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ABSTRACT

An existing FORTRAN IV computer program for blade-to-blade aerodynamic anal-
ysis of turbomachine blades was revised to obtain a simpler program consistent with re-
lated programs. The analysis is for two-dimensional, subsonic, compressible (or in-
compressible), nonviscous flow in a circular or straight infinite cascade of blades,
which may be fixed or rotating. The flow may be axial, radial, or mixed, and the
stream channel thickness may change in the through-flow direction. The results include
streamline coordinates, velocity magnitude and direction throughout the passage, and
the blade-surface velocities. This report includes a complete description of the input
required by the program and the program listing.



REVISED FORTRAN PROGRAM FOR CALCULATING VELOCITIES AND STREAMLINES
ON A BLADE-TO-BLADE STREAM SURFACE CF A TURBOMACHINE
by Theodore Katsanis and William D. McNally

Lewis Research Center

SUMMARY

An existing FORTRAN IV computer program for blade-to-blade aerodynamic analysis
of turbomachine blades was revised to obtain a simpler program consistent with related
programs. The analysis is for two-dimensional, subsonic, compressible {or incompres-
sible), nonviscous flow in a circular or straight infinite cascade of blades, which may be
fixed or rotating. The flow may be axial, radial, or mixed, and the stream channel
thickness may change in the through-flow direction.

The program input consists of blade and stream channel geometry, total flow condi-
tions, inlet and outlet flow angles, and blade-to-blade stream channel weight flow. The
output includes blade-surface velocities, velocity magnitude and direction at all interior
mes} points in the blade-to-blade passage, and streamline coordinates throughout the
passage.

This report includes a complete description of the input required by the program and
the program listing.

INTRODUCTION

In the design of blade rows for compressors and turbines, it is desirable to obtain
fluid velocities in the blade-to-blade passage and particularly on the blade surfaces. The
trend to highly loaded blading results in widely spaced blades with less of the passage
within a guided channel between blades. Stream filament techniques, applicable only
within guided channels, can therefore no longer be used to obtain velocities over the en-
tire blade surfaces. However, finite-difference methods can be used to obtain a solution
of the stream-function differential equation in both the guided and unguided portions of the
passage.

Computer programs have been written which generate coefficients for the finite-



difference equations, solve these equations, and differentiate the resulting values of
stream function to obtain velocities throughout the blade-to-blade passage and on the blade
surfaces. This was done in reference 1 for single blade row turbomachines or cascades,
and in reference 2 for tandem or slotted blade machines.

. When the program of reference 2 (TANDEM) was written, many improvements were
made over the single blade row program (2DCP) of reference 1. This report describes a
new program (TURBLE) which solves the same problem as 2DCP but incorporates all of
the improvements of TANDEM. The coding in TURBLE is both simpler and more fool-
proof than that of 2DCP. Another reason for writing TURBLE has to do with the magnifi-
cation program (MAGNFY) described in reference 3. The input to TURBLE has the same
form as the input to TANDEM, and this simplifies the input coding to the magnification
program (MAGNFY) of reference 3. It also allows the person using both TURBLE and
TANDEM to put his input data in the same form in both cases. Further, TURBLE allows
more interior mesh points in the solution region, and has its own error package indepen-
dent of the Lewis computer system. Finally, the output of TURBLE has been expanded
and clarified compared to the output of 2DCP,

Like 2DCP, TURBLE obtains the numerical solution for ideal, subsonic, compres-
sible (or incompressible) flow for an axial-, radial-, or mixed-flow cascade of tarboma-
chine blades. The cascade may be circular or straight (infinite), and may be fixed or ro-
tating. The coordinates used are meridional streamline distance and angle in radians.

This report includes a complete description of input and program listing for
TURBLE. The mathematical analysis, the detailed program procedure, and the program
output for TURBLE are all very similar to that for TANDEM (ref. 2).

A TURBLE source deck on tape is available from COSMIC (Computer Software Man-
agement and Information Center), Computer Center, University of Georgia, Athens,
Georgia 30601. The program number is COSMIC number LEW-10788.

SYMBOLS

m meridional streamline distance, meters, see figs. 1 and 2
r radius from axis of rotation, meters

s angular blade spacing or pitch, rad

V‘9 tangential component of absolute fluid velocity, meters/sec
W fluid velocity relative to blade, meters/sec

Z axial coordinate, meters

o angle between meridional streamline and axis of rotation, rad, see fig. 1

angle between relative velocity vector and meridional plane, rad, see fig. 1



0 relative angular coordinate, rad, see fig, 1

X prerotation (rVe). , metersz/sec
1n

p density, kg/meter3
w rotational speed, rad/sec
Subscripts:

cr critical velocity

in inlet or upstream

le leading edge

out outlet or downstream

te trailing edge

DESCRIPTION OF INPUT AND OUTPUT

The computer program requires as input a geometrical description in m- 8 coordi-
nates of the blade surfaces, a description in m-r coordinates of the stream channel

w2 = w2, + W
w2, - w2+ wl

Figure 1, - Cylindrical coordinate system and velocity components,
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Figure 2, - Blade-to-blade surface of rewolution.
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Figure 3. - Input form, Card column numbers appear at top.



through the blades, appropriate gas constants, and operating conditions such as inlet

temperature and density, inlet and outlet flow angles, weight flow, and rotational speed.

Figures 1 and 2 show the m- 6 coordinate system for a typical blade-to-blade surface of

revolution. Output obtained from the program includes velocity magnitude and direction
at all interior mesh points in the blade-to-blade passage, blade-surface velocities,
stream-function values throughout the blade-to-blade region of solution, and streamline

locations.

Input

Figure 3 shows the input variables as they are punched on the data cards. There
are two types of variables, geometric and nongeometric. The geometric input variables

Direction of
positive rotation

G
by
‘ 2 BETAI
PITCH=s
8 Blade surface 1
| - .
t m
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- — CHORDF ~— =
CD-10243

Figure 4. - Geometric input variables on blade-to-blade solution region.
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Figure 5, - Geometric input variables on a blade, BETI and BETO angles must be given as true angle B,
not as angles measured in m-8 plane, Use tanp = r d8/dm to obtain B, or measure true angle,
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Figure 6. - Geometric input variables describing stream channel in meridional plane,

are shown in figures 4 to 6. All input variables are described in the section which fol-
lows. Further explanation of key variables is given in the section Instructions for Pre-
paring Input.

The input variables are as follows:

GAM specific heat ratio

AR gas constant, joule/(kg)(°K)

TIP inlet stagnation temperature, °x

RHOIP inlet stagnation density, kg/meter>

WTFL mass flow per blade for the stream channel, kg/sec

OMEGA rotational speed, w, rad/sec (Note that w is negative if rotation

is in the opposite direction of that shown in fig. 1)

ORF value of overrelaxation factor to be used in the solution of the inner
iteration simultaneous equations (If ORF = 0, the program
calculates an estimated value for the overrelaxation factor.

See p. 10 for discussion.)

BETAI inlet flow angle Ble along BG with respect to m-direction, deg
(fig. 4)

BETAO outlet flow angle Bte along CF with respect to m-direction, deg
(fig. 4)

CHORDF overall length of blade in m-direction, meters (fig. 4)

STGRF angular f-coordinate for center of trailing-edge circle of blade
with respect to the center of leading-edge circle of blade, rad
(fig. 4)

MBI number of vertical mesh lines from AH to BG inclusive (fig. 4)



MBO
MM

NBBI

NBL
NRSP

RI1, RI2

RO1, RO2

BETI1, BETI2

BETO1, BETO2

SPLNO1, SPLNO2

MSP1, MSP2

THSP1, THSP2

MR

number of vertical mesh lines from AH to CF inclusive (fig. 4)

total number of vertical mesh lines in the m-direction from AH to
DE, maximum of 100 (fig. 4)

number of mesh spaces in 6-direction between AB and GH, maxi-
mum of 50 (fig. 4)

number of blades

number of spline points for stream channel radius (RMSP) and
thickness (BESP) coordinates, maximum of 50 (fig. 6)

leading-edge radii of the two blade surfaces, meters (fig. 5)
trailing- edge radii of the two blade surfaces, meters (fig. 5)

angles (with respect to m-direction) at tangent points of leading-
edge radii with the two blade surfaces, deg (fig. 5) (These must
be true angles in degrees. If angles are measured in the m-#6
plane, i.e, df/dm, BETI1 and BETI2 can be obtained from the
relation tan B = r(dg/dm).)

angles (with respect to m-direction) at tangent points of trailing-
edge radii with the two blade surfaces, deg (fig. 5) (These must
also be true angles in degrees, like BETI1 and BETI2.)

number of blade spline points given for each surface as input,
maximum of 50 (These include the first and last points (dummies)
that are tangent to the leading- and trailing-edge radii (fig. 5).)

arrays of m-coordinates of spline points on the two blade surfaces,
measured from the blade leading edge, meters (fig. 5) (The first
and last points in each of these arrays can be blank or have a
dummy value, since these points are calculated by the program.
If blanks are used, and the last point is on a new card, a blank
card must be used.)

arrays of 6-coordinates of spline points corresponding to MSP1 and
MSP2, rad (fig. 5) (Dummy values are also used here in posi-
tions corresponding to those in MSP1 and MSP2.)

array of m-coordinates of spline points for the stream channel
radii and the stream channel thicknesses, meters (fig. 6) (MR is
measured from the leading edge of the blade. These coordinates
should cover the entire distance from AH to DE, and may extend
beyond these bounds. The total number of points is NRSP. )



RMSP

BESP

array of r-coordinates of spline points for the stream channel
radii, corresponding to the MR array, meters (fig. 6)

array of stream channel normal thicknesses corresponding to the
MR and RMSP arrays, meters (fig. 6)

The remaining variables, starting with BLDAT, are used to indicate what output is de-

sired. A value of zero for any of these variables will cause the output associated with

that variable to be omitted. A value of 1 will cause the corresponding output to be printed
for the final outer iteration only; 2, for the first and final iterations; and 3, for all outer
iterations. Care should be used not to call for more output than is really useful. The
following list gives the output associated with each of these variables.

BLDAT

AANDK

ERSOR

STRFN
SLCRD
INTVL

SURVL

all geometrical information which does not change from iteration to iteration
(i.e., coordinates and first and second derivatives of all blade surface spline
points; blade coordinates and blade slopes where vertical mesh lines meet
each blade surface; radii and stream channel thicknesses corresponding to
each vertical mesh line; m- coordinate, stream channel radius and thick-
ness, and blade surface angles and slopes where horizontal mesh lines inter-
sect each blade; and ITV and IV arrays (internal variables describing the lo-
cation of the blade surfaces with respect to the finite difference grid).)

the coefficient array, the constant vector, and the indexes of all adjacent points
for each point in the finite-difference mesh (This information is needed for
debugging the program only. )

the maximum change in the stream function at any point for each iteration of the
SOR equation, eq. (A8), ref. 2

value of the stream function at each unknown mesh point in the region
streamline 6-coordinates at each vertical mesh line, and streamline plot
velocity and flow angle at each iterior mesh point

m-coordinate, surface velocity, flow angle, distance along surface, and
W/WCr based on meridional velocity components where each vertical mesh
line meets each blade surface; m-coordinate, surface velocity, flow angle,
distance along surface, and W/WCr based on tangential velocity components
where each horizontal mesh line meets each blade surface; and plot of blade-
surface velocities against meridional streamline distance, meters, (It is sug-
gested that SURVL=3 be used, This will give surface velocities after each
outer iteration, so that satisfactory velocities may be obtained even when
final convergence is not reached.)



Instructions for Preparing Input

Units of measurement. - The International System of Units (ref. 4) is used through-

out this report. However, the program does not use any constants which depend on the
system of units being used. Therefore, any consistent set of units may be used in pre-
paring input for the program. For example, if force, length, temperature, and time are
chosen independently, mass units are obtained from force = mass x acceleration. The
gas constant R must then have the units of force times length divided by mass times
temperature (energy per unit mass per degree temperature). Density is mass per unit
volume, and weight flow is mass per unit time. Output then gives velocity in the chosen
units of length per unit time. Since any consistent set of units can be employed, the out-
put is not labeled with any units,

Blade and stream channel geometry. - The upper and lower surfaces of the blade are

each defined by specifying three things: leading- and trailing-edge radii, angles at which
these radii are tangent to the blade surfaces, and m- and 60-coordinates of several points
along each surface. These angles and coordinates are used to define a cubic spline curve
fit (ref. 5) to the surface. The standard sign convention is used for angles, as indicated

in figure 5.

A cubic spline curve is a piecewise cubic polynomial which expresses mathematically
the shape taken by an idealized spline passing through the given points. Reference 5 de-
scribes a method for determining the equation of the spline curve. Using this method,
few points are required to specify most blade shapes accurately, usually no more than
five or six, in addition to the two end points. As a guide, enough points should be speci-
fied so that a physical spline passing through these points would accurately follow the
blade shape. This means that the spline points should be closer where there is large
curvature and farther apart where there is small curvature.

The coordinates for either surface of the blade are given with respect to the leading
edge, with the leading edge of the blade being defined as the furthest point upstream.

The mean stream surface of revolution (as seen in the meridional plane, fig. 6) and
the stream channel thickness are also fitted with cubic spline curves. The m-coordinates
for the mean stream surface are independent of the m-coordinates for blade surfaces.

Inlet and outlet flow angles. - The values of Ble and Bte are given as average val-

ues on BG and CF, respectively. If the flow is axial these flow angles are the same as
the flow angles at AH and DE. If flow is radial or mixed, and these angles are not known
on BG and CF, Ble and Bte must be calculated by equation (B15) of reference 1 or
equation (B14) of reference 2.

Defining the mesh. - A finite-difference mesh is used for the solution of the basic

differential equation. A typical mesh pattern is shown in figure 7. The mesh spacing and
the extent of the upstream and downstream regions are determined by the values of MBI,
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Figure 7. - Typical mesh in blade-to-blade solution region.

MBO, and MM of the input. The mesh spacing must be chosen so that there are not more
than 2500 unknown mesh points.

Values of MBI, MBO, and MM should be determined so that the mesh which results
has blocks which are approximately square. To achieve this, a value for NBBI is first
chosen arbitrarily (15 to 20 is typical). NBBI is the number of mesh spaces spanning the
blade pitch, s, where s = 27r/NBL. Dividing s by NBBI gives the mesh spacing, HT, in
the f-direction in radians. Muliplying HT by an average radius (RMSP) of the stream
channel gives an average value for the actual mesh spacing in the 6-direction. The value
of CHORD should then be used with this tangential mesh spacing to calculate the approxi-
mate number of mesh spaces along the blade in the m-direction. This will give MBO
once MBI is chosen. Generally, MBI is given a value of 10. MM, likewise, is usually
given a value 10 more than MBO.

Overrelaxation factor. - ORF is the overrelaxation factor used in each inner itera-
tion in the solution of the simultaneous finite difference equations. (See ref. 2, p. 101).

10



ORF may be set to zero, or some value between 1 and 2. ORF is usually given as zero
for the initial run of a given blade geometry and mesh spacing (MBI, NBBI, etc.). In
this case the program uses extra time and calculates an optimum value for ORF. It does
this by means of an iterative process, and on each iteration the current estimate of the
optimum value for ORF is printed. The final estimate is the one used by the program for
ORF. If the user does not change the mesh indexes MBI, MBO, MM, and NBBI between
runs, even though blade geometry or other input does change, he may use this final es-
timate of ORF in the input, saving the time used in its computation. In all cases, if ORF
is not zero, it should have a value greater than 1 and less than 2.

Actually, the value of ORF is not as critical as the user might think. It gets more
critical as the optimum value gets close to 2. For any run of a given set of data, only
small changes will occur in the rate of convergence in SOR as long as the difference
2.0 - ORF is within 10 percent of its optimum value.

Format for input data. - All the numbers on the card beginning with MBI and on the

card beginning with BLDAT are integers (no decimal point) in a 5-column field (see
fig. 3). These must all be right adjusted. The input variables on all other data cards are
real numbers (punch decimal point) in a 10-column field.

Incompressible flow. - While the program is written for compressible flow, it can
be easily used for incompressible flow. To do so specify GAM = 1.5, AR = 1000, and
TIP = 106 as input. This results in a single outer iteration of the program to obtain the

stream function solution.

Straight infinite cascade. - The program is as easily applied to straight infinite cas-
cades as circular cascades. Since the radius and number of blades (NBL) for such a
cascade would actually be infinite, an artificial convention must be adopted. The user
should pick a value for NBL, for instance 20 or 30. Then, since the blade pitch sr

(fig. 4) is known, an artificial radius can be computed from

_ NBL*(sr)
2m

r

This r should be used to compute the 6-coordinates requires as input (THSP1, THSP2,
and STGR) by dividing coordinates in the tangential direction by r.

