).GT.RHOIP{II*RTOLER) REPEA1-.TRUE.
RECIPIE) = TVAR

TVvAR = LAMDAF{FRAC ,LOC, 0}

TE {ARS{TVAR-LAMBNA(J1).GT . ABSILAMADALI)}I*RTOLER) REPFAT=,TRUE.,
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130 LAMRRATJ) = TVAR

WHUR= WADRYI 1}

1F (REPEAT LANDJNCOUNT LGEL100Q) GD T0 110

TF {(REPEATY GN TO 30

I¥ [ IND.NE.10) RETURN

WRTITE(NWRIT 10001 BCYC L)y BOY{ IL41),UOMILOC ;¥4 TP 1)
sTop

1C00 FORMAT [26HL PASSAGE 1S CHOKED AT THE+2A4,21% WITH 8 MASS FLCW QF
14714.61
1010 FORMAT {2HL ,2A%4.:39H RCUNDARY CONDITIONS CANNOT RF OBTAINED)

C

END

SURRCUT INE INIT

C——INIT ASSIGNS INITIAL VALUES TO THE ARRAY VARIABLES
C oo g :

146

~on AN N

CCMMON/INPUTT/GAM, AR¢MSFL,OMEC 2, RECFAC, VELTOL, FNEWsDNEW:MB T ,MBO,

MMy MHT g NBL ¢y NHUB 4 NTIP ¢ NENoNCUTy NBLPL, NPPP 4 NOST AT yNSLs LS FR,
LTPLyLAMVT , TMESH, ISL INE, ISTATL, TPLOT, I SUPER, I YSON, IDEBUG ,
7OMIN,ZOMBI , 7CMBO, ZOMOUT o ZHIN ZT [N ZHOUT, 7T CUT, THURLS0) ,
RHUB(SO),ZTIPISOI!RTIP(50)9$FINf503'RADINCSClgTIP(SO)rPRIP(SO)v
LAMIN(SO)yVTHIN(SOlaSFGUT(SﬂigRACGUT(SﬂlpPRGP(SOleDSDUT{Sﬂl'
LAMOUTE SO) y VTHOUT{S0) , 7HSTL50) 4 7TST(50) ,FLFR(500,

IBLU50, 50, RAL {50¢ 50y THRL{ S0, 5C I, TNRLT S5C,5C)

CGMNON/CALCCN/MMMI'MHTPIqCPvEXFUNvTGRUG,PITCH'CURVHI.CURVTI.

[« JRN Q- JEETR VR

CURVHO,CURVTO,RHIN;RTIN,RHGET,RTGUT'RLEHaRtET,RTEH'RTETe
ZLE(SO), RLE(50), ZYE(SO}, RTE(50}, ZLEOM( 101} ,RLECM( 101},
SLEGH(IOIioTHLEGN(IOIlvZTECV(IGIlfRTEON1101)'STEGMIIOllo
THTEOMC 101}, TLEC 101 3,ITEC1CY) ¢70M(100,101) ,RCHF(100,100),
SCMtIOD.101!-TUM(100.101)1BTP{100.101]10THDS(lﬁﬁelﬁliv
DTHDT(100,101),PL0OSS(100,4101),CPHIC100,101},SFHIL{100, 101}

CUMMDN/VARCDMIA(4o1001lOIIvUDFIIGG;IOI}'K(IOOoIOII:RHUi100-101'y

[« Y - N

NSURS(IOO;IO!'vHSUBT!lﬂovlﬂllvHSUEI(100’101!QHSUBR(100v101|9
USUBM!IOG.IBI]1iTH(1009101!yVTH(lOO;IOll9h(100|101’s
ALPHA!lODglOll;BETA{1009lO!’pHHCR(100;10!1,CUPVf100o101!r .
HLSURFIIOO;IOI!,NTSURFlloogIOIQVCA“P(IOOq101395Aﬁ931009iOlDa
RHOAVi100,1013;DELRHCI100'1011:FRI[OO;IDIlsDFCN(lOO;lOl"
X10M{100,101), ZEYOM{ 100, 101),0LDU(100,101)

REAL x

RHATP = RHOIPFLO.)
00 10 J=1,¥HTP]
DT 10 I=1,m¥

WEUBS(TI M) = CPHI{I, )
WSUBTLI4d) = =SPHI(I,J)
WSURTI{TL,d) = 1,

HII’J’ s 0.

WTH{I,J) = 0.

VIH{1,+4) = 0.

RHN{T,9) = RHCOIP

REOAVI{I,J) = REDIP
DELRHOLT,N) = 0.
XIOMtI,9) = 0.
ZETOMIT,0) = C,
FRIT+.0} = 0.
DFOMIT . 0) = 0.



ML T, 0) = 0.
10 X(1,4J) = 0.

RETURN

END

SUBRCUTINE COEF

c

C-~COFF CALCULATES CDEFFICIENTS, A AND K,
C--FCR THE SYSTEM OF MATRIX ECUATIONS, A%y=K

C

COMMON SRWsSRE, ITERy IEND,NREADNWRIT
COMMON/ INPUTT/GAM, ARy MSFL,OMECGA, RECFAC'VELTULvFNENQDNEH:MBI!"BO!

~NOA SN

o PN e

MMy MHT yNBL g NHUB S NTIP? oNT Ny NCUT , NBLPL4NPPP NOST AT yNSL,LSFRy
LTPLyLAMVT g TMESE4ISLINEs ISTATL, TPLOT, ISUPER, ITSON, IDERUG,
ZOMIN,7CMBT 4 7CMBO, ZOMOUT y ZHIN, 7T TN ZHOUT, 2TCUTy ZHUB(50) 4
RHUBISO) 42T IPUSO),RTIP{ 500, SFINC5C) »RADIN(S0) +TIP{50) (PRIPL50)
LAMINISO) ,VTHIN{50),SFOUT {50), RACOUT {50 ), PROP {50} ,1.050UT(500,
LAMOUTES50) , VTHOUTESO)  ZHST(S0) 4 2TSTL{501 4FLFR{50]), '
TAL(50,507, RBL {50,500, THAL( S0, SQ),TNBL{ S5C,5C)

COMMON/CALCON/ MMMY 4MHTPY ,CPy EXFON 4 TGROG P ITCHy CURVEI,CURVTI,

CURVHD s CURVTO yRHIN JR TINyRHOUT yRTQUT 4RLEH 4RLET yRTEH,RT ET,
TLE(SO )4 RLE(S0), ZITE(SD),RTE(S0Y.ZLEDML 101) ,RLEOM{ 101},
SLECM{101) , THLEQM(101},7TECMI101),RTECMI101), STECM{L101L),
THTEOM(101), ILE{101) IYE( 1C1),20M(100,101) .RC*{100,101),
SCM{100,101),TOM(200,101),ATH{ 100, 101),DTHDS(100,101),
DTHDT{ 100,101 +PLOSS(100,4101) 4CPHIT100,1013,SFHTI(100, 1011

COMMDN /VARCOM /AL 4,100,101} ,U0M(100,101) ,K(100,101) ,RHO(100,101),

[« JRT WV NP

WSURS{100,101),WSUBT {100,101}, WSURZL100,101 ), WSURR{100,101),
WSURMI 100, 101) +kTH{100,101),VTH(100,101),%{100,101),

ALPHAL 1004101 )yBETA{ 100,101}y WWCR(10C,101)}CURV(100,1011}
WLSURF (100,101 4WTSURF{100,101),CAMP(100,101),SAMP{ 100,101},
RHOAV(iUB,lOll'DELRHB(IOO'ICl)gFRIlOD.lGIlgﬁFCﬂ(lOOglOIl'
XIﬂHlloovlﬂl),lETOMIIODvlﬂll'DLDU(100.101! ‘ ' .

DIMENSION DVTHDR{100,101)
REAL MSFL K ,KNEW
C--CALCULATE COEFFICIENTS AND CGNSTANTS FOR FINITE DIFFERENCE EQUAT!ONS
WRITE{NWRIT,]1030) TTER
DCHANG = 0.
DvAY = -1.E20
DMIN = 1JE20

€0 30 J=2,MHT

H4 = SOMI2,3)-SCMIL.d)

DO 30 I=24.MMM]1

HiI = TOMOI,J)-TOM{I,4-1)

H2 = TOMIT 4 3+11-TCNMIT 4 J)

H3 = H4

He = SCM T41,4)-S0MIT,J)

AC = 2./H1/H2+2, IHSIHh

C1 = H1+H2

C2 = H3I+H4

N1 = (ATH(I 4J#+1} - FTHII:J—I)ifETH(!:J!*(RHO(I-J%II*RHG(I:J llll
IRHOI T, 43

L1l = lIC1+£PH!(I'J)IRO“lIgJ)*lSPHI‘I*l,J) SPHICI- 1.JlilC2!

ICPHI(Ile

D2 =

(RTHET4+1,J)=ATH(T =1, 4) ) 7ETHI T JU4TRHOE T 41 , 3 V=RHO(TI~1,3)3/
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IRECIT. N)
D2 = D2/C2+SFHI(I 2 J)/RCP{T, JI=(SPHI(T D+l )~SPHIt T, 0-1))/C1/
ICPHTLT 4}
KAEW = XTOMUI,J)8W{T,J)%%2+7ETOML 1,41}
TFEILGE.TLE{I)LANDLTLLELITE(J}) 6C TC 10
KNEW = KNEWHWTH(I,J)/MSFLEATHIT oJY*RHCLL o JI2WSUBZ2{T s JI*DLDUC T4 )
GC TC 20
10 DYDRT = (ROM{T4L o JReYTHOT 4L 3 JY=ROMIT=0 o JIRVTHITI=1, ) )/C2%SPHTIT, 4%
1+ROMT T, I+ 1) AVTHO Dy 1)-ROMUT o J=1¥%VYTHIT , J=1) ) /C1HCPHI(T,4)
DCHANG = AMAXL(DCHANG,ABS{OVORT-CVTHCRII4))}
DMAY = AMAXI{DMAX,0VDRT)
DMIN = AMINI{DMIN,DYDRT)
DYTHDREI o4} = ONEWEROVDRY#{1.-DAEWI*BVTHDOR{I, J}
KNEW = KNEWAHTH{ L J)/ROMIT ; J)#DVTHOREI s JI+FRET o 4
20 KAFYW = KNEHSROMITJI/AQ0RBTYHE Yo B B/AMSFLBRUHOL T, I ZWSUBZ{T, )
KEl 458 = KNEW

{1, Tpd) = (2./H1+01}/A0/C1
Ai24T1:9Y = (2./H2-D1}/AD/C1
AlD3, 8480 = (2./M3402) 7A0/C2
AlLy Ted) = (2,/H4-D2VFA0/C2

30 CCNTINUE
HRITE{NWRIT,1020) DMAX,DFIN,DCEANG
IF (ICERUG.LE.O) RETURN
IF ((ITER/IDEAUGIH*ICEBYUGNESJITERLANCLITER .NEul) RETURN
WRITEINWRTT 1010}
0C 40 J=2,MHT
DC 40 [=2,0MM]
£0 WRITE(NWRIT, 10007 To (AT Fol o) o7 321 44) ,%(1 ;0
RETURN

1G00 FORMAY (216.:5G16.610

1010 FORMAT (IH1/7//724X,5THCQEFFICIENTS ©F MATRIX ECUATION FDR STR
LEAM  FUNCTION/SXo 1HIyS5X e IHI o OXo4HAT 1)y 12X, GHAL 2) 5 12X 8HAT 3) 12X,
24HAT 4) o« 13X IHK) .

1020 FORMAT (/775X 3THMAXIMUM CALCULATED VALUE OF DVTHOR =,G13.5/5X.
13ITHMINTMUM CALCUL ATED VALUE OF DVTHDR =,G13.5/5%, ITHMAXIMUM CALCY
2LATED CHANGE IN DVTHDR =,G13.5)

1020 FORMAT (///7/7/714H ITERATION NO<sI342H £}

END

SUBROUTINE SOR
C
C——%CR SCLVES THE SET CF MATRIX EQUATIONS, AMjI=K
C--PY THE SUCCESSIVE OVERRELAXATION TECHNI QUE
c
CCH¥MCN SRW,SRE,ITER,TENCNREAC +NWRIT
COMMON/INPUTT /GAM yAR ¢ MSFL ,OMEGA yREDFAC, VELTOL » FNEW,DNEW 4 MB1 . MBO,
MM, MHT s NALy NHU B, NT TP o N IN NOUT,NBLPL, NPPP ,NOSTAT4NSL,LSFR,
LTPL 3L AMVT , IMESH, ISLINE, ISTATLLIFLCT ,ESIIPER, ITSON, ICEBUG,
7TOMING 7OMBI, Z0MBO. ZOMOUT o ZHIN,ZTI N, ZHOUT, ZTCUT, ZHUB(50) ,
RHUBI50) s2TIP(50)sRTYTIP(501,SFINIS0), RADINISC),TIP{SQ)PRIP{5C]),
LAMIN{S0) 4 VIHIN{50) 4 SFOUT (50, RADCUT (50), PRECPLS0I,L,LOSOUT(S0),
LAMOUT {50 ), VTHOUTL 501, THST{5S0) 4Z TST( 50} ,FLFRLSCY ,
IRLIS04+50) yRRL{50+50),THBL (50,50}, TNBL {50,50)
COMMON/CALCON/MMMY  ¥HTPY ,CPyEXPON 4 TGROG,PITCHLURVHILCURVTI,
1 CURVHDy CURVT Gy RFINGRT INy RHOUT,RTOUT ,RLEH RLET 4RTEHSRTET,

BN T I RN S
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oo N

FLE{S0) 4RLEC(S0),7TE{S0},RTEIS0), ZLEOM{ 101 ), RLEMNM(101),
SLFOME 101),, THLEOM! 1011 ,2 TECK{101) »RTECMI101),STFCMILOL),
THTEOME101 3, ILECIOI), ITE(LOL),70MI100,101),RCVE 100,101
SCMUIN0,101) y TCMILI 00,1011 ,RTH(I00,201},,CTECST100,10114,
DTHOTO1CC, 101),PLOSST 100,100} ,CPHITLI00,101) ,8FHI(1C0,101)

CCVMMON/VARCOM/ A14 41004101 ),U0MT 100, 1010,k ( 100, 101} »RHO{ 1C04 1C1 0y

WSURS{1C0,101) yWSURT(100,4101) 4WSURZ(100,101 )+ WSURR(100,101),
WSURMI100,1013,WTH{100,101%,VTHI 100, 101}, W1 10C, 1010,
ALPHALL100,101),RETAC(LID0,101),WHWCR(100,101},CURVI10D,101),
WLSURF(1C0,101),WTSURF{100,101) ,CA¥P{100,101),5AMP{1C04101),
RHOAV(100,4101),CELRHTI100+1C01},FR(100y 101),DFCMELCC,101),

O\ﬂ-ﬁ-tﬂf\}l—'

xIDMtloo,lcll.7ETOM(100.101).nLoutlco.loll
CIMENS ION UVERT(101,2)
REAL K 4LMAX L MIN
IF ([1TER.GT.1) GO 1O 70
€
C~-STORF U BOUNDARY VALUES AND SET BUUNDARY VALUE TO 7EROD
C~=T0 CALCULATE DPTIMUM ORF
DD 10 I=2,MMM]
UCM(TI,1) =0,
10 UOMET4aMHTPY) = 0.
DN 20 J=2,MKT
UVERT(J,1) = UCM{1,0)
unwi 1,43 = 0,
UVERTEJ,2) = UOM{MM, )
UTMIMM,J) = D.
DO 20 I=2,MMM]
20 UCM(I,d) = 1.
C
C~~CALCULATE OPTIMyUM ORF
30 LVAX.= O,
LMIN = 1.
DD 40 J=2,MHT
OC 40 T=2,MMM]

UNEW = A€, I, J)%UCNET J=-1)4A02,1,0)%0CM(T, 04004813, 1,J)%UDM(TI-1,9)

1 +A (4 T4 J)*UOMCT+1,J)
RATIC = UNEW/UOMLT,J)
LVAX = AMAX1(LMAX,RATIQ)
LMIN = AMINI{LMIN,RATIO) .
40 UCMLT4Jd) = UNEW
IF {LMANLGTLl.) LVMAX=1.
DRFMAX = 2,/(1.+SORT(1.-LMAX))
CREMIN = 2,/{1.#4SQRT(1..~LtMIN))
IF ({ORFMAX-ORFMINILGT.0.2%(2,~-CRFMAX}) GO TC 30
GRF = ORFMAX
WRITE (MWRIT,1000) ORF
C
C--RESTNRE U AODUNMDARY VALUES
Nnec 50 I1=2,MMM]
SO UCMITI,MHTPLY = 1.
D0 &0 J=24MHT
UCM{LleJd) = UVERTIEJ,1)
ED UDMIMM,3) = UVERT(.J,2)
€
C--SCLVE MATRIX ECUATICN BY SOR
70 ERROR = 0.
00 80 4=24,MHT
nC AD I=2,FNFV]

CHANGE = DRF®TA{L,T ,JV*UCMIT 4 J- 11+A{2,!,JI*UFN{IvJ+1}+A|3vIng
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C

1 FUNOM (T= 1o d VHAC 4o T DV RUNME T+ 1, 3V 4K T, ) ~UCHT T, 00 )
ERRMAR = AMAX1{ERRCR,ARSICHANCE))

g0 UOM{ T, ) = UOMIT,J)14CHANGE

RETURN

1000 FARMAT (/7 /7/5X:4O0HCALCULATED OVERRELAXATICON FACTOR (DRF} =4FT7.3)

EAD

SURROUTINE NEWRHO

C-=-MEWRHC CALCULATES VELOCITY COMPONENTS, VELOCTITY MAGNITUDE,
C——AND NEW DENSITY AT EACH MESH PCINT

C

C

CCMMEN SRW,SRE, ITERy TENDsNREAL,NWRIT

COMMON/INPUTT /GAM, AR MSFL yGMERA 4REDCFAC,VELTCLy FNEW, ONEW, MBI, MBO,
MM MHT, NBL fNHUB 4NTIP JNIN,NOUT 4NBLPL,NPPP,NOSTAT,NSL,LSFR,
LTPLsLAMVT, IMESKISLINE, ISTATL, IPLOT, ISUPER, ITSON, IDERUG,
JOMINGZOMBI 4 7CMB Oy Z0M0UT , ZHIN ZTINFHOUT, 7TTUT 2 THUR(S0D ),
RHUB(SO}.ZTIP(Eoi.RTIPtsclgSFINtsea.RAD{N(SG},1IP1501.PRIP(SG).
LAMINISOY VTHIN(S50) ,SFOUT (501, RACOUT (SO}, PROP(S0},LOSQUTI{SO0Y»
LAMOUT(S0Y o VIHOUTIS5Q) o ZHSTIS0) 7 TSTIS50) ,FLFRIS0)
7AL{50,50), RBL {50,501 THBL (S04 50),TNBL{ 50,5C}

COMMONZCALCON/MMM] . MHTPY 4C Py EXPONTGROG,PITCH, CURVHEE, CURVT I,
CURVHO, CURVTO RHIN R TIN,RHOUT sRTOUTRLEH,RLET +RTEHRTET
JLE(S0 Y, RLE{S0)y ZTE(S0 I, RTE(SOY,7LEOMI 101),RLENMLICLY
SLENME 101, THLEOM{101)4ZTECM{LOL) 4RTEOM{10L )}, STEOM{L0L},
THTEOM [ 101 ), JLEC 102D ,ITEC101) ,Z0M{10C,101),RCHI1004101),
SCM{I00,101)TOMI100,10134 RTHIL00, 101), DTHCSC1CC, 101 ),
DTHOT{ 100,101} ,PLOSS{100,101% 4CPHI(100,1011%,5FFT{100, 101}

COMMON/VARCOM /Al &4 100y 1017, UOME 300, 1C1Y 4K{ 100, 101) 4RHO{1004+101) »
WSURSC100,101) WSURT (100,101, WSUR7(100,101), »SLRR(10D,101),
WSURM{ 100, 101) +WTHI1G0,101) ,VTH{LD0,101),W{1004+1011},
ALPHA{100,101), BETAT100, 101, WWCR{ 100,1013,CURV(1C0,101),
WLSURF (100 +101) 4WTSURF{100,101 ), CAMP(100,101},SAMPLLCD, 1011,
RHOAVE 100+ 101) DELRHN 1004,2C1) 4FRE100,1011,0FCME100,101 0
XIOMiL00, 1019, 7ZETOM{100,1013,DLDU( 100,101}

DIMENSION DUDS{I00Y ,TVERT (101} UVERT(101),0UCT{101), TPPTIP(101},

1 PREL{101},ROTI{101},0IDTIICLY,DPDTII0TY ,AAATLCLY,

2 GINS{100,101),CP0S(100,101)

REAL MSFLLAMDAF

INTEGER SRW,SRE

-~ AN e

AL W

[= JRT QP VRN U

RELFR = 0,
XNEW = 1,0
INEW = 1.0

C--REINITIALTI7E LAMDAF,RVTHTA,TIPF,RECTIPF4RHOCPF

C

c

TFILAWTLLEQLDY RO YO 10
CALL LAMNTT
CALL RVINIY
CALL TIPNIT
CALL AHINIT
CALL RHONTY

C--CALCULATE PARTIAL DERIVATIVES 0OF RCTHALPY (ROTI), ANC RELATIVE TOTAL
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C=-«~PRESSIRE fDRFlllfN THE S NIRECTION
C . ‘
1¢ DT 20 J=1,¥HTPL ' ’ L
DR 20 T=1,MM
TEPTIP(IY = 1.-(2.%NMEGAS| AMCAF{UIOMLTI, )]}, Iv|,-(OMEGA*PUM(I'J',**Z,
172, F/CP/TTOFR{UNMIT 4 0)) .
1 (TPPTIPILIY.LT.C.Y GO TOY BC

PRELIT) = RhUIPFlHDM(I;Jl)*AR*TIPF{UOM(I;J])*TPPTIPlIl**lGAH*EXPON

13 %1, =PLOSSIT ,J})
20 ROTI(I)Y) = CPETIPF(UOMIT 4J))=CWEGARLAMDAF{UNM(T 4 0) 41,4}
CALL SLOPES(SCMIL,J)4RCTI MM, EICS{1,d))
20 CALL SLOPESESOME 143} ¢ PRELyMN,CEDSEL4J))
C ‘ ‘
C--CALCULATE WSURT FROM THE PARTIAL CF 11OM WITH RESPECT TD S USING THE
C-—-AVERAGE BLADE-TO-RLACE DENSITY FCR CONTINUITY _ L
¢ . -
Df 40 J=1,MHTP] C
CALL SPLINE(SOMIL43)5UCH(1,J) s#¥,DUDS ,AAA)
PN 40 T=1eMM ‘ a
WSURTAT,J) = (=CUCS{I}/ ROM{T,J}/ PTH{1,J )4MSFL-CFEM{T,3)%
1 DELRHnIL.Jl/lZ SCOSIRETAIT 2 ) 1SS AMPIT, JY Y /RECAVLI, Y
40 CONT INUE

i - . , . b e

c . . : .
C--CALCULATE DERIVATIVES IN THE T DIRECTICK OF THE SAME VARIABLES, AND
C~~C(ALCULATE NEW VELOCTTIES AND NEW DENSITY
C

NC 60 I=1,”¥

DO 50 J=1,MHTP Y

TVERT(J) = TOMET,J)

UVFRT() = yoMiT,d)

TPRTIP(IY = 1.~(2. ¢UMFGA*LAMDAF(UUM(Iod)oI'J}~{UNECA*ROM(IvJ)l**Z!

L/2.7CP/TIPFLUCHMIT 400} :

IF (TPPTIP(Y).LT.0.) 60 TC B8O

PREL{J) = RHEOIPF(UOM(T,J))*ARSTIPF (UOMIT;J)) £ TPPTIP(I} % (GAMSEXPON

L1441, =PLOSSIT ) o

50 ROTI(J) = CPETIPFUOMIL,J)) ~OMECAXLAMCAF(UCM T, 3,103

CALL SPLINE{TVERT,UVERT,MHTP 1,0UDT 4AAA) S

CALL SLCPES(TVERT.ROTI,VMFTPL,CIDTY T }

CALL SLOPES{TVERT,PREL,MHTPL,NPNT) TR

NC 60 =1, MHTP) .

WSURS(I,d) = (DUDTUJI/RCMIT,J)/BTHET, I RNSFL-CFONTT, 0%

1 DELRHI(I,J3/12.%COS{BETACT » ) ) *CAMP(I 44} ) FRHCGAV(I,J)

WTH{Tsd) = ROMUI,01#(WSUBS( T, J1DTHES (153 )4 WSUBRT (T, d 14DTHDT(1,3))

[F (TLLTLILET)) WTHUL o J) =LANCARIUDN (T, ), T, ) /RCMET, J)-OMEGA®

1ROM{ 1,.0)

TP {TGTLITECIY) WTHIT«J)I=RVTFTAUOMIL, I, T, J?fRGM({vdl*DMEGA*
1IROMT 4.1} !
VTFCTpd) = WTHE T, J )40MEGASRNM(T, 1) :

WSO = WTHOT 2 J) 52 4WSURS (T, 1) %22 0WSUAT (1,0 ) %%2
WTIEMP = SORTIWSO)

TFIWITed) NELOLY RELER = AMAXI(RELEReARS(leEMP-h(I Jl)!H(I,J)])
Wil 01 = WTEMP y
TwiMr = 2, #ﬂMEFA*LAMDAF(UOM(I J)9!le-(F“EﬂA*RCN{TgJ!)**E

TP = 1.-'HS“+THt”R)fCPlTIPF(UF"{I J1)y/2.

