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ABSTRACT

A FORTRAN IV computer program was written to obtain a local detailed solution
around a leading or trailing edge or in a slot region for compressible, subsonic, non-
viscous flow on a blade-to-blade surface between turbomachine blades. This program
allows a coarse-mesh solution for an entire blade-to-blade region to be magnified in a
small rectangular region. The results include detailed surface velocities, velocity
magnitude and direction, and stream-function values throughout the magnified region.
The method is based on the stream function and uses the iterative solution of nonlinear
finite-difference equations.
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FORTRAN PROGRAM FOR CALCULATING VELOCITIES IN A MAGNIFIED REGION
ON A BLADE-TO-BLADE STREAM SURFACE OF A TURBOMACHINE
by Theodore Katsanis and William D. McNally

Lewis Research Center

SUMMARY

A FORTRAN IV computer program was written to obtain a local detailed solution
around a leading or trailing edge or in a slot region for compressible, subsonic, non-
viscous flow on a blade-to-blade surface between turbomachine blades. This program
allows a coarse-mesh solution for an entire blade-to-blade region to be magnified by a
chosen magnification factor in a small rectangular region.

The program input requires information obtained from a less detailed solution from
one of three other FORTRAN programs. These programs have been presented in NASA
Technical Notes. The output includes detailed surface velocities, velocity magnitude
and direction, and stream-function values throughout the magnified region.

The method is based on the stream function with the solution of the simultaneous,
nonlinear, finite-difference equations being obtained by two major levels of iteration.
The inner iteration consists of the solution of simultaneous linear equations by successive
overrelaxation, using an estimated optimum overrelaxation factor. The outer iteration
then changes the coefficient of the simultaneous equations to compensate for compres-
sibility.

This report includes the FORTRAN IV computer program with an explanation of the
equations involved, the method of solution, and the calculation of velocities. Numerical
examples have been included to illustrate the use of the program and to show the results
which are obtained.

INTRODUCTION

In the design of blade rows for turbines and compressors, it is desirable to obtain
the velocity distribution through the passage and particularly over the blade surfaces.
The authors have published computer programs (refs. 1 to 3) for obtaining this type of



solution for single and tandem blade rows.

With these programs, however, it is not always possible to obtain sufficient detail
on some critical parts of the blade surfaces. These programs give an approximate solu-
tion for velocities only at the mesh points of a finite-difference grid. Due to storage
requirements on the computer, grid spacing may be too large to give the desired detail
around small leading- or trailing-edge radii or within slot regions. And it is in these
regions where geometry, and thus velocities, change most rapidly.

For these reasons a computer program has been written to obtain a solution on a
fine mesh in a small part of the blade-to-blade region. The method used is similar to
that used by Kramer (ref. 4). A small rectangular region of the solution obtained by
either 2DCP (ref. 1), TURBLE (ref. 2), or TANDEM (ref. 3) can be magnified by a cho-
sen factor using MAGNFY, the program described herein. The input and output are sim-
ilar to 2DCP, TURBLE, and TANDEM, with additional input required. The additional
input is obtained from the output of 2DCP, TURBLE, or TANDEM.

This report includes the FORTRAN IV computer program that was developed with
explanationof the input required. An axial-flow turbine rotor slot and the tip of a mixed-
flow impeller have been analyzed to illustrate the use of the program.

This report is organized so that the engineer desiring to use this program needs to
read only the sections MATHEMATICAL ANALYSIS, NUMERICAL EXAMPLES, and
DESCRIPTION OF INPUT AND OUTPUT. The necessary information of interest to a pro-
grammer is contained in the sections DESCRIPTION OF INPUT AND OUTPUT and PRO-
GRAM PROCEDURE.

A MAGNFY source deck on tape is available from COSMIC (Computer Software
Management and Information Center), Computer Center, University of Georgia, Athens,
Georgia 30601. The program number is COSMIC number LEW-10789.

SYMBOLS
A coefficient matrix, (eq. (A7), ref. 1)
b stream-channel thickness normal to meridional streamline, meters
Ky
k constant vector,| . , (ea. (A7), ref. 1)
kn
m meridional streamline distance, meters
R gas constant, joule/ (kg)°K)



r radius from axis of rotation to meridional stream-channel mean line, meters
T temperature, ok
u stream function
w fluid velocity relative to blade, meters/sec
w mass flow per blade flowing through stream channel, kg/sec
B angle between relative velocity vector and meridional plane, rad
v specific-heat ratio
0 relative angular coordinate, rad
A prerotation (rVe). ) metersz/sec
in
p density, kg/meters3
Q overrelaxation factor, (eq. (A8), ref. 1)
w rotational speed, rad/sec
Subscripts:
in inlet or upstream
le leading edge
m component in direction of meridional streamline
te trailing edge
0 tangential component
Superscript:

! absolute stagnation condition

MATHEMATICAL ANALY SIS

It is desired to determine the flow distribution over the leading or trailing edge of a
turbomachine blade or through the slot of a tandem or slotted blade. The stream func-
tion is used for the analysis. The basic assumptions and equations are given in refer-
ences 1 and 3. The only difference in this analysis from that of references 1 and 3 is in
the boundary conditions. For the MAGNFY program, the value of the stream function
must be given for the entire boundary of the region considered. These values are deter-
mined on a coarse mesh by 2DCP, TURBLE, or TANDEM. MAGNFY then interpolates



these values to obtain boundary values of stream functions on a finer mesh. These
boundary conditions determine a solution to the stream function (eq. (1), ref. 1). The
numerical solution is determined by using finite-difference equations, as described in
appendix A of references 1 and 3.

NUMERICAL EXAMPLES

Two numerical examples are given to illustrate the use of the program and to show
the type of results which can be obtained. The first example is the slot region of a tan-
dem axial-flow turbine rotor blade, and the other is the trailing edge of a mixed-flow
impeller. '

Leading Edge of Rear Blade of Tandem Blade Turbine Rotor

Flow about the leading edge of the rear blade of a tandem axial-flow turbine rotor
blade (ref. 5) has been analyzed to illustrate the use of MAGNFY. The entire blade was
first analyzed by using TANDEM with the mesh size shown in figure 1. Due to computer
storage limitations, this was as fine a mesh as could be obtained with TANDEM. How-
ever, more detail was desired for velocities between adjacent mesh points on the leading
edge of the tandem blade. Therefore, MAGNFY was used in order to reduce the mesh
spacing in the region around the leading edge by a factor of 8, as shown in figure 2.

The input for this case is given in table I. This includes most of the input necessary
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Figure 1. - Tandem axial turbine with region to be magnified. 1 i i
|

Figure 2, - Magnified region of figure 1 with reduced
mesh size,




for TANDEM, in addition to the stream-function values on the vertical and horizontal
boundaries of the magnified region. These stream-function values and their coordinates
were obtained as output from the TANDEM program.

Blade-surface velocities from both TANDEM and MAGNFY are plotted in figure 3.
The original velocities obtained by using the coarse mesh are denoted by circles in fig-
ure 3. The MAGNFY output is plotted as a solid line. As shown in figure 3, the velocity
peak on the suction surface is much higher than indicated by the coarse-mesh solution.
This illustrates the need for a finer grid in some parts of the solution region since the
velocities denoted by circles do not define the velocity adequately.

The execution time for this example was 10 minutes on the direct-coupled IBM2-

7094-7044 computer.

o TANDEM program
{coarse mesh)

ZSOF MAGNFY program
(fine mesh)

2007—

,~ Suction surface

(S ]
g 10—
E
2
2
2 10—
50 -
- Pressure surface
0 | [ |
0 1 2 3 4

Distance from stagnation point, cm

Figure 3, - Comparison of velocities from
coarse-mesh and fine-mesh solutions,

Trailing Edge of Mixed-Flow Impeller

Flow about the trailing edge of the main blade of a mixed-flow impeller with splitter
blades (ref. 6) has also been analyzed using MAGNFY. The entire impeller was origin-
ally analyzed with TANDEM (ref. 3). The impeller profile (in the meridional plane) is
shown in figure 4(a). Figure 4(b) shows the blade-to-blade region with the coarse mesh
used in the TANDEM run. The region to be magnified about the trailing edge of the main
blade is indicated by heavy lines in figure 4(b). MAGNFY was used to reduce the mesh



TABLE I. - MAGNFY INPUT FOR LEADING EDGE OF REAR BLADE OF TANDEM BLADE TURBINE ROTOR

SHIFTED TANDEM AXIAL TURBINE ROTUR - SMALL SLOT AREA

NOBL

2

GAM

1.4000000

BETAIL
48.C00000 -
MBI MBO MBI2 MBO
10 32 24 49

BLADE SURFACE 1

RI1
0.7620000E-03
MSP1  ARRAY
-0
THSP1 ARRAY
-0

BLADE SURFACE 2

RI2
0.7620000€E-03
MSP2 ARRAY
-0
THSP2  ARRAY
-0

BLADE SURFACE 3

RI3
0.76200300E-03
MSP3  ARRAY
-0
THSP3 ARRAY
-0

BLADE SURFACE 4

RI4
0.7620000E-03
MSP4  ARRAY
-0
THSP4  ARRAY
_0 -_—
MR ARRAY
~1.06C00000
RMSP  ARRAY
0.3238-00
BESP ARRAY
0.1143000
BLDAT AANDK E
1 1

AR TIp
287.05300 288.15000
BETAQ CHORDF
48.000000 0.2847000E-01
2 MM NBBI NBL NRSP
58 20 76 2

RO1
0.3810000£-03

BETI1
50.000000 -
0.2570000£E-02 0.7650000€E-02

0.9250000€E-02 0.2118000E-01

~- LOWER SURFACE - FRONT BLAD
ROZ2 BETIZ2
0.3810000E~03 25.000000 -

0.7650000E-02 0.2035000&-01

0.7140000E-02 0.2039000£-01

RO3
0.3810000E-03

UPPER SURFACE - REAR BLADE
BETI3
13.000000

0.5160000E-02 0.1278000E-01

0.4080000E-02 -0.2400000E~-03 -

RO4
0.3810000E-03

LOWER SURFACE — REAR BLADE
BETI4

-4,2000000 -

0.5160000€E-02 0.1278000E-01

0.4390000E-02 -0.1388000&-01

1.0000000

0.3238500

0.1143000

RSOR STRFN INTVL SURVL
2 2 2 3

RHOIP
1.2250000
STGRF

0.2133300E-01

UPPER SURFACE - FRONT BLADE

BETOL
29.400000

0.1527000E-01
0.2988000E-01
E

BETOD2
6.9000000
0.2543000E~01

0.2094000E~-01

BETO3

-48.800000

0.2294000E-01

0.2651000E-01

BETO4
42.500000

0.2040000E-01

=0.2933000E-01

WTFL
0.2715000
CHORDR
0.3183000€E-01

SPLNO1L
7.0000000

0.2035000E~-01

0.3020000E-01

SPLNO2
5.0000000

-0

-0

SPLNO3
5.0000000

-0

-0

SPLNO4
5.0000000

-0

-0

WTFLSP
0.6970000E-01
STGRR
-0.5647000E-01

0.2543000€E-01

0.2643000E-01

OMEGA
-0

ML ER
0.17730C0E-01

-0

-0

ORF
1.7300000
THLER
0.2820000E-02



MBCYF MBDYL ITF ITL

22 21 -1 4
LAMBDA
27.587140

KBDRY NSP
1 6
BVIN ARRAY
0.1519700E-01
UBVIN ARRAY
-0.2562700

0.1646400E-01

-0.2741800

KBDRY NSP
2 6
BVIN ARRAY
0.1519700E-01
UBVIN ARRAY
-0.1300000F-03 -0.1841000E-01

0.1646400E-01

KBDRY NSP
3 6
BVIN ARRAY

-0.4133700E-02 4]
UBVIN ARRAY

-0.2562700 -0.2123600

KBDRY NSP
4 2
BVIN ARRAY
~0.4133700E-02 -0.8230000E-03
UBVIN ARRAY

-0.2874300 -0.2567200

KBDRY NSP
4 4
BVIN ARRAY
0.6708000E-02
UBVIN ARRAY
-0.2567200

0.8267400E-02

~0.2261100

MAGFAC
8

0.1773000E-01

-0.2883600

0.1773000E-01

-0.3630000E~-01

0.4133700E-02

-0.1671100

0.1240100E-01

-0.1478300

0.1907200E-01

-0.2929900

0.1907200E-01

-0.5292000£E-01

0.8267400E-02

-0.1146800

0.1653500E-01

-0.7366000€E-01

0.2041500E-01

~0.2920900

0.2041500€E-01

-0.6547000E-01

0.1240100E-01

-0.5821000E-01

0.2175700E-01

-0.2874300

0.2175700E-01

-0.7366000E-01

0.1653500E~-01

-0.1300000€E-03



Radius, r, cm
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(a) Hub-shroud profile, showing meridional section of stream tube.

Figure 4, - Mixed-flow pump impeller.



Angular coordinate, 8, radians
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o1

MIXED FLOW IMPELLER (NASA TN D-1186) - TRAILING EDGE,

NOBL
2
GAM
1.5C00000
BETAIL
-84.880000

MBI MBO MBIZ2 MBO2

10 47 28

BLADE SURFACE 1 --

RI1
0.9140000E-03

MSP1  ARRAY
0

THSP1 ARRAY

BLADE SURFACE 2 --

RI2
0.9140000E-03

MSP2  ARRAY
0

THSP2 ARRAY
0

BLADE SURFACE 3 -—-

RI3
0.1328000E-02

MSP3  ARRAY
0

THSP3 ARRAY
0

BLADE SURFACE ¢ —-

RI4
0.1328000E-02

MSP4 ARRAY
0

THSP4 ARRAY
0

MR ARRAY

-0.3124000E-01
0.5115000E-01
0.1272600

RMSP
0.7586000E-01
0.9447000€-01
0.1360200

BESP
0.1053300E-01
0.3235U00E-02
0.8250000E-03

ARRAY

ARRAY

TABLE II. - MAGNFY INPUT FOR TRAILING EDGE OF MIXED-FLOW IMPELLER

AR
1000.0000
BETAD
-43.000000
MM NBBI

47 57 28

RO1
0.1846000€E-02

0.1214000E-01

-0.6250000

RO2
0.1846000£E-02

0. 7880000E-02

~0.6310000

RO3
0.1753000€E-02

0.1307000E-01

~0.1670000

RO4
0.1753000E-02

0.1073000E-01

-0.2010000

-0.1514000E-01
0.5964000E-01
0.1407300

0.7662000E-01
0.9820000E-01
0.1448700

0.1004500E-01
0.2728000E-02
0.7240000E-03

NB
8

TIP
1000000.0
CHORDF
0.1055500
L NRSP
18

BETI1
-80.000000

0.2651000E-01

~1.2330000

BETI2
-83.000000

0.2004000E-01

-1.2310000

BETI3
-60.500000

0.2552000E-01

-0.3370000

BETLA
-63.000000

0.2493000E-01

-0.4070000

0.2500000€E-03
0.6828000E-01

0.7874000E-01
0.1022800

0.8724000E-02
0.2299000E-02

UPPER SURFACE — FRONT BLADE

MAIN BLADE
RHOIP WTFL
1.0000000 0.3042000E-02
STGRF CHORDR
=2.6290000 0.5664000€-01
BETO1 SPLNO1
-49.000000 6.0000000

0.4766000E-01

-1.8182000

LOWER SURFACE - FRONT BLADE

BET02
-41.500000

0.4006000€E-01

-1.8206000

UPPER SURFACE - REAR BLADE

BETO3
-51.500000

0.4172000£E-01

~0.5262000

LOWER SURFACE - REAR BLADE

BETO&
-40.500000

0.4172000E-01

-0.5818000

0.1065000E-01
0.7709000E-01

0.8091000E-01
0.1067400

0.7420000E-02
0.1936000E-02

0.7360000E-01

-2.2750000

SPLND2
6.0000000

0.6828000€E-01

-2.2954000

SPLND3
6.0000000

0.5280000E-01

-0.6269000

SPLND4
5.0000000

0

0

0.1853000€E-01
0.8607000E-01

0.8294000€-01
0.1114600

0.6316000E-02
0.1629000E-02

WTFLSP
0.1351600E-02
STGRR
-0.6649000

0.2651000E~01
0.9524000E-01

0.8531000€-01
0.1165600

0.5354000E-02
0.1370000E-02

OMEGA
796.00000

MLER
0.4891CC00€E~-01

0.34600C0E~01
0.1046100

0.8802000E-01
0.1220000

0.4532000E-02
0.1151000E-02

ORF
1.8440000

THLER
-2.3434000

0.4281000E-01
0.1141700

0.9108000E-01
0.1277800

0.3831000E~02
0.9790000€-03



1T

BLDAT AANDK ERSOR STRFN
1 2 2 2
MBDYF MBOYL ITF ITL
44 50 -97 -90

LAMEBDA

-0.9835000£-02

KBDRY NSP
1 7
BVIN ARRAY

0.9660700€E-01
UBVIN ARRAY
=0.2089400

0.9958800E-01

-0.1757100

KBDRY NSP
2 7
BVIN ARRAY
0.9660700E-01
UBVIN ARRAY
0.1517000E-01

0.9958800E~01

0.4847000E-01

KBDRY NSP
3 6
BVIN ARRAY
=2.7208400
UBVIN ARRAY
-0.2089400

~2.6927900

=0.1676100

KBDRY NsSP
3 2
BVIN ARRAY
-2.5380100
UBVIN ARRAY
0 0.1517000E-01

~2.5244900

KBDRY NSP
4 8
BVIN ARRAY
-2.7208400 =2.6927900
UBVIN ARRAY

=0.2077000E-01 0.1455000E-01

INTVL SURVL
2 3

MAGFAC
5

0.1025700

-0.1440400

0.1025700

0.8207000E-01

=2.6647400

-0.1226400

-2.6647400

0.4942000E-01

0.1055500

-0.1137000

0.1055500

0.1159000

-2.6366900

~0.7412000E-01

=2.6366900

0.8343000E-01

0.1085300

-0.8342000E-01

0.1085300

0.1498600

-2.6086400

-0.2446000E-01

-2.6086400

0.1166400

0.1115100

-0.5251000E~01

0.1115100

0.1839400

~2.5949900

0

~2.5805900

0.1499700

0.11449C0

-0.2076000E~01

0.1144900
0.2181900
-2.5525400 -2.5244900
0.1837800 002181500
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Figure 6. - Comparison of velocities near
trailing edge of mixed-flow impeller,

size in this region by a factor of 5. The reduced mesh is shown in figure 5.

The input for this example is given in table II. It includes the original TANDEM
input plus stream-function boundary values about the magnified region. These were
obtained from the output of TANDEM. The process by which this input was obtained is

explained later in the section Example of Preparing Input.
The blade-surface velocities from TANDEM and MAGNFY are plotted in figure 6.

The velocities obtain by TANDEM (coarse mesh) are not accurate near the trailing-edge

radius, and the magnitude of the peak is not shown accurately.
The execution time for this example was 2 minutes on the direct-coupled IBM2-

7094-7044 computer.

12



DESCRIPTION OF INPUT AND OUTPUT

The computer program requires as input the same input as was used in either 2DCP
(ref. 1), TURBLE (ref. 2), or TANDEM (ref. 3) plus the stream-function values along
the boundary of the region to be magnified. These stream-function values are generally
obtained from the output of either 2DCP, TURBLE, or TANDEM (refs. 1 to 3).

Qutput obtained from MAGNFY includes velocity magnitude and direction at all
interior mesh points in the region, blade-surface velocities, and stream-function values
throughout the region.

Instructions for Preparing Input

The first step in obtaining input for MAGNFY is to obtain the usual coarse-mesh
solution from either 2DCP (ref. 1), TURBLE (ref. 2), or TANDEM (ref. 3). If TURBLE
or TANDEM are used, their input forms part of the input for MAGNFY. If 2DCP is used,
modifications must be made to its input to make it appropriate for MAGNFY. These
modifications make the 2DCP input agree with input for TURBLE, and are explained in
the following section.

The remainder of the input for MAGNFY (beyond the input for 2DCP, TURBLE, or
TANDEM) consists of coordinates and stream-function values obtained from the output
of one of these three programs. Figure 7 shows all the input for MAGNFY beyond that
required for 2DCP, TURBLE, or TANDEM.,

The boundary value input for MAGNFY could be determined from some method other
than either 2DCP, TURBLE, or TANDEM. In this case the input which would ordinarily
have been used with these programs must be determined as explained in references 1 or 2
(single blade) or reference 3 (tandem or slotted blade).

Modification of 2DCP Input

If the user desires to magnify a solution obtained with 2DCP, the 2DCP input must
be rearranged as if it were to be run on TURBLE before it can be used with MAGNFY.
Some of the 2DCP input variables have the same names as MAGNFY variables, but some

13
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Duplicate input data from TURBLE or TANDEM (except TITLE and BLDAT cards)

BLDAT JAANDK]ERSOR] STRFN | INTVL[SURVL // / / // /
MBDYF[MBDYL] TTF | TiL vtAGFA(i / / // / 2
LAMBDA / /// / /
KBORY] NSP / / / / / / /
1
I

BVIN ARRAY
[
I

UBVIN ARRAY

KBDRY| NSP // /

BVIN ARRAY

UBVIN ARRAY

KBDRVIF NSP // // / / / /

BVIN ARRAY

UBVIN ARRAY

KBDRY| NSP / / // / /

BVIN_ARRAY

UBVIN ARRAY

KBDRY| NSP / / /

BVIN ARRAY

UBVIN ARRAY

? o [
rKBgRY ng//' / // T / A /

Figure 7. - Input form. Card column numbers appear at top.
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| THSP2 ARRAY
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| | _—

BESP ARRAY

I | I 1l I

—_I—BLDAT {AANDK]IER_SEQ%STRFNi SLQRD{ INTVLE SURVL ///////////////////////////%

Figure 8. - [nput form for TURBLE (ref. 2). Card column numbers appear at top,

do not. Table III lists the 2DCP and MAGNFY variables which have the same meaning
but different names. Figure 8 and table III show the user how to rearrange his 2DCP
input to make it compatible with MAGNFY. The first card of 2DCP input (the GAM card)
must be modified for MAGNFY by shifting OMEGA and W 10 spaces to the right (see

fig. 8). The second card should have the inlet and outlet flow angles (BETAI and BETAO)
placed before CHORD and STGR. Also BETAI and BETAO have been redefined to be the
flow angles at the leading and trailing edges, instead of at upstream and downstream
boundaries. The third card contains information obtained from the fourth card for 2DCP.
Once again, the position of variables on the card and the relation between 2DCP and
MAGNFY variables can be seen from figure 8 and table III. The information on the third
2DCP card must be placed on two cards for MAGNFY. These cards are placed directly
above the two sets of m- and 6-coordinates (MSP1, 2 and THSP1, 2) for the two blade
surfaces. Each of these cards for MAGNFY contains inlet and outlet radii, tangency
angles, and number of spline points for one of the two blade surfaces. Finally, the cards
containing m- and 6-coordinates are unchanged between 2DCP and MAGNFY.



TABLE IiI. - 2DCP AND MAGNFY VARIABLES WITH

SAME MEANING BUT DIFFERENT NAMES

2DCP variable Corresponding MAGNFY variable
w ORF
RI RI1 and RI2
RO RO1 and RO2
ALUI BETI1
ALLI BETI2
ALUO BETO1
ALLO BETO2
MXBI MBI
MXBO MBO
MX MM
NUSP SPLNO1 (real)
NLSP SPLNO2 (real)
MU MSP1
XSPU THSP1
ML MSP2
XSPL THSP2

Choosing Magnified Region

The region where magnification is desired is usually located around a leading or
trailing edge or about a tandem blade slot. Therefore, the region generally includes
portions of both lower and upper blade surfaces. This is indicated by the heavily
outlined region of figure 9 and by the similar region for the mixed-flow impeller example
(fig. 4(b)). However, input must be given to MAGNFY as though the region was entirely
located about the lower blade. (See the dashed portion of the region in fig. 9.) This con-
dition, of course, results in a magnified region which is partially outside of the original
2DCP, TURBLE, or TANDEM region. In the case of the leading edge of the rear blade
of a tandem blade, the magnified region may lie completely outside of the original
TANDEM region. The region may contain at most one leading and one trailing
edge.

The fact that the magnified region is restricted to the lower blade implies that, once
it is drawn about the lower blade, no part of it may include any of the upper blade.
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Figure 9. - Input variables defining magnified region,

Input

Only the additional input beyond that required for 2DCP, TURBLE, or TANDEM will
be described in detail herein. All integers are in a five-column field and must be right
adjusted. All numbers witha ten-column field are real numbers and must have a decimal
point punched on the data card.

