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FORTRAN PROGRAM FOR COMPUTING COORDINATES OF CIRCULAR ARC
SINGLE AND TANDEM TURBOMACHINERY BLADE SECTIONS ON A PLANE
by William D. McNally and James E. Crouse

Lewis Research Center

SUMMARY

A FORTRAN 1V computer program is presented which computes and plots coordi-
nates for circular arc blade sections on a plane. FEither single blade sections or tandem
blades sections with up to 5 segments per blade section can be designed. Surfaces of
blade segments consist of single circular arcs. The arrangement of blade segments
with respect to each other (for tandem blades) depends on the input parameters that
specify gap, overlap, and convergence between the segments.

Input is brief and can be altered rapidly. Input parameters describing the overall
blade section include chord, camber, solidity, and inlet blade angle. Input to describe
individual segments of the blade section include chord, camber, gap between adjacent
segment and local segment, overlap of segments, maximum segment thickness, and
radii of segment leading- and trailing-edge circles. Output consists of three main parts:
(1) coordinates of individual segments suitable for making machine drawings, (2) geo-
metrical input for companion blade-to-blade ideal flow programs, and (3) a Calcomp
plot of the computed blade section in cascade at the input blade angle. All parts of the
program except the plot routines are in general FORTRAN IV code and could be easily
transferred to other IBM equipment. The plot routines, a short but important part of
the output procedures, use a NASA Lewis code and would require recoding for use on
other equipment.

This report includes a listing of the FORTRAN IV computer program, with an ex-
planation of the input required and the output generated. Numerical examples are also
included. Running times are about 1/4 minute per data set on IBM 7094 equipment. The
report does not include derivation or explanation of the equations on which the program
is based.



INTRODUCTION

Specialized airfoil shapes are needed for todays highly loaded, high-speed compres-
sors and turbines to avoid choking and premature separation. Shapes under study in-
clude single segment airfoils, airfoils with slots, and multiple segment airfoils in a
tandem arrangement.

Many of the single and tandem blade designs being studied have airfoil surfaces con-
sisting of single circular arcs. The computation of geometry for such airfoils, particu-
larly when placed in a tandem arrangement with controlled slot parameters, is compli-
cated by the geometric calculations.

This report describes a computer program for generating coordinates for circular
arc airfoil shapes. One blade section is designed for each set of input data. A blade
section consists of one cut through a blade at a given radius from the axis of rotation,
The blade section may be composed of just one segment, or it may be a tandem section
with two to five segments. The arrangement of blade segments with respect to each other
(for tandem blades) depends on input parameters that specify gap, overlap, and conver-
gence between the segments. The program does not provide radial stacking of blade
sections, since only one section is designed for each set of data.

Input is brief and can be prepared quickly. It consists entirely of geometric param-
eters describing the overall blade section and the individual blade segments. Output
consists principally of blade coordinates usable in other programs for the study of ideal
flow and boundary layer. Output also includes coordinates usable for drafting or ma-
chining, as well as a view of the blade in cascade in the form of a Calcomp plot.

One of the principal uses of such a program is in conjunction with other computer
programs for the analytical study of the performance and flow through turbomachine
blading. This program permits the user to quickly generate and visualize circular arc
blade shapes. The procedures of references 1 to 4 are then used to calculate velocities
and streamlines on blade-to-blade stream surfaces of selected designs. The program of
reference 5 calculates boundary-layer parameters from known flow velocity distribu-
tions, and finally a program based on reference 6 calculates turbomachine losses from
boundary-layer parameters at the blade trailing edge. These programs give the engi-
neer the ability to investigate blade shapes by testing them analytically in a computer
experiment.

This report includes a listing of the program and a description of its input and out-
put. The development of equations for the program is lengthy and will not be included.
Internal program variables are not defined unless they are part of the input or output.
Numerical examples are included to illustrate typical input values and the form in which

output is given.
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SYMBOLS

blade segment chord (fig. 3), ft; m

B

ratio of gap at inlet of channel between blade segments to gap at outlet of channel
(figs. 3 and 12)

G gap between blade segments (figs. 3 and 12), ft; m

L overlap between blade segments (figs. 3 and 12), ft; m

R radial coordinate direction (fig. 2)

R, radius from axis of rotation to plane of blades (rig. 2), ft; m
RI  leading-edge radius of blade segment (fig. 3), ft; m

RO trailing-edge radius of blade segment (fig. 3), ft; m

S blade-to-blade spacing on the cylindrical surface (figs. 1and 2), ft; m
TC total chord of overall blade section (fig. 1), ft; m

TM maximum thickness of blade segment (fig. 3), ft; m

Z axial coordinate direction (figs. 2 and 3)

Ak overall blade section camber (fig. 3), deg

K. inlet blade angle with respect to Z axis (fig. 3), deg

8 tangential coordinate direction (fig. 2)

o solidity (fig. 1), TC/S

Q camber of individual blade segment (fig. 3), deg

GENERAL DESCRIPTION OF PROGRAM
Characteristics of the Program

From given inputs, the program calculates and plots coordinates of either a single
blade section (see fig. 1(a)) or a tandem blade section (fig. 1(b)) with up to five segments
per blade. (The plane of fig. 1 is the unwrapped cylindrical surface of fig. 2.)

All surfaces of the generated blade segments are single circular arcs tangent to
leading- and trailing-edge circles. The radii of these arcs are a function of blade seg-
ment cambers, chords, and thicknesses, which in turn are functions of given input pa-
rameters. The position of the blade segments with respect to each other is also a func-
tion of the inputs.
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(b) Tandem blade section.

(a) Single blade section.

Figure 1. ~ Computed blade sections,
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Figure 3, - Input variables,

The input parameters (fig. 3) describe both the overall blade section and the individ-
ual blade segments. The overall blade section is specified by a chord TC, camber Ak,
solidity o = TC/S (see fig. 1), inlet blade angle K;y» and radius from axis of rotation to
cylindrical surface Ry (see fig. 2). Individual blade segments are described by ratios
of segment chord to the chord of the first blade segment C/C(1), ratios of segment cam-
ber to first blade segment camber ¢/@(1), and ratios of maximum thickness and
leading-edge and trailing-edge radii of the segment to local segment chord TM/C, RI/C,
and RO/C. Segments are related to each other by the gap between them (in the form of
ratio to total chord, G/TC), their overlap (also a ratio, L/TC), and the convergence in
the channel between them F. (The chord, camber, gap, overlap, and convergence in-
puts for the blade segments are not used when the blade section consists of only one seg-
ment. )

For a tandem blade (more than one segment), the program follows an iterative pro-
cedure in order to properly size the segments in relation to each other. From total
camber Ak and total chord TC and the segment camber ratios ¢/¢(1) and chord ra-
tios C/C(1), initial estimates of segment cambers ¢ and chords C are calculated.
Circular arc centerlines are fitted to these chords and cambers. The surfaces are also
circular arcs that are tangent to leading- and trailing-edge circles, and meet the maxi-
mum thickness requirement. Finally, the segments are located with respect to each



other. At this point the total camber formed from all estimated parameters is computed
and checked against input total camber Ak. Adjustments are made, and the entire pro-
cedure repeated until convergence is reached on total camber. After convergence, blade
section coordinates and other output parameters are computed, and a plot of the blade
section is made.

Output from the program consists of printed computer listings and a Calcomp plot.
The computer listings are divided into two main parts: (1) surface coordinates of indi-
vidual blade segments suitable for making machine drawings and (2) geometrical input
for blade-to-blade ideal flow programs (refs. 1 to 4) or a boundary layer program
(ref. 5). The Calcomp plot shows the generated blade row at the input blade angle. Two
overall blades are plotted with the proper solidity in order to identify the flow passage.

The program is run at NASA Lewis on the IBM 7094-7044 direct coupled system with
a 32 767 word core (77777(8)). The total program storage requirement is 65403(8) of
which 31717 8 is used in the storage of variables. The program runs in about 1/4 min-
ute per data set on IBM 7094 equipment.

Limitations of the Program

The following are the principal limitations of the program:

(1) Blade sections are generated on a plane surface, rather than a conical or merid-
ional flow surface which would be more closely alined with the streamline flow when
there is significant streamline slope.

(2) Blade segment surfaces are single circular arcs. Multiple circular arcs or
other types of variable geometry are not calculated by the program.

(3) Each set of input data generates only one blade section. The program does not
provide radial stacking of blade sections after several sections have been run.

(4) The plotting portions of the program use routines that were developed at
Lewis and would not be available or would need modification before they could be used
on other machines. All other parts of the program, however, are in FORTRAN IV code,
and could be easily transferred to other IBM equipment.

Use of Program
At Lewis, the program is being used to define blade sections for analytical para-

metric studies using the programs of references 1 to 6. The Calcomp plots allow pre-
liminary screening of cascades formed by applying the input variables over a wide range.



Selected configurations are then examined analytically for ideal flow, boundary-layer
development, and losses. Some of these sections are later selected for experimental
study.

For applications in two-dimensional cascades or where radius does not change
much across blade sections, output can be used for fabrication purposes.

NUMERICAL EXAMPLES

Two numerical examples are given which illustrate the use of the program. The
first is a two-segment tandem blade section, and the second is a three-segment blade
section with the front section acting as a slat. Both blade sections are designed for the
same overall parameters which are listed in table I. The input for these two examples

TABLE I. - OVERALL DESIGN PARAMETERS
FOR TWO- AND THREE-SEGMENT

TANDEM BLADE SECTIONS

Total chord, TC, ft 0.18583
Solidity, o 1. 235
Overall camber, Ak, deg 72. 24

Inlet blade angle, Kins deg 56. 53

Radius from axis or rotation, Ry, ft | 0. 77080

and the generated plots of blade shapes appear in figures 4 and 5. These examples il-
lustrate typical values of input parameters for two- and three-segment blade sections.
Sample output for the first example is discussed under OUTPUT.

INPUT

Figure 6 shows the placement of input variables on data cards. The first input card
is for a title which identifies the data set and is printed on the output. The user may
type whatever information he wishes in any of the first 72 columns of this card. The
remaining cards are for input data. The input variables are defined in the next section.
Further explanation of the proper preparation of input is contained in the section Typical
Values and Limits of Input Variables.



Circumferential distance

Circumferential distance

Axial distance

Figure 4. -~ Input and generated plot of two-section tandem blade example.

T~

Axial distance

EXAMPLE - TwG SECTICAN TANCEM BLADE
N TCHCRD SCiLIv CELK KAFIN RALIUS
2 0.18£82 1.235¢C 72.240 56.530 C.77080
C/CL1) PRKAY
1.25CC0
FHI/PHI(1) ARRAY
1.3€250
G/TC ARFRAY
0.025C0
L/TC ARRAY
0.10000
F AKRAY
1.4CCCQO
IM/C ARRAY
0.laucC 0.1CCCO
R1/C ARRAY
0.015CC 0.CzCCC
RO/C ARERAY
0.00800 €.0C700
EXAMPLE ~ THREE SECTICN TANCEM BLADE
N TCHCKD SGLID CELK KAFIN RACIUS
K O.1E5€3 1.235¢C 72.240 56.530 0.77080
C/C{1) ARRAY
5.1€CC0 6.CCCCO
FHI/PHI(]1) ARRAY
0.5C0C0 C.60CCGC
G/TC ARRAY
C.Cl25¢C C.024CC
L/7C ARRAY
0.C42CC G.0s7CC
F ARRAY
l.2¢CC0O 1.4CCCO
TM/C ARRAY
0.14C00 0.12€Q0 C.l2CCC
RI/C ARRAY
0.06L00 0.C3200 C.(25CC
RO/C ARFAY
0.010CC 0.CC700 0.CC70G

Figure 5. - Input and generated plot of three-section tandem blade example.
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Figure 6. - Input data form.
Input Variables
Schematic representations of these variables appear in figures 1 to 3. After the

title card, the following input variables are given:

N

TCHORD
SOLID

DELK
KAPIN

RADIUS

integer number (1 to 5) of blade segments comprising the blade section;
equals 1 when designing a single, circular-arc blade section; must occupy
column 10 of the data card (fig. 6)

total chord of the overall N-segment tandem blade section TC, ft; m

solidity of the blade row, o, that is, total chord divided by blade spacing
TC/S. (Solidity is only used in the plotting part of the program to produce
a duplicate blade on the plot.)

total camber of the overall blade sections, Ak, deg

blade inlet angle or angle between tangent to mean camber line at leading
edge of first blade segment and the 7 axis, «; , deg

radius from axis of rotation to cylindrical blade plane Ry, ft; m (RADIUS

is only used to convert tangential coordinates, R6, in feet or meters, to

radians for input to the ideal flow programs, refs. 1 to 4.)