TFITTIP.LT.C.) RC 7O 70

REDET4I) = RHNIPFINOM{ T, 31 ) *TTIP*%E XPON

TPP = TPPTIPIN*TIPFIUCMIT, )))

DPRR DPDSLT y JI*SPHI LT 4 JY+0PCTE NI =CPHI(L o 1)
nire DIDSCT JPSPHIIT L JY+DICTI DY =CPHITTL.])

[
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C

60

XITMT = (AR/PREL(JI#DPDR-(DICR4OMEGCASRSZFROMIILSII/TPRI/2./0P
7ETOMT = OMEGA®®2+RCM(T 4 J)-AR/PRELIJ)*TPP*DPDR

XTOM{TI,J) = XNEWSXIOMT o{ 1.~XNEWIEXIOM{T1,J)

TETOM{T 4J) = INEWXZETOMT#(1 ,—INEWI®ZETOMI 1,0}

CONTINUE
WRITE(NWRIT,1020) ITER,RELER

C-=ADJUST PRINTING CONTRCL VARIABLES

c

C

TO

RO

IF (RELER.GE.VELT(L] RETURN
IF (RELER.FQ. 0.) RETURN
T1ENC = IEND+1

IF C(IMESH.GT.1) IVESH=]
IF {ISLINE.GTL11 ISLINE=1
IF (ISTATLLGT .1} ISTATL=1
IF (IPLOT,.GT.1) IPLCT=1
IF (ITSON.CT. 1) 1T7SON=1
IF {ICERUG.CTL1) IDEBUG=1
RETURN

WRITE{(NWRIT,1000}

sTOP

WRITEINWRIT 1010}

STop

1000 FORMAT (68H1 PROGRAM STOPPED IN NEWRHO OCUE TO EXCESSIVE STREAM FUNCT

11 CN GRADIENT)

1010 FNRMAT(62HL THE UPSTREAM INPUT WHIRL CR TANGENTIAL VELOCITY IS YOO

1 LARGE)

1020 FORMATC// /7S OHTITERATIONS13 441H, VAXTMIM RELAT IVE CHANGE IN VELO

1CITY =,6G11.4})
END

SURRDUTINE OUTPYUT

C==CUTPUT CALCULATES ANC PRINTS YTHE MAJOR OUTPUT DATA
C—-AT THE DRTHOGONAL MESH POINTS, ALCNG THE STREAMLINES,
C—=BND ALONG STAVION LEINES FROM WUB YO SHRCUD

C

152

COMMCN SRUSREL ITERZIENTINREAC,NWRIT

COMMON Z INPUTT /GAM AR ¢y MSFL ¢ OMEGA 4 REDFAC , VELTCL +FNEW,DNEW, MBI 4MEO,
MWy MHT g NBL yNHUP 4 NT [Py NTNy NCUT ¢ NRLPL,NPPP NOSTAT,NSL+sLSFR,
LTPLLAMVT ,IMESH T SLINE,ISTATL,IPLCT,ISUPER, ITSCN,y ICEBUG,
FJOMIN, 70MB 1, 70MBO, 2OMOUT, ZHIN, ZTINZHOUT 7 TCUT . 7HUBLS O
RHUR(SO) 47 TIP{S50) +RTIP(50) ySFIN{S0),RADIN(SO),TIPIS0),PRIP(50}s
LAMIN{ S50}, VTHINC SO}, SFOUTL S0} ,RADOUT{50) ,PRCPISCQ),LOSTUTIS0),
LAMCUTISO ) , VTHOUT (50 ¥, ZHSTY (501, 7TST(S0 ), FLFR{EQY,

TRLES50,50) yRRL{S0,50) 4 THBL{SC50) s TNBLI50,50)

COMMON/ CALCON/MMM I, MHTP 1,CP4E XPON, TGROG 4P I TCH,CURVHI yCURVYTI 4
CURVHO 3 CURVT O RHIN¢RT IN, RHOUT s RTOUT o RLEHRLETyRTEH,RTETy
TLECS50) yRLEUS0)4ZTELSC) 4RTEL(S0) ,ZLEOMIL1O0L ) 4RLECH({1D1]),
SLECM(101)y YHLEOM{ 101}, ZTEOM( 101 },RTEOMCECLY STECM(101)»
THYEOM(101),ILE{101),ITE(101),20M1100,10104REN{100,101),

SOM{ 100, 1013, TOM(100,101),8TH{100,101) ,NTHDS(1Q0,101),
DTHOT(100,101),PLOSS(100,101),CPHIC100,101),5PHI(1C0,101)
CCVMMON/VARCOM/AT4 410041013 4UCM(100,101),K(100,101),RED(100, 101},
1 WSUBST 100, 101 ),WSURTI{ 100,101} ,%SURZ(100,1C1),%SUBR{100,1011},

~ O VAN ) e
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c
C--CA
C

10
C
C
C-~CA
C

20
C

WSUARMEL 00, 101 ) 4WTH{100,101),VTHI100, 101),%110C,1013,
ALPHAU100,101}) ,BETA{100,+101) yWWCR(100,101),CURV(100,101)},
WLSURFI100, 10X WTSURF(100,101),CAMP({100,101) 4SAMP{100,101),
RHOAVE1004101)4DELRHC(100,101), FR{100, 1011}, DFCM(100,101),
XIoM{ 100,101} ,ZETOM{1CO,101),0LDL(100,101)

COMMON/SLCOM/ TLS TSSO, ITS(50),2SLU100450),RSLEL1CO,50) ¢MSLILDO+50)

i WZSLL100+50) 4 WRSL(L1 00,503, W¥SL 100,500 ,WTKSLL 100,500,

2 ALPSLU100,50C) 4BETSLC1C0450) y®WSLU10C,50} +WWCRSL(100,50),

3 CURVSL{100,50),WLSSL (100,50}, WTYSSLI 100,50}

COMMON/STACCH/IST(50450)4RSTI50,50) 4MST (50,500 ,W2ST{50,50),

1 WRST(50,50) yWMST(S50,5C) +WTHSTIS5D,50) yALPST{50,5C) ,RETST(50,450),

2 WST{50450) yWWCRST (50, 501, CURVST{ S0+50),WLSST{50,50),

3 WYSST(50,50)

DIMENSION DALDS(100), TVERT( 101} ,ALVERT(101),DALVER(101),

1 TTEM{101),RTENMI101),UTEM(LI01 ), ZSLTEM{S01,RSLTEM(S0]},

2 IBLTEMISO) yRBLTEMISOY} JMTEM(50]) ,MARK(S50),A4A(101},

3 DALDY( 100, 1011}

REAL LAMDAF ,L AMIN ,LAMOUT 4 NSL,¥ST, MT EM

VS N

LCULATE VELOCITY COMPONENTS AND FLOW ANGLES

DEGRAD = 180./3.1415927

D0 10 J=1,MHTP1

DC 10 T=1 .MM

WSUBM{T ¢J) = SQRTIWSUBS(T ,J)*%24WSUBRT (], J)**2)
SAMP{14d)} = WSUBT{TI,J)}/WSUBM(T,J)

CAMP(T,d} = WSURSHIJ}/WSUBMIT,J)

WSUBZ(I,.J) WSUBSUT s JI*CPHT (T, ) ~MSUBT(I ,,J)25PHI(],)
WSURR(T4J) = WSUBTI{I4JIRCPHIC( I, J)4WSUBS(T , J)*SPHI(T,J)
ALPHA(T o J) = ATANINSUBRII,J)/WSUBZ(TsJ})

BETAUI,J) = ATAN(WTHIT s J} /WSUBM{T,4})

GC T 30

ENTRY TOUTPT
LCULATE VELOCITY COMPONENTS AFTER TRANSONIC SOLUTION

DO 20 J=1.MHTP1

DC 20 I=),VM

HSURMIT 4J) = WII+J)*LCSUBETALI LI
WTHI T, J) = WUT,J)2SINIBETA(I M)
WSUBTCI »J} = WSUBM{T,JI®CCSLALPHA(T,J))
WSUBRETyJ) = MSUBM{ T, J)*SINCALPHAIT 4 J))
VIH{I4J) = WTHUI, JI+OMEGARROM{T, )

C-~CALCULATE STREAMLINE CURVATURE AND CRITICAL VELOCITY RATID

c
3¢

40

s5C

DC 50 I=1,MM

DO 40 J=1,MHTP]

TVERT (I} = TOM{I,J)

ALVERY(J) = ALPHALT,J)

CALL SLOPESITVERT,ALVER T4MHTP1,DALVER}

DC 50 J=1,MHTPL

DALDTI1.+J) = DALVER(Y)

DO 60 J=1,MHKTP1 :

CALL SLOPESI(SOM{1,J)+ALPHATL,JY, MM, OALDS)

nO 60 T=1l,MM

CURVITsJY = DALDSCII*CAMPIT,J)4+DALDTII ,J)#SAMP(],0)
TPP = TIPFIUOMIT ) )~ (2 «CMECA*L AMDAFIUOM (T, 3), 1,J)={OMEGA*
IRDOME T30 }222) /2, /CP

153



TF {TPP.LE.O.) TPP=1,
60 WWCRUT ,J) = WiI,J)/SQRT (TGROG*TPP}
o
C--CCMPUTE PLADE SURFACE VELOCITIES 8Y STANITZ METHOD
c
¢ ALL PLDVEL
c
C-~CHECK IF UPPER OR LOWER SURFACE IS SUCTION SURFACE
C
MCT = 2
IF (C(LAMDAF(oSy ILE{1)y1}-RVTHTAC 5, ILE¢ 1}y 1} )} *CMEGALLT. 0.) MCT=1
IF (CLAMDAF(.5, ILEC1),1)-RVTHTAC.5,1LEC1),12).6T7.0) 6O TO 80
PO 70 J=1,MHTP]
DC 70 T=1,MM
WDUM = WLSURFUT,J)
WLSURF(I,d) = WTSURF(T4J)
70 WTSURFUI,J) = WOUM

C . :
C-=-PRINT OUTPUT ROW BY ROW FROM HUB YC TIP
C
g0 TF {IMESH.LE.Q) GC TO 100
1F ({ITER F/IMESHI®IMESH.NELT TER.AND.T TER. NE& 11} GG TC 100
WRITE{NWRIT,1000)
1F (REDFAC.LT.1.0) WRITEINWRIT,1150) ITER
IF (REDFACLEQ.1.0.AND.IEND.LE.O) WRITE(NWRIT,116C) ITER
IF {REDFAC.EQ.1.0.AND.TEND.EQ.1) WRITE(NWRIT, 117C}
1F {REDFAC.EQ.1.0.ANDLTEND.EC.2) WRITE(NWRIT,1180)
0O 90 J=1,MHTPL
WRITE(NWREIT ,1010) I
WRITEINWRIT,1020)
D0 90 T=1,MM
PHT = ARSIN(SPHI{(I,J) )*DEGRAD
ALPHALY 4J) = ALPHA(I,JJY*DEGRAL
RETA(T,J) = BETA(I,J)I*DEGRAD
WRITEINWRIT,1030) I4Js2C¥( 1,3, RGM(IOJ"UOH'I'J,QHSUB“(I’J’!
IRTHIT,J), WU T JVaWHCRUT, 53, ALPHACT,3) »BETA(T 3} ,PH]
ALPHA(T 43) = ALPHA(I,J)/DEGRAL
S0 BETALIJ) = BEYA(I,J) /DEGRAD
C
C--INTERPCLATE TO OPTAIN CUTPUT DATA ON STREAML INES
C
100 IF (ISLINEGLLE.OY GO TO 110
IF ({ITER/ISLINE)*ISLINE.EQLITERLORLITER.EQ.L1} GO TO 130
110 IF {IPLOT.LE.QO) GC TO 120
IF (CITER/ IPLOY 1*IPLOT, EQ.ITERLORLITER.EQ.1) GO 10 130
120 IF (ITSONLLE.O)} GG TOD 220
IF CCITER/ITSON)*ITSONLNELITER) 60 TO 220
C-~CALCULATE STREAMLINE ZSL,RSL COORCINATES FOR PRINT DUT
120 BC 15C I=1,MM
D 140 J=I,MHTP]

FTEMLY) = ZOM(1,d)
RTEM(J) = RCM{I,0)
140 UTEMIS) = UOMIT . )

CALL SPLINTIUTEM,RTEMaMETP 1, FLFRyNSL,RSLTEM,AAA)
CALL SPLINT(RTEM,ZTEM MHTPL,RSLTEMNSLyISLTEM, AAA)
DO 150 JS=1,NSL
ISLIT,958) = ZSLTEMUIS)
150 RSLIT,4JS) = RSLTENLJIS)
C~-CALCULATE STREAML INE MSL CONDRDINATES FOR PRINT CUT AND PLOTTING
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OC 170 JS=1,NSL
MELI1l,JS) = 0.
D0 160 1S=2,MM ]
160 MSLIIS,U5) = MSLEIS~14JdS I4SORTOIZSLEIS, IS)~2SL (1S~1,05})%%2
1 FIRSLUTIS» IS)I~RSLIIS~14J05))%%2)
CALL SPLINTHZSLE 1,5 oMSLEL,J5) oMM, 00491, 2ERDM, SLREF)
DC 170 1S=],Mm
170 MSLET1S5,J08) = MSL{IS,JSY~ZERCH
C-—INTERPOLATE YO OBTAIN QUTPUT DATA
1I1T=1
3y =1-
Do 180 J5=1'NSL
BC 180 I1S=1,MM
CALL LININT({ZOM,ROM,WSUBZ,MM,MHTP1,100,101, zSLuS.JS).RSL(ls.JS)-
IMZSLITIS,0S),11,J0.9)
CALL LlN!NT(zgnyRGM’HSUFR’“utnFTPII100,101’ZSL'IS|JS,1RSL‘IS'JS"
IWRSLITIS 35 IT,40)
CAL LININT{ZOM,ROM,WTH, “"'“HTPl'lOO’lOI’ZSL‘I"JS,IRSL(IS'JS,'
IWTHSL(IS,0S) 18,000 *
CALL L[NINT‘lU"QRGMg“HCR’M"QFHTPl910011011ZSL(IS'JS"RSL'IS'JS"
INWCRSLE 1S,35%:11,.09)
caLL LININT!?Uﬂ,ROﬂ'CUﬂvtﬂﬂqﬂPTPlv1001101175LfIS!JS',RSL‘IS:JS’!
ICURVSLIIS 9 JS) 411430} )
WFSLUIS,dS) = CSORTIMISL (IS, JSI*#24WRSLITS, J5) %22)
ALPSL(IS,yJS)Y = ATAN!HRSL(ISQJS)IHZSL(ISvJSl,‘DEGRAD
BETSLITS,35) = ATAN(UTHSL(IS;J‘,IH"QL‘[SiJS‘itﬁECRID
180 WSLI1S,J5) = SORT{HMSL(ISvJSl‘*ZfﬂTHSL(IS!JS)**Z‘
C
C-~CALCULATE ILS AND ITS ARRAYS OF STREA"L!NE LCCATICBS INSIDE BLACE
g"lEﬁDlNG AND TRAIL ING EDRGES

CALL ILETE
¢ , . )
C--CALCULATE BLADE SURFACE VELECITIES CN STREANLINES BY INTERPQLATIUN
p ‘

&c 190 J$=1vNSL

DO 190 1S=]1.MM

WLSSLCIS,05) = 0.

190 WTSSLUIS,JS) = 0.

I1I =1 o

33 =1

DC 200 JS=14NSL

TLSS = TLS{US)

1TSS = ITSHLAS)

NE 200 IS=ILSJ,ITSY SRR )

CALL L[NINTf?UH.ROM,HLSURFQHH!FHTPI1100!101'ZSL(ISqu’9RSL(IS'JS‘W

IWLSSLITS, 85),T1T,4.0)

200 CaLL LIN!NT(ZGH,RGHgHTSURF;HM'HHTPlglOOvlﬂltZSL(IStJSIWRSL(IS,JSI'

INTSSLITS, 450,114,040 {

C
C-=FRINT CQUTPUT ON STREAM| INES
c

IF {ISLINE.LLE. Ol G0 TO 220

IF UIITER/ISLINEYSISL INELNE, ITER.AND ITER.NE 1’ 6o To 220

WRITE(NWRI T41040} -

TIF (REDFAC.LT.1.0} WRITE(NWRIT,1150) ITER '

IF (REDFAC.EQW.L.0 .AND.IENDLLE.OY WRITE{NWRIT,116C} ITER

IF (REDFAC.ED-1.0.AND.IEMD.EC.1) WRITE(NWRIT,1170})

IF (REOFACLED 1 0.ANDLIFEND.EQ.2) WRITE(NMRIT,118¢)

DT 210 JS5=1,NSL
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WRITETNWRIT(1050) JS,FLFR(.4S)
WRITE(NWR IT,1060}
BC 210 I1S=1,MM
WRITE{NWRIT1070) ZSLATS+JS) yRELATS 2 ISY o MSLUTIS ST WMELLTIS U5
IWTHSL (ISe IS JeWSLI IS4 S ) s WWCRSLUTI S+ IS)ALPSLETS,,08) 4,BETSLITS,35),
2CURYSLIIS ¢ J5) oWLSSLUIS » ST+ WTSSLITS IS0
ALPSLITIS,JS8) = ALPSLITIS,.JS} /DEGRAD
210 RETSL{IS,J5) = BETSL(IS,JS)}/DECRAD
C
C~~TMNTERPOLATE TO COBYAIN OQUTPUT DATA ON HUR~SHROUD STATION LINES
c
220 1F (ISTATL.LE.DCR.NOSTATL.EQL.C) GO TC 410
TF (LITER/ISTATLI*ISTATL.NE.ITER.ANC.ITERLNELL)Y CC TQ 410
C-=CALCULATE TST AND RST ARRAYS
C-=STORE HUB AND SHROUD POINTS INTC IST ANC RST ARRAYS
CALL SPLINTUZHUB sRHUB 4NHUB, ZHST 4NOSTAT.RTEN,AAR)
OC 230 IL=1,NOSTAT
28TUL,ILY) = THSTLIL)
230 RST(1,IL) = RTEM(IL)
CALL SPLINT(ZTIP,RTIPyNTIPZTST NOSTAT,RTEM;AAA}
DC 240 IL=1,NDSTAY
ZST{NSL,ILE = ZTSTIIL)
240 RSTINSL.IL) = RTEM(IL)
C~-CALCULATE INTERIOR POINTS IN ZST AND RST ARRAYS
DC 350 IL=1,NOSTAT
MARKIILY = 1
RTEMI1) = RSTU1,IL)
RTEM{20)} = RSTINSLLIL)
QELR = {RTEM(201-RTEM{11}/19.0
ZTEM{RY = 2STOi,7L}
TTEW(203 = ISTUNSL,IL)
DELZ = (ZTEM{20)-ZTEM{1)}/19.0
Do 250 J=2,19
250 RTEM{JI) = RTEM(J-1)+DELR
C—-CHECK FOR LEADING OR TRAILING EDGE STATICN
DELCH = {ITE(L1)-7LE(I}+ITEINBLPLY-ZLE(NBLPL) )%C.COS
IF CUZSTIL W IL)LGTL(ZLECL ) -DELCH}LANDLZSTO(L, TIL YL T (ZLE(1)4DELCHY)
1oANDL {7 STUNSLTL).GT. (ZLE(NBLPL)=CELCH) JANDLISTIANSL,TL) 1T
ZUTLEINBLPLY+DELCHI Y MARKCIL }=2
TF (UZSTOL oItV oGTa{2VE(L)=DELCK ) ANCLZSTI R TLD LT I ZTEC L SDELCHEY
B AND L (ZSTINSL ¢ 1LV oGT{ZTECNBLPLI-DELCH) s ANDL ZSTUNSL,TLY LT
20(TTEINBLPLI+DELCH))) MARK{IL }=2
FF (25TE1l4TL) eGTa{ZLE{L Y4DELCH) S ANDLZST (1 IL )l TL{2TE(L)~DELCH) )
IMARK (Tt )=4
TF {(MARKIILILEC.2) GO TO 279
IF {(MARK(IL).EQ.3) GO TC 290
C~==REGULAR STATION
bC 260 J=2,19
260 FTYEMCS) = ZTEMLI-1}eDELY
GO0 TO 310
C-~LEADING ECGE STAVION
2710 DO 280 JN=1,NBLPL
TELTEM(INY = ZLE(JN)
20 RALTEMIIN) = RLECINI
CALL SPLINT(RALTEM,7BLYEVM,NBLPL 4RTEVN,20,7T EM, AAA)
GO TO 310
C-=-TRAILING EDGE STATION
25C DO 3C0 JIN=1 ,NBLPL
TELTEMI{JIN) ITEUJN]
3CC RPLTEMIINY RTE4N)
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CALL SPLINT(RBLTEM,7BLTEM,NBLPL,RTEM,20,7TEN,ARR)
C--INTERPOLATE FCR STREAM FUNCTYION
310 UTEM{1} = 0.
UTEML 20) = 1.
1t=1
JJ4 =1
00 320 J=2,19%
320 CALL LININT(TDH,ROM,UOM.HH'HHTPI,IDO;IOI,ZTEH(leRTENIJi'U?EU(JIs
111,49}
C——CALCULATE STATION LINE RSY CCCRDIMATES FCR PRINT CUT
CAML SPLINT{UTEM,RTEM, 20,FLFRyNSL4RST(1,1L),AAA}
DELR RSTINSL,TL)-RST(1,TL)
DEL? ISTINSLLILI=2ST(1,1IL)
NSLML = NSL=1
C-~CALCULATE STATION LINE ZIST COORCINATES FOR PRINT OUT
IF (MARK({TL)LEDL2.OR. MARK(TIL).EQe3]) GO TO 340
BC 330 JL=2.NSLM1
330 TSTLIL,ILY = ZSTOLLIL)+(RSTCILLILI-RST(1,IL) )/ CELRE*DELZ
60 TO 350
340 CALL SPLINT(RBLTEM,ZBLTEMyNBLPLsRST 1, IL )4 NSL,ZSTU1s IL )4 AAAYD
350 CONTINUE '
C-~CALCULATE STATION LINE MST COORDINATES FOR PRINT CUY
Ne 380 JL=1,NSL
0o 360 IL=1,NOSTAY
TTEM(TL) ISTHIL, IL)
IEC RTEMLIL) RSTLILLIL)
MTFMI1) = Q.
_ 0OC 370 IL=2,NOSTAT
A7C MTEM{ILY = NTEMIUIL- 1l+SQRT((ZTEM(IL!-ZTEH(IL-I]!‘*Z*!RTEH(IL‘-
IRTEM{IL -1 ) 1#%2) .
CALL SPLINT(7TEMyMTEM NOSTAT 0.+ 1+ZEROM, SLREF}
no 380 1L=1,NOSTATY
380 MSTLIL, L} = MTEM{IL)-ZEROM

C .
C--TNTERPOLATE TC OBRTAIN CUTPUT DATA ON STATION LINES
IT=1 '
Jd =1

DC 390 IL=1,NOSTAT

DO 390 JL=1,N5L

caLt LININT(zOM.Run,wsusz.nn.nwrpl.100.101.151(JL.1L),asrlJL.:L).
IMZ2STIILILY 412,00

CALL LYNINT(ZOM,ROM,WSURR MM (MHTPE 1005101 yZST{JIL,ILY+RSTALILSILD,
IWRSTI{IL 1LY, DTy 3i0Y

CALL LININT(ZOMeRCMgWTHy MMy MHTFL, 100,101 ,ZSTTILs ILY,RST(ILyIL)y
IWTHSTLIL, LT 1T 43D

CALL LININT (ZOM, ROMeWHCR MM METP 1,100,101 ,7STO 3L 1LY 4RSTHIL,,ILY,
INKCRSTEIL L ILY 41T, 000

CALL LININT(znn,nnn,cunv.nn,nutpx,100,101.751(JL.IL:.RST«JL.!LJ,
1CURVST(IL, ILY, T, J0)

WMSTCIL,ILY = SARTC(WZSTC(ILILI®R24WRSTI(IL,IL}*%2)

ALPSTOAL, TUY = ATANCWRST(JILsTILI/WZSTIIL I LYV SDECRAD

BETST{JILsTL) = AT AN(WTHST{JL, ILI/WMST(IL, IL ) )*¥CECRAD

WSTIJL,TL) = SORTOWMSTOIL,TLIXR24WTHST (L, IL 1%%2)

WLSST{JLyILY = D.

WISSTIIL,IL) = 0.