The first input data card (fig. 7) is a label card containing any desired identification
label. The next card has either NOBL=1 (single blade) or NOBL=2 (tandem or slotted
blade) in column 5. This is followed by the input data from either TURBLE or TANDEM,
or modified input from 2DCP. This input consists of all the input cards from the first
one starting with GAM up to the last geometry input card containing values of BESP.

This input remains unchanged, except for the overrelaxation factor (ORF), which should
be recalculated for the MAGNFY program; that is, it should be set equal to zero again
for the initial MAGNFY run on a set of data.

The next input card has variables (BLDAT to SURVL) used to indicate what output
is desired. These variables are used in the same way as in TURBLE or TANDEM,
except for the ommission of SLCRD, which is not required in MAGNF'Y.
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The remaining input variables (see fig. 7) are as follows:

MBDYF

MBDYL

ITF

ITL

MAGFAC

LAMBDA

KBDRY

NSP

BVIN

UBVIN

index IM of vertical mesh line which is to be left boundary of magnified
region (see fig. 9)

index IM of vertical mesh line which is to be right boundary of magnified
region

index IT of horizontal mesh line which is to be lower boundary of magnified
region (See previous section for explanation of how to choose magnified
region. )

index IT of horizontal mesh line which is to be upper boundary of magnified
region

magnification factor (If MAGFAC = n, one mesh square of original coarse
mesh will contain n2 squares of smaller mesh.)

value of prerotation A at inlet (LAMBDA is given as part of the output for
2DCP, TURBLE, or TANDEM. )

indicates which boundary is referred to on input cards which follow it:
KBDRY=1, lower boundary
KBDRY=2, upper boundary
KBDRY=3, left boundary
KBDRY=4, right boundary

number of stream-function values given for a particular boundary on BVIN

and UBVIN cards which follow it

boundary coordinates (m or 0) for segment of boundary indicated by KBDRY
(These coordinates should correspond to original coarse-mesh lines,
except for possibly the first and last points, which could fall on a blade

surface.)

stream-function values corresponding to BVIN

The variables from KBDRY to UBVIN are given for each segment of the boundary. After
all boundary values are given for each segment of the four boundaries, one blank card
(or a card with zeros for KBDRY and NSP) is added to signal the end of the input data for

a particular case.

Example of Preparing Input

The second numerical example of this report (p. 5) dealt with solving for detailed
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Figure 10. - Mixed-flow impeller, showing information for input example.
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velocities about the trailing edge of the main blade of a mixed-flow impeller with splitter
vanes (ref. 6). This section illustrates, in detail, how the additional MAGNFY input
(beyond the normal TANDEM input) for that example was obtained. This input is given
in table II. :

MAGNFY is intended to be used by those who have run 2DCP, TURBLE, or TANDEM,
and who desire a more detailed solution about some critical region on the blade. For
the impeller example, that region is the trailing edge of the main blade as shown in fig-
ure 10. Notice that most of this region lies about blade surface 1, but that a portion of
it is located at the end of blade surface 2. In most cases, the region to be analyzed will
be divided in this way. However, input must be given to MAGNFY as though the region is
entirely located about the lower blade. The way this is done is illustrated in the follow-
ing paragraph.

The user should draw a magnified picture of the region for which a detailed solution
is desired (fig. 11). This rectangular picture should extend three or four mesh lines
(coarse mesh) in all directions from the point at which most detail is desired. The
coarse mesh should be numbered with IM and IT grid line values. The ITV array of
TURBLE or TANDEM can be used in the drawing of this sketch. The boundaries parallel
to the IM axis are defined as boundaries 1 and 2 of this sketch, and those parallel to the
IT axis as 3 and 4, as indicated in figure 11. _

At this point, some of the input to MAGNFY can be obtained. The first and last
values on the IM and IT axes are called MBDYF, MBDYL, ITF, and ITL. For the impel-
ler example, these values are 44, 50, -97, and -90, respectively.

Boundary 2

K
-91
Surface ¥ \ 7

o2 \
T %
Boundary 3 &Surface% Boundary 4
[
-94 N

. \\\
\
AN

44 45 46 47 48 49 50

M —

N

Boundary 1

Figure 11, - Magnified region for input example.
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MAGFAC can also be chosen at this time. A number between 5 and 8 is typical, and
in this case 5 was used. MAGFAC must be chosen so that the resulting grid has less
than 2000 mesh points in it.

LAMBDA is the next required input.
2DCP, TURBLE, or TANDEM.

The remainder of the MAGNFY input consists of geometrical (BVIN) and stream-
function (UBVIN) boundary values for the coarse-mesh boundary points on the four bound-
aries of the magnified region (fig. 11). The boundaries 1 to 4 should be entered in order,
giving values from left to right on boundaries 1 and 2 and from bottom to top on boundaries
3 and 4.

The blade surfaces always intersect some boundaries of the region. When this
occurs, the resulting sections of boundaries should be entered separately. In this exam-
The first has six points (IT = -97 to IT = -93
The second has two points (point b and

It is obtained-directly from the output of either

ple, boundary 3 is divided into two parts.
plus the blade-surface point (point a), fig. 11).
IT = -90).

For each section of a boundary, four items of input are needed: KBDRY, NSP, the
BVIN array, and the UBVIN array. KBDRY identifies by number the boundary for which
data are given, and NSP is the number of points given on a section of that boundary. For
the impeller example, NSP = 7 on boundaries 1 and 2; NSP = 6 and NSP = 2 on boundary 3;
and NSP = 8 on boundary 4.

For boundaries 1 and 2, BVIN is obtained from the Stream Sheet Coordinates and
Thickness Table for both TURBLE and TANDEM. A portion of the table for this example
is reproduced in table IV. The meridional coordinates for BVIN from IM = 44 to IM =50
are circled.

TABLE IV. - STREAM SHEET COORDINATES AND THICKNESS TABLE

imM " R SAL 8 DB/DM
1 -0.24455€-01 0.76028E-01 0.38990E-01 0.10422E-01 -0.25197E~-01
2 -0.21738E-01 0.76152E-01 0.52336€-01 0.10342€~01 -0.33504E-01
3 ~0.19021E-~01 0.76314E-01 0.67178E-01 0.10239E-01 -0.42743E-01
4 ~0.16303E-01 0.76519E-01 0.83516E-01 0.10109€-01 -0.52913€E~-01
5 ~-0.13586E~01 0.76769E-01 0.10100 0.99507E-02 -0.63772E-01
39 0.81702E-01 0.108914 0.52474 0.17711E-02 -0.34060E-01
40 0.84683E-01 0.11071 0.53430 0.16727E-02 -0.31962E-01
41 0.87664E-~01 0.11233 0.54631 0.15804E~02 -0.29980E-01
42 0.90645E-01 0.11397 0.55690 0.14938E-02 -0.28176E-01
43 0.93626E~-01 0.11564 0.56553 0.14122E-02 ~0.26560E-01
44 0.96607E-01 0.11734 0.57246 0.13352E-02 -0.25103E-01
45 0.99588E-01 0.11906 0.57954 0.12626E-02 -0.23590E-01
46 0.10257 0.12080 0.58712 0.11947€E-02 ~0.21979€E-01
47 0.10555" 0.12256 0.59514 0.11317€E-02 -0.20275€~-01
48 0.10853 0.12434 0.60279 0.10739E-02 -0.18520E~01
49 0.11151 0.12615 0.60980 0.10213E-02 ~0.16728E~01
50 0.11449 0.12798 0.61617 0.97415E~-03 =-0.14901E-01
51 0.11747 0.12983 - 0.62238 0.93233E-03 ~-0.13193E-01
52 0.12046 0.13169 0.62878 0.89527E-03 -0.11706E~-01
53 0.12344 0.13357 0.63535 0.86232E-03 -0.10440E-01
54 0.12642 0.13548 0.64210 0.83281E-03 ~0.93952€E-02
55 0.12940 0.13740 0.64879 0.80611E-03 -0.85392E~02
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TABLE V. - THETA COORDINATES OF
HORIZONTAL MESH LINES

v THETA
-107 -3.00134
-106 -2.97329
-105 -2.94524
-10¢4 -2.91719
-103 -2.88914
-102 ~2.86109
-101 -2.83304
-100 -2.80499

-99 -2.77694
-98 —2.74889
=97 ~2.72084
~-96 -2.69279
~95 -2.66474
~94 ~2.63669
-93 -2.60864
~92 -2.58059
~91 -2.55254
~90 ~2.52449
<89 —2.49644
-88 -2.46839
-87 -2.44034
-86 -2.41229
-85 -2.38424
-84 -2.35619

If a blade surface passes through boundary 1 or 2 (it does not in this example),
the BVIN for the point of intersection of the blade and boundary is obtained from the MH
array (m-coordinates of intersections of horizontal mesh lines with blade given as output
from 2DCP, TANDEM, or TURBLE) for the blade surface involved.

For boundaries 3 and 4, BVIN is obtained from the table of Theta Coordinates of
Horizontal Mesh Lines for both TURBLE and TANDEM. A portion of this table for this
example is reproduced in table V. The tangential coordinates for BVIN from IT = -97
to IT = -90 are circled.

If a blade surface passes through boundary 3 or 4, the BVIN for the point of inter-
section of the blade and boundary is obtained from the TV array (6-coordinates of blade
at vertical mesh lines) for the blade surface involved. In the example, blade surfaces 1
and 2 pass through boundary 3. A portion of the TV array output from TANDEM for
surfaces 1 and 2 is given in table VI. The m-coordinate corresponding to IM = 44 is
circled along with the 6 values, called TV, where the IM = 44 mesh line meets surfaces
1 and 2. The 6 for blade surface 2 (or 4 on the rear blade of a tandem blade) must
always have PITCH subtracted from it to bring it down on the same blade as surface 1

(or 3).
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TABLE VI. - EXAMPLE OF TV ARRAY OUTPUT FROM TANDEM
FOR BLADE SURFACES 1 AND 2

BLADE DATA AT INTERSECTIONS OF VERTICAL MESH LINES WITH BLADES

BLADE SURFACE 1 BLADE SURFACE 2
M TV DTDMV TV DTOMV

0 0 0.10000E 11 0.78540 -0.10000E 11
0.27172E-02 -0.62034E-01  -69.7931 0.52933 -85.1682
0.54344E-02 -0.24292 -63.4793 0.31771 ~71.3544
0.81517F-02 -0.40773 -57.9565 0.13743 ~62.0849
0.10869E-01  -0.55860 -53.2247 -0.21730E-01 -55.2224
0.81702E-01 -2.37840 -11.8861 -1.66869 -10.7007
0.84683E-01 -2.41299 -11.3360 -1.69985 -10.2016
0.87664F-01 —2.44605 -10.8536 -1.72952 -9.70233
0.90645E-01 =-2.47777 -10.4388 -1.75770 -9.20294
0.93626E-01 _ -2.50836 -10.0916 -1.78439 -8.70342

[0.96607F-01 __-2.53801 ] -9.81206 -8.20376
0.99588F-01  -2.56692 -9.60010 -1.83330 -7.7039
0.10257 -2.59531 -3.45574 -1.85548 -6.36166
0.10555 -2.62900 -0.10000E 11  -1.84360 0.10000€ 11

All values of UBVIN are obtained from the table Stream-Function Values. A portion
of that table for the example has been reproduced in table VII. The boundary values for
the region of figure 11 have been circled in table VII, and the following paragraph explains
how they were obtained.

The table of stream-function values gives u along vertical mesh lines from blade
to blade. Each mesh line is listed separately, and if a second blade intersects the mesh
line, the two parts of the mesh line are listed separately. On each part the IT of the
first mesh point on the line above blade surface 1 or 3 is listed as IT1 in table VII. With
this information, the proper boundary values for the region can be obtained.

Values in the shaded portion of the region of figure 11 must be obtained from the
blade above, as shown in figure 10.

Along boundary 1 in the example it is desired to obtain u at IT = -97 for IM = 44
to 50. However, for IM = 44 to IM = 47, u must be obtained from the blade above the
region in the figure (see fig. 10). Since NBBI (the number of horizontal mesh lines
between AB and MN) is 28 in this example, u must be obtained at IT = -97 + 28 = -69 for
these values of IM.

For IM = 44, ITL = -76 for the upper section of this vertical mesh line. Therefore,
the eighth value in the row (0.79106) is the u for IT = -69. To reduce it to correspond
to IT = -97, the stream-function period (1.0) is subtracted. The input value used is thus
0.79106 - 1.0000 = -0.20894. Likewise, for IM = 45, IT1 = -77; and the ninth value

(0. 82429) corresponds to IT = -69. Reducing this by 1.0 gives -0.17571, the value used
as input.
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TABLE VII. - STREAM-FUNCTION VALUE TABLE

IM = 42 1TL = -74
0.56370215 0.59089224 0.62004882 0.65130834 0.68482589 0.72076356 0.75924806 0.80028503  0.84364127 0.88884238
0.93554489  0.98355945
M= 43 i1 = -89
0.01338000 0.04592191 0.08012446 0.11625171  0.15459124 0.19547091 0.23926882 0.28639312 0.33717524 0.39157937
0.44875421  0.50737296
IM = 43 ITL = -75
0.56540487 0.592564353  0.62132733  0.65190407  0.68445893  0.71922223 0.75647087 0.79649328  (0.83945329 0.88507573
0.93239887  0.98098022
IM = 44 ITL = =90
0.04746477 0.08105000 0.11617973  0.15312202 0.19218484  0.23374939  0.27831270 0.32652676 0.37915015
0.49739579
IM = 44 = =76
0.56548788 \ 0.59293610 0.62166080 0.65180898 0.68355786 0.71713170 0.75282977 [0.79106461] [0.83238629] [0.87736242]
[0.92588085) \[0.97554200]
IM = 45 = -91
0.01624954 [0.04847043] 0.08163682 0.11599385 0.15177523  0.18923291  0.22866775 0.27047658 \ 0.31523652 0.36386504
0.41787726 0.47931882\ 0.54605063
IM = 45 ITL = =77
0.56370431  0.59194452 \ 0.62101315 0.65109950 0.68237852 0.TI504194  0.74932828  0.78557044 0.86637111
0.91331481  0.96643321
IM = 46 ITL = -92
0.01692258 0404918601 0.11586361  0.15076017 0.18695513  0.22466160 0.26413777  0.30573007 | 0.34996708
0.39781557  0.45154771  0.51836125 .
IM = 46 ITL = -78
0.55961629  0.58938974  0.61925767 \ 0.64969136  0.68091226 0.71309783  0.74643017 0.78112448  0.81747350
0.89759777  0.94536442
IM = 47 [TL = -93
0.01894281 0.05220627  0.08260356 0.15012404  0.18537962  0.22180108 0.25954640  0.29880205 / 0.33979683
0.38282271  0.42824350 0.47632948 0.52582654
IM = 47 1Tl = -179
0.55809889 / 0.5850B012  0.61643707 0.64747123  0.67901288 \ 0.71115961  0.74405468 0.77785022 0.81270609 0.84879535
0.92530244  0.96512271 1.00002798
4 = 48 [TL = -107
-0.42029791] -0.38789126 -0.35575397 -0.32350658 =0.29100066 -C.25809307 —0.22464573\\-0.19053367 ~0.15565266 =-0.11993713
-0.04537519 -0.00981174  0.02372140 0.05218717 0.08351019 0.11620351 [ 0.14986151] 0.18441523  0.21999840
0.2564265 0.29407255  0.33295587  0.37317996  0.41480967 0.45776550 0.50148795 [ 0.54395759
IM = 49 ITL = -107
-0.39479662 -0.3604169% =-0.32688116 -0.29360276 =0.26029523 =-0.22677304 -0.19289698 {~0.15856233 =-0.12370409 -0.08831833
-0.05251244) -0.01560652  0.01871358  0.05240273  0.08420596 0.11663655 0.14989388 | 0.18393930]| 0.21877056 0.25442570
0.29096157] 0.32843728  0.36689877  0.40635552  0.44673426 0.48777796 0.52884319 | 0.56860353
IM = 50 I[TL = -107
0436652284 =-0.33123814 -0.29679292 -0.26274382 =0.22881144 =-0.194680821 -0.16060171 (-0.12610277 -0.09126864 ~0.05611859
|=0.02076425] [0.01454852] [0.04942065] [0.08343153] {0.11663859] [0.14997184] [0.183768516] | 0.21619571] 0.25326142 0.28902949
0.32554135  0.362B2565 0.40088454 0443967149 0.47905274 0.51874412 0.55822743 0.59672115
IM = 5] ITL = ~107
-0.33620130 -0.30048737 -0.265482642 <=0.23089461 -0.19649943 -0.16213188 =-0.12767380 =-0.09304883 -0.05822450 -0.02322172
0.01187199  0.04589337 0.08162532 0.11590057 0.14980716 0.18375354 0.21801195 0.25272756 0.28798253 0.32382912
0.36029924  0.39740183  0.43511284 0.47335853  0.51199066 0.55075540 0.58927225 0.62707399
IM = 52 ITL = =107
~0.30426541 -0.26834252 -0.23299874 -0.19804831 -0.16332335 ~-0.12868846 -0.09404254 -0.05931953 =-0.02449090 0.01042976
0.04538360  0.08027114  0.11497962  0.14944728  0.18374881  0.21809705 0.25268143 0.28763186 0.32303160 0.35893158
0.39535650 0.43230306 0.46973339  0.50756428 0.54565387 0.58379085 0.62169896 0.65908255



After line 47, the region of figure 11 is normal, and values at IT = -97 are desired.
Since IT1 = -107 for IM = 48 to 50, the 11th value in these rows corresponds to IT = -97.

Boundary 2 is easier for this example than boundary 1. At all values of IM, u is
desired for IT = -90. At IM = 44, IT = -90 corresponds to the first value in the row,
which is 0.01517. For IM = 50, we need the 18th value (-107 + 17 = -90), which is
0.21819.

On boundary 3, values of u are desired from mesh line 44. For the first section
of the boundary, values must once again be obtained from the periodic blade above.

IT = -97 to -93 is the desired range. Adding NBBI = 28 gives IT = -69 to -65. The values
corresponding to these IT's are circled in table VII (0. 79106 to 0.97554). Subtracting

1.0 from each of these gives -0.20894 to -0.02446. For the final point on the blade sur-
face (point a), u = 0 is used.

The upper part of boundary 3 has two points. The first is again u = 0. The second,
for IM = 44, is IT = -90. This point is the first stream-function value given for line 44,
which is 0.01517.

Boundary 4 corresponds to IM = 50. Values are required from IT = -97 to IT = -90.
Since IT1 = -107, the 11th to 18th values are desired. These are circled in table VII
(-0.02076 to 0.21819).

After the final set of boundary values is given for boundary 4, a final data card must
be given with zero for KBDRY and NSP. This signals the end of the data for MAGNFY.

Output

Generally, the MAGNFY output is similar to the 2DCP, TURBLE, or TANDEM out-
put, but for the finer mesh. In MAGNFY the vertical mesh lines are numbered with
IM = 1 for the left boundary to IM = MMM for the right boundary. The horizontal mesh
lines are numbered with IT = 1 for the lower boundary to IT = ITMAX for the upper
boundary.

Sample output is given in table VIII for the first example. Since the complete output
would be lengthy and is similar to that for 2DCP, TURBLE, or TANDEM, the only output
reproduced here is that which differs from the output of these three programs. The main
part of table VIII is the stream-function values (UBV) and values of p times the com-
ponent of W normal to the boundary (RWBYV) along the vertical and horizontal bound-
aries for the finer mesh. This main part is followed by a table of calculated program
constants. The variable names are all defined in the section Main Dictionary.



TABLE VII. - EXAMPLE OF MAGNFY OUTPUT

STREAM FUNCTION AND RHO#W-SUB-THETA ON HORIZONTAL BOUNDARIES

LOWER HORIZONTAL BOUNDARY UPPER HORIZONTAL BOUNDARY
M ugyv RWBV ugyv RWBV
0.96607E-01 -0.20894 =25.8414 0.15170E-01 -25.3671
0.97203E-01 -0.20220 -25.9841 0.21810E-01 -25.6806
0.97799E-01 -0.19550 -26.0991 0.28460£-01 -26.0027
0.98395E-01 -0.18884 -26.1856 0.35119€E-01 -26.3336
0.98992E-01 -0.18225 —-26.2423 - 0.41788E-01 -26.6735

STREAM FUNCTION AND RHO#W-SUB-M ON VERTICAL BOUNDARIES

LEFT VERTICAL BOUNDARY RIGHT VERTICAL BOUNDARY

THETA usv RwBV usBv RWBvV
-2.72084 -0.20894 34.8187 -0.20770€E-01 30.8383
-2.71523 -0.20090 35.1925 ~0.13689€-01 30.8007
-2.70962 -0.19276 35.6345 ~0.66120E-02 30.7562
—2.70401 -0.18451 36.1446 0.45354E-03 30.7049
-2.69840 -0.17613 36.7226 0.75065E-02 30.6467

CALCULATED PRUGRAM CONSTANTS

PITCH HT HM1 HM2 HM3
0.7853282 0.5609987E-02 0.5434444E-03 0.5962105E-03 0.5962105E~-03
MBII M800 MMM ITMAX

-79 16 31 36

NUMBER OF INTERIOR MESH POINTS = 870

SURFACE BOUNDARY VALUES

SURFACE BV
1 0.
2 0.
3 -0.44431
4 -0.44431

Error Conditions

The error conditions are as follows:
(1) SPLINT USED FOR EXTRAPOLATION
EXTRAPOLATED VALUE = X.XXX
SPLINT is normally used for interpolation, but may be used for extrapolation in some
cases. When this occurs, the above message is printed, as well as the input and output
of SPLINT. Calculations proceed normally after this printout.
(2) BLCD CALL NO. XX
M COORDINATE IS NOT WITHIN BLADE
This message is printed by subroutine BLCD if the m-coordinate given this subroutine
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as input is not within the bounds of the blade surface for which BLCD is called. The value
of m and the blade-surface number are also printed when this happens. This condition
may be caused by an error in the integer input items for the program.

The location of the error in the main program is given by means of BLCD CALL
NO. XX, which corresponds to locations noted by comment cards at each MHORIZ,
ROOT, and BLCD call in the program.

(3) ROOT CALL NO. XX

ROOT HAS FAILED TO CONVERGE IN 1000 ITERATIONS
This message is printed by subroutine ROOT if a root cannot be located. The input to
ROOT is also printed. The user should thoroughly check the input to the main program.

The location of the error in the main program is given by means of ROOT CALL
NO. XX, which corresponds to locations noted by comment cards at each MHORIZ and
ROOT call in the program.

(4) DENSTY CALL NO. XX

NER(1) = XX

RHO*W IS X, XXXX TIMES THE MAXIMUM VALUE FOR RHO*W
This message is printed if the value of pW at some mesh point is so large that there is
no solution for the values of p and W. This indicates a locally supersonic condition,
which can be eliminated by decreasing WTFL in the original 2DCP, TURBLE, or
TANDEM run to obtain new input boundary values for MAGNFY.

If RHO*W is too large, MAGNTY still attempts to calculate a solution. This often
permits an approximate solution to be obtained which is valid at all the subsonic points
in the region. In other cases, the value of W is reduced at some of the points in ques-
tion during later iterations, resulting in a valid final solution for these points. The pro-
gram counts the number of times supersonic flow has been located at any point during
a given run (NER(1)). When NER(1) = 50, the program is stopped.

The location of the error in the main program is given by means of DENSTY CALL
NO. XX, which corresponds to locations noted by comments cards at each DENSTY call
in the program.

(5) THE USER HAS FAILED TO SPECIFY WHICH TYPE OF INPUT HE IS USING
The first card of input after the title card specifies whether a single or tandem blade is
being considered. There must be a 1 or a 2 in column 5 of this card.

(6) MMM GT 100, OR ITMAX GT 50
This is printed if MMM > 100 or if ITMAX > 50. In this case either MAGFAC should be
reduced, or a smaller region chosen.

(7) ONE OF THE MH ARRAYS IS TOO LARGE
This is printed if there are more than 100 intersections of horizontal mesh lines with any
blade surface. In this case MAGFAC should be reduced, or a smaller region chosen.
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(8) THE NUMBER OF INTERIOR MESH POINTS EXCEEDS 2000
This is printed if there are more than the allowable number of finite-difference grid
points. Either MAGFAC must be reduced, or a smaller region must be chosen.