Axial flow. - For a two-dimensional cascade with constant stream channel thickness,
constant values should be given for the MR, RMSP, and BESP arrays. Only two points
are required for each of these arrays in this case. The two values of MR should be
chosen so that they are further upstream and downstream than the boundaries AH and DE.
The two values of RMSP and BESP should equal the constants r and b.

11
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TABLE 1. - SAMPLE OUTPUT

AXTAL STATOR -~ MEAN SECTION - COMPRESSIBLE

GAM AR Tte RHOTP WTFL
1.4000000 287.05300 288.15000 1.225C000 0.3146000
BETAI BETAD CHORDF STGRF
0 -67.000000 0.4265000E~-01 -0.1116150
MBI MBO MM NBBI NBL NRSP
- 15 32 -0 -0 47 20 50 2
BLADE SURFACE 1 =-- UPPER SURFACE
RI1 RO1L BETIL BETOL SPLNOL
0.3810000t-02 0.8890000E-03 28.300000 ~72.400000 7.000C000
MSPL  ARRAY
-0 0.8575000€~-02 0.1715000E-G1 0.2572500E-01 0.343C000E-01
THSPL ARRAY
-0 0.1769000E-01 0.1538000E-01 -0.5310000E-02 -0.4654000E-01

BLADE SURFACE 2 ~-- LOWER SURFACE

RIZ2 RO2 BETI2 BETO2 SPLNQ2
0.3810000E-02 0.8890000E-03 -14.200000 -56.100000 6.0000000
MSP2  ARRAY
-0 0.8575000E-02 0.1715000L-01 0.2572500€~-01 0.3430000€-01
THSP2 ARRAY
-0 -0.1562000E-01 -0.2854000£-01 ~-0.5070000E-01 -0.,825C000E-01
MR ARRAY
~0.5000000E-01 0.1000000
RMSP  ARRAY
0.3302000 0.3302000
BESP ARRAY
0.1016000 0.1016000
BLDAT AANDK ERSOR STRFN SLCRD INTVL SURVL
1 2 2 2 2 2 3
BLADE DATA AT INPUT SPLINE POINTS
BLADE SURFACE 1
M THETA DERIVATIVE 2ND DERIV.
0.20037E-02 0.10159€E~-01 1.63066 -129.936
0.85750£-02 0.17%90E-01 0.60358 ~182.661
0.17150€E-01 0.15380E-01 -1.23217 -245.503
0.25725E-01 -0.53100£-02 -3.72155 -335.112
0.34300E-01 -0.46540€E-01 —5.54459 -90.0848
0.38588E-01 ~0.74000E-01 =7.929464 -1022.25
0.42608E~01 -0.11080 ~9.54694 217.603
BL ADE SURFACE 2
M THETA DERIVATIVE 2ND DERIV.
0.28754E-02 O.1l448 -0.76632 57.4409
0.85750E-02 0.1100¢4 -0.96494 -127.138
0.17150€~-01 0.97124E-01 ~2.04512 -124.799
0.25725E-01 0.74964E-01 ~3.12744 -127.637
0.34300E-01 0.43164E-01 ~4.32324 -151.265
0.41023E-01 0.12547€-01 -4.50684 96.6479

WTFLSP
-0 -0

OMEGA

0.3858800E-01 -0

-0.7400000E-01 -0

-0

ORF



el

FREESTREAM MAX[MUM VALUE CRITICAL BETA CORRECTED

VELOCITY FOR RHO*W VELOCITY TO BOUNDARY
LEADING EDGE B-G 61.9384 241.239 310645 BOUNDARY A-H 0o
TRAILING EDGE C-F 180.067 241.239 310.645 BOUNDARY D~E -67.0000

CALCULATED PROGRAM CONSTANTS

PITCH HT HM1
0.1256637 0.6283185E-02 0.2508824E-02
{TMIN ITMAX
-17 19
LAMBDA
0
NUMBER OF INTERIOR MESH POINTS = 846

SURFACE BOUNDARY VALUES

SURFACE Bv
1 0.
2 1.00000
~ BLADE DATA AT INTERSECTIONS OF VERTICAL MESH LINES WITH BLADES
BLADE SURFACE 1 BLADE SURFACE 2
M TV DTDMV TV DTDMV
0 0 0.10000€ 11 0.12566 ~0.10000€ 11
0.25088E-02 0.10966E~-01 1.56401 0.11482 ~1.10043
0.50176E-02 0.14447€-01 1.20260 0.11291 -0.71758
0.75265E-02 0.16958E-01 0.79070 0.11099 ~-0.84944
L  0.100356-01 0.18373E-01 0.32903 0.10850 -1.15031
( STREAM SHEET COJDRDINATES AND THICKNESS TABLE
M M R SAL -] DB/DM
1 -0.35124E-01 0.33020 -0 0.10160 -0
2 ~0.32615€E-01 0.33020 -0 0.10160 -0
3 -0.30106€-01 0.33020 -0 0.10160 -0
4 -0.2759T7E-01 C.33020 -0 0.10160 -0
5 -0.25088E~01 0.33020 -0 0.10160 -0
IM IV ARRAY 1TV ARRAY
BLADE
SURFACE 1 2
ND.
1 1 0 19
2 21 0 19
3 41 o] 19
4 61 0 19
5 81 o 19
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24
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MH ARRAY -

2<

7 <

—
-

PWwN—=0O

17
-17
-16
-15
~14
-13

(M COORDINATES OF

1

S W e

MH
0
0.6132€E-03
0.3582E-02
0.1906E~-01L
0.2201%5-01
0.2420E-01

MH ARRAY - BLADE SURFACE 1

BLADE SURFACE 2

MH
0.6132€-03
0.4759E-02
0.1140E~-01
0.1539€E-01
0.1850E-01

THETA
-0.10681
-0.10053
-0.94248E-01
-0.87965E-01
-0.81681E-01

IPl 1r2
1Tl =

20 2
1 3
2 4
3 5
4 6

ir3

PWN=O

RMH
0.3302
0.3302
0.3302
0.3302
0.3302
0.3302

RMH
0.3302
0.3302
0.3302
0.3302
0.3302

(THETA COORDINATES OF HORTZONTAL MESH LINES

1pPa All)
21 (¢
22 0.
23 O.
24 0.
25 0.

TABLE I. - Continued. SAMPLE OUTPUT

AL2)

0.
0.
O.
0.
0.

INTERSECTIONS OF HORIZONTAL MESH LINES WITH BLADE

BEH
0.1016
0.1016
0.1016
0.1016
0.1016
0.1016

BEH
0.1016
0.1016
0.1016
0.1016
0.1016

A(3)

0.
0.
0.
0.
0.

Al4)

1.000C0
1.00000
1.00000
1.00000
1.00000

BETAH
90.000
5T.041
25.052

-29.610
~40.095
-46.766

BETAH
-57.041
-13.294
—-23.596
-31.073
-36.169

0.
0.
0.
Q.
0.

DTDOMH
0.1000E 11
4.6708
{.4156

-1.7211
-2.5498
-3.2212

ODTOMH
-4.6708
~0.7156
-1.3228
-1.8250
-2.2140
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ESTIMATED OPTIMUM ORF = 2.000000
ESTIMATED OPTIMUM DRF = 1.999756
g { ESTIMATED OPTIMUM DRF = 1.999655
ESTIMATED OPTIMUM ORF = 1.999655
ESTIMATED OPTIMUM ORF = 1.999655
ESTIMATED OPTIMUM ORF = 1.999655
ERROR = 1.72602609
ERROR = 1.84942096
9 < ERROR = 1.58245170
ERROR = 1.51459141
ERROR = 1.53313121
( STREAM FUNCTION VALUES
M= 1 IT1 =0

0.02722913 0.07706153 0.12694010 0.17687678 0.22687771 0.27694251 0.32706463 0.37723198 0.42742761 0.47763271
0.52782747 0.57799304 0.62811383 0.67817773 0.72817850 0.77811576 0.82799505 0.87782843 0.92763250 0.97742604

10< 1M = 2 ITL = 0
0.02722907  0.07706150 0.12694010 0.17687678 0.22687770  0.27694256  0.32706478  0.37723205 0.42742T773  0.47763292
0.52782770 0.57799344 0.62811419 0.67817803 0.72817869 0.77811572 0.82799502 0.87782862 0.92763270 0.97742602

M = 3 ITL = ]
0.02718600 0.07699412 0.12685510 0.17678282 0.22678433 0.27685902 0.32699915 0.37719061 0.42741434 0.47764858
\ 0.52787091 0.57805996 0.62819766 0.67827058 0.72827139 0.77819968 0.82806225 0.87T87237 0.92764822 0.97741155

11 TIME = 1.7294 MIN.
-~
STREAMLINE COORDINATES
M COORDINATE STREAM FN. THETA STREAM FN. THETA STREAM FN. THETA
12ﬁ -0.3512353€-01 0.2000000 0.2175627E-01 0.4000000 0.4683256E-01 0.6000000 0.7187305€E-01
0.8000000 0.9700366E-01 1.0000000 0.1222286 0.2000000 0.2175627E-01
~0.3261471E-01 0.2000000 0.2175627E-01 0.4000000 0.4683255€E-01 0.6000000 0.7187300E-01
0.8000000 0.9700367E-01 1.0000000 041222287 0.2000000 0.2175627E-01
~0.3010588E-01 0.2000000 0-2176819E-01 0.4000000 0.4683618E-01 0.6000000 0.7186353E-01
0.8000000 0.9699390£-01 1.0000000 0.1222321 0.2000000 0.2176819E~01
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81

(‘
M= 1 VELOCI
61,703
62.060
62.173
61.819
13 <
IM= 2 VELOCI
61.703
62.060
62.173
6l.819
N
14 ITERATION NO.
.
M
15¢ ©
0.2509E-02
0.5018E-02
0.7526E-02
L 0.1004E-01

15 <

15

M
0
0.6132t~03
0.3582E-02
0.1906E-01
0.2201€-01

M
0.6132E-03
0.4759E-02
0.1140€~01
0.1539E-01

TY ANGLE(DEG) VE
-0.01 61

-0.03 62

0.01 62

0.03 61

TY ANGLE(DEG) VE
0.02 61

0.04 62

-0.02 62

-0.04 61

—

*

E 3

*

* VELOCITY
* 0

* 99.866

* 114.60

*  134.41

* 158.08

BLADE
VELOCITY
11.357
764923
100.30
240.79
240.01

BLADE
VELOCITY
47.792
48.156
57.949
62.953

VELOCITIES AT INTERIOR MESH

LOCITY ANGLE (DEG)
«750 -0.02
.127 -0.02
<125 0.02
.751 0.02
LOCITY ANGLE(DEG)
=750 0.03
.127 0.03
125 -0.03
751 ~0.03

MAXIMUM RELATIVE CHANGE IN DENSITY

VELOCITY
6l.818
624175
6£2.059
61.702

VELOCITY
61.818
62.175
62.059
61.703

= 0.5774

POINTS

ANGLE (DEG)
-0.03
-0.01

0.03
0.01

ANGLE(DEG)
0.04
0.02

~0.04
~0.02

SURFACE VELOCITIES BASEC ON MERIDIONAL COMPONENTS

ANGLE
90.
2T.
2l
14.
6.

SURFACE
ANGLE(D
90.00
57.04
25.05
-29.61
-40.10

SURFACE
ANGLE(D
-57.04
-13.29
-23.460
-31.07

BLADE SURFACE 1

(DEG) SURF. LENGTH
00 0

31 0.4405E~02
66 0.7165E-02
63 0.9807€-02
20 0.1236£-01

SURFACE VELOCITIES BASED ON TANGENTIAL COMPONENTS

1
EG} W/WCR
0.3656E-01
0.2476
0.3229
0.7751
0.7726

2
EG) W/WCR
0.1538
0.1550
0.1865

0.2027

W/WCR
0
0.3215
0.3689
0.4327
0.5089

x*

*

* VELOCTITY
* 0

¥ T74.794

* 63.478

* 59.630

* 58.400

VELOCITY ANGLE (DEG) VELOCITY ANGLE (DEG)
61.898 ~-0.03 61.981 -0.03
62.199 -0.00 62.199 0.01
61.981 0.03 61.898 0.03
61.676 0.01 6l.678 -0.01

VELOCITY ANGLE (DEG) VELOCITY ANGLE (DEG)
61.898 0.04 61.981 0.04
62.200 0.01 62.199 -0.01
61.980 -0.04 61.898 -0.04
61.676 -0.01 61.678 0.01
*
BLADE SURFACE 2 *
ANGLE(DEG) SURF. LENGTH W/HWCR *
-90.00 0 0 *
~19.97 0.4372E~02 0.2408 *
-13.33 0.6959E~-02 0.2043 *
-15.67 0.9547€-02 0.1920 *
-20.80 0.1219€-01 0.1880 *



- Concluded. SAMPLE OUTPUT

TABLE L

BLADE SURFACE VELOCITIES

50. too. 150. 200. 250. 300. 350. 400. 450. 500.
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300. 350. 400. 450. 500.

250.

50. 100. 150.

DOWN THE PAGE

MERIDIGNAL STREAMLINE DISTANCE(M)

VELOCITY{W) VS.

BASED ON MERIDIONAL COMPONENT
BASED ON TANGENTIAL COMPONENT
BASED ON MERTOIONAL COMPONENT
BASED ON TANGENTIAL COMPONENT

+ - BLADE SURFACE 1,
* - BLADE SURFACE 1,
X - BLADE SURFACE 2,
0 - BLADE SURFACE 2,

15 <

1.9575 MIN.

16 TIME
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Output

Sample output is given in table I for the axial-flow stator example of reference 1.
The blade shape is shown in figure 7. Since the complete output would be lengthy, only
the first few lines of each section of output are reproduced herein. Most of the output is
optional, and is controlled by the final input card, as already described. In some in-
stances output labels are simply internal variable names.

Each section of the sample output in table I has been numbered to correspond to the
following description:

(1) The first output is a listing of the input data. All items are labeled as on the in-
put form (fig. 3).

(2) This is the output corresponding to BLDAT. (See the list of input variables.

See ref. 2 for meaning of undefined labels. )

(3) The relative free-stream velocity W; the relative critical velocity Wcr; and the
maximum value of the mass flow parameter pW (corresponding to W = Wcr) are given at
the leading edge of the blade (BG) and the trailing edge of the blade (CF). The inlet (out-
let) free-stream flow angle Bin (Bout) at boundary AH (DE) is given. These angles are
based on the input angles BETAI, ﬁle’ and BETAO, Bte'

(4) These are calculated program constants, including the pitch from blade to blade,
the mesh spacing, the minimum and maximum values of IT in the solution region
(ITMIN and ITMAX), and the value of the prewhirl (eq. (B8), ref. 2).

(5) This is the number of mesh points in the entire solution region at which the
stream function is unknown.

(6) This is the boundary value (BV) of the stream function on each of the blade sur-
faces.

(7) This is the output corresponding to AANDK.

(8) If the program calculates an optimum overrelaxation factor (i. e. , ORF = 0 in
the input), then the successive estimates to the optimum value of ORF are printed. The
last printed value of the estimated optimum ORF is the value of the overrelaxation factor
(ORF) used by the program,

(9) This is the output corresponding to ERSOR.

(10) This is the output corresponding to STRFN.

(11) This is the total execution time after obtaining the stream function solution for
each outer iteration.

(12) This is the output corresponding to SLCRD.

(13) This is the output corresponding to INTVL,

(14) This gives the maximum relative change in the density, for each outer iteration,

(15) This is the output correspondir~ to SURVL.
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(16) This is the total execution time after all calculations are completed for an outer
iteration.

ERROR CONDITIONS

(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 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 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 value of p and W. This indicates a locally supersonic condition,
which can be eliminated by decreasing WTFL in the input.

If RHOxW is too large, TURBLE 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 question
during later iterations, resulting in a valid final solution for these points. The program
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.
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The location of the error in the main program is given by means of DENSTY CALL
NO. XX, which corresponds to locations noted by comment cards at each DENSTY call in
the program.

(5) MM, NBBI, NRSP, OR SOME SPLNO IS TOO LARGE
If this is printed, reduce the appropriate inputs to their allotted maximum values,

(6) WTFL IS TOO LARGE AT BLADE LEADING EDGE
This is printed if WTFL is greater than the choking mass flow for the boundary BG. If
this message is printed, WTFL is cut in half by the program and calculations proceed as
usual,

(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 NBBI should be reduced.

(8) THE NUMBER OF INTERIOR MESH POINTS EXCEEDS 2500
This is printed if there are more than the allowable number of finite-difference grid
points. Either MM or NBBI must be reduced.

(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 LISTING

The program is identical to TANDEM (ref. 2) except for deleting all code dealing
with the rear blade and making necessary corrections to the remainder. The program
procedure for TANDEM, given in reference 2, is applicable also for TURBLE, except
for small deletions. Also, the FORTRAN dictionary for TANDEM is valid for TURBLE.