IF (MARK(IL}.EQ.1) GO TO 390

CALL LININTCZOM,ROMyWLSURFy MM MHTP 1,5004101,ZST{JLTL) JRST(IL,IL) o
IWLSSTIIL,ILY 511 ,4J)

CALL LINI'NT(ZOM,RON,WTSURF, vu,rﬂrpl.loo.lol.zscht.1L1,R5114L,1L1'
INTSSTIIL, IL) o TE4 4



36C CCRTINUE
C
C~--FRINT OHTPUT ALONG HUBR~SHROUD STATION LINES
C
WRI TEINWKRIT,1080}
IF (REDFAC.LT.1.0) WRITEINWRIT,2150) ITER
I1F CREDFAC oEDele Qe AND.TEADLECL1) WRITE(NWRIT,1170)
IF (RENFACLEQ a1 0 ANDLIFND.EQ.2) WRITEINWRIT,118C)
DT 400 TL=1.NCSTAT
TF (MARK{TL).EQal) WRITEINWRIT,1090}) IL
IF (MARK(I TLY.FC.2) WRITEINWRIT,1100) IL
TF (MARKITL).EQ.3) WRITEINWRYIT+1110) 1L
IF (MARKCIL 1.FQ .4) WRITE(NWRIT,1120} 1L
WRITEINWRIT,1130)
DO 400 JL=1,NSL
MRITE(NWRIT 1140) RETEILSTL Y ZSTOIL ILY 4MSTOGIL oI L) 4FLFROJLY
IWNSTESL T LY oWTHST AL o TL Vo WST (L, TL } o WWCRST(IL 4 IL 3, ALPSTCIL L IL D
ZBETSTOIL4TLY JCURVETIIL y ILY o WLESTOJL L IL) »WTSSTLILHTIL)
ALPSTOIL, IL) = ALPST(IL, IL)/DECGRAD
400 RETSTIJIL,IL) = BETSTUIL,ILY/DECRAC

C
C«=-CALCULATE DATA FOR [INPUT TO THE TSONIC PROGRAM
C
410 IF (ITSONLLE.Q) RETURN
1F ((ITER/ITSON)*ITSON.NE.ITER ) RETURN
CALL TSONIN
RETURN
C
C==FCRMAT STATEMENTS
C

1000 FORMAT (1H1/7/7/7/72EX,19H®%* STREAM FUNCTION, INTERICR VELOCITIES, V
1ELCCITY COMPONENTS: AND ANGLES 2%%/44X, 41HAT ALL MESH PGINTS OF ¥
ZHE CORTHOGONAL MESH/44X,41(1H*))

1010 FORMAT U/ /742X,35H%*¢ HORTZONTAL ORTHOGONAL MESH LIKE NQO.

LI2,3H *%//)

1020 FORMATY {1 Xyl1OHME SH=POINT 43X ySHAXTAL »8BXy6HRACTBLy6XsS5HSTREAM,y 4X,
LEMMERID s 3Xe SHREL s TANG 4 94Xy GHREL . » 3XySHCRI Ta VEL L 43 X, 6HMERID L o3X
2BHREL.FLOW 3N 44 HMESH/ LN ,9HCOLM ROWy 4Xy GHCOORD oy Xy 6HCOORD L o X,
ASHFUNC o o SX o GHVEL + 10X e AHVELL + TH24HVE Lo SXe SHRATIC 43 (5K +SHANGLE }/
H2XBHITY (3150 3H(Z)9 10Xy FHIRY o 10X AHT U 46X AHIWM) oSN, 5HINTHY
STXA3HINW) 4 SX ot THIW/WCRY ;AN THUALPHA) s 3X,6HIBETA D 5X, SHIPHI )}

1020 FORMAT {1Xel392Xe1 242Xy 2{G12.541X} 9F8.43 11X ,FF.2)41X4F9,.3,
13(3X,FT.2))

1C40 FURMAT (L1HL1////15X,39H®*% STREAM FUNCT ION, INTERIOR VELOCITIES, V
IELOCTITY COMPONENTSs ANGLES, AND SURFACE VELCCITIES #2&5/56X,1THALD
2NG STREAMLINES/S6X,171(1H*))

1C5C FNRMAT{///36X%X+20H%% STREAMLINE NUMBER,13,23H -- STREAM FUNCTION

=y FB.b,3H *%//)

1060 FORMAT (X ¢SHAXTAL oBX sO6FRADTALy 7Xy 6HFMERID 4y Xy EHMER ID Ly 2 Xy
L19HREL. TANG. ¢ 2X ¢ S4HREL. 42 Xy IHCRIT.VEL . 42X y6HMERIC . 42X+ BHREL ., FL OW,
22Xe THSTREAM .y 3X 4 IHSUC T SUR . 4 1 Xy FHPRE S, SUR, /4X s EHCONRD . ¢ TXy
36HCOORD . y TX 46 HCCCRD . ¢ TX o 4HVEL 9 SX9p 4FVEL o9 SXe AHVEL 44Xy SHRATIO,

420 4Ky SHANGLE) o 5X o SHCURN . s 6X 34HVEL L 9 BXs4HVEL o /5K 3 3HITY,10X 3K (R),
S10X s AHIMY 3 OX, 4HTWM Y, &)Xy SHIWTH) 3 SXe IHIW) , 4X, THIW/HCR) 42X,
O6THIALPHAY 42X 46HIRETAD 43X 9HIL L/ DIST DX, 4HIWS ) 26X, &HIWP ) )

1070 FORMAT {30 1X,6G12.5) 301 XgFB.2) oIl XsFTa3p2(2XsFT.2) 42X G114,
I.FB.?'ZX’FB.Z)

1080 FCRMAT (L1HL////15X,99H%%x STREAM FUNCT ICN, INTERIOR VELOCITIES, V
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IELNCITY cgupONENT%. ANGLESy AND SURFACE VELOCITIES &% /28X, T72HALO
2NG LINES FROM HUR TD SHROUD AT VARTOUS STATIONS THROUGH THE BLADE
IROW/ 28X, T2( 1H2) )

1060 FORMAT(///49%X,26H%% HUB~SHROUD STATICK NO. 12,3H *%//)

1100 FORMAT(// /49X ,26F%% HUR=-SHROUC STATION NO. 5 12,3k #%,16X,
118H%% {EADING EDGE #*%//) s

1110 FORMAT (/7 /49%, 26H*s HUR-SHROUD STATION NO. sT12:3H #%,15X,
116H%** TRAILEING EDGE *%//)

1120 FORMAT (///749%y 26He% HUB-SHROUD STATION NO. ¢12,3H #3,16X,
118H%% WITHIN RLACE *%//) ‘

1130 FORMAT (4Xo6HRADIAL ¢ TX s SHAXIAL 4BX46HMERID, 44X +6HSTREAN,3X
16+MERID .y 2X ¢ OHREL o TANG oy 2Xg 4HREL ¢ ¢ 2Xy SHCRITL VELL 02 X, 6HMERID, 42Xy
2AHRELLFLOW2X yTHSTREAM, 43X 4 9ESUCT uSUR Sy 1X ¢ GHPRES JSUR . 74Xy ~
36HCOORN . 3 7 Xy GHCOCRD . 9y TX ¢ SHCOORC o +5X 3 SHFUNC o 44X 94 HVEL o 45X s4HVEL ey
45X 3 GHVEL . » 4Xs SHRAT T, 204Xy SHANGLE Y 3 SX3SHCUR V. y EXy4HVE L. 5 6 Xy 4HVEL. /
S5+ 3H{R) s 10X 3HT{2Y g 10X, 3HIMY 48X y3HIU I 5X s 4HIWM ) 4X, SHINTHYy 5Xo
GIHIN Y, 4Xy TRIW/WCR) 92Xy THIALPHAD 42X o 6HERETA) 93X 9 H{1/DIST )4 Xy
T4HIWS ) 46X 4HWPY )

1140 FCRMAT (1X43(GL2.5+1X}1F6.433(1XsF8.2)21XsF7234202X,F7223:2Xy
161144y F8,242XsFB.2) RS

1150 FCRMAT (/53X,23{1H*)/53X,23K¢ REDUCEC MASSFLOW #/53X,23( 1H¥}/
152X, 168H%¢ TTERATION NO. 412,3H #/53X,23 {1H*)}

1160 FORMAT (/52X,25( 1H#)}/52X, 25H* FULL  MASSFLOW ®/S2ZXe25(1H®)/
152X,19H*  ITERATION NC. ,12,4F  #/52X,25{1H%])) o _

1170 FORMAT {/52Xs25(1H®) /52X, 25H%* FULL  MASSFLCW */462X445{1H®})/
142X+ 1H*, 12Xy LOHTRANSONIC SOLUTION, 12X, IH®/42X 4542 BY VELCCITY G
ZRADIENT APPROXIMATE METHOD #/35X,59(1H%}/35X,59H¢ ALL VELUCITIES
3 SMALLER THAN CHOKING MASSFLOW SOLUTION #/35X,59{1H*})

1180 FCRMAT {/52Xy25{1H%*)/52X,25H* FULL  MASSFLOW ®/42Xy 45(1H®) /
142X, 1H® ;12X ,1 IHTRANSONIC SOLUTION,12X,1H®/42X,45K% BY VELOCITY &
2RACIENT APPROXIMATE METHOD #/35X,55(1H¥} /35X, 59K* ALL VELOCITIES

© 3 LARGER THAN CHOKING MASSFLOW SOLUT ION t/35x,sstlH*)l
END L ) c

SUBROUT INE BLDVEL
¢ : ‘ .
C~-BLDVEL CALCULATES BLADE SURFACE VELOCITIES AND FR
C
COMMCN SRW4SRELITER,IENC,NREAC, NWRIT
COMMONIINPUTTIGAM;AR.HSFLoGMEGA'REDFAC-VELTGL,FNEH,DNEH-HBI'"BG,
MW MHT o NBL ¢ NHUR ¢ NT TPy NINy NOUT ¢ NBLPL,NPPP NOSTAT,NSL4LSFR,
LTPLJLAMVT 4T MESH,ISLINE, ISTATL, 1PLOT, ISUPER, ITSON, IDERUG,
20MIN,ZOMBT , 20MBOy ZOMOUT o ZHINZTENTHOUT o 2TCUT o ZHUBR SO 5 -
RHIIR{S0), ZTIP(SO).RTIP(BOI'SFIN(SOI'RAD!N(SOI.TIP(SO}'PRIP(SO)v
LAHIN(SG)'VTHIN(EOIoSFCUT'SO),RﬂCDUT(50)'PRCPCSOI,LGSUUT(SO),
LAMOUTE S5Q) s YVTHOUT( 50D, ZHSTIS0) »7TSTI50) oFLFR{S50}, '
TRL{S50,50)4RBLI{50,50), THBL{50,501, TNRL{ 50, 5()
CGMHDNICALCON/MMMI,MHTPI}CP,EXPCN.TGRGG,PITCH,CURVHI'CURVTIQ*
CURVHD s CURVTO yRHINSRTIN, RHOUT RTOUT,RLEHSRLET4RTEH,RTET,
ILE{SOY,RLELS0),2TE(SO),RTEL{5Q), ZLEOM {101 },RLECOMI1C1),
SLEOMEL10L1) s THLECOMU 101) »ZTECH (101 ) ,RTEOMILDL ), STECM{101 ),
THTEOMC10L )y TLECIDLILITECL1CLY,,20M{ 100, 101) 4ROMILOC,101) 4
SOMU1004,101),TCM{1004+101 3, EYH(100,101)DTHDS{ 100,101},
DTHDTI 100,101) PLOSS{100,1C1Y,CPHI(100,101),5F+I{100,101)
COCMMON/VARCOM/ A€4, 100, 1010, UOME 1004 101)4K{1CCy 101} RHO{100,101),

NN N
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WSURSI100,101) +WSUBTI(LO0,1015,WSUBTLI00,1013,WSURR{10G, 101D,
WSUAME 100, 1010 s WTH( 100,101} ,VTHELOO,101) ,%{1200,101),
ALPHAL100,101) ,RETA(100,101},WWCRE100, 101}, CURVEL0O0, 101),
WLSHRF( 100+ 101} +WTYSURF(100,101),CAMP(100,101),5A¥P(100,101),
RHCAV{ 100,101}y CELRHNDI100,1C1)4FR1100,1C1).DFDML1CO,101) ,
XIOM{1D0,101) s 7ETYOMIL00,1013,00L0U{100,101)
DIMENSION TVYERTL{1C1)+FVERT{ 101} ,DFVERTC(101) 4DNFESCL00},
|} FSY(1i00,101), CFCTI100, 101
REAL MSFL4LAMDAF
INTEGER SRW,SRE
1 FCHANG = 0.
FMAX = =1.,E20
FMIN = 1.F20
C===CALCULATE DFOT
DO 30 T=l.M¥
o0 20 J=1,#HTP1
TVERT(J) = TOMII,J)
FETET1,3) = VTHIL y JY=ROM{L 1)
FVYERT(4) = FST(I,J)
20 CCNTEINUE
CALL SLOPESITVYERT FYERY :MHTPL,DFVERT)
00 30 J=1,MHTP1
DEDT{I 443 = DFVERT (4}
A0 CNNTINUE
C-=-CALCULATE DFNSy, THEN DFDM AND BLADE SURFACE VELDCITIES
DO 40 J=1,¥#HTP}
CALL SLOPESYSOM{1,414FST(1,3),¥M,DFDS)
Or 40 I=1,MM
DFDOM{TI +J) = ={CFDSUIV*CA¥PUTI,JI+DFOT{I,JIRSAMPC I, J)IRBTH (I,
ICOSCRETALII . 0 )
WLSURF{I; 8} = W(T,3)+DFOM{T,0)/2,
WTSURFII,S} = Wl , )~-DFDM(T,Jd0%/2,
C-==CAL CULATE BLADE=-TO-BLADE AVERAGE DENSITY
TWLMR = 2 *CMEGA*L AMDAFIUOM{ 1433, Ty S )=-(OMEGASRON{ FoJ ) He %2
WSO = WLSURF{I,J)#*%2
TTIP = 1.«tWSOTHLMRI/CP/TIPF{UOMAT,J0)) /2.
IFITTEP.LT0.Y TTIP = 0.
RHOL = RHOIPF{UOMIE 2 D)) *=TYIPFREXPCN
WSO = WTSURF{ T, 50942
TIIP = 1a~{HSO+THLMRI/CP/TIPFIUOMITd0}/2.
IF(TT!?.LT.U., TT‘p =z Qa
REQT = RHOIPFEUOMLTI, ) §}oTT (P S2EXPON
DELRHO(I,4) = RHCL-RHOT
RHOAVY{T+J) = (RHOL#4, *RHO(T,J)+RHOTY /6.
C~~=CALCULATE F-SUB=-R FOR SUBROUTINE CODEF
FRY = WL, J)/BTHUI,J0%{0OTHDSE T, J)*SPHIT I, J)+DTECT(I, JI*CPHI I, S) )¢
IDFOM(T,J)
FCHANG = AMAXL{FCHANGy ABRSC(FRT-FR{I,J1))
FMAX = AMAXL{FMAX,FRT)
FMIN = AMINLIFMIN,FRT)
FRIT3J) = FNEWSFRT+{1.-FNEWI*FR(I,4)
40 CONTINUE
TF {IENCLLT .10 WRITE(NWRIT, L02C) FMAX,FMIN,FCHANG
C-~-PRINT NEBUG CUTPUT IF REQUESTEL
IF {IDEBUG.LF. 0} RETURN
IF {TITER/ IDERUGISTICERUC,NE,ITER LANDLITER JNEL1) RETURN
WRITE(NWRIT,1010)
WRITE(NWRIT y 1000 ( (1o dsWSUBSIT o d) 3 WSUBTET 3 J) o VTHIT 30 ,RHDLI )
IRHOAV{I'J),DELRHC!Ile,DLDU(I JYs I=1,MM ], 0=1,METP])

W Wy e
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WRITE(NWRIT,1020)
WRITE(NWRIT, 1000) {(IqJ,DTPDSGIgJ),FR(IoJ),DFDP(I.J).!!DH(I Ny
17ETOMIT 4 ) JCAMP L, Y SAMPITdYy[=1,MM), =1, MHTP L]
RETURN

1000 FORMAT (216, TG16.6)

1010 FORMAT(IHL////35X,4THCHANGING OQUANTITIES ON THE ORTHOGONAL ME
ISH/SXy IHT s SXe IHI 16X, SHWSUBS s 12X o SHWSURT y1 2 X y3HYTH, 12X s 3HRHO, 12X,
25 FRHNAV 4 10X ¢ 6HDEL RHO 11Xy 4HOL SU)

1820 FORMAT(// /775X 4L HT 45X sl HI46X 3 SHOTHOS y 12Xy 2ZHER 3 13X 4HDFDM, 12X,
14HXTIOM, 12X, SHIETOM, 11Xy 4HCAMP (12 X4 HSAMPY

1030 FCRMATU// 75X, 33HMAXIMUM CALCULATED VALUE OF FR  =,613,5/5Xs33HMINI
1MUM CALCULATEDR VALUE QF FR  =,GL13.5/5X,33HEMAX IMUM CALCUL ATED CHANG
2E TN FR =,G 13,5}
EAN

SURROQUTINE ILETE o

C . .

C=-=TLETE CALCULATES THE INTEGER ARRAYS OF MESH POINT LOCATIONS WHICH ARE

C--JUST INSIDE THE LEADING AND TRAILING ELGES OF THE PLADE

C ) : :

CGNHGNIINPUTT/GAM.AR,HSFLgDMEGA'REDFACrVELTDLgFNEk'DNEH,HBI.HBD}
MMy MHT o NBL 4 NHUB yNTIP , NI Ny NCUT 4 NBLPL s NPPPy NOST AT+ NSLoLSFR,
LTPLsLAMVT , IMESH,ISLINE,ISTATL,1PLOT,1I SUPER ,ITSON,IDEBUG,
FOMING ZOMBY 4 Z7CMBO, 70¥0UT 3 2HIN, ZT INy ZHOUT: ZYOUTLZHUBT 503 4
RHUB(S0) y2TIPLSO} +RTIPIS0) »SFIN{S5CGY,RADINISO}:TIP{S50),PRIP(50]),
LAMINE50), VTHIN(50), SFOUT{SC),RADOUT(50),PROPIS0) ,LOSAUT{SD)
LAMQUT (50} 4 VTHCUT {50 )+ ZHST (500, ZTSTI{50 ), FLFRI S50},

ZRLI S0, 50)+RBLUS0s 507 s THRLISC5C1 ,TNBLIS0 ,50)

COMMON/ CALCON/MMMI, MHTP 1, CP, EXPON.TGRGG,P!TCH,CURVHIgCURVTIg
CURVHO ,CURVTO,RHMINGRTIN, RHCUT ,RTCUT,RLEH, RLET, RTEH, RTET, .
?LE(SBI;RLE(SG),ITE!50)'RTE(50!.ZtEUM(lOlI;ﬂLECP!lGl)'
SLEOM{101 ), THLEOM{101),ZTEOM{ 101 ),RTEOMI101), STEOMILC1) »
THTEOM(IO01) 4 ILE(10Y Y LITE(101),7CM{100,101),; ROM{100,101),
SOMII00,101) TOME 100 ,101),BTHE100,101) 4NTHOS{1CC,101) 5
DTHDY(100,101Y,PLOSS1100,101), CPHI(100,1013,5PHIT 100,101}

COMMON/SLCOM/TLSISO) s ITSIS0) 2 7SLIL00,50),RELI100,501:MS5L (100,50},
: WISL (100,50, WRSLL 100, 50)%MSL T 100,50) o WTHSLI1CO0,,50),
2 ALPSLILO0,50) yBETSL{100+50),WSLE100,50 ), WHCRS5L (100,500,
3 CURVSL(IOO.EGlgHLSSL(IOO;SC),HTSSL(IOO,SOJ
C~=LEALDINC EDGE
CALL SPLINT(RLE,ZLE+NBLPL,RLE{1)y1, ZSPL.DZDR)
DO 20 J=1,NSL
1 0
10 1 I+1
CALL SPLENT(RLE,?LE'NHLPL,RSL{I.J"I’VSPL907UR}
TF (7SPL.GTL7SL(I,4)} GO YO 10
20 TSty = X
C--TRAILING EOGE
CALL SPLINTU(RTE, ZITESNBLPL,RTE(L)1:25PL,2ZDR)
D0 40 I=1,NSL
1 = [LS(J)=]
0T = T+l
CALL SPLENTIRTEfZTE.NBLPL,RSL!I.Jl.l.ZSPL.D?an
CIF L7SPLLGELZSLI{T,2)) GO T 30

- O N e
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C

4C 175848 = (-1

RETURN
EMD

SURROUTINE TSONIN

C--TSCNIN CALCULATES AND PRINYS OUT DATA AS INPUT TO THE

C-=-TSONIC

C

C

SN N e

RLADE-TO=-RLADE ANALYSIS PRCGRAM

CCMMCN SRW.SREy ITER, IENDJNREALJNWRIT
COMMON /INPUTT/GAMy AR yMSFL OMEGA+RECFAC,VELTOL s FNEW, CNEWs MBI, MBO,

MM, MHT s NBL yNHUB s NTIP (NIN,NOUT ,NBLPL ,NPPP,NOSTAT,NSL,LSFR,
LTPLSLANMVT s IMESH,ISLINE, ISTATL, TPLOT, ISUPER, 1TSON, IDEBUG,
IOMINGZOMRI » 7OMBO, ZOMOUT s ZHIN 2TIN, ZHOUT 4 2TCUT 4 ZHUR{S50 ),
RHUIBISO) 4 ZTTPISC}RTIPISOYy SFINIS0) 4RADINUSO) 4TIPI50) ,PRIP(S0},
LAMINTSO) s VIHINIS0) 4 SFOUT (500, RACOUT (50 ), PROP(S50), LOSOUTI 50D,
LAMOUTE 50) , VTHOUT( S0} o ZHSTU(SO} »ZTST(501 4FLFR{50},

7BLI{S0,50) s RBL (504 500, THBL( 50+ 501 TNRL( 5Q45C)

COMMON/CALCON/MMML ,MHTPL oCPyEXPON,TCROG,PITCH, CURVHT, CURVTE,

NP NN e

[ RN N SETUN RN

CURVHD s CURVTO oRHIN (R TIN RHOUT 4RTOUT yRLEM 4 RLET 4RTEHSRTET
TLE(SO)+RLE(SO), ZTEC(SO )4 RTELSO}, ZLEOM{ 101}, RLEOMI 101} 5
SLEOM{Y10Y) , THLECM(101),ZTECMI101),RTEOM{101),STECMIL101),
THTEOM (101 Py TLECIOL) LETEL( 101) ,Z0M{100,101) ;RC¥{1 00,101},
SCM{100,101),TOM(100,301),8TH(100,101), CYHDSE 100, 101),
OTHDTC100,1011 .PLOSS{100:101) 4CPHI(LCOD,101),SPHE{L00, 101}

COMMON/VARCOM/A( 44 100, 1010, UOM{ 100,101} ,K( 100,101) ,RHO{1 00,1011},

WSUBSLI00,101) WSURT(100,101),WSURTZI100,101 1}, WSUBRI100,101),
WSUBME 100+ 1010 +WTH{100,2012 ,VTH{100,101) +W{100,1011),
ALPHACIOOy 101}, PETAT 100,103, WWCR{100,101),CURVI 100,101},
HLSURFL100,101) MTSURF{100,101), CAMPL100,101),SANPI100, 101),
RHNAV{ 100,101} ,DELRHO( 100,101) »FR{100,1011,0FC¥(100,1011},
XTOM(100,101), ZETOM{100,101§,DL00Uf100,101)

COMMON/SLCOM/TLS(503ETSI503 47501100503+ RSL(100+50) ., MSLL{100,50),

F
2

1
2

WISL 71004503 +WRSLE100450) +WMSLI{L100,50) ¢WTHSLE100,50),
ALPSL(100+50), FETSL{100,50),W5L{ 100, 50), WWCRSL{ 100,500,
CURVSLU 10T +301 +WLSEL(100.:50) ,WTSSL(100,50)

DIMENSION MSP{1CO0)sTHSP L0100} ,THSP2C100) 4 MR{10C) 4RNSP{100),

BESPILO0),DISTISO),DTDS (S0 1o ANGE{S0)) DRTHBL(S0y5C ),
MLESPUS5) 4MTESP(5) 4RTLEPLIS) +RTLEF2 (51, RTTEPL(S)4RTTEP2(5)

REAL MSFA.,MSPyMR ,MSL,MLESP,MTESP

INTEGER BLDAT 4AANDK,ERSOR,STRFN,SLCRED, SURVL

C--PRELIMINARY CALCULATIONS
WRITEENWRIT,1000)
WTFL = MSFL/100,

CRF = Q.

DENTOL = 0.001
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SLCRO
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ne 20
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pIsSTI(1Y = 0.

DL 10 Th=2Z,NPPP o
10 DISTIINY = DIST{IN=1)4+SORT(CZEL(INy INI-ZBLUIN-1,dN)}*¥2+

1(RAL € IN, INI-RBLOUIN-1,JN})*%2)

CAaLL SPLINE(DIST,THBLlquN).NPPF.DTCS,ANG!