Each of the following arrays has N - 1 entries. If N =1, a blank card should be
given for each of these 5 arrays.

cocC1 array of ratios of chords of blade segments 2 to N to the chord of the first
segment, C/C(1) '

PHOPH1 array of ratios of cambers of blade segments 2 to N to the camber of the
first segment, ¢/¢(1)

GOTC array of ratios of gaps between blade segments to the total chord of the over-
all blade section, G/TC

LOTC array of ratios of overlap between blade segments to the total chord of the
overall blade section, L/TC

F array of channel convergences between blade segments, F (F is the ratio of

the gap at the channel inlet to the gap at the channel outlet. )
Each of the arrays below has N entries, one for each of the blade segments:

TMOC array of ratios of maximum blade segment thickness to chord of the individual
blade segments, TM/C

RIOC array of ratios of leading-edge radius to chord of the individual blade segments,
RI/C

ROOC array of ratios of trailing-edge radius to chord of the individual blade segments,
RO/C

Typical Values and Limits of Input Variables

Ranges of typical values are given in this section for the input variables. Limits
are also given beyond which unreasonable blade sections (and hence errors in the pro-
gram) will occur.

N, the number of blade sections, can be any integer from 1 to 5. For typical tandem

blades, N is usually 2 or 3. To design a single blade section, N is set equal to 1,

and blank cards are used for the COC1, PHOPH1, GOTC, LOTC, and F arrays

(Fig. 7 is the input and the corresponding output plot of a single blade section.)

Since N is an integer, it must be right shifted on the data card; that is, it must

occupy column 10 (see fig. 5).
TCHORD can be any positive value.
SOLID can also be any positive value; the range from 0. 5 to 2, 0 is typical.

10



Circumferential distance

Axial distance

SAMPLE BLADE WITH A SINGLE SEGMENT
N TCHCRD SaLID CELK KAPIN RADIUS
1 Q.1620¢C 1.30CC 50.000 45.000 Q.€2500

C/7C01) ARRAY
-0.

FHIZPHI(]1) ARRAY

G/TC ARRAY
-0.

L/TC ARRAY
-0.

F ARRAY
-0.

TM/C ARRAY
0.11C00

RI/C ARRAY
0.01500

RO/C ARRAY
0.00800

Figure 7. - Input and generated plot of blade section with single segment.

DELK, the overall chamber, must be a positive number or zero. Values as high
as the 180° will run, but the range from 52 to 120° is typical. If DELK has a small
value (from 0° to 100) the program will not converge to an answer if other param-
eters such as segment camber, gap, overlap, and convergence are not physically
compatible with DELK.

KAPIN, the blade inlet angle, can be positive, negative, or zero. Values between
the limits of -90° to 90° are allowable, but the range from -30° to 70° is typical.

RADIUS can be any positive value.

TCHORD and RADIUS are the only inputs with units of length; units should be the

same on these two variables. Generally either feet or meters are used so that output
can be used with the ideal flow programs (refs. 1 to 4). This is not required, however,
and any units of length are acceptable. TUnits on all cutput coordinates will always cor-
respond to what was used on these two input quantities,

COC1 can be any positive value. The range from 0.1 to 10.0 is typical.

11



PHOPHI1 can be any positive or negative value, or zero. Values from 0 to 3.0 are
most common., To obtain a very straight front segment, PHOPH1 should contain
very large values. To obtain a very straight aft segment, PHOPH1 should be near
or equal to zero for that segment.

GOTC can be any positive value from zero to about 0, 5 depending on other inputs
such as segment cambers, overlaps, and convergences. The range from 0,01
to 0,04 is typical.

LOTC can have positive or negative values, or be zero. Typical values are con-
tained in the range from 0.1 to -0.05. Values above 0.4 or below -0.2 will gener-
ally cause errors and prevent the program from running.

F can have positive values from zero to about 10.0. The range from 0.9 (diverging
passage) to 1.5 (converging passage) is most typical, When F = 1.0, the capture
area of the passage between blade segments is equal to the exit area of the passage.

TMOC is allowed positive values from zero to about 0.8. Values in the range from
0.1 to 0.2 are most typical. Elements of TMOC must be at all times at least twice
as large as the corresponding elements of RIOC and ROOC in order for the program
to run. (If TMOC equals zero, RIOC and ROOC must also be zero for that blade
segment. )

RIOC and ROOC may have positive values from zero to about 0.4. Most values are
in the range 0.01 to 0.1. Corresponding elements of RIOC and ROOC do not have
to equal each other. (RIOC may only equal zero if the corresponding element of
ROOC also equals zero. ROOC, on the other hand, may equal zero at any time,
regardless of the values in RIOC.)

Example of Adjustment of Inputs in Design Process

The program is used here to design a two-segment tandem blade section. Given
the overall blade section parameters, an initial selection is made for the other input
variables. These variables are subsequently changed (twice in this example) until a
final blade section is accepted.

Changes are made after inspection of the machine plots which accompany the com-
puter output. They are made to obtain a blade section which appears to have a good flow
path while satisfying the overall blade parameters. These iterations on input variables
also illustrate the effect of the different input parameters on the final blade shape.

The blade section to be designed has the overall blade parameters listed in table II.
In order to obtain an initial picture of a blade section meeting these specifications, gen-

12



TABLE II. - OVERALL DESIGN

PARAMETERS FOR TWO-

Total chord, TC, ft 0. 192
Solidity, o 1.3
Overall camber, Ax, deg 50.0
Inlet blade angle, «; ., deg| 45.0
Radius of rotation, Ry, ft | 0.625

SEGMENT TANDEM

BLADE SECTION

TABLE III. - VARIABLE INPUT PARAMETERS FOR TWO-SEGMENT TANDEM BLADE SECTION

Run | Ratio of seg- Ratio of seg- | Ratio of | Ratio of | Ratio of gap [ Ratio of maxi- |Ratio of leading- | Ratio of trailing-
ment chord to ment chamber | gap to averlap | at channel | mum thickness| edge radius to edge radius to
chord of first to first blade total to total inlet to gap | to local seg- local segment local segment
blade segment, segment chord, chord, at channel ment chord, chord, chord,

c/c(1) chamber, G/TC L/TC outlet, T™/C RI/C RO/C

| @/e(D) F
1 1.0 1.0 0.05 0. 10 1.5 0. 15 0.02 0.01
15 .02 .01
2 1.3 1.6 0.03 ——— 1.1 0.13 - 0.007
13 - . 007
3 -— ——- ———— —— 1.2 0.11 ———— eemee
.12 —-—- | emme-
e I I

eral initial values of the other input parameters were chosen and run. These values are

listed in table III (run 1). The resulting blade section is shown in figure 8(a).

Changes made after an initial run on the program are entirely based on the user's
experience and his concept of the final desired blade shape. For this example we wanted
more chord and camber to be concentrated in the rear blade segment; so, in run 2,
C/C(1) was increased from 1.0 to 1.3, and ¢/¢ (1) from 1.0 to 1.6. The channel gap
was also decreased (G/TC = 0. 05 to 0.03), as well as the channel convergence between
blade segments (F = 1.5 to 1.1) in order to bring the segments closer together. Finally
the blade thicknesses TM/C and the outlet radii RO/C were reduced. The blade sec-
tion resulting from run 2 (table III) is pictured in figure 8(b). From experience it ap-
peared that this blade section was still thicker than desired and that its channel needed
Appropriate changes were made for run 3 (table III), and the final
This section was accepted for further analysis by

more convergence.
blade section is shown in figure 8(c).
the ideal flow programs (refs. 1to 4).

13
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{a) Run 1. (b} Run 2. (c) Run 3

Figure 8. - Blade plots for subsequent design runs of two-segment tandem blade section.



OUTPUT

Output irom the program consists of two principal parts: a computer listing with
printed tables of output variables and a Calcomp plot that pictures schematically the
generated blade.

A sample computer listing for the two-section tandem blade example is given in
table IV. In this table some sections of the output have been abbreviated because they

were too long. In all cases output labels agree with program variable names which are
defined in the next section.

TABLE IV. - SAMPLE OUTPUT FOR TWO-SECTION TANDEM BLADE EXAMPLE

EXAMPLE - TwO SECYION TANCEM BLADE
N TCHORD SGLID DELK KAFIN RADIUS
2 O.1&%83 1.235¢0 72.240 564530 0.77080
C/CU1) ERRAY
l.25CCC
FHI/ZPHI{1) ARRAY
1.5€250
G/1C ARRAY
Cc.C25CC
L/TC AkRERaY
(.1cce0
F AKRAY
l1.4CCCC

IM/L ARRAY
C.1z000 0.10000

RI/C ARRAY
C.015CC 0.02000

RO /L AKKRAY
¢.0080Q0 0.00700Q

LVvERALL SLACE PARAMETERS
N TCHORD PIILH SCLIC CELK KAPIN CAMB ThETD A0B Yen
2 C.1EE€3 C.15047 1.2359 72.240 96.51400 15.616¢ C.1€E2n T.17413 AR F A1)

BLALE StuMENT NO. 1

CHURD RI RO TRETA
C.05224 t.tC14C €.Ccers C.41051
xi YI xQ YC XCM Yiw
C.C0l4C C-CQl4C C.C525% C.00075 0.04534 0.0C803
x1 Yl x2 Y2 Gaw GAMR
C. -C. 0.C5334 -C. 9. Q.
Fhl ¢ RS HS ES KIS Kas

5€.222417 C.C5727 C.C487C C.C8373 27.4896¢& 29.03281

FHIC RC hC BC ki kOC
34 70661 C.15281 C.C4485 C.14483 16.94380 17.7€431

PHIF RP HF ee Klp KOP

12.24C%4 (42655 C.Cu7C1 C.42416 6.11793 6412261
xx Ys YP NCEL = 47

C. €.CC225 -C.CiClo

¢.C0zCC C.CC328 €.CCCO6

C.CC4CC C.CCa26 C.cccae

C.C0eCe €.CC518 C.CLCab

C.CCECC C.CC6C4 C.CCC65

C.ClCLlC C.CCo688 €.cCC83

c.Cl:zCC C.CC762 C.CC100

c.ClecC C.CC833 0.00116
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16

0.01600
0.C1€00
€.02000
€.C2200
€.02400
0.0260C
€.C2800
€.03000
€.03200
€.02400
€.03€00
0.C3800
€.04000
€.C4200
€.04400
€.0460C
€.C4£00
€.05¢C0
€.€52z¢C0
€.C5400
€.05€00
€.C580C
€.C6000
€.C62C0
0.06400
€.C660C
c.C6€0C
C.C7¢CO
€.(720¢C
€.C7400
c.CT6CC
C.C7800
€.8CC0
0.08200
€.C8400
. C.CBECC
€.C8800
€.C9€0C
0.€9200

€. €0900
0.00961
€.01018
€.01071
€.01119
€.01162
€. 01201
0.01236
C.C1267
€.01293
€.01315
€.C1333
€. 01347
0.01357
€.01362
€.C1364
€. 01361
0.C1354
€.01343
c.01328
0.01309
C.C1286€
€.C1258
0.C1226
€.(119C
€.C1150
€.01105
0.01055
. c10c2
0.00543
C.c0880
c.ce812
€.CC739
0.00662
€.0C579
C.CC49C
€.C0397
€.C0257
€. 00192

BLALCE SEGMENT NC. 2

CRORD
C.116€7

X1
0.60223

xl
C.C7C86

PHLS
7C.04290

PHIC
54,.2322C

FEIP
37.8€6516

G
C.00465

xx

C.

€.005C0
¢.0100C
€.015G0
(.C20CC
C.C28C0
¢.C3CC0
€.03500

COMPLTED

BLADE

BLADE

RI
€.00233

Yi
€.€C233

Yl
C.C0825

RS
€. 10C4S

RC
C. 12454

RP
Q.17337

GA
€. 00463

Ys$
C.00357
€.C0678
€.C0559
C.01204
C.01416
0.01597
(. 01748
C.Cl1872

TABLE TV. - Continued. SAMPLE OUTPUT FOR TWO-SECTION TANDEM BLADE EXAMPLE

0.00131
0.00145
0.00158
0.€C17C
0.00182
0.00C192
0. €0201
040210
0.00217
0. €0224
0.00230
0.00234
0.00238
0.00241
0.00243
0. 00244
0400244
0.00243
0.00241
0.CC238
0.00234
0. 0230
0.00224
0.CC217
0.00210
0.00201
€. 00192
0.00182
0.6C171
0.CC158
0.C0145
6.00131
0.00116
0.00100
0.00083
€.00C65
0.0CC46
0.€0027
0. 0CC06