COMMON SRWs ITERy IENDsLER(2)¢NER(2)

COMMON /AUKRHO/ A(2500,4),U(2500),K{2500),RHO(2500)

COMMUN /INP/GAM'AR’TIP.RHDIP'NTFL’OMEGAIORF!BETAI'BEIAO'

1 MBI,MBO.MM,NBBI.NBL.NRSP,MR(50),RMSP(50).BESP(50),
2 BLDAT 4 AANDKyERSOR3STRFN,SLCRD, INTVL , SURVL

COMMON /CALCDN/MBI“l'HBIP[,HBDHI'MBOPI'MMMI'H"I'HTyDTLR.DMLRy

1 PIT:H’CP'EXPDN'THH'CPTlPlTGROG'TBI'TBD'LAMBDA'T“L'lrHlN‘xTMAX'
2 NIP.[MS(Z),BV(Z),MV!lOO).IV(lOl).ITV(lOO.Z).TV(IOO.Z).
3 DTDMV(100’2)'BETAV(100|2)|MH(100.2’1DTDMH(10002)lBETAH(IOOtZ)l
4 RMH(IOO'Z),BEH(100'2)vRM(100)1BE(100)|DBDM(100)' SAL(100),
5 AAA{100)

COMMON /GEOMIN/ CHDRD(Z)QSTGR(Z,anE(Z’.THLE(Z)'RMI‘Z)pRMO(Z)'

1 R[(Z),RU(Z)'BETI(Z)vBETU(Z)vNSPI(2)|MSP(50'2)'THSP(5012,
COMMON /RHOS/RHOHB(100,2)4RHOVB(100,2)

COMMON /BLCDCM/ EM(5042),INIT(2)

INTEGER BLDAT.AANDK,ERSUR,STRFN.SLCRD;SURVL,AATEMP.SURF,FIRST,
1 UPPERyS1,ST4sSRW

REAL KyKAKsLAMBDALMAX,MHyMLE,MR,yMSL MSP,MV,MVIM1

CALL TIMEL(TL])
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OO

[aEaNel

10 IEND -1
ITER 0
INIT(1) = O
INIT(2}) = O
CALL [INPUT
CALL PRECAL

30 CALL COEF
CALL SOR
CALL TIMEL(TZ)
TIME= (T2-T11/3600.
WRITE(6,1000) TIME
CALL SLAX
CALL TANG
CALL VELOCY
CALL TIMEL(T2)
TIME= (T2-T1)/3600.
WRITE(6,1000) TIME
IF(NERI2).GT.0) GO TO 10
IF (IEND) 30,+30,10

o

1000 FORMAT (BHLTIME = ,F7.4,5H MIN.)

END

SUBROUT INE INPUT

INPUT READS AND PRENTS ALL INPUT DATA CARDS AND CALCULATES HORTZONTAL
SPACING {4V ARRAY)

COMMON SRWs ITERs IEND,LER(2)4NER{2)

COMMON /AUKRHO/ A({2500,4),U(25001,K(2500),RH0O{2500)

COMMON /INP/GQM’AR'T[P,RHOIP,NTFL.OMEGA'DRFgBETA[yBETAO.

1 MBI.MBO.MM.NBBI.NBL.NRSP.MR(SO).RMSP(50).BESP(SO)v

2 BLDAT,AANDK,ERSOR ¢ STRFNSLCRD INTVL »SURVL

COMMON /CALCON/MB'MI.MB[Pl1HBOMI.MBOP1,MHM1'HM1oHTvDTLRvDMLR!
PlTEHgCP,EXPDN.IHHQCPT[P'IGRDG'TBI'TBO'LAHBDA'TNLQ[tMlelfHAXu
N[P'IHS(Z)'BV(Z)'MV(IOO)o]V(101)'lTV(lOO’Z’qTV(lOO.Z),
DTDWV(lOOcZ),BEtAV(lOOtZ)QMH(IOO,Z),DTDMH(IOO,Z).BETAH(10012)'
RHH(lOO,Z)'BEH(lOO,Z)vRM(IOO,vBE(lOO)oDBDM(IOO)’ SAL(100),
AAA{100)

COMMON /GEOMIN/ CHDRD‘Z)|STGR(2,9MLE(2)vTHLE(2)'RM|‘2)IRM0(2)I

1 Rl(Z)'RU(Z),BETI(2).8ET0(2,'NSPI(Z)'MSPlSOvZ)'rHSP(SOQZ'

COMMON JRHOS/RHOHB (100, 2) yRHOVB (100,42}

INTEGER BLDAT,AANDK.ERSOR'STRFV.SLCRD;SURVLyAATEMP,SURF,FIRS‘,

1 UPPERyS1,ySTySRW

REAL KyKAK,LAMBDA.LMAX'MHyMLE,MR.HSLgMSP'NV.HV[Ml

(S P SV M

READ AND PRINT ALL INPUT DATA
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[aNaN e

OO0

10

1

WRITE(6,1000)

READ(5, 1100}

WRITE(6,1100)

WRITE(6,1110)

READ (5,1030) GAM, AR, TIP,RHOEP,WTFLsBLANK,OMEGA,ORF
WRITE(6,1040) GAMy ARy TIP,RHOIP yWTFL +BLANK,UMEGA , ORF
WRITE{6,1120)

READ (5,1030)BETAIBETAQ,CHDORD(1),STGR(1}
WRITE(6,1040)BETAI,BETAQ,CHORD(1)4STGRI(1)
WRITE(6,1130)

READ (5,1010) MBI ,MBO+BLANK,BLANK,MM,NBBI,NBL,NRSP
WRITE(5,1010) MBI +MBO,BLANK,BLANK,MM,NBBI,NBL ,NRSP
DO 10 J=1,2

IF {J.EQel) WRITE(6,1140)

IF {J.EQe2) WRITE(6,1150)

WRITE(6,1180) JyJdededyd

READ (541030) RI(J)4RO{J)},BETI(J),BETO(J),SPLNO
WRITE(641040) RI(J)yRO(J)4BFTI(J),BETO(J),SPLND
NSPL(J)= SPLNO

NSP = NSPI(J)

WRITE(6,1190) J

READ (5,1030) (MSPLI,J),1I=1,NSP)

WRITE{6,1040) (MSP(1,4),1=1,NSP)

WRITE(6,1200) J

READ (%31030) (THSP{I,J),I=1,NSP)

WRITE(641040) (THSP{1,J),I=1,N5P)

WRITE(641210)

READ (5,1030) (MR(I)},I=1,NRSP)

WRITE(551040) (MR(I),I=1,NRSP)

WRITE(L,1220)

READ (5,1030) (RMSP(1),I=1,NRSP)

WRITE(6,1040) (RMSP(I),1=1,NRSP)

WRITE(6,41230)

READ (541030) (BESP(I}s+1I=1,NRSP)

WRITE(6,1040) (BESP({I),[=1,NRSP)

WRITE(b6,41240)

READ ({5,1010) BLDAT,AANDK,ERSOR ,STRFN,SLCRD,y INTVL,SURVL
WRITE(691020) BLDAT,AANDK,fRSOR¢STRFNySLCRD INTVLySURVL

IF (MM.LE.100.AND.\NBBI.LE.50.ANDNRSP.LE.50.AND.NSPI{1).LFE.50

«AND.NSPI(2).LE.50) GO TD 20
WRITE (641250)
STGP

CALCULATE MV ARRAY

20 HM1 = CHORD(1)/FLOAT(MBDO-MBI)

DO 30 IM=1,MM

30 MV(IM) = FLOAT{IM-MBI)*HM]

CALCULATE MISCELLANEOUS CINSTANTS

NER(1}=0

NER(2)=0

PITCH = 2.%3.1415927/FLOAT(NBL)
HT= PIYCH/FLOAT{NBBI)

DYLR= HT/1000.

DMLR = HM1/1000.

gvil) = O.
Bv(2) = 1.
MBIML= MBI-1
MB8IPLl= MBI+l
MBGMl= MBO-1
MBOP L= MB0+1
MMML = MM-1



C
C
C

cp =
EXPON=
TWW=
CPTiP=
TGRUG=

2.

AR/ (GAM-1.)*GAM

1./(GAM=-1.)
*OMEGA/WTFL
2.%CPXTIP
2.¥GAMEAR /(GAM+1.)

CALL SPLINT(MR,RMSP,NRSP,MV,MM,RM,SAL)
CALL SPLINT(MR,BESP,NSP,MV,MM,BE,DBOM)

CALCULATE

CHORD(Z) =
STGR(2)

MLEC(1)
MLE(2)

THLE(L)
THLE(2)

RMI(1)
RMI(2)
RMOC( L)
RMD(2)

GEOMETRICAL CONSTANTS

CHORD (1)
= STGRI(1)
0.

0.

= 0.

= PITCH
RM{MBI)
RM(MBI)

RM(MBD)
RM(MBD)

INITIALIZE ARRAYS

PO 60 [=1,2500
uiln) l.

K(I) 0.

RHO(I) = RHOIP
DO 70 IM=1,100
DO 70 SURF=1,2
RHOHB( 1M,y SURF)
RHOVB(IM,s SURF)
RETURN
FORMAT
FORMAT

HoH

60

70

1000
1010

(1H1)
(1615)

RHO1IP
RHO1P

"on

1020
1030

FORMAT
FORMAT
1040 FORMAT

(1X,1617)
(BF10.5)
(1X,8G16.7)

1100 FORMAT
1

1110 FORMAY
LTFLSP, 10X, 5HOM

(80H

1120
1130
1140
1150
1180

FORMAT (41H
FORMAT (39HL
FORMAT {39HL

1PLNO, L1}

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

1190
1200
1210
1220
1230
1240
1250

( L6HL
(7Xs11H
(7X,11H
{52HL

)
EGAys 12Xy 3HORF)

MBt MBD

BLADE SURFACE 1 ~--
BLADE SURFACE 2
FORMAT (7Xs2HRI, [1,12Xg2HROs 11, 12Xs4HBETI 411y LiX 4HBETOy 11, 11X s5HS

MR  ARRAY)
RMSP  ARRAY)
BESP ARRAY)

BLDAT AANDK

{7Xs3HGAM s 16Xy 2HARy 13Xy 3HTIP 4 12X SHRHOIP 4 12Xy 4HWTFL 411X, 6HW

FORMAT (6XsSHBETAL 10Xy SHBETAU, 11X, 6HCHORDF 411X, SHSTGRF)

MM NBBI  NBL NRSP)
UPPER SURFACE)

LOWER SURFACE)

(TX»3HMSP,[142X, 5SHARRAY)
(7X24HTHSP 4 E 142Xy SHARRAY)

ERSOR STRFN SLCRD INTVL SURVL)

{41H1 MM,NBHI,NISP,0R SOME SPLNO IS TOO LARGE)
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$IBFTC PRECAL DEBUG

SUBROUTINE PRECAL
C
C PRECAL CALCULATES ALL REQUIRED FIXED CONSTANTS
C
COMMON SRW, ITER, IEND,LER(2),NER({2)
COMMON /AUKRHD/ A12500,4),U(2500),K{2500),RHO(2500)
COMMON /INP/GAM, AR, TIP,RHOIP 4WTFL,OMFGA,ORF,BETAL,BETAD,
1 MBI, MBOyMM,NBBI,NBL,NRSP,MR(50),RMSP(50),BESP(50),
2 BLOAT s AANDKsERSORySTRFN, SLCRD, INTVL,,SURVL
COMMON /CALCON/MBIML+MBIPL,MBOML yMBOPL yMMM] yHM] yHT ,DTLR, DMLR,

PITCHoCPyEXPONy TWWoCPTIP, TGROG TBI, TBOyLAMBDATWL ITMIN, [TMAX,

1
2 NIP, TMS(2)4BVI2)yMVI100), IVI101),ITVILI0042),TV(100,2),

3 DTDMV(1004+2) 4 BETAV(100,2) yMH{10042),DTDMH(100,2) ,8ETAH(100,2),
4 RMH(10092)4BEH{10042),RMI100),BE(100),0BDOM(100), SAL(100),

5 AAA(100}

INTEGER BLOAT,AANDK s ERSOR ) STRFN¢SLCRD ¢ SURVLyAATEMP, SURF,FIRST,

1 UPPERyS1eST.SRW
REAL K'KAK'LAHBDA'LMAX'MH'MLE'HR'MSL'MSP,MV'MVIMI
EXTERNAL BLL1,BL2

CALCULATE LAMBDA AND VI

oo

BETAI BETAI/57.295779
BETAC = BETAD/57.295779
T8I = SIN(BETAI)/COS(BETAL)
TBO = SIN(BETAO) /COS(BETAQ)
10 RHOT = RHOIP
RHOVI = WTFL/BE(MBI)}/PITCH/CDS(BETAI)/RM(MBI)
20 VI = RHOVI/RHOT
LAMBDA = RM(MBI)*(VI*SINIBETAT) +OMFGA*RM(MBI))
TTIP = 1e=(VI*$#242.%0MEGA*LAMBDA-{OMEGA®RM (MBI} ) *%2) /CPTIP
IF(TTIP.LE.O.) GO TO 30
RHUMBI = RHOIP*TTIP**EXPON
IFLABS(RHOMBI-RHOT)/RHIIP.LT..000001l) GO TQ 40
RHOT = RHOMBI
GO TO 20
30 WTFL = WTFL/2.
NER(2)= NER{2)+1
WRITE(6,1020) WTFL
IFINER(2)4EQ.10) STOP
GO TO 10
40 VI = RHOVI/RHOMBI
LAMBDA = RM{MBI)*{VI*SIN(BETYAI)+OMEGA*RM(MB]))

CALCULATE MAXIMUM VALUES FOR RHO*W AT LEADING AND TRAILING EDGE

(e NaN el

TWL = 2.%0MEGA*L AMBDA

AA = (TWL-(OMEGA*RM (MBI ) )%*2)/CPTIP
TPP = TIP*(1.-AA)

88 = TGROG*TPP

TTIP = L.-8B8/CPTIP-AA

RHOT = RHOIPXYVIP**EXPIN

RHOWMI = RHOT®SQRT(B88)

AA = (TWL-(OMEGA*RM(MBD ))*#2)/CPTIP
TPP = TIP®(1.-AA)

B8 = TGROG#TPP

TTIP = 1.-BB/CPTIP-AA

RHOT = RHOIP*TTIP#xEXPON

RHOWMO = RHOT*SQRT(BB)

CALCULATE VO AND W-CRITICAL AT BLADE LEADING AND TRAILING EDGE



oo

aNeRel

RHOVO = WTFL/BE{MBO )/PITCH/COS(BETAQ)/RM{MBO)}
RHOMBZ = RHOIP

TWLMR = TWL-{OMEGA*RM(MBO ))*%x2

LER(1)=1

DENSTY CALL NO. 1

CALL DENSTY(RHOVO,RHOMB2,VO, TWLMR,CPTIP,EXPON,RHOIP,GAM, AR, TIP)

WCRI = SQRT(TGROG*TIP%(1.-(THWL-(OMEGA®RM(MBI))**2)/CPTIP))
WCRO = SQRT(TGROG*TIP*(1l.— (TWL~-(OMEGA*XRM{MBO )) **2)/CPTIP))

CALCULATE BETA CORRECTED TO BUUNDARY A-N AND G-H
TWLMR = TWL~{OMEGA#*RM{1))%%2

RHOL = RHOMBI
TBI1 = 1.E20

50 TBIT = (TBI/BE(MBI)*RHD1/RHOMBI+OMEGA* (RM(MBE)**2-RM(]1)¥*2)*RHUL

1 /WTFL3PITCH)*BE(L)
IF(ABS(TBI1-TBIT).LT..0000L) GO TO 60

T8Il = TBIT
RHOVI = WTFL/PITCH®SQRT(1.+TBI1*%*2)/BE(L)/RM(1)
LER(L)=2

DENSTY CALL NO. 2

CALL DENSTY (RHOVIsRHOL AA,TWLMR,CPTIP,EXPCN¢RHOIPyGAM,AR,TIP}

GO TO %0

60 TBI = TBIT
BTAIN ATAN(TBI }%57.295779
TWLMR TWL-{OMEGA®RM{MM) )} %% 2
RHOMM RHOMB2
TBOM = 1.E20

noion

70 TBOT = (TBO/BE(MBD )*RHOMM/RHOMB2+0OMEGA* (RM(MBO ) *%2-RM(MM)*%2)%*

1 RHOMM/WTFL*PI TCH) *BE {MM)

IF (ABS(TBOM-TBOT).LT..00001) GO TO 80

TBOM = TBOT

RHOVC = WTFL/PITCH®*SQRT(1.+TBOM*%*2)/BE(MM)/RMIMM)
LER(1)=3

DENSTY CALL NO. 3

CALL DENSTY (RHOVOyRHOMM ;AA, THLMRCPTIP,EXPON,RHOIP GAM4ARTIP)