DO 20 IN=1.NPPP

ANGUINY = ATAN(RBL(IN,JN}*DTDS(IN!!
20 DRTHBLUIN,JIN) = TNBLUIN, JNI/CCS (ANGUINT)

C ,
C--CALCULATE AND PR INT OUT TSONIC DATA ALONG EACH OF THE STREAMLINES
C
DO 70 JS=1.NSL
1I1r=1
JJ =1 -
TIPTEM = TIPFIFLFRC.IS)) .
REOIP = RHOIPF(FLFR(JS))
C-~INTERSECTION OF STREAMLINE WITH BLADE LEADING AND TRAILING EDGE S
CALL INRSCT(ZSLEL JS) 4RSLEL ¢JS) 9MMe TLEsRLEsNBLPL ZLESLyRLESL)
CALL TNRSCTIZSLU1sIS)RSLE 1S MM ZTE,RTE,NRLPL +ZFESL,RTESLY
C--INLET ANE OUTLET FLOW ANGLES
CALL LININT(7OM,RONM, BETA.NM,NHTPIglGO,lDl9?LE5L;FLESL'BETAI 11,441
CALL LININTIZOM,RﬂHgBETA'HﬂyﬂHTPly100,101171ESL1R1ESL-BETAO:II!JJ’
RETAL = BETAI®57.295780
RETAD = RETAN®5T, 295780
C .
C--CALCULATE STREAMSHEET LOCATION ANC THICKNESS
DO 30 15=]1,MM
MRUIS) = MSLUIS,JS5)-MSL11,J5])
R¥SP(IS) = RSLUEIS,JS)
CALL LININT{ZOM,ROMyRHO ¢ ¥My MHTFL 41005001 yZSLUTSoJSY4RSLUISJIS),
1IRECS L, 11, 4J) .
CALL LININT!ZON:RGH,BTH,HM,ﬂHTPI,lOO;lDIfZSLiIS'J81185L1!51J511
IRTHSL,II,dJ} .
CALL LININT!ZUM;RGM;PLOSSQHHqMHTPI;100.101,?3LllS.JS‘vRSL(IS;JSlg
IPLOSSL,TT .34
20 RESP{IS) = WTFL Z/(RHOSLEWMSLII S, JSI*RSLIIS,JSI*BTHSLI=(L . —PLLCSSLY

C

C--CALCUILATE BLADE SURF!CE'CGGPDINATES
IT=1 : S
JJ =1
NRLPTS = ITS(JISI-ILS(ISE+3
SPLNOL = NBLPTS
SPLNO2 = NBLPTS

TLSY = ILSCJS)

1TS) = ITSU4S)

MSPil) = O,

DELM = SORTO(ZSLIILSIJSI-7LESLY*22+(RSLIILSJ,JSI-RLESLI**2)
CaLL LININT(ZBL.RELvTHBLvNPPPqNBLPL'SOv50 ZLESL+RLESL,
LTHLESL, 11 +0J)

CALL LININT(7BL,RRL,DRTHBL,NPPP, NELptg50'50,ZLESL.RLESLo
1DRBL,IT1,44)

ORL = DRBL/RLESL/Z2.

THEP1C( 1) = DBL

THSP2(1) = ~DEL

18R = 2

DO &40 1S=ILSI.TTSY

MSP(ISRY = MROISI-MRUILSI)I+DELM -

catL LININT(ZBL.RFL,THBL’NPPP,NBLPLg50|50,ZSL!IS'JSI'RSLIISpJS!Q
ITHSL, T 14300

CALL LININT{ZRL,REL,DRTHAL,NPPP, NBLPL.SO;ﬁCv?SL(lS,JS),RSL(ISrJS!'
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INRRLLTIY 4000
DL = DRBL/RSLITIS.J8Y¥/2.
THSPI(ISRAR) = THSL-THLESL+DBL
THSP2(ISR) = THSL-THLESL~DRL
40 1SA = [S5RA+]
DELM = SOQRTH(ZTESL-ZSLUITS o SV IR02 4 IRTESL-RSLETITSS,JS)i%%2)
MSPINBLPTS) = MSPINBLPYS-1)+0ELM
CHORDF = MSPINBLPTS)
CALL LININT(IBLsRBL,THRL,NPPP,NRL.PL,50, 50, 7TESL4RTESL,
ITHTESL 1T ¢ JJ)
CALL LININTIZRL yRBLyORTHBLs NPPP4NRLPL 4504 5C,7 TESL,RTESL s
1DRRL, 11,390
DRL = DRAL/RTESL/?2.
THSPLINBLPYS) THYESL -THL ESL +EBL
THSP2 INBLPTS) THTESL-THLESL~CBL

C
C~-SFIFT STREAMSHEET MER [DIONAL COORDINATES TO ORIGIN AT BLADE
C--LEADING EDGE
DELM = MRITLSJ)-MSPL(2)
DC 50 IS=1.MM
50 MR(1S) = MR{IS)-DELM
C
C~=CALCULATE SPECTIAL ARRAYS DF LOCAL BLADE SURFACE R*THETA COORDINATES
C—=AT LEADING AND TRAILING EDGES OF ELACE SECTION
NSPTS = 5
TF (NBLPYS.LT.5) NSPTS=NBLPTS
TLEREF = (THSPI1I1}1+THSP2(1))/2,
TTEREF = (THSPLINBLP TSI+THSP2INBLPTS)) /2.
DC 60 I=1,NSPTS
J = NBLPTS-NSPTS+]
MLESP(1} = MSPL(T)
CALL SPLINT (MR, RMSP,MM, MLESPtI),14RLEP,DRDM)
RTLEPL{TIY = RLEP*{THSPLI(I}-TLEREF)
RTLEP2(I) = RLEP*{ THSP2{ I )~ TYLEREF)
MTESPLT) = NSP{4)
CALE SPLINT(MR ,RMSP, MM, MTESP(I)41,RTEP,ORDM}
RTTEPLIII) RTEP&({THSPL{.J)}-TTEREF)
&0 RYTERPZ2LID RTEP®(THSP2 {J)=-TTEREF)

c

C--FRINT TSONIC CATA
WRITE{NWRIT,1010) JS,FLFR{JS)
WRITECNWRIT,1020)
WRITE(NWRIT,1160} CAM, ARy TIPTEM,RHO IP yWTFL ,OMEGA , ORF
WRITE{NWRIT,1030)
WRITE(NWRIT,117C) BETAI.RETAD,CHORDF
WRITE{NHRIT,1040)
WRTTE(NWRIT,1170) REDFAC,DENTCL
WRITE(NWRIT,1050)
WRITE{NWRIT,1180) NAL,NRSP
WRITE(NWRI T,1060)
WRITE{NWR [T,1190) SPLNO1
WRITEINWRIT,1070)
WRYTECNWRIT,1170) (MSP(I),1=1,NBLPTS)
WRITEINWR IT,1080)
WRITEINWRIT,1170) (THSPLCI),[=1,NRLPTS) "
WRITE{NWRIT, 1090}
WRITEINWRIT, 1190} SPLNO2Z
WRITEI(NWRIT,1100)
WRITE{NWRIT,1170) (MSP(I)+I=1,NBLPTS)
WRITEINWRIT,1110)
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WRTTEANWRIT,1170} {(THSP2(I),1=1,NALFTS)
WRITEINWRIT,1120)
WRITE(NHRIT L1170} (MR(I), I=1,MM]
WRITEINWRTT,1130)
WRITE(NWRIT,1170C) (RMSP(I} I=1,MM)
WRITE{NWRIT,1140)
WRITECNWRTIT,1170) (BESP(I},I=1,MM)
WRITE{NWR IT,1150)
WRITEINWRIT 1200} BLUAT,AANUK.ERSUR.STRFN,SLCRB.!NTVL,SURvL
C
C--PRINT SPECIAL LOCAL ARRAYS OF BLADE SURFACE DATA
WRITEINWRIT 41210}
HRITE(NWRIT,1170) (MLESPUI} ,I=14NSPTS)
WRITE({NWR IT,1220)
WRITE{NWRIT,1170) (RTLEFLUI},I=1,NSPTS)
WRITE(NMRIT,1230)
WRITE(NWRET,1170) (RTLEP2(T),1=1,NSPTS):
WRITE{NWRIT,1240)
WRITEANWRIT,1170) (MTESP{I),1=1,NSPTS5}
WRITE(NMRIT,1250)
WRITEANWRIT 1170} (RTYTEPLII),I=1,NSPTS)
WRITEINWRIT,1260)
WRITEINWRIT,1170) (RTTEP2({ 1), I=]1,NSPTS)
WRITE(NWRIT,1270) '
70 CONTINUE
RETURN
C
C-—FORMAT STATEMENTS
C .
10C0 FCRMAT (1HL1///741X,3901H®)/41X,39Hs%*s [INPUT EATA FOR TSONIC PROGRA
1M =R/ 41X, 390 1H%Y//7/77) : -
1010 FCRMAT (4X,17HSTREAMLINE NUMBER, 13,23H -- STREAM FUNCTION =,
1Fa. 47/
1020 FORMAT (TXo3HGAM, 14Xy 2HAR, 13X 3HTIP 4 12X, SHRHBIP'12X14HHTFL.ZYK.
15HOMEGA 412X »3HORF)
1020 FORMAT tax,5H351A!,1ox,5HaETAc.11x.aucunaor.llx,SHSTCRF)
1040 FCRMAT (6X,6HRECF ACy 10X, 6HOENTOL }
105C FORMAT {6X,8HMBI  MBO,9X,18HMM NBBI NBL NRSP)
1080 FORMAT l?x,zwnl1.12x,3HR01.12x,5HaET:1.11x,5HBE?t1.11!.6HSPLN01)
1070 FORMAT {7TX,4HMSP1, 2X, SHARRAY)
1CE0 FCRMAT {TXSHTHSPL,2X .SHARRAY)
1090 FORMAT (TXe 3HR I 24 12X, 3HRO2,12 X4 SHBETI2, 11Xy SHRETC2 411 X, 6HSPLNO2)
1100 FORMAT {7X,4HMSP2, 2X, SHARRAY)
1110 FORMAT (TX4SHTHSP2 ,2X,5HARRAY)
1120 FORMAT (TXy9HMR ARRAY)
1130 FORMAT (7X,11HRMSP ARRAY}
1140 FORMAT {TX,11HRESP ARRAY) .
1150 FORMAT (5X,47HRLOAT AANDK ERSOR STRFN SLCRC INTVL SURVL}
1160 FORMAT (1X45G16.T 416X ,2C16.T)
117C FORMAT (1X,8616.7)
1180 FROEMAT (30%,215) _ f
1150 FORMAT (65X,GlH.T)
120C FORMAT (1X,7IT
1210 FORMAT (77X, SHMLESP, 2Xy SHARRAY)
1220 FORMAT (TX 6HRTLEPL2X +SHARRAY)
1230 FORMAT (TX,GHRTLEP242Xy SHARRAY}
1240 FORMAT (7X,SHMTESP, Z2Xs SHARRAY}
1250 FORMAT t?!.bHRTTEFl.zx,5HARaAVJ
1260 FORMAT (TXe6HRTTEP 242X 5HARRAY)
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1270 FCRMAT {1H1)
E NN

SURROUTINE INDEV
C
C—=INDEY CALCULATES A CCRRECTICM TO CTHDS 7O ALLOW FUR INCIDENCE ANC
C-=-DEVIATION (AFTER BLOCKAGE CORRECTION}
C

COMNCN SRW.SRE+ITERSIENCNREAD JNWRIET

COMMNN/INPUTT /CAM AR 4 MSFL , OMEGA ,REDFAC, VELTOL . FIWNEY 4 DONEW » MRT ;o HBQO,
MMy MHT o NBLy NHUBs NT IPyNIN,NOUT ,NBLPL, NPPP,NOSTAT 4NSL oL SFR 4
LTPL LAMVT ( IMESH,ISLINE.ISTATL I PLCT 4 ISUPER, ITSCN, IDERAUG,
TOMIN, FOMBT 2 20MBO,, ZOMOUT s ZHIN G ZTIN,ZHOU T+ ITLUT, THUB(S0) ¢
RHUBAS0) s ZITIP{S0),RTIPIS50),SFINIS0), RADINISC), TIPISQ),PRIP{SQ),
LAMINCS0) s VIHINTSO) o SFOUT(SD) ,RADOUT 1501, PRCP (S0 },L0S0UT {501},
LAMDUT (50),VTHOUTU S04 ZHSTI50) » 2 ISTL 50) (FLFRUSOY,
IRLES0+50) +RBLIS0,50),THERL (50,503, TNBL {50, 50)

COMMON/CALCON/MMMY 4y MHTPL 4 CPyEXFONGTGROG,PITCHL,CURVHI,CURVT I ¢
CURVHD, CURVY Oy REINGRT IN, RHOUT,RTOUT,RLEH,RLET 4RTEH ,RTET,
TLE{SO} yRLEC(SD) S ZTE(S0),RTE(S0 ), ZLEOM{ L1011, RLECM{ 1012,
SLEOMU101)y THLEOM{ 101),ZTEOM( 101) yRTEOMIIC1) 4 STECMI(LOL} 5
THTEOM(101},TLECLIOLY,ITECL1OL ), ZOM (100,101 ),ROM( 100,101},
SOME 100,101) 4 TCMEL100,101) +BTH(100,4201},DTEDS(100,101%,
DTHDT (100,101 3,PLOSS{100,1C1),CPHI{100,101),SPHI{1CO,101}

CCMMON/VARCCOM/A(4,100,101),U0M(100,101)+K{100,101},RHOCL00, 1013,
WSURSE 100, 101} +WSUBT{ 100,101} 4 WSUBZ(100,101) ,kSUBR(EGO,L0L b,
WSUBM(100,101)¢WTH(100, 1013, VTH{ 100y 201, Hf 10Cs 10134
ALPHAL100,101),BETAL100+,101 ), WWCR{100,101}CURV{100,10%),
WLSURF{ 1C0y101)yWTSURF(100,101) ,CAMP{ 100,101} (SAMP{100,101},
RHOAV(100+101)+CELRHC{100,101),FR(100, 1013, DFOM{ 100,101},
XIOMI1004+101) 4ZETOMI100,101) ,DLDUC100,101 )

COMMON/ INDCOM/TPCE 11, 50)sRPCE 11,50} ,DTHDZ( 12,500 DTHDR{LEL ;S0

DIMENSTION DYDSLE(101)},DTOSTEL10])

NEFRAD = 180./3,1415927

NS WA e e U N R R

VD WN

1T =1
Jg =1
im =1
Jar = 1

IF (IMESH.LE.O) GC TO 10
TF (CITER/IMESH) #TMESH.EQ.ITER.ORLITER.EQ.1) GC TC 30
10 IF (ISLINELLELDOY GO TO 20,
TF {UITER/ISLINEY*ISLINELEQ. ITER.ORLITER.ED.1} GO TO 30
20 IF {ISTATL.LE.O) GO TQ 4¢
TF (CITER/ISTATLI#ISTATLWLNELITER JANDLITER.NE. 1) GO TO 40
20 MRITE(NWRIT,1010)
IF (REDFAC.LT,1.0) WRITECNWRIT,1100) TTER
ITF (REDFACLEQ.1.0.AND.IFND.LELO) WRITE(NWRIT, 111€) ITER
1F (REDFAC.EQ.1 .0LANDLIEND.EQ.1) WRITE(NWRIT,1120%
IF (REOFAC.EQ .1.0.ANDLTEND.EQ.2) WRITE(NWRIT,113¢C)
WRITEINWRIT 1020}
4C 0N 120 J=i,MHTP]
C
C=--CCRRECT OTHDS FOR INCIDENCE AT BLACE LEADING EDGE
C .

I = ILE(4)=-1]
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EXTRAP = SLEOM{J))-SOM{TI,J) .
RIFSLE = RETATT , JI+EXTRAPK{RETALI J)-RETALI-1, Jllf!SUM(!yJﬁ—

1STMLI=1,4))

CALL LININT{70M, ROM, AT H,MM,MHTP1, 1004101, ZLEDOMLI)},RLEOMTJI) yBTHLE»

11,30

TAMRFL = TAN(RTFSLE)#A THLE/PTTCH

SPHILE = SPHI(I,J)Y+4EXTRAPRISPHI{ T41,J)-SPHEIT, 43 /7(SOM{Te1l,00~

150M (T 4,010 ' . o

CPHILE = CPHITT,JY4EXTRAPS(CPHItT+1,J)-CPHI(T,3)}/7{SOM(T+1,J)-

15TMIT,0)) ‘ , . ,
ALPHLE = ALPHA{T yJI+EXTRAP2 (ALPHA(TI#1 4 Ji=-ALPHALI I}/ (SOMIT4L,J )~

1SOM{ T, 0 1)

CALL LININT(ZPC,RPC,DTHE?Z,11,NBLPLy 11,50, ZLEDM(JS},RLEOM{ J},DTDZLE,

111D+ JJNY

CALL L ININTIIPC, RPC.DTHDR,ll.NBLPL'11,50,ZLEDH(J).RLEUMIJI,DTDRLE;

1110,

DYDTLE. = DTDRLE*CPHILE= UTDZLE*‘PHILE _ s
IFLITERLECQLLY DTOSLE(Y) = DTDRLE#SPHILEfDTﬂZLE*CPHILE '

TANBRL = RLFBM!Ji*(DTDRLE*SIN!ALPHLE!+DTC7LE*CBS(ALPHLE)!
BTABLL = ATAN{TANBSL)
RLINC (ATAN!TANHFL)-ET#BLE}*EECRAC A "

i

UBTNC = (BTFSLE-ATABLOI*DEGRALD
EXTRAP = SCM(I+1,3)-SLEOM{J) .
SAMPLE = SAMP(I*IoJ)*EXTRAP*(SA”P{I*lfJ) SANP(I+2vJ))/(SDMII+2,J)-
1SOMET+1,J1)

CAMPLE = CAHP(I+1yJI+EXTRAP*(CAMP(I+1,JI CAMP(I+2'J3)I!SOMfI+ZyJ)-
1SCMIT+1,J40) . s

PTOSFL = (TANBFL /RLEOM{ J}-DTDTLE#SAMPLE) /CANPLE

ALOCRD = (RLEOM(JI#RTEONM(II I/ 2.2 THLEOM (S } - ~THYEQM(J} )

ALDCRD = SORTI(BLDCRO®EZ+{STEON(I}-SLECM{J) ) #22)}

SLIDLE = BLOCRO/PITCH/RLEOM(J) |

DISTLE = AMINL(.S5.AMAX1{1. fﬁ."11.*4.*SL[DLE]IIF.)I*(STEOM‘JI—
1SLEOM(3Y) : .

1 = ILEWLY)

S0 SCYST = SLECM{I)+CISTLE~SOMI1,J0)
" TFUSDIST.LE. 0.1 GC TO 60
DTHDS{T,3) = DTHDS(IgJ)+(DTDSFL-DTDSLE(J!!*SDI‘?IUISTLS
I = I+l
GD TO S0
&0 DTCSLELS) = DYDSFL

3

C
C—=CCRRECT DTHDS FOR CEVIATION AT BLADE TRAILING ECGE
c
T = ITE(JY+1
EXTRAP = SOM(T,0)-STEQM(J)
BTFSTE = BETA(le}+ExTRAP*lBE1A(I,J)-BEYA(I&I,JI!I(SEN(I+1,J)-
1SrM(I'JI)
CALL LININT{ZOM,ROM,BTYH,M¥M, MHTF1, IOO'IOI'ZTECN(Jl,RTEGM(JI.ETHTE.
111,431}
CALL LININT{(7OM,ROM,PLNSS MM, MFTPI'IOO,101q?TEGMIJ!qRTEOM(J!g
1PLOSTE 1T 4 4.0} o
TANBFL = TANIBTFSTE!*BTHTE/PITCHI!l.-PLUSTE’
SPHITE = SPHILT (JY4EXTRAP®ISPHTI(I-1,J)-SPHI(I, J)l/(soM(I.JI-
15OM{ T-1,0)) -
CPHITE = CPHIUT,JY+EXTRAPR(CPHETII-1, Jl-CPHI!I.J)?/lSﬂﬂllel-
1SOM{T -1 590
ALPHTE = ALPHA!I.Jl+EXTRAP*IALPHA(I =12 JI=ALPHEALY )M/ (SCMLT )~
ISCVIT=1,01)1
CALL L!hINT!?PC'RPC'DTHclgl1,BBLPLy11v50.?TEC"(JI,RTEUM(J!,DTQZTE.

»
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1110, 4D}
CALL LININTE€ZPC,RPC,DTHCR, 11,NBLPL 11,50, ZTEGH{ S} ,RTECH(I} ,DTDRTE,
1110, 340)
DTPTTE = DTNRTEXCPHITE-DTD? TE® SPHE TE
IF(ITER.EQ.1) DTOSTE{J) = DTDRTE®SPHITE+DTDZ TE#CPHITE
TANRRL = RTEDM{J)#{DTORTE*S INUALPHTE}+DT 2T ESCCS (ALPHTE Y}
ATABLD = ATAN{TANBRL}
BLDEV = (AT AN{TANBFL }~BT ABL 0) $CEGRAD
URDEV = {BTFSTE-BTABLD) *DEGRAD
IF (IMESH.LE.Q) 60 TO 70
IF ((ITER/IMESHI*TWESH.EQ. ITERLORLITER.ED.1} 60 1O 9C
70 1F CISLINE.LE.O} GC TO 80
TF (CITER/ISL INE)*ISLINELEQOLITER.ORLITER.EQ. 1) GO TD 90
8O IF (ISTATL.LE.O) GC TO 100
IF (LITER/ISTATL )#ISTATL.NE.TTER.AND.ITER.NE.1} €O TO 100
5S¢ WRITE(NWRIT 1000} J,BLINC,UBINC, PLDEV, URDEV
1CC EXTRAP = SLEOM{ J}=SOM{T~1,J)
SAMPTE = SAMP (1-1, J)+EXTRAPS(SAMP(I~1,J)=SAMP{I=2,J)) 7L SOMLI~F 3]~
1SCMIT=2,9)) _
CAMPTE = CAMP{I=1,J)¢EXTRAPE (CANPIE-1,J)-CAMP (-2, 301/ (SOM( L1, )~
1SOM( 1-2,41)
DIDSFL = {TANRFL/RTEQW{J}-DTCTTE®SAMPTE )/ CAMPTE
SLIDTE = BLDCRD/PITCH /R TEOM{ J)
DISTYE = AMINIEC.5, AMAXL(1a/ 600 (11o=4o#SLIDTE) /1B })&(STEOME J) -
1SLEQHT N3
1 = ITECY)
110 STIST = SOM(I,J3-STEOM(J)+DISTTE
IF(SDIST.LE. 0.} 6O TO 120
DTHDS(I,3} = DTHDS(I,J}+{DTDSFL-DTDSTEL J) )¢ SDIST/DISTTE
T = I-1
GE TO 110
120 DTCSTE(S) = DTDSFL
WRITE{NWRIT,1140)

[ T

RETURN
c .
C--FCRMAT STATEMENTS
o

1000 FORMAT {35X, (H%, 2XeT 393N 2{ IHRF 922 ;2 K;F942 94X ¢ 1H® )

1010 FORMAT (1H1,44X,40Heet  INCIDENCE AND DEVIATION ANGLES #%#%/
15CX, 301 1H=))

1020 FORMAT (/735X LOH® MESH *,8X,SHINCIDENCE » X, 1H%,8%X, SHDEVIATION,
17X 1H®/35X, LOH® LINE %,3%X, THBLOCKED, 3%, IHUNBLOCKED, 2%, L1H%,3X,
2THRLOCKED ¢ 3, SHUNBLOCKED 02X o1 HE )

1100 FORMAT (753X, 230 1H#)/53X, 2342 REDUCED MASSFLON #*/53X,23(1M%)/
153X,1BH%  TTERATION NO. 12,3+ #/53X,23{1H%})

1110 FORMAT T/52Xe25( 1H*) /52X ,25M% FULL MASSFLOW */52X ¢ 251 1H%)/
152X 419H% ITERATION NQO, 12,44 ®/52X%, 250 1H))

1120 FORMAT {/52X,25(1HEY/S2X,25H% FULL MASS FLOW */§2Xe 450 1H%]1/
142X, 1H%) 12X, 1SHTRANSONIC  SOLUTION,12X,1H®/42% ,45H% BY VELCCITY G
2RATTENT APPROXTMATE METHOD #/35X,59( 14#)/35X,50H% ALL VELOCITIES
3 SMALLER THAN CHOKING MASSFLOW SOLUTICN #/35X,5S{1H#))

1130 FORMAT /52X, 25( 1H¥)/52X,25H% FULL MASSFLOW ®¥/52%,4511HE)Y/
L42X 4 LH®412Xs 19HTRANSONIC SOLUTION, 12X, IH%/42%,45He @Y VELOCITY G
2RADTENT APPROXTMATE METHOD %/35X,591(1H%)/35X,59k* ALL VELOCITIES
3 LARCGER THAN CHDOXKING MASSFLOMW SOLUTICN */35X95S11H%)}

114C FCRMAT (1H1)