RO
0. C0C82

Xxg
0.11586

x2
C. 17448

HS
0.C5669

HC
0.C5761

HP
Q. {5922

GAQC
0. 04560

YpP
~C. 00096
C.CO0CT7
0.G0233
0.C0373
0.004$7
0. 00605
0.00698
0.00776

THETA
0.76547

¥C
0.00082

Y2
0.06189

BS
0.07939

19
0.10927

BpP
0.16391

L
0.01858

NDEL = 24

INPUT FOR IDEAL FLOW PROGRAMS

MCHORD
0.C7284
0<11442

BETLS
€7.07586
45.84613

STGR
0.C7474
0.02924

BETOS
10.55239
~24.15677

RSTGR
0.05761
0.02254

BETIP
45.70413
31.10818

XCM
0.05386

GAM
27.36919

KIS
33.62912

KiC
26435063

KIP
18.89117

F
1.40000

Rl
0.00140
0.00233

BETCP
33.46359
—-6.75698

YCM
0.01522

GAMR
27.36919

KOS
36.41378

KoC
27.88157

Kop
18.97399

Fa
1.40619

RO
0.00075
0.00082

SINC
-9.55789
MLE THLE
Q. 0.0C000
0.06054 0.05137
MCL THCL
0.00140 0.0000C
0.06287 0.05137

RTHLE
€.00000C
0.03960

RTHCL
C.00000
0.03960

MTE
0.07284
0.17496

MCT
0.07209
0.17415

THTE
0. 07474
0.08062

THCT
0.07474
0.08062

RTHTF
0.05761
0.06214

RTHCT
0.05761
0.,06214



TABLE IV. - Concluded. SAMPLE OUTPUT FOR TWO-SECTION TANDEM BLADE EXAMPLE

BLALE SEGMENT NO. 1

MSPS THSPS RTIHSFS NSPP THSPP RTFSPP
—(.CCC22 -C.00C31 -C.CCC24 0.00132 -0.00272 -0.C021C
t.uCCo6 3.0C237 €.cCl183 0.00272 -0.00CB5 =-0.CC0&S
(.LC15E €.(cs6¢ 0.CC38¢ 0.00413 0.00101 0.00078
€.0C254 c.CC758 0.CC584 0.00554 0.00286 0.00221
€.00253 C.01ClcC C.cc778 0.00696 0.00471 0.0C3¢2
(.CC455 C.Cl25¢ C.((C568 0.00839 0.00654 0.0C5C4
(.0Cse61 C.0l458 C.C1155 0.00983 0.00836 0.CC€44
(.CCe6S 0.01735 €.C1337 0.01126 0.01017 0.001784
(.0C781 C.Cl96¢€ C.Cl516 0.01271 0.cl198 0.C0922
C.CCese C.02163 0.01691 0.01416 0.01377 C.010¢2
(.01014 C.C2416 0.01862 0.01562 0.01556 0.C118%
C.01134 C.C2634 C.C203¢C 0.01708 0.01733 0.C133¢
€.01258 C.02847 C.C2194 0.01855 0.01910 0.01472
C.01284 C.C3056 C.C2355 0.02003 0.0208¢ 0.CléCE
(.01¢14 C.C326¢C 0.€2513 0.02151 0.0226C 0.C1742
C.01€4¢ 0.C346C C.02667 0.02300 0.02434 0.Cleve
(.0178C C.C3656 0.C2818 0.02449 0.0260n7 0.C201C
{.0161¢ C.C3848 0.C2666 0.02599 0.02779 0.C2142
€.0zC58 C.C4aC3b C.C311¢C 0.02749 0.C2950 0.02214
{.0ceLC C.C4219 0.C3252 0.02901 0.03120 0.024C¢
(02348 0.C4398 €.C336¢C 0.03052 0.03289 0.C252¢
(.Qc454 C.Ca573 €.03525 0.03205 0.03457 C.02¢€¢
C.dz¢€44 CeC4744 C.03656 J.03358 0.€3625 0.027¢4
(.Cz198 C.Ca5tcC C.03785 0.03511 0.03791 0.C2622
(.0z¢52 C.c5073 C.(391¢C 3.03665 0.013956 0.C3045
C.05232 €. C4033 0.03820 0.04121 0.C317¢

C.C538¢ 0.Cal152 0.03975 0.04284 0.023C2

C.C553¢ 0.C420¢ 0.04131 0.04447 0.03427

0.C5683 0.C438C 0.04288 0.04608 C.035¢2

. C.C5825 C. (449C 0.04445 0.04766 J.03¢€7¢
C.C5662 C.C4596 0.04603 0.0492% 0.027¢s

C.C609¢ U.C469S 0.04761 0.05087 0.C3521

C.C6225 C. (4758 0.04920 0.05245 C.04C42

€. C635C C, (4895 0.05079 0.05402 G.C41€4

C.Co471 0.04587 0.05239 0.05558 0.042€4

C.Ct587 C.05077 0.05400 0.05713 0.C44C4

C.C6658 G.(5163 0.05561 0.N5867 0.04522

C.C68C5 C.C524% 0.05723 0.060C20 C.Cq€4C

C.Cb5CT 0.C5324 0.05886 0.06173 0.0475€

(.0%€15 C.Cr0Cs C.C539¢ 0.06U049 0.06324 0.C48174
[SUAEI Y] c.c7co7 C.05471 0.06213 0.06474 0.0456C
C.CECLS c.c7L85 C.(553¢ 0.06377 0.66622 N.CEICE
(.Ceclt S.C12617 C.C56G2 0.06542 0.06772 0.C522C
(.Cec2? CaCT7344 C. (5661 0.06707 0.0691% 0.05222
(.CeecC C.C741¢ 0.C5716 0.06874 0.07066 0.0544¢
(.CEEHE C.C7482 C.C5767 0.07040 0.07211 0.C55%¢
.c708% C.C7942 0.C5814 0.07208 0.0735¢ 0.CcecC

ELACE SEGMEMNT NO. 2

FSES THSPS RTHEPS ¥SPP TESPP RTIESPP
-(.tCcCzl C.CCGS3 0.CCC72 0.00075 -0.00482 -0.00272
(.2040C C.0Ce37 0.CC491 0.00527 -0.00125 -€.0CCS7
C.uCELS C.Cl13¢C C.CCa71 0.00983 n.00210 0.CCle2
C.0)ett C.Clve C.Cl21¢ 0.01442 0.00525 0.C04cC4
Caul?lv C.Cis8¢4 €.C1526 0.01904 0.00819 0.00¢€2]
(.CzleC .C2351 0.C1812 0.02370 0.01094 0.CC842
Cedeel? C.C2081 0.C206¢ 0.0283S N.01345 N.C1C4C

Output Variables

The first page of output contains a copy of the input to the program. These variables
are defined in the Input Variables section on page 9.

The next page of output lists some overall blade section parameters, some of which
are repetitions from the input list. The others are defined as follows:

PITCH blade-to-blade spacing S inthe 6 direction or ratio of total chord to
solidity TC/o (fig. 1), ft; m

GAMB angle between chord line of first blade segment and chord line of overall
blade section (fig. 9), deg

17



,—First segment
// leading-edge

~First segment
/ chord line

)B

-~ X0B—— - =
Figure 9. - Output variables for overall blade section.
THETB angle between chord line of overall blade section and a line joining leading-

edge circle center of first blade segment and trailing-edge circle center
of final blade segment (see fig. 9); positive if RI(1) > RO(N) and nega-
tive if RI(1) < RO(N), deg

XOB(YOB) distance from first segment leading-edge line (first segment chord line) to
circle center at trailing edge of final blade segment (fig. 9), ft; m

Following the overall blade parameters are lists of parameters for each of the individ-

ual blade segments:

CHORD chord length of blade segment, that is, distance from leading-edge
point to trailing-edge point (fig. 10), ft; m

RI(RO) leading- (trailing-) edge radius of blade segment (fig. 10), ft; m

THETA angle between chord line of blade segment and a line joining leading-

and trailing-edge circle centers (fig. 10); positive if RI > RO,
and negative if RI < RO, deg

XI(YT) distance between leading-edge line (chord line) of blade segment and
center of leading-edge circle (fig. 10), ft; m

18



Leading-edge point//

{ & Ys RQ yﬁ
—_ T
Chord line 1 o \ ¢

b2 lexa Lyp M { L
< XX THETA \\
|t - XCM ——— N\
— > Trailing-edge

X0 T point

Leading-edge line~""

X0O(YO)

XCM(YCM)

X1(Y1)

X2(Y2)

GAM

GAMR

PHIC(PHIS, PHIP)

RC(RS, RP)

HC(HS, HP)

BC(BS, BP)

-
-
- L

= -—CHORD

Figure 10, - Output variables for individual blade segment.

distance between leading-edge line (chord line) of blade segment and
center of trailing-edge circle (see fig. 10), ft; m

distance between leading-edge line (chord line) of blade segment
and point on mean camber line at which slopes of both blade sur-
faces are equal to slope of mean camber line (fig. 10), ft; m

distance between leading-edge line (chord line) of first segment
and leading-edge point of local segment (fig. 9), ft; m

distance between leading-edge line (chord line) of first segment and
trailing-edge point of local segment (fig. 9), ft; m

angle between chord line of local blade segment and chord line of
previous blade segment (fig. 9), deg

angle between chord line of local blade segment and chord line of
first blade segment (fig. 9), deg

overall camber of local blade segment mean camber line (suction
surface, pressure surface) from a line through leading-edge
circle center to a line through trailing-edge circle center (fig.
11(a)), deg

radius of curvature of local blade segment mean camber line (suc-

tion surface, pressure surface) (fig. 11(a)), ft; m

distance from leading-edge line of blade segment to center of cur-
vature of mean camber line (suction surface, pressure surface)
of blade segment (fig. 11(a)), ft; m

distance from chord line of blade segment to center of curvature
of mean camber line (suction surface, pressure surface) of blade
segment (fig. 11(a)); negative when PHIC(PHIS, PHIP) is negative
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KOP
L 1 PHIS
HS
KIS
PHIC
KiC
H KIP
PHIP
e
(a) Entire blade segment. (b) Enlarged leading edge.

Figure 11. - Continuation of output variables for individual blade segment.

When PHOPHI1, and thus PHIC, of a segment equals 0, RC and BC are set to
999. 99999.

KIC(KOC) angle between chord line of blade segment and tangent to mean camber line
at the center of leading-edge (trailing-edge) circle (see fig. 11), deg

KIS(KOS) angle between chord line of blade segment and tangent to suction surface at
leading-edge (trailing-edge) transition point (see fig. 11), deg

KIP(KOP) angle between chord line of blade segment and tangent to pressure surface at
leading-edge (trailing-edge) transition point (see fig. 11), deg

KIC(KIS, KIP) and KOC(KOS, KOP) are defined positive as shown in figure 11 for a
centerline or surface which has positive camber. They will be negative for a surface

with negative camber.
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GA

GAOC

FA

gap between trailing edge of previous blade segment and suction surface of
local blade segment (fig. 12); measured perpendicular to the chord line of
previous blade segment along line passing through trailing-edge circle center
of the previous blade segment, ft; m

actual gap between trailing edge of previous blade segment and suction surface
of local blade segment (fig. 12); measured perpendicular to suction surface
of local blade segment along line passing through trailing-edge circle center
of previous blade segment, ft; m

ratio of GA to CHORD of previous blade segment (fig. 12)

distance between gap G at trailing edge of previous blade segment and gap (FXG)
at leading edge of local blade segment (fig. 12), ft; m

ratio of gap FXG at leading edge of local blade segment to gap G at trailing edge
of previous blade segment (fig. 12) FXG is measured perpendicular to chord
line of previous blade segment along a line passing through leading edge
circle center of local blade segment

ratio of actual gap FAXGA at leading edge of local blade segment to actual gap
GA at trailing edge of previous blade segment (fig. 12) (Actual gap FAXGA
is measured perpendicular to a line (A-A in fig. 12) which bisects the tan-
gents to the suction surface of the local blade segment and the pressure sur-
face of the previous blade segment where the line FAXGA meets these sur-
faces. The line containing FAXGA passes through the leading-edge circle
center of the local blade segment. )

Figure 12, - Input and output variables in overlap region,
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SINC angle between tangents to mean camber lines of local blade segment and pre-
vious blade segment at points of intersection with line containing FXG (see
fig. 12), deg (SINC is a measure of the incidence of the average blade-to-
blade flow on the leading edge of the local blade segment. SINC is negative
as shown in figure 12 since the mean flow would have negative incidence in
this blade orientation.)

XX array of distances (parallel to blade segment chord line) between leading-edge
line of blade segment and points at which blade surface coordinates (YS and
YP) are given (fig. 10), ft; m

YS(YP) array of perpendicular distances from chord line of blade segment to points

on suction (pressure) surface of the segment (fig. 10), ft; m

NDEL number of blade coordinate points (XX and YS, XX and YP) along suction or
pressure surfaces of local blade segment.

For blades with normal levels of positive camber, some values of YP at inlet and outlet
may be negative. These are points on the pressure or suction surface circular arcs
that occur prior to the leading-edge radius or after the trailing-edge radius (fig. 13).

A

|

Figure 13, - Blade surface coordinate points.

For a blade with small positive camber, or with negative camber, many values of YP
(and sometimes YS) can be negative (fig. 14).

Following the blade coordinates for each of the blade segments are output param-
eters that serve as inputs for the ideal flow programs. These programs are reported
in references 1to 4. They compute ideal flow on an axisymmetric blade-to-blade sur-
face of a single or tandem bladed turbomachine in either subsonic or mildly transonic
flow.

To obtain input to be used in the ideal flow programs, the flat plane in which the
blade section lies is assumed to be wrapped about a cylinder of radius equal to the input
parameter, (RADIUS, Ry, in fig. 2). This cylinder serves as the axisymmetric blade-
to-blade surface required for the input of geometry to the ideal flow programs.
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(a) Small positive or negative camber.