GO TO 70
80 TBO = T1BOTY
BTAQUT = ATAN(TBO)*57.295779

CALCULATE TV, ITV, IV, DTDOMV, AND BETAV ARRAYS

» [ITMIN = O
ITMAX = NBBI-1
Tv, ITV, AND DTDMV ON BLADE
DO 90 IM=MBI,MBO
LER(Z2)=1
BLCD CALL NO. 1
CALL BLL{MV(IM),TV(IMeL)DTDMV(IM,1),INF)
ITVIIM,1)= INTO(TV(IM,1)+DTLRI/HT)
IF (TV(IMy1).GT.-DTLR) TTVIIMy1}=ITV(IM, 1)+l
ITMIN= MINO(ITMEN,ITV(IM,1))
LER(2)=2
BLCD CALL NO. 2
CALL BL2(MV(IM), IV{IMy2),DTOMV(IM,2),ENF)
ITVIIMe2)= INTIU(TV(IMy2)-OTLR}/HT)
IF (TV{IMe2) LT DTLR) TTV(IM,2)=ITV(IM,2)-1
90 ITMAX= MAXO(ITMAX,ITV(IM,2))
ITV AND IV UPSTREAM OF BLADE
FIRST = 0
LAST = NBBI-1
DO 120 IM=1,MBIM1
ITV{IMy1)= FIRST
120 ITV{IMs2)= LAST
1TV DOWNSTREAM OF BLADE
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C
C
C

C
C
C

140

150

c

160
BE

200

230

CA

LAST= 1TVI{(MBO,2)

FIRST= LAST+1-NBSI

DO 150 IM=MBOPL,MM

ITV(IM,1) = FIRST

ITV(IM,2) = LAST

ITMIN = MINO(ITMIN,ITV(MM, 1))
ALCULATE IV ARRAY

Ivil) = 1

00 160 [M=1,MM

IVIIM$L) = IVIIMI€ITVIIM,2)-TTVIIM,1)¢]
TAV ARRAY

DO 20U SURF=142

DO 200 IM=MB81,MB0

BETAV(IM,SURF) = ATAN(DTOMV{IM,SURF)I*RM(IM))*57.295779
NIP = IVIMM)+NBSI-1

WRITE{641030) VI, RHOWMI ,WCRI,BTAIN,VO,RHOWMO,WCRO,BTAQUT
WRITE(641040) PITCH,HT,HM]

WRITE(H5,1050) ITMIN, ITMAX,LAMBDA,NIP

WRITE{6,1060) (SURF,BV(SURF),SURF=1,2)

IF(BLOAT.LE.O) GO TO 230

WRITE (641070}

WRITE (6,1080) (MV(IM),TV(IMyL1) DTOMVIIM,1),TV{IMs2),DTOMV(IMe2),
1 IM=MBI,MB80)

WRITE (641090) (IM MVIIM),RM{IM),SAL{IM)},BECTIM),DBOMIIM),IM=1,MM)
CONT INUE

LCULATE MH AND DTOMH ARRAYS

ITO = ITvil,1)

MRTS = 1

IMS(L) =1

MH(1,1) = O.

DTOMH({1l,1) = 1l.EILO

LER(2) = 3

BLCD AND ROOT (VIA MHORIZ) CALL NO. 3

CALL MHORIZ(MVITV(1,s1)4BL1sMBIyMBO,ITOHT ,DTLR,O,IMS{1)MH{1,1),
1 DIDOMH{1,1)sMRTS)

IF (ITV{MBO,1)-ITV(MBO,2)+NBBI.NE.2) GO TO 240

IMSL = IMS({1)+1

MH{IMSL,1) = MV{MBO)

DTOUMH(IMSL,1) = —-1.EL0

IMS(1} IMSL

IMS{2) 0

MRTS =
LER(2) 4

BLCD AND ROOT (VIA MHORIZ) CALL NO. 4

CALL MHORIZ(MV,ITV(142),8BL2,MB1,MBDyETOsHT,DTLR, Ly IMSE2),MH{142),
1 DTOMHU1,2)yMRTS)

I = MAXOUIMS(L), IMS(2))

IF(I.LE.100) GO TO 290

WRITE(6,1100) 1

STOP

0o 0

290 IF(BLDAT.LE.O) GO TO 300

WRITE (6411100 (IMyIVUIM),(ITVIIM,SURF),SURF=1,42),1iM=1,MM)

CALCULATE RMH, BEH, AND BETAH ARRAYS

300 IF(BLDAT.GT.0) WRITE(6,1120)

DO 320 SURF=1,2

CALL SPLINT{MR,RMSP,NRSP ,MH{1ySURF),IMS(SURF) ,RMH(1,SURF),AAA)
CALL SPLINT{MR,BESP,NRSP,MH(LlySURF},IMS{SURF},BEH(1,SURF},AAA)
[MSS = IMS(SURF)

IF(IMSS.LT.1) GO TO 320

00 310 IHS = 1,IMSS



310 BETAH{IHS,SURF) = ATAN{OTDMH(IHS,SURF)*RMH(IHS,SURF)}#%57.295779
IF (BLDAT.GT.0) WRITE(6,1130) SURF,{MHIIM,SURF) RMH{IM,SURF),
1 BEH{IM,SURF) ) BETAH(IM,SURF)},DTDMH(IM,SURF)IM=1,1M55)
320 CONTINUE
1F (BLDAT.LE.O0) GO TO 340
WRITE (641140)
IT = [TMIN
330 IF (IT.GT.ITMAX) GD TO 340
TH = FLOAT{IT}*HT
WRITE (6,1010) IT,TH
IT = IT+1
GO TO 330
340 IF(NIP.LE.2500) GO TO 350
WRITE(651150)
STOP
350 WRITE (64,1000}
RETURN

1000 FORMAT (1H1)

1010 FORMAT (4X,14,G16.5)

1020 FURMAT{60HL INPUT WEIGHT FLOW (WTFL) IS TOO LARGE AT BLADE LEADING
LEDGE/16H WTFL REDUCED T0,Gl4.6)

L1030 FORMAT (1H1/24X, LOHFREESTREAM,8X,13HMAXIMUM VALUE,
L7X9s8HCRITICAL 30X L4HBETA CORRECTED/25X,8HVELOCITY,10X,9HFOR RHO*W
2910XyBHVELOCITY, 31X, LLHTO BOUNDARY/LX,L7THLEADING EDGE B-G+3G18.5,
312Xy L2ABOUNDARY A-HsG18.5/1X,LTHTRAILING EDGE C-F,43G18.5,12X,
412HBUOUNDARY D-E,G18.5)

1040 FORMAT(33HL CALCULATED PROGRAM CONSTANTS//S5XSHPITCH, 13X,

1 2HHT 3 13X 3HHM1/1X¢5616.7)

1050 FORMAT (/5Xy5HITMIN,10X,SHITMAX/4Xs15,10Xs15//5X,6HLAMRDA/1X+G16.7
l v /38HL NUMBER OF INTERTOR MESH POJINTS = ,15)

1060 FORMATI(ZBHL SURFACE BOUNDARY VALUES//5X,THSURFACE,7X,2HBV
L/{5Xs10,44X,F10.5))

1070 FORMAT (lHly6X,62HBLADE DATA AT [NTERSECTICNS OF VERTICAL MESH LIN
LES WITH BLADES)

1080 FORMAT (LHL 22X, 15HBLADE SURFACE 1,15X,L15HBLADE SURFACE 2/7X,

1 IHMy 14X s 2HTVs 11Xy SHOTDMV, 12X, 2HTV 411Xy SHDTDMV/(5615.5) )

1090 FORMAT (1H1l,13X,44HSTREAM SHEET COORDINATES AND THICKNESS TABLE /
1 2Xg 2HIMy TXo1HM, 14X 1HRy 13X 3HSAL 4 13X, LHB, 12X SHDR/DM/ (1X, 13,

2 5619.5))

1100 FORMAT({34HLONE OF THE MH ARRAYS IS TDO LARGE/TH IT HAS,I15, 8H POI
INTS)

1110 FORMAT (4H1 IM,9X,8HIV ARRAY,25X,9HITV ARRAY/3B8X,SHBLADE/37TX,THSUR
LFACE;3Xy 1HLy5Xs LH2/39%, 3HNC. /{1 Xs13,5X,110,25X,2(14,42X))}

1120 FORMAT (6THIM COORDINATES OF INTERSECTIONS OF HORIZONTAL MESH LINE
1S WITH BLADE)

1130 FORMAT (2S5HLMH ARRAY ~ BLADE SURFACEsI2//15Xs2HMH,19Xs3HRMH, 19X,

1 3HBEH, 18Xy SHBETAH, 17X, 5HDTOMH/ (5622.4))

1140 FORMAT (43HLTHETA COORDINATES OF HORIZONTAL MESH LINES//6X,2HIT,
15X, 5HTHETA)

1150 FORMAT{48HLTHE NUMBER OF INTERIOR MESH POINTS EXCEEDS 2500)

END
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$IBFTC MHORIZ DEBUG

SUBROUTINE MHORTZ(MV,ITV,BLsMBI MBO,ITO,HT,DTLR,KODE,J,MH,DTDMH,
IMRTS)

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

KUBE = O FOR UPPER BLADE SURFACE

KUDE = 1 FOR LOWER BLADE SURFACE

QCOOO0O0

COMMON SRW,ITER, IEND,LER(2)4NER(2)
DIMENSION MV(100),ITVI100),MH(100),DTDMH{100)
INTEGER BLDAT,AANDKoERSOR,STRFNsSLCRD,ySURVL,AATEMP, SURF,FIRST,
1 UPPER¢SLySTy3HRNW
REAL KyKAK,LAMBDA,LMAXyMHyMLE ;MR MSL yMSP,MV,MVIM1
REAL MVIM
EXTERNAL BL
1IF (MBI.GE.MBO) RETURN
IM= MBI
10 ITIND= O
20 IF (ITVIIM+L)-ITV(IM)-ITIND) 30,40,50
30 J= J+1
Ti= FLOAT(ITVIIM+1)-ITO-1TIND+KODE)*HT
ITIND= ITIND-1
MVIM = MV(IM)
IF (MRTS.EQ.1) MVIM = MVIM+{MV([IM+1)-MVIM)/1000.
CALL RDOT (MVIM ,MV(IM*1),TI,BLy,DTLR,MH{J),DTDMH(J))
GO TOo 20
40 IM= [M+]
MRTS = 0
IF (IM.EQ.MBD) RETURN
GO T0 10
50 J= J+l
Ti= FLOAT(ITVIIM)-TITO+ITIND+KODE)*HT
ITIND= ITIND+1
MVIM = MV{IM)
IF (MRTS.EQel) MVIM = MVIM+{MY(IM+1)-MVIM)/1000.
CALL RIOT(MVIM ,MV(IM+1),T1,BLyDTLRyMH(J) ,OTDMH(I))
GO TO 20
END



$IBFTC COEF DEBUG

o000

laNalel

SUBROUT INE COEF

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

COMMON SRW,ITER, IENDyLER(2},NER(2)}

COMMON /AUKRHO/ A{2500,4),U(2500),4K{(2500),RHO(2500)

COMMON /INP/GAM, AR, TIP,RHOIP WTFL,OMEGA,URF,BETAI,BETAD,

1 MBI,MBO,MM,NBBI+NBL,NRSP,MR(S50)},RMSP{50),BESP(50),

2 BLUAT s AANDK,ERSURySTRFN¢SLCRD o INTVL , SURVL

COMMON /CALCON/MBIM1,MBIP1,MBOM1,MBOPL,MMM],HM]1 4HT,DTLR,DMLR,
PITCHeCPyEXPON, TWWoCPTIP, TGROG TBI 4 TBOsLAMBDA,TWL,ITMIN, [TMAX,
NIPsIMS(2),8VI(2),MVI100), IV(LIOL}ITVI1004+2),TV(100,2),
DTOMVI100,42)}¢BETAV{100,2),MH{100,2),DTDMH(100,2),BETAH(100,2),
RMH{100,2)J4BEH(100,2),RM(100),BE(100),DBDOM(L00), SAL(100},
AAA(100)

COMMON /HRDBAAK/H(4)4R(4) 4B (4)yKAK(4) KA{4) 4 RZ4BZy1H(4)

INTEGER BLDAT,AANDK,ERSORsSTRFNySLCRDy SURVLAATEMP,SURF,FIRST,
1 UPPERyS1+STySRHW
REAL KyKAK)LAMBDA,LMAXyMHoMLE MR, MSL,MSPyMV,MVIM]

INITIALIZE ARRAYS
ITER = ITER+]
IH(1) = 1
IH(Z2) = O

INCOMPRESSIBLE CASE
IF(GAM.NE«1.5.0R AR NE.1000..0R.TIP.NE.1.E6) GO TO 20
IEND = 1
GO TO 40

ADJUSTMENT OF PRINTING CONTROL VARTIABLES

20 IF(ITER.NE.L.AND.ITER.NEL2) GO TO 30

VN

AANDK = AANDK-1
ERSOR = ERSOR-1
STRFN = STRFN-1
SLCRD = SLCRD-1
INTVL = INTVL-1
SURVL = SURVL-1
30 IF(IEND.NE.O) GO TO 40
AANDK = AANDK+2
ERSOR = ERSOR+2
STRFN = STRFN+2
SLCRD = SLCRD+2
INTVL = INTVL42
SURVL = SURVL+2

FIRST VERTICAL MESH LINE

40 DO 50 IP=1,NBBI

A(CIP.1) = 0.
ACLIP,2) = 0.
A(IPy3) = 0.
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o000 OO0 [ el ]

[ NeaNel

OO0

A{IPq.4) = 1.
50 K(IP) = HML*TBI/PITCH/RM(1)

UPSTREAM OF BLADE, EXCEPT FOR FIRST VERTICAL MESH LINE
IF(2.GT.MBIML) GO TO 70
DO 60 1M=2,MBIM}
60 CALL CJIEFP(IM)
BETWEEN BLADES

70 DO 80 IM=MBI1,MBO
80 CALL COEFB8B(IM)

DOWNSTREAM OF BLADES EXCEPT FOR FINAL MESH LINE
150 IF(MBOPLl.GT.MMM1) GO TD 170
DO 160 IM=MBOPl,MMM]
160 CALL CDEFP({IM)
FINAL VERTICAL MESH LINE

170 IvMM = IV(MM)
DO 180 IP=IVMM,NIP

AlIP,1) = 0.
AlIP.2) = 0.
AlIP,3) = 1.
AlIP,4) = 0.
180 K(IP) = —-HML1*TBO/PITCH/RM{MM)

TAKE CARE OF POINTS ADJACENT TO 8, AND CASES WHEN POINTS J,C,E,
ARE GRID POINTS

POINT B
IP = IVIMBIML)
A(IPy4) = 0.
POINT C
IF{ITV{MBO,1)-1TV(MBO,2)+NBBI.NE.2) RETURN
IT = ITVIMBO,1)-1
IP = IPF{MBOPL,IT)
AllP,3) = 0.
RETURN
END

OR F



$IBFTC COEFBB DEBUG

laNeNaNal

OoOO0

SUBROUT INE COEFBB({IM)

COEFBB CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANTS, K
ALONG ALL VERTICAL MESH LINES WHICH INTERSECT BLADES

COMMON /AUKRHQO/ A(2500,44),U(2500),K{2500),RHO{2500)

COMMON /INP/GAM; AR, TIP,RHOIPyWTFL,0OMEGA,ORF,BETAL,BETAU,
1 MBIy, MBO,MM,NBBI,NBLyNRSP,MR{50) yRMSP{50),BESPI(52],
2 BLDAToAANDK,ERSDR,STRFNySLCRDINTVL y SURVL

COMMON /CALCON/MBIML,MBIP1l,MBOM],MBOP]1 ,MMML4HML ,HT,DTLRyDMLR,
1 PITCHyCPyEXPONy TWWsCPTIP, TGRUGs TBI o TBO, LAMBDA,TWL,1TMIN, 1TMAX,
2 NIPy IMS(2)4BVI(2)4MVI100),IVI1I0L)oITV{100,2),TVIL00,2),
3 DTDMV{10042)2BETAV{10042)+MH({100,42),DTDMH{100,2),8BETAH{100,2),
4 RMH{ 100,2) 4BEH(10042)RM(L00),BE{100),08DM(100}, SAL(100),
5 AAA(L00)

COMMUN /HRBAAK/H{4),R(4)4B8(4),KAK(4) ,KA{4),RZ4yBZ,IH(4&)