END
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L

Ce-<L

C

C

SURRLUT INE SLPLOY
PLOT PLOTS THE STREAMLINES IN THE HUB-SHROUD FLCW PLANE

COMMON SRW,SRE. ITER,TEND -
CBNMDNfINPUTTIGAN,AR.MSFL,GHEGA,REDFAC,VELTUL,FNEH,CNEH,HBIqMBO.
NF,MHT,NBL'NHUE'NT]P.NIN'NCUT,NHLPL-NPPP,NOSTAT,NSL,LSFR,
LTPL’LAMVTalﬁESH-ISLINEvISTATL'IPLCTqISUPER;ITSCN'IGEBUG.
ZUH!N&ZQMB!1?UMBD'ZOMDUT,ZHIN,ZTIN,ZHDUT,?TGUT,?HUBISOI1
RHUH(SOl'ZTIP!BO!uRTIP(SO)oSFINISO)vRADINISG)vTIPiﬁoivPRIPl50)'
LAﬂIN(50!qVTHIN|503'SFDUT(SO}.RADEUT(SO'vPR(P(SOIquSCUT(EO!!
LANDUT (5033 VTHOUT (50 ) ZHSTIS0 1, ZTSTU 50} ,FLFRISCY
7 7BLESD,50) 4RBL{50,50)+THREL (50,50}, TNBL {50,50)
CGMMDNISLCGﬂI!LStSOly!TS!SO)cZSL(lOO'SO);RSL(IOO;SO'qMSL(lOOtSOIv
1 WISL{100,50),WRSL{100450)sWMSLI-1004501 s WTHSL( 1004501 +
2 ALPSLfIOU.SOS:EETSL(!OOaSOl'NSll100m501:HHCFSL(IGO;50)v
3 CURVSL £ 100,50) 4 WLSSLI1C0,50) »WTSSL{100,50)
CCMMON/ PLTCCM/ 7L RNGy ZRRNGy RBRNG RTRNG, ZHPL T{ 10C) JRHPLTU 100}
1 7SPLTI100) sRSPLT(100),ZLPLT{LO0! 4RLPLT {1007, ZTPLT (100},
2 RYPLT( 100}
DIMENSION TITL1{10),TITL2(3),TITL3(3),TITL 411}, TITLSIS).
REAL MSL
DATA TITLL1/'STRE?,"AMLI*, *NE P*, 'LOTS*,"C18L","21IN 1 YMERT? LYDIONY
L2 AL P*,YLANEY/
DATA TITL2/%7 D*,YIREC","TICNY/
DATA TITL3/" D, "TREC*, 'TION®/
DATA TITLA/*SUBS® 47 ONIC® o $CLS*,*OLUT Y, ¢ IONSY, *C21IT ", 'ERAT*, "IONS*
1o "CIND*, %, V5 T XAXXY/
DATA TITLS/'TRAN', *SONI?,*C3C1%, *SOLU',*TIONY/
DATA SYM/Y XY/ :
IF tIPLOT.LE.O) RETIRN
IFICITER/ TPLOTISIPLOT JNELITERLANDLITER.NE- 1} RETURN

BTt B RS L g

C--PLOT THE ITERATION NUMBER

c
c

CALL LRGRIC(1y140.040.0)

CALL LRCNVTCITER,L,TETLA4(IL)1+1,440)

IF (TENDLE.O)} CALL LRLEGN(TITL% 4% ¢0440296.0,1.0}
TF (IEND.GT.O0} CALL LRLEGNITITLS5,20,0,4425 5.5+ 1.0}

C=-PLOT BLADE GECMETRY ANO STREAMLINES

CALL LRMRGNI1.0,1.0:2.041.0}

CALL LR#NGE‘ZLRNG,!RRNG!RBRNG'RTRNG'
cALL LRGRIC(—l:*lvl-OQIoO'

CALL LRLEGNITITLY 44040+3.5+0.7+0.0)
CALL LRCHSZL2}Y

CALL LRLEGNITITUL2y1240544521.540.0)
CALL LRLEGN(TITL3’12!L10-4¢4.5fQ-O’
CALL LRCHST{ 4}

CALL LRCURVIZHPLY RHPLT 4100+245¥Y¥,0.0)
CALL LRCURVI{ZSPLY JRSPLT 410042 +5YV¥,0.0)
CALL LRCURVEZLPLTRLPLT, 100, 245YM, 0. C)
CALL LRCURVIZTPLY RYPLT +100,42,5¥YM,0.0)

C-—-PLOT STREAMLINES

ECP = 0.0

NSL1L = NSL~1

03 10 JS=24NSL1

1F (JS.EN.NSL1Y EOP=1.0
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C

10 CALL LRCURVIZSL{1+35) 4RSLIL 4 JSY,MM,2,5YM, ECP)

CALL LRCURVIZSL4RSL.0s1,SYM1.03
RETURN
ENP

SURRCUT INE SYPLCT

C—=S%VPLOT PLOTS THE MEAN STREAM SURFACE ANE BLADE SURFACE OQUTPUT
C-=VELGCITIES ALOKG ALL STREAML INES

C

C

COMMON SRWsSRE [ TER,1END

CCMMON/ INPUTT /GAM, ARy MSFL4OMEGA,REDFAC, VELTOL 4 FNEK,ONEW, MBI o NBC,
MM MHT 3 NAL o KHUB  NT TP, NINy NCUT  NBLPL +NPPP o KCST ATy NSL 4L SER s
LTPLyLAMVT  IMESH, I SLINE, ESTATL,T PLCT 1 SUPER (1 TSCK, IDEBUG,
7OMIN, 7OMBIy 7OMBO, ZOMOUT 4 ZHIN,ZT IN,ZHOUT, 7TCUT, THUB( S0} ,
RHUR{5001 »ZTIP(S0) yRTIP(50)4SFINESO),RADINES0),TIP(S0), PRIP(50),
LAMING 503 VIHINI50) 4 SFOUT( 50) ;RADOUT(50) 4 PRCF (50} ,LOSQUT (50) 4
LAMOUT (500 , VTHOUT {50 3, ZHSTI 50, 7TSTL( 50}, FLFR{ €07,
TRLUS0s5C) yRBLES0,+50) s THBLU50,50) ,TNBLI50,50)

COMMON /SL COM/ TLST S0}, ITSUS0),7SL{ 100,501 yRSLULCO,50) 4MSLT100,507 ,

1 W7SL{100,50)HRSL{100,50%W¥SL (100,500, WTHSL{1CC0,50),

2 ALPSLU100,50) »RETSLE100+50) yWSLE1O0,501 4 WKCRSL{L00,50),

3 CURVSL(1004501,WLSSL{100,5C),WTSSL(100,50]

DIMENSION TITLIC12),TITL209),TITL3(14), TITL4(LSY,

1 TITLST 16, TITLECS) 4 TITLTL2)

REAL WSL,tRNG -

DATA TITL1/'MERI® *DION® ;AL A°,SND S¥, URFA®, YCESC's "I1$R1%, *RELA®

1y *TIVE®y* VEL", 90CIT*,?JES ¢/

DATA TETL2/Y ST", TREAMI,CLINE®, * NO, %, *XXXX?, " W = T, ¢ XXXX?

1y $XXXXY 7

DATA TITL3/*MERT",*DION®y®AL R®y"ELAT','IVE ' ,*VELC' ,'CITI® ,* ESSC?

1y'1SR6T,YFOR ",0p14 9, 9STREY, PANLTY, YNES 1/

DATA TITLA/PSUCT® »9TON * o SURFY,VACE ", RELAY W TIVEY, " VEL?,'0CIT?

Ly TTESS* TCISR Y, "BFOR L ¢ ALL Y, ! STRY, 1EAMLY ,* INESH/

DATA TITL5/°PRES®, CSURES,¢ SURT,'FACE', ' REL', 'ATIV','E VE*,'LOCT"

Py "TIES 3 7SC IS5 IREFOI 4O R ALY 4L STY Jt REAM! T LINES 08 97

DATA TITL6/® MEC, SRIDEC SONAL 4" CO®,°ORDI®, *NATE S/

DATA TITL7/°VELD?® ,* CITY"/

DATA SYM/oX©/

IF (IPLOT.LE.O) RETURN

TF (UITER/TPLOTI®IPLOT.NELITERLANC. ITERLNELL) FETURN

e e R -t

C-—CCWMPUTE RANGE CF PLOTS:; ANLC SET UP FOR PLOTTING

Cc

i70

LRNG = MSL{1,:1)
RRNG = MSL(1,1)
BRNG = 1000.
TRNG = 0,

D 30 JS=1,NSL

LRNG = AMEINLILRNG,¥SL(L,9%))
RRNEG = AMAXLILRRNG,MSLI MM, 553 )
ILSd = [LS{4s)
FIS5) = 175¢J5)

CC 10 IS=1L5J,1TSY
RRNG AMINL (RRNG ,WLSSLTTIS, 35))
RRNA AMIMI(RANG s WTSSLEITS,J5))

on



10

2¢
ap

TRANG = AMAX1{TANG,WLSSL{IS,JSH)
TRMG = AMAXTEYRRGwTSSLIIS,35))
DN Z0 15=1,MM

RRNG = AMIN]L (RARNG,WSLTIS, IS )
TRNG = A“ﬁ!l(TRNGvHSL([SvdS?’
CONT INUE

CALL LRMRGNI(L.0y1.042.0,1.0)
CALL LRANGE{LRNG ¢RANG 4BRANG,, TRAC)
CALL LRRIN(1,15,11.0,11.0)

€
C--fFLOT VELCCITIES ONM EACH STREAMLINE

C

c

DC 40 JS=1.NSL

TLSS = TLSUJIS)

MALD = ITS(IS)-TLSUIS5)+])

1F {JS.EQ.1) CALL LRLEGN{TITL14484092.5+0.7,0.0C)
CALL: - LRCHSZ(3}

CAL LRCNVT(ISy 1o TITL2153414+4,C)

CALL LRCNVYCFLFROIS)3,TITL2{8),3,8,4)
CALL LRLEGNITETLZ2+43640+2.2+9.54+0.0)
CML LRCHS712)

CALL LRLEGN(T[TL6124|O'3.401.310-0,
CALL LRLEGMITITL 7984140.244.5,C.0)

- CALL LRCHS 214)

CALL LRCURVINMSLIL 4 JST s WSLEL 5 JS Yo WM,2,5YM,0.0)
CALL LRCURVIMSLE 1o J5Y yWSLLY 4 JEY MM, 4,5YM,0.0)
CALL LRCURVIMSL (TLSJyJS)+WLSSLAOTLSI IS 4MRLDy2+5YM, 0,0}
CALL LRCURVEMSLIILSSyIS) WLSSLAILSI435)¥RLOy49SYM, 0,0}
CAML LRCURVIMSLE TLSI s IS o WTSSLITLSI4JS) «¥ALNDL2,5Y¥,0.0}

40 CALL LRCURVIMSL {TLS SIS )y WTSSLEILSI,ISHMALD, 455, 1.0)

C—-FLDT MERIDIONAL VELOCITIES FOR ALL STREAMLINES

€

C

tALL LRGRID(343,411.0,11. Ol

. CAL LRLEGNA(TITL3,5690+1+47+0.740.0)

CALL LRCHSTZ(2)

CALL LRLEGN{TITLE524+0434491.3,C.0)
CALL LRLEGNI(TITL?, 8y 19042+4.9:040)
CALL LRCHS (4]

EOFr = 0,0

nC 50 JS=1.NS5L

IF (JS.EQ.NSL) ECP=1.0

50 CALL LRCURV!MSL11,JSlgHSL(l,JSl'"M'Z'SYMyEDP)

C—=-PLOT SUCTICN SURFACE VELOCITIES FCR ALL STREAMLINES

c

60

CAML LRLEGNITITL4y6050y1.2+047+0.0)
CALL LRCHSZ(2)

CALL LRLEGNITITLE+245C53.451.3,0.0)
CALL LRLEGNITITLT,8y140.24%4.9,0.0)
CALL LRCHSZ{4)

ENP = 0.0

no &0 JS=1.KSL

IF {JS.ED.NSLY ECP=1.0

1£8S3 = ILS(J45)

MaLD = TTS(ISI-TLS{IS)+]

CALL LRCURVIMSLETLSS¢85) 4 WLSSLITLSI ¢S] MALD 2 ,SYVLECP)
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C-=FLOT PRESSURE SIRFACE VELOCITIES FOR ALL STREAML INES
C

CALY LRLEGNITITLS,64,04 142y0.7,0,0)

CALL LRCHS7(2)

CALL LRLEGNITITLE 24909 2adiy1a3,0.0)

CALL LRLEGNITITLT 985 190e2+%9,C.0}

CALL LRCHSZ7{4)

ENP = 0.0

fIC 70 JS=1,NSL

IF (JS.EQ.NSLY ECP=l.0

ILS) = ILSUIS)

MELD = ITSTJS)I-ILS(35)+1

T0¢ CALL LRCURU(MSL(ILSJvJS’vHTSSL(ILSJ’JS]'"BLEvZOSYM,EUP}

CAML LRCURVITSL ;RSL,0:1,8YM,1.05

RETURW

END

SUBROUTINE TVELCY

C

C--TVELCY CALCULATES THE FULL MASSFLCW, TRANSONIC SCLUTION

C--USING VELOCITY GRADIENT EQUATIONS

c

CCMMCN SRWSRE,ITER,IENCINREAL ,NWRIT

CBMHUNIINPUTTlGAMqARs”SFLoﬂNEGAfREDFACvVELTGLoFNEH.DNEH.HBI,FEG,
NM,ﬂHToNBL’NHUB,NTIP'NIN,NOUTgNBLPLqNPPP,NGSTAT.NSL;LSFR,
LTPL.LA“VT;IMESquSLINE.lSTATLvIFLCT'ISUPER.ITSUN,IDEBUG’
?GM!N,?DﬁﬂIy?ﬂ"BO,ZOMOUT;ZHIN,ZT!N.ZHOUY.ITEU?,IHUEGSOI,
RHUB(SO!yZT!P(BO),RTIP!SO):SFIN(50)9RADINI50,vTIPf50'-PRlPISO?v
LANINQSOI,VTHIN(SOI.SFEUT(501gRABOUTTSOI,PRfP!SO),LGSUUTISO),
LAMOUT (50} VTHOUT( S0 )4 THSTUEQY 2 7 TST( 5C) ,FLFR{ 50) ,
ZBl(SOvSDl'RBL(50,501¢THBL(50c50"TNBLf50'503

CDMMUNICALCONI"”NI-"HTPI'CP,ENPCNpTGROG,PITCHfCUPVH!,CURVTIg
CURVHO,CURVTG,RFIN,RTIN,RHOUT,RTUUT,RLEH;RLETnﬂTEH'RfET,
?LECSO!9RLE!50!1ITE!SO);RTE?SO’,ZLED“IIOII;RLEBH(IDIIf
SLEOM(loli’THLEGM(IOI):ZTEEF([OI)'RTEUN(101loSTECP(lUll,
THTEUM!IO!!eELEﬁiOlloITE(iﬂligZUM(100,10111?0"(100,101),
SC"(IOGqIOI!1TﬂM(100'101iyETH!IOOglOl)vDTHCS(100110111
DTHDT{100,101),PL0$S(100,101!'CPHI(IOO'IOIJ15FHI(IOD,101)

CfMMDN?VARCOM!Af4yIOOoIOIl,UGMIIOOqlOll;K(lOO;lO!lyRHDTlGO'IUlI.
HSUBS(IOG;IOIivKSUBT(IOO'IUI)vHSUBZ!lODrIOl3;WSHHR€IOOleI)s
HSUB”(10011011cHTH{100110119VTH(lﬂOylGliyh(lOCilGilr
ALPHA'IOO'IOI)'9ET“(1001101,'“"CR'100'101’1cURV(100'101]’
HLSURF!IGG;!GI!,HTSURF!100,101)uCANP(IOO.lUl).SAHP(IOO,[O{I;
RHO&V(lUOy!Ol'vﬂeLRHC(lDOplUI)yFR(lOO.lUlloDFDﬂf!OOolOl)v
XIOME1004101) ,7ETONMI100,101),DLDUE100,10]}

DIMENS ION DWMODS{100),DWTDS( 100) ,TVERTL1IO01) ,

1 HMVERT(101l’HTVERT(IGIIoTHLNRf!OIl;CPTIP!101}-RCARB(lOll'

2 DHNVER(IGI),DHTVER(IGIIaATVEL(lﬂl),BTVEL(IGlvaTVELilﬂllr

3 DTVEL‘IOII.ETVEL(lOll;FTVEL(lOl)’LAMBDA(IﬂllgLAMBDB{101'o

&

5

O N R n P A e

[« SN IR U e

TIPT{101),YOP(101),RHCIP(101),RHEOOPL1O] },
DHMDMIlOO,lGl)gDHTDNl100'1011vDHNDT{IOOp1011qCHTDT(lOO;lOll
REAL MSFL,LAMBRA,LAMBNO,L AMDUT,LAMIN LAMDAF
IMNTEGER SRW,SRE
LOGICAL REPEAT
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C-=RESTCRE FULL MASS FLCW VALUES, ANC REINITIALIZE LAMCAF AMD RVTHTA
C

TEND = IEND+1

37 = 1

IF (REDFAC.EQ.1.0) J2=2

IF (RECFAC.EQ.1.0) GO TO 60

WRTTEINWRIT »1040)

OMEGA = OMEGA /REDFAC

MSFL = MSFL/REDFAC

DC 10 4 =1,NIN

LAMINCS) = LAMIN(J) /REDFAC
10 VTHIN(JS) = YTHIN(JI)/RECFA

DC 20 J =1,NCUT =

LAMOUT(J) = LAMDUT(J)/REDFAC
20 VTHOUT(JI} = VTHOUT (J)/REDFAC

CALL LAMNIT

CALL RVTNIT

C
C~=~CALCULATE PARTIALS WITH RESPECT TC T CF WSUBM AND WSUBT
C
NC 40 I=1,MM
NC 30 J=sl.¥HTPL
TVERT(I) = TOM{I,J)
- WWVERT {J} = WSUBMIT1,J)
30 WIVERTIN = WTH{T,d}
CALL SLOPES(TVERT,WMVERT,MHTP1,DWMVER)
CALL SLOPES(TVERT,WIVERT,MHTP 1, DWTVER)
DE 40 J=1,MHYP]
DWMAOT(T,J) DWMVERL S)
40 DWYDT (.4} CWTVERLY )

it

c ,
C-~CALCULATE PARTIALS WITH RESPECT TO § OF WSUAM AND WSUBT, AND THEN
C~=CALCULATE PARTIALS WITH RESPECT TO M DOF WSUBM AND WSURT
C

DN S0 J=1,M4TP1 _

CALL SLOPES(SCM{1,J),MSUBM(1,3),MM,DWMDS)

CALL SLCPESISOMIL, U3 sWTHIL,3), MM, DWTCS )

DO SO I=1,MM

DWMDM{T,43) = (DWMECS{T)®CAMP{ 1,3 )4DWMDTI I, J)*SAMPIT 40} ) /REDF AC

SO DWTDM(T,9) = (DWTOSCIIXCAMPLT,J)4DWTET (T, J)%SAMPLT,J))/REDFAC

RTOLER = l.E-4

CHLI¥ = MSFL

MEAN = MUY /241
C oo o :
C--SCLVE VELOCITY GRADIENT EQUATICN ON EACK VERTICAL MESK LINE
c

60 NO 280 I=1,MM

WHUR = W{I,1)/REDFAC

DELMAX = W{I,MEAN)/20./REDFAC

NCOUNT = O
C , ‘ i
C--CALCULATE CDEFFICIENTS A, By AND C FOR THE VELOCITY GRADIENT ECUAT ION
C--INTTIALI7E COEFFICIENT C TO 2ERO -

DC 80 J=1,VMHTP1

LAMBDALJY = LAMDAFLUOMITJ),1,J)

LAMBDOIJ} = RVTHTA(UOM( T,010, 1441

TIeT{d) = TIPFLUDNM(I, 4)}

TOPLJ) = TOPFILUOM(T,4))

RHOIP(J) = RECIPF(UOM(T,J))

RHOOPLJS} = RHCCPFLUOMCT 4J)Y
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ATVELTI) = 0.
CTVELTYY} = 0.
DIVELLSY) = Q.

IFCT LT ILECIYLOR. I.GT.ITECIYY GO YO 70
SAL = SINCALPHFA(IL,J)).
SRETA = SIN(BETA(I,J))
CRETA = COSI(BETALLI ,J)}
ATVEL{J) = CRETA®S2%CAMP(T,J }#CURV( T, J)-SBETA®E24CPHI(],J) /
1IRCHMIT, S DTHDT( Ty JISSALRCRETA*SRETA
RTVELIJ) = CHETA'SAMPtleJ)*DHHDHlI'Ji-2.*DREGA*SEETﬁ*CPHIII,Jl
1+ROMCL o JIRCTHDT (L, ) V*CRETAS(ONTOML T4 )4 2. *OMEG A% SAL )
GO TO 8O
70 ATVEL(JD) = CAMPUI,J)*CURVIT,J)
DTVEL(S) = OWMOMCI,J)%SAMP({,J)
B0 CONTINUE
c
C--CALCULATE C CCEFFICIENT FOR TME VELOCITY GRADIENT EQUATION AND UTHER
C~=CONSTANTS FOR CHECKING CONTINUITY
SO £0 120 J=1,MHTP1}
CNRZ = DOMEGA*ROM{I,J)®%*2
TWLMREI) = 2.%OMEGA%XLAVBDA(JI) ~CNEGASCMR2
CPTIP(J) = 2.%CPETIPT(J)
IFIT.GELILE(YY) GC TO 100
WHIRL = LAMBDA())
TEMPER = TIPTiJ)
DENS = RHOTP(J}
60 TO 110
100 1F¢T.LELITECS)YY GO TO 120
WHIRL = LAMBDG(.4)
TEMPER = TOP(.J)
DENS = RHONPLJ)
110 CTVEL{JI) = —{WHIRL-OMRZ)/QOM{ T, J 15 2@{CURVI [, I #(WHIRL-OMR 2} %
1CAMPIT L J) +{WHIRLSONMR2 ) JROMUT  J)SCPHIIT, J))
120 RCARB(JI) = RHOIPUJISCAMP( T4 J)BROM(T , JIXBTH(I »J)
C
C--CALCULATE COEFFICIENTS E AND F FOR THE VELOCITY GRADIENT EQUATIUN
TPP = TIPY{1)}=TWLMRI(1)/2./CP
IFITPP. LT.0.) GO TO 290
PREL = RHOIP{ L)*AR*TIPT{1I*( TPP/TIPT{1) )&% (GANSEXPCONI® (] o=
LPLOSS(1,1))
DC 130 J=2,MHTP1
DYIP = TIPTI(I-TIPTII-1}
DLAM = LAMBDA(J)-LAMBDA(J-1)
TPPN = TIPT(J)-TWLNMR( S} /2. /CP
1F (TPPN.LT.0.) 60 TO 290
PRELN = RHOIP{JI®ARFTIPT(JI*(TPPN/TIPT(J) ) 2*{ GAMSEXPON)*( 1.~
1IPLOSSET,0))
DTIPP = TPPN-TPP
DFREL = PRELN-PREL
ETVEL(J~1) CP*DTIP-OFECA*DLAP-CP*DTPP+AR!(PREL&iPREL!#(TPPNéTPPl
1*0PREL
FTVEL(J=1) = DYPF/{TPPNITPP)-AR/CP*CPREL/ (PRELN4PREL)
_ TPP = TPPN
130 PREL = PRELN
C
C--OBTAIN NUMERTCAL SCLUTION TC THE VELOCITY G..ACIENT ECUATION
C~--FCR AN ESTIMATED VALUE OF W AT TFE HUB
c
* REPEAT = .FALSE,
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140
15C

160
11¢C

180

st = 1
WiTl,1)
NCOUNT

wWHUR

NC OUNT+ )

IF lI.GE.ILE!lI.ANU.l.LE.ITE(l))'GO 0 160 c
WHIRL = LAMRDA{1L} T
IF {1, GT ITEC1}) WHIRL = LAMBEC(1)Y e
SAETA = (uHIRLfRUM(I.11-0MEGA:RUM(t,ls)IwHua
TFIARS(SBETA).GT.1.) GG TC 210

RETAtI411 = ARSINC(SEETA S C ~?> o -
CRETA = COSU{RETA(I, 1)) X e R o
WSD = WHUR*%2 - - SR
TTIP = 1.-(WSQ+TWLMR{L1}}/CPTIPIL)

TF(TTIP.LT.0.) GO TO 220

RVA = TTIPxREXPON®WHURRCAETA®RCARPBIL)

0N 200 J=1,MHT

DELTA = TOM{T,J+41)-TOMI{ 1,91

‘WAS = H(!13,*(“1“EL(J,*“‘I’J‘+FTVEL‘J,+CTVEL‘J,,H(IQJ'*CBETA* -

IDTVEL{S I )I*DELTAYETVELL I} /NI T 4 NI+FTVELIIRNWIT o+ J)
IF !f.GE.!LE(JflloﬁND TLLEL.ITE(S+1)) GO TO 180
WHIRL = LAMBDAtJ+1)
iF (1. FT ITECI+1)) WHIRL = LAMBDO(J+1}

WTHETA = lHHIRLIRCN(IgJ*ll—GMECA*RDMII;J*li)
SRETA = WTHETA/WAS

IFIABSISRETA).GT.1.Y GO TO 21C

BETA{I 4J+1) = ARSIN{SBRETA)

CRETA = COS{RETA(I,J+11})

WASS = Wiil, J)+IAYVEL1J+1I*HAS+BTVEL(J*1}+CTVEL(J+1lIHAS+CBETA*4”

IDTVEL£3+1) ) ¥DELTA+ETVEL (41 /WAS+FTVEL (J) #WAS -
WUT,J¢1) = (WASHWASS) /2.