(b) Negative camber,

Figure 14, - Example blade sections with negative surface coordinate points,

Specific output quantities which are required as geometric input parameters in the
ideal flow programs are defined in the following:

MCHORD chord lengths of blade segments in Z direction (figs. 15 and 16), ft; m

STGR angular 6 coordinates of trailing edges of blade segments with re-
spect to leading edges of blade segments (figs. 15 and 16), rad

RSTGR angular distances of trailing edges of blade segments from leading
edges of blade segments (figs. 15 and 16), ft; m

RI(RO) leading-edge (trailing-edge) radii of the blade segments (figs. 10
and 16), ft; m

MLE(MTE) distances in Z-direction from leading edge of first blade segment to
leading (trailing) edges of other blade segments (fig. 15), ft; m

THLE(THTE) angular 6 coordinates of leading (trailing) edges of blade segments
with respect to leading edge of first blade segment (fig. 15), rad

RTHLE(RTHTE) angular distances of leading (trailing) edges of blade segments with
respect to leading edge of first blade segment (fig. 15), ft; m

BETIS(BETOS) angles with respect to Z-direction at tangent points of leading-
(trailing) edge radii with suction surfaces of blade segments
(fig. 16), deg
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Figure 15. - Blade section output variables used for plots and ideal flow programs (refs. 1o 4).

f— MCHORD——

¥

Figure 16. - Blade segment output variables used for plots and idea! flow programs (refs. 110 4).



BETIP(BETOP) angles with respect to Z-direction at tangent points of leading- (trail-
ing) edge radii with pressure surfaces of blade segments (fig. 16),
deg

MCL(MCT) distance in Z-direction from leading edge of first blade segment to
centers of leading-edge (trailing-edge) circles of blade segments
(fig. 15), ft; m

THCL(THCT) angular @ coordinates of centers of leading-edge (trailing-edge) cir-
cles with respect to leading edge of first blade segment (fig. 15), rad

RTHCL(RTHCT) angular distances of centers of leading-edge (trailing-edge) circles
with respect to leading edge of first blade segment (fig. 15), ft; m

The preceding variables are followed by the coordinates of suction and pressure sur-
faces of the individual blade segments. These coordinates are given with respect to axes

in the Z-direction passing through the leading-edge circle centers of each of the seg-
ments.

MSPS(MSPP) array of distances in Z-direction between leading edges of individ-
ual blade segments and points on the suction (pressure) surface
at which blade coordinates (THSPS and THSPP) are given as out-
put (fig. 16), ft; m

THSPS(THSPP) array of angular 6 coordinates from a line in the Z direction
through the leading edge circle center of each segment, to points
on the suction (pressure) surface of the segment (fig. 16), rad

RTHSPS(RTHSPP) array of distances (RADIUS X THSPS(THSPP)) corresponding to
THSPS(THSPP) (fig. 16), ft; m

Output Blade Plots

The Calcomp plot portion of the output shows the blade as it would appear in cascade
at a given solidity and inlet blade angle. The plot is very helpful in evaluating the blade
visually; the user can see immediately whether the shape resulting from the program
agrees with his concept.

The complete Calcomp plot for the two-section tandem blade example is shown in
figure 17. All plots have the same format as this one. To the left of the plot are printed
the complete input and some selected output variables. The input variables on the Cal-
comp plot and in the program are related as follows: C/C(1) = COC1, PHI/PHI(1) =
PHOPH1, etc. For the output, PHI are the blade segment cambers, PHIC. The blades
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Figure 17. - Full Calcomp plot for two-section tandem blade example.
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are drawn in a position corresponding to the blade angle, KAPIN. The Z-axis is nor-
mal to the sides of the Calcomp page. The blade is not positioned at (0, 0) and its origin
has no set position in relation the plotted axis. So the plot is only useful for visual ex-
amination of the blade.

The portion of the program which generates the Calcomp plot is coded specifically
for the NASA Lewis system and would not work elsewhere. However, the program is
written with the plotting code at the end. A programmer at another installation could
easily substitute a code to obtain a plot based on the requirements of his own system.

The coordinates for plotting are calculated and arranged in the PLOTT subroutine.
(See COMPLETE PROGRAM LISTING.) Down to statement 310 of this routine the blade
coordinates have been stored into two arrays: XDOWN and YACROS. The number of
points on each blade segment have been stored into the array, NPNTS. After statement
310, the section of code labelled PREPARE KKK AND P AND CALL CALPLT prepares
special variables for a call on the CALPLT routine which is internal to the Lewis sys-
tem. The subroutine CALTIT, which writes the input and output to the left of the plot,
also uses special Lewis routines. Finally, the statement DECK CALPLT calls in the
CALPLT routine which does the plotting. So from statement 310 of the PLOTT routine
to the end of the coding, changes would have to be made by a programmer to get plotting
on another system.

Error Conditions

Several error messages are given by the program under certain conditions. This
section lists the error messages and explains what to do if they are encountered.

(1) MAX THICKNESS OF SOME SEGMENT IS LESS THAN LEADING OR TRAILING
EDGE THICKNESS OF THAT SEGMENT

This message is printed if either of the following conditions is found on any of the blade
segments

TMOC < 2.0 x RIOC

TMOC < 2.0 X ROOC

The blade segments must be at least as thick as their leading- or trailing-edge thick-
nesses.

(2) THE SUM OF ONE PLUS THE VALUES IN THE PHOPH1 ARRAY MUST BE
GREATER THANO. 1
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This message is only printed when negative input values are used in PHOPHI1 and the
sum of these input values is less than -0.9. When excessive negative cambers are used,
the program cannot converge on its iterations to calculate individual blade segment cam-
bers. (A negative input to PHOPH1 implies that the first blade segment will have posi-
tive camber, and the segment corresponding to the negative PHOPH1 will have negative
camber. This situation is permitted in the program, but is physically unrealistic. So
the error message eliminates long iterations on bad data.)

(3) PROCEDURE FOR SIZING OF BLADE CAMBERS HAS NOT CONVERGED IN
25 ITERATIONS

The program initially calculates blade segment cambers and then corrects these cambers
in an iteration process until an overall blade camber of DELK is obtained. Usually four
or five iterations are required to reach a specified tolerance. The error message is
given if convergence is not obtained in 25 iterations. This error is generally due to the
fact that specified inputs are not geometrically compatible. This condition is most likely
to occur when DELK is small (0° to 10°).

In addition to the programmed error messages, computer errors (such as square

root of negative number) are likely to occur if input values are beyond recommended
limits. Limits within which computer errors are not likely are summarized.

1=N=5
TCHORD > 0.
SOLID > 0.
0. = DELK = 180.
-90. = KAPIN = 90.
RADIUS > 0.
COC1 > 0.
-1000. = PHOPH1 = 1000.

0. =GOTC < 0.5

28



-0.2=LOTC =0.4
0..= F = 10.

0. = TMOC = 0.8

0. =RIOC=0.4

0. = ROOC = 0.4

COMPLETE PROGRAM LISTING

sleJyce
SIEFTC CATBP

COMMON 7 INPUT/N,TCHURD 4 SOLIDOELK 4KAFIN,RADIUS,CCCL(S)+PFOPHL(5),
1GOTC(5),LOTCE(5),F{5),TMOC(5),RICC(5) +ROCC(5),TITLE(12)
COMMCN/CUTPUT/CHORD(5) yGAN(5) yGANMRI5) oFHIC(5),PITCH
COMMON /CLPLOT/XPEN, YPENsNXNY I PEN, XLABEL(10) 4YLABEL(10)
COMMUON/COMLI/RI(CE) yRO(S5) yTHETA(S) XTI {5),YI(5)4,XC(5),YC(5),
IXCMAES) 9 YOCMIS) 9 X1(5) Y1 {5) 9 X2{5) sY2(5) sSLS{5} 4SLP(5) XSM(5),YSM(5),
1IXPM{5),YPM(5) +KCM(5),G(5) +GA(5)4GAOC(5),L(5),FA(5),SINC(5),
IRC{E),HC(E)4BC(E),KIC(5),KOC(5),yRS(5) HS(5),BS(5),KIS(5),KCS(5},
IPHIS{S 14RP{5) +HP(5) 48P (5) ¢KIP(5) yKOP(S),PHIP{5)+TM(5)4XR{(5)4YR(5),
IXG(5) y YGU S} o NDEL{5) 4 XX(541CC) »¥S(5,100),4YP{5,100)
COMMON 7COMZ/GANMS,MCHORD({5) yRSTGR(5) s+ STGR(5)yMLE(S5) yRTHLE(5 ),
ITHLECS )G, MTE(S) sRTHTE(S5) 9 THTE(S) 4MCLUS) SRTHCL(5) s THCL(S) MCT(5},
IRTHCT(E )y THCT(ZS) BETIS(5) 4BETCS(5) «BETIP(51,BETCP(5),MSPS(5,10Q),
IRTHSP S(541C0) » THSPS(5,100) y#SFP(5,100) 4RTHSPP{5,100),THSPP(5,100}
REAL L +LOTCyNEWC ¢KICKOC s KISy KCSHyKIFoKLCPyKCM,
IKGS 1y KES24KGP 14 KGP2,KGST  KAPIN
REAL MLE,MTE,MCL,MCT,MCHCRD ,#SPS,MSPP

1C CALL BLODCRD
CALL IFINPT
CALL PLCTT
GO 10 10
END

$IEFTC BLECR

SUBROUTINE BLDCRD

COMMON /INPLT/N,TCHORD  SCLID,DELK KAPIN,RACIUS ,COCL(5),PHOPHI1(5),
1GOTC(5)+LOTC{S5)F(5),TMOC(5) yRICC(5) »RCCC(5),TITLE(12)

COMMON /QUTPUT/CHORDI(5) 4GAM(5) yGAMR(5) 4FHIC(5) 4PITCH
COMMON/COM1/RI(E) 4RO(5) 4 THETA(S5) 4XI (5) 4YI (5} 4XC(5),Y0(5 ),

IXCM{5) s YCMUS3) e X1U505YL1(5) 4X2(5) 4¥2(5]) ySLS{5),SLP(5) ,XSM(5),Y5M(5),
IXPM(S5) 4YPM(5) +KCM(S5}43G(5) sGA(5) ,GAOC(5),L{5),FA(5),SINC(5),

Pl ol
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c

IRCLE)SHC( S 9BCUS) 4KIC (5) oKGC{5) yRS(5) sHS{5) yBS(5),KIS{5)4KOS(5),
IPHIS{S }yRPLS) ¢HP(5) 4BP(5) yKIP(5) yKCP(5) 4PHIP(5),TM{5),XR(5),YR(5),
IXGLS) o YGU E) S NDEL(S) o XX(5,10C) +¥YS(5,100),YP(5,100)

REAL LoLOTC W NEWCyKICKOC 4 KISy KCS+KIP 4KCP4KCM,LC,

IKGS 19 KCS29yKGP 1y KGP2 4 KGST o KAPIN

C READ AND PRINT INPUT

C

C

(e Nl el

30

1C

IN

4C

5C

S1ZING UF CTHER BLADE SEGMENT DINMENSICNS

é¢C

WRITE(6,1CCO)
REAL (5,125C) (TITLE(I) I=1+12)
WRITE(6,12€6C) (TITLE(I),I1=1,12)

REAC (5,1020) NyTCHORDSOLID,DELK.KAFIN,RADIUS
WRITE{6,1030) N,TCHORD,SOLID,DELK,KAFIN,RADIUS

REAC (5,1010) (COCL(J)J=2,4N}
WRITE(6,104C) (COCL{J)J=2yN)
REAL {(5,101Q) (PHOPHL(J) yJ=24N)
WRITE(6,1050) (PHOPHL{J) +J=24N)
REAC (5,101C) (GOTC{J) 4J=2,N)
WRITE(6,10€60) (GOTC{J)4J=24N)
REAC (5,1010) (LOTC (J) 4J=2,N}
WRITE(6,1070) {(LOTC(J)»d=2,4N)
REAL (5,101C) (F{J)+J=24N)
WRITE(6,10E0) (F(J),J=24N)

REAC (5,1010} (TMOC(J) +d=14N)
WRITE(6,10S6C) (IMOCH{J) »J=14N)
REALC (5,1010) (RIOC{J)+d=1,4N)
WRITE(6,1100) (RIOCA(J)4d=1,N)
REAC (5,1010) (ROOC(J)+d=19sN}
WRITE(6+1110) (ROGC(J),J=1,N}

ITIAL VALUES OF CAVMBER AND CHCRD

CELK = DELK/57.25571S
PITCH= TCHORD/SOLID

SuMC= 0.
SUML= 0.
SLMPHI= Q.