INTEGER BLDAT AANDK,ERSOR,STRFNySLCRDySURVL s AATEMP, SURF,,FIRST,
1 UPPER4S1,STySRHW

REAL KeKAK,LAMBDAZLMAX,MHy,MLE yMRyMSL yMSP,MV,MVIM]
IF(ITVIIMy1).GT.ITV(IM,2)) RETURN

ITVU = [TVIIM, 1)
IT = ITvu - 1
ITVL = ITV(IM,2)

IPU = IPF(IM,ITVU)
IPL = IPU+ITVL-ITVU
DO 90 IP=IPU,yIPL
IT = [T+1
CALL HRBUIM,IT,IP)
DO 10 I=1,4
KAK(I) = 0.
10 KA(I) = O
FIX HRH VALUES FOR CASES WHERE MESH LINES INTERSECT BLADES
60 IF(IT.EQ.ITVIIM, 1)) CALL BDRYL2(1,IMeIT)
IF(ITLEQ.ITV(IMy2)) CALL BORYL2(24IM,IT)
ITvML = ITV(IM-1,1)
ITVPL = ITVIIM+1l,1)
IF(IT.LT.ITVML) CALL BDRY34(3,IM,l)
IF(IT.LT.ITVPL) CALL BDRY34(4,1IM,1)
IF{IT.GT.ITVIIM=-142)) CALL BDRY34({3,1IM,2)
IFLIT.GTLITV(IM+1,2)) CALL BDRY34(4,1IM,2)
70 IF({IM.EQ.MBO.AND.LOWER.EQ.2) GO TO 80
COMPUTE A AND K COEFFICIENTS
80 CALL AAK(IM, 1P}
DO 90 I=1ly4

K(IP) = K(IP)+KAK(T)*A(IP,1)
90 IF(KA(I).EQ.1) A(IP,I) = O.
RETURN

COEFP CALCULATES FINITE DIFFERENCE COEFFICIENTS, Ay AND CONSTANTS, K,
ALONG ALL VERTICAL MESH LINES WHICH DO NOT INTERSECT BLADES

33



ENTRY COEFP(IM)

ITVU = TTVIIM, L)

IT = 1Tvu-1

ITVL = 1TV(IM,2)

IPL = TV(IM+]1)-1

IPU = IVIIM)

DO 100 IP=IPU,IPL

IT = IT+1

CALL HRB(IM,IT,1IP)

IF (IT.EQ.ITVU) RI1)

IF (IT.EQ.ITVL) R(2)
100 CALL AAK(IM,IP)

RHO(IPL)
RHO(IPU)

([}

K(IPL) = K({IPL)}+A(IPL,2)
K(IPU) = K(IPUI-A{IPU,])
RETURN
END

$IBFTC HRB DEBUG

SUBROUTINE HRBUIM, [T, 1P}

HRB CALCULATES MESH SPACING, Hy DENSITIES, RZ AND R, AT GIVEN AND
ADJACENT PUINTS, AND STREAM SHEET THICKNESSES, B8Z AND B, AT GIVEN
AND ADJACENT POINTS

[aNeaNeN el el

COMMON /AUKRHO/ A(250044),U(2500),K(2500),RHG(2500)

COMMON /CALCON/MBIML,MBIP1,MBOML ,MBOP1 MMML yHM1 ,HT,DTLR,DMLR,

1 PITCH,CP,EXPON.THH'CPTIP.TGROG.TBI,TBD.LAMBDA.TWLvlTMlN'lTMAX.
2 NIPyIMS(2)48V{2),MVI100), IVIL01),ETV(100,2),TV(10042),

3 DTOMV(100,2)yBETAV(100,2) 4MH(100,2),0TDMH(100,2},BETAH(100,2),
4 RMH(10042),8EH{100,2),RM{100),BE(100),080M(100}, SAL(100},
5 AAAL100)

COMMUN /HRBAAK/H{4),R{4)4B(4)KAK{4) yKA(4) yRZ4BZ,IH(4)

INTEGER BLDAT,AANDK,ERSOR, STRFN,SLCRD,SURVLyAATEMP, SURF,FIRST,

1 UPPERS1yST,SRW

REAL KyKAKyLAMBDA,LMAXyMH,MLE,MRyMSL 4MSP MV, MVIM]

H{l)= HT*RM(IM)

H{2)= HY*RM{ M)

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

H{4) = MV(IM+1)-MV(IM)

RZ = RHO(IP)

IP3 = [PFIIM-1,IT)
IP4 = [PF{IM+1,IT)
R{1} = RHO(IP-1)
R({2) = RHO(IP+])
R(3) = RHO(IP3)
R(4) = RHO(IP4&)
BZ= BE(IM)

B(3)= BE(IM-1)
Bl4)= BE(IM+])
RETURN

END



SIBFTC AAK DEBUG

OO0

SUBROUT INE AAK({IM,I1P)

AAK CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANT, K,
AT A SINGLE MESH PODINT

COMMON /AUKRHO/ A(2500,41,U(2500),K{2500),RHO(2500)

COMMON /CALCON/MBIML,MBIP1,MBOM]1 ,MBOP1 sMMML yHML 4HT 4OTLR,DMLR,
PITCHyCPoEXPONy TWWeCPTIP,TGROG, T8I, TBOyLAMBDA,TWL, ITMIN, ITMAX,
NIPyIMS{2),BV(2)4MVI100),IVI1I0L),ITV{100+2),TV(100,42),
DTDMV(10042)yBETAV(10042)4yMH(100,2),0TDMH(100,2),BETAH(100,42),
RMH{10042)4BEH{ 10042} 4RM(100),8E(100),0B0M(100), SAL(100),
AAA({100)

COMMON /HRBAAK/H(4)R{4)4B(4)KAK{4),KAl4) ,RZ,BZ,IH(4)

INTEGER BLDAT,AANDK¢ERSOR,STRFN,SLCRDySURVL,)AATEMP,SURF,FIRST,

1 UPPER,S1ySTySRH

REAL KyKAK,LAMBDA,LMAXy MH,MLE,MR,MSL ,MSP ,MV,MVIM]

Al2= 2./H{1)/H(2)

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

AZ= Al2+A34

BLl2= {(R(2)-RILII/RZ/(H{L)+H(2))

B34= (B(4)*R(4)-B(3I}*R(3))/BZ/RZ/(HI3)+H(4))-SALIIM)/RM(IM)

(S RO o

ACIP, L) = (2./HUL)+BL12)/AZ/{H(LI+H(2))
ACIP,2) = AL2/AZ-A(1IP,1)

ACIP,3) = (2./H(3)+B34)/A2/(H(3)+H{4))
ALIPy4) = A34/AL-AL1IP,43)

K{IP) = —TWW*BZ*RZ*SALIIM)/AZ

RETURN

END

$IB8FTC BORYLZ2 ODEBUG

ooc o

SUBROUTINE BDRYL12{I,IM,IT)

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

COMMON /CALCON/MBIML,M31P]1,MBOM]1,MBOPLMMM]1,HM] yHT,DTLR,DMLR,
1 PITCHyCPEXPON,y TWWGCPTIP,TGROG,TBL, TBO,LAMBDA,TWL s ITMIN, ITMAX,
2 NIPy IMS(2),8V(2),MV{100),IVI10L1),ITV(100,2),TV(100,2),
3 DTOMVI100,2)BETAV(100,2) ¢yMH(100,2) ,DTDOMH{100,42)4BETAH(100,2),
4 RMH(100,42),BEH(100,2)4RM{100),BE(100),DBDOM(100), SAL(1001},
5 AAA(100)

COMMON /RHOS/RHOHB(10042),RHOVB(100,2)

COMMON /HRBAAK/H{4)yR(4) 4Bl4)KAK(4) ¢KA[4) gRZ4BZ,yIH({4)

INTEGER BLODAT  AANDK,ERSORySTRFNySLCRDsSURVL,AATEMP,SURFLFIRST,

1 UPPER$S1,ST,SRW

REAL KoKAKyLAMBDA,LMAXyMHyMLE s MR yMSL yMSP MV, MVIM]

H(TL) = ABS{FLOAT(IF)®HT-TV(IM,T))I*RM(IM)

R(I)= RHOVB(IM,1)

KAK(T)}) = BV(I)

KA(I)=1

RETURN

END

35
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$IBFIC BDRY34 DEBUG

[aEaNeNel

SUBROUTINE BDRY34(1,IM,SURF)

BORY34 CORRECTS VALUES COMPUTED BY HRB WHEN A HORIZONTAL MESH LINE
INTERSECTS A BLADE

(S RV O

COMMON /CALCON/MBIML,MBIPL1,MBOML ,MBOPL,MMML ,HML 4HT,OTLR,DMLR,
PITCHyCPEXPONy TWWsCPTIP, TGROG TBT 3 TBO, LAMBDA,TWL o ITMIN, [ TMAX,
NIPy IMS(2)4BV(2)¢MVIL00),IVILI0L)yITVI1I003+2),TVILO0,42),
DTDMV{100,2)4BETAV(100,2) 4MH{100,2),DTDMH(100,2),BETAH{100+2),
RMH{100,2),BEH{100,2),RM{100),BE(L00),DBOM(100), SAL(100),
AAA{100)

COMMON /RHOS/RHOHB{100,2),RHOVB(100,2)

COMMON /HRBAAK/H{4) R14),B(4),KAK{4),KA(4),RZ,BZ,1H{4)

INTEGER BLDAT,AANDKoERSORySTRFNySLCRDySURVLsAATEMP,SURF,FIRST,

1 UPPERS1,ST,SRH

REAL KyKAKyLAMBDAJLMAX MHyMLE sMRyMSL ¢MSP,MV,MVIMI]
IH(SURF)=TH(SURF ) +1

IHS=TH({ SURF)

H{1)=ABS(MV({IM}-MH{IHS,SURF))
R{I)=RHOHBIIHS,SURF)

BI1)=BEH(IHS,SURF)

KAK(I) = BV(SURF)

KA(I)=1

RETURN

END

$IBFTC SOR DEBUG

[aNa el el

e NeEalel

SO
us

40

50

SO
FA

SUBRUUTINE SOR

R SOLVES THE SET OF SIMULTANEOUS EQUATIONS FOR THE STREAM FUNCTION
ING THE METHOD OF SUCCESSIVE OVER-RELAXATION

COMMON /AUKRHD/ A{2500,4),uUl2500),K(2500),RH0(2500)
CUMMON /7 INP/GAM; AR, TIP,RHOIP4WTFL,OMEGA,ORF,BETAL,BETAD,
1 MBIyMBO,MM,NBBI,NBL,NRSP,MR{50),RMSP(50),BESP(50),
2 BLDAT 4 AANDK,ERSUOR 4 STRFN,SLLCRD, INTVL,SURVL
COMMUN /CALCON/MBIM14MBIPLl,MBOML,MBOPL ¢MMMLsHML 4HT ,OTLR,DMLR,
PITCHyCPLEXPONsTWHW,CPTIP, TGROG,TBI , TBO, LAMBDA,TWL,ITMIN, ITMAX,
NIPy IMS(2)4BVI2)yMV(100), IVI101)},ETV(100,2)},TV(100,2),
DTDOMVIL100,2},BETAV(10042) yMH{100,2) 4DTOMH(100,42),3ETAH(100,2),
RMH(100,2)yBEH{(10042),RMI100),BE(LO0).DBDM(100}, SAL(100),
AAA(100)
INTEGER BLDAT,JAANDKERSORsSTRFN¢SLCRD,y SURVL,AATEMP,SURF,FIRST,
1 UPPERsSL,ST,SRW
REAL KyKAKsLAMBDA,LMAXsMH,MLE,MR,MSL 4MSP MV, MVIM]
AATEMP = AANDK
IF {ORF.GE.2.) ORF=0.
IF(ORF.GT.1.) GO TO SO
ORF = 1.
ORFUPT= 2.
ORFTEM=0RFOPT
LMAX = O.
IF(AATEMP.GT.0) WRITEL6,1010)
ERRUR = 0.

W N

LVE MATRIX EQUATIUN BY SOR, OR CALCULATE OPTIMUM OVERRELAXATION
CTOR



C

c

C
C
o

Ip =0

DO 120 IM=1,MM

1PU IViIM)

IPL IVIIM+l)-1

IT = LTV(IM,1)

IFLAATEMP,.GT.0) WRITE (6,1020) IM,IT
00 120 1P=[PU,IPL

[Pl = {pP-}

[P2 = [P+l

[}

CORRECT 1Pl AND IP2 ALONG PERIODIC BOUNDARIES

60

100

IF{IM.GE.MBI .AND.IM.LE.MBO) GO TO 60

IF(ITLEQ.ITV(IM, 1)) IPL = IPLl+NBBI
IF{IT.EQ.ITV(IM,2)) P2 = 1P2-NBBI
[T3 = 7

174 = IT

[P3 = IPF(IM-1,1T3)

[P4 = IPF(IM+]1,1T4)

[F(ORF.GT.1.) GO TO 110

CALCULATF NEW ESTIMATE FOR LMAX

UNEW = A(IP,1)*UCIPLI+ACIP,2)%ULIP2)+A(IP,3)*ULIP3)+A(IP,4)*U(IP4)
IF (UNEW.LT.1.E-25) UlIP}) = 0.

IF (UlIP).EQ.0.) GO TU 115

RATIU = UNEW/ULLIP)

LMAX= AMAX1(RATIQO,LMAX)

UCIP) = UNEW

GO TO i15

CALCULATE NEW ESTIMATE FOR STREAM FUNCTION RY SOR

110

120

130

CHANGE = ORFX(K{TIP)-U(IP)+A(IP,L)*U(IPL)I+A(IP,2)%U(IPZI+A(IP,3)%
UGLP3)+ALIP,4)2ULIPA))

ERROR= AMAX1(ERRUR,ABS{CHANGE))

UCIP) = ULIP)+CHANGE

IFLAATEMP.LE.O) GO TO 120

WRITE (641030) ITyIPyIP1,IP2,4IP3,IP4,(A{IP,I),1=Ly4),K{IP)

IT = IT+1

AATEMP = O

[F(ORF.GT.1.) GO TO 130

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

WRITE(6,1000) ORFOPT

[F(CGRFICM-ORFOPTLGT..00001.0R.0RFOPT.GT.1.999) GO TO 40

WRITE (6,1070)

ORF = URFOPT

GU TU 50

IF{ERSOR.GT.0) WRITE(6,1040) ERROR

IF{ERRURL.GT..000001) GO TU 50

[F(STRFN.LE.O) RETURN

PRINT STRcAM FUNCTICN VALJUES FOR THIS ITERATION

140

1000
1010

1020
L0030
1040
10650
1060
1070

WRITE (6,1050)

DO 140 IM=1,MM

1PU = IVI(IM)

IPL = IVIIM+]1)-1

[TVU = [TVIIM,1)

WRITE (641020} IM,ITVU

WRITE (64,1060} (ULEP),IP=IPU,IPL)

RETURN
FORMAT(24H ESTIMATED OPTIMUM ORF =,F9.6)
FORMAT (82H1 IT Ip Iel P2 1P3 1P4 AlL) AL2)

A(3) A(4) K}
FORMAT(SHKIM =,14,6X,6HITL = ,14%)
FORMAT(1X,y14,516,5F10.5)
FORMAT{ 8H ERROR =,Fll.8)
FORMAT(1HL 10X 22HSTREAM FUNCTION VALUES)
FORMAT (2X,10F13.8)
FORMAT (1H1)
ENOD

31
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$IBFTC SLAX DEBUG

OO0

OO0

C
C
C

SUBROUTINE SLAX

SLAX CALLS SUBROUTINES TO CALCULATE RHO*W-SUB-M THROUGHOUY THE REGION
AND ON THt BLAOE SURFACES, AND TO CALCULATE AND PLOT THE
STREAMLINE LOCATIONS

COMMUN /AUKRHD/ A{2500,4),U0(2500),K(2500),RHO{2500)

COMMON /INP/GAM, AR, TIP4yRHOIP,WTFL,OMEGA,ORF4BETAI,BETAD,

1 MBI, MBO,MM,NBBTLsNBLyNRSP,MR(50),RMSP{50),BESP(501},

2 BLDOAT, AANDK,ERSUOR,STRFN,SLCRD» INTVL, SURVL

COMMON /CALCON/MBIM1 4 M3IP1,MBOM],MBOP1,MMM] ,HM] ,HT ,DTLRyDMLR,
PITZHyCPyEXPONyTHW,CPTIP,TGROG, YBI, TBO, LAMBDA,TWL, ITMIN, I TMAX,
NIPyIMS(2),BVI(2)yMV(100),IVILIO0L),ITV(100,2),TVI100,2),
DTDOMV(10042),BETAV(10042)9sMH(100,2),DTOMH(100,2),8ETAH(100,2),
RMH{1004+2) ,BEH{10042)4+RM{100),BE(100),08DM(100), SAL(100),
AAA(100)

COMMON /SLA/TSLI600),UINT(6)

DIMENSION MSL(L00)KKK(14),P{4)

DIMENSION W(2500),%WM{2500}),BETA{2500) ,WMB(1004+2),WTB(100,2),

1 XDOWN(400),YACROS(400)

EQUIVALENCE (A{L, 1) W{L) ) lA{Ls2) RWM{L)),(AlL1,3),BETA(1)),

1 (AlLy4) o WMB(L)) oy {A(201,4),WTB(L1)),(A(402,4),XDOWNIL)),

2 (K{L)YACROS( 1))

INTEGER BLDAT AANDK s ERSOR, STRFNySLCRDySURVLyAATEMP, SURF,FIRST,

1 UPPER»S1 STy SRW

REAL KyKAK,LAMBDAZLMAX,MH,MLE MR yMSL,MSP,MV,MVIM]

DATA (XKK[J),J=64,14,2)/6%1H*/

(S T N

CALL SLAVP AND SLAVBB THROUGHOUT THE REGION

ITVu= ITV(1,1}
ITVi= 1TV(L,2)
DO 10 IM=1,MBIML
10 CALL SLAVP{IM,ITVU,ITVL)
00 20 IM=MBI,MBO
i= 0
20 CALL 5LAVBB(IM)
90 ITVU = ITV(MBOPL,1)
ITVL = ITV(MBOPL,2)
DO 100 IM=MB0OPl,MM
100 CALL SLAVP(IM,ITVU,ITVL)

PLOT STREAMLINES
IF (SLCRD.LE.O) RETURN

DO 110 IM=1,MM
110 MSLIIM) = MV{IM)

KKK{l)Y = 7
KKK{2)} = 6
KKK{3) = MM
P{l) = 1.
P(3) = 0.
P{4) = 0.