(9) SEARCH CANNOT FIND M IN THE MH ARRAY"
If this is printed, the value of m and the blade-surface number are also printed. The

user should thoroughly check the input to the main program.

PROGRAM PROCEDURE

The program is segmented into seven main parts - the subroutines INPUT, PRECAL,
COEF, SOR, SLAX, TANG, and VELOCY, called by the main program MAGNFY. In
addition there are several other subroutines. All the subroutines and their relation are
shown in figure 12. All information which must be transmitted between the seven main
subroutines is placed in COMMON.

TIMEL] [INPL PRECAL] [CCOEF ] [Sax] TANG | [VELOCY]
y
[MHORTZ]  [COE :IS@VB—BI SEARCH VELBB
SPLINE

Figure 12, - Calling relation of subroutines.

Although most subroutines have been changed from those in TANDEM (ref. 3), the
subroutine names have not been changed. Even with the rather extensive revisions made
in some subroutines, the general descriptions of the subroutines in reference 3 still apply
with minor differences, except for INPUT and PRECAL. Therefore, the only subroutines
described here are INPUT and PRECAL, plus two new subroutines, WRITU and BDVINT.

Most of the subroutines in MAGNFY use the same set of variables. And most of
these variables are the same as those used in TANDEM. These variables are all defined
in the Main Dictionary (p. 32). The subroutines using these variables are described prior
to the Main Dictionary or in reference 3. The remaining subroutines are described after
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Figure 13, - Arrangement for overlay, showing octal storage requirements,

the Main Dictionary or in reference 3, and variables are defined with each subroutine.

The program can handle as many as 2000 mesh points on the IBM 2-7094-7044 direct-
coupled system with a 32 768-word core. To provide for the handling of 2000 mesh points
an overlay arrangement is used, as shown in figure 13. All subroutines not shown are in
the main link. The total program storage requirement is 74044(8) of which 53364(8) is in
COMMON blocks which are stored in the main link. The system storage requirement for
our computer is 2764(8) and unused storage is 750(8 . If there is a storage problem on
the user's computer, the maximum number of mesh points should be reduced. The fol-
lowing program changes are required to change the maximum number of mesh points:

(1) Change the dimension of A, U, K, and RHO in the COMMON/AUKRHO statement
to the maximum allowable number of mesh points. This statement occurs in most sub-
routines.

(2) In subroutine INPUT change the number of values of K and RHO to be initialized
(the bound on the DO loop near statement 240).

(3) In subroutine PRECAL change the statement following statement 210 and format
statement 1130 to reflect the maximum allowable number of mesh points. The statement
following statement 210 will cause the program to stop if there are too many mesh points.

(4) Change the dimensions of W, RWM, and BETA in SLAX, SLAVBB, TANG,
VELOCY, and VELBB.

(5) I the number of mesh points is reduced below 1600, the EQUIVALENCE state-
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ments in SLAX, SLAVBB, TANG, VELOCY, and VELBB must be changed.

The first segment of the program is INPUT. This subroutine reads all input data
cards, calculates constants, and initializes arrays. It also uses SPLINE interpolation
on the input boundary values to obtain boundary values on the fine mesh. The next sub-
routine is PRECAL, which calculates all quantities that remain constant for a single
problem. INPUT and PRECAL are each called once for a given problem. The remaining
subroutines are each called once for each outer iteration. The subroutine COEF calcu-
lates the entries of the matrix A and the vector k of equation (A7) (ref. 1). These coef-
ficients must be recalculated for each outer iteration. On the first outer iteration sub-
routine SOR estimates an optimum overrelaxation parameter 2 on the first call if it is
not given as input. The same value of Q is used for each outer iteration. SOR then finds
the linear solution to equation (A7) (ref. 1) with fixed coefficients by successive over-
relaxation. Then subroutine SLAX calculates W . Subroutine TANG calculates pW 0
and then pW and B throughout the region. Finally, the subroutine VELOCY calculates
density p and velocity W throughout the region and on the blade surfaces, and plots the

surface velocities.

Conventions Used in Program

In general, the same conventions are used in MAGNFY as were used in the TANDEM
program (ref. 3). In addition the lower, upper, left, and right boundaries of the mag-
nified region are numbered 1, 2, 3, and 4, respectively. Also, the lower and upper
boundaries of the region must sometimes be considered as blade surfaces by the program.
In these cases they are numbered 5 and 6, respectively.

Labeled COMMON Blocks

The labeled COMMON blocks are organized the same as for TANDEM (ref. 3),
except for the omission of /SLA/.

Subroutine INPUT

Read and print first part of input. - The program first reads the input cards which
are the same as those for TURBLE or TANDEM, or were modified from 2DCP. A
description of this input is given in reference 1, 2, or 3. All the input data are printed

as they are read in.
Fill in dummy second blade for single-blade case. - When there is only one blade,
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the arrays for the second blade (surfaces 3 and 4) are filled in with the data for the first
blade.

Calculate large mesh arrays. - The large mesh spacing and MV array are calculated
first so that the RMI and RMO arrays can be calculated.

Transfer blade coordinates for tandem blade when necessary. - K a leading-edge
region is being analyzed, it is always considered to be on the rear blade. Hence, if it
is the leading edge of the first blade of a tandem or slotted blade, the arrays for the rear
blade are filled with the data for the front blade. Similar considerations hold for a
trailing-edge region, since it is always considered to be on the front blade.

Calculate constants. - Geometrical and miscellaneous constants are calculated.

Calculate fine-mesh m-coordinates. - The final MV array for the fine mesh can now
be calculated.

Read boundary values and interpolate for fine mesh. - Each set of coarse-mesh
boundary value data is read. Then interpolated stream-function values for the fine mesh

are calculated and printed.

Subroutine PRECAL

The calculation of A and other constants in PRECAL is no longer necessary in
MAGNFY, since A is given as input and the other constants are not used in the calcula-
tion. The remainder of the description of PRECAL in reference 3 is still valid.

Subroutine WRITU
WRITU prints the value of the stream function along a given vertical line between

blades or boundaries. A label is printed with the value of IM for the mesh line and the
value of IT(IT1) for the first printed stream-function value.

Main Dictionary

The Main Dictionary applies to the previously discussed subroutines.

A array of coefficients of u (i.e., elements of ai]. of matrix A in
eq. (AT) of ref. 1)

31



A12,A34
AA

AAA
AANDK
AATEMP
ANS

AR
AZ
B

B12, B34
BB

BE

BEH

BESP
BETA
BETAH(BETAYV)

BETAI(BETAO)

BETI(BETO)

BLDAT

BV

BVIN
BZ
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219,334 in eq. (A2) of ref. 1
temporary variable in BLCD

array used for témporary storage
input variable

temporary location for AANDK in SOR

result of calls on ROOT in TANG and DENSTY in SLAVBB and
VELBB

input variable (from 2DCP, TURBLE, or TANDEM)
ag in eq. (A2) of ref. 1

array containing stream-channel thickness b at the four points
adjacent to a point for which AAK is called

byg,bgy in eq. (A2) of ref. 1
temporary variable in BLCD
array of values of b at vertical mesh lines

array of values of b where horizontal mesh lines meet the four
blade surfaces

input variable (from 2DCP, TURBLE, or TANDEM)
array of values of § at interior mesh points

array of values of 8 where horizontal (vertical) mesh lines meet
the four blade surfaces

input variable (from 2DCP, TURBLE, or TANDEM)

array of angles at tangent points of leading- (trailing-) edge radii
with the four blade surfaces (see input BETI1, 2, 3, 4 and
BETO1, 2, 3, 4)

input variable

array of stream-function boundary values on the four blade
surfaces

input variable

stream-channel thickness bO at point for which AAK is called



CDMBIT(CDMBOT)
CHANGE

CHORD

CMM
cp
CPTIP
DBDM

DIST

DMLR

DTDM

DTDMH(DTDMYV)

DTLR
DUDM

DUDT

EM

EMK, EMKM1
ERROR

ERSOR
EXPON
FIRST
GAM

temporary grid locations along meridional axis in INPUT

change in value of stream function at a particular point during an
iteration of SOR

array containing the meridional chord distances of each of the
four blade surfaces (see input CHORDF and CHORDR)

temporary variable in BLCD

specific heat at constant pressure, c

p

2c pTin

array of slopes at vertical mesh lines of spline curve for stream-
channel thickness

meridional distance in SEARCH from a blade leading edge to
where a horizontal mesh line meets a blade surface

tolerance for mesh points near a boundary in the m-direction
(If a mesh point is closer than DMLR to a boundary, the point
is considered to be on the boundary.)

df/dm along a blade surface in BLCD

array of d6/dm where horizontal (vertical) mesh lines meet the
four blade surfaces

tolerance in 6-direction (see DMLR)

array of derivatives of stream function du/dm along horizontal
mesh lines in meridional direction

array of derivatives of stream function 9u/96 along vertical
mesh lines in §-direction

array of second derivatives of spline curves for each blade sur-
face, calculated by SPLN22 in BLCD

temporary variables for EM in BLCD

maximum absolute value of change in u at any point for an over-
relaxation (SOR) iteration

input variable
1/(r - 1)
initial value of some index

input variable (from 2DCP, TURBLE, or TANDEM)
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HM1
HM2
HM3

HT

IEND

IHS

IM
IM1(IMT)

M2
IMS

IMSL
IMSS
IMTM1
INF

INIT

INTVL
P
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array containing mesh spacing h between the point for which
AAK is called and the four points adjacent to it

mesh spacing in m-direction from upstream boundary through
front blade

mesh spacing in m-direction for overlapping portion of front and
rear blades, or between blades for nonoverlapping case

mesh spacing in m-direction through rear blade to downstream

boundary
mesh spacing in 6-direction from blade to blade

temporary integer variable in INPUT, PRECAL, SLAX, and
SEARCH

integer variable set equal to 1 when final convergence to a solu-
tion is reached in the outer iterations on a given set of data

array containing current number of intersections of horizontal
mesh lines with each of the four blade surfaces as intersec-

tions are located

integer variable in BDRY34 and TANG for counting intersec-
tions of horizontal mesh lines with blade surfaces

index of mesh line in the meridional direction (m-direction)

integer variable in TANG indicating vertical mesh line index of
the first (final) point in region of a horizontal mesh line

M1 +1

array containing total number of intersections of horizontal mesh
lines with each of the four blade surfaces

temporary variable in PRECAL
temporary variable in PRECAL, VELOCY, and VELBB
IMT - 1

variable in PRECAL indicating when an infinite slope is located
at a blade leading or trailing edge in a call on BLCD

array used to indicate whether BLCD has been called previously
on a given blade surface

input variable

index of mesh point



IP1,IP2,IP3,IP4

IPL(IPU)

IPLM1(IPUP1)

IS

IT
ITF(ITL)
ITER
ITMAX
ITOR
ITV

ITVLATVU)
ITVM1(ITVP1)

v

value of IP at the four points adjacent to the mesh point under
consideration

value of IP where a vertical mesh line meets a lower (upper)
surface or boundary

value of IP on a vertical mesh line adjacent to a lower (upper)
surface in VELBB

integer variable in SEARCH for indicating where a horizontal
mesh line intersects a blade surface

index of mesh line in §-direction

input variable

outer iteration counter

maximum value of IT in magnified mesh region

value of IT at origin of coordinates at leading edge of front blade

array of horizontal mesh line indexes (IT) corresponding to
itersections of vertical mesh lines with blade surfaces
(ITV(IM, SURF) is the IT value for the mesh point in the region
on vertical mesh line IM which is closest to blade surface
SURF. IfITV = 1, the value is adjusted to 1 for a lower sur-
face or 2 for an upper surface. If ITV = ITMAX, the value is
adjusted to ITMAX - 1 for a lower surface or ITMAX for an
upper surface. If a vertical line does not intersect a blade sur-
face, its value of ITV(IM, SURF) is equal to -10 000. For the
lower boundary (SURF = 5), ITV = 2; and for the upper boundary
(SURF = 6), ITV = ITMAX - 1.)

ITV of lower (upper) blade surface on a given vertical mesh line

ITV of a blade surface in COEFBB for vertical mesh line to left
(right) of the line under consideration

array containing the value of IP at the base of each vertical mesh
line

temporary integer variable in INPUT

array of constants; the vector k in eq. (A7) of ref. 1

integer array indicating which of the four points surrounding a
mesh point lie on a boundary



KBEDRY

LAMBDA
LAST
LER
LMAX
LOWER
M
MAGFAC
MB1, MB2
MBDYF, MBDYL
MBI

MBI2
MBII

MBIIM1
MBIIP1
MBIT, MBOT
MBO

MBO2

MBOO

MBOOM1
MBOOP1
MH
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real array giving boundary values of points surrounding a mesh
point next to a boundary

input variable

integer counter in BLCD

array containing information used in plotting subroutine PLOTMY
input variable

final value of some index

array indicating location of error messages printed by program
maximum value of u{nﬂ/u;n for eq. (B2) of ref. 7

integer variable representing one of lower blade surfaces, 2 or 4
meridional coordinate, meters

input variable

temporary vertical grid line locations along meridional axis
input variable

input variable (from 2DCP, TURBLE, or TANDEM)

input variable (from TANDEM)

number of vertical mesh lines from left boundary to leading edge
of a blade in the magnified region (If region surrounds trailing
edge of rear blade of a tandem blade, MBII = 1000.)

MBII - 1

MBII + 1

temporary grid locations along meriodional axis
input variable (from 2DCP, TURBLE, or TANDEM)
input variable (from TANDEM)

number of vertical lines from left boundary to trailing edge of a
blade in the magnified region (If region surrounds leading edge
of front blade of a tandem blade, MBOO = -1000.)

MBOO - 1
MBOO + 1

array of m-coordinates of intersections of horizontal mesh lines
with the four blade surfaces



MLE

MM
MMM

MMMM1
MMLE
MMMSP
MR
MRTS

MSP

MSPMM
MV
NBBI
NBL
NER

NIP
NOBL
NP1,NP2

NRSP
NSP
NSPI

NSPM1
OMEGA
ORF
ORFOPT

array of m-coordinates of leading edges of the four blade sur-
faces (see input MLE2)

input variable (from 2DCP, TURBLE, or TANDEM)

number of vertical mesh lines from the left to right boundaries
of the magnified region

MMM - 1

temporary meridional distance in BLCD

temporary meridional distance in BLCD

input variable (from 2DCP, TURBLE, or TANDEM)

integer switch in PRECAL indicating when infinite derivatives
would be encountered in a call on MHORIZ

array of m-coordinates of spline points for each blade surface
measured from its leading edge (see input MSP1, 2, 3, 4)

temporary meridional distance in BLCD

array of m-coordinates of vertical mesh lines

input variable (from 2DCP, TURBLE, or TANDEM)
number of blades

array indicating number of times certain error messages are
printed by program

number of interior mesh points
input variable

integer counters in VELOCY indicating number of plotted blade-
surface velocities

input variable (from 2DCP, TURBLE, or TANDEM)
input variable

array containing number of spline points on each of the four blade
surfaces (see input SPLNO1, 2, 3, 4)

NSP -1

input variable (from 2DCP, TURBLE, or TANDEM)

input variable (from 2DCP, TURBLE, or TANDEM)

upper bound for optimum £ from eqs. (Bl) and (B2) of ref. 7
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ORFTEM
P

PITCH

RATIO
RBV

RELER

RHOB
RHOHB

RHOIP
RHOVB

RI(RO)

RM
RMDTL2(RMDTU2)
RMH

RMI(RMO)

RMM
RMSP
RW
RWBV
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temporary storage for ORFOPT

array containing information used in the plotting subroutine,
PLOTMY

0-coordinate from blade to blade, 27/NBL

array of densities p at the four points adjacent to a point for
which AAK is called

value of u?”l/u;n for use in eqs. (B2) and (B3) of ref. 7

array of densities p on the four boundaries of the magnified

region

maximum relative change in density at surface mesh points
between two outer iterations

array of densities p at interior mesh points
temporary storage in VELBB for a value of p on a blade surface

array of densities p at horizontal mesh line intersections with
the four blade surfaces

input variable (from 2DCP, TURBLE, or TANDEM)

array of densities p at vertical mesh line intersections with the
four blade surfaces

array of leading-~ (trailing-) edge radii on the four blade surfaces
(see input RI1, 2, 3, 4 and RO1, 2,3, 4)
array of r-coordinates of the mean stream surface radii at

vertical mesh lines

Et‘(d@/ dmi]z at vertical mesh line intersections on lower (upper)
blade surfaces

array of r-coordinates of the stream surface radii where hori-
zontal mesh lines meet the four blade surfaces

array of r-coordinates of mean stream surface radii at the inlet
(outlet) of the four blade surfaces

temporary meridional distance in BLCD
input variable (from 2DCP, TURBLE, or TANDEM)
value of pW of a mesh point

array of p times the velocity component normal to the boundary
of the magnified region



RWM

RWT

RWMBV

RZ

S1(ST)

SAL
SIGN
SPLNO
SPM
SRW

STGR

STRFN
SURF

SURVL
T1, T2
TBI
TBO
TGROG

array of me where vertical mesh lines intersect the four
blade surfaces

array of pW, where horizontal mesh lines intersect the four
blade surfaces

value of me at a mesh point along the lower or upper boundary
of the magnified region

density Po at point for which AAK is called

meridional distance between two adjacent blade-surface spline
points in BL.CD

blade-surface number at the beginning (end) of a horizontal mesh
line in TANG

array of values of sin a =dr/dm at each vertical mesh line
integer constant in BLCD

number of input spline points on a blade surface

array of m-coordinates along a horizontal mesh line in TANG

integer code variable that will cause certain subroutines to write
out useful data for debugging:

SRW = 13, SPLINE will write input and output data.

SRW = 16, SPLINT will write input and output data.

SRW = 18, SPLN22 will write input and output data.

SRW = 21, ROOT will write input and successive estimates of
the root to which it is converging.

array of 0-coordinates of center of each trailing-edge radius with
respect to center of its leading-edge radius (see input STGRF
and STGRR)

input variable

integer variable referring to each of the four blade surfaces, the
lower boundary (5), or the upper boundary (6)

input variable

elapsed time in clock pulses (1/60 sec)
tan Bl e

tan B; e

2yR/(y + 1)
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TH

THETA
THK, THKM1
THLE

THSP

TIME
TIP
TSP

TV

TWL
TWLMR

UBV

UBVIN
UNEW

UPPER

USP

WCR
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array in INPUT; also single variable in PRECAL and TANG con-
taining f-coordinates from leading edge of front blade to a
horizontal mesh line

f-coordinate of a point along a blade surface in BLCD
temporary variables in BLCD

array of 6-coordinates from origin of front blade to leading edge
of each blade surface (see input THLE2)

array of 6-coordinates of spline points for each blade surface
measured from its leading edge (see input, THSP1, 2, 3, 4)

elapsed time in minutes
input variable (from 2DCP, TURBLE, or TANDEM)

array of 6-coordinates of points along a vertical mesh line in
SLAVBB

array of 6-coordinates where vertical mesh lines meet the four
blade surfaces

2w

2
2w - (wr)
2w/w

array of stream-function values at each mesh point, or of eigen-
vector associated with calculation of ORFOPT

array of values of stream function u at mesh points on boundary
of magnified region
input variable

new value of stream-function estimate at a single point calculated
by eq. (7) of ref. 1

integer variable representing one of the upper blade surfaces,
lor3

array of values of stream function along a vertical or horizontal
mesh line, including boundary points

array of relative velocities W at unknown mesh points, also
used for storing pW

critical velocity on a blade surface



WMB array of pW m where vertical mesh lines intersect the four blade
surfaces

WTB array of pWy where horizontal mesh lines intersect the four
blade surfaces

WTFL input variable (from 2DCP, TURBLE, or TANDEM)

WTFLSP input variable (from TANDEM)

WWCRM array, ratio of blade-surface velocity (based on meridional com-
ponents) to critical velocity

WWCRT array, ratio of blade-surface velocity (based on tangential com-
ponents) to critical velocity

XDOWN array of m-coordinates where surface velocities are plotted

YACROS array of surface velocities to be plotted

10

20

30

Program Listing for Subroutines Using Main Dictionary

COMMON SRW,ITER, IEND,LER(2}4NER(1)

COMMON  /AUKRHO/ A{2000,4),U(2000),K{2C00),RH0O(2000)

COMMON /INP/ GAMoARy TIP RHOIPsWTFLsWTFLSP,UMFGA,ORF,RETAI BETAL,
INOBLyMBT,MBU,MEI2,MBO2, MM, NBBI 4y NBL,NRSP,MBDYF,MBDOYL 4 ITF,ITL,
2RLDATy AANDY , ERSOR, STREN, INTVL . SURVLMAGFAC,
3MR(,0) ,RMSP(50),BESP(50)

COMMON /CALCUN/ MBIT MBOCs MMM ,M3IIML,MBIIPL,MsU0OML ,MBO0PL,MMMML,
1HM1 ,HM2 s HM3 3y HT yDTLR, DMLR ,PITCH,,CP,EXPONs TWW,CPTIP, TGRUG,TBI , TBLI,
2LAM: DA, TWL o ITURy ITMAX NIP, IMS(4),BV{4),MV(L00),IV(101),
3UBV(100,4) yRWpV{100,4),ITV(100,6),TV{100,4),DTOMV(100+4),
4BETAV(1004+4)4MHI100+4),0TDOMH(100+4),PETAH(100+4) 4RMH(L0044),
SBEH{100,4) ,RM(L00),BE(100U),DBOM{100),SAL{100),AAA(100)

COMMON /GFOMIN/ CHURD(4) ,STGR(4)+MLE(4)THLE(4) sRMI(4) 4,RMU(4),
IRI(4),RO{4) ,BLTI(4),BETO(4),NSPI(4)sMSP{50+4) s THSP(5004)

COM™ON /RHOS/ RHOHB{100,4),RHOVB(10044),RBV{100,4)

COMMON /BLCOCM/ EMI5044) ,IMIT(4)

INTLCGER BLDAT,AANDK, ERSOKy STRFN, SURVL sAATEMP, SURF,
1FIRST,UPPER,S1yST,ySRW

REAL KoKAK,LAMBDALMAX,MHy MLE,MR,MSPyMV,MVIM]

CALL TIMEL(TL)

TEND -1

ITER 0

DO 20 SURF=1,4

INIT{(SURF) = 0

CALL INPUT

CALL PRECAL

CALL COEF

CALL SOR

CALL TIMEL(T2)

TIME= (T2-T1)/3600.