PHOPH1(1)= 1.0

IF {(N.EQ.1) GO TO 30

CO 20 J=2,N

SUML= SUML+LOTC (J)

SUMC= SUMC+COC1(J)

SUMPHI= SUMPHI+PHOPHL(J)
FACTCR= 1,/(1 ~DELK*%2/24.)
SUML= FACTOR+SULML

SUMC= 1.+ SUMC

SUMPHI= 1.4SUNMPHIL

IF (SUMPHI.GT..1) GO TO 4C
WRITE{6,127C)

GO TO IC

CHGRD(1)= TCHORD*SUML/SL¥MC
PHIC{1)= DELK/SUMPHI

IF {(N.EQ.1} GC 10 60

DO 50 J=2,N

PHIC(J) = PHIC(1)*PHUPH1(J)
CHORD{u)= CHORD(1)*C0C1(J}

ITER = 1
If (NEQ.1) GG TO &C
DO 70 J=2,N



s NeXgl

[aNaN )

L{J)= LCTC(JI*TCHORD
7C Glu)l= GOTC{(J)*TCHORD
8C DO SO J=14N
TM(J)= TMOC(J)*CHORD( J)
RI(J)= RIGC{JI®*CHCRD(J)
RO(J) = ROOC{JI*CHORD (J)
IF (243RI(J)eLEeTM{J)eAND2.*¥RO(J)a LE.TM(J))} GC TQ 90
WRITE(651120)
GO 10 10
SC CONTINLE

SECMENT CENTER LINE CALCULATICNS

€O 100 J=14N

XI(d4) = RICSD
YI(J) = RI(J)
X0{(J) = CHORD(J)I-RC(I)
YO(J) = RGO(J)

ARG={(Y 1(J)=YO LI N 7 (XTI (S —-XC ()}
1CC THETA(J)= —ATAN(ARG)
11C BO 120 J=1sN
KIC(J) = PHICUJ}/2.-THETA(J)
KOC(J) = ~PHIC(J) /2.~ THETA(J)
IF (ABS(PHIC(J))eLT..00CLl) GC TO 120
BC{J)= (XTI I¥x%24 YT (J)%32—XO( J) *¥42-YO(J)*%2-2. % (XT(J}-XO(J ) )I*(XI
HII4Y T (J)=TANAKIC(IDI I D) 72 7(YOU I =YI (U)+(XT(JI-XO(JI)I*TANCKIC(JIDI))
HC(Jd b= —XTOJ)-AYT (JI+BC (I VETANIKIC(U))
RCOJ)= SQRT(UXI(JII+HC (J) ) xx2+ (YT (J)+BC(J) ) *%2)
GO 70 120
12C BC(J)= 999.65999
IF (PHIC(J)LTLCa} BC(JV= -BCLI)
HC{J)= —CHORD(J) /2.
RC(J)= 999.69G59
12C CONTINLE

SECMENT SLRFACE CALCULATIOGNS

DO Z7C J=1,N
Kl =0
ITIR= 0
CEL = 0.,1*%CHORD{(J)
IF (RI(J).EQ.0.) GO TO 140
RORI = RO(JI/RICI)-1.
GO T0 180
14C RORI= 0.
15C ROMRI= RD(J)-RI(J)
CRQO = CHUORD(J)I-Z.%=R0O(J)
CV = (TM(JI-2.%R1(J)}/CHORDLJ)
XCM{J) = CHORD(J)/2.
XCMM1 = XCM(J)
LC= SQRTI((CHORD(JI-RI{II-RC{III**2+(RI(JI-RC(J)}I*%2})/2.0
PC= PHIC(J)/2.0
HCM= LC*TAN(PC/2.0})
XC= RI(JIHLCHCOS(THETA(J) Y +HCMXSINITHETA(J))
16C YCM{J)= ROCIIFIRI(II-RO(III*(CHCRD(II-XCM{J)-RA{I})/( CHORDIJ)
1-RI(J)-RO(J))
IF (ABS(PHIC(J)).LT..0C01) GC TC 170
ALPH= THETA(J)+ASIN{{XC~-XCM(J)) 7IC*SIN(PCI-SIN(THETA(J) })
YCM({Jd )= YCM(J)I+LC /COSUTHETA(J) ) * {SIN(PC)/ (L.+COS(PC))-SIN(ALPH) **2
1700 1. +COSH{ALPRII*SIN(PC)))
17C ARG= —((XCM{J)-RI(JINI*SIN(PC)-LCHASIN(KICL{JI)N)/Z L (YCM(J)-RI(J))*
1SIN(PC I+LC*COS(KIC(JI} D))

117
118
116
12¢
121
122
123
124
125
12¢
127
128
126
13¢
131

31



KCM(J )= ATAN(ARG)

C SUCTION SURFACE

1&C
19¢C

C PR

eCcC
210

¢ Ct

XSMUJ} = XCMOJI-TM{J) /2. %SINIKCM(J))

YSMUJ) = YCM(J)+TNM(J) /2.#COSLKCNMIL))

DS = XSM{ J)*RORI+CRO
XMRI = XSM(JI}-RI(J)

XMRIz = XSM{J)-2.%RI{J)

YMRI = YSM{J)-RI({J)

YMRI2 = YSM{J)—2.%RI{J)}

XMYM = XSM{J)®*Z2+YSM(J) **2
AAS = XSM{JI=XMRIZHYSM(J)¥¥2%RORTI##2-2 . % XMRI*YMRI*YSMIJ)RRORT*DS
1+YSM{ J I%YMRI2%D S%%2

BBS = (XMYMEYMRI+RI(J)*%x3-3 %RI{I)=x2%YSV(J) ) 40S**2-(XNMNYMKXMRI
I4R I %% 3-3 % RI(JI*% 2% XSM{J) ) *YSM(J)*RORI*¥DS+ (XSM{J)EXMRI2*YSM(J)
2¥RORI— XMR I*YMRI*D S)¥{ xMYM¥RORI+CHORD( J) *CRO+RC{J)I*RCMR])

CCS = (XMYM¥EZ24RI{JI¥%4-6,%RI(J) ¥%2%XMYM) ¥DS*k*¥24XSM(J)*XMRI2
1¥{XMYMH*RORI+CHORD {J)*CRO+RO{JI*RCMRI ) ¥#2-2 . % (XMYMEXMRI+RTI( J)%%3
2=2 ¥R Ty )%= 2%xXSM(J) IR XMYM*RORI+CHORD(J)*CRO+RO(J) *ROMRI)%CS

IF (RI(J).EQ.C.) GO TO 180
BS{J) = {—BBS+SQRT(BB S*¥2~-AASHCL L))/ (2. %AAS)

GO 10 190

BS{J)= ~BBE/(Zz.%AAS)

HS{J) = —(XMYM¥RCRI+CHCRO(J}*CRO+RO(J)FRCMRI+2,*¥YSM{J)*RORI*BS(J))
1/(2 % (XSMIJ)IERCRI+CRA})

SLS{J) = —AXSVMUJI+HS( I )/ (YSM{JI+BS(J})

ESSURE SURFACE

XPMUJ) = XCM{J)+TM(J} /2. %#STINIKCF {JU))

YPM(J) YCM{J)—TM{J) /2. %COSIKCM{S))

DP = XPM{J)*RORI+CRO
XMR1 = XPM(J)-RI(J)

XMRI2 = XPM(J)-2.%R1(J)

YMRI = YPM(J)-RI(J)

YMRIZ = YPM{J)—-2.%RI(J}

XMYM = XPM{J )2+ YPM{J) %%2
AAP = XPM(J)RXNRIZ2*YPM(J) % 2%RCRI**2-2 ,*¥XMRI*YMRI*YPM(J)%*RCRI*DP
14YPM(JIEYMRIZ2*DP**%2

BBP = (XMYMRYMRI+RI(J)¥,k3-3,%RI(J)**¥2%YPM{J) ) ¥DPE%2-(XMYMRXMRI]
T4RI(IIAF3-F xRI{JIxXx2xXPM{ J) ) *¥YPM(J)*RORI*DP+ (XFMIJIEAXMRIZ*YPM{ J)
2¥RORI— XMR I¥YMR I*DP ) ¥ ( XMYMXRCRI+CHCRD{ J)#CRO+RO(J)*RCMR]I)

CCP = (XMYM¥x Z4RI{J) %% 4—6¥RI (J) *%2% XN YM) #DPR 42+ XPV(J)*¥XMRI2
1¥{ XMYMEROR I+CHORD{ J IR CRO+ROG(JI*¥REVMRI ) %42 -2 . ¥ (XMYMEXMRI+RI( J ) **3
Z=24FRI(J) X% 2% XPM{J) )% { XMYNXRCRI+CHCRO (J)*CRO+RC{J)*RCMRII%CP

IF (RI(J) .EQ.C.) GO TO 200

BP(J) = (-BBP-SQRT(BBP**2-AAP*CCF))/(2.%AAP)

GO 70 210
BP(J)= ~BEP/(2.%AAP)

FP(J) = — (XMYM%XRUORI+CHORD (J)*XCRO+RO( J) *ROMRI+2,.%YPM{J) *RORI*BP(J))
1/(2.%{ XPM{J }*RORI+CRO) )}

SLP{J) = —(XPM{JY+HP(J)) 7 (YPM(JI4BP(J))

ECK FOR MAX THICKNESS POINT CCAVEFRGENCE

CSL = SLSUJ)-SLP(J)

IF {(CV.EQ.C.) GO TO 260

IF (ABS(DSL).LE..CCOL®CV) GO 1C 260

IF (ITIR.EQ.0) GO TO 22¢C

IF (DSL/DSLM1.LT..0Q) Kl=1

ITIR= 1TIR+1

IF (K1.EQ.C) GC TO 23C
GO 10 240
XCM(J) = XxCM{J)+DSL/ABS{DSLI*DEL
GO 10 250
XCM{J) = XCMM1+{XCMM2-XCMM1)/{1.-CSLML/OSL)

CSLM1I = DSL

132
132

134
135
136
127
128
13¢
14C
141
142
1432
144
145
14¢
1471
148
146
150
181
152
153
154
155
15¢
157
15¢€
155
1¢C
1€1
1€2
1e2
164
1€5
lee
167
1¢¢€
165
17c
171
172
133
174
17¢

1€€
186
1sC
151
152
153



c

C
C
C

SO0

[N aNg

XCMM2 = xCMM1
XCMM1 = XCMlJ)
GO 10 160

FINAL CALCULATIONS AFTER CONVERGENCE
Z26C RS(J) = SQRT(OAXSMIJI+HS{JI) ) **%2+ (YSM(J)+8S(J) ) *%2)
RP({J} = SQRTI(XPM(JI+HP(J))*%2+ (YPM(J)+BP(J) ) *%2)

ARG = —(RI(J)I+HS(J)I/(RI(J)I+BS(J))

KIS(Jd) = ATAN(ARG)

ARG = —=(RI(JII+FP(JIDI/ZIRI(II+BF L))

KIP{Jd) = ATAN(ARG)

ARG = -~ (CHORD(JI+HS(J)-RO{J)IDI/Z(RO(JI+ESLII)
KOS{J) = ATAN(ARG)

ARG = -{(CHORD({J)I+HP{J}I-RA(J) ) Z/(RO(J)+BP(J))

KOP(J) = ATAN(ARG)
PHIS(J) = KIS(J)-KOS(J)
E7C PHIP(J) = KIP{J)-KOP(J)

LCCATION CF ELADE SEGMENTS WITH RESFECT TC CMNE ANCTHER

GAM(1) = Q.
GAMR(1}= 0.
IF (N.EQ.1) GC TO 33¢(
DO 210 J=2,4N
XR(J)= CHORD(J-1)-RO(J-1)-L(J)
IF (BP(J-1).LT7..0) GO TO 280
YR{J)= SQRT(RP(J=1)%%2-(XR{JI+HP(J-1) ) **2)-8P(J-1)-F(J)*G(J)-RI(J)
GO T0 290
28C YR(JI=-SQRT(RP{I-1)*%2—(XR{JI+HP(J~-1) ) *%2) ~BP(J-1)-F(JI*ClLU)-RI(J)
290 XG(J)= CHORD{J-1)-RO(J-1)
YElJudr= —G(J)
AA= 2.3 {(XGLJ)=XREIVIFARI(II+HSC DI+ AYGIJII-YR{JIDIIX(RI(JI)+BSLI))
BB= 2.%{(XG{JI-XR{IJ))*(RI(I)+BS{I))=(YGLII-YR(J)I*(RI(JI+HS(J))
CC= RI(UI*(Z.0*RS{II-RI(INI=UXGLI)=XR(JIV)*¥2~(YC{J)-YR{J)) **2
IF (L(J).LT.0.) GO TO 300
SINCAM = (BB*CC—AAXSQRTIAA*%24BB¥%2~CC**2) )/ (AARX2+EE*%2)
GO T0O 310
20C SINCGAM = (BO*CC+AAXSQRT(AMA*¥2+BER#¥2-CC*%2) )/ (AA#*2+BR**2)
31C GAM(J )= ARSIN({SINGAM)

)
)

CHECK CN OVERALL ELADE TURNING ANC FESIZING CAMBERS CF BLADE SEGMENTS

CO 320 J=24N

GAMR({J 1= GAMR{J-1)1+GAM{J)

DELKT= KIC{1)+GAMR{N)-KCC(N)

CIFF= DELK-DELKT

IF (ABS(DIFF).LT..001) GO TC 360

ITER=ITER +1

IENC= €

IF (ITER.CT.25) GC TO 350

DO 240 J=1sN

34C PHIC(J )= PHIC(J)I+DIFF*PHOPHL1( J) /SLMPHI
GO 10 370

25C WRITE(691120)
GO 10 10

Wt
w N
la¥e]

RESIZING C(HORLS OF BLADE SEGMENTS

2€C IEND= ]
37C X0B = XO(N)
YGB = YOU(N)

IF (NJEQ.1) GC TO 3SC
DO 280 K=zsN

2ig
218

221
222
223
224
225
22¢
227
¢ZE8
22S
232C
231
232
233
234

e3¢

23¢
2317
23¢&
239
24C
241
242
243
244
245
24¢
241
248
24S
250
251
252
Ze2
254
2¢8%
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zZec
29¢