WRITE(6,1000)
CALL PLOTMY(MSL, TSLoKKK,P)
WRITE(6,1010)
RETURN
1000 FORMAT (2HPT,50X,L6HSTREAMLINE PLOTS )
1010 FORMAT (2HPL 40X, TOHSTREAMLINES ARE PLOTTED WITH THETA ACROSS THE
LPAGE AND M OOWN THE PAGE)
END



$IBFTC SLAV DEBUG

OO0

OO0

OO0

SLAV CALCULATES RHO#*W-SUB-M THROUGHOUT THE REGION AND ON THE BLADE

SUBRUOUT INE SLAV

SURFACESy AND CALCULATES THE STREAMLINE LUCATIONS

SL
IN

10

20

SLAVBB CALCULATES ALONG VERTICAL MESHLINES WHICH INTERSECT BLADES

COMMON SRW, ITER, TEND,LER(2)4NER(2)
COMMON /AUKRHO/ A12500,4),U{2500),K(2500),RHO(2500)

COMMON /INP/GAM, AR, TIP,RHOIP yWTFLyUMEGA,ORF,BETAI,BETAD,
1 MBI, MBO,MM,NBBI,N2LyNRSP,MR{50) ,RMSP(50),BESP(501),

2 BLDATy AANDK,ERSOR s STRFN, SLCRDy INTVL »SURVL

COMMON /CALCON/MBIM1,MBIP1,MBOML,MBOPL,MMM]L,HML 4HT,OTLR,DMLR,
PITCHsCPyEXPONy TWWyCPTIP, TGROG,TBI,TRO,LAMBDA, TWL, ITMIN, 1TMAX,
NIP, IMS(2),BV{2),MV{100),IV{LOL),ITV(100,2),TVI100,2),
DTOMV{100,2),BETAV(100,42) yMH(100,2),0TDOMH(1004+2),BETAH(100,2),
RMH{ 10042),BEH{100,2)}4yRM{100),BE{100),DBDM(100}, SAL(100),

LS R SRRV

AAA(100)
COMMON /SLA/TSLI600)UINT(6)
DIMENSION TSP(%0),USP{50),DUDT(50),TINT(6)

DIMENSEON W(2500),RWM(2500),BETA(2500),WMB(100,2),WTE(100,2),

1 XDOWN{400) ,YACROS{400)

EQUIVALENCE (ALL,1)oWlL) )y (ALLy2)RWMIL)),(A(L,3)48ETA(L)},
1 {AGL24)yWMBI{1)), (A(201,44) oWTBIL)) 4 (A(40Ls4),XDOWN{L)),

2 (K1), YACRDS{ 1))

INTEGER BLOAT,AANDK,CRSOR,STRFN,SLCRD»SURVLAATEMP,SURF,FIRST,

1 UPPER,S1,ST,SRW
REAL KyKAKyLAMBDAZJLMAXsMHyMLE MR yMSL4MSP MV MVIML

AVP CALCULATES ALONG VERTICAL MESH LINES WHICH DO NOT
TERSECT BLADES

ENTRY SLAVP({IM,ITVU,ITVL)
LOC= O

NSP= ITVL-ITVU+2

IP = [V(IM)-1

DO LO fT=1,NSP

IP = [P+]

TSPLIT) = FLOAT(IT+ITVU-1)*HT
USPLIT)Y= U(IP) '

USPINSP) = USP(Ll)+]l.

IP = IV(IM)

INTU = INT(U(IP)*5,)

IF (U(IP).GT.0.) INTU=INTU+1
DO 20 J=1,5

UINT{J) = FLOAT(INTU}/S5.
INTU = INTU+1

UINT(6) = UINT(1}

GO TO 100

39
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OO0

ENTRY SLAVBB(1IM)
LOC= 1
ITVUPL = TTVIEIM, 1)
ITVLML = ITV(IM,2)
ITVU = TTvUuPl-1
ITVL = ITVLM1+1
NSP = [TVL-1TVU+1
TSPLLl) = TV(IM,1)
TSPINSP) = TV(IM,2)
UspP(1) = BvV(l)
USPINSP) = B8V(2)
{p = IviIM)-1
NSPM1 = NSP-1
IF(2.GT.NSPML) GO TO 70
DO 60 IT=2,NSPML
IP = [P+1]
TSP{IT) = FLOAT(IT+ITVU-1)*HT
60 USPUILIT) = ullp)
70 DO 80 I=1,6
80 UVINT(I) = FLOAT{I1-1)/5.

FOR BOTH SLAVP AND SLAVBBy CALCULATE RHO*W-SUB-M IN THE REGION, AND
RHO*W AT VERTICAL MESH LINE INTERSECTIONS ON THE BLADE SURFACES

LOO CALL SPLINE({TSP,USP,NSP,DUDT,AAA}
iT = LOC
IPU = IVLIM)
IPL = IV(IM+1)-1
DO 140 IP=IPU,IPL

IT = 17+l
110 RWM(IP) = DUDT(IT)*WTFL/BE(LIM)/RM{IM)
120 IF (LOC.EQ.D0) GO TO 130
WMB{IM, 1) = DUDT( L)®WTFL/BE(IM)/RM(IM)
WMB(IMy2) = DUDTINSPI*WTFL/BE(IM)/RM{IM)
RMDTUZ = (RMUIM}*DTDOMV{IM, 1) )%%2
RMDTLZ2 = (RM{IM}%DTDMV(IM,2))&%2

IF (®MDTUZ2.67.10000.) WMB(IM,1) = O.
IF (RMDTLZ2.GT.10C00.) WMB(IM,2) = 0.
WMB(IM, 1) = ABS{WMB(IM,1l))*SQRT{1.+RMDTU2)
WMB(IM,;2) = ABS(WMB({IM,2))*SQRT(1.+RMDTL2)
130 IF (SLCRD.LE.O) RETURN
NI = 6
CALL SPLINT{USP,yTSP,NSPyUINT,NI,TINT,AAA)}
DO 140 J=1,6
L= (J-1)%MM+IM
140 TSLIL)= TINT(J)
IF (IM.EQ.1) WRITE(6,1000)
WRITE(691010) MV{IM) 4 (UINT{J)¢TINT{J)yJ=1,6)
RETURN
1000 FORMAT(1HL1/30Xy22HSTREAMLINE COORDINATES/L THL
1 307Xy LOHSTREAM FNa.»lOXySHTHETA,4X)//)
1010 FORMAT(1X,7G18.7/(19%X,6G18.7))
END

M COORDINATE,



$IBFTC TANG DECK

aNeNsNaNel

[eEaNe!

[aNelel

C
C
C

SURRCUTINE TANG

TANG CALCULATES RHO*W~SUR-THETA AND THEN RHO*W THROUGHCUT THE REGION
AND UN THE BLACE SURFACES, AND CALCULATES THE VELOCITY ANGLE, BETA,
THROUGHCUT THE REGICN

1
2

L
2
3
4
5
1

2

1

COMMECIL SRW,ITCR, IFNDyLER({2),NER(2)

COMMUON JAUKPHO/ A(2500,4),U(2500),K(2500),RHO(2500)

COMMUN JINP/GAMy ARy TIPRHOIP WTFL,OMEGA,ORF,RETAI,RETAQ,
METyMBO MM NBRIyNBLyNRSP,MR(50),RMSP(50),BESP(50),

BELDAT yAANDK,ERSOR,STRFNySLCRD, INTVL ySURVL

CUOMMCN /CALCUON/MBIMLI MBIP1,MBOM]1,MBOP]1 yMMML,HM] ,HT,NTLR,DMLR,
PITCHyCPsEXPONy TWWyCPTIPsTGROG,TBI ,TBO,LAMBDAyTWLITMIN, ITMAX,
NIPy IMS(2),8V{2),MVI100) 4 IVIIOL)ITV(1I0C+2)4TV(100,2),
CTOMV (10042}, BETAV(10042) ¢yMH{10042) 4DTONH{10042)+RETAH(100,42),
AMEL 100, 2)4BEF(10042)4,RM(100)}4BFE(LO0)«DEDOM(100), SAL(100),
AAA(100)

DIMENSION SPM(10C),USP{L1C0),DUDM(100)

DIMENSION W(2500)y2WM(2500)yRETA{2500) yWMB(100,2),WTB{100,2),
XCOWN{400) ,YACRUS(400)

EQUIVALENCE (A{L 1) o WOL) )9 (AL 42)4RWM({L)})4(A(L1y3),PETA(L)),
(ALLe4) 3 WMBUL)) g (A(20144) yWTIBLL1)Y),{A{40L44),4XDAWN{L)),
(K{L) o YACROS( 1))

INTEGER BLDAT ,AANDK yERSOR, STRFNySLCRD,SURVL,AATEMP, SURF,FIRST,
LPPLRySLySTHySRW

REAL KyKAK,LAMEDA L MAXy,MHyMLE ¢ MR ,MSL ,MSP MV, MVINM]

EXTERNAL RBRL148L2

PERFORM CALCULATIONS ALONG ONE HORIZONTAL LINE AT A TIME

10

ON

20

IT = TTMIN

IF (IT.GT.ITMAX) RETURN

S1L =0

THE GIVEN HORIZONTAL MESH LINE, FIND A FIRST POINT IN THE REGION
IF(IT.GE.G.ANDLITLLT.NRBI) GO TO 60

IM = MBRIM]

IM= IM+1

IF(I¥.GT.MBAQ) GO TU 200

SURF =1

TF{IT.GELITV{IMy 1) ANDLITLTLITV(EM=-1,1)) GC. TG 70
[IF(IM.EQ.MEOPL.AND.ITL.EQ.ITVIMBO,1)~1.AND.ITV{MBO,1)-ITV(MBG,2)

1 +NBBI.EQ.2) GC TU 7O

SURF = 2
ITF(ITLELITVIIM, 2)ANDLITLGTLITVIIM=-142)) GO TO 70
GG TQ 2¢

FIRST PCINT IS ON BCUNDARY A-H

60

IMl1= 1

IM =1

SPM{1) = Mv(1)
USP (1) = UlIT+1)

41
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GO T 90

FIRST PCINT IS ON A BLADE SURFACE

(&Y,

S1 = SuwrF
M1 = Im-1
IM2 = T¥

TH = FLOAT{IT)I*HT

MVIML = MV(IM])

IF (IMJEQ.MBIPL) MVIMI = MVIMI+(MV{IMZ2)-MVIM1)}/100C.
LER(2) = 5

BLCC (VIA ROQT) CALL NO. 5
[F{51eFQeleANDLIMIJNEJMBO)CALL ROOTIMVIML,MVIIM2),THyBL1,DTLR,
1 ANS, AdA)

LER(Z2) = 6

BLCE (VvIA ROCT) CALL NO. 6

IF{(S1.00.2)CALL ROUT(MVIML,,MV(IM2),TH,BL2,DTLR,ANS,AAA)
IF(S1.LC.1.ANNDJINMLL.EQ.MBO) ANS = MVIMBU)

SPM{IML) = ANS

USP(IML)Y= BV(S1)

MOVE ALONG HORIZONTAL MESH LINE UNTIL MESH LINE INTERSECTS BOUNDARY

90

120

F

130

Fl

140

IF(IVLTMBTOPCIM.GTLMBO) GO TO 120

SURF = 1

TF(ITLTLITVIIM, SURF)ANDLTITLGFLITV{IM=-1,SURF)) GC TOU 140
SUKF = 2

IF(ITGTTITVIIM, SURF ) JANDLITLLELITV(IM-1,SURF)) GC TO 140
SPMUEIM) = MV(IM)

1P = IPF(IM,IT)

uspirm) = ulie)

IF (IMJFC.MM) GD TO 130

IM= [M+]

GO TC 90

INAL POINT IS ON POUNDARY D-F

IMT = MM
GO TC 150

NAL PCINT IS ON A BLADOE SURFACE

ST = SURF

IMT=1M

IMTML= [MT-1

TH = FLCAT(IT)I=HT

MVIML = My (IMTM1)

IF (IMTML.EQ.MRT ) MVIML = MVIMI+(MV(IMZ2)-MVIML)/1000.
LER(2) = 7

BLCC (vIA ROOT) CALL NO. 7
[F{ST.ENe Ll ANDLINT .NEJMBI)CALL RCGCT(MVIML,MVIIMT),TH,BLL,
1 CTLR, ANS, AAA)

LER(Z2) = 8

BLCC (VIa RQOT) CALL NO. 8

[F(STLEQ.2ICALL ROOT(MVIML,MV(TINMT),,THyBL2yDTLR,ANS,AAA)
[F(ST.EQ.1.ANDLINMTLEQMBI) ANS = MV(MBI)



C

SPM{IMT) = ANS
USPLIMT)= BVIST)

C CALCULATE RHEU*W-SUB-THETA AND THEN RHO*W AND BETA IN THF RCGION

C
150

160

[aNaNel

170

180

130
200

NSP= [MT-TM1+1

CALL SPLINT(SPMITIML)USP(TIML),,NSP,OUDM(IML),AAA(IML))
FIRST=1

IF (IMLJNELT) FIRST=1MZ

LAST= MM

[F (IMTLNELMM) LAST=IMTM]

[F (FIRST.GTLLAST) GO TO 170

DU 1€Q TI=FIRST,LAST

RWT = —-DUDM(I)*WTFL/BE(T)

I[P = IPFLL,IT)

WEIP) = SORT(RWT**2+RWM{IP)*%2)
BETACIP) = ATAMZ2{RWT JRAM(IP})I%5T7,295779

CALCULATE RHU*W OM THE BLADE SURFACES

[F (IM1l.FQ.1) G TO 180
CALL SEARCH (SPM{IM1)},S1,IHS)

ANS = -DUOMITMLY *WTFL/BEH(THS,S1)

WTR(IHS,yS1) = ABSTANSI*SQRT{1.41/(RMH{THS,,S1}*DBTOME(IHS,S1))*%2)
IF(IMTL.OCC.MM) GO TO 200

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

ANS = -DUCMIMT)SWTFL/REH{THS,ST)

WTE(THLS,ST) = ABSCANSI®*SQRT{La+1a/(RMHUTHS STI*CTOME(THS,,ST) ) %%2)
GO TL 20

IT = [IT+1

Gu ¥C 10

ENE

$I1BFTC SEARCH DEBUG

C
C SE

C
10
1000

SUBROUVT INE SEARCH (DIST,SURF,IS)
ARCH LOCATES THE POSITION OF A GIVEN VALUE OF M IN THE MH ARRAY

COMMON /CALCON/MBIMLyMBIP1,MBOM1,MBOP],MMMLl,HM] HT,OTLR,DMLR,
PITCHyCPyEXPON,y TWHoCPTIP, TGROG,TBITBO, LAMBOA,THLy ITMIN, ITMAX,
NIP, IMSL12)4BV(2)oMVI100)4IVI101),ITV(100,2),TV(10042),
DTOMV{100,2)9yBETAV(100,2) ¢MH(100,2)4DTDMH(10042)4BETAH({100,2),
RMH(100,2),BEH{100,2)4RM(100),BE(100),DBDM(100}, SAL(L100),
AAA(100)