WSO = W(l,J+1)%%2

TTIP = l.—tHSQ+THLMR(J+1)IICPTIPIJ+1)
IF(TTIP.LT.0,.} €0 TO 220

C IFUTWGESTLE(I#l Y ANDL I LE. ITE!J+1]! GC TO'1%0

190
200
¢

C

240

SBETA = WTHETA/W{1,J+1)

IFLARS{SAETA).GT.L1.) GO TO 210

BETALI.J+1) = ARSINISBETA)

CFETA = COS{BETA(I,J+1}) ' e
RVAS TTIP**EXPUN*HlI,J*li*CEETA*RCﬂRBIJ+1)
UﬂMlI,Jtl! = (RVA+RVAS)*DELTA/2.+UCH(1,J)

RVA = RVAS

C-~CHECK CONTINUITY AND ESTIMATE NEW VALUE FOR W AT THE HUR

IF(TND.GE.6.AND . ARS (MSFL-UOM (1, MHTP 1)} LE.MSFUSRTOLERY GO 7O “250

CALL CBNTIN(HHUB,UUN(I,MHTPI!vINDyJZ.!SFLqDEL“AXl
IF{INC.LT .10} GO TO 150 :

IFtIND.EQ. 10} GO TG 250

G0 TN 230

WHUR = WHUB4(0, 5*DELMAX

TFINCOUNT.LTL.1000) GO TC 140

GD TD 230

WHIA = WHUPR-0,52%CELMAX

TEFINCOCUNTLLTL1000) GO TC 140

WRITF {NWRIT,1010}) I
IMESH = 1

ISIINE = O

ISTATL = O

CC 240 J=1,MHTP1
UOM{Te ) = UDMIT,J)/NSFL
GC TN 280
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C
C-==SOLUTION OBTAINED, CHECK ACCURACY OF TIP, LAMBCA, ANC RHOIP
C
250 COUNT INUE
D 260 J=2,¥HTP]
yoMiI,0) = UOMOT4.0) /JMSFL
TVAR = TIPF(UOM(I,J})
TFIABSCTVAR=TIPTLI)) . GT.TVAR®RTOLER) REPEAT = ,TRUE.
TIPTL3} = TVAR
TVAR = TNPF{UCMIT, 1}
IF!ABS(TVAR—TGP(J!l.GT.TVAR*RYELERl REPEAT = TRUE.
TOP(JI) = TVAR
TVAR = RHOTPFUCMI(I, S}
IF {ARSITVAR-RHOIPIJ}) . CGT . TVARERTOLER) REPEAT = ,TRUE.
RHOIPtJ) = TVAR
TVAR = RHOOPF{UOM(I.Jd)]}
1F tABSITVAR-RHOOP(I}}.GT.TVAR®RTOLER) REPEAT = .TRUE.
RHOOPTJ) = TVAR
TVAR = LAMCAFIUOM(T,0)s144)
[E(ABSITVAR-LAMBDAC(J)).GT.ABS(TVARI*RTOLER]) REPFAT = .TRUE.
LAMBNDALY) = TVAR
TVAR = RVTHTA{UOM(I,4),143)
IF(ABS(TVAR-LAMBOOtJ} Y. GT.ABS{TVAR)I*RTOLER) REPEAT = ,LTRUE,
260 LAMBDOLJ) = TVAR
WHUB = Wl1,1)
IFIREPEAT.AND.NCOUNT.LT.1000) GO TO 90
IFTIND.NELL10) GO YO 270
CHFL = UDM({IMHTPL)I*MSFL*FLCATINEL)
CHLIM = AMINI(CHLIM,CHFL)
WRITE(NWRIT,1000) T,CHFL
270 IFIREPEAT) WRTITE(NWRIT,1010) 1
280 CONT INUE

c
C-~FINI SHED VELOCITY GRADIENT SOLUTICN ON EACH VERTICAL MESH LINE
C-=-CHECK CHOKE LIMIT

TF (CHLIM.GT . {0.9996%MSFL)) RETURN

I SUPER = 2
WRITE(NWR IT,1030} MSFL,CHLIM
RETURN
260 YRITEINWRIT ;10202

sTop

C

C-=-FORMAT STATEMENTS

C

1000 FORMAT {69NLMSFL EXCEEDS CHOKING MASS FLOW FOR VERTICAL CORTHUGONAL
1 VESH LINE I =,13/22H CHOK ING MASS FLOW =,G15.¢)

1010 FORMAT {B8ML A VELOCITY GRADIENT SOLUTICN CANANCT BE CBTAINEC FOR
IVERTICAL ORTHOGONAL MESH LINE T =,13/4X,56HANY SUBSEQUENT QUTPUT F
20R THAT MESH LINE MAY BE IN ERRCR)

1020 FORMAT (62+HL THE UPSTREAM INPUT WHIRL OR TANGEATIAL VELCCITY 1S TO
10 LARGE)

1620 FPRMAT (S1HL CHOKING MASSFLOW IS LESS THAN THE INPUT MASSFLOW/6X,
116HINPUT MASSFLOW =,G13.5/6X, 2EHMINIMUM CHOKING MASSFLOW =,GL3.5/
26X,92HA SNLUTICN CAN ONLY BE CPTAINEC IF INPUT MASSFLOW IS LESS TH
3AN THIS MINIMUM CHOKING MASSFLCW)

1C40 FORMAT {//52X,25( IH*}/52X, 25H%* FULL MASSFLOW /42X 445 (1H*)
1742% 1 H®y 12X, 19HTRANSONIC SCLUT ION, 12X, 1H*/7 42X, 45H%  BY VELOCITY
2GRADIENT APPROXIMATE METHOD */42X,45{1H*)////7)

ENG
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FUNCTION TOPFUISF)

C--TCPF CALCULATES COWNSTREAM ARSOHUTE TOTAL TEMPERATURE

C-—=AS A FUNCTION OF STREAM FUNCTICN

C

C

P

CCPMCNIINPUTTIGAH.IR’MSFL;GMECA,REDFAC.VELTOL,FNEﬂgﬂNEW,MBIgMBU'

-~ NN -

MM MHT 3 NBL yNHUB ¢ NTIP ¢ NINy NCUT 9 NALPL,NPPP, NOST AT, NSLsLSFR,

LTPLyLAMVYT,, IMESH, ISLINE,ISTATL,IPLCT,I SUPER,TITSON,IDEBUG,
FOMINGZOMBY, Z7CMB0, 70MOUT 3 ZHING 7T IN, ZHOUT, 7TOUT, ZHUBC 50} 4

RHURBLSO) s 2 TIPUSOY 4RTIPLS50} ,SFIN{S0), RADINIS0 ) ,TIP(S50),PRIP(50]),

LAMIN(5039VTHIN150)’SFDUT(SO’pRADOUTI50),PRGP(501qLOSGUT(501v
LAMOUT(S0) 4 VTHCUT (SO 1 ZHST (5001, ZTST (S0 }, FLFRIS0),

ZBLU S0y 5C) 4yRBLUS5CQ,50) s THBLISC450)+TNBLIS04+50])

CCMMON/ CALCON/ MMM, MHTP 1, CP 4 EXPON, TGROG 4P [ TCH ,CURVHT 4CURVT!

O R e

CURVHTO2CURVTO4RHIN RTINS RHCUT+RTCUT,RLEH 4RLET yRTEHLRTET,
ZLEISO)» RLE(SD), ZTE(SO),RYE( 500, ZLEOMI 1013 ,RLECN(1D]) ,
SLEOMU101) ,THLEQM(101},2ZTECHTL0L )} ,RTEOM {101, STECMI 101D,
THTEOMI101),TLE¢ 101} ,ITEL1CL) »70NM(100,1013,RCNM{100,101),
SOM{100,101),TOM{100,101),BTH{100,101),DTHDSC 1C0, 101),
DTHQT{IOU;IOI"PLOSS(100!101,tCPHI(1000101,799F1!1009101'

REAL LAMDAF

TCPF = TIPF(SF'“OMEGAICP*(LAMDAF{SF ILE(I"l’-RVTHTA(SFrILE(l':lI!
RETURN -

ENE

FUNCTION TIPF{SF)

C-=-TIPF CALCULATES UPSTREAM ABSOLUTE TOTAL TEMPERATURE

C-=AS A FUNCTION OF STREAM FUNCTION

C

10

ELE

COMMON/ INPUTT / GAM y ARy MSFL , OMEGA 4 REDFAC, VELTOL , FNE¥% DONE W, MBI oMBO,

- g~

MM MHT o NBL yNHURGNT TP o NINy NCUT» NBLPLyNPPP,NOSTAT,NSL 4L SFR
LTPLQLA”VTof”ESHqISLINEvlSTﬁTLvIPLGTylSUPERqITSENQIﬂEBUGE
TOMIN, 7CMB T, 7TCMBQ, 7OMDUT s ZHING Z T INLZHOUT . Z2TCUT,ZHUB( 50) , -
RHUB(SD],ZTIP(SOlsRTIP(SO),SFIN(SﬁI,RADINQSUlvT!PfSO):PRIP(SO):
LAMING 503 ,VTHINLS0) , SFOUTI5C) ,RADDUTISO) yPRCPESD) LLOSTCUT (50 ),y
LAMQUT {SO)VTHOUT(S0 }e THSTCSO ) o 7TSTI(S50) ,FLFRISOY,

TRLIS0,50) 4REBLIS0450) 4 THRLIS0,450),TNBL (50,50}

COMMON/CAL CON /MMM 1 ,MHTP 1 ,CP 4E XPON, TGROG 4 PI TCH, CURVHI yCURYTI

oun Py

CURVHB.CURVTU.RFIN;RTIN'RHGUT’RTUUTpRLEH;RLET,RTEH RTET,
7TLE{50) yRLE(S0) 47 TE(SO) yRTE(SO), 2LEQOMITOL ), RLEGM (101 ),
SLEOM( 1013, THLEOM{ 1011 ,2 TECM{ 101) 4RTEOM{1C1), STECMI101),
THTEOM(101 ), ILE(101),ITE(101), Z0M(100, 101}, ROM{1CO,101),
SOM{ 1004 101) » TOMEY0D+101) 4ATHI100,101)},DTHCS(100,101),
DTHUT(IOOolﬁll,PLUSSQIOﬂnlﬂlloCPHI(lOGvIGIloSPHI(IGO'IDI)

DIMENSICN SLOPEISCYLEM(50)

K

2

TFLARS(SF=SFIN(L)).GT.TOLER)Y €0 TO 10
TIPF = TIP{1)
" RETURN
IF(SF-SFIN(l!! 204 20y 30
TIPF TIP!lI+lSF SFIN{L))*SLOPE(1)
'RFTURN
TFCABS (SF-SFINIK1).GT.TOLER) GO TO 40
TIPF = TIP(K)
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40

RETURN
IFISE-SFINIK)) 70,70,50

€0 K=K+l

TFIK-NINY 30,2C,£C

6C TIPF = TIPI(NINI#(SF-SFIN(NIN}ISSLOPEININD

70

C
C==RH
C—=AS
C

10
2¢
L1

40

&0

70

178

RETURN - ‘ . :
Sk = SFINIK)-SFIN{K-1) L '
TIPE = EM{K-1)#{SFIN(K}-SF)}#93/6./SKHEM (K ) #{ SF=SFIN(K~1) ) *#3/

1 b /5K (TP (K) /SK-EMIK)XSK/ 6. JEISF-SFINIK=-1 })+{TIP(x~-1)/
2 SH-EMI{K=L 185K /64 J#ISFIN(K }-5F)

RETURN

ENTRY TIPNITI{NNN)

CALL SPLINE{SFIN,TIP,NIN,SLOPE,EM}

TOLER = ABS(SFINININI=-SFINIL)I/FLTCATININI®L.E-&

R ETURN

ENnD

FUNC TION RHOI PF { 5F)

CIPF CALCULATES UPSTREAM ABSOLUTE TOTAL DENSITY
A FUNCTION COF STREAM FUNCTION

CCMMON/TNPUTT FGAM, AR MS FL yOMECALREDFAC, VELTOL « FNEW,DNEW,MBT 4MBQ,
MMy MHT o NBEL y NHUB yNTI P ¢NINy NCUT s NRLPLNPPP, NOST AT+ NSL.LSFR,

L TPLyLAMYT  IMESH,ISLINE, ISTATLLIPLOT,I SUPER,TVSONIDEBUG
FTOMIN, 7OMBT 4 ZCHB0O, ZOMOUT 4 ZFINg 2T INy ZHDUT, 2TOUT  ZHURT 500 4
RHURISO) 2ZTIPISO) sRTIPISO) 4 SFINISO) 4 RADINIS0),TIP(S0)4PRIP{50),
LAMINISO),VTHIN{S50), SFOUT{ S0} ,RADDUT{S0) 4PRCPI50} +LOSOUTI50) »
LAMOUT(50) VTHCOUT (S50 s ZHST (S0}, ITST {50 3, FLFRI50 ),

TBLUSO, 50).RBLESO,50) ;THRL(S50:50Y s TNAL(50,50)

CCMMON/ CALCON/MMM Y MHTP 1, CP, EXPON s TGROG4PITCH,,CURVHI yCURVTI 4
CURVHO ,CURVTO ,RHIN,RTIN, RHOUT yRTCUT 4RLEH,RLET 4 RTEH, RTET,
TLE{SO)YsRLECSCIZTEUSO)+RTE(SCY 4 JLEOMI 101 ,RLECH{LICL)
SLECMt2O1) . THLEOMTICL )y ZTEOM{ LO1 3, RTEOM{ 101}, STEOM{101Y,
THYEOMU10L Vo ILECRIOLY »ITE(1O1},7CNM(100,101),RO¥(10041011},
SOM{ 100, 101} TOMI 100, 1087 4BTH{ 100,101} 4DTHOSTICO101) »
CTHDT(100,1011,PLOSS (200,101 CPHI(100,101),SPHI(100,101}

DIMENSICGN SLOPE(SQO) EMIS0) ;RHCIPI(SO}

K = 2

TFTARS{SF=-SFIN{1)).GT.TCLER) GC TO 10

RHDIPF = RHOT®(1)

RETURN

IFISF-SFINGLY) 20,204,300

RHDIPF = RHOIPL 1)+ {(SF-SFIN{LY)*SLOPE(L)

RFTURN

IF(ARSISF=SFIN{K})).GT.TCLERY GC TO 40

RHNTPF = RHOIP{K)

RETURN

IF{SF-SFIN{K)}) T7C,70,50

K=K+1

ITFIK-NIN} 20, 30,60

RHRIPF = RHCIPININI+{SF-SFINI(NINID#*SLCPE(NIN}

RETIIRN

SK = SFINIK)-SFINIK=1)

RHOIPF = EM(K-1 )2 (SFINIKY-SFIRER/5  /SKLEM{KIR({SF-SFIN(K-1}) %23/

NPV WN

Do bW Py e



1 Eo/SKe{RHOTIP (K)/SK—EMIK)2SK/6.)#(SE-SFINEK=11)+{RHOIPIK=1)/
2 SK—EMIK-1)%5K/6.Y&{SFINIK }-5F)

RETURN

ENTRY RHINTTINNN)

DC B0 J=1,NIN

RO RHOIPLY) = PRIP(J)/ARITIP!J!

c

CALL SPLINE(SFIN,RFOTP,NIN, SLOPE,EM)

TOLER = ABS{SFIN(NIN}=SFIN{1)}/FENATININ)®].E=-6
RETURN :

END

FUNCTION LAMDAF{SF,I,.J)

C~=LAMDAF CALCULATES PREWHIRL, LAMBLCAy, AS A& FUNCTION OF STREAM
C~-FUNCTION UPSTREAM 0OF THE RALADE

oD WAy e

40
s0

COMMON SRN,SRE,ITER,IEND,NREAD,NWRIT

CTMMON/INPUTT/GAM, ARy MS FL ,OMECGAREDFAC, VELTOL s FNEWs DNEWSMBE 4 MBO
MM MHT ¢ NBL 4 NHUBRSNTIP yNINgNCUT ¢ NBLPLy NPP Py NOST AT NSLoLSFRy -
LTPLyLAMVT, IMESH,ISLINE+ISTATL,IPLOT,1 SUPER 41 TSONyIDERUG»
ZCMIN, 70MBT, 70MB0, ZOMOUT 4 ZHINy 2T INy ZHOUT, 7TOUT, ZHUS( S0),

LAMIN(S50), VTHINIS0), SFOUT{S0) yRADOUT(S501,PROP (S50} ,LOSOUT(S0) 4
LAMDUT (50) yVTHCUT (50 )4 ZHST {50 ), ZTSTI50 ), FLFR( S50},
ZRL(50, 50) yRBL{50,50) , THBL (50,50}, TNBL{50,50) -

CCMMON/ CALCON/MMM 1, MHTP 1, CP 4y EXPON, TGROG yP I TCH,CURVHT yCURVTI 4 -
CURVHO 4 CURVTO,RHIN 4 RT TNy RHCUT 4 RTOUT yRLEH, RLET 4 RTEH, RTET,
7LE{50)RLECSC),7TE(50),RTE(S0) ,ZLEOM{ 101) 4 RLECM {101, .
SLEOM{101),THLEGM( 101}, ZTEOM( 101 ),RTEOM( 101), STEOM( 101}, -
THTEOM(101)  TLE(101) ,JTE(101),20M(100,101), RON(100,101),
SOM( 100, 1011, TOM( 10041013 yBTH( 100, 101) 4DTHDS(1CO,101 ),
DYHDTE100,101),PLOSS (100,101),CPHI{100,1011,SPHI(100,101)

COMMON/VARCOM/A(44100,101),UC¥(100,101),K{100,101),RHO(100,101),

WS1RS( 1004 10115 WSUBT{ 100,101)  WSUBZ{ 100,101} 4 WSUBR(100,101},
WSUBM{100,101},¥TH{100,201},VTH(100, 101}, W 100,101), e
ALPHA{ 100, 101) 4BETACLC0, 101} ,WWCR{L00,101 ) yCURV (1005101, .
WLSURF (100,101}, WTSURF(100,1011,CAMP{ 100,101) ,SAMP( 100,101},
RHGAVIlco,IGlIgDELRHt(lGD.lﬁligFR(IOD-101!90FUM(100'101!1
XIOM{100,101) 47ETOM{ 1€0,101),0LDU(100,101)

DIMENS 10N SLGPE(SO).Enfso:.AAAGSOl.RILthlﬂll.UILnutloll

REAL LAMDAF,LAMIN,LAMOUY

KK = 2

TF(ABSISF~SFIN{1)).CT.TOLER) €O YO 10

LAMDAF = LAMIN(1)

TF {1.LT.TUECD)) DLDUC T+ 3)=SLOPECL)

RETURN

TFISF-SFINI1)) 20,20,30

LAMDAF = LAMINCI)4{SF-SFINU1))#SLOPE(L)

TF CI.LT.ILELSY)Y CLDUCT,JI)=SLOPE(L)

RETURN

IF(ABSISF-SFIN(KK)).GT.TOLER) GO TO 40

LAMDAF = LAMIN{KK}

IF (T.LT.ILELI)) OLCULL,)=SLCPEIKK]

RETURN,

IF(SF-SFEIN(KK)} 70470,50

KK=KK+1

~ AP W D e

axﬂ:-un:w

RHUB( SO} +7TIP(50) yRTIP(S0) ,SFINIS0),RADIN{SO) ,TIP{50)sPRIP(S0),
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60

7C

PF{KK-NIN} 30,330,060

LAMDAF = LAMININIAIS{SF-SFIN(ARIN)I*SLOPE(NING

IF ¢T.LT.ILEGSYD DLDUCT 431 =SLCPE(NIND

RETURN

SK = SFIN(KK}-SFINCKK=~1)

LAMDAE = EM{¥K=1)#{SFIN{KK)I=SFI#s3 /o, /SKeEMIRKIE (SF-SFIN{KK=-1}1%%3
[H/SKETLAMINIKK)/SK=EM(KK 125K /6, ) 2 SF-SFINIKK- 1) I+ {LAMINTKK=1}

1
2 JSK=EMIKK=1}5SK/6- 3% {SFIN{KK}I-SF}

IF (T.LTILE(SY) DEDUCT »J)= —E¥(KK-1)®(SFIN(KK}-SF)*%2/2,/5K+

1 EMERKI2ESFIN{RH=1)=SFI®22/ 2, /SK+ (L AMIN (KK} ~L AMINEKK=173 /5K~
2 {EMIKKj~EMIKK=1) )% SK/E,

a0

90
i1ce

RETURN

ENTRY LAMNITINMND

IF {ITER.EQ.UF GO 7O 100

1 = MRI

Jg = 1

DO 80 HH=L.,MHTPL

DIST = FLOAT(KK—LI1/FLOATUMHT)

RILOMERK) = RHIN4CIST®(RT IN-RHINY

ZILOW = THINSDI STH{ZTIN-ZHIN)

CALL LININTCZOM ROMUOM MM MHTPL,100, 101, 2TLOMRILOM{KK] ,
TUTLOMIKK) o T1539)

IF {LSFR.ED.OY CALL SPLINTCUILCM RILCH,MHTPL 4SFIN,NIN,RADIN,AAA}
1F {LSFR.EQ-1% CALL SPLINTIRILOM UELOM MHTRPI RADIN NIN;SFIN,AAA)
IF {LSFR, ER.1) GC TO 100

D0 90 XKK=1,NIN

LAMINCKK Y= RACIN(KK}SYTHINIKK}

CALL SPLINE(SFIN,LAMIN,MIN,SLCFPE, EM)

TOLER = ABS{SFINININI=-SFINTLD )} /FLOAT(NINI X1 E-5

RETURN

EnD

FUNMCTION RHGOPF({ SF)

C
C-—RHOOPF CALCULATES DOWNSTREAM ABSCLUTE TOTAL DENSITY

C-=AS & FUNCTION OF STREAWM FUNCTION
C

COMMON/INPUTT /GAM, AR s HSFL,DMEGARECFAC,VELTTL, FNEW, DNEW, MBI MPO,

MM, MHT s NBL ¢ NHUBZNTIP (NIN NOUTNRLPL 4NPPP NCSTAT ¢NSL4LSFR,
LTPLyLAMVT, TMESH, ISL INE, ISTATLs IPLOT,ISUPER, I TSON,IDEBUG,»
JOMIN,ZOMB I . Z0OMBO Z20M0OUT o ZHIN, ZTIN, ZHCUT , 2TCUT ZHUBLS 0,

LAMOUTESO) g VTHCUTIS0) 4 ZHSTHES0) ¢ 7TST(50, FLFRIS0},
TRLESD . SOY.RAL{S50,50), THBL (50, S5C), TNALI 50,5C)
COMMONJ/CALCON/MMML ,MHT P, CPy EXPON, TGROG, P ITCHy CURVHICURVT I,
CURVHD yCURVTO ,RHI My RTINyRHOUTyRTOUT 4RLEH 4RLET ¢RTEHRTET
ILE(SO Jo RLELSON, ZTE(SOY,RTE(S0Y,ZLEOM{ 101) ,RLECML 1L},
SLEQMIL01) yTHLEQMILIOL Y, ZTECH(LOL Y 4RTEO¥(1011, STEOM(LOL ),
THTEOMI 101 ) FLE{101). ITELL1C1)4Z0MI100: 10L),ROFE10C,101)
SOM{100,1013,TC®{100+101),RTH{100,101},DTHDS(100,1011,
DTHDTE 100, 101) 4 PLOSSCLIC0,1C15 ,CPHIT100,101) ,SFHI(100,101)
DIVENS TON SLOPE(SCY, EM{S0),REDDOP(50)
K = 2
IFLARSISF=-SFDUTE 2)).GT. TOLER) GO TO 10

b e AT RTUN LS

[ AV I T Ny

180

RHUBISO)ZTIPES0)RTIPLS0),SFINCSO),RADIN{S5C) ,TIPI50) +PRIPIS5O),
LAMINISO ), VTHIN(50 ) ,,SFOUT (50), RACOUT {50 )4 PROPIS0).LOSOUTI5CE,



10
20

40
5C

60
7C

1

RHCOPF = RHCONOP{1)

RETURN

[F{SF-SFOUT(1)) 20,20,3C

RECOPE = RHCOP(1}+(SF=SFOUT(1)I*SLOPEL 1)

RETURN

IFIARS{SF-SFOUTIK))LGT.TOLER) GO TN 40

RHCOPF = RHCOP(K) )

RETURN

IFISF-SFNUT(K}) 7C,470,50

K=K+]1

TF{¥-NOUT) 30,30,60

REDOPF = RHOOP {NOUT J+{ SF=SFOUTINOUT) ) *SLOPE ¢ NOUT)

RETURN

SK = SFOUTIK)-SFOUTIK-1) ‘

RECOPF = EMIK<~1)#(SFOUTIK)-SF)#$3/6./SK+EM(K) % SF— SROUT(K~1]) #¢2
/6.ISK+IRHUUP¢Kl/SK-EM(KI*Sklb.!*ISF—SFUUT‘KfI‘lilRHBGP(K-I)!‘

2 SK—EM{K-1}%SK /6, )% SFOUT(K}~SF)

a0

C
C—RVT
C--ICW

RETURN

ERTRY RHONITINNN)

DO 8¢ J4=1,N0UT

RHCOP(J) = PROP(II/AR/TOPFISFOUTL Y)Y

CALL SPLINE{(SFOUTRHOCP4NOUT,SLCPE,EM)