4CC

J= N-K+2

SINC= SIN{CAM(J))

COSCE= CCS{GAMLJ))

X0BB= JR{J)I+XCB*COSG+YUBXSING-RI (J) *{SING+CQOSG)

YOBB= YR{J}+YCB*COSG~XCB*SINC+RI (J) *{SING-CCSG)
X0B = XUBE
Y08 = YCBE

IF (1ENC.EQ.1) GO TO 4l1C

NEWC = SQRTI{(IXOB~XI(L))**2+(YCB—YI(1))#%%2)+RI{(1)+RC(N)
CRATIO= TCHORD/NEWC

B0 4CC J=1,N

CHORD(J)= CHORD(J)}*CRATIO

GO 10 €0

OO0

41C

OO0

42C

ao

O

432(¢

44C

4€(
<1C

48C
49C
c

CVERALL ELADE THETA AND GAMMA

ARG= {(RI(1)-RG(N))I/(TCHCRD-RI(1)-RC(N})
THETB = ATAN(ARG)

ARG= (YI{1)-Y0OB)/(XCB—-XI{1})

GAMBTR= ATAN(ARG)

GAME= (AMBTB-THETB

IF (N.EQ.1) GO TO 430

PSEUCO-INCIDENCE ANGLES CN AFT BLADES

BO 42C J=2,4N

ARG= (CHORD{J-1)+HC(J-1)-RC(J-1))/RC{J-1}
RHO1= ZRSIN(ARG)

ARG= ((HORUD(J-1)+HC(J=-1)I-RCLJ-LI-L{J)}/RC(JI~1)
RHOz= ARSIN(ARG)

RFO= RFCO1-RHO2

SINC{J)= —~(KIC(JI-GAM(J)-KCC{J-1)}~-RHC)

ELACE SECTION COCRCINATES AT DELX INCREMEATS

00 49C J=1,yN

TEM = CHORD(J)/2C./1000C.
NEXP = 0

NEXP = NEXP+1

TEM = 10.*%TEM

1F (TEM-1..LT.Cs} GO TC 44C

M = TEM

IfF (M.GE.2) GO TO 45¢C

M =1

CC 10 470

IF (M.gE.S) GO TO 46C

M =2

GO T0 470

M =25

DELX = FLOAT(M)*1C.** (4—NEXP)

NDEL(J )= CHORD(J)/DELX+1.

XX{Jy11=0.

NDELJ = NCEL(J)

CO 46C K=1,NDELJ

YS(JeK )= SURT(RS(J)¥%2-(XX{JsK)+HS{J) ) *%2)-85(J)
IF (BPLJ) LT..08 GO TO 44C

YP({JsK )= SQRT(RPUINF%2-(XX{J,K)+HF(J))%Xx2)-EP (J)
GO 10 490

YP{JsK)=—SQRT(RP(JI *%2-(XX(J,K)+HP(J) 122} -8BP(J)
XX{JgK+1)= XX{JyK)+DELX

C RELATICN CF SEGMENT ORIGINS TG PRINCIPAL CRIGIM

34

2%¢€
251
2S¢
256
Z€C

c€2

2€4

290
258

264
285
2G¢
267
2GE
28S

3C1
202
QC]
3C4
32CE
3206
2CT
3ce
3Cs
31¢
211
212
312
214
31%
21¢

211



[aEaX 3!

x1{1) = Q.
Yiti) = Q.
Xe(1) = CHCRD(1)
Y2(1) = C.

IF (N.EC.1) GO TO 5€¢C
DO SCC J=24N

TEMA = XRJI-RICJII*(COSIGANMIJI)+SIN(GANCI) DY)
TEMB = YR(J)I+RI(JII*X(SIN(GAM{J))-CCS(GAN{U)))}
TEMC = TeEMB/COSI(GAMR{J-1})
TEML = JTEMCESIMNIGAMR(J-1))

TEME= TEMA+TEMD

TEMF = TEMEXSIMN(GAMR{J-1)})

BX = TEME*COS(GAMR(J—11})

LY = TEMF-TEMC

X1(J) = x1{J—-1)+4DX

Y1{J) = Yi{J-1)-DY

X2(J) = X1{J)+CHORD(J)*COS(GANR(I))
SCC Y2(J) = YI(J)-CHORD(J)*SINIGANR(JN)

CCMPLTATICN CF ACTLAL GAPS

DO E7C J=24N
REAR PCRTICN OF GAP
KGS1 = 10C.
€1C ARG = —((XGLI)=XR{IJII*XCCSHGAM(I) )= (YGLJI)-YRIJIIFSIN(GAN(J))
AR TGN 4RSIV 7 LIXG () = XRA D V= SIN(GAM U+ (YGC(J)-YR{J) DI *COS{GAM{J})
ZART(JI4BS(J) )
KGSe = ATAN(ARG)
IF (ARBS{(KCS2-KGS1)uLE..OL) GC TC 520
BETA = KGSZ-GAM{J)
CA = (XOUJ~1)+YCU{J-1) *TAN(BETA)-xR{J))#CCS(GAM(J) )+
IYREJI*SIN(GAM(J))+RI(II+HS(J)
CB = —(TAN(BETA)I*COS(GAMII) )+ SIN(GAMCJI NI
CC = (XO(J-1)1+YO(J-L)*TAN(BETA)-XRIJ))IASINIGAM(JI)) -
IYR(JI*CCS(GAM{J ) I4RI(JI+BS(J)

CC = COS(GAM(J))I-TAN(BETA)*SIN(GAMJ))

CE = (B*xz+4CD%¥%2

CF = 2.%(CAXCHB+CC=CD)

CG = Cax%z+LC*¥*2-RS{J)*%2

YG(J) = (-CF+SQRT(CF*%2-4,%CE*CG))/(2.%CE)
XG{J) = XO(J=1)-{YG{J)-YO({J-1})*TAN(BETA)
KCGS1 = KGS2Z

GO 10 510

£2C GA(J) = SQRTUAXG(II-XO(I—1) ) %%2+ (YG(.)-YC{J=1) ) #%2)~-RC(JI-1)
GADC(J )= GA{J)I/CHORD(J—-1)

FCRWARLC PCRTION OF GAP
KGP1 = 1C0.

XGP = XR{J)
YGP = SQRI{RP(J-1)%%2—-(XGP+HP(J-1))*42)-BP(J4-1)
£3C ARG = -(XGP+HP(J-1))/7(YGP+BP{U-1})

KGP2 = ATAN(ARG)

IfF (ABS(KCP2-KGPl).LE..QLl) GC TC 560

ARG = (-HS({J)-RI(JII/(BS(JI+RI(J))

ATANCTARG)I-GAM(J)

(KCP2+KGSI1/2,
CL = 1.+(TAN(BETA) )**x2
CM = 2. #(BPIJ-1)-(XR{JI+YR(J)I*TANIBETA)+HP (J—1)) *TAN(BETA))
CN = (XROJIHYR{J)XTAN(BETA)+HP(J—1) ) *¥*¥2+BP (J-1 ) %*2-RP{J~1) **2
If (BP{(J-1).LT..0) GO TO 540
YGP = (—~CM+SQRT(CM=x2-4,%¥CL*CN) ) /(2.%CL)
GO T0 £¢<Q

£4C YGP = (-CM-SQRT(CM*%x2-4 . %CL¥CN)}/(2.%CL)
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36

€50 XGP = XR(J)I-(YGP-YR(J))*TAN(BETA)
KGP1 = KGP2
GO 710 530

€€C FG = SQRTU(XR{J)I-XGP)**2+(YR(J)-YGP) **2)
BETA = BETA+GAM(J)

CL = 1.+{ TAN(BETA) }*%2

CM = 2%(BS{J)-(XI(JI)+YI{J)*TAN(BETA) +HS(J) ) *TAN(BETAY})
CN = (XI(JIHYI{JI*TANL(BETA)I+HS(J) ) **24+BS(J) ¥%2—-RS(J ) %%2
YGS = (~CM+SQRT(CM*¥2—-4,%CL*¥CN))/(2.2CL)

XGS = XI{J)-(YGS-YI(J)I*TAN(BETA)

FG2 = SQRTU{XGS—XI(J)I**2+(YGS—-YI(J))*%x2}

FG = FG@FCGZ
€7C FA(J) = FG/GA(J)

PLT OLTPUT ANGLES IN DEGREES
€€C CELK = LCELK*57.265779
GAMB = C[AMB*E57.2G65779
THETB = THETB*E£7.265717S
DO £S0 J=1,N
CAM(J) = GAM(J)*57.26517S
CAMR(J) = GAMR(J)I*57.2957179
TFETA(J) = THETA(J)*57,295717S
SINC{J )= SINC(J}*®57.25577S
PHIC(J]) = PHIC(J}*57.295779
PFIS(J]) = PHIS(J)I*57.,26577S
PHIP(J) = PHIP(J)*57.2657179
KIC(J) = KIC(J)*57.,265779
KIS{J) = KIS{JI*57.255779
KIP(J) = KIP{J)*¥57.2G65717S
KOC({(J) = KOC(J)I*57.2957179
KGS(J) = KOS(J)*57.295778
£ESC KOP(J) = KOP(J)*57.2G5177S
CHEANGE SICN CF SELECTED OLTPLIS

DO €C0 J=1,N
HS(J)= -HE(J)
HC(J)= —HC(J)
HP{(J)= ~HP(J)
KOS{J )= -KOS(J}
KOC(J i= —KOC(J)
KOP(Jl= —KOP( I
Yi(Jl= —-Yv1{d)

€CC Y2({Ji= -Y2tJ)
YOoB= —-Y0B

PRINT CUTPLT

WRITE(€,1CCC)

WRITE(€5114C) Ny TCHOROD»PITCH,SCLIDDELK,KAFIN,GAMB, THETE,XC8B,Y0B
DO €2C J=1,4N

WRITEL(€4116C) J

WRITE(€y11€6C) CHORD(J) 4RI {J) »RC{L) ,THETALY)
WRITE(€,117C) XI{J)oYI () o XTCJ) 9 YCLJ) o XCM(J) 4 YCHM(J)
WRITEC€s11E0) X1{J)sYLU{J) 4 X2(J) 4Y¥2(J) sGAN(J) 1GANMR(Y)
WRITE(€+,1150) PHIS(J) sRS(EJ)HHS(J}4BSLJ),KISTI),,KCS(J)
WRITE(€5,1200) FHIC(J)yRC(J}yHC(II9yBC(J) 4KIC(J) 4KECC(J)
WRITE(€,1210) PRIP{J) 4yRP{J) sHFP{J)4BF{J) KIP(J),KCP(J)

IF {J.EQ.1) GO TO 61C

WRITE(€51220) CG(J)}yGA(J)4GABC(J) 4L(J)2F(J)FA{J)HZSINC(I)

381
2ge2
28z
384
385
€€
3E7
3gE
3€S
asce
261
362
2C2

164
265
36¢
167
358
2¢¢
4C¢C
4C1
42
463
4C4
405
4C6
4C17
4ce
4Cs
41¢
411
412
413
414
415
41¢
411
418
415
42¢
421
4z2
423
424
425