INTEGER BLDAT,AANDKsERSOR STRFNySLCRDySURVLAATEMP,SURF¢FIRST,

1 UPPERsS1,STySRW

REAL KyKAK,LAMBDAoLMAXyMHyMLE,MRsMSL yMSP,MV,MVIM]
DO 10 I=1,100

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

Is = 1

RETURN

CONT INUE

WRITE (6,1000) DIST,SURF

sToP

FORMAT (38HL SEARCH CANNOT FIND M IN THE MH ARRAY/TH DIST =,Gl4.6,
110X 6HSURF =,Gl4.6}

END

i W~
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$IBFTC VELOCY DEBUG

[pEeNaNeR e

[aNeNe]

OO0

SUBROUTINE VELOCY

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

COMMON ZAUKRHO/ A(2500,4),Ut2500),K(2500),RH0O{2500)
COMMON /7INP/GAMy AR, TIPyRHOIPWTIFL,OMEGA,ORF+BETAI1,3ETAC,
1 MBI MBO, MM ,NBBI NBLyNRSP,MR(50) RMSP(S0)4,BESP(50),
2 BLDATyAANDK,ERSORySTRFNySLCRDINTVL ¢ SURVL
COMMON /CALCON/MBIM1,MBIP1,MBOM]LsMBOP1l yMMM]1,HM]L 4HT,DTLR,DMLR,
1 PITCH,CP EXPONsTWWoCPTIP, TGROG,TBY o TBO LAMBDA,TWL,ITMIN,ITMAX,
2 NIPy IMS(2),BVI(2)4MV{100),IV(101),1TVI100,2),TV(100C,2),
3 DTDMVI{100452)sBETAV(100,2) yMH(100,2),DTOMH{100,2)BETAHI10042),
4 RMH(100,2),8EH({100,2),RM{100),8E(100),08DM(100), SAL(L100},
5 AAA(10Q)
DIMENSION KKK({18)
DIMENSION W(2500) RWM{2500),BETA(2500) WMB{10042)sWTB{100,2),
i XDOWN{400) ,YACROS(400)
EQUIVALENCE {(A(LoLl)oWIL) )y (A(),2)RWM{L)})o(A(L1,3),BETA(L)),
1 (ACL+4) 3 WMB(L))(A(201,4) 4 WTB(L)) s {ALG0144),XDOWNI(L1)),
2 (K(1)y,YACROS(1))
INTEGER BLOAT,AANDK,ERSOR,STRFN,SLCRDySURVL,AATEMP,SURF,FIRST,
1 UPPER»S1ySTeSRW
REAL K, ,KAK,L AMBDA,LMAXy,MHyMLE,MRyMSL 4MSP,MV,MVIM]
DATA KXK({4)}/1H%/ JKKK(6)/1HO/ 4KKK(8)/LH+/,KKK({10)/LHX/

CALL VELP, VELBB, AND VELSUR THROUGHOUT THE REGION

CALL VELP(1,MBIM1)
CALL VELBB(MBI,MB0)

20 CALL VELP(MBOPL,MM)
CALL VELSUR

PREPARE INPUT ARRAYS FOR PLOT OF VELOCITIES

IF(SURVL.LE.O) RETURN
NP2 = O
TANGENTTAL COMPONENTS
DO 50 SURF=1,2
NP1l = NP2
IMSS = IMS({SURF)
IF{IMSS.LT.1) GO TO 40
DO 30 EHS=1, IMSS
IFf {ABS{DF¥DMH{IHSy SURF)I%®RMHITHS,,SURF)).LT..57735) GO TU 30
NP1l = NP1+l
YACRUS(NPL) = WTB(IHS,SURF)
XDOWN{NP1) = MH(IHS,SURF)
30 CONTINUE-
40 KKK{2%SURF+1l) = NPL-NP2



(e Nalel

50

MERTDIONAL COMPONENTS

NP2

DO
NP1

= NP1

80 SURF=1,2
= NP2

DO 60 IM=MBIP1,MBOML
I[F (ABS({DTDMV{IMySURF)I*RM(IM)).6T.1.7321) GO TO 60

NP1
YAC
X0U

= NP1+l
ROS(NP1) = WMB(IM,SURF)
WNINPL) = MV(IM)

60 CONTINJE
T0 KKK({2*¥SURF+5) = NPL-NP2

80

NP2

= NP1

PLOT VELOCITVIES

KKK
KKK
P =

1
4

(L)
(2)
5.

WRITE(6,41000)
CALL PLOTMY(XDOWN,YACROSKKK4P)

WR1
RET

TE(6,1010)
URN

L1000 FORMAT{2HPT,50X, 24HBLADE SURFACE VELOCITIES)
L1010 FORMAT (Z2HPLy37X463HVELOCITY(W) VS.

1
2

3
4
5

{M)

ENC

DOWN THE PAGE
ZHPL y 50X+ 50H+
2HPL 50Xy SOH*
2HPL y 50X, 50HX
2HPL ¢ 50X 4 50H0

/2HPL/

BLADE SURFACE 1,
BLADE SURFACE 1,
BLADE SURFACE 2,
BLADE SURFACE 2,

MERIDICNAL STREAMLINE DISTANCE

BASED ON MERIDIONAL COMPONENT/
BASED UN TANGENTIAL COMPONENT/
BASED ON MERIOIONAL COMPONENT/
BASED ON TANGENTTAL COMPONENT)

45
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$IBFTC VEL DEBUG
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OO0

SUBROUTINE VEL

VEL CALCULATES DENSITIES AND VELOCITIES FROM THE PRODUCT DF
DENSITY TIMES VELOCITY

VL
IN

10

20

VE

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

COMMUN /AUKRHO/ A(2500,4),U(2500),K(2500),RHD(2500)

COMMUN /INP/GAMy AR, TIP,RHOIP,WTFL,OMEGA,0RF,BETAI,BETAD,

1 MBI MBOyMMyNBBI yNBLyNRSPsMR(50) 4RMSP(50},8ESP(50),

2 BLDATy AANDK,ERSORySTRFN,SLCRD INTVL,SURVL

COMMON /CALCON/MBIM1,MBIP1,MBOM]1,MBOP1,MMM] ,HM],HT,DTLR,DMLR,
PITCHyCPyEXPON,TWW,CPTIP,TGROG,TBI, TBO,LAMBDA,TWL,ITMIN, ITMAX,
NIP, IMS(2),BV{2)MV{100),IVI101),1TV{10042),TV(100,+2),
DTDMV{100,2),BETAV(100,2) yMH{100,2),DTOMH(100,2),BETAH{100,2),
RMH(100,2)BEH{100,2},RM(100),BE(L100),DBDM(100), SAL(100),
AAA(100)

COMMON /RHOS/RHOHB(100,2),RHUVB(100,2)

DIMENSION WWCRM{10042) s WHWCRT(100,2),SURFL{100,2)

DIMENSION W(2500),RWM(2500),BETA(2500) yWMB(100,2),WT8(100,2),

1 XDOWN(400),YACRDS(400)

EQUIVALENCE (A(Ly1l)oW(1)}),(A(L,2)yRWMIL)),(A(1,3),BFTA(1)),
1 (A{Ls&) yWMBIL))(A(201,4) WTB(L))s(A{40L,4),XDOWNIL)),
2 {(K(1),YACROS(1)])

P R

LP CALCULATES ALONG VERTICAL MESH LINES WHICH DO NOT
TERSECT BLADES

ENTRY VELP(FIRST,LAST)

INTEGER BLDAT,AANDK,ERSOR,STRFNySLCRD,SURVL,AATEMP,SURF,FIRST,
1 UPPER,S1,ST,SRNW

REAL KoKAKyLAMBDA,LMAXyMH,MLE MR MSL 4M5P MV, MVIM]
[F(FIRST.GT.LAST) RETURN

IF (FIRST.EQa1l.AND.INTVL.GT.0) WRITE(6,1000)

IF (FIRST.EQ.Ll) RELER = .O

DO 20 IM=F]IRST,LAST

IPU = IVIIM)

IPL = 1PU+NBBI-1

TWLMR = 2.%0OMEGA*LAMBDA-(OMEGA%RM(IM)} ) %%2

LER(1)=4

DO 10 IP=IPU,IPL

DENSTY CALL NO. 4

CALL DENSTY(W(IP)yRHOUIP) yANSyTWLMR,,CPTIP,EXPON,RHOIP+GAM,AR,TIP)
W(lIP) = ANS

IF {INTVL.LE.O} GO TO 20

WRITE (641010) IM,(W({IP),BETA{IP),IP=IPU,IPL)

CONT INUE

RETURN

LBB CALCULATES ALONG VERTICAL MESH LINES WHICH INTERSECT BLADES



ENTRY VELBB(FIRST,LAST)
IF{FIRST.GT.LAST) RETURN
IF (FIRST.NE.MBI) GO T3 30
SURFLIMBI, 1) = 0.
SURFL{MBI,2) = 0.

30 DO 70 IM=FIRST,LAST
ITVU = ITVIIM,1)
ITVL = ITV(IM,2)

IPUPL = TIPF(IM,ITVU)
IPLML = IPF(IM,ITVL)
TWLMR = 2.,*DMEGA*LAMBDA- (OMEGA*RM{IM) ) *x%2

WCR = SQRT(TGROG*TIP*(L.-TWLMR/CPTIP))
IF (ITVL.LT.ITVU} GO TO 50
C ALONG THE LINE BETWEEN BLADES
LER(1)=5
DO 40 [P=I1PUPL,IPLM]
C DENSTY CALL NO. 5
CALL DENSTY(W(IP),RHO(IP)ANS, TWLMR,CPTIP,EXPON,RHOIP,GAM,AR,TIP)
40 WlIP) = ANS
IF (INTVL.LE.O) GO TO 50
WRITE (6,1010) IMy(W{IP)BETALIP),IP=IPUPL,IPLM])
C ON THE UPPER SURFACE
50 RHOB = RHOVBI(IM,1)
LER(L)=6
C DENSTY CALL NO. 6
CALL DENSTY(WMB(IMy1)oRHOVB{IMy1)+ANSyTWLMR,CPTIP,EXPON,RHOIP,
1 GAM, AR, TIP)
WMB(IM,1) = ANS
WWCRM(IMyl) = WMB{IM,1)/WCR
IF(IM.EQ.MBT) GO TO 60
DELTV = TVIIM-1,1)1-TV(IM,1)
SURFL{IMy1l) = SURFL{IM=-141)}+SQRT{IMVIIM)I-MV{IM-1))%%x2+
1 (DELTV*(RMITM)+RM(IM-1))/2.)%%2)
60 RELER = AMAX1(RELER,ABS((RHOB-RHOVB(IM,1))/RHOVB(IM,1)))
C ON THE LOWER SURFACE
RHOB = RHOVB{IM,2)
LER{1)=7
c DENSTY CALL NO. 7
CALL DENSTY(WMB(IM,2),RHOVB{IMy2) sANS+ TWLMR,CPTIP,EXPON,RHOLP,
1 GAMy AR, TIP)
WMB{IM,2) = ANS
WHCRM(IMy2) = WMB{IM,2)/WCR
IF(IM.EQ.MBI) GO TO 70
DELTV = TV(iIM-1,2)-TVIIM,2)
SURFLUIM,2) = SURFLIIM-1,2)+SQRT{(MV(IM)-MV(IM=1))%%2¢
1 (DELTVE{RM{IMI+RM(IM=-1))/2.)%%2)}
70 RELER = AMAX1(RELER,ABS({{RHOB-RHOVB(IM,2))/RHOVB(INM,2)))

RETURN
C
C VELSUR CALCULATES ALONG A BLADE SURFACE
C

ENTRY VELSUR

DO 90 SURF=1,2

IMSS = IMS(SURF)
IF(IMSS.EQ.0) GO TO 90
DO 80 IHS=1,1IMSS
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[aNaNel

TWLMR = 2.%0OMEGA*®LAMBDA-(OMEGA*RMH{IHS, SURF) )} *%2

WCR = SQRTITGROG*TIP*(1.-TWLMR/CPTIP))

RHOB = RHOHB(IHS,SURF)

LER(LI=8

DENSTY CALL NO. 8

CALL DENSTY{(WTR{TIHS,SURF),RHOHB(IHS, SURF),ANS, TWLMR,CPTIP,

1 EXPONsRHOIPyGAM, AR, TIP)

WTB{ IHS, SURF) = ANS

WWCRT(IHSySURF) = WTB({IHS,SURF)/WCR
BO RELER = AMAXL{RELER,ABS({RHOB-RHOHB(IHS,SURF))}/RHOHBI{IHS,SURF)))
30 CONTINUE

IF {RELER.LT..00L} IEND = IEND+!L

WRITE(6+1080) ITER,RELER

WRITE ALL BLADE SURFACE VELOCITIES

IF (SURVL.LE.O) RETURN

WRITE(6,1020)

WRITE(E91040) (MV({IM)yWMB(IMy1),BETAVIIM,L),SURFL{IM, 1},

1 WHCRM(IMy 1), WMB(IMy2)4BETAV(IM,2) ,SURFLIIMy2) yWWCRM(IM,2),
2 [M=MB1,MBO)

WRITE(6,1050)

DO 100 SURF=1,42

IMSS = IMS{SURF)

IF(IMSS.LT.1) GO T3 100

WRITE(641060) SURF

WRITE(651070) (MHUIHS,SURF) WTB{THS,SURF),BETAH(IHS¢SUKF),
1 WWCRT(IHS,SURF), IHS=1,1MSS)

100 CONTINJUE

RETURN

LO0O FORMAT{1H1/40X,34HVELOCITIES AT INTERIUR MESH POINTS )

1010 FUORMAT(1HL,3HIM=,13,5(24H VELOCITY ANGLE(DEG) )/
L{5X¢5(G15.4,4F9.21)))

1020 FORMAT(1H1/16X,1H%,18X,49HSURFACE VELOCITIES BASED ON MERIDIONAL C
LOMPONENTSy 40Xy LH* /16Xy LH¥* 353Xy LH® 353Xy LH®/ 16X, 1H%, 19X, 15HBLADE SUR
2FACE Lo19Xy1H%3 20Xy L5HBLADE SURFACE 2,18Xy LH*¥/TX,lHMe8X,1H%,2(3X,
38HVELOCTITY3X323HANGLE(DEG) SURF. LENGTH,5Xy5HW/WCR6Xy 1H%))

1040 FORMATI{LH sGl34493H *,2(612.44F9.2,2G15.443H %)))

L1050 FORMATILHL/3X,49HSURFACE VELOCITIES BASED ON TANGENTIAL COMPONENTS
1 )

1060 FORMAT(//22X,15HBLADE SURFACE 4I1/7Xys1HM,10X,8HVELOCITY,3X, 10HANG
LILE(DEG) »3X, SHW/WCR)

1070 FORMAT{1H ,42G13.4,F9.2,G15.4)

1080 FORMAT(LA4HLITERATION NJ.413,3Xy36HMAXIMUM RELATIVE CHANGE IN DENSI
1TY =,Gl1.4) -

END
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IBFTC SPLINE DEBUG

SUBRUUTINE SPLINE (XysYyNySLOPE,FM)

SPLINE CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS
END CONDITEION - SECGOND DERIVATIVES ARE THE SAME AT END POINT AND
ADJACENT POINT

COMMON Q/B0OX/S{100),A1100)},8{100),C(100),F{100),W(L00),5B(100),

1 G{(200)

DIMENSTON X{N),Y(N),EMIN),SLOPE(N)

INTEGER @Q

DO 10 [=24N
10 StD)=xtn-x(t-1)
NO=N-1
IF{NO.LT.2) GO TO 30
DO 20 1=2,NO
All)=S(I)/6.
BOE)=(SCL)+S5(I+1))/3.
ClI)=S(1+L)/6.
20 FOD)=(YULI+1L)-YUI N /STUTI+ ) =Y (L)-Y{I-1))/S(1)
30 A(N) = -.5
B(l)=1.
BIN)=1.
Cll) = -.5
F(1)=0.
FIN)=0.
WiL)=B(1)
SB(L)=C(L)}/ALL)
G(1)=0.
D0 40 1=24N
WiT1)=8{I)1-A{1)%SB(T1-1)}
SBIIN=C(I)/W(I)
40 GID)=(F(I)-AC)*G(I-1) )} /WD)
EMIN)=G(N)
DO 50 [=24N
K=N+1-1
50 EM(K)=G(K)-SB(K)*EM{K+1)
SLOPE(L)==S{2)/6*%(2.%EM{LI+EM{2))+(Y(2)-Y{1)}/S5(2)
DO 60 I=24N
60 SLOPE(II=S{1)/6%{2.%EM{TY+EMITI-1))+(Y(I)=-Y(I-1))/51(1)
IF (Q.EQal3) WRITE(6,1000) Ny(X{I)oY(I)oSLOPE(T)»EMIT),I=14N)
RETURN
1000 FORMAT (2X,15HND. 3F POINTS =913/10Xs1HXe19IXylHY419X,5HSLOPE,15X,
. 12HEM/(4F20.8))
END
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50