WRITE{6,1000) TIME
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CALL SLAX

CALL TANG

CALL VELOCY

CALL TIMEL(T2)

TIME= {(T2-T1)/3600.
WRITE(6,1000) TIME

IF {IEND) 30,30,10

FORMAT (BHLTIME = 4FT7.4s5H MIN.)
END

SUBROUTINE INPUT

PUT READS ANu PRINTS ALL INPUT DATA CARDS AND CALCULATES HORIZONTAL

SH SPACING (#MV ARRAY)

COMMON SRW, ITER, [END,LER(2)4NER(L)

COMMON /AUKRHG/ A{2000.4)sU(2000),K(2000}),RHOL2000)

COMMON /INP/ GAM,AR,TIP,RHOIP,WIFL,WTFLSP,0OMEGA,ORF,BETAI,BETAID,
1NOBL MBI MRU,MBI2yMBO2,MMeNBBI,NBLsNRSP,MBDYF,,MBDYL,ITF.+ITL,
2BLDAT, AANDK, ERSURsSTRFN, INTVL, SURVL yMAGFAC,
3MR(%0) s RMSP(50) +BESP (50)

COMMON /CALCON/ MBII,MBO{}y MMM,MBIIM]1,MBIIP1,MB8UUM]L,MBODPL,MMMM],
IHM1,HM2 yHM3 4 HT UTLRy DMLR yPITCHCPy EXPONs TWHWoCPTIP s TGROG, TBI»TBO,
2LAMBDA, TWL, ITOR,ITMAX,NIP, IMS(4),B8V(4),MV(100),IV(101),
3UBV{100,4) 4RWBVI(100,4),1TV(100,6)sTV(100,4),DTOMV(100,4),
4BETAVI100,4) 4MH{10044)4DTDMH{100+4),BETAH(10044),RMH({100,4),
5BEH(100,4),:M(100),BE(100),DBDM(100),SAL(100)},AAA(100)

COMMON /GEGMIN/ CHORD(4) ,STGR{4)sMLE(4),THLE(4),RMI{4),RMO(4),
IRI(4)yR0O(4),BETI(4),BETO(4)Y4NSPI(4),MSP(50+4),THSP{50,4)

COMMON /RHOS/ RHOHB{100,4) ,RHOVB(100,4),RBV(100,4)

DIMFNSION BVYIN(100),UBVIN(100),TH(100)

INT=GER BLDAT, AANDK, ERSORs STRFN,SURVL,AATEMP, SURF,
1FIRSTyUPPER,S1sS5T¢SRW

REAL K,KAK,LAMBDA,LMAX MHyMLE,MRyMSP,MV,MVIM]

AD AID WRITE INPUT DATA

WRITE(6,1000)

READ {5,01100)

WRITE(6,1100)

READ (5,1010) NOBL

WRITE{6,1110) NOBL

IF (NOBL.EQ.1.0OR.NOBL.EQ.2) GO TO 10

WRITE (641120)

STop
D TURBLE (2DCP) OR TANDEM DATA

IF (NOBL.EQ.1l) WRITE(6,1130)

IF (NOBL.EQ.2) WRITE(6,1140)

READ (5,1030) GAM, AR, TIP,RHOIP,WTFL,WTFLSP,0OMEGA,URF
WRITE(6,1040) GAMy AR, TIP ,RHDIPsWTFL,WIFLSP+OMEGA,0ORF

IF (NOBL.EQ.l) WRITE(6,1150)

IF (NOBL.EQ.2) WRITE(6,1160)

READ(5,1030) BETAI,BETAQ,CHORD(L),STGR(1}),CHORD{3),STGR(3),
IMLE(3),THLE(3)
WRITE(64,1040)BETALI,BETAD,CHORD(1)sSTGR(1),CHORD(3)+STGR(3),
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IMLE(3) o THLE(3)

IF (NOBL.EQ.1l) WRITE(6,1170)

IF (NOBL.EQ.2) WRITE{6+41180)

READ (5,1010) MBI,MBO,MBI[2,MBO2,MM,NBBI,NBL,NRSP
WRITE(6,51010) MBI sMBO,MBI2,MBO2,MM,NBBI,NBL,NRSP
D0 20 J=1.4

IF (NOBL.EQ.1.AND.J.EQ.3) GO TO 30

IF {J.EQel) WRITE(6,1190)

IF {J.EQ.2) WRITE(6,1200)

IF (J.EQ.3) WRITE(641210)

IF (J.EQe4) WRITE(641220)
WRITE(6,1230) Jsdededsd
READ (5,1030) RI(JISRO(I)BETI(J),,BETO(J),SPLND
WRITE(6+1040) RI(JIZRO(J)BETI(J)BETOULJ)»SPLND
NSPI(J4)= SPLNO

NSP= NSPI(J)
WRITE(6,1240) J
READ (5,1030) (MSP(I,J)sI=1,NSP)
WRITE(6,1040) (MSP(I,J),0i=1,NSP)

WRITE(64,1250) J

READ (5,1030) (THSP(I,J),I=1,NSP)
WRITE(64,1040) (THSP(I,J},i=1,NSP)

WRITE(6,1260)
READ (5,1030) (MR{I),I=1,NRSP)

WRITE{6,1040) (MR(I),[=1,NRSP}
WRITE(6,1270)

READ {5,1030) (RMSP(I),I=1,NRSP)
WRITE(641040) (RMSP(I),I=
WRITE(6,1280)
READ (5,1030) (BESP(I),I=1,NRSP)
WRITE{6,1040) (BESP(I),I=1,NRSP)

NEW MAGNFY DATA

WRITE(6,1290)

REAU (5,1010) BLDAT, AANDK, ERSOR,STRFN, INTVL,SURVL
WRITE(6,1020) BLDAT, AANDK,ERSOR,STREN,INTVL.SURVL
WRITE(6,1300)

REAL (5,1010) MBDYF,MBDYL,ITF,ITL,MAGFAC
WRITE(6,1020) MuDYF,MBDYL,ITF, ITL,MAGFAC
WRITE(6,1310)

READ {5,1030) LAMBDA

WRITE{6,1040}) LAMBDA

MLE(1) = 0.

THLE(1) = O.

FOR SINGLE BLAUE CASE, FILL IN DUMMY TANDEM BLADE

IF (NOBL.EQ.2) GO TO 60
WIFLSP= 0.

CHORD(3) = CHOURD(1)
STGR(3) = STGR(1)
MLE(3) = O.
THLE(3)= 0.

MBI2= MBI

¥B0O2= MBO

RI{3)= RIf(1)

RI{4)= RI(2)

RO(3)= RO(1)

RO{4)= RO(2)
BETI(3)= BETI(1l)

43



OO0

[aEule!

44

40

50

CA

60

70

80

90

BETI(4)= BFTI(2)
BETU(3)= BFTQ(1)
BETD(4)= BETO(2)
NSPI(3)= NSPI(L)
NSPI(4)= NSPI(2)
NSP= NSPI(3)

DO 40 I=1,NSP
MSP({I,3)= MSP(I,1)
THSP{I,3)= THSP(I,1)
NSP= NSPI(4)

DO 50 I=1,NS5P
MSP(Is4)= MSP(1,2)
THSP(I,4)= THSP(I,2)

LCULATE LARGE MESH SPACING

HM1 = CHORD(1)/FLOAT (MBO-MBI)

IF (MBO.GT.MBI2 JAND. MBIJNE.MBI2) HMl= MLE(3)/FLUAT(MBIZ2-MBI)
HMZ2= 1.E30

IF (MBI2.NE.MBO) HM2= (CHORD(1)-MLE(3))/FLOAT(MBO-MBT12)

HM3 = CHORD(3)/FLOAT (MBUZ2-MBI2)

IF (MBD.GT.MBI2 .AND. MBOU.NE.MBU2) HM3= (CHORD{3)+MLE(3)-CHDORD(1))
1/FLUAT (MBO2-MBO)

PITCH= 2.%3.1415927/FLNAT(NBL)

HT = PITCH/FLOAT(NBBI)

CALCULATE LARGE MESH MV ARRAY, AND RMI,RMO,AND BV ARRAYS

MBOT= MINO(MBO.MBI2)

COM30Y= AMINI1(CHORD(1)MLE(3))

DO 70 IM=1,MB0T

MVIIM)= FLOAT(IM—-MBI)=HM1

MBIT= MAXO(MBOU,MBI2}

COMBIT= AMAAL(CHORD(1).MLE(3))

DO 80 IM=MROT,MBIT

MV({IM)= COMpOT+FLOAT{IM-MBOT )*HM2
D0 20 IM=MBIT,MM

MV({IM)= COMBIT+FLOAY(IM-MBIT)*HM3
CALL SPLINT (MR,RMSP,NRSPyMV,MM,RM,SAL)
RMIE{1)= RM(MBI)

RMI(2)= RMIMBI)

RMI(3)= RM{MBI2)

RMI({4)= RM(MBIZ)

RMO(1)= RM(MBO)

RMO(2)= RM(MBO)

RMU(3)= RM{MBO2)

RMG(4)= RM{MBOZ2)

RV(1)= 0.

BV(2)= 0.

BV(3)= -WTFLSP/WTFL

BV{4)= BV(3)

CALCULATE GEOMETRICAL CONSTANTS

MBII= (MBIZ2-MGDYF)*MAGFAC+]
MBOO= (MBO-MBDYF)*MAGFAC+]1
MMM= (MBDYL-MBDYF)=*MAGFAC+]
ITMaX= (ITL-ITF)=MAGFAC+1
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HMl1= HM1/FLUAT (MAGFAC)
HM2= HM2/FLUAT (MAGFAC)
HM3= HM3/FLOAT(MAGFAC)
HT = HT/FLOAT(MAGFAC)
ITOR= —ITF*MAGFAC+1

IF (NDBL.EQ.1) GO 7O 130

FOR TANDEM BLADE CASE, IF REGION SURROUNOS LEADING EULGE OF
FRONT BLADE, STORF BLADE SURFACES 1 AND 2 INTD 3 AND 4

IF (MBDYF.GE.MBI.OR.MBDYL.LE.MBI) GO TO 110
IF (ITF.GE.V.OR.ITL.LE.O) GO TO 110
MBII= (MBI-MBDYF)=MAGFAC+1

MBO{}= -1000
HM2 = HM1
HM3 = HM1

CHORD(3) = CHORD(1)
STGR(3) = STGR(1)
MLE(3) = MLE(L1)

THLE(3) = THLE(1)
DO 100 J=1,2
RI{J4+2) = RI(J)
RO(J+2) = RU(J)
BETI(J+2) = BETI{(J)
BETO(J+2) = BETO(J)
RMI{J+2) = RMI(J)
RMO(J+2) = RMO(J)

Bv({J+2) = BV(J)

NSPI(J+2) = NSPI(J)

NSP = NSPI(J)

DO 100 I=1,NSP

MSP(I,J42) = MSP(I,J)
100 THSP{I,J+2) = THSP(I,J)

FOR TANDEM BLAUE CASE, IF REGION SURROUNDS TRAILING EDGE OF
RFAR BLADE, STUORE BLADE SURFACES 3 AND 4 INTO 1 AND 2

110 IF (MBDYF.Gt.MB0O2.0R.MBDYL.LE.MBO2) GO TO 130
If {(FLOAT(ITF»MAGFAC)*HT.GE.THLE(3)+STGR(3).0R.FLOAT(ITL®#MAGFAL) *
IHTLLE.THLE(3)+STGR(3)) GU TO 130

MBII= 1000

MBOJ= (MBO2-MBDYF)*MAGFAC+1
HM1L = HM3

HM2 = HM3

CHORD(1) = CHORD(3)
STGR(1) = STGR(3)
MLE(L) = MLE(3)
THLE(1) = THLE(3)
DO 120 J=3,4
RI{J=~2) = RI(J)
RO(J=-2) = RO(I)

BETI(J-2) = BETI(J)
BET(J-2) = BETO(J)
RMI(J-2) RMI(J)

RMO(J=-2) = RMO(J)
BV(J=-2) = BV(J)
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NSPI(J-2) = NSPI(J)

NSP = NSPI(J)

DO 120 I=1,NSP
MSP(I,J-2) = MSP(I,J)
THSP(I,J-2) = THSP(I,.J)

CALCULATE MISCELLANEOUS CONSTANTS

CHOaD(2) = CHORDI(1)
CHUORD{4) = CHORD(3)}
STGR(2) = STGR(1)
STGR{4) = STGR(3)
MLE(2) = MLE(L)
MLE{4) = MLE(3)
THLE(2) = THLE(L)

THLE(4) = THLE(3)

DTLR= HT/1000.

DMLR= AMIN1(HM1,HM2,HM3)/1000.
MBI IMl= MBII-1

MBIIPl= MBII+]

MBOiUMl= MBOO-1

MBOiLP1= MRBROU+]

MMM l= MMM-1

NER(1) = O

CP= AR/ (GAM-1.)#*GAM
EXPON= 1./{GAM-1.)

TWW= 2.#0MEGA/WTFL

CPTIP= 2.%CP=TIP

TGRUG= 2.#GAM®AR/(GAM+1.)

CALCULATE FINE MESH MV ARRAY

Mv(l)= MV(MbDYF)

MBOT= MINO(MBII,MBOO)

MBOT= MAXO(MRBOT,1)

DO 140 IM=1,MBOT

MV IM)= MV(L)+FLOAT(IM=-1)#HML

MBIT= MAXO(MBIT1,MB0O)

MBIT= MINO(MBIT,MMM)

D0 150 IM=MGOT,.MBIT

MV{IM)= MVIMBOT)+FLOAT({IM-MBOT)*HM2

DO 160 IM=MBIT,MMM

MV{IM)= MV(MBIT)+FLOAT{IM-MBIT)}*HM3

DO 165 IM=1,MMM

IF (ABS{MV(IM)).LT.DMLR) MV(IM)=0.

CALL SPLINT{MR,RMSP,NRSP,MV,MMM,RM,SAL)
CALL SPLINT(MR,BESP,NRSP,MV,MMM,3E,DBOM)

FINISH READING NEW MAGNFY INPUT DATA
READ, COMPUTE, AND STORE BOUNDARY VALUES

DO 170 I=1,100

DO 170 J=1.4

UBVI(I,Jd) = 0.
RWEBV(I+d) = 0.
READ(5,1010) KBDRY,NSP
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IF (KBDRY.EWL.0) GU TO 210

WRITE(6,1320)

WRITE(6+1020) KBDRY,NSP

WRITE(6,1330)

READ {5,1030) (BVIN(I),I=1,NSP)

WRITE(6,1040) (BVIN(I),I=1,NSP)

WRITE(6,1340)

READ (5,1030) (UBVIN(I),I=1,NSP)

WRITE(6,1040) (UBVIN(I),I=1,4NSP)

IF (KBDRY.FG.3 .OR. KBDRY.EQ.%#) GG TO 190

CALL BDVINT(BVIN,UBVIN,NSP,MV,KBDRY DMLR s MMM)

GO TO 180

DO 200 IT=1,ITMAX

TH(IT)= FLOAT{IT-ITOR)#*HT

CALL BDVINT{BVIN,UBVIN,NSP,sTH,KBDRY,DTLR, ITMAX)

GO TO 180

DO 220 KBDRY=1,2

DD 220 IM=1,MMM

RWBV(IM,KBDRY) = —RABV(IM,KBDRY)*WTFL/BE(IM)

DO 230 KBDRY=3,4

DO 230 IT=1,ITMAX

RWBV(IT,KBDRY) = RWBVIIT,KBDRY)*WTFL/BE(IM)/RM(IM)
[F(BLDAT.GT.0) WRITE (6,1350) (MVIEM),UBV{IM,1),RWBVIIMs1),
1UBV (IM52) ,RWBV(IM,2), IM=1,MMM)

IF(BLDAT.GT.0) WRITE (64,1360) (FH{IT),UBV(IT,3),RWBV(IT43),
LUBVIIT4) 4RWBV(IT,4),IT=1, [TMAX)

INITIALIZE ARRAYS

DO 240 I=1,2000

ulry = 1.

K{I)= 0.

RHO(I)= RHOIP

DO 250 IM=1,100

DO 2?50 SURF=1,4
RHOHB(IM, SURF)= RHOIP
RHUVB{IM, SURF)= RHOIP
RBV(IM, SURF) = RHOIP
ITV(IM,SURF) = -10000
DO 260 IM=1,100
ITVIIM,5)= 2
ITViIM,6)= [TMAX~-1

IF {MMM.LE.100.AND.ITMAX.LE.100) RETURN
WRITE (6,1370)

STOP

FORMAT STATEMENTS

1000
1010
1020
1030
1040
1100

1110

FORMAT (1H1}
FORMAT (1615)
FORMAT (1X.1617)
FORMAT (8F10.5)
FORMAT (1X,8G1l6.7)
FORMAT {80H

1 )

FORMAT (7X,4HNUBL/7X,13)
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1120
1130

1140

1150
1160

1170
1180
1190
1200
1210
1220
1230

1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

1360

1370

FORMAT
FORMAT

(29H1 NOBL HAS NOT BEEN SPECIFIED)
{(7Xs3HGAM,) 14Xy 2HARy 13Xy 3HTIPy 12Xy SHRHOIP » 12Xy 4HWTFL 27X,

15HOMEGA,12X,3H0ORF)

FORMAT

{TXs3HGAMy 14X s 2HARW 13X 3HTIP s 12X+ SHRHOIP s 12Xy 4HWTFL , 11X, 6HW

LTFLSPy 10X 5nr0MEGA, 12Xy BHURF)

FOR™MAT
FOR AT

{6XsbHBETAI, 10X, 5HBETAD, 11X+ SHCHIIRD 12X 44HSTGR)
(6Xy5HBETAI,10X,5HBETAO, 11Xy 6HCHORDF, 11Xy 5SHSTGRF, 10X,

16HCHORDR,s 10Xy SHSTGRR y 12X s 4HMLER, L1 X4 SHTHLER)

FOR#AT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

{(4X,8HMBI MBO,12X,18HMM NBBI NBL NRSP)

(41H MBI MBO MsI2 MBOZ MM NBBI NBL NRSP)

{53HL BLADE SURFACE 1 -—-- UPPER SURFACE - FRONT BLADE)
(53HL BLADE SURFACE 2 -- LOWER SURFACE - FRONT BLADE)
(52HL BLADE SURFACE 3 —-- UPPER SURFACE - REAR BLADE)
(52HL BLADE SURFACE 4 -—-- LOWER SURFACE - REAR BLADL)

(7X32HRI ,11¢12X,2HR0O, 11,5 12X 9 4HBETToI1,11X44HBETOsI1,11X,5HS

1PLNG,I1)

FOR™AT
FORMAT
FORMAT
FORMAT
FORMAT
FOR 1AT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

1L BORUNDARTIES//19X,55HLUWCR HORIZONTAL BUUNDARY
BUUNDARY/ Xy 1HMy6X 3 2( 7 Xy 3HUBV 12X, 4HRWBV44X)/(1X,5615.5))

2L
FORNMAT

IDARIES/ /20Xy 52HLEFT VERTICAL BOUNDARY

(7X,3HMSP,11y2X,5HARRAY)
(7X54HTHSP,I1,2X, SHARRAY)
(16HL MR ARRAY)
(7Xs L1HRMSP ARRAY)
(7X3 L1IHGESP  ARRAY)
(45SHL BLDAT AANDK
{39HL MBDYF MaDYL
(7X,6HLAMBDA)

(15HL KBDRY NSP)
(7X, L1IHBVIN ARRAY)
(71X, 12HUBVIN ARRAY)
(1HL,7X,60HSTRLCAM FUNCTIUN AND RHO®*W-SUp~-THETA ON HORIZONTA
UPPER HDRIZONTA

INTVL SURVL)

MAGFAC)

STREN
ITL

ERSOR
ITF

(LH) » 7X+54HSTREAM FUNCTIUN AND RHO®W-SUB-M ON VERTICAL BOUN
RIUHT VERTICAL BOUNDAR

2Y/ 6K SHTHETA4X 207X+ 3HUBV 3 12X 4HRWBV,4X)/ (1X455615.5))

FORMAT
FND

(28H1L MMM GT 100 CR ITMAX GT 100)

SUBKOUTINE PRECAL

C
¢ PRECAL CALCULAIE> ALL REQUIRED FIXED CONSTANTS
G
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COMMON SRW, ITER, IEND,LER(2),NER(L)

COMMON /AUKRHU/ A{2000,4),U(2000),K(2000),RHO(2000)

COMMON /INP/ GAMyAR, TIP,RHOIP,WTFLyWIFLSP,0OMEGA,ORF,BETAL.BETAD,
INOBL MBIy MHUsM3I24MBO2,MM,NBBI »NBL NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAT ) AANDK, ERSORSTRFN, INTVL s SURVL ¢ MAGFAC,
3MR(50) yRMSP(50),BESP(50)

COMMON /CALCON/ MBIT,MBOGyMMM,MBIIML,MB8IIPL,MB00M1,MBO0P1,MMMML,
1HML 4 HM2 s HM3 ,HT y DTLRy DMLR,PITCH,yCP 4 EXPUON, TWW,CPTIP,TGRUG, TBI, T8O,
2LAM DA, TWL, ITORy ITMAXSNIP, IMS(4) 4,3V (4),MV(100),IV(LO0L),
JUBV(10044) RWBV{100,4),1TV(100,6),TV(L00,4),DTUOMV(100,4),
4BETAV(100,4) yMH{100,4),DTDMH{100s4) ¢ BETAH(10044)RMH{100+4),
SBEH(100+4),RM{100),BE(100),DBDM(100),SAL{100),AAA(100)

INTEGER

BLOAT y AANDK, ERSURy STRFN,SURVL s AATEMP » SURF »

1FIR>TyUPPER,S1,ST, SRW
REAL KoyKAK,LAMBDA,LMAX M, MLEyMRyMSP MV, MVIML

EXTURNAL BL1,BL2,BL3,BL4
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CALCULATE TV, ITv, Iv, DTDMv AND BETAV ARRAYS

TV, ITV, DTDMVY AND BETAV ON BLADES
SRW =0
MBIT = MAXO{1l,(MBI-MBDYF)*MAGFAC+1)
MBOT = MINO{MMM,MBOO)
IfF (MBOT.LF.MBIT) GO TO 20
DO 10 IM=MBIT.MBOT
LER(2) =1
BLC) CALL NO. 1
CALL BLI(MV(IM),TV(IM,1),DTDMV(IM,1),INF)
ITV(IMy1)= INT((TV(IM,1)+DTLR)/HT)+ITOR
IF(TV(IMy 1) oGT.-DTLRIITV(IM, L)=1TV(IM,1)+1
ITVIIM,1) = MINO(CITV(IM,1),ITMAX)
ITV(IM,1) = MAXO(ITV(IM,1),2)
BETAVIIM, L)=ATAN(DTDMV(IM,1)=RM(IM))=57.295779
LER{2) = 2
BLCD CALL NO. 2
CALL BL2(MV(IM),TVI(IM,2),DTDMV{IMs2),INF)
ITVIIM, 2} =INT{(TV(IM,2)-DTLR)/HT}+ITOR
IF(TVIIMy2) LT DTLR)ITV(IM,2)=1ITV({IM,2)-1
ITV(IM,2) = MAXO(ITV(IM,2),1)
ITV{IIM,2) = MINO(ITV(IM,2),ITMAX-1)
10 BETAVIIM, 2)=ATAN(DTDMV{IM,2)#RM(IM))*57,.295779
20 MBIT = MAXO(l,MBII)}
MBOT = MINO({MMM, (MRJ2-MBOYF) =*MAGFAC+1)
IF (MBIT.GT.MBOT) GO TO 40
DO 30 IM=MRIT,MBOT
LER(2) = 3
BLCO CALL NO. 3
CALL BL3{MV(IM),TV(IM,3),DTDMV{IM,3),INF)
ITVIIM,3)= INT((TV{IM,3)+DTLR)/HT)}+ITOR
IF(TV{IM,3) GTa~DTLRIITVIIM,3)=1ITV(IM,3)+1
ITV(IM,3) = MINO(ITV(IM,3),ITMAX)
ITV(IM,3) = MAXO(ITV(IM,3),2)
BETAV(IM,3)= ATAN(DTDMV(IM,3)%«RM(IM))®57.295779
LER(2) = 4
BLCH CALL NuU. 4
CALL BL4(MV(IM),TV(IM,4),DTOMV{IM,4),INF)
ITVIIM,4)=TNT{(TV(IM,4)-DTLR}/HT)+ITOR
IF(TV{IMe4) LT.DTLRYITV(IM,4)=1TTV(IM,4)-1
ITV(IM,4) = MAXO(ITV{IMs4),1)
ITV(IM,4) = MINOCITV(IM,4),1TMAX-1)
30 BETAV(IM,4)= ATAN(DTDMV(IM,4)=*RM(IM))*57.295779
IV ARRAY
40 IVIl) =0
Iv(2)=1
MBOT = MINO(MBIIM1,MBOO)
IF(MBOT.LT.2) GO TO 60
DO 50 IM=2,MBOT
IV(IM+L) = IVIIMI+ITV(IM,2)-ITV(IM.,1)+ITMAX-1
50 IF (ITV(IM,1).EQe—10000) IV(IM+1)=1IV{IM+1)-1
60 MBIT = MAXO{2.MBII)
MBOT = MINO(MMMM1,MBOG)
IF(¥BIT.GT.MBOT)IGO TO 80
DO 70 IM=MHBIT,MBOT
70 IVOIM#L)= IVIIM)IHITVIIM,4)+ITVIM2)-ITVIIM,3)-ITV(IM,1)+ITMAX
80 MBIT = MAX0(2,MBO0P1)
MBOT = MINO{MMMM1l,MBIIML1)
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[F(MBIT.GT.MBUT) GO TO 100
DO 90 IM= MglT,MBOT
90 IVIIM+l)= IV(IM)+ITMAX-2
100 MBIT = MAXO(MBII,MBOGPL)
IF(MBIT.GT.MMMM1)GO TO 120
DO 110 IM=MBIT,MMMML
IVIIMEU) =TIVIIMIHITVIIM,4)-ITV{IMy3)+ITMAX~1]
110 IF (ITVIIMs3).EQ.—-10000) IV(IM+1)=IV{IM+1)-1
120 NIP= IV(MMM)-1
WRITE (641020) PITCH,HT4HM1,HMZ,HM3
WRITE (6,1030) MBII,MBOO,MMM,ITMAX,NIP
WRITE (6,1040) {SURF,BV{SURF),;SURF=1,4)
IF(2LDAT.LF.0) GO TO 140
MBIT = MAXO{l,{(MBI-MBDYF)#MAGFAC+1)
MBOT = MINO(MMM,MBOD)
WRITE (6,1050)
DO 130 SURF = 1,3,2
I = SURF+1 .
IF (MBITLE.MBOT) WRITE(6:1060) SURF,I{MV(IM),TV(IM,SURF),DTDOMV(I
IMySURF) yTVLIMy 1) 4DTDMV(IMy 1), IM=MBIT,MBOT) )
MBIT = MAXO(1l,MBII)
130 MBOT = MINO (MMM, (MBO2-MBDYF)*MAGFAC+1)
WRITE(6,1070) {IMegMVIIM) ¢RMUIM),SAL{IM)BE(IM),DBDOM(IM),IM=1,MMM)
WRITE(6,1080) (IMpIV(IM),(ITVIIMySURF),SURF=1,4)41M=],MMM)

CALCULATE MH AND DTDMH ARRAYS.