432
424
43¢
436
427
436
43¢
44C
441



€1C WRITEt€,123C) NDEL(J} 442

NDELJ = NCEL{J) 443
€2C WRITE(€,124C) (XX{JsK)p¥S(JIsK) o YP(JyK)y K=LoNDELJ) 444
RETURN 445

C 446
C FORMAT SYATEMENTS 441
C 44€
1CCC FORMAT(1H1//7) 445
1C1C FORMAT(EFIC.5) 45¢
102C FORMAT(ILC,5F1C.5) 4¢1
1C3C FORMAT(//EXsLFN&Xs6HTCHORD 36Xy SHSCLID 46X 94HDELK,6X 25FKAPTINy 5X, 452
L6FRAD EUS /Xy [ 295Xy FB8e5 93X 1FBaby3XeFTe3,4XsFTe3,3XyF8.5) 451
1C4C FORMAT{/6X912HC/C (1) ARRAY/(L9X,5(F9.5,1X))) 454
1CSC FORMAT(/6Xy LERPRI/PHILL) ARRAY/ (19X 45 (F9.5,1X))) 488
1CEC FORMAT( /76X, LOHG/TC ARRAY/ (LSX45(FG.5,1X))) 45¢
1C70 FURMAT(/6X91CHFL/TC ARRAY/(1SX5(FS.5,1X))) 457
1C8C FORMAT(/6Xy THF ARRAY/{19X,5(FS.5,1X))) 458
1C9C FORMAT(/6XyLOHTM/C ARRAY/(9Xy5(FF.5,1X))) 456
110C FORMAT(/6X, LCHRE/C ARRAY/(SX35(FS.5¢1X})) 4eC
111C FORMAT(/6X5L0RRG/C ARRAY/(SX35(FS.5,1X))) 4e1
112C FORMAT(/2//7/7710X%,93HMAX THICKNESS CF SOME SEGMENT IS LESS THAN LE 4€2
IACING CR TRAILING EDGE THICKNESS CF THAT SEGMENT) 462
112C FORMAT(/////7/71CX, 12HPRCCEDURE FCR SIZING CF EBLACE CAMBERS HAS NOT- 4€4
1 CONVERGEC IN 2% ITERATIONS) 468
114C FURMAT(10X,24HCVERALL BLADE PARANMETERS/14X sLHNy €Xy 6FTCECRDy TXy 4EE
ISHP ITCF 6%y SHSCLID 9 7TX 9 4HDE LKy TX o SHKAPIN o7 Xy 4HGANE y 6 X9 SHTHET By 71X, 461
Z3FXOB EXy 2FYOB/ 13X 129 5X oF 8e5 44X sFBe5 94X eFT e 33X FB o34 3X,FT 04, 4e8
33Xy FSeby 3N FTad s 2XsFSe592X3FGe5) 4€%
115C FURMAT(///iCXy1€EHBLADE SEGMENT NCo +12) 47¢
116C FORMAT(/ 12Xy SHCRORD 96X 2HRI 983 92FRC yTXySHTHETAZLOX y4(F9 .5, 1X)) 471
117C FORMATA/ 14Xy 2HXT 98X 92HYL 98X 9 2HXT 8% $2HYC 98Xy 3HXCMy 7 Xy 3HYCM/ 472
11CXs€(FS. Ey1 X)) 472
L1EC FORMAT(/ i4Xs 2HX198X92HYL y8X92HX2 48X +2HYZ2 3 TXs3HCAM 7 X, 4HGAMR/ 474
110X 6 (FS.Ey1X)) 415
11SC FORMAT(/ 12Xy AHPHIS» 7X 92HR S EX 92HKS 18X 9 2HB5 s TX 9 3RKIS 9 TX s 2FKCS/ 47¢
110X, 6{FS.E,1%)) 477
12CC FORMAT(/1EX94HPHIC 97X 92HRC 98X 92HFC 98X 9 ZHEC 3 TX 3 3FKICy 7X y 2HKCC/ 47€
11CXs€LFS.5,1X)) 4175
L121C FORMAT{/L2Xs4AFPHIP 37Xy 2FRP 48X 9 2HFP 48X yZHEP, TX y3FKIF 47X 4 2FKCF/ 4EC
11CXs ELFS.5,1X)) 461
122C FORMAT(/ 14Xy LHG ySXy 2HGAy TXy 4HGACC 97X s LHL 99X g LHF 9SG X 9 2HE Ay TX » 4HSINC/ 48z
110X+ TUFS LB, 1X)) 482
123C FORMAT(/14X92HXXy 8X92HYS y8X 43 2HYF 4SX y7THADEL = 412) 4E4
126C FORMAT({1CXs3({FS.5,1%))) 4e8
125C FORMAT(124€) 486
12€6C FORMAT(IX,12A€1 4ET
127C FORMAT(///77//7/1CX,7TSHTHE SULM CF CNE FLULS THE VALUES IN THE PHUPHI1 4€8
1ARRAY NMLST BE CREATER THAN C.l) 485

END 4¢C

$IEFIC IFINP

SUBRULTINE IFINPT

COMMGN s INPLT/NyTCHORD » SCLID2DELK KAPIN,RACIUS,CCCL(5),PFCOPHL(5),
1GOTCA(S5 },LOTC(S) 4F(5)yTMGC(5),RICC(5) ,RA0C(5),TITLE(12)

CGMMON /CUTPLT/CHIRD(5) yGAM(S) yGANMR{S5) 4PHIC(5) ,PITCH
COMMUN/COMI/RI(E) yRUL(D) y THETA(S) o X1 {5) 4 YI(5) s XTC(5),YC(5Y,

IXCMUE )y YCMES o X1{E)aYL(5) 4 X2(5) 3Y¥2(5) ,SLS(5) 4ySLP(5)4XSM(5),YSM(5),

AN B W N
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[aN et OO0

[aNaNe!

laNaNe] 2N xXs}

el el

IXPM{5)YPM(3) sKCM{S),46(5),GA(5),GACC(5),4L(3)FAIS),SINC(5),
IRCEE) o HCLE)yBCAE) ZKIC(5) 4KCCAS5) s 5S(5) 4HS(5) 4BS(5),KIS{5),KCS(5),
IPHIS{S5)4RP{5) 4HP(5) 48P (5) yKIP(5) KOP{5) FHIP(5)TM(5)4XR(5),YR{5),
IXGU5) g YGUE) sy NDEL(5) 9 XX (591001 9Y¥5(5,100),YP(5,100)
COMMUN/CUM2/GANS yMCHORD(5) yRSTGR(5) s STGRI5) 4MLEL(S) 4RTHLE(S ),
ITHLE(E ) yMTE(S) yRTHTE(S) g THTE(S) yMCLA{5) »RTHCL{S) 2 THCL(S5)4MCT(5),
IRTHCT(E), THCT(E)yBETIS{S) BETLS(5) ,BETIP(5),BETCP(5)yMSPS{5,100),
IRTHSPS(S, 1CO) y THSPS{5410C) 4MSPP{5,100) yRTHSPP(54100)+sTHSPP(5,100)
REAL L JLOTC,NERC ¢KIC yKCC o KISy KC S KIPKLP4KCM,

IKGS 14 KCS24KGP 1,KGP2yKG ST » KAPL A

REAL MLE,NMTEsMCLsMCTyMCHORD yMSPS,MSPP

CCMPUTATICN GF GECMETRICAL INPLT FCR TANDEM BLADE, IDEAL FLCW PRNOGRAM

CH

1c

LC

2C

LC

ANGE SICN CF SELECTED PARANMETERS

CO 1C u=14N

KOS(J4 )= -KOS{J)

KGC{J )= —-KOC(J)}

KOP(J )= —K3OP(J)

YitJd)= -Y1(d)

Yzld)= =Yz(J)

YO0Bs= -YG3

CATICN (F CENTERS GCF LEADINC ECGE CIRCLES

CAMS = (KAPIN-KIC(1))/57.2¢51716
CO 20 u=1N
CAMRI{J )} = CAMKI(J)/57.2551176

GAMJ = GANS-GANR(J)
TEM1 = (X1{J)-RI(L})*=COS{GANMS)= (YL (J)-RI{LL1IIXSIN{GAMS)+RI( 1)
TEM2 = (XI(J)-RI{LII*=SIN(GANMEI+ (YL (J)-RI(L)I*®CCS(GAMS)

MCL{J) = TEMI-RI(J)*SIN(GAMII+RI(J] *CCS(GAMJI
RTECL{Y) = TEMZ+RI(J)*CCS{GANII+RI(JIIFSIN(GAMY)
THCL(J) = RTHCL(J)/RADIUS

CATICN CF CENTERS OF TRAILING EDGE CIRCLES

DC 2C J=1,N

CAMJ = CAMS-GAMRI(J)
TEML = (Xz(J)-RI(1)I*COSCGANMS)I={Y2{J)-RI(L)I*SIN(GANS)+RI( 1)
TEMZ = (XZ(JI-RICL)IRSINIGAMSI+ (Y2(J)-RI(L))*CCS(GANS)

MCT(J} = TEMI-RCUJIXSINIGANMUI)-RLIJI*CLCSIGANMY)
RTFCT{J) = TEMZ+RO(JI*CCS(GANMI)-RC(J)I*SIN{CAMI)

2C TRHCT(J ) = RTACTIII/RADILS

LCCATICN CF LEADING EDGES

GO 4C Jd=1,N
MLE(J) = MCL{JI-RI(J)
RTHLE(J) = RTHCL(J)

4C TRLE(J) = THCL(J)

LCCATICN CF TRAILING EDGES

CO €0 J=1,N
MTE(J) = MCT(J)+RC(J)
RTHTE(.) = RTHCT(J)

SC THTE(J) = THCT(J)

LC

CATICN C(F LCCAL ELADE CHCRDS AND STAGGERS
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C
C
C

C
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CO €C (=1,N

MCHORD (J)} = MTE(JI-MLE (J)

RSTCGR(J) = RTETE(JSI-RTIHLE(J)
6C STGR(J) = THTE(JI-THLE(J)

LCCATICON (F SPLINE CULRVE ANGLES

CO 7C J=1,4N
GAMJ = CANMS-GAMR(J)

BETIS(J} = KIS(JI+GAMI*57.265779
BETOS(J) = KOS(J)+6AMI*57.295779
BETIP(y) = KIP(J)+GAMI*57.2G57179

7C BETOP(.) KUOP{J)+GAMJI*57.265717S
LCCATION CF SPLINE POINTS CN BLACES

00 €C J=1,N

GAMJ = CANMS-GAMR(J)
TEML = (XI{J)-RI{1II®COSIGANS)— (YL (J)-RI{L)I%SIN(GANSIHFRI(])
TEM2 = (X1{J)-RI(L)I*SIN(GAMS)+(YL{(J)-RI(1))*COS(GANS)

NUELJ = NBEL({J)

CO 80 k=1,NOELJ

MSPS(JaK) = TEMLI+XX{JsKIFECOSIGANMJ)I~YS(JsK)I*SINIGANI)-MLE({J)

MSPPLJ4K) = TEMLI+XX{JyKIXCCS(GANMI)-YP (I KIHSIN(GAMII-MLE(Y)

RTHSP S{JyK)

RTHSPP {J,K)

THSPS{JsyK ) = RTHSPS(J,K) /RADILS
€C THSPP{JyK) = RTIHSPP{J4K)/RADILS

PRINT CLIFLT

WRITE(€,1CCC)
WRITE(E,1C1C)
WRITE(E,1C2C) (JyMCHORD(J) »STGREG) »RSTGRIJISRICIIFRC(LI),
IMLE(J ) s THLE(J) 9 RTHLECJ) yMTE(J )y THTE(J) 4RTHTE(J) yd=1yN)
WRITEL(E,1C20)
WRITE(€,1C4C) (J,BETIS(J) BETCS(J) +BETIP(J)yBETLCF{J),
IMCLEI ) s THCLUJ ) 9 RTHOL(J) 4 MCT(J) y THCTUU) yRTHCT (J) 9 d=14N)
DO SC J=1,N
WRITE(6,108C) o
WRITE(E6,10€0)
NCLLJ = NCEL{(J)

SC WRITE(6yLC7C)Y (MSPS(JIsK) » THSPS{J9K) yRTHSFES{J,K),
IMSPPUJ K)o THSPP{J4K) 9y RTHSPP (U 4K) yK=1 4 NDEL J)
RETULRN

FCRMAT STATEMENTS

1€C00 FORMAT{1H1/////10X,38HCCMPLTED INFUT FCR ICEAL FLCW PRCGRAMS////)
1010 FORMAI(14x,SHBLADEp5X76HMCHCRD'4X,4HSTGR,6X,5HRSTGR,6X,2HR1,8X.
12HROy Exy IHMLE ) €Xy 4HTHLE y 0 Xy SHRTHLE y6 X 3 3HNTE 46X y4hT RTE 36X 25 FRTHT E )

1020 FUKMAT(15X%X,12,2%,11F1C.5)

1030 FORMAT(////14XyEHBLADE »5X +5SHBETI Sy5XySHBETCS 15X s SHBETIP,5X 3 5HBETOP
Lo LOX9s ZHMCL 96Xy 4HTHUL y 6 Xy SHRTHCL 46X 9 3FMCT 36 Xy 4 HTHCT 46X o SFRTFCT )

1040 FURMATI{L5X,1292X%44F10.5410X,6F10.5)

1020 FORMAT(///1CX,1€EHBLADE SEGMENT NO. ,12)

1060 FURMAT(/14Xy4HMSPS,6XySHTHSPS 94X 6 HRTHSPS 315X »4hMSPP,6X ,
JIEFTRSPF 4%, €ARTHSPP)

1070 FURMAT((1CXy3F1Ce541CX43F1C.5))
ENC

TEM2+ XX (JyK)*STNIGAMI I +YS (J4K)*COS(GANJI-RTHLE(J)
TEM2+ XX (JyK)FSIN(GAVI)+YP (J4K)ECCS{GAMII-RTHLE(J)

39
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SUBROLTINE PLCIT
CCMMON /INPLT/N,TCHORD s SOLID S CELK 4KAPINRADIUS,CCCL(5),PFOPHI(5),

1IGOTC(E )LLOTC(5)4F(5),TMCC(5) 4RICC(5) 4RCCC(S),TITLE(12)

COMMON /GUTPLT/CHORD(5) +GAM(5) 4GAFR(S) yFHIC(5),PITCH

CCMMON /CLPLOT/ XPENs YPENyNXyNY s IPEN, XLABEL{10) ,YLABEL(10)

COMMCN JCOMLI/RI(E) yRO(S) yTHETA(S) o X1 (5) oYL (5) 4XC(5),YC(5),

IXCM{S) o YCM(5) 4 X1{5)sYL(5) 9X2(5) sY¥2(5) +4SLS(5) 4SLP(5),XSM(5),YSM(5),
IXPM{B) s YPM(5) 4KCM(5)4G(5)43GA(5) +GABCH{S),L(5),FA(5),SINC(5),

IRCUE) 9 bCLE)yBCIS) WyKIC(S) yKCC(S5) 9 RS(5) yHS(5)48S(5)4KIS{5),KCS(5),
IPHIS(E)4RP(5)hP(5),BP(S) yKIP(5) yKOP(5) yPHIP(5} 4 TM(S)4XR{5)sYR(5]),
IXGUE) s YGUE)HyNDEL(S5) 9 XX(541CC) 9¥S(5,1C00),YP(5,100}