TOLER = ABS{SFOUTINOUTI~SFOUTI(1)) /FLOATINOUT)I®* 1. E~6
RETURN

END

FUNCTION RVTHTA(SF, 1,4}

HTA CALCULATES R * V-THETA AS A FUNCTION OF STREAM FUNCTION
NSTREAM OF THE BLADE o ,

COMMON SRW, SRE, ITER, IEND, NREAD,NWRIT

COMMDNI[NPUTTlGAM'AR.MSFL,DMEGﬁ.REBFAC,VELTGL,FNEH,DNEH,MBInHBU;

~N OB e

MMy MHT o NBLy NHUB, NT IP 4N INy NGUT 4 NBLPL ,NPPP ,NOSTAT¢NSL,LSFR,
LTPLyLAMVYT o IMESH,ISLINE, ISTATL, IPLOT, ISUPER, ITSON, IDERUG,
IOMIN, ZOMBI 4 20MBO ZOMOUT s ZHIN ¢ ZTI N ZHOUT . 7TCUT , ZHUB(SO) ,
RHUB(SO)'ZTIP(SU?,RTIP‘SO!vSFIN(50)1RADIN150!cTIPI501oPRIP!50|1
LAMIN{S5G) + VTHIN{SO) s SFCUT(S50},RACOUT {50), PRCP{50),LOSOUT(S0),
LAMUUT(SQ!,VTHBUT(501,ZHST(EOI.ZTS?(EO).FLFE(EDI.
ZBL(50+50},RBL{50,50),THBL {50,501, TNBL {5C, 5C)

COMMGNICALCGNIHMMlyﬂHTPIaCP,EXﬂGN,TGPEG,PITCH.CUPVHI,CURVT!,

W LN e

o U A

CURVHD  CURVTO sRHIN,RTINy RHOUTyRTOUT,RLEH ,RLET,RTEH,RTET,
TLE(S0) ,RLE(50),2TE(50),RTE(S0)Y, ZLEOM{ 101}, RLEOM( 101},
SLEOM{ 101) , THLEOM(101) 4 ZTEC¥ (101 ) 4RTEOM{101),STECM(10L},
THYEOM (1010, TLEC2I01), ITEC(L1CL) s ZOM{ 100, 101) ,ROMI 10C,101) ,
SOMU1004101) 4, TOMC100,101) 4BTH(L100,101},0THEST100,101),
DTHEAT1100,101),PLOSS( 1004101} 4CPHIC 100,101} ,SPHIC1C0,101}

CEMMUNIVARCBMIA(4leOlel!,UUM(lOO;IOl!aK(100'lDIlnRHO(lOO,lOll'
HSUBS(100;1011;HSUST([UO;IQI!vHSUEZ(lODleI’eHSUBR(IOOquI].
HSUBHIIOO,IOI!;HTH(100v101}'VTH(1007101),HllﬂGgIOll’
ALPHA!100'1013pBETA(lODr!Ol’-HHCRIlOD'101lsCUPV(lOOq10111
RLSURFIlUleOl!vHTSURF‘lOO.lOll-CAHP(IDO;IO!]9SAHP(100’10111
RHUAV(!OD,IOI)eEELRHO(lOOpIOIFoFR(IOO,IOII'DFDHl1009101)'
XIOMELDD,101),7ETOMIL00,101)40LDUTL00,101) :

DIMENSION SLOPE(SC),EM{50),AAA{SC) yROLOM(101) ,LCLCM(101)

REAL LAMIN, LAMOUT
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KK = 2
1E(ABS(SF=SFOUTI 111 GT.TOLER) GO TO 14
RVTHTA = LANMOUT (1)
1F (T.GTLITEC(JI)) DLOUCT 4 S)=SLCFELLD
RETURN
i0 IFISE-SFOUTI1YY} 20,20,30
20 RVTHTA = LAMOUTIL}+{SF-SFOUT(1}I*SLCPE(L)
JF {T.GTITECSD) DLDUT 1, 33=SLOPEC 1S
RETURN
20 TFL{ABS{SF=SFOUTIKX)).GT. TOLER) GO TO 40
RVTHTA = LAMOUT(XK)
I1F (1.GTLITEC(IYI) DLOUUI+J)=SLOPEIKK)
RETURN
40 IF(SF-SFOUTIKKY)} 70,470,500
50 KN=KK+$1
TF{KK=NOUT} 30,30.+60
60 RVTHTA = LAMOUT(NOUT }+( SF=SFOUTINOUT))* SLOPE(NCUT}
1F {(1.GTLITECI)) DLDUCT,J)=SLCFEINOUT)
RETURN
70 SKX = SFOUTIKK )=SFOUT{KK-1}
RVTHTA = EM(KK=]1 )2 (SFOUT (KK =SF)$%3/6,./SK +EMIKK ) #{ SF=SFOUTIKK-1] 0
1 *23 /6 7SK+ (LAMOUT(KK) /SK=EN (KK} *ESK/6 ) S{SF=-SFCUT(KK-11)+
2 (LAMOUT (KK~ 1) /SK=-EM{KK=1}25K /6, ) *{ SFOUTIXK)=5F)
IF (1-GTLITE(JI) DLDUTToJd)= ~EM{KK=1)*(SFOUT (KK )=-SFi##2/2,/5K+
1 EMCKK) # SFOUTIKK-1}-SFI®%2 /2, /SK+LLAMOUT (KK )-LANCUT {KK=11)1)
2 FSK={ EM{KK ) ~EMIKK=1) Y¥5K /6.
RETURN
ENTRY RVTNITUNNN)
iF{iTER.EQ.G} GO TO 100
11 = MAO
JJ =1
DO BO KK=1,MHTPL
DIST = FLODAT{KK~1)/FLOAT tMHT)
ROLOMEKK) = RHOUT+DIST* (RTOUT=-RHOUT)
ZO0LOM = 7ZHOUT +DIST#{2TOUT-2IHOUTY)
B0 CALL LININT(ZOM,ROM,UQMyMM, MHTP1100,101, ZOLCMs RCLOMIKK } o UOLOMCKK)
l' II'JJ)
1f (LSFR.EC.O0) CALL SPL INT{UOLOM,ROLDM,MHTP1,SFOUT,NCUT,RADOUT,
1AAA)
IF (LSFR.EG.1) CALL SPLINT{ROLCM,UDLCM,MHTPL RADTUT s NOUT »SFOUTy
1A4A)}
IF {LSFR.EQ.LY GC TC 100
DO 90 KK=1+NOUT
90 LAMOUT(KK}= RADCUT (KK )*VTHOUT (KK])
100 CALL SPLINF(SFOUT,LAMOUT,NCUT,SLOPE,EM)
YOLER = ABS(SFOUTI(NOUT)}-SFOUT(1)}}/FLOATINOUTI*1.E-¢€
RETURN
END

SUBROUT INE CONT IN(XEST, YCALC, IND, 37 4 ¥GEV, XDEL)
C
C~~CONTIN CALCULATES AN ESTIMATE OF THE RELATIVE FLOW VELCCITY
C-=FOR USE IN THE VELOCITY GRACTIENT EQUATION
c
DIMENSTION X{3},Y(3)
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NCALL = NCALL+1

TF (INDJNE.1.AND.NCALL.ET.100) GO 7O 160

60 TO (10,30, 40,50,60,11C,150) ,IND e
C--FIRST CALL ' S

10 NCALL = 1

XORIG = XEST

TF (YCALC.CT.YGIV.AND.J7.EQ.1) GO TO 20

IND = 2 '

¥Y(1) = YCALC
Xy = 0.
XEST = XEST+XDEL
RETURN ; .
20 IKD = 3
¥{3} = YCALC
X{3) = 0.
XEST = XEST-XDEL ‘ '
RETURN ‘ ‘ St
C==-SECONE CALL
30 INE = &

Y{2) = YCALC ‘ ’ S :
" X(2) = XEST-XORIG I
XEST = XEST4+XDEL ‘ _ S ST
RETURN ‘ . ' ' -
40 IND = 5 _ :
Yi2) = YCALC : o o
X{2) = XEST-XORIG :
XEST = XEST-XDEL
RETURN
C--THIRD DR LATER CALL - FIND SUBSCNIC DR SUPERSONIC S(LUTICN
50 Y3} = YCALC
X{3) = XEST-XCRIG
60 TO 70 , ' ; e
60 Y(1) = YCALC o R
Xt1) = XEST-XORIG ' S cetT
70 IF fYGIV.LT.A"IN!(Y(i'vaZ’foa]}J GO 70 (120,130),47
80 IND = & o ! '
CALL PABC (Xy¥,APA,BFR,CPC) ) -
DISCR = RPB*%2-4 . %APAR(CPC~YGY V) o R B
IF {DISCR.LLT.O0.} GO TO 140 . T
IF (ABS(400,*APAX{CPC-YGIV}).LE.BPR*%2} GO TC 90
XEST = -BPB-SICN{SQORTI(DISCR )},APA)
iF (JI-EQ.I.AND.APA.GT.D.-AND.Y‘3).GT.Y(I)' XEST = —-RPB+ _
1SORTIDISCRY "
IF (J7.EQ.2.AND.APALT..0.) XEST = -BPB'SQRT(DISCR]
XEST = XEST/2./7AP2
=0 70 100
90 IF (JZ.EQ.2.AND.BPE.GT.D.) GO TO 130
ACR2 = APA/RPB*{LPC-YGIV)/BPA
XEST = —{CPC-YGIVY/BPR*{1.+ACR2+42 #ACR22%%2)
1CC IF IXEST.GT.X(3)) GO TO 130
IF (XEST.LT.XU1)) GO T 120
XEST = XEST+XORIG
RETURN
C--FOURYH OR LATER CALL -~ NOT CHﬂKED
11C TF(XEST-XORIG.6T.X{3)) GC TC 13¢
IF{XEST-XORIG.LT.Xt1)) 6O TO 120
Yi{2) = YCALC
Xt2) = XEST=-XCRIG
GO TO 70
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C--THIRE OR LATER CALL - SOLUTION EXISTS,
C--PUT RIGHT OR LEFT SHIFT REQUIRED
12¢ IND = 5
C~-LEFT SHIFT
XEST = X(1}=XDEL+XCRIG
XNSHET = XEST-XORIG
XCRIG = XEST
¥Y{3} = V(2)
X(2) = X{2)-XOSKFT
v(2) = Y(1) '
Xt2) = X€1)=XOSHFT
RETURN
170 IND = &
C-=RIGHT SHIFT
XEST = X{3)+XDEL+XORIG
XCSHEY = XEST-XORIG
XORTG = XEST
vt = Y(2)
Xt1) = X(2)-XOSHFT
vi{2) = Y(3)
X(2) = X¢3)=-XDSKFT
RETURN
C-—THIRD OR LATER CALL - APPEARS TC BE CHCKED
140 XEST = -BPR/F2./APA
IND = 7 )
IF (XEST.LT.X{1)) GO TO 120
IFIXEST 6T oX(3}) GO TC 130
XEST = XEST+XORIG
RETURM
C--FCURTH OR LATER CALL - PROBABLY CHOKED
15C 1F {YCALC.GE.YGIV} GO TC 110
IND = 10
RETURN
C-~NO SOLUTION FOUND IN 100 ITERATICAS
160 INT = 11
RETURN
END

SURRLYT INE PARC{X, Y.+ A,8,C)

c
C—~PABC CALCULATES COEFFICIENTS A.B,C OF THE PARABCLA
C--Y=ASX*#24B4X+C, PASSING THROUGH THE GIVEN X,Y POINTS
C

DIMENSTION X13),¥(3)

€1 = x(3¥=X{1)

€2 = {Y(2)=-Y 11}/ tX{2)-X(1 )]}

A = (C13C2-Y( )+ Y 1I} /C L/ X 2)=-X(3))

B o= C2-(XULP+XT20)%A

C = YOLI=XI1)#B-X(1)**2%A

RETURN

ENC
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SUBROUYINE INRSCTUXCURVL YCURV14N1 oXCURVZ2,YCURV2,N2¢XCROSS, YCROSS)
o
C-=IKRSCT CALCULATES THE COORCINATES (XCROSS,YCRNOSS) OF THE POINT
C~=0F INTERSECTION NF Tw0 SPLINE CURVES, YCURVE=F{XCURV1) AND
C==XCURVZ=GIYCURVZ2), LYING ON A PLANE
C
CCMMCN SRW,SRE»ITERLTENLC+NREAD yKWRIT
DIMENSION XCURVI!NI';VCURVI(NI)'XCURVZ(N21yYCURVZ(hzi
KCCUNT = 0
TOLER 'ABSIXCURVI(NI3-XCURV1(1')fﬁES(YCURVZQhZl*YCURVZ‘I’)’/1 ES
XTEMP XCURVIL L)
YTEMP = YCURV1{1l)
XCROSS = (XCURVIT 1)+ XCURVIINLYY /2,
C--COMPUTE INTERSECTION POINT AND SLOPE ON CURVE l
1¢ X1 = XCROSS
CALL SPLINTIXCURVI,YCURVI N1,X1,1,¥1,51)
C-=COMPUTE INTERSECTION POINT AND SLOPE ON CURVE 2
¥2 = ¥}
CALL SPLINTOYCURVZ s XCURVZ ¢N2,¥2,1,4X2,52}
C-~COMPUTE CODROINATES DOF POINT WHERE TWO SLOPES INTERSECT
$152 = S1=xS2
XCROSS = X2+S152%¢(Xx2-%1) /4 1.-5152)
YLROSS = Y1451 #*(X2=-X1)/1f1.-5152)
C~=COMPUTE DISTANCE AWAY FROM PREVIOUS SLOPE INTERSECYION POINT
DIST = SORTI{YCROSS-YTEMPI®® 24 (XCROSS-XTEMP ) %2}
IF (DISTLLT.TOLER) RETURN
NCOUNT = NCOUNT+1
IF (NCOUNT.ET,.20) GO TO 20
XTEMP = XCROSS
YTEMP = YCROSS
GC TO 10 '
20 WRITEINWRIT1000) TOLER,DIST
RETURN
1000 FORMAT (6X,46HINRSCY HAS FAILED TO CONVERGE IN 2C ITERATIONS/

L10X+211HTOLERANCE =yGl4.6/10X,4THDISTANCE BETWEEN LAST TWO INTERSEC.

2YION POINTS =,614,¢€)
END

SURROUTINE ROCTUA,B,Y,FUNCT,TCLERY,X,CFX) - : r
C _ o
(--RCOT FINDS A ROOT FOR (FUNCT MINUS Y} IN THE INTERVAL (A,B)
C

COMMON SRW+SRE+ITER,TENDsNREACyNWRIT

INTEGER SRW,SRE

ISRW= 0
10 IF USRW.EQ.21) WRITE(NWRIT,10109 A,B,Y,TCOLERY

X1 = A

CALL FUNCTIXL,FX1,CFXD

IF{SRN.EQL21) WRITE(NWRIY,1020) X1,FX1,CFX

X2 =B
20 TC 40 1=1,20

X = {X1+X2) /2,

CALL FUNCY I Xy FXeDFXD

IF{SRW.ED.21) WRITE(NWRIT,1020) X4 FX,CFX

TFT(FX1-Y)I*#{FX-Y},6T.0.} GO TC 30
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X2 =X
6C TQ &40
20 X1 = X
FXl1 = FX
&0 CCNTINUE
TF{ABS{Y-FX1« LT. TCLERY} RETURN
I1F {ISRW.EC.1) GO TO 50
WRI TE(NWRIT 41000}
ISRY= 1
JSAW= SRW
SRW= 21
G0 TO 10
50 SRW= JSRW
RETURN
1000 FORMAT{72H1ROOT HAS FAILED TO LCCATE A ROOT IN THE INTERVAL (A,B)
1IN 20 ITERATIONS)
1C10 FCRMAT(22H ROOT ARGUMENTS -~ A 2y G13.5y3Xs3IKR =9 €135y 3%y IHY =
1G 13. 5 3Xy BHTOLERY =;G13.5/16X‘IHquTX,2HFX.ISX'BHDFX)
1020 FCRMAT (8X,G16.542€18.5)
END

SURROUT INE LININT (Xs Yo ZoNX NY NOTMX NDIMYy XQsYCy2C oI o)

C
C==LININT LOCATES THE POINTY {X0,¥0) IN A 2-C MESH WITH
C-~CCORCINATES STORED IN THE X AND Y ARRAYS. THEN THE VALUE OF IG AY
C--{X0,Y0) IS INTERPOLATED FRCM THE 1 ARRAY VALUES CCRRESPONDING
C——T0 THE X AND ¥ ARRAYS
C
DIMENSION XINDIMX,NODIMY) oY (NCIMX yNDTPY ), Z(NDIMX, NCINY)
D IMERSION EXTRAP(2) ' ’
INTEGER ABRCVE,RIGHY
C-=FIND I,J SUCH THAT {(X0,Y0} IS [N COLUMN 1 FROM THE LEFT ANO IN ROW J
C-=-FROM THE BOTTOM C ' '
IFIRX.LTL2 . ORNY.LTL2) STOP
IF(I.LE.D) I = 1
TFITLGENXY T = NX~1
TF(I.LELO) J = 1
IFLILGELNYY J = NY-1
10 APOVE = -1
RIGHT = =1
IF(YO.GE.YII;J’*(XO—X(I'J’l/lx(I*loJ)’X(IvJ“‘(Y(I*l,J’-Y(qul’l
1 ABCVE = AROVE+]
IF{Y0.GTa Y T s J#1 )4 0XO=X {1, 34130/ (X {T41,041)=XCTsJ41)}}s
1 IYLI41,3+10)-Y{I,3¢1))) ABOVE = ABOVE+L
IFIXO.GE.X(I;J)+IYG—Y(Ing’IlY(I;J*l)—Y(Ile‘*(X‘IgJ#I)‘X(I'J,ll
1 RIGHT = RIGHT#L
TREOX0.GT XTI+, )40YO~Y T#1, 1)) 2{Y{I4 ], H1}=Y{I+]1,J))%
1 IXUI4L,J41)-X1T1+1,J3)) RICGET = RIGHT+1
IN = T+RIGHT
JN = J+ABOVE
TFOINLET L ORLINLGELNXY RIGHT = O
IFTJN.LY.I.UR.JN.GE.N\"} ARDVE = 0O
TF{AROVE**2 4R IGHT#92,EQ.0) GO TO 20
I = [+RIGHT
J = JsABOVE
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G0 10 10
20 TJEX = 1 .
C~~ SET EXTRAP YO INDICATE EXTRAPCLATICN : '
EXTRAP(1) = 0. ‘
EXTRAP(2) = 0.
IF{INGLT. 1) EXTRAPI{2Y = =],
TFUINLGENX) EXTRAP(2) = 1.
!F'JNDLT.I‘ EXTRAPII' = =1.
JFUJINLGELNY) EXTRAP{1) = 1.
C~=CALCULATE CONSTANTS TO CALCULATE fY

YI3 = Y{I+J)=YII 3¢}

X13 = XA14J)=X(1,9+1}

Y42 = Y{I+1,J41)=-Y(1+41,3)
X42 = X(T+#l deld=%{1+1, 0}
YOl = YO-Yi1,J)

X001l = XO-X(I,4)

Y02 = ¥YO0-Y(1¢1,4)

X02 = XO0=-X{T+1,J)} -

Y21 = Y(I+1l,J)=-¥(1,J)

X21 = XUT#1,3)=X(1,4)
C~-CALCULATE COEFFICIENYTS OF QUAORATIC EOUATIUN FOR FRACTICNAL DISTANCE
C~~IN QUADRILATERAL

30 Q8 = YI3%X4A2-X13%Y42

OR = X13%Y02~Y13%X024YD19X42-X012Y42

QC = YOI1*X21-XD1%Y2]

DISCR = QBR*%2-4 . $0AM(

TF(OISCR.LY.0.) GC TO 110
C~~CHECKX TOQ SEE IF QUADRATIC EQUATICN 1S CLCSE TO LINEIR

IFIABS!Q.*OA*QCI.LE-QB**2* o1l GO TU 8o - .. .

FA = -QB/2./0A - | | R

FR = SQRT'DISCR’!Z-’QA TR

F1 = FA+FR

£2 = FA-FB - - SV
C~-CHECK T0O DETERHINE HHETHER Fl UR FZ !S THE PRUPER SCLUTIUN o

CASE = =1, .

. LFLEXTRAP{IJEX))} 40,50560 . ‘
C~-EXTRAPOLATION BELOW OR TO LEFT (FF LESS THAN 0-)
40 TFIFL.LT..01) CASE = CASFel.
1F{F2.17..,01) CASE = CASF+2,
TFICASE.LT.1e5) GO TD 70O
CASE = CASE-~-l.
TFIF2.LT.F1) CASE = CASE~].
GO YO 70
C~=NC EXTRAPOLATICN
SO 1F(ABS(F1-o5).LTeu51) CASE = CASEel. - o
]F(ABS'FZ‘-S‘-LT.-sl' CASE = CASE*Z- T
&0 YO 10
C--EXTRAPDLATION ABQVE CR TO RIGHT 'FF GRfATER THAN ! '
60 IF(F1.6T..969) CASE = CASE+l. ‘
IFIF2.6T..95) CASE = CASE+2.
IFICASE.LT.1.5). G0 TO T¢ SRR
CASE = CASE-1l.
IF{F1.LT.F2) CASE = CASE-1.
T0 IFCABSCCASE~.5).GT..6) GO TO 110
FF = (1.—CASE)®F1+CASE®F2 ‘
GC TO 90
C~=1F QUADRATIC EQUATION 1S NEAR LINEAR, USE BINCF[AL EIPANSIQN FCR. FF
80 ACR2 = QA/QB*QC/QB
IFLABSTACR2).LT-1.E~-8) ACRZ = 0,
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FF = =DC/ORM L. +ACB 242 3ACH 2887)

‘G0 TF{IJEX.EQ.2)} GO YO 100

TJEX = TJEX+1

FY = FF
C--INTERCHANGE CCRNER FCINYS TO GET FX
Y13 = Y(14J)1=-V{I+1,J)}
X13 = X(1sd0=XCT+2, )
Y42 = YUI41 0 J#1)=Y(I,4+1}
A42 = XITe1eJ+1)=-X{ToJ+1)
vp2 = ¥Y0=yY{I,J3%1)
X02 = XO=-X(1,.0+1}
Y21 = Y{TeJ41)=¥V{1,J)
X21 = X(L 4 J4#1)-X{1,4J}
GO TO an

C--CALCULATE INTERPOLATEL VALUE
1€0 FX = FF

70 = Z(IvJI*Il--F!l'(1--FY)+Z(!+lel*FX*(1.*FYl+2(I'J+1!'(1.-FXF
1 *FY42(T+1, J+1)2FX*FY
RETURN

C-- PRINY ERROR MESSAGE IF THERE 1S A PROBLEM IN OBTAINING A SOLUTION
110 70 = 0.

WRITE{6,1000) 1,J
RETURN

1000 FORMAT{38HIL ININT CANNOT FIND INTERPOLATED VALUE/4H I =,1644H J =,

C

116)
END

SURROUT INE SPLINE (X YsNy SLOPEEM)

C--SPLINE CALCULATES FIRST AND SECONC DERIVATIVES AT SPLINE POINTS
C-=EAD CONDITION -~ SECOND DERIVATIVES AT EITHER END POINT IS
C-=0ONE HALF THAT AT THE ACJACENT POINT ‘

C
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10

40

COMMON SRWsSREy ITER, IEND,NREAD»NWRIT
DIMENSION X INY YEN}EWIN),SLOFEIN)

DIMENSION G101} ,858(1012)

INTEGER SRW,SRE

s8i1F = —-0.5

G{1} = Q.

NC=N-1

IFING.LT.2) GO TDO 20

oC 10 I=2.NC

A = (X(I}-XCI-1))/6.

C = xt1+11=-xXt1)) /6.