140 IMS(1)=0

MRTS = O

MBIT = MAXO(1l,{MBI-MBDYF)*MAGFAC+1)
MBOT = MINO(MMM,MBOO)

LER(2) = 5

BLCD AMD RCOT (VIA MHORIZ) CALL NO. 5

CALL MHORIZ(MVITV(Lls1)yBLL MBIT MBOT,ITORsHT UTLR,0,IMS(1),
IMH(L,y1),DTOMH({1,1)4MRTS)

IF(ITVIMBOOD,1)}~ITVIMBOO, 2).NE.2) GO TO 150

IMSL = IMS(1)+1

MH{IMSL,1)= MV{MB0O)

DTDiH(IMSL,1)= -1.E10

IMS(1)= IMSL

150 IMS(2})=0

MRTS = O

LER(2) = 6

BLCO AND ROOT (VIA MHORIZ) CALL NO. 6

CALL MHORIZ(MV,ITV(1+2)sbL2:MBIT,MBOTITORsHT»DTLRs1.,IMS(2),
IMH({1,2)DTDMH(1452) 4MRTS)

IMS(3)=0

IFIITVIMBIT3)-ITVIMBII,4).NE.2) GO TO 160

MRTS = 1

IMS{(3)=1

MH(1,3)= MV(MBII)

DTDMH({1,3)=1.E10

160 MBIT = MAXO(1l.MBII)

MBOT = MINO{(MMM, (MBOZ2-MBLYF)*MAGFAC+1)

LER(2) = 7

BLCD AND ROOT (VIA MHORIZ) CALL NO. 7

CALL MHODRIZ{MVITV(14+3)sBL3 MBIT:MBOTLITORSHT,UTLR,0,IMS(3),
IMH(143)4,DTDOMH{153),MRTS)

IMS (4)=0
IF (ITV(MBII,3)-ITVI(MBII,4).EQ.2) MRTS=1
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LER(2) = 8

BLCD AND ROUT (VIA MHORIZ) CALL NO. 8

CALL MHORIZ(MV,ITV(1+4)+bL4sMBIT,MBOT»ITOR,HT,DTLR,y14+IMS(4),
IMH{14+4)+DTDMH(1,4)+MRTS)

I = MAXO(IMS{1),IMS(2),IM5(3),1IMS5(4))

IF (I.LE.100) GO TO 170

WRITEl6,1090) 1

sTOP

CALCULATE RMH, BEH, AND BETAH ARRAYS

170 IF (BLDAT.GT.0) WRITE(6,1100)
DO 190 SURF=1,4
CALL SPLINT{MR,RMSPyNRSP,MH(1,SURF),IMS{SURF),RMH{1,SURF)},AAA)
CALL SPLINT[MR,BESPyNRSPMH(1,ySURF),IMS{SURF ) BEH{L,SURF},AAA)
IMSS= IMS{SURF)
IF (IMSS.LT.1) GO TO 190
DD 180 IHS=1,1IMSS
180 BETAH({IHSySURF)= ATAN(DTDMH(IHS,SURF)*RMH{IHS,SURF)}*57.295779
I (BLDAT.GT.0) WRITE(65,1110) SURF,{MH{IM,SURF)RMH{IM,SURF]},
1BEH(IM, SURF) s BETAH{IM, SURF),DTOMH( IMySURF),IM=1,IMSS)
190 CONTINUE
IF (BLDAT.LE.O) GC TO 210
WRITE (6,1120)
DO 200 IT=1,ITMAX
TH = FLOAT(IT-ITOR)*HT
200 WRITE (6,1010) IT,TH
210 WRITE (6,1000)
IF (NIP.LE.2000) RETURN
WRITE (6,1130)
sToP

1000 FORMAT (1H1)

1010 FORMAT (4Xs14+G16.5)

1020 FORMAT (1HL1////75X+428HCALCULATED PROGRAM CONSTANTS//5X.5HPITCH,
113Xs2HHT 4 13Xy3HHML,13X,3HHM2413X33HHM3/1X,56106.7)

1030 FORMAT (/5Xy4HMBII1,10X,4HMBO0O, 10Xy 3HMMM, 10X SHITMAX/3X415,9X515,
19X+ 159X+ 15//7/5X433HNUMBER OF INTERIOR MESH PUINTS = ,1I5)

1040 FORMAT (//////75X,23HSURFACE BOUNDARY VALUES//5X, THSURFACE,7X,2HBV/
1{5X,14,4X4,F10.5))

1050 FORMAT (1H1,6X,62HBLADE DATA AT INTERSECTIONS OF VERTICAL MESH LIN
1ES wITH BLADES)

1060 FORMAT {1HL,22X,13HBLADE SURFACE,I2,15X,13HBLADE SURFACE,I12/7X,
11HM, 14X, 2HTV 11X+ SHDTDOMV 12X+ 2HTVs 11Xy 5HOTDMV/ (5615.5))

1070 FORMAT (1H1,13X,44HSTREAM SHEET COORDINATES ANV THICKNESS TABLL/
12X, 2HIM, TXs 1HM, 14X 1HR 413X,y 3HSAL. 13X 1HBs 12X ,5HDB/DM/
2(1X+13,5G15.5))

1080 FORMAT (4H1 IM,9X,8HIV ARRAY,32X+9HITV ARRAY/38X,5HBLADE/37X,7HSUR
1FACE »3X31HL,5X,1H2,45X 3 1H3,5X s 1H4/ 39Xy 3HND/(1X,13,5%X,110,25X,
24(14,2X)))

1090 FORMAT (35H1 ONE OF THE MH ARRAYS IS TOO LARGE/T7THLIT HAS,I5,
18H PDINTS)

1100 FORMAT (67HLM COORDINATES OF INTERSECTIONS OF HORIZONTAL MESH LINE
1S WITH BLADE)

1110 FORMAT (25HLMH ARRAY — BLADE SURFACE,12//15X,2HMH;19X,3HRMH,19X,
1 JHBEH 18X+ SHBETAH 17X »SHDTDMH/ (5G22.4))

1120 FORMAT (43HITHETA COORDINATES OF HORIZONTAL MESH LINES//6X.2HIT.
15X 5HTHETA)

1130 FORMAT (48H THE NUMBER OF INTERIOR MESH POINTS EXCEEDS 2000)

END

51
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SUBROUTINE COEF

COEF CALCULATES FINITE DIFFERENCE COEFFICIENTSy A, AND CONSTANTS, K,
AT ALL UNKNOWN MESH POINTS FOR THE ENTIRE REGION

COMMON SRW,ITER,IEND,LER(2),NER(1)

COMMON /AUKRHO/ A(2000,4),U{2000),K{2000),RHO(2000)

COMMON /INP/ GAM,AR,TIP,RHOIP.WTFL,+WIFLSP,0OMEGA,ORF,BETAI,BETAQD,
1NOBL,MBI, MBU,MBIZ2,MBO2,MM,NBBIsNBL,NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAT, AANDK, ERSOR,STRFN, INTVL, SURVL,MAGFAC,
3MR(50) ,RMSP(50),BESP(50)

COMMON /CALCON/ MBII,MBOOsMMM,MBIIM1,MBIIP1,MB00M]1,MBOOP1,MMMM],
1HM1,HM2 s HM3 ,HT yODTLRy DMLR,PITCH,CPyEXPON,TWW,CPTIP, TGROG,TBI,TBG,
2LAMBDA, TWL,ITOR, ITMAX,NIP, IMS{4),BV{4),MV(100),IVI101),
3UBV(100,4)yRWBV(10054),ITV(10056)+TV{100+4),DTOMV(100+4)+
4RETAV(100+4) +MH(10054),DTDMH(100,4)yBETAH{ 10054} ,RMH{100,4),
5BEH(100,4),’M(100),BE(100),DBDM(100),SAL(100),AAA{100)

COMMON /HRBAAK/ H{4)sR{4)sB(4)KAK({4),KA(4),IH{4),RZ,BZ

INTEGER BLDAT,AANDK, ERSORy STRFNy SURVL 4 AATEMP, SURF,
1FIRST,UPPER,S51,57T,SRNW

REAL K,KAK,LAMBDA,LMAX,MH,MLE,MR,MSP,MV,MVIM]

INITIALIZE ARRAYS

ITER = ITER+1

IH{1) = MAXO(O,ITV{(2,1)-1ITV{1,1))
IH(2) = MAXO(U,ITV(1,2)-1ITV(2,2))
TH{3) = MAXO0(0,ITV(2,3)-1ITV(1,3))
IH{4) = MAXO(O,ITV(1,4)-1TV(244))

IF(ITVIMBII,3)-ITV(MBII,4).EQ.2) IH(3) =1
INCOMPRESSIBLE CASE
IF(GAMJNE.1.5.0R.AR.NE.1000..0R.TIP.NE.1.E6) GO TO 10
IEND = O
GO 10 20
ADJUSTMENT OF PRINTING CONTROL VARIABLES
10 IF(ITER.NE.1.AND.ITER.NE.2) GO TO 20

AANDK = AANDK-1
ERSOR = ERSOR-1
STRFEN = STRFN-1
INTVL = INTVL-1
SURVL = SURVL-1

20 IF(IEND.NE.DO}) GO TO 30
AANDK = AANDK+2

ERSOR = ERSOR+2
STRFN = STRFN+2
INTVL = INTVL+2
SURVL = SURVL+2

CALL COEFBB THROUGHOUT THE REGION

FRONT BLADE

30 MBOT = MINO(MBIIM1,MBCO)
IF (MBOT.LT.2) GO TO 50
DO 40 IM=2,MBUT
CALY. COEFBB (IM,5,2)

40 CALL COEFBB (IM,1,6)

OVERLAP REGION

50 MBIT = MAXO(2,MBII)
MBOT = MINO(MMMM1,MBOO)
IF (MBIT.GT.MBOT) GO TO 70
DO 60 IM=MBIT,MBOT
CALL COEFBR (IMy5,4)
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CALL COEFBB (IM,3,2)

60 CALL COEFBR (IM,1,+6)
GO 70 90

NON-OVERLAP REGION

70 MBIT = MAXO(2,M800P1)
MBOT = MINO(MBIIM1.,.MMMM]1)
IF (MBIT.GT.MBOT) GO TO 90
DO 80 IM=MPIT,MBOT

80 CALL COEFBB (iMy5,6)

REAR BLADFE

90 MBIT = MAXO(MBII,MBOOPL)
IF {(MBIT.GT.MMMM1) GO TO 110
DO 100 IM=MBIT,MMMM1
CALL COEFBB (IM,5,4)

100 CALL COEFBB (IM,3,6)

SPECIAL CASES — POINTS J OR C ARE MESH POINTS

POINT 4
110 IF (ITVI(MBII,3)-ITV(MBII,4).NE.2) GO TO 120
IT = ITV(MBIIL,4)+1
IP = IPF(MBIIML,IT)
K(IP) = K{IP)+A(IP,4)=BV(4)
A(IP,4) = 0.
POINT C
120 IF(ITV{MBOO,1)-ITV(MBOO,2).NE.2) RETURN
IT = ITVIMBOG,2)+1
IP = IPFIMBUOPL1,IT)
A(IP,.,3) = 0.
RETURN
END

SUBROUTINE COEFBB(IM,UPPFER,LOWER)

COEFBB CALCULATES FINITE DIFFERENCE COEFFICTIENTS, A, AND CONSTANTS,
ALONG ALL VERTICAL MESH LINES WHICH INTERSECT BLAUES

COMMON /AUKRHO/ A(2000,4),U(2000)+K(2000),RHO(2000)}

COMMON /INP/ GAMyAR,TIP,RHOIPyWIFL,WTFLSP,0MEGA,ORF,BETAI,BETAD,
INOBL,MBI s MBO,MBI2,MB0O2,MM,NBBI ,NBL,NRSP,MBDYF,MBDYL,»ITF,ITL,
2BLDAT, AANDK, ERSORy STRFN, INTVL, SURVL,MAGFAC,
3MR(50) +RMSP({50),BESP({50)

COMMON /CALCON/ MBII,MBOO,MMM,MBIIM}l,MBIIP1,MB00M1,MBO0OP1,MMMM1,
IHM1,HM2 ,HM3 ,HT s DTLRs DMLR 4PITCHHCP yEXPON, TWW,CPTIP, TGROG, TBI , TBU,
2LAMBDA, TWL, ITOR, ITMAXyNIP, IMS{4),BV(4),MV{100),IV{101),
3UBVI100,4) +RWBV(100+4),ITV(1005,6),TV(100+4)DTOMV(100,4)
4BETAV(100,4)sMH(10044),DTDMH{1002%)BETAH(100+4)RMH(100+4),
SBEH({100,4)+.RM{100),BE(100),0BDM{100),SAL(100),AAA(100)

COMMON /HRBAAK/ H{4),R(4),B(4) ,KAK{4)3KA(4),IH(4),RZ,BZ

INT=GER BLDAT,AANDK,ERSOR+ STRFN,SURVL ; AATEMP , SURF,
1FIRSToUPPER4S15ST,SRW

REAL KeKAK,LAMBDA,LMAX,MH,MLF,MRy,MSP,MV,MVIM]1

IF(ITV(IM,UPPER).GT.ITV{ IM,LOWER)) RETURN

ITvU= MAXO(ITV(IM,UPPER),2)

ITVL= MINO(CITV(IM,LOWER) ,JTMAX-1)

IF (ITVU.GT.ITVL) RETURN
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10

IT= ITVU-1

IPU= IPF(IM,ITVU)
IPL= TPU+ITVL-ITVU
DO 80 IP=IPU,IPL
IT= IT+1

CALL HRB (IM,IT,IP)
DO 10 I=l+4

KAK{I)= 0.

KA({I)= 0O

FIX HRB VALUES FOR CASES WHERE MESH LINES INTERSECT BLADES

OR

20

30

40

50

55

60

BOUNDARIES

IF (IT.NE.2) GO TO 20

KAK(1)= UBV({IM,1)

KA(1)= 1

IF (IT.NE.ITMAX~-1) GO TO 30

KAK({2)= UBV{IM,2)

KA(2)= 1

IF (IM.NE.2) GO TO 40

KAK(3)= UBV(IT,3)

KA(3)= 1

IF (IM.NEJMMMML) GO TO 50

KAK(4)= UBV{IT,4)

KA(4)= 1

IF {IT.EQ.ITVU.AND.UPPER.NE.5} CALL BDRY12(1,IM,IT,UPPER)
IF (IT.EQ.ITVL.AND.LOWER.NE.6) CALL BDRY12(2,IM,IT,LOWER)
ITvl= ITV(IM-1,UPPER)

ITVvPl= ITV(IM+1,UPPER)

IF (ITV{IM,UPPER).EQ.—10000) GO TO 55

IF (IT.LT.ITVML) CALL BDRY34(3,IM,UPPER)
IF (IT.LT.ITVPL) CALL BORY34({4,IM,UPPER)
ITvsl= [TV(IM-1,LOWER)

ITVP1= ITV{IM+1,LOWER)

IF {ITVM1.EQ.-10000) GO TO 60

IF {(IM.EQ.MBII.AND.LOWER.EQ.4) 60O TO 60
IF (IT.GT.ITVM1) CALL BDRY34(3,IM,LOWER)
IF (ITVP1.EQ.-10000) GO TO 70

IF (IM,EQ.MBO0.AND.LOWER.EQ.2) GO TO 70
IF (IT.GT.ITVPL) CALL BORY34(4,IM,LOWER)

COMPUTE A AND K COEFFICIENTS

70

80

CALL AAK(IM,1IP)

DO 380 I=1l.4

K(IP)= KUIP)+KAK(T)*=A(IP,I)
IF (KA(I).EQ.Ll) A(IP,I}=0.
RETURN

END
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SUBROUTINE HRB(IM,IT,IP)

HRB CALCULATES MESH SPACINGy H, DENSITIES, RZ AND R, AT GIVEN AND
ADJACENT POINTS, AND STREAM SHEET THICKNESSES, BZ AND B, AT GIVEN
AND ADJACENT POINTS

COMMON /AUKRHO/ A{2000,4),U(2000),K(2000},RHO{2000)
COMMON /CALCON/ MBII,MBOOy,MMM,MBIIML1,MBIIP1,MB800M1,MBOOP1 yMMMML,
1HM1  HM2 yHM3 4 HT ¢ DTLRe DMLR ¢PITCHCP o EXPON s TWW,CPTIP 4, TGROG,TBI,TBO,
2LAMﬂDA,TNL,ITOR.ITMAX,NIP-IMS(#)'BV(Q),MV(lOO)u[V(lOl):
3UBV(100,4) ,RWBV(10094)sITV{(1004+6),TV{100,4),DTDMV(100,4),
48BETAV(10044),MH{1005%),DTDMH(100,4),BETAH(10054)yRMH{100+4),
5BEH(100,4),RM{100),BE(100).DBDM{100),SAL{100),AAA(100)
COMMON /RHDS/ RHOHB(100,4),RHOVB(100,4),RBV(100,4)

COMMON /HRBAAK/ H{4)sR{4)sB(4)KAK(4)KA(4),IH(4),RZyBZ

INTEGER BLDAT,AANDK, ERSOR, STRFN,SURVL,AATEMP,SURF,
LFIRST2UPPER.S1+5T, SRW

REAL KyKAK,LAMBDA,LMAX,MH, MLE,MR4MSP,MV,MVIM1

H(1)= HT=RM(IM)

H{2)= HT#RM(IM)

H{3)= MV(IM) - MV(IM-1)

Hi4) = MVIIM+1)-MV(IN)

.RZ = RHO(IP)

IP3 = IPF(IM-1,1IT)

IP4 = IPF(IM+1,IT)

R{1l)= RHO(IP-1)

IF (IT.EQ.2) R{1)= RBV(IM,1}

R{2)= RHO(IP+1)

IF (IT.EQ.ITMAX-1) R(2)= RBV(IM,2)

R{3)= RHO(IP3)

IF (IM.EQ.2) R{3)= RBV(IT,3)

R(4)= RHO(IP4)

IF (IM.EQ.MMMM1) R(4)= RHEV(IT44)

BZ= BE(IM)

B(3)= BE(IM-1)

B{4)= BE(IM+1)

RETURN

END

SUBROUTINE AAK(IM,IP)

AAK CALCULATES FINITE DIFFEHENCE COEFFICIENTS, A, AND CONSTANT, K,
AT A SINGLE MESH POINT

COMMON /AUKRHO/ A(2000,4),U(2000),K{(2000),RHO(2000)

COMMON /CALCON/ MBII,MBOO,MMM,MBIIML,MBIIP1,MBOOML ,MBOOP1,MMMMI],
1HM1 4HM2 ,HM3 , HT ,DTLRyDMLR yPITCH+CPEXPONs TWW,CPTIP, TGROG,TBI,TBO,
2LAMBDA, TWL,ITOR, ITMAX,NIP, IMS(4),BV{4),MV(100),IV(10L),
3UBV(100,4) 3RWBV(10044)5,ITVI100+6)eTV(100,4),DTUMVI1004+4),
4BETAV(100,+4)4MH(100,44),DTDMH(100,4),BETAH(100,4) yRMH{100,4),
SBEH{100,4)+RM{100),BE(100)+DBDM{100),SAL{100).AAA{100)

COMMON /HRBAAK/ H(4) yR{4)s8B14)KAK{4)gKA(4)IH{4)4RZyBZ

INTEGER BLOAT , AANDK, ERSOR, STRFN«SURVL +AATEMPSURF,
LFIRSTyUPPER,S1,STsSRHW

REAL KyKAK,LAMBDA,LMAX,MHs MLE,MRsMSPsMV,MVINM]
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Al2= 2./H{1)}/H(2)

A34= 2./H(3)/H(4)

AZ= Al12+A34

812= (R{2)-R{1))/RZ/(H{L)+H{2))

B34= (B(4)%2(4)-B(3)=R{3))/BZ/RZ/(HI3)+H(4))-SAL{IM)/RM{IM)

ALIP,1) = (2./H{1}+B12}/AZ/(H{L)+H(2))
ALIP,2) = AlL2/AZ-AlIP,1)

ALIP,3) = (2./H{314B34)/AZ/(H{3)+H(4})
A{IP,4) = A34/AZ-A(IP,3)

KI{IP) = —TwWwwxBZ#*RZ=SAL(IM)/AZ

RETURN

END

SUBROUTINE BDRY12(I,IM,IT,SURF)

BDRY12 CORRECTS VALUES COMPUTED BY HRB WHEN A VERTICAL MESH LINE
INTERSLZCTS A BLADE

COMMON /CALCON/ MBII,MBOf,MMM,MBIIM1,MBIIPL,MBOOM1,MBOOP1,MMMMI,
1HM1,HM2 yHM3,HT ,DTLR, DMLR ,PITCH,CPsEXPONs TWW,CPTIPyTGROG, TBI» TBO,
2LAMADA s TWL,ITOR, ITMAX ,NIP, IMS({4),BV{4),MV(100),IV(101),
3UBV(100,4) 4RWBV{100,4),1TV{100,6},TV{100,4),DTDMV(100,4),
4BETAV(100,4) 9MH{100,4)+sDIDMH{100,4)+BETAH(L100+4)+sRMH(10044),
5BEH{100,4),4M{100),8E(100),DBDM(100},SAL(100),AAA{100)

COMMON /RHOS/ RHOHB{100+4),RHOVB(100+,4)+RBV(100,4)

COMMON /HRBAAK/ H{4),R{4),8(4) KAK(4)4KA(4)IH{4)4RZ,82

INTEGER BLODAT,AANDKy ERSUR, STRFN, SURVL ,AATEMP,SURF,
1LFIRST,UPPER,SL,STsSRW

REAL KyKAK,LAMBDAyLMAXsMH,MLES MR, MSP, MV, MV IML

H{I) = ABS(FLOAT(IT-ITOR)}*HT~-TV{IM,SURF))*RM(IM)

R{I}= RHOVB(IM,SURF)

KAK(1)=BV{SURF)}

KA{I)=1

RETURN

END

SUBROUTINE BORY34(I,IM,SURF)

BDRY34 CORRECTS VALUES COMPUTED BY HRB WHEN A HORIZONTAL MESH LINE
INTERSECTS A BLADE

COMMON /CALCON/ MBII,MBOO,MMM,MBIIM1,MBIIP1l,MB800M1,MB00P1,MMMM],
1HM1,HM2 yHM3 ,HT yDTLRDMLR 4P ITCH,CP+EXPON+ TWW,CPTIP, TGROG, TBI, TBO,
2LAMADA, TWL, ITUR, ITMAX NEP, IMS(4),BV(4),MV(100),IV(1i01),
3UBV(100+4) »RWBV(100,4)sITVI100,6)sTV(100,4),DTOMV(100,4),
4BETAV(1004,4) yMH(100,4),DTDMH(100,4),BETAH(100+4),RMH(100,4),
SBEH(100,4) ,RM(100)BE(100},DBDM(100),SAL{100),AAA(100)

COMMON /RHOS/ RHOHB{100,4),RHOVB(100,4)+RBV(100+4)

COMMON /HRBAAK/ H(4),R(4),B(4),KAK(4),KA{4),IH{4),RZ,BZ

INTEGER BLDAT,AANDK,; ERSOR, STRFN, SURVL,AATEMP,SURF,
1FIRSTyUPPER,S1+ST+SRW

REAL KyKAK,LAMBDAsLMAXsMHyMLE,MR,MSP,MV,MVIML
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TH(SURF)=TIH{SURF)+1
IHS=IH(SURF)
H{I)=ABS{MV(IM)-MH(IHS,SURF))
R{I)=RHDOHB(IHS,SURF)
B(I)=BEH{IHS,SURF)

KAK{I)=BV (SURF)

KA([)=1

RETURN

END

SUBROUTINE SOR

R SOLVES THE SET OF STMULTANEOUS EQUATIONS FOR THE STREAM FUNCTION
ING THE METHUD OF SUCCESSIVE OVER-RELAXATIDN

COMMON /AUKRHO/ A(2000+4),U{2000),K(2000),RHO{2000)

COMMON /INP/ GAM,AR,TIP,RHOIPWTFL+WTFLSP,0OMEGA,ORF,BETAI,,BETAD,
INOBL MBI, MBO,MBI2,MBD2,MMy NBRI ,NBL4NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAT . AANDK,ERSOR,STRFN, INTVL, SURVL,MAGFAC,
3MR(50) RMSP(50),BESP (50}

COMMON /CALCON/ MBII  MBOO,MMM,MBIIM1,MBIIP1,M300M1,MBOOPL,MMMML,
1HM1 ,HM2 ,HM3 yHT ,DTLRyDMLR,PITCH,CP,EXPON,y THW,CPTIP,TGRUG,TBI, TBO,
2LAMBDA, TWL,ITOR, ITMAX,NIP, IMS(4),BV{4),MV(100),IV(10L1),
3UBV{100+4) oRWBV(10044),ITV(100,6),TV(100,4),DTDOMV{100,4),
4BETAV(100,4)+MH{100+4),DTDMH(100+4),BETAH(1004+4) yRMH{100,4),
5BEH{1004+4),RM(100),BE{100),DBDM(100),SAL(100),AAA{100)

INTEGER BLDAT,AANDK, ERSOR,STRFN,SURVL,AATEMP,SURF,
IFIRSTsUPPER+S1,ST,SRHW

REAL KsKAKyLAMBDA,LMAX,MHyMLE,MR,MSP, MV, MVIML

AATEMP = AANDK

IF (ORF.GE.2.) ORF=0.