SUBROUTINE SPLINT (X,YyNyZyMAXyYINT,DYDX)

SPLINT CALCULATES INTERPOLATED PUOINTS AND DERIVATIVES

FOR A SPLINE CURVE

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

10

20
30

40

50

60

70

80

COMMON Q/BO0X/S(1C0),A(100),B(100),C{100),F(L100),W(100),SB1100),
G(100),EM(100)

DIMENSION XIN) pY{N)oZ(MAX) ,YINT(MAX) ,DYNOX(MAX)

INTEGER Q

IF(MAX.LE.O) RETURN

IIr = 9

D0 10 T=22,N

S{I)=X(I)=-X{I~-1)

NO=N-1

IF{NC.LT.2) GO TO 30

DO 20 I=2,NO

Al1)=S(11/6.0

BII)=(S(I)+S(1+1))/3.0

C(I)=S(1+1)/6.0

FOD)=AY(I+1)=-Y{I D) /SUT+)~(Y(L)=-Y(I-1))/S(1)})

A(N) = -.5

B(l1)=1.0

B(N)=1.0

C(l) = ‘.5

F{1)=0.0

FIN})=0.0

W{l)=8{1)

SBUL)=CL1)/W(1)

G(1)=0.0

DO 40 [=2,N

WlI)=B(I)-A(I)%*SBL{I-1)

SBIIN=CUI)/W(])}

GIDI=(F(I}-ALD)%GII-1))/W(1)

EMIN)=G(N)

DO 50 1=2eN

K=N+1-1

EMIK)}=G{K)-SBIK)*EM(K+]1)

DO 140 I=1,MAX

K=2

IF(Z(I)=-X{1)) 70,60,90

YINT(L}=Y(1)

GO Y0 130

IF(Z(1)GEL(1a1*%X(1)=a1%X{2}))) GO TO 120

WRITE (6,1000) Z(1)

Q =16

GO T0 120

K=N

TF(Z(1)eLE(Ll.1&XIN)~L1%X(N=-1))) GO TO 120



WRITE (6,1000) Z(1)
Q = 16
GO TU 120
90 IF(Z(I)-X(K}) 120,100,110
100 YINT(I)=Y{(K)
GO 10 130
110 K=K+1
IF(K-N} 90,90,80
120 YINT(I) = EMIK-L)}®(X(K)=Z2{I})*%%3/6./SIKI+EM(K}*(Z(I)-X{K-1))*%3/6.
1/SIK)#(Y(K)/SIK)=EM{KI®SIK) /6 (ZLI)=-X{K-1))+4(Y{K=-1)/S{K)-EM(K-1)
2%S(K) /61 (X(K)=-2(1))
130 DYDX(I)=-EM{K-1)%(X(K}-Z(I))%%2/2.0/S(K)+EM{K)*{X{K-1)-Z(T))*%x2/2.
LO/S{K)#(Y(K)=-Y(K=1))/S(K)~(EMIK)-EMIK-1))*S(K) /6.0
140 CONTINUE
MXA = MAXO(NyMAX)
IF(Q.EQe16) WRITE(6,y1010) NyMAX (X(T)pY(I)Z(I),YINT(I),DYDX(I},
1I=1,MXA)
Q = I}
RETURN

1000 FORMAT (54H SPLINT USED FOR EXTRAPOLATION. EXTRAPGLATED VALUE =
1G14.6)

1010 FORMAT (2X,21HNO. OF POINTS GIVEN =,13,30H, NO. OF INTERPOLATED PO
LINTS =9 13/10XolHXe1l9XslHYy16Xe 11HX-INTERPOLS 99Xy 11HY-INTERPOL.
28Xy 14HOYDX~INTERPOL./(5E£20.8))

END
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SUBROUTINE SPLN22 (XsYsYLIP,YNP N,SLOPE,EM)

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

10

20
30

40

50

60

1000 FORMAT

COMMON Q/BOX/S{L00),A{100)4B(100)4C{100),F(100),W(100),SB{100D),
1 GL1200)

DIMENSION X(N)eY{N)EMIN)oSLOPE(N)

INTEGER Q

DO 10 [=24N

S{D)=X(1)=-X(1I-1)

NO=N-1

IFINQ.LT.2) GO TO 30

D0 20 1=2,NO

A(I)=S(1)/6.

BII)=(S{I)+S{I+1))/3.

ClI)=Sti+l)/6.
FOD)=(Y(I+)=Y(I)}/SUI+L)=(Y{D)=Y(I-1))/S(D)

A{N) = S(N)/6.

B(1)=S(21)/3.

BIN) = S{(N)/3.

Cll¥=S(2)/6.

FIL)=(Y{2)=-Y(1}))/5(2)-Y1lP

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

Wil)=B(1)

SBUL)=C(L)/W(1)

GlLl)=F{Ll)/W(1)

DO 40 1=24N

Wil)=BliI)-A(I1)%SB({~-1)

SB(I)=Cl{I)/W(])

GII)=(F(I)-A(I)*G(I-1})/W(1)

EM{N}=5(N)

DO 50 [=24N

K=N+1-1

EM(K)=G{K)-SB(K)*EM(K+]1)
SLOPE[L)=~S(2)/76.%(2.%EM(LI+EM(2))+(Y(2)-Y{1))/S(2)
DU 60 1=24N

SLOPE(I)=S(I) /6% (2. %EM{ ) +EMITI-1))+(Y(I)-Y(I=-1))/S(])
IF {(Q.EQe18) WRITE(641000) NpUXUI)oYUI)oSLAPEITI) yEM{T)1=14N)
RETURN

12HEM/ (4F20.8))
END

(2Xy15HNO. OF POINTS =,13/10Xs1HX 19Xy 1HY19Xy5HSLOPE 15X,



$IBFTC ROOT DERUG

C
c
C

SUBROUTINE RODT{AyByYoFUNCT, TOLERY ,XDFX)

ROOT FINDS A ROOT FOR (FUNCT MINUS Y) IN THE INTERVAL {(A,B)

10

20

30

COMMON SRW,ITER, [END,LER(2),NER(2)
INTEGER SRW

[F {SRW.EQ.21) WRITE{(641000) A,B,Y,TOLERY
TOLERX= (B-A)/1000.

AB2= (A+B)/2.

I= 0

X= A

CALL FUNCT(X,FXyDFX, INF)

[F (SRW.EQ.21) WRITE(6,1010) T,X+FXsDFX,INF
IF (ABS{Y-FX).LT.TOLERY) RETURN

IF {(1.GE.1000) GO 7O 30

Is I+1

IF (INF.NE.O .OR. DFX.EQ.0.) GO YO 20
X= (Y-FX)/DFX+X

[F {(X.GE.A .AND. X.LE.B) GO TO 10

X = A+TOLERX*FLOAT(I)

IF(l1.EQ.1) X =B

GO 7o 10

[F (X.LT.AB2) X=X+TOLERX

IF (XeGE.AB2) X=X-TOLERX

GD TO 10

WRITE(691020) LER(2),A4B,Y

sTar

1000 FORMAT (32H1INPUT ARGUMENTS FOR ROOT -- A =613.5,3X,3H3 =,613.5,

o1 3Xs3HY =4G134593X,8HTOLERY =,G13.5/17TH [TER. NC. XplTX,

2 2HFX 315X s 3HDF X3 LOX9 3HINF)

1010 FORMAT (5X,13,G1L6.5,2G18.5,16)
1020 FORMAT (14HLROOT CALL NO.,13/47TH ROOT HAS FAILED TO CONVERGE IN 10

100 ITERATIONS/4H A =3Gl4.6910Xy3HB =4614.6,10Xy3HY =,614.6)
END
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$IBFTC BLCD DEBUG

c
c
C

c
C
C

C
C
c

SUBROUTINE B8LCD

BLCD CALCULATES BLADE THETA COORDINATE AS A FUNCTION OF M

10

1
2

VI N e

1

1

COMMUN SRW,ITER, IEND,LER{2),NER(2)

COMMON /7 INP/GAMy AR, TIPRHOIP WTFL,OMEGA,ORF,BETAI,BETAC,
MBIyMBO,MM,NBBI4NBLyNRSP4yMR{50) RMSP(50),BESP(501},
BLOAT,AANDK,ERSOR ) STRFN,SLCRD,y INTVL, SURVL

CUMMON /CALCON/MBIML,MBIP1,MBOML,MBOP1 4 MMML,HML ,HT,DTLR,DMLR,

PITCHyCPyEXPONy TWHWoCPTIP, TGROG, TBI 4 TBOy LAMBDA,TWL s ITMIN, I TMAX,

NIPy IMS(2),BVI(2)sMV(100),IV(101),ITV{10042),TVI{100,2),

DTOMVIL10042) s BETAV(10042) ¢MH(100,2)yDTDMH(100,2)4BETAH(100,2),

RMH(100,2),BEH(10042)4yRM(100),BE(100),DBDOM{100)}, SAL(100)},
AAA(100)

COMMUN /GEOMIN/ CHORDI2) ¢STGR(Z2)4MLE(2),,THLE(2) RMI{2),RMD(2),
RI(2)+RO(2),BETI(2),BETO(2),NSPI(2),M5P(50,2),THSP(50,2)

COMMON /BLCOCM/ EM(50,2),INIT(2)

ENTRY Bt 1{M,THETA,DTDM, INF)

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

REAL Ko¢KAK LAMBDA)LMAXyMH,MLE yMRyMSL yMSP MV ,MVIML

REAL MyMMLE ,MSPMN,MMMSP

SURF= 1

SIGN= 1.

GO TO 10

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

SIGN=-1.

INF= O

NSP= NSPI(SURF)
IF (INIF(SURF).EQ.13) GO 70 30
INIT(SURF)= 13

INITIAL CALCULATION OF FIRST AND LAST SPLINE POINTS ON BLADE

20

1

1

AA = BETI(SURF)/5T7.295T79

AA = SINCAA)

MSP{1,SURF) = RI{SURFI*(1.-SIGN*AA)

BB = SQRT{l.-AA*%2)

THSP({1,SURF} = SIGN*BB*RI{SURF)/RMI(SURF)

BETI(SURF) = AA/BB/RMI{SURF)

AA = BETO(SURF)/57.295779

AA = SIN{AA)

MSPINSP,SURF) = CHORD{SURF)I-RO{SURF)*(1.+SIGN*AA)

BB = SQRT(1l.-AA*#2)

THSPINSPySURF) = STGR{SURF)+SIGN*BB*RO(SURF)/RMO(SURF)

BETO(SURF) = AA/BB/RMO(SURF)

DO 20 TA=1,NSP

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

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

CALL SPLN2Z(MSP{14SURF),THSP(1,SURF)BETT{SURF),BETO(SURF),NSP,

AAA, EM{1,SURF)}

IF{BLDAT.LE.O) GO TO 30

IF (SURF.EQ.1) WRITE(6,1000)

WRITE(6+1010) SURF

WRITE (641020} (MSP(1A,SURF),THSP(IA,SURF),AAA{TA)+EM(TA,SURF),
IA=1,NSP)}

BLADE COUORDINATE CALCULATION
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c
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30 KK = 2
IF (M.GT.MSP(1,SURF)) GO TO 50

AT LEADING EDGE RADIUS

MMLE= M-MLE(SURF)
IF (MMLE.LT.-DMLR) GO TO 90
MMLE= AMAX1(0.sMMLE)
THETA= SQRT(MMLEX*(2.%RI (SURF)~MMLE))}*SIGN
IF (THETA.EQ.0.) GO TO 40
RMM= RI(SURF)-MMLE
DTDM= RMM/THETA/RMI{SURF)
THETA= THETA/RMI(SURF)+THLE(SURF)
RETURN
&0 INF= 1
DTDM = 1.ELO0*SIGN
THETA= THLE(SURF)
RETURN

ALONG SPLINE CURVE

50 IF {(M.LE.MSP(KK,SURF)) GO TO 60

IF {(KK.GE.NSP) GO TO 70

KK = KK+1

GO 10 50
60 5= MSP{KK,SURF)-MSP(KK-1,SURF)

EMKM1l= EMIKK-1sSURF)

EMK= EM{KKySURF)

MSPMM= MSP(KK,SURF}-M

MMMSP= M-MSP(KK-1,SURF)

THK= THSP(KK,SURF)/S

THKMl= THSP(KK-1,SURF}/S

THETAT EMKMLIX*MSPMM*%3/6./S + EMK®MMMSP#%3/6./S + (THK-EMK*S/6.1%

1 MMMSP + (THKM1-EMKML®S/6.)%MSPMM

DTOM= -EMKML®MSPMM®%2/2./S + EMKEMMMSP*%2/2./S + THK-THKM1-(EMK-

L EMKML)*S/6.

RETURN

AT TRAILING EDGE RADIUS

70 CMM= CHORD(SURF)+MLE(SURF)-M
IF (CMM.LT.-DMLR) GO TJ 90
CMM= AMAX1(0.,CMM)
THETA= SQRT(CMM*{2.*RO{SURF)-CMM))*SIGN
IF (THETA.EQ.0.) GO TO 80
RMM= RO(SURF)-CMM
DTDM = —-RMM/THETA/RMO(SURF}
THETA = STGR{SURF)+THETA/RMO(SURF)+THLE [SURF)
RETURN
80 INF= 1
DTDM = -1.ELO%*SIGN
THETA= THLE(SURF)+STGR{SURF)
RETURN

ERROR RETURN

90 WRITE(6,1030) LER(2)+MySURF

STOP
1000 FORMAT (1H1,13X,33HBLADE DATA AT INPUT SPLINE POINTS)
1010 FORMAT{1HL,17Xs16HBLADE SURFACE+I4)
1020 FORMAT ({7X s 1HM, 10X, SHTHETA. 10Xy LOHDERIVATIVE+5Xs LOH2ND DERIV. /

1 (4G15.5) )
1030 FORMAT (14HLBLCD CALL NO.,13/33H M COORDINATE IS NOT WITHIN BLADE/

14H M =.614.6910X.6HSURF =.Gl4-6,
END
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$IBFTC DENSTY DEBUG
SUBROUTINE DENSTY{RHOW,RHO,VEL, TWLMR,CPTIP,EXPON,RHOIP,GAM, AR, TIP)

DENSTY CALCULATES DENSITY AND VELOCITY FROM THE WEIGHT FLUOW PARAMETER
DENSITY TIMES VELOCITY

aNeEeNel

COMMON SRW,ITER, IEND4LER(2),NER(2)
VEL = RHOW/RHO
IF (VEL.NE.O.) GO TD 10
RHO = RHOIP
RETURN
10 TTIP = l.-(VEL*#2+TWLMR)/CPTIP
IF(TTiP.LT.0.) GO TO 30
TEMP = TTIP*%(EXPON-1.)
RHOT = RHOIP*TEMP*TTIP
RHOWP = ~VEL*%*2/GAM&RHOIP/AR®XTEMP/TIP+RHOT
1F(RHOWP.LE.O0.) GO TO 30
VELNEW = VEL+(RHOW-RHOT®*VEL)/RHOWP
IF(ABS{VELNEW-VEL)/VE{NEW.LT..0001) GO TO 20
VEL = VELNEW
GO 7O lo
20 VEL = VELNEW
RHO = RHOW/VEL
RETURN
30 TGROG = 2.*GAM¥AR/{GAM+1.)
VEL = SQRT(TGROG*TIP#(1.-TWLMR/CPTIP))
RHO = RHOIP*(l.~(VEL®X2+TWLMR)/CPTIP)*%xEXPON
RWMORW = RHOW/RHO/VEL
NER{1) = NER(1}+1l
WRITE{6,1000) LER(L)¢NER(1),RWMORW
IF{NER(1).EQ.50) STOP
RETURN
L1000 FORMAT(16HLDENSTY CALL NO.sI3/9H NER{1) =,13/10H RHO*W IS ,F7.4,
134H TIMES THE MAXIMUM VALUE FOR RHO*W)
END

$IBFTC IPF DEBUG

FUNCTION IPF(IM,IT)

COMMON /CALCON/MBIM1,MBIP1,MBOM1,MBOP1,MMM]1,HM]1 ,HT,DTLR,DMLR,
PITCHyCPyEXPONyTWWoCPTIP, TGROG,TBI 4 TBO o LAMBDA 4 TWL s ITMIN, ITMAX,
NIPy IMS{2)4BV(2)4MVI100},IVIIOL),1TV(1004+2),TV(100,2},
DTDMV(10042)BETAV(100,2) 4MH{100,42) 4DTOMH(100,2)BETAH(10042),
RMH{100,2),BEH(10042),RM(100),BE(100),DB80M(100}, SAL(100),
AAA(100)

IPF = IVIIMI+IT-1TV(IM, 1)

RETURN

END

S S VU R
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