W o= 2, %{A+C)-ASSRL]I-1)

S8(1Y = C/™

F o= (YLI41)=YUINIZ0XCT4)=XCT )= LID=-Y{I=-1) ) Z(X(I)-XC[-1])])
G{1) = (F=A2GtI-1) /MW

EMIN} = GEN-1)/(2.+5B(N-1)])

DO 30 I=24N

K = N#l-1

EM{K) = G{X)=SBIKIZENM{K+]])

SLOPECLY = (XU1)1=-X(2)1/76.%( 2. ¢EM{1)+EM{ 2D +(Y(2)-Y(1}) /U X{2)-X(1})
DC 40 I=24N

SLOPE(TY = (XC(I)=X(I=10)76.% (2. ¢EM{T)+EMITI-1}I4(Y(I)-Y(I-1})/



1 (XCI-Xt1-1 1)
TFISRW.EQ.13) WRITE(NWRIT,1000) N'(X(IlvV(ll'SLDPEII)'EH(!lpl’lcN|
RETURN
10C0 FORMAT (2X,15HNO. OF POINTS =.I3IIG!’1HX'19!,1HY.19X;5HSLDPEa15!,
12HEM/ (4G20.8)})
ENC

SUBROUTINE SPLINT (XY o NyZoeMAX,YINTY,LCYDX)
C
C~=SPLINT CALCULATES INTERPOLATED POINTS AND DERIVATIVES
C-=FOR A SPLINE CURVE
C~~END CONDITIDN -~ SECOND DERIVATIVE AT EITHER ENC PCIKT IS ONE-MALF
C-=-THAT AT THE ADJACENT POINT
C
COMMDN SRW,SRE,ITER+IEND,NREADyNWRIT
DIMENS ICN XUIN}, YINIL ZEMAX), YINT{MAX),DYDXI MA X}
DIVMENSION G(10L),SB(101},EM{101)
INTEGER SRW, SRE
TFIMAX.LE.O) RETURN
TALER= ABSUX{N)=X{1))/FLOAT(N}*].E~-5
SBEL1) = -,5
G{l) = 0.
NC=N-1
IF(ND.LT.2) GO TO 20
oC 10 1=2,NC
A= (XU =-XUE~-11}) /6,
€= (X{1+11=-X(1))/6.
M o= 2,%(A+()~ASSB(I-1)
SRILI)Y = C/¥W
F = fo[#l’*Y(I’lf‘X(I#l’-X(Il’ (YC(I)=Y([- lll/(xlll -X(I-1)}
10 GUI} = (F-A%G(I=-1))/W _
2C EMIND = GIN-1)/02,+SBIN~1})
0C 30 [=2,N
K = Net-I ‘
30 EMIKY = GIK)-SBUKISEMIX+Y)

ENTRY SPLENT (XY e NeZeMAX,YINT,CYDX)
DO 120 I=1,MAX
=2
IF (ABS{Z(I)-X{1)).LT.TCLER) GC TD 40
IF {ZUT1).GT.X81)) GO TO %0
GO TO 80
40 YINTLI)=YI1)
K = N{K)=X(K=~1)
GC TC 110
S50 IF (ABSIZ(I)=XIX}).LTL.TCLER} &C TO 60
IF (78131.GT.XIKYY GO TO 70
GC TC 100
&0 YINT{I)=Y{XK}
SK = X{K)-X{x-=1}
GC TC 110
TQ K=K+ 1
IFIK=-N]) 50,5C,90
80 DYDX(I} = {X{1)-X(2))/6, #(2.*5"(1!*5"(2))*(?!21*‘(1)!/(X(ZI—XIIII
YINTCIY = Y{1L)+DYDRCIVI#{Z{L)=X(10}
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6C TC 120
SC DYDX(I) = (XIN)=XIN=L) )} /76 . FCEMIN=1 )42 % EMIN) I+ (Y IN)-Y(N=-1})}/(XIN)
I-X(N=~1})
YINTII) = YINISCYOXLEI#(ZC(I)-XIN))
G0 TO 120
100 SK = X(K)-X{K-1}
YINTUI) = EMIK=-L)R(X(K)-Z(1))#33/6./5K +EM(K}I*(Z(])-X{K-1))+*3/6.
1 /SKH(YOKY/ZSK —EMIKI®SK /6. 1%(201)=X{K-~1))+{Y{K~2)/SK —EM{K-1)
2 #SK/6.)*IXIK)-Z(T1)])
110 DYOX{ ) =~EMIR=-1 32 {XIK}~Z{I1D)%¥2/2,0/75K +EMIKI®IXIN-1)-Z(1))**2/2,
1 FSEHIYIKI-YIK~1)) /5K —[EMIK)=EM(K-1})%5K/b,
120 CCAT INUE
Maa = MAXO(N,MAX)
IFOSRW.FQ-16) WRITE(NWRIT,100CY N MAX L {X(IDoV{IFZULIRWWINTII),
IDYDX €TV I=14MXA)
RETURN
1000 FNRMAT (2X,21HND. OF POINTS GIVEN =,13,30H, NC. CF INTERPOLATED PO
LINTS =, 13/10Xs 1HXy 29Xy 1HYy 16Xy 11HX= INTERPOL. ¢S ¥y 11HY-INTERPOL. ¢
28 ¥y 14HDYDX-INTERPOL. /{SE20.8)}
END

SURRCUTINE SLOPES{X.Y+N+SLOPE)
c
C-~SLOPES CALCULATES FIRST DERIVATIVES, SLOPE, OF THE FUNCTION, Y,
C--%ITH RESPECT TO X, USING A PARABCLIC FIT THROUGH EACH SET QOF
C~-THREE ADJACENT POINTS CN THE CURVE
C

DIMENSTION XAN) YK} ,SLCPEIN)

N1 = N-1

NZ = N-2

1F INL.LT,.2) GO TC 20
C==MID PDINTS

00 10 I=2,N1

X3X2 = X{T+1}=-XNI(1)
X2X1 = X(I)-X(1-1)
X3I¥L = X{Tfepd=xX{I-1}
¥3Y2 = Y{I+1)-Y(1]
Yayi = vir)-vit-1n

10 SEDPEET) = (X2X1#32¥YIV24XINZHE2RY2YLI /(I XINZHNIN 12 X3IN])
C=-=~FIRSTY POINTY

Xz = x(3)-x02}
xX2x1 = Xt2)-X{1)
X2X1 = X 3}=-Xx(1)
YaYl = Y(3)-Y(1)
¥2¥l = Y(2)-Y{1)

SLOPEL 1) = (XIXNLHX2XY2YLI=-N2XL1*20¥3Y¥L)/IXIN2EX2X1*AIX]1)
C~=-L AST POINT

X3%2 = X(N)=X{N1)

X2X1 = X(N11I-X(N2)

X3IX1 = X{N}=X{N2)

Y3¥z = YIN)=YINL)

¥Y3Y1 = Y(N}-Y{N2)

SLOPEIN) = (X3X1%#24Y3Y2-XIX2#424Y3Y1 )/ (XIX24X2X 14X3X 1)
RETURN
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C+=TWD PRIMT FINCYINN
2C SLOPELL) (Y(2)=Y{LY})Z EX(2Y=-%(1)})
SLNPEL ) SLOPE( 1)
RETURN
END

R’

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, August 20, 1973,
501-24.
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APPENDIX A

FINITE-DIFFERENCE FORM OF STREAM-FUNCTION EQUATION

The stream-function equation was derived as equation (B18) of part I (ref. 6):

52u+32“_§_E|E"i“‘P+1_a_E+l_Q- 1 a(sin@}-az%g_&l_aggeh 1

3s2 a2 8L T Bds pds cosg ot | r Bodt pot coso
_ W 2V ) oV |
xdlsin @) | rBp } 7 Olgin o 5 +cos g o +£W2+§+Fr =0 (A1)
as wW_1(r 98 ' '
Z
where
2
1
-1 (R apt 100 o7 (A2)
2c_\p'" or T' or TV
1: - wzr - R__T” _@P_" (A3)
pl! ar
F. = W (A4)

ar co

Equation {(A4) was derived as equation (B23) of part 1.

The s- and t-coordinates are the coordinates along the orthogonal mesh generated
by the program. At each peoint of this mesh where the value of the stream function is
unknown, a finite-difference approximation to equation (A1) can be written. Adjacent to
the boundary the boundary conditions are included. If there are n unknown values, n
nonlinear equations are obtained in n unknowns. The equations are nonlinear since the
coefficients involve the density, which depends on the sclution; and since the final term
depends on the solution in a nonlinear manner, The equations may be solved by an iter-
ative procedure, with two levels of iteration. The inner iteration solves a linearized
equation, and the outer iteration makes corrections to the linearized equation so that the
solution converges to the solution of the original nonlinear equation.

A typical mesh point with the numbering used to indicate neighboring mesh points is
shown in figure 24. The value of the stream function or the other variables at 0 is de-
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Figure 24, - Notation for-adjacent mesh points and mesh spaces.

noted by using the subscript 0, and similarly for the neighboring points. It can be shown
that equation (A1) can be approximated by

2u1 . 2u2 i 2u0 . 2u3 . 2u 4 i 2u0
hl(h1 + hz) h2(h1 + h2) h1h2 h3(h3 + h4) }14(113 + h4) h3h4
__u4-u38in¢0+_£,34—33 +_1_p4-p3 ) 1 sin ¢, - sin @

h3+h4 r0 B0 h3+h4 Po h3+h4 cosgao h1+h2

_'_uz'-u1 cos:po-"“LBz-Bl +_}_.p2-p1 . 1 [Sin ¢, - sin @q

w
r B.p ( 9) a(rv,) o(xV,)
+000 osincp 9+cos<p 8

W(WZ)O 'y a8 at 0

+EQWa + 2+ (Fr)o =0 (A5)

where the partials of rVB are calculated by different methods ﬁpstream, downstream,
and within the blade. Upstream and downstream of the blade, equations (B19) and (B20)
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of part I are used. Within the blade, a finite-difference approximation is used with val-
ues of Vs from the previous iteration. The final result to be used in equation (A5) is

.
"oBoPo(wz)o (n

du

) upstream
M 0

h3 +h4 h1-|-h2

I N -r =T T -T
l_s LI a(ra\tr,,}J A ans, (Vo) - 7sV e).d;_] ©con g [z(" 8), ~*1Vs 1J
0

"oBoPo(wz)o E(rve
w

)
downstream
du
1]

In setting up the equations for solution, the coefficients of the
must be calculated. This was done by expressing equation (A5) as

4
uo =E aiu.1 + ko
i=1
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(A6)

within blade

W in equation (A5)

(AT)



where .

2 2

a0= +
hihy hghy

c1=h1+h2‘
c2=h3+h4

Ba-B1,P2"P

p cos ¢ sin ¢, - 8in ¢
d. = 0 0 + 0, 4 3

¢y ry e, COS @y

By-B3 py-pg

2 cy Ty ¢y coS @
f 2
l—]—--l' dl)
1
al =
aocl

32 =

2
F + d2

3

a, =

3

3-002
2
4

3.4 =
3%

>

(A8)

195



w

roBofy [(ws)OBoPo(wz)o (dJL

2
—) +E WS+ L upstream
070 0
aow(w Z)o du)o ]

roBofp o ‘ sin @, Jeos g .
Ko = 3 aow(Wz)D e, {[r4(v&)4 ) r3(v0)3] e * [r?("a)z T I(VGJJ - 0}+ EWa+ T+ (F‘")o within blade

c

r
B Ws),Boro d

r‘oy(vono) J ( 9)0 ¢ (‘VZ)O [(ﬂ’&j + Eowg + E[) downstream

) z DL w

L .

du
0

Equation (A8) is written in the form corresponding to the calculation of the coef-
ficients in subroutine COEF. The constant ky is caleulated from equation (A9) in sub-
routine COEF. The quantities £ and £ are calculated in subroutine NEWRHO from
equations (A2), and (A3). The quantity F,. is calculated in subroutine BLDVEL when the
blade surface velocities are calculated. The quantities dx/du and d(rVa) /du are cal-
culated by subroutines LAMDAF and RVTHTA when they are called by NEWRHO to cal-~
culate A or (!"Ve)o.
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APPENDIX B

MATCHING UPSTREAM AND DOWNSTREAM FLOW CONDITIONS

TO STREAM-FUNCTION SOLUTION

The work done by each blade row is determined by the change in whlrl along stream-
lines. That is,

H_ - - o [(rve)o i :«] ‘A o ®1)

In this program, whirl can vary as desired from hub to tip, but for each sireamline the
work done is determined by equation (B1). Also, the equation relating velocity W to
temperature and density requires knowledge of upstream total temperature and Wh1r1 for
that particular streamline. For this reason, it is most desirable to express upstream
and downstream conditions as a function of stream function rather than radivs. How-
ever, if experimental data are being used, measurements are obtained as a function'of
position or radius. In this case the stream function is not known, but the distribution
by radius can be used for input to the program. Then by estimation and iteration the =
correct distribution by stream function will be obtained. :

If whirl is g'iven,as a funetion of stream function as input (i.e., LSFR=LAMVT =0),
no changes need be made after the first initialization. If tangential velocity VB is given
as input (LAMVT = 1}, certain subroutines must be reinitialized in every iteration.
There are two possibiiitieS' one that Va is given as a function of stream function
(LSFR = 0}, and the second that V, is given asa function of radius (LSFR = 1).
either case, what is needed is the relation between stream function and radius along the
input lines. This relatmn is determined by the stream-function sotution obtained by
SOR. In each iteration, then, reinitialization calls are made by NEWRHO, if
LAMVT =1, If LSFR =0, SFIN and SFOUT are given as input, and RADIN and RADOUT
are corrected by the initilization calls to LAMNIT and RVTNIT. If LSFR =1, RADIN
and RADOUT are given as input, and SFIN and SFOUT are corrected by the same calls,
In either chse, SPLINT calls are made to readjust the spline fit coefficients for all five
subroutines, LAMDAF, RVTHTA, TIPF, RHOIPF, and RHOOPF.
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APPENDIX C

CALCULATION OF PARTIAL DERIVATIVES OF THETA

ON ORTHOGONAL MESH

In the THETOM subroutine, 96/8s and 36/0t are calculated at the orthogonal mesh
points which lie between the leading and trailing edges of the blade. This process is
executed in a series of intermediate steps because input points on the different blade
planes are not required to fall on a smooth curve running from hub to shroud. Also, the
angle ¢ is known only at mesh points, so that 36/8s and 36/3t cannot be obtained
directly. Therefore, 96/0z and 26/3r are obtained as an intermediate step. Itis
more accurate to calculate partial derivatives first and then interpolate and transform
the partials than it would be to interpolate & itself and then calculate the partials
along mesh lines.

The orthogonal mesh on a typical blade is illustrated in figure 25. Notice that

. -— Normal ar "vertical"
— orthoganals

P || — Streamwise or "horizontal"
arthogonals

Figure 25, - Orthogonal finite-difference mesh on solution regien,

some of the t mesh lines cross the leading and trailing edges of the blade. To alle-
viate the problem of finding #-gradients on this mesh, they are first obtained on an al-
ternative mesh, shown in figure 26, of s'~ and t'-coordinates which lie entirely within
the blade. Then by interpolation they are obtained at the desired orthogonal mesh
points. (Recall that z, r, and ¢ are given as input on a number of blade sections
from hub to shroud.)

The step-by -step procedure to obtain 96/9s and 36/3t is as follows:

(1) Calculate z- and r-coordinates (ZPC and RPC) of the mesh points on the s'-t'
mesh. The s' mesh lines lie along the input blade sections (ZBL,RBL points). The
t" mesh lines run from hub to shroud at 10-percent meridional chord locations (fig. 26).
Once z-~coordinates are calculated along the input blade sections, SPLINT calls are
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~ Input blade sections

~Lines at 10 percent, 20 per-
cent, . . . of chord

Figure 26 - Alternate mesh on which gradients of @ are obtained.

made in the s'-dlrectlon to obtain the correspondmg r~-coordinates and angles of the
s'-coordinateé line with respect to the z-axis og,. (See fig 27.) '

" ,
Uy oy

Figﬁre Z7. - Relation of s'-t' mesh ta z- and r-directions.

(2) Calculate arc length SZRBL along the mput blade section (s'-coordmate lme) by
usmg the input ZBL,RBL coordinates.

- (3) Calculate arc Iength SZRPC along the s'~coordinate line by usmg the ealculated
ZPC RPC coordmates '

(4) By using SPLINT calls in the s'-direction, calculate # and 26/08" at the '
ZPC RPC points.

(5) By usig SPLINE calls along the t' -coordinate line, calculate angles between
the t' lines and the radial direction o’t’ (See fig. 27 for s1gn of a.)

(6) Calculate arc length SZRPC along the t'-coordlnate line by using the ZPC RPC
coordmates -
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(7Y By using SPLINE calls in the t'-direction, calculate 26/3t' at the ZPC,RPC

points,
(8) Calculate 26/3z and 96/or from 96/0s' and 86/5t' at the s'-and
t'-coordinate points, with the following equations:

COS Oy, sin o,
2620 v 20 s 1)
dz as' cos(as, + C"t') ot' cns(as. + at,) .
a8 sin o, COS 0 _,
96__28 v__, % s (C2)

ar 38’ cos(ag, + @) 3t cos(ag + o)

{(The 36/0z and 86/0r gradients are the ones which will be interpolated back to the
orthogonal mesh and then transformed to get 96/6s and 36/0t.)

(9) Interpolate, by using LININT calls, from 36/dz and 36/3r onthe s'-t' mesh
to obtain 96/8z and 26/dr atthe s-t points of the orthogonal mesh which lie between
the leading and trailing edgeé of the blade.

{10) Rotate the r- and z-coordinate lines through the angle ¢ to obtain 96/6s and
26/3t at the orthogonal mesh points within the blade {see fig. 28). The following egua-
tions are used:

98 _ 39 tos ¢ + 2 sin (C3)
8 0% ar
iﬂi:iﬁcosqo-%sin(p (o)}
gt or 0z

Figure 28. - Relation of z- and r-divections to s- and t-
directions.
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 APPENDIX D

LINEAR INTERPOLATION IN A QUADRILATERAL

There are several instances where it is required for the program to interpolate
from a two-dimensional array of values on a grid. If the grid were rectangular, this
would be straightforward. However, usually this is not the case. In most cases the
grid is a rectangular grid which is deformed like a net that has stretched out of shape.
Thus, each region has four sides, but the corners are not necessarily right angles,
The method of interpolation is the simplest possible. First, we find the particular
guadrilateral containing the point, as shown in figure 29. All that is necessary is to

Quadrilateral
containing point—,

— Point where interpolation A
is desired . -

Figure 29, - Typical mesh region.

N :
interpolate linearly within the quadrilateral . 'The interpolation is linear in the sense
that it is linear along the boundary and between corresponding points along the boundary.

An illustration should clarify the manner of inferpolation. Suppose it is desired to
find the value at point P in figure 30. It is assumed that values of the function are
known at the corner points A, B, C, and D. The function values at these points will be
designated F,, FB, FC’ and FD' Suppose that the point P lies on a line between
points three-quarters of the way along AB and CD, as shown. Also suppose that P
lies on a line between points two-thirds of the way along BD and AC, as shown. Then,
we can interpolate linearly along AB and CD, followed by linear interpolation along the
vertical line through P. If F is the interpolated value of P, we obfain

1 1 1 1
F'—FA+EFB+—FC+_'FD

12 6 2
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Figure 30, - Example of linear interpolation in a guadrifateral.

The same result is obtained if we interpolate linearly along BD and AC, followed by
linear interpolation along the horizontal line through P.

Figure 31 shows a quadrilateral containing a point PO where it is desired to inter-

P4

Py

Figure 3L - Typicat quadrilateral.

polate. It is assumed that the values of the function to be interpolated are known at the
four corners, and that the coordinates of the point PO are given. The function values
are denoted by =z, and the coordinates by x and y. Subscripts are used to indicate the
point, There are 14 values required to perform the interpolation: the coordinates of
the four corners (eight values), the coordinates of the interpolation point (two values),
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and the function values at the four corners. If it is assumed that these 14 values are
known, an equation for linear interpolation can be derived.

Figure 32 shows the same quadilateral as--figur,é 31 but with the added lines I’5P'3
and P"{PB' The line P5P6 passes through the point P0 and is chosen so that
P Pg i P Py =P,Pe : PoP,. Similarly,rP,?Pé passes through P, and
PP, :P,P, =P, P, :P,P,. Now, let - - "

1" 12 3°8
P.P .
fx=_1_l 3 (D1)
P1P2 :
PP I
- f =—L—5- (D2)
Yy p.p .

Py

Figure 32 - Typical quadrilateral with
interpofation lines.

The coordinates of any point in will be de_signatea by (xi,yi). The difference of any

t i i ez X, =X, = -
wo x or y values will be designated by x}] X, x]l or yij ¥y y].. Thus,
X y X y
fy .51 _751_ 762 _ 762 (D3)
X T

T § SRR L3 S PR L

N k3

e E

203



The equation of line PSPG is

y-¥5 Ygs5
X -X5 ZXgg

(D4)

By using equation {(D3), Y5, Yg» X5 and Xg can be expressed in terms of fy and the
known values. For example,

Y=Yy +¥51=¥1 fyy13
In a similar manner we obtain
Y =¥ = fyy13 h

Ve =2 * V49
3 (DS5)

Xg =Xy ---fyxj|L3

By substituting equations (D5) in (D4), we obtain

YoVt Vi3 Yo+ E¥ap - vy + Vg3 (06)
X=X +‘fyx13 X, + fyx42 - X ffyxls
This line passes through PO’ so when X = Xy, ¥ =Yg When this substitution is
made and we multiply through by the denominators, we obtain a quadratic in fy,

2
'y =
ay+bfy+c 0 (DD

where

A =Y13%49 -~ *13¥42

b =xy9V00 - Y15%02 * Y01%42 ~X01Ya2 (D8)

€ =Yo1%21 ~ *p1¥21 J
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In a similar manner, we can obtain a quadraticin fx:

afx + bfx +¢=0 | (D9)
where
~
a=Y19%43 ~*12Y43
b =X19¥03 - Y12%03 * Y01%X43 ~ X01Y43 > (D10)
€ =Yo1%31 ~ *01931 J

If a #0 inequation (D7) or (D9}, there are two solutions for 1, or f .. However,
there will be only one value between zero and one. When two sides are parallel, a will
be zero and only one solution exists. Caution is needed when 2 is not zero but is very
small. In this case there is one and only one solution between zero and one; but if the
usual quadratic formula is used, the answer will be inaccurate. The solution, however,
can be accurately calculated by using a binomial expansion.

If we let { represent either f_ or fy,- the solution to either (DT) or (D9) can be

written as
f=-2l1s of1-%8C ) © (1)

When a is zero or small in magnitude, we want the root that i.s closeét to zero. This ;
is obtained by choosing the minus sign for the last term. Now we expand -

;. ﬁg)l/z
b2
by the binomial series, to obtain

' 22 33 4 4
1/1_‘1_*?*2:1.2%“’.2"‘" S  Mae | (D12)
b2 e p? 08 b8
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for |4ac ] < bz. Substituting equation (D12) in equation (D11) with the minus sign gives

22 533
f--—(1+ p227¢” Sate” (D13)
b\ L2 8 6

Equation (D13) is used when ac /b2 is small. Otherwise, the usual quadratic formula is
used. In the program (i.e., in subroutine LININT and also in subroutine CONTIN),
equation (D13) is used whenever |4ac] =b /100 Only three terms of the series are
used; the term 5513(:3/?‘:)6 1s dropped. This leads to a maximum relative error of less
than 1077, When |4ac| >b 2 /100, the quadratic formula will lose no more than two or
three decimal places in accuracy.

There is one further point that must be considered. Up to this point, it has been as-
sumed that the interpolation point is within the overall grid area, and thus we only need
to interpolate within a quadrilateral. However, there are cases where extrapolation is
necessary. In this case, the nearest quadrilateral is identified, and extrapolation is
used. The procedure is similar, but one of the f's must be either negative or greater
than 1. The problem, then, is to determine which f to use. Since the direction of the
extrapolation is known, it is known whether f is negative or greater than 1. For exam-
ple, suppose it was necessary to extrapolate below the bottom of the grid area. Then
f must be negative. If only one of the two possible values is negative, the question is
settled. If both are negative, the larger value (closest to zero) is used.

After both fx and fy are obtained, the linear interpolation can be performed to
obtain Zq- Linear interpolation along P1P2 and P3P 4 is followed by linear interpo-
lation along P'?PB‘ These interpolations are calculated by

Zp = 2y + fK(z2 - zl)

+ fx(z4 - ZS)

Zg = I3

Combining these equations, we get

Zg = 21(1 - fx)(l - fy) + zzfx(l - fy) + z3(1 - fx)fy + z4fxfy (D14)
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 APPENDIX E

SYMBOLS

‘tangential space between blades, corrected for loss of total pressure, rad

specific heat at constant pressure, J/(kg)(K)

vector normal to mid-channel stream surface and proportional to tangential
pressure gradient, N/kg

absolute total enthalpy, J/kg
pT{ - WA, rneetsersz/sec2
meridional streamline distance, meters

2 .

rothalpy, ¢

pressure, N/meter

~ gas constant, J/(kg)(K)

radius from axis of rotation, meters
radius of curvature of meridional streamline, meters
distance along orthogonal mesh lines in throughflow direction (ﬁg. 25), meters

temperature, K

distance along orthogonal mesh lines in direction across flow {fig. 25), meters

normalized stream function
absolute fluid velocity, meters/sec
fluid velocity relative to blade, meters/sec

W at next point, meters/sec
first estimate of W; ,, meters/sec

second estimate of W,

j+17 meters/sec

mass flow, kg/sec
axial coordiﬁate, meters
angle between meridional streamline and axis of rotation {fig. 2, pért 1), rad

angle between relative velocity vector and meridional plane (fig. 2, part I),
rad o

specific-heat ratio ‘
coefficient in stream-function equation, defined in eq. (A3), meters/sec‘?'

relative angular coordinate {fig. 2, part 1), rad
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Y prerotation, (rvg)i, metersz/sec

£ coefficient in stream-function equation, defined in eq. (A2), 1/meter
p density, kg/meter3 |

@ angle between s-coordinate line and axis of rotation (fig. 25), rad
Q overrelaxation factor )
s rotational speed {fig. 2, partI), rad/sec

Subscripts: |

av averagé blade-to-;blade value

b blade

bf blade flow

cr critical

s free stream

hub hub

i inlet

[ blade surface facing direction of positive rotation

le leading edge

m component in direction of meridional streamline

net net

o outlet

T component in radial direction

s component in s~direction

t component in t-direction

te trailing edge

tip tip

tr blade surface facing direction of negative rotation

z component in axial direction

e component in tangential direction

Superscripts: |

LR

208

absolute stagnation condition

relative stagnation condition
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