[F{ORF.GT.1l.) GO TO 20

ORF = 1.

ORFOPT = 2.

ORFTEM = ORFOPT

LMAX = 0.

IF(AATEMP.GT.0) WRITE(6,1010)

ERROR = 0.

LVE MATRIX EQUATION BY SOR, OR CALCULATE OPTIMUM OVERRELAXATION
CTOR

DO %0 IM=2,MMMM]

IF{AATEMP.GT.0) WRITE(6,1020)1IM

IPU = IV(IM)

IPL= IV(IM+1)-1

IT= 1

DO 50 IP=1IPU,IPL

IF(IPU.GT.IPL) GO TO 50

IT= 1T+1

IF{ITaOT ITV(IMy4) dANDCITLLELITV(IM,3)) IT=IT+ITV(IM,3)-
IMAXO(ITVIIM,4),1)-1

TF(ITeGTITVIIM2) dANDLITLLELITV(IM, 1)) IT=ITHITVIM,1)-
IMAXO(ITV(IM,2),1)-1
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iPl= IP-1
1P2= IP+1

IP3= IPF(IM=1,IT)

IP4= IPF(IM+1,IT)
IF(IM.EQ.2) IP3 = 0
IF(IM.EQ.MMMML) [P4 = O
IF(ORF.GT.1.) GO TO 30

C CALCULATE NEW ESTIMATE FOR LMAX

UNEW = A(IP,1)*U(IPL)+A{IP,2)}=U(IP2)+A(IP,3)sU(IP3)}+A(IP,4)*U(IP4)
IF (UNEW.LT.1.E-25) U(IP) = 0.

[F {U{IP).FQ.0.) GO TO 40

RATIO = UNEW/U(IP)

LMAX= AMAX1{RATIO,LMAX)

ULIP) = UNFw

GO TO 40

C CALCULATE NEW ESTIMATE FGR STREAM FUNCTION BY SOR

30

40

50

60

YOO

70
80

90

100

110
120

58

CHANGE = ORF#(K(IP)-U(IP)+A(IPs1)=UCIPL)+A(IP,2)=U(IP2)+A(IP,3)»

1UCIP3)+A(IP,4)xU(IP4))

ERRUR= AMAX1(ERROR,ABS{CHANGE))
ulIrP) = U(IP)+CHANGE

IF(AATEMP.LE.O) GO TO 50

WRITE (651030) IT,IP,IP1,IP2,IP3,IP4,{A{IP,I)yI=1,4),K(IP)
CONTINUE

AATEMP = O

IF(ORF.GT.1.) GO TO 60

ORFUPT = 2./(1.+SQRT{ABS(1.-LMAX)))

WRITE (64+1040) ORFOPT

If (ORFTEM-URFOPT.GT..00001.0R.URFOPT.GT.1.999) GO TO 10
WRITE (65,1000}

ORF = ORFOPT

GO TO 20

IFIFERSOR.GT.0) WRITE(6,1050) ERROR

[F(ERROR.GT..000001) GO TO 20

IF(STRFN.LE.O) RETURN

PRINT STREAM FUNCTION VALUES FOR THIS ITERATION

WRITE {6,1060)

IPL = O

MBOT = MINO(MBIIM1,MBCO)
IF (MBOT.LT.2) GO TO 80
DO 70 IM=2,MBOT

CALL WRITU(IM,5,2,IPL)
CALL WRITU(IM,1,6,1IPL)
MBIT = MAXO(2,MBII)

MBOT = MINO(MMMM1,MB0DQC)
IF {(MBIT.GT.MBOUT) GO TO 100
DO 20 IM=MBIT,MBOT

CALL WRITU(IMs5,4,1PL)
CALL WRITU(IM,3,2,IPL)
CALL WRITU(IM,1,6,1IPL)

G0 TO 120

MBIT = MAXO(2,MBOOPL)
MBOT = MINO(MBIIM] MMMM])
IF (MBIT.GT.M30T) GO TO 120
DO 110 IM=MBIT,MBOT

CALL WRITU(IM,546,1IPL)
MBIT = MAXO(MBII,M800P1)



IF (MBIT.GT.MMMML) RETURN

DO 130 IM=MBIT,MMMM1

CALL WRITU(IM;5,4,IPL)
130 CALL WRITU(IM,3,6,IPL)

RETURN

1000 FORMAT (1H1)

1010 FORMAT (82H1 IT Ip IP1 ipe IP3 IP4 All) A(2)
1 A(3) Al4) K} -

1020 FORMAT(SH IM =,14)

1030 FORMAT(1X,14,+516,5F10.5)

1040 FORMAT(24H ESTIMATED OPTIMUM ORF =,F9.6)

1050 FORMAT(8H ERROR =,Fl11.8)

1060 FORMAT{1H1,10X,22HSTREAM FUNCTION VALUES)
END

SUBROUTINE WRITU(IMsUPPER,LOWER,IPL)

COMMON /AUKRHO/ A{2000,4)},U(2000)3K{2000),RHO(2000)

COMMON /CALCON/ MBII ,MBOUO,MMM,MBIIM1,MBIIP1,M300M1,MB00P1,MMMM],
1HM1 ,HM2 y HM3 ,HT , DTLRy OMLR ,PITCH,CP,EXPON, TWW,CPTIP, TGROG,TBI,TBO,
2LAMBDA TWL+ ETOR, ITMAX  NIP, IMS(4),4BV{4)MV(100),IV(10L},
3UBV(100,4),RWBV{100,4),ITV(100,6),TV{10044),DTDOMV(100+,4),
4BETAV(100+4)9sMH(100+4)+DTDMH(100,4),BETAH({100,4)yRMH(100,4),
5BEH{100,4),RM(100),BE(100),DBDM{100)4SAL(100),AAA(100)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SURVL,AATEMP,SURF,
1FIRST,UPPER,S1,ST,SRW

ITVU = MAXO(ITV(IM,UPPER),2)

ITVL = MINO(ITV{IM,LOWER), ITMAX-1)

IF{ITVU.GT.ITVL)} RETURN

TIPU = TIPL+1

IPL = IPU+ITVL-ITVU

WRITE(6,1000) IM,ITVU

WRITE({6,1010) (ULIP),IP=1IPU,IPL)

RETURN

1000 FORMAT(5H IM =,13,10X,5HIT1 =,13)
1010 FORMAT {2X,10F13.8)
END

SUBROUTINE SLAX

SLAX CALLS SUBROUTINES TO CALCULATE RHO®*W-SUB-M THROUGHOUT THE REGION
AND ON THE BLADE SURFACES, AND TO CALCULATE AND PLUT THE
STREAMLINE LOCATIONS

OOMOO

COMMON /AUKRHO/ A{2000,4),U{2000),K{2000),RHO(2000)

COMMON /INP/ GAM,AR.TIP,RHOIP, WIFL,WTFLSP,0MEGA,ORF+BETAI,BETAD,
INOBL,MBI,MBO,MBI2,MB0O2,MMy NBBI NBL 4NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAT, AANDK, ERSORy STRFN, INTVL s SURVL , MAGFAC,
3MR(20) yRMSP(50),BESP(50)

COMMON /CALCON/ MBII,MBOO,MMM,MBIIM1,MBIIP1l,MBUUOM]L,MBOOP1,MMMMI,
1HM1 4 HM2 ,HM3 , HT 4 DTLRyDMLR yPITCHCPy EXPON» TWW,CPTIP,» TGROG,TBI» TBU,
2LAMBDA, TWL,ITUOR, ITMAX yNIP, IMS{4),BV{4),MV{100),IV(101),
3UBV{10044) ,RWBV(10054),ITV{(100,6),TV{100,4),DTDMV{100+4),



60

10

20
30

40

50

60
70

80

4BETAV(1004+4) 4+ MH({ 100+ 4),DTOMH(100,4),BETAH(100,4),RMH(100,4),
SBEH(100,4) sKM(100},BE(100),D8D01M(100)+SAL(100),AAA(100)
DIMFNSION W(2000),RWM(2000),BETA({2000),WMB(100,4),WTB{100,4),
1XDOWN{B0O0) , YACROS{800),TSL(400),TSP({100),USP(100),0UDT(100)

EQUIVALENCE (A(Ls1)yW{1))4{A(L1,2),RWM(1)),(ACL1,3),BETA(L}),
1{A{1+4)yWMR(1))2(A(401+4),WTB(1))+{A(B0Ls4) 4 XDOWN(L)),
2(K{1), YACROS{1))s{K{BOL),TSP(L1)),
3(K(201),USP{1)),{K(1001),DUDT(1))

INTEGER BLDAT,AANDK, ERSORy STRFN, SURVL , AATEMPy SURF,
1FIRSTLUPPER,S1,ST,SRW

REAL K,KAK,LAMBDA,LMAX,MHy MLE, MR, MSP,MV,MVIMI]

CALL SLAVBE THROUGHOUT REGION

DO 10 I=1+4

DO 10 IM=1,100

WMB(IM,I) = 0.

WIB(IMyI) = O.

MBOT = MINO(MBIIM1,MBOO)
IF (MBOT.LT.2) GO TO 30
DO 20 IM=2,MBOT

CALL SLAVBB{IM,5:2)

CALL SLAVBR(IM,1,6)

MBIT = MAXO{2,MBII)

MBOT = MINO(MMMM1,MBOO)
IF (MBIT.GT.MBOT) GO TO 50
DO 40 IM=MBIT,MBOT

CALL SLAVBB(IM,5+4)

CALL SLAVBB(IM,3,2)

CALL SLAVBB(IM,1,6)

GO TO 70

MBIT = MAX0(2,MBOOPL)
MBOT = MINO(MBITIML,MMMM1)
IF (MBIT.GT.MBOT) GO TO 70
DO 60 IM=MBIT,MBOT

CALL SLAVBB(IM,5,6)

MBIT = MAXO(MBII,MBOOP1)
IF (MBIT.GT.MMMML) RETURN
DG 80 IM=MB[T,MMMM]

CALL SLAVBB(IM,5.4)

CALL SLAVBB(IM,3,6)
RETURN

END
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SUBROUTINE SLAVBB(IM,UPPER,LOWER)
AVBB CALCULATES RHO#W-SUB-M ALONG VERTICAL MESH LINES

COMMON SRW,ITER,IEND,LER(2),NER(])

COMMON /AUKRHO/ A{20004+4),U(2000),K{2000),RHO(2000)

COMMON /INP/ GAMs AR, TIP,RHOIP,WTFL.WTFLSP,OMEGA,ORF,BETAI,BETADQ,
INOBL MBI MBO,MBI2,MBO2,MMy NBBI 4NBL,NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAY, AANDK,ERSOR, STRFN, INTVL 4 SURVL ; MAGFAC,
3MR(50) »RMSP(50),BESP(50)

COMMON /CALCON/ MBII ,MBOO, MMM, MBTIIM1,MBIIPLl,MB0O0M1,MBOOP1,MMMM],
1HM1 ,HM2 s HM3 4 HT s DTLRy DMLR,PITCH,CPyEXPON, TWW,CPTIP, TGROG,TBI ,TBO,
2LAMBDA, TWLITOR, ITMAX,NIP, IMS(4),BV(4),MV(100),1IV{101),
3UBV{1004+4) oRWBV(100,4)yITV(10046),TV(100,4)sDTOMV(100,4),
4BETAV(100+4)+MH{100¢4)sDTDMH(100+4)+BETAH(100+4) yRMH(100,4)»
5BEH{100,4),RM(100),BE(100),DBDM(100),SAL(100),AAA(100)

COMMON /RHOS/ RHOHB(100,4) sRHOVB(100+4).RBV(100,4)

DIMENSION W(2000),RAM(2000),BETA{2000),WMB(100,4),WTB(100,44),
1XDOWN(800)»YACROS(800),TSL(400),TSP(100),USP(100),DUDT(100)

EQUIVALENCE (A(1ly1)yW(1))y(A(1,2)sRWM{L1)),(A{L,3),BETA(L)),
L{A(Ls4) gWMR(L) ) o (A{401,+4)+WTB(L)){A(B01,4),XDOWN(L1)),
2{K(1)s YACROS{L1)) 4 (K{BO1),TSP(1) ],
3(K(901),USP({1)),1(K(1001),0UDT(1))

INTEGER BLDAT,AANDK, ERSOR, STRFN, SURVL ,AATEMP, SURF,
1FIRST,UPPER,S1+ST»SRW

REAL KyKAK,LAMBDA,LMAX yMHy MLE,MR,MSP,MV,MVIM]

1TVU= MAXOUITVUIM,UPPER)},2)

ITVL= MINO(ITV(IM,LOWER)},ITMAX-1)

NSP= ITVL-ITVU+3

IF(NSP.LT.3) RETURN

TSP(1l)= FLOAT(1-ITOR)*HT

IF(ITV(IM,UPPER).LT.2.0R.UPPER.EQ.5) GO TG 10

IF (TV{IM,UPPER).LT.TSP(1)) GO TO 10

TSP(1)= TV{IM,UPPER)

USP(1)= BVIUPPER}

GO 10O 20

USP({1)= UBVI(IM, 1)

TSP(NSP)s FLOAT(ITMAX-ITOR)®HT

IF(ITV(IM,LOWER) .GE. ITMAX.OR.LOWER.EQ.6) GO TO 30

IF (TV(IM,LOWER).GE.TSP(NSP)) GU TO 30

TSP(NSP)= TV(IM,LOWER)

USP(NSP)= BV(LOWER)

GO TO 40

USPINSP)= UBVI(IM,2)

NSPM1= NSP-1

IT= 2
IP= IPF(IM,ITVU)
1PU= IP

IF(IT.GT.NSPML) GO TO 60
TSPLIT)= FLOAT(IT-2+ITVU-ITOR)*HT
USP(IT)= U(IP)

IT= IT+1
IP= IP+1
G0 TO 50

LCULATE RHO®*W-SUB-M IN THE REGIUN, AND RHO#W AT VERTICAL
SH LINE INTERSECTIONS ON THE BLADE SURFACES, OR RHO
THE HORIZONTAL BOUNDARIES

CALL SPLINE{(TSP,USP,NSP,DUDT,AAA)
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IPL= IP-1
IT= 2
IP= 1PV
70 IF(iP.GT.IPL) GO TO 80
RWM{IP)= DUDT(IT)®WTFL/BE(IM)/RM{IM)

IP= IP+1
IT= [T+1
GO TO 70

80 IF(ITV(IM,UPPER).LT.2.0R.UPPER.EQ.5) GO TO 90
IF (TV{IM,UPPER).LT.FLOAT(1-ITOR)}*HT) GO TGO 90
UPPER BLADE SURFACE
WMB{IMyUPPER)= DUDT{L)*WTFL/BE(IM)/RM(IM)
RMDTU2 = (RM{IM)*DTDMV(IM,UPPER) ) %2
IF(AMDTUZ2.GT.10000.) WMB(IM,UPPER)=0.
WMB(IM,UPPER) = ABS(WMB(IM,UPPER))*SQRT{1.+RMDTUZ2)
GO TO 100
LOWER BOUNDARY
90 RWMsV = DUDT(1)Y#WTFL/BE({IM)/RM(IM)
RW= SQRT{RWBV(IM,1)%*2+RWMBV *22)
TWLMR= 2.%0OMEGA*LAMBDA-(UMEGA=RM{IM)} J=n2
LER(1) = 1
DENSTY CALL NO. 1
CALL DENSTY{RW,RBV(IM,1),ANS,TWLMR,CPTIP,EXPONRHOIP,GAM,AR,TIP)
100 [F(ITV(IM,LUWER).GE.ITMAX.OR.LOWER.EQ.6) GO TO 110
IF (TV(IM,LOWER) .GE.FLOAT(ITMAX-ITOR)#HT) GO TU 110
LOWER ULADE SURFACE
WMB {IM, LOWER)= UUDTINSP)xWTFL/BE(IM)/RM({IM)
RMDTL2 = (RM(IM)=xDTOMV{IM,LOWER) ) *=»2
IF{RMDTL2.GT.10000.) WMB(IM,LOWER)=0.
WMB{IM,LOWER) = ABS(WMB({IM,LOWER))*SOQORT(1.+RMDTL2)
RETURN
UPPER DBOUNDARY
110 RWMIBV = DUDTINSP)I*WTFL/BE(IM)/RM(IM)
RW= SQRT(RWBV(IM,2)*%2+4RWMBV %%2)
TWLMR= 2,%#0MEGA*LAMBDA-{CMEGA#RM(IM) )x=2
LER{1) = 2
DENSTY CALL NO. 2
CALL DENSTY(RW,RBVIIM,2) 4ANS,TWLMR,CPTIP,EXPON,RHOIP,GAM,AR,TIP)
RETURN
END

SURROUTINE TANG

TANG CALCULATES RHO=W-SUB-THETA ANU THEN RHO®*W THROUGHCUT THE REGION
AND 0N THF BLAUF SURFACFS, AND CALCULATES THE VELUCITY ANGLE, BFETA,
THRCUGHOUT ThE ReGIUN

COMMON SRW,ITER, [eND,LER(2),4NER(L)

COMNMON /AURRHE/ AL2000,4),U(2000),K(2600),RHO(2000)

COMMON /INP/ GAMy AR, TIP,HGIP,WIFL,WTFLSP,0OMEGA,ORF,BLTAI ,BETAL,
INOBLMBI ¢ MAG,MBI2,MB02 MMy NBBI 4 NBL,NRSP,MBDYF,MBDYL,,ITF,ITL,
2RLDAT, AANDK, ERSOR, STRFN, INTVL, SURVL,MAGFAC,
3MR(HU) RMSPL50) ,BESP(50)
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COMMON /CALCON/ MBII,NMBCOsMMM,MBIIM1,MRIIP1l,Mb00M1,MROOPL,MMMML,
LHML 4 HM2 s HM3 4 HT s DTLR» DMLR SPITCH,,CP 2 EXPON, TWW,CPTIP,TGROG,TBI,TBO,
2LAMUBDA, TWLyITOR, ITMAX ,NIP, IMS{4),8BV(4),MV(100),IV(101),
3UBV(10044)sRWEV(100,4),ITV(100,6)sTV(100,4),DTOMV(10044),
4BETAV(10024) yMH(10044),DTDMH(100,4)»BETAH{100,4) ,RMH(1004+41),
5BEH(100,4)+RM(100),8E(100),DBD¥(100)4SAL(100),AAA(100)

COMMON /RHOS/ RHOHB(100+4),RHOVEB(1004+4),RBV(100,4)

CIMENSION SPM(100),USP(1C0),CUDM(100)

DIMcNSION W(2000),RWM(2000),RETA({2000) sWMB(100,4),WTB(1004+4),
1XDOwWN(800)YACROS(800)

EQUIVALENCE (A(1l,1)sW(1))s(A{1,2)»RWM(L))»{A(L,3),BETA(L))},
TOA(L1,44),WMB(1)),(A{401,4),WTB{1))s»{A(BOLs4) XDUWN{L)),
2{K(1)yYACROS (1))

INTEGER BLODAT,AANDK, ERSORs STRFN,SURVL,AATEMP, SURF,
1FIRST+UPPER+S1+S5T.«SRW

REAL K,KAK,LAMBDA,LMAX,ME,MLE,MR,MSP,MV,MVIM1

EXTERNAL BL1,bL2,BL3,8BL4

PERFORM CALCULATIUNS ALONG ONFE HORIZONTAL LINE AT A TIME

IT= 2
10 IF {ITLEQ.ITMAX) RETURN

CN GIVEN HORIZONTAL MESH LINE, FIND FIRST POINT IN THE REGION

IF (MBIILLE.L AND(ITLELITV{1:4).0R. (IT.GE.ITV{1,43).AND.
TITALECITV(1,2)).0RJIT.GELITV(L,1))) GO TO 50
IF (MBIT.GFu2.AND« (MBCOLLTe0.0RCITLLE.ITV(L,2).0R.
11T LELITVI(L,1))) GO TO 50
IM =1
20 IM= [M+]
IF (IM.GE.MMM) GO TO 180
DG 30 SURF=1,3,2
IF (IM.GT.MBCOLAND.SURF.EQ.1) GO TO 30
IF (IM,LE.MBLTI.AND.SURF,.EQ.3) GO TO 30
IF (IT.GE.ITVIIM,SURF)ANDIToLTITVIIM=~1,SURE}) GO TG 60
30 CONTINUE
SURF = 1
IF (IM.EQ.MBOUPL.AND.IT.EQ.ITVIMBOO,1)—-1.AND,
1ITV(MBOC, 1)}-1TV(MBOD,2).EQ.2) GO TO 60
DO 40 SURF=¢+4,2
IF (IM.GT.MBOULAND.SURF.+Q.2) GU TO 40
IF (IMJLE.MDITANDLSURF.EQe4) GO TO 40
IF (ITALFLITV(IMySURF) ANDJITLGTLITV(INM~1,SURF)) GO TGO 60
40 CONTINUE
GO 10O 20

FIRST POINT IS OGN LEFT BOUNDARY

50 S1 = 0
IMl = 1
IM= 2
SPM{1)= MV{1)
USP(1)= UBV(IT,3)
GO TO 70

FIRST POINT IS ON A BLADE SURFACE

60 S1l= SURF
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IMi= IM-1
IM2= IM
TH= FLOAT(IT—ITOR)*HT
MVIML = MV(IML)
IF {IM.EQoMBIIPL.AND . (SURF.EQe3.0R.SURF.EQe4)) MVIML=
IMVIMLI+(MV(IM2)-MVIML)/1000.
LER(2) = 9
C BLCD (VIA RGOT) CALL NO. 9
IF (S1.5Q.1.AND.IMI.NE.ME00) CALL ROOT(MVIM1,MV{IM2),TH,8L1,
10TLR,ANS,AAA)
LER(2) = 10
C BLCD (VIA RCCOT) CALL NO. 10
IF (S1.EQ.2) CALL ROOT(MVIML,MV{IM2),TH,BLZ,DTLR,ANS,AAA)
LER(2) = 11
c BLCD (VIA RCOT) CALL NC. 11
IF {S1.EQ.3) CALL ROOT(MVIML,MV{IM2),TH,BL3,DTLRyANS,AAA)
LER(2)} = 12
c BLCU (VIA ROOT) CALL NO. 12
IF {S1.EQ.4) CALL ROOT{MVIML,MV(IMZ2)+TH,BL4,DTLR,ANS,AAA]
IF (S1.EQ.1.AND.IMLI.EQ.MR00) ANS=MV(MBOO)
SPM({IM1)= AANS
USP{IML)= BV(31)

MOVFE ALONG HORIZONTAL MESH LINE UNTIL END OF REGION IS REACHED

OO0

70 DG 40 SURF=1,3,2
IF (IM.GT.MB0L.AND.SURFL.EQ.1) Gu TO 80
IF (IMJLE.McIl.AND.SURF.EQ.3) GU TO 80
IF (ITV(IM-1,SURF).EQ.-10000) GU TG 80
IF {ITLTLITVIIMySURF)ANDLITLGELTTV(IM=1,8URF)) GG TO 110
80 CONTINUE
SURF = 3
IF (IMJEQ.MEITLAND.ITLLQ.ITVIMBII,3)-1.AND.
TITVIMBIT,3)-ITVI(MBII 4).EQ.2) GO TO 110
DO 90 SURF=24+4,2
IF (IMJGT.MLCULANDL.SURFLFQL2) GO TO 90
IfF (IMJLE.MBTI.AND.SURF.ZQ.4) GO TO 90
IF (ITWGT.ITV(IM,SURF).AND.IT.LELITV(IM-1,SURF}) GO TGO 110
90 CONTINUE
SPM{IM)= MV(IM)
IP= IPF(IM,IT)
USP{IM)= U(IP])
IF (IMJEQ.MMM) GO TO 100
IM= IM+1
GO TO 70

FINAL PCGINT IS ON RIGHT COUNDARY

GO0

100 ST = 0
IMT = MMM
USP(IMT) = UBVIIT,4)
GO TO 120

FINAL POIMT IS UN A BLADE SURFACE

laEakyl

110 ST= SURF
IMT= IM
IMTM1= IMT-1
TH= FLOAT(IT-ITOR)=#HT
MVIML = MV(IMTML)
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120

130

IF ((IMTM1.EQuMBTI)eANDe(ST.EQe3.0RaSTaEQea%) AND(ITV(MBII,3)—
1 ITVI(MBIT,4).EQ.2)) MVIML = MVIMI+(MV(IMT)-MVIML)/1000.
LER(2) = 13

BLCC (VIA ROOT) CALL NC. 13

IF (ST.EQ.1) CALL ROOT{MVIMI,MV(IMT),TH,BL1+DTLRyANS,AAA)
LER(2) = 14

BLCE (VIA ROGT) CALL NO. 14

IF (ST.FQ.2) CALL ROOT(MVIML,MV{IMT),TH,BL2,DTLRsANS,AAA)
LER(2) = 15

BLCD (VIA RUOOT) CALL NO. 15

IF (ST.EQ.3.AND.IMT.NE.MAII) CALLUROOT(MVIML,MVIIMT), THeBL3,
1DTLR,ANS, AAA) N

LER(2) = 16

BLCD (VIA ROGT) CALL NG. 16

IF (ST.EQ.4) CALL ROOT(MVIML,MV(IMT)THsBL4sDTLRyANS,AAA)

IF (ST.FQ.3.AND.IMT.ECQ.MEIT) ANS=MV(MBII)

SPM{IMT)= ANS

USP(IMT)= BV(ST)

.

CALCULATE RHC#W—-SUB-THETA AND THEN RHC*#W AND BETA IN THE REGION

NSP= IMT—-IMLi+1

CALL SPLINE(SPM{IM1) +USP{IML) NSP,OUOM(IML),AAA[IML))
FIRST= 2

IF (IM1.NE,1) FIRST=IM2

LAST=MMMM]

IF (IMT.NE,MMM) LAST=[INTM]

IF (FIRST.GT.LAST) GO TG 140

DO 130 I=FIRST,LAST

RWT = —DUDM(I)*WTFL/BE(I)

IP = IPF(I,IT)

WIIPY= SQRT(RWT=%2+RWNM(IP)=x22)
BETA(IP)= ATAN(RWT/RWM(IP))*S57.295779

CALCULATE RHO#W UGN THE BLADE SURFACES, 0OR RHO ON VERTICAL BOUNDARIES

140

150

160

170

180

IF {(S1.EQ.0) GO TO 150

CALL SEARCH (SPM({IML),.S1,IHS)

ANS= —-DUDM(IML)*WTFL/BEH(IHS,S1)

WIB(IHS,S1)= A3S(ANS) #SQRT(1le+1./(RMH{IHS,S1)*DTOMH(IHS,S51))%%2)
GO TO 160

RWT= —-DUDM(1)*WTFL/BE(1)

RW= SQRT(RWT##2+RWBV ([T,3)=%2)

TWLMR= 2.#0MEGA#LAMBDA-—(CMEGA®RM{ 1)) *x2

LER(1) = 3

CENSTY CALL NU. 3

CALL DUENSTY(RW,REVIIT,3) yANS,TWLMR,CPTIP,EXPON,RHOIP+GAM,AR,TIP)
IF (ST.FQ.0) GO TO 170

CALL SEARCH(SPM{IMT), ST, IHS)

ANS= -DUNDMIIMT ) #WTFL/BEH(IHS,ST)

WTB(IHS,ST)= ABSCANS) #SQRT(1e+1/{RMH(IHS,ST)*DTDMH(IHS,ST))%22)
GO 70 20

RWT= —DUDM(MMM) *wTFL/BE(MMM)

RW= SQRT(RWT*#2+RWBV{IT,4)%x2)

TWLMR= 2.#0MEGA#LAMBDA-({CMEGA*RM(MMM) ) %22

LER(1l) = 4

DENSTY CALL NO. 4

CALL DENSTY (RWoRBV{IT,4)yANS, TWLMR,CPTIP, EXPUN,RHOIP,GAM,AR,TIP)

IT= IT+1
GO TO 10
END



c
c
C

SUBROUTINE SEARCH (DIST,SURF,IS)
SEARCH LOCATES THE POSITICON OF A GIVEN VALUE OF M IN THE MH ARRAY

COMMON /CALCON/ MBII1,MBOO,MMM,MBIIM1,MBIIP1,MBOOM1,MBOOP1,MMMM],
1HML ¢HM2 4 HM3 4HT 3 DTLRy DMLR,PITCH,CP, EXPON, TWW,CPTIP, TGROG,TBI ,TBO,
2LAMBDAs TWL, ITOR,y ITMAX NIP, IMS(4),BV(4),MV{100),IV(101),
BUBV(100+4) 4RWBV(10054),ITV(100,6),TV(100,4),DTDMV(100,4),
4BETAV{10054)sMH(10044),DTDMH(100,4),BETAH{100,4) +RMH(100+,4),
5REH{100,4),RM{100),BE(100),DBDM{100),SAL(100),AAA(100)

INTEGER BLDAT,AANDK, ERSOR, STRFN, SURVL ,AATEMP, SURF,
1FIRST,UPPER,S1+ST»SRW

REAL KyKAK,LAMBDA,LMAX,MHy MLE, MRy MSP MV, MVIM]

DO 10 I=1,100

IF (ABS{MH{I,SURF)-DIST).GT.DMLR) GO TO 10

IS =1

RETURN

10 CONTINUE

WRITE (6,1000) DIST,SURF

sSTOP

1000 FORMAT (38HL SEARCH CANNOT FIND M IN THE MH ARRAY/TH DIST =,Gl4.6,

OO0

OO0

66

110X ,6HSURF =,6G14.6)
END

SUBROUTINE VELOCY

VEFLOCY CALLS SUBROUTINES TO CALCULATE DENSITIES AND VELOCITIES
THROUGHOUT THE REGION AND ON THE BLADE SURFACES, AND IT PLOTS
THE SURFACE VELOCITIES

COMMON /AUKRHO/ A(2000+,4),U(2000),K(2000),RHO(2000)

COMMON /INP/ GAM, AR, TIP,RHOIP,WIFL,WITFLSP,0MEGA,ORF,BETAI,BETAD,
INOBL,MBI,MBO,MBI2,MB0O2,MM; NBBI 4 NBL,NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAT, AANDK,ERSOR, STRFN, INTVL, SURVL ,MAGFAC,
3MR(50) ,RMSP{50),BESP(50)

COMMON /CALCON/ MBII,MBOO,MMM,MBIIM1,MBIIP1,MB800M1,MBOOP1,MMMMI,
1HM1 4HM2 4 HM3 ,HT s DTLRy DMLR sPITCH,CPyEXPON» TWW,CPTIP,TGROG, TBI,TBO,
2LAMBDA, TWL, ITOR, ITMAX,NIP, IMS(4),BV(4),MV(100),IV(101),
3UBV{1004+4) sRWBV(100,4),ITV(100,6},TV(10054)yDTDMV(100,4),
4BETAV(100,4) yMH(10044),DTDMH(100,4),BETAH(100,4)},RMH({100,+4),
5BEH{100,4),RM(100},BE(100),DBDM(100),SAL(100),AAA(100)

DIMENSION KKK(18)

DIMENSION W(2000),RAM{2000)+BETA(2000),WMB{(100+4),WTB{100,4),
1XDOWN(800) ,YACROS(800)

EQUIVALENCE (A{Lls1)yW(L))s(A(L1,2),RWM(1)),(A{L,3),BETA(L}]},
1(A(1+4) s WMBI{L)) o {A(401+4)sWTB(1)),(A(801+4)sXDUWNIL)),
2(K{1),YACRGS(1))

INTEGER BLDAT,AANDK, ERSOR, STRFN,SURVL s AATEMP ¢+ SURF,
1FIRST,UPPER,S1,ST,SRHW

REAL KyKAK¢LAMBDA,LMAX ,MHs MLE,MR,MSP,MV,MVIM]

DATA KKK(4)/1H*/ KKK(6)/1HO/ sKKK{(8)/1H=/KKK{10)/1H(/,

LKKK{12) /1H+/ 4KKK(14)/1HX/ KKK{16)/1H$/,KKK(18)/1H)/

CALL VELBB AND VELSUR THROUGHOUT THE REGION



MBOT = MINO(MBIIM1.,MBOCO)
IF (MBOT.LT.2) GO TO 20
00 10 IM=2,MBOUT
CALL VELBB(IM,5,2)

10 CALL VELBB(IM,1,6)

20 MBIT = MAX0{2,MBII)
MBOT = MINO(MMMM1,MBOO)
IF (MBIT.GT.MBOT) GO TQO 40
DO 30 IM=MBIT,MBOT
CALL VELBB(IM,5,4%)
CALL VELBB(IM,3,2)

30 CALL VELBB(IM,1,6)
GO TD 60

40 MBIT = MAXO0(2,MB0O0OP1)}
MBOT = MINO{MBIIM1l,MMMML1)
IF (MBIT.GT.MBOT) GO TO 60
DO S50 IM=MBIT,MBOT

50 CALL VELBB(IM,5,6)

60 MBIT = MAXO(MBII,MBOOP1)
IF (MBIT.GT.MMMM1) GO TO 80
DO 70 IM=MBIT,MMMM1
CALL VELBB(IM,5,4)

70 CALL VELBB(IM,3,6)

80 CALL VELSUR

PREPARE INPUT ARRAYS FOR PLOT OF VELOCITIES

[zE Kyl

NP2= 0
C SURFACES 1 TO 4 — TANGENTIAL COMPONENTS
DO 110 SURF=1,4
NP1= NP2
IMSS= IMS(SURF)
IF {IMSS.LT.1) GO 7O 100
DO 90 IHS=1,IMSS
IF{WTB(IHS,SURF).EQ.0.) GO TO 90
IF {ABS(DTDMH{IHS,SURF)*RMH(IHSySURF)).LT..57735) GO TO 90
NP1= NP1+1
YACROS(NP1)= WTB(IHS,SURF)
XDOWNINPL)= MH({IHS,SURF)
90 CONTINUE
100 KKK{2#SURF+1)= NP1-NP2
110 NP2= NP1
C SURFACES 1 AND 2 - MERIDIONAL COMPUNENTS
DO 140 SURF=1,2
NP1= NP2
MBOT = MINO(MBOOM1,MMMM1)
IF(2.6T.MBOT) GO TO 130
DO 120 IM=2,MBOT
IF{WMB{IM,SURF).EQ.0.) GO TO 120
IF (ABS{DTOMV(IM,SURF}=RM(IM)1.6T.1.7321) GO TO 120
NP1= NP1+1
YACROS{NP1)= WMB(IM, SURF)
XDOWN(NPL)= MV(IM)
120 CONTINUE
130 KKK(2#SURF+9) = NP1-NP2
140 NP2= NP1
C SURFACES 3 AND 4 — MERIDIONAL COMPONENTS
DO 170 SURF=3,4
NP1= NP2
MBIT = MAXO(MBIIP1,2)



[N eNe]

IF(MBIT.GT.MMMML) GO TO 160
DO 150 IM=MBIT,MMMM]

IF{WMB({IM,SURF).EQ.0.4 GO TO 150
{ABS(DTOMV(IM,SURF)I*RM(IM))eGT.1.7321)-GO TO 150

IF
NP1l= NPl+1

YACROS(NPL)= WMB(IM, SURF)

XDOWNINPL)= MV(IM)
150 CONTINUE
160 KKK{2%SURF+9) = NP1-NP2
170 NP2= NP1

PLOT VELOCITIES

KKK{1)= 1
KKK(2)= 8
P= bH,

WRITE({6,1000)

CALL PLOTMY{ XDOWN,YACROS ,KKK,P}

WRITE(6+1010)
RETURN

1000 FORMAT{2HPT,50X,24HBLADE SURFACE VELOCITIES)

1010 FORMAT (2HPL,37Xy63HVELOCITY(W) VS.
DOWN THE PAGE

[aEeRnERl

68

1(M)
22HPL 50X, 50H+
32HPL 350X+ 50H*
42HPL 450X, 50HX
52HPL +50X+50H0
62HPL ,50X,50HS$
T2HPL 450X+ 50RH=
82HPL ,50X450H)
F2HPL +50X+50hH 1
END

- BLADE
- BLADE
— BLADE
-~ BLADE
- BLADE
- BLADE
- BLADE
—~ BLADE

/2RHPL/

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

1,
1,
23
29
3y
3,
by
4y

SUBROUTINE VELBB(IM,UPPER,LONWER)

BASED
BASED
BASED
BASED
BASED
BASED
BASED
BASED

ON
ON
ON
ON
ON
ON
ON
ON

VEL CALCULATES DENSITIES AND VELOCITIES FROM
DENSITY TIMES VELOCITY

COMMON SRW,ITER,IEND,LER(2),NER(1)
COMMON /AUKRHO/ A(2000,4),U(2000),K(2000),RHO(2000)
COMMON /INP/ GAMy ARy TIP,RHOIP,WTFL,WTFLSP,0OMEGA,ORF,BETAL,BETAOD,
1NOBL.MBT,MBO,MBI2,MBO2,MM, NBBI s NBL ,NRSP,MBDYF,MBDYL,ITF,ITL,
2BLDAT, AANDK,ERSOR, STRFN, INTVL, SURVL s MAGFAC,
3MR(50) yRMSP{50),8ESP(50)
COMMON /CALCON/ MBII,MBOO,MMM,MBIIM1,MBIIP1,MB0O0M]1,MBO0OP1,MMMM],
1HML s HM2 ¢ HM3 ,HT 4 DTLR, DMLR ,PITCH,CP, EXPONs TWW.CPTIP, TGROG, TBI,TBO,
2LAMODATWL, ITOR, ITMAX ,NIP, IMS(4),BV(4),MV(100),1IV(10L),
3UBV(1004+4)sRWBV(10044),ITV(100,6),TV(100,4)+DTOMVI10044),
4BETAV(10094) yMH{10044),DTOMH(100,4),BETAH({10044)4sRMH{100+41},
5BEH(100+4) +RM{100),BE(100),DBDM(100),SAL(100),AAA(100)

COMMON /RHNS/ RHOHB{10044),RHOVB(100+,4)+RBV(100,4)
DIMFNSION WWCRM(100,y4)yWWCRT{100,4)
DIMCNSION W(2000),RWM(2000),BETA(2000) yWMB(100,4),WTB(100+4%4),

1XDOwWN(800),YACROS(800)

MERIDIONAL
TANGENTIAL
MERIDIONAL
TANGENTIAL
MERIDIONAL
TANGENTIAL
MERIDIONAL
TANGENTIAL

MERIDIONAL STREAMLINE DISTANCE

COMPONENT/
COMPONENT/
COMPONENT/
COMPONENT/
COMPONENT/
COMPONENT/
COMPONENT/
COMPONENT)

THE PRODUCT OF

EQUIVALENCE (A(1ls1)sW{1))e(A(1,2),RWMIL))s(A(Ls3)+BETALL)),
1{A(L1s4) s WMBI{L)) s (A(401,4),WTB{1)),(A{BOLs4)XDOWN(L1)),



OO0

oOC0

10

20

30

40

T2(K(1),YACROS(L))

INTEGER BLDAT, AANDK, ERSOR, STRFN, SURVL ,AATEMP, SURF,
LFIRSTsUPPERsSL1»ST»SRHW
REAL KyKAK .t AMBDAyLMAX,MH,MLE,MR,MSP, MV, MVIM]

VELBB CALCULATES ALONG VERTICAL MESH LINES FROM BLADE TO BLADE

IF (IM.NE.2.0R.UPPER.NE.5) GO TO 10

IF(INTVL.GT.0) WRITE(6,1000)

RELER = 0.

ITVU =MAXO(ITV(IM,UPPER),2)

ITVL = MINO(ITV(IMsLOWER),ITMAX-1)

IPUP1 = IPF(IM,ITVU)

IPLM1I = IPF(IM,ITVL)

TWLMR= 2, #0MEGA*LAMBDA~(OMEGA®RM{IM) )%=2

WCR= SQRT(TGROG*TIP*(1.—-TWLMR/CPTIP))

IF (ITVL.LY.ITVU) GO TO 30

ALONG THE LINE BETWEEN BLADES

DO 20 IP= IPUP1l,IPLM1

LER(1) = 5

DENSTY CALL NU. 5

CALL DENSTY(W(IP)RHOU(IP )y ANS,TWLMR,CPTIP,EXPUNJRHOIP,GAM,AR,TIP)
WlIP)= ANS

IF (INTVL.LE.O) GO TO 30

WRITE(6,1010) IMy{W{IP),BETA(IP),IP=IPUPLl,IPLML)

ON THE UPPER SURFACE, IF IT IS A BLADE

IF (UPPER.EQ.%) GO TO 40

IF (ITVIIM,UPPER).LT.2) WMBU{IM,UPPER) = 0.

RHOB= RHOVB(IM,UPPER)

LER(1) = 6

DENSTY CALL NO. 6

CALL DENSTY{WMB{IM,UPPER),RHOVBI(IM,UPPER),ANS, TWLMR,CPTIP,EXPON,
LRHOIPsGAM,AR,TIP}

WMBUIM,UPPER)= ANS

WWCRM{IM,UPPER)= WMB{IM,UPPER)/WCR

RELFR= AMAX1(RELER,ABS{{RHOB-RHOVB{IM,UPPER)) / RHOVB{IM,UPPER)))}
ON THE LOWER SURFACE, IF IT IS A BLADE

IF (LOWER.EQ.6) RETURN

IF (ITVIIM,LOWER)GT.ITMAX-1) WMB(IM,LOWER) = 0.

RHOB= RHOVE(IM,LOWER)

LER{(L) = 7

DENSTY CALL NO. 7

CALL DENSTY(WMB({IM,LOWER),RHOVB{IM,LOWER) s ANS, TWLMR,,CPTIP,EXPON,
1RHOIP,GAM, AR, TIP)

WMB(IM,LOWER)= ANS

WWCRM{IM, LOWER)= WMB(IM,LOWER)/WCR

RELER= AMAX1{RELER.ABS{(RHOB—-RHOVB{IM,LOWER)) / RHOVB(IM,LOWER))})
RETURN

VELSUR CALCULATES ALONG A BLADE SURFACE

ENTRY VELSUR

DO 50 SURF=1,4

IMSS = IMS(SURF)

IF (IMS5S.EQ.O0) GO TO 60

DO 50 I[HS=1,1IMSS

TWLMR= 2, #OMEGA*L AMBDA-(COMEGA=RMH{IHS,SURF) ) »x2
WCR= SQRT(TGROG*TIP*(1.-TWLMR/CPTIP))

RHOB= RHOHB(IHS,SURF)

LER({1) = 8

69
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DENSTY CALL NO. 8

CALL DENSTY(WTB(IHSySURF),RHOHB{IHS,SURF )+ ANS, TWLMR,CPTIP,EXPON,

1RHGIP,GAM, AR, TIP)

WTB(IHS,SURF)= ANS

WWCRT{IHS,SURF )= WTB(IHS+SURF)/WCR
SO0 RELER= AMAXL1(RELER,ABS((RHOB-RHOHB{IHS»SURF)) / RHOHB(IHS,SURF)))
60 CONTINUE

IF (RELER.LT..001) ITEND=LIEND+1

WRITE(6+1020) ITERLRELER

MARK = O

WRITE ALL BLADE SURFACE VELOCITIES

IF (SURVL.LE.O) RETURN
WRITE(6,1030)
MBOT = MINO(MMMM1,MBOC)
IF(MBOT.LT.2) GO TO 70
WRITE(64+1040) :
WRITE(6,5,1050) (MV(IM) ,WMB{IM,1),BETAV(IM,1) ,WWCRM(IM,1),WMB(IM,2),
1BETAV{IM, 2} ,WRWCRM(IM,2), IM=2,MBOT)
70 MBIT = MAX0(2,MBII)
IF{MBIT.GT.MMMM1) GO TO 80
WRITE(6,1060)
WRITE({6,1050) (MV(IM)sWMB({IM,3),BETAV{IM,3),WWCRM(IM,3),WMB({IM,%4),
1BETAV(IM,4) s WWCRM{IM,4), IM=MBIT,MMMM1)
80 WRITE(6,1070)
DO 70 SURF=1+4
IMSS = IMS({SURF)
IF (IMSS.EQ.0) GO TO 90
WRITE(6,1080) SURF ;
WRITE(64109U) (MH(IHS,SURF),WTB(IHS,SURF),BETAH{IHS,SURF),WWCRT
1 (IHS,SURF), IHS=1,IMSS)
90 CONTINUE
RETURN

1000 FORMAT(1HL////40X,34HVELOCITIES AT INTERIOR MESH POINTS//}

1010 FORMAT({1HL,3HIM=,13,5(24H VELOCITY ANGLE{(DEG))/
L1{5X,5{G15.4,F9.2)))

1020 FORMAT{14HLITERATION NO.,I3,3X,36HMAXIMUM RELATIVE CHANGE IN DENSI
ITY =4G1l1l.4)

1030 FORMAT(1HL1////16X,1H#*,25X,49HSURFACE VELOCITIES BASED ON MERIDIONA
1L COMPONENTS 36X, LH*)

1040 FORMAT (16X, 1H*,53Xy1H*,56X, 1H®/ 16Xy 1H#*, 19X, 1SHBLADE SURFACE 1,+19X,
11H*,20Xs15HBLADE SURFACE 2421X,1H#%/7Xy1HM,8X s 1H*,2(3X,8HVELOCITY,
13Xy LOHANGLE{(DEG) 4 5Xs SHW/WCRy 19X, 1H%,3X))

1050 FORMAT({1H ,G13.4¢3H #,G12.4+F9.2,6154+17Xs1H*43XsG1l2.44F9.2,G15.
14,17X, 1H*®)

1060 FORMAT(///16Xs1H%,19X,15HBLADE SURFACE 3,19X,1H#,20X,15HBLADE SURF
1ACE 4421X91H%/TXy1HM,8X,y 1H%32(3X, BHVELOCITY 43X, 10HANGLE(DEG) 45X,
15HW/WCR, 19X, 1H%,3X))

1070 FORMAT(1H1//7//3X+49HSURFACE VELOCITIES BASED ON TANGENTIAL COMPONE
INTS)

1080 FORMAT(//22X415HBLADE SURFACE ,I11/7X,1HM,10X,8HVELOCITY,3X,10HANG
LLE(DEG) »3Xy5HW/WCR)

1090 FORMAT{1H ,2613.4,F9.2,G15.4)

END

70
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SUBROUTINE BLCD

BLCD CALCULATES BLADE THETA COORDINATE AS A FUNCTION OF M

10

IN

COMMON SRW.ITER,IENDsLER{2)sNER(1)

COMMON /INP/ GAM,AR,TIPyRHOIP,WTFL,WTFLSP,0MEGA,ORF,BETAI ,BETAOD,
1NOBL MBI, MBO,MBI2,MBO2,MM,NBBI4NBLsNRSP4sMBDYFsMBDYL,ITF»ITL,
2BLDAT, AANDK,ERSOR, STRFN, INTVL, SURVL ,MAGFAC,
3MR(50) ,RMSP(50),BESP(50)

COMMON /CALCON/ MBII,MBOO,MMM,MBIIM1,MBIIP1,MB800M1,MBOOPL ,MMMM],
1HM1 ,HM2 s HM3 , HT s DTLRy DMLR yPITCHCP+EXPON+s TWW+CPTIP+ TGROG»TBI» TBO,
2LAMBDA, TWL,ITOR,ITMAX ,NIP, IMS(4),BV(4),MV{100),iV(101),
3UBV(100+4) +RWBV(10044)5ITV(100,6)»TV{10044),DTOMV(10054),
4BETAV(100,4) yMH{100,4),DTDMH(100,4),BETAH(100,4) ,RMH(100+4),
5BEH(100,4)+RM{100),BE{100),DBDM(100),SAL(100),AAA(100)

COMMON /GEOMIN/ CHORD(4),STGR(4)4MLE(4),THLE(4)RMI(4),RMO(4),
1RI(4),RO(4),BETI(4),BETO(4)sNSPI(4),MSP{50+4),THSP(50,4)

COMMON /BLCDCM/ EM(50,4),INIT(4)

ENTRY BL1(M,THETA,DTDM, INF)

INTEGER BLDAT,AANDK, ERSOR,STRFN,SURVL,AATEMP, SURF,
1FIRST,UPPER,S1,ST,SRW

REAL KyKAK,LAMBDA,LMAX,MHyMLE,MRyMSP,MV,MVIM]

REAL M,MMLE,MSPMM, MMMSP

SURF= 1

SIGN= 1.

60 70 10

ENTRY BL2(M,THETA,DTDM, INF)
SURF= 2

SIGN= -1.

GO TO 10

ENTRY BL3(M,THETA,DTDM, INF)
SURF= 3

SIGN= 1.

GO TO 10

ENTRY BL4(M,THETA,DTDM, INF)}
SURF= 4

SIGN= -1.

INF= 0

NSP= NSPI(SURF)
IFf (INIT{SURF).EQ.13) GO TOD 30
INIT{SURF)= 13

ITIAL CALCULATION OF FIRST AND LAST SPLINE POINTS UN BLADE

AA BETI (SURF)/57.295779

AA SIN(AA)

MSP(1,SURF) = RI(SURF)#%#(1.-SIGN=AA)

BB = SQRT(l.—AAxx2)

THSP(1,SURF) = SIGN#BB*RI{SURF)/RMI(SURF)
BETI{SURF) = AA/BB/RMI{SURF)

AA = BETO(SURF)/57.295779

AA = SIN(AA)

MSP(NSP,SURF) = CHORD(SURF)-RO{SURF)#{1.+SIGN#AA)}
BB = SQRT(1.—-AA=xx2)

THSPINSP,SURF) = STGR(SURF)+SIGN#BB*RO(SURF)/RMO(SURF)
BETO(SURF) = AA/BB/RMO(SURF)

DO 20 IA=1.,NSP

MSP(IA,SURF)= MSP(IA,SURF)+MLE{SURF)

Hon

20 THSP(IA,SURF)= THSP(I1A,SURF)+THLE(SURF)

CALL SPLN22(MSP{1,SURF)o THSP{1+sSURF)BETI{SURF),BETOISURF),NSP,
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LAAAL.EM({1,SURF))

IF {BLDAT.LE.O) GO TO 30

IF [SRW.EQ.0) WRITE(6,1000)

SRW =1

WRITE(6,1010) SURF

WRITE (6,1020) (MSP(IA,SURF),THSP{IA,SURF),AAA(IA),EM(IA,SURF).,
1IA=1,NSP)

BLADE COORDINATE CALCULATION

OO0

30 KK = 2
IF (M.GT.MSP(1,SURF}) GO TO 50

AT LEADING EDGE RADIUS

[ Ne

MMLE= M-MLE{SURF)
IF (MMLE.LT.-DMLR) GO TO 90
MMLE= AMAX1(O0.,MMLE)
THETA= SQRT(MMLE*(2.#RI{SURF)-MMLE))=*SIGN
IF (THETA.EQ.O0.) GO TO 40
RMM= RT(SURF)-MMLE
DTDM= RMM/THETA/RMI(SURF)
THETA= THETA/RMI(SURF)+THLE({SURF)}
RETURN
40 INF= 1
DTOM = 1.E10#*SIGN
THETA= THLE(SURF)
RETURN

ALONG SPLINE CURVE

OO0

50 IF (M.LE.MSP{KK,SURF)) GC TO 60
IF {KK.GE.N>3P) GO TO 70
KK = KK+1
GO 1O 50
60 S= MSP{KK,SURF)-MSP{KK-1,SURF)
EMKM1= EM(KK~-1,SURF}
EMK= EM(KK,SURF}
MSPMM= MSP(KK,SURF)-M
VMMSP= M-MSP{KK-1,4SURF)
THK= THSPI[KK,SURF)/S
THKM1= THSP(KK-1,S5URF)/S
THETA= EMKM]#MSPMM#223/6./S + EMK#MMMSP#%3/6./S + (THK-EMK#5/6.)*
1 MMMSP + (THKM1-EMKM1%5/6.)%MSPMM
DTDM= —EMKML*MSPMM##2/2./S + EMK*MMMSP##2/2./S + THK-THKML1-{EMK-
1 EMKML)=S/6.
RETURN
C
C AT TRAILING EDGE RADIUS
C
70 CMM= CHORD(SURF)+MLE({SURF)—-M
IF (CMM.LT.-DMLR) GO TO 90
CMM= AMAX1(0.,CMM)
THETA= SQRT(CMM*{2.#RO(SURF)-CMM))*SIGN
IF {(THETA.EQ.O0.) GO 7O 80
RMM= RO (SURF)-CMM

DTDM = —RMM/THETA/RMO{SURF)
THETA = STGR{SURF)+THETA/RMO(SURF)+THLE(SURF)
RETURN

80 INF=1

72



RETURN
C
C ERROR RETURN
c
90 WRITE (6,1030) LER(2),M,SURF
STOP
1000 FORMAT (1H1,13X,27HBLADE DATA AT SPLINE POINTS)
1010 FORMAT(1HL,17X.16HBLADE SURFACE,14)
1020 FORMAT (7X ,1HM,10X,5SHTHETA, 10X, 10HDERIVATIVE,5X,10H2ND DERIV. /
1{4G15.5))
1030 FORMAT (14HLBLCD CALL NO.,I3/33H M COORDINATE IS NOT WITHIN BLADE/

DTDM = -1.E10*SIGN
THETA= THLE(SURF)+STGR{SURF)

14H M =,G614.69 10Xy 6HSURF =3G1l4.6)

END

FUNCTION IPF(IM,IT)
COMMON /CALCON/ MBII,MBOO,MMM,MB81IM1,MBIIP1,ME00M1,MBOOP1,MMMM],
1HM1 ,HM2 yHM3 HT 4 DTLRyDMLR,PITCHCP+EXPONy» TWW,CPTIP, TGROG,TBI , TBO,

2LAMBDA, TWL,ITOR, ITMAX,NIP, IMS{4),BV(4),MV(100),IV(101),
3UBV{100+4) sRWBV({10044)+1TV(100,6)4TV{100+4),DTDMV{100.4),

4BETAV(100,4)4MH(100,4),DTDMH(100,4)yBETAH{100+4) yRMH(100+4%4),

5BEH(100,+4),RM(100),BE(100),08DM{100),SAL(100),AAA(100)
IPF= IV(IM)+IT-2
IF(ITJLE.ITV(IMy4)) RETURN
IF(ITJLELITV(IMy2) AND.IMoLT.MBII) RETURN
IF(IM.GE.MINO(MBII,MBOOP1)) GO TO 10
IF (ITV{IM,1).EQ.—-10000) RETURN
IPF= IPF-TTV(IM,1) + ITV(IM,2)+1
RETURN
10 TF{IM.GT.MAXO(MBIIM1,MBOO)) GO TO 20
IF{IM.GT.MBOO) RETURN
IPF= IPF-ITV(IM,3)+ITV(IM,4)+1
IF(IT.LT.ITV(IM, 1)) RETURN
IPF= IPF-ITV(IM,1)+ITV(IM,2)+1
RETURN
20 IF (ITV(IM,3).EQ.-10000) RETURN
IPF= IPF-ITV(IM:3)+ITV(IM,4)+1
RETURN
END

Subroutine BDVINT

BDVINT calculates interpolated values of the stream function along either a vertical
or a horizontal boundary for the fine mesh. The interpolation is based on a cubic spline

curve (ref. 8) using the stream-function values at the original coarse-mesh points.

The input arguments for BDVINT are as follows:

BVIN input array from main program (see DESCRIPTION OF INPUT AND

OUTPUT)
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UBVIN input array from main program (see DESCRIPTION OF INPUT AND

OUTPUT)
NSP given number of stream-function values on the coarse mesh
MVTH array of either m(MV) or 6(TH) coordinates for the fine mesh

KBDRY input variable (see DESCRIPTION OF INPUT AND OUTPUT)
DLR tolerance, either DMLR or DTLR
MMMITX total number of fine mesh lines, either MMM or ITMAX

The internal variables for BDVINT are as follows:
BVINT array of values of m or 6 where interpolated stream-function values

are desired

M index of mesh line

M1 value of IM for first point in region

M2 IM1 +1

IMT value of IM for last point in region

NSPINT number of interpolated values of stream function
RWBV array of interpolated values of either du/om or odu/d8
UBV array of interpolated stream-function values

SUBROUTINE BDVINT(BVIN,UBVINsNSPyMVTH,KBDRY,DLR,MMMITX)

COMMON /CALCON/ MBII,MBOO,MMM,MBIIM1,MBIIP1,MBOOM]1,MBOOPL ,MMMM],
1HM1,HM2 4 HM3 ,HTyDTLRy DMLR,PITCH,CPyEXPON, TWW.CPTIP, TGROG,TBI+TBO,
2LAMEDA, TWLyITOR, ITMAX 4NIP, IMS(4),BV{(4),MV(100},IVI(101),
3UBV(100+4) +RWBV(1005s4)yITV(100,6),TV(10044),DTOMV(100,4),
4BETAV(100,4) yMH({100,4),DTDMH{(10094)+BETAH{100,4) 4RMH(L00,4),
SBEH{100,4),RM(100),BE(100),DBDM(100),5AL{100),AAA(100)

DIMENSION BVINT(100) ,BVIN{100),UBVIN(L10O)MVTH(100)

REAL MVTH

DO 10 IM=2,MMMITX

IfF (MVTH(IM).GT.BVIN(1)+DLR) GO TO 20

10 CONTINUE
IM = MMMITX
20 IM1 = [M-]

BVINT(IM1) = BVIN(1)

IM2 = IM

DO 30 IM=IM2,MMMITX

IF (MVTH(IM).GT.BVIN(NSP)-DLR) GO TO 40

30 BVINT(IM) = MVTH(IM)
IM = MMMITX

40 IMT=IM
BVINT(IMT) = BVIN(NSP)

NSPINT= IMT-IM1+1
CALL SPLINT(BVIN,UBVINNSP,BVINT{IM]1) ,NSPINT,UBV{IML,KBDRY) ,RWBV(I]

1M1,KBDRY))
RETURN
END
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Program Listing of Remaining Subroutines

The remaining subroutines are described in reference 3. The description applies
even though the subroutines have been revised.

SUBROUTINE MHORIZ(MV,ITV,BL,MBI,MBO,ITO,HT,DTLR,KODE,JyMH,DTDMH,
LMRTS)

[ .

C MHORIZ CALCULATES M CODRDINATES OF INTERSECTIONS OF ALL HORIZONTAL
C MESH LINES WITH A BLADE SURFACE

C KODE = 0 FOR UPPER BLADE SURFACE

C KODE = 1 FOR LGWER BLADE SURFACE

c

COMMON SRW,ITER,IEND,LER{2),NER(1)
DIMENSION MV(100),ITV{(100),MH(100)}.DTDMH(100)
INTEGER BLDAT ,AANDK, ERSORy STRFN, SURVL,AATEMP,SURF,
L1FIRSTy,UPPER,S1+ST,SRW
REAL K,KAK,LAMBDA,LMAX ,MHy MLE,MR,MSP,MV,MVIM]1
REAL MVIM
EXTERNAL BL
IF (MBI .GE.MBO) RETURN
IM= MBI
10 ITIND= O
20 IF {(ITV{IM+1)-ITV{IM)-ITIND) 30,40,50
30 J= J+1
TI= FLOAT(ITV(IM+1)-ITO-ITIND+KODE)*HT
ITIND= ITIND-1
MVIM = MV(IM)
IF (MRTS.EQ.1l) MVIM = MVIM+(MV(IM+1)-MVIM)/1000.
CALL ROOT (MVIMyMV(IM+1),TI+BL+OYLRsMH(J),DTDMH(I) )
GO 10 20
40 IM= [IM+1
MRTS = 0
IF (IM.EQ.MBO) RETURN
GO TO 10
50 J= J+1
TI= FLOAT(ITVIIM)-ITO+ITIND+KODE)*HT
ITIND= ITIND+1
MVIM = MV(IM)
IF (MRTS.EQ.1l) MVIM = MVIM+(MV({IM+1)-MVIM)/1000.
CALtL ROOT(MVIM ,MV(IM+1),TI,BL,DTLR,MH(J),DTDMH(J))
GO TO 20
END
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SUBRDUTINE DENSTY{RHOWsRHOsVELs TWLMR,CPTIP,EXPONoRHCGIP,GAM,AR,TIP)

C DENSTY CALCULATES DENSITY AnD VELOCITY FROM THE WEIGHT FLOW PARAMETER
C DENSITY TIMES VELOCITY

COMMON SRW,ITER,IEND,LER{(2),NER(1)
VEL = RHOW/RHO
IF {(VEL.NE.O.) GO 7O 10
RHO = RHOIP
RETURN
10 TTIP = 1e—(VEL##2+TWLMR)/CPTIP
IF(TTIP.LT.O0.) GO TO 30
TEMP = TTIP#=(EXPON-1.)
RHOT = RHOIP+*TEMP*TTIP
RHOWP = —-VEL##2/GAM®RHOIP/AR#TEMP/TIP+RHOT
IF(RHOWP.LE.O.) GO TO 30
VELNEW = VEL+(RHOW-RHOT=VEL)/RHOWP
IF{ABS{VELNEW-VEL)/VELNE®W.LT..0001) GO TO 20
VEL = VELNEW
GO IO 10
20 VEL = VELNEW
RHO = RHOW/VEL
RETURN
30 TGROG = 2.*5AM*AR/(GAM+1.)
VEL = SQRT(TGROG#*#TIP*(1.-TWLMR/CPTIP))
RHO = RHOIP#(1le—(VEL®#2+TWLMR)/CPTIP)==EXPON
RWMUORW = RHOW/RHO/VEL
NER(1) = NER(1)+1
WRITE (691000) LER{1)sNER(L),RWMORW
IF {NER({1}.£Q.50) STOP
RETURN
1000 FORMAT (16HLDENSTY CALL NO.s I3/9H NER{1l) =,I3/10H RHO*W IS 4F7.4,
134H TIMES THE MAXIMUM VALUE FOR RHO=W)
END

SUBROUTINE ROOT{A,B,Y,FUNCT,TOLERY,X,DFX)
C
C ROOT FINDS A ROOT FOR (FUNCT MINUS Y) IN THE INTERVAL (A,B)
c
COMMON SRW,ITER,IEND,LER{2)+NER(1)
INTEGER SRW
IF (SRW.EQ.21) WRITE(6,1000) A,8,Y,TOLERY
TOLERX= (B-A)/1000.
AB2= (A+B)/2.
I= 0
X= A
10 CALL FUNCT(X,FXsDFX,y INF)
IF {SRW.EQ.21) WRITE(6,1010) I+XsFX,DFX,INF
IF {ABS{Y-FX}.LT.TOLERY) RETURN
IF (I.GE.1000) GO TO 30
I= I+1
IF (INF.NE.O .0OR. DFX.EQ.0.) GO TO 20
X= (Y-FX)/DFX+X
IF (X.GE.A .AND. X.LE.B) GO TO 10
X = A+TOLERX#*FLOAT(I)
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[gNeReNsNx]

IF(I.EQ.1) X = B
G0 TO 10

20 IF (XalT.AB2) X=X+TOLERX
IF {X.GE.AB2) X=X-TOLERX

- 60 7D 10
30 WRITE(6,1020) LER(2),A,B,Y
sSTOoP
1000 FORMAT (32H1INPUT ARGUMENTS FUR ROOT —— A =G613.5,3X+s3HB =4613.5,
13X43HY =4G13.5+3XsBHTOLERY =,G13.5/17H ITER. NO. Xel7Xs

22HFX315X+3HDFX+ 10X ¢3HINF )
1010 FORMAT (5X313,616.542G18.5+16)
1020 FORMAT (14HLROUOT CALL NO.,I3/47H ROOT HAS FAILED TO CONVERGE IN 10
100 ITERATIONS/4H A =,G14.6,10Xy3HB =,614.6910X43HY =94614.6)
END

SUBROUTINE SPLINE (XsYsN,SLOPE,EM)

SPLINE CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS
END CONDITION - SECOND DERIVATIVES ARE THE SAME AT END POINT AND
ADJACENT POINT
COMMON Q/BOX/S(100),A({100),B8(100),C(100),F(100),W(100),58(100),
16(200)
DIMENSION X(N),Y(N),EM{N),SLOPE(N)
INTEGER Q

DO 10 I=2,N
10 S(I)y=X(I)-X{I-1)
NO=N-1
IF(NO.LT.2) GO TO 30
DO 20 I=2,NU
A{I)=S(I)/6.
B(I)=(S{I)+S({I1+1))/3.
C(I)=S{I+1)/6.
20 FUT)=(Y(I+1)-Y(IN)/S(I+1)—-(Y(I)=-Y(I-1))/S(I)
30 A(N) = -.5
B(1)=1.
B(N)=1.
C{1) = -.5
F(1)=0.
F{N)=0.
W{l)=8B(1)
SBUL)=C(L)/H(1)
G{1)=0.
DO 40 I=2,N
W(I)=B(I)-A(I)=SB(I-1)
SBIII=C(I)/w(I)
40 GII)=(FII)-A(I)*G(I-1))/W(I)
EM(NI=G(N)
DO 50 I=2,N
K=N+1-1
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50

60

EM{K)=G(K)-SB(K)*EMIK+1)
SLOPE{1)==S(2)/6.%(2.#EM(L)I+EM{2))+(Y(2)~Y(1))/5(2)

DO 60 I=2,4N
SLOPE(I)=S{I)/6.%{ 2. #EM{T)+EM{I-1)})+{Y(I)-Y{I-1))/S(])
IF (Q.EQa13) WRITE {6,1000) Ny (X{I)aVY{I)sSLOPE(I)SEM{I)I=1,N)

RETURN

1000 FORMAT (2X,15HNG. OF POINTS =,13/10Xs1HX;19Xs LHY»19Xs5HSLOPEs15X,
12HEM/ (4F20.8))

OO0

END

SUBROUTINE SPLN22 (XsY+sY1IP+sYNPsNy,SLOPELEM)

SPLN22 CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS
END CONDITION - DERIVATIVES SPECIFIED AT END POINTS

10

20
30

40

50

60

COMMON Q/BOX/S(100),A(100),B(100),C(100),F(100),W(100),5B(100),

16(200)

DIMENSION X(N),Y{(N),EM{N),SLOPE(N)
INTEGER Q

DO 10 I=2.N

S(I)=x(I)-X(I-1)

NO=N-1

IF(NOQ.LT.2) GU TO 30

DO 20 I=2,N0O

A(L)=5(I)/6.

BII)=(S({I)+S5(I+1))/3.
C(I)=S(I+1)/6.
FOI)=s(Y(I+1)-Y(I))/SCI+1)-(Y(I)-Y{I-1))/S(1)

A(N) = S(N)/6.
B(1)=S(2)/3.
B{N) = S(N)/3.

C{1)=S{2)/6.

F(L)={Y(2)-Y(1))/S(2)-Y1P

FIN) = YNP=(Y(N)}-Y{(N-1})/S(N}

W{1)=B(1)

SB{1)=C({1)/wll)

G(LI=F(1)/W(1)

DO 40 I=2,N

WII)=B(I)-A{])*SB(I~-1)

SB(L)=C{I)/W(I)

GUI)=(F(D)=A{D)*G(I-1))/W(I)

EMIN)=G(N)

D0 50 [=24N

K=N+1-1

EM{K)=G(K)-SBIK)*EM(K+1)
SLOPE(1)=-S({2)/6.%(2.2EM(L)+EM(2))+{Y(2)-Y{1))/S(2)

DO 60 I=24N

SLOPE(I)I=S(I)/6e%{2.¢EM{ I}+EM(I-1))H{Y{I)-Y(I-1))/S(])
IF (Q.EQ.18) WRITE (6,1000) No(X(I)aY(I)sSLOPE(I),EM{I)sI=1,4N)

RETURN

1000 FORMAT (2X,15HNO. DF POINTS =,13/10X,1HXs19Xs1HYs19X,5HSLOPE, 15X,
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OOOO00O

SUBROUTINE SPLINT (X,YsN,ZsMAXsYINT,DYDX)

SPLINT CALCULATES INTERPOLATED PUOINTS AND DERIVATIVES FOR

A SPLINE CURVE

END CONDITION ~ SECOND DERIVATIVES ARE THE SAME AT END POINT AND
ADJACENT POINT

COMMON Q/BOX/S5(100),A(100),B(100),C{100),F{100),W{100),5B({100),
1G(100),EM(100)
DIMENSION X{N)+Y(N) s Z{MAX) ,YINT{MAX),DYDX(MAX)
INTEGER Q
IF{MAX.LE.O) RETURN
IIT = Q
DO 10 I=2,N
10 S(I)=X(I)-X(1I-1)
NO=N-1
IF(NO.LT.2) GO TO 30
DO 20 I=2.NO
AlI)=S(I)/6.0
B{I)={S(I)+S(I+1))/3.0
C(IN=S{1I+1)/6.0
20 FLI)=(Y(I+1)=-Y(L))}/SCI+1)—AYI)=-Y(I-1))/S(])
30 A(N) = -.5
B(1)=1.0
B{(N)=1.0
C(l) = -.5
F(1)=0.0
F{N)=0.0
W{l)=B(1)
SBI1)=C{1)/W(1)
G(1)=0.0
DO 40 I=2,N
W(I)=B{I)-A(I)»SB(I-1)
SBUI)=C(IV/W(I)
40 G(II=(F(I}-A(I)*G(I-1))}/W(I)
EM(N)=G(N)}
DO 50 I=2,4N
K=N+1-1
50 EM(K)=G(K)-SB{K)*#EM{K+1)
DO 140 I=1,MAX
K=2
IF(Z(I)-X(1)) 70,60,90
60 YINT(I)=Y(1)
GO 70 130
70 IF{Z(I).GE.(lal#X(1)—-.1%X(2))) GO TO 120
WRITE (6,1000) Z(1)

Q =16
GO TO 120
80 K=N

IFCZII)aLEa(lalaX{N)-o12X(N-1))) GO TO 120
WRITE (6,1000) Z(I)
Q = 16
GO 70 120
90 IF(Z({I)-X{K)}) 120,100,110
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100 YINT(I)}=Y(K)
GO0 TO 130
110 K=K+1
IF(K-N) 90,90,80
120 YINT(I) = EM(K-1)#(X(K)=Z{I}))#%3/6./SIK)+EM(K)#(Z(I)-X{K~-1))*=%3/6.
L/S{KI#F(YIK)/SIK)-EM{K)*#S{K)/6.)#(Z(I)}~-X{K=1))+{Y(K~-1)/S{K)-EMI(K-1)
225({K)/6. ) {X(K)-Z({1))
130 DYDX{I)=—EM{K—-L)*#(X(K)-Z (1)) =22/2.0/S(KI+EM(K)*{X{K-1)-Z{I))==%2/2,
LO/SIKI+(Y(K)=Y(K-1))/S{K)-(EM{K)-EMI{K-1))*5({K)/6.0
140 CONTINUE
MXA = MAXO(NyMAX)
IF{Q.EQ.16) WRITE(651010) NyMAX, (X{I)oY{I)oZ(I),YINTLI),DYDX(I),
11=1,MXxA)
Q= 111
RETURN
1000 FORMAT (54H SPLINT USED FOR EXTRAPOLATIGN. EXTRAPOLATED VALUE = ,

1Gl4.6)

1010 FORMAT (2X,21HND. OF POINTS GIVEN =,13,30H, NO. OF INTERPOLATED PO
TINTS =,13/10Xs1HXs 19X s 1HYy 16Xy LLHX-INTERPUL « »9Xy11HY-INTERPOL.»
28X+ L4HDYDX-INTERPOL./1{5E20.8))

END

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, December 12, 1968,
126-15-02-31-22.
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