COMMON 7COMZ/GANMS yMCHORD(S5) ¢RSTGRI(5) ySTCRI5) yMLE(5) 4 RTHLE(S ),
ITHLELS I yMTELS)yRTHTIE(D) s THTE(S) o MCL(S) 4RTHCLI5),THCL(5),MCT{5),
IRTHCT(E )y TRCT(S ) BETIS(S5) 4BETCS(D) +BETIP(S5)BETCP(S)4MSPS(5,100),
IRTHSP S (5, 1C0) , THSPS(5,100) +MSFP(5,100) ,RTHSPP(5,100),THSPP(5,100)
DIMENSION XLISCE) s YLS(5) oXLPUS) s YIF(5) +X25(5)4Y25(5),X2P(5},Y2P(5),
INDELSTE )y NDELP(S) 4y NLE5) yN2(5) yJNPNTIS(5) s XCRX(5) s YCRY (5} 4XIX (5},
IYIYA(5) s XOX{5) s YCY (5} s XS{54LCC) s XP(5,100}) 4XSX(54100),YSY(5,100}),
IXPX(541CC)YPY(5,100) 4y XIXC{5410C)sYIYC(5,100) ,XCXC(5,100},
IYOYC(E410C) 9y XDUWN(20C0) y YACRCS(2COC) 4 XTENMP(LIOCGD )} YTEMP (100D,
IKKK(25)1,P(25)

EQUIVALENCE (XS(Ly1)sMSPS{L 1)) o(XP(1,51) RTHSPS(1y1)),

TOXSX{d 91y THSPSULa L)) o LYSY L 41) o 6SPPILsL) )
HOXPXC1a1),RIHSPP(L41)) 2 {YPY (L 41) ,THSFF(L,11))

REAL LyLUICoNERC +KIC,KUC 9y KI Sy KCS+KIF4KCP,KCM,

IKGS 1y KCE2)KGP 19 KGP2yKGST ¢ KAFI A

REAL MLEWNMTE,NMCLyMCTyMCHCRD 4MEPS MSPF

CALCULATICN CF INPLT FOR CALCCNMP PLCTTER
PLT ANCLES IN RACIANS

PI = 3.141862¢¢
PO 10 J=1,N

KIS(Jd) = KIS(J)/57.2557179
KIP{J) = KIP(J)/51.255717S
KOS(Jd? = KGS(J)/57.265779
1C KOP(J) = KCP(JI/57.265116S

CVERALL BLADE SIZE

YMAX = RS{1)-BS{Ll)
YMIN = YOB-RO(N)
XMAX = XOB+RO(N]}
XMIN = 0.

DX = XMAX-XMIN

DY = YMAX-YMIN

LCCATION CF GVERALL BLADE ORIGIN wITH RESPECT TC FLCT CRIGIN

XT

= CXr18.
YT = M

AX+0X/9.

LCCATION OF PDINTS WHERE LEACING ANC TRAILING EDGE RADIL MEET
BLACE SURFACES

DG 2C J=1,N
X1S{J) = XILJ)I-RICIHI*ESINIKISUI))

Pttt
AN e O D00 wd AN A

-
[ -3 ¥V

P
B,

nN N
[ e

1

[ASIE\N)
NN

\

Ny
o

n

i

3

Ww NN
N = U0 - N

[SUIRCU IR SR VT Y I FC R PR UV
D - AN Dty

S
)

Do
SV, N
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QOO

2K 2X2

OO0

Y1S{Jd) YICJI+RI(IIRCCSIKISCI))

X1P(J) = xI(JI+RI(II=SINIKIPLJ))

YIP(J) = YI(J)-RIGJI*CCS(KIP(J))

X2StJ) = CHURD(JI-RC{IV*(L.+SINIKCS(J)))

Y2S(d) = YOUII+RC{IIXCCSUKCSIJ))

X2P{J) = CHORD(JI-RO(J)I*(1.—-SIN(KCP(J)))
2C Y2Z2P{(J) = YO(J)-RCUJ)I*COSI{KGPLJ})

ELIMINATICN GOF XX,¥YSs ANC YP PCINTS NCT CN THE BLACE SURFACES

CO 11C J=1,N

NDELJ = NDEL(J)
SLCTION SWRFACE

M =1

CO 20 k=1,NUELJ

IF (XX{JyK)eGTaX1S5(J4)) GO TC 4C
3C CONTINLE

4C XS{Jdy1) = X¥1S(J)
YS{Jdsl) = Y1S(J)
KK = K

DO €0 K=KK,NDELJ
IF (XX {J,K)GTex25(Jd)) GO TC 60

M = M+]

XStJde¥ ) = XX(JyK)
S5C YS{JeM) = Y¥S{J4K)
6L M = M)

XS{JyM) = x2S(4)

YS(JsM) = Y2S(J)

NDELS(u) = M
PRESSURE SLRFACE

M =1

CO 7C K=1,NDELJ

IF (XX{JyK)eGTax1P(J)) GC TC 80
7C CONTINLE

EC XP(Jdy1) = x1P(J)
YP(Jy 1) = YIP{J)
KK = K

DO S0 K=KK,NDELJ
IF (XX{JdyK)eGTLXx2P(JY) GO TC 100

M = M+]

XP(JeM) = XX{J,yK)
SC YP{JyM) = YP{JsK)
1CC M = M+]

XP{JsM) = Xx2P(J)

YP(Jd,M) = YZP({J)

11C NDELP(J) = M

LCCATICN CF LOCAL BLADE CRIGINS ®ITH RESPECT TC FLCT CRIGIN

CO 12C J=1,N
XOR X (J X1{J)+xT

y =
12C YORY(J) = YT-Y1{J)

LGCATION CF BLADE SURFACE CGCRDIMNATES WITH RESPECT TC FLCTY CRIGIN

CO 15C J=1,N

SING = SIN{GAMR(J})}
COSC = COS(GAMRIJ))
NCELJ = NOELS{(J)

DO 13C K=1,NDELJ

XSX{dak) = XORX(EJI+XSUJsKI*CCSG+HYS{J1KI*SING
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14C YPY{(J,k)
15C CONTINLE

17C YIYC{J,4K)

18C YOYC(J,K)

12C YSYU(J,K) = YORY(JI+XS{JyKIXSING-YS(J4K)XCOSG

NDELJ = NLELP(J)
CO 14C K=14NDELJ
XPX{JyK) XORXA{JI+XP(JsKI*CCSG+YP(JHKI*SING
YGRY{(JI+XP (J K} *SING-YP{J,K)*COSG

W

LCCATION CF LEADING AND TRAILING EDGE élRCLE CENTERS WITH RESPECT TO
PLCT ORIGIN

DO 16C J=1,N
SING & SIN(GAMR{J))
COSCE = COS{GAMRI(J})

XIX{J) = XORX{JI+RI(JI}I*{SING+CCSG)

YIY{J) = YCRY{JI+RI (J)*(SING-CCSC)

XOX{J) = XORX(J)+CHORD(JI*CLSG+RC{JI*{SING-COSG)
16C YUY {J) = YORY(JI+CHORD (J)*SING-RC(JI*(SING+CCSG)

LCCATION Cf ELADE SULRFACE PCINTS ARCULMC LEADING ELCGE

CO 17C J=1,N

ANG1 = PI-KIS(JI)+KIP(J)

N1(J) = ANGL/.1

ANG]l = PI/2.-GAMR(J)I+KIS(J)

N1J = N1{J)

CC 17C k=14N1J

ANG1 = ANGl+.1

XIXCOd4K) = XIX(JII+RI(II*CCS(ANGL)
= YIY{J)-RI(JI*SIN(ANGL)

LCCATION CF BLADE SURFALE PCINTS ARCULAD TRAILING ECGE

EG 18C J=1,yN

ANCZ = PI+KGS{JI-KUP{ )

Nz2(J} = ANG2/.c2

ANGZ = P1/2.—GAMR{JI+KCPLJ}

Nzd = Nzt J)

DO 18C k=1,N24

ANGZ = ANGZ+.z

XOXCLJsK) XCX{J)-RCLJI*CCSLANG2)
YOY(J)+RC(J)*SINCANG2)

i

STGRE EBLACE SLRFACE PCINTS INTC XOCwN ANC YACRCS

M = C

DC 232G J=1,4N

NPNTS(.) = NDELS{JI+NDELP(J)+NLLJI+N2(J)
PRESSURE SLRFACE

NDELJ = NLCELP(J)}

DO 19C K=1,NDELJ

M = M+]

XDOWNIN) = YPY(J,K)

16C YACROSIM) = XPX(J4K)
TRAILINC ECGE

NZ2J = he(Jd)

DC zCC K=1,NzJd

M = M+)

XCOWN{M) = YOYC(J,K)

«¢CC YACRUOSH{M) = XCXC(JsK)
SLCTION SIRFACE

NCELJ = NDELS(J)
CO 21C K=1,NDELJ

128
136
14C
141
142
142
144
14¢
14€
1417
148
14¢
150
151
182
153
154
125
15¢
157
15€
15¢
1¢C
1¢1
1¢2
1€3
1¢4
1¢€5
1¢¢
167
1€8
165
17C
171
172
172
174
175
17¢
177
178
178
18C
181
1€2
182
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MM = NCELJ-K+1

M = M+]

XCOWN(NMY) = YSY(J,MM)
¢1C YACROSIM) = XSx(J,MM)
LEACINC ELGE

NIJ = MNILY)

CO 22C K=14N1J

Moo= M+

XDUWN(NM) =  YIYC({J,yK)
c2C YACRUS(M) = XIXC(JsK)
¢2C CONTINLE

RCTATE BLADES TC NORMAL CASCADE SETTING

DO z4C I=1,M

XTEMP (1) = (YACROGS(I)=XIX{1))3CCSIGANSI+(XDCwN(II-YIY(1))

IXSIN(GAMS)

¢4C YTEMP (1) = —(YACRLS(II=-XIX{1)I*SIN{GAPS)I+(XDCWN{I)-YIY(1))

1*CUS{GAMS)
FINC MAXIMLM AND MINIMULNM LIMITS CF FLCT,

XMIN= (.
O z¢C I=1M
Z28C XMIN= ANMINICXMIN,XTEMP (L))
XMAX= (.
EC 2€C 1=1yM
ZEC XMAX= AMAX]I(XNMAXyXTENMP (L))

YMIN = C.
CO 27C I=1,M

c7C YMIN = AMINLOYMIN,YTENP(I))
YMAX = (.

DU 28C 1=14M
Z8C YMAX = AMAXL{YNAX,YTENMP(I))
OX= XMAX—XMIN
DY= YMAX=YMIN
XT= —XNMIN+CX/1E.
Y1= —YMIN+CX/S.
CO 26C I=1,M
XCURN(T) = YTENP{TI)+YT
29C YACRUS(I} = XTEMP(IL)+XT

CLPLICATE BLADES FCR CASLADE EFFECT

MM = M
CO 20C K=1,MM
M o= MM4K

XDCWN(NM) = XDCWNIK)+PITCH
2CC YACRUS{M) = YACR(GS(K)

DO Z1C J=1,N
21C GAMR(J) = GAMR(J)*57,26577S

PREPARE KKK AND P ANGC CALL CALPLT
KKK(1} = 4
KKK(z) = C
KKK({2) = 2%N
KKK(4)}) = 1}
CO 22C J=1,4N
20 KKK(J+5) = NPNT1S(J)
DO 232C J=1,N
K = J+5+N

ANC SHIFT BLACES

184
185
1g¢
187
1EE
186
1sC

162

152

2C0

239

241
242
z42
244
245

43
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2

C

KKKAK } = ANPNTS(J)

P(1) = Z.

P{2) = S /CX¥(DY+PITCH)I+Z.
PL2) = C.C

Pl4) = DYPITCH+Z./G.%DX
P{5) = 10.C

Pler = C.C

PL7) = 10./8.%Dx

p{e) = 10.C

P{s) = 0.

P(1C) = C.

P(11) = 0.

P(1z) = C.

Pt12) = C.

P{14) = 9Q.

NX = =1

NY = +]

DATA XLABEL(1)/1H /

CATA YLABEL(1)/71H /

CALL CALPLTIXDCWN ,YACRGS +KKK,F}
RETLRN

ENC

CTITLE

SLBRCLTINE CALTIT

CUMMON JINFLI/NsTCHUKD , SGLIDSDELK JKAPIN,RADIUS,CCCL(5),y PHOPHLI(S),

1G0TC(E )}, LOTC U5, FLS), TMLL {5 4RICCI5) 4RCOC (5} ,TITLE(12)
COMMCA /OLTPULT/CHORD (5) y6AM(5) 4GANMRIS) ,FHICL(5) ,FITCE

COMMUN /CLPLOT/XPEN, YPENsNXoNY s IPEN, XLABELCL1O0) »YLABEL(10)
DIMENSICN TLTLL( 3} 4TITL2(5) 4TITL3(5) ,TITLG(T7),TITLS(5),TITLE(T)

CATA{TITLL(1)91=1,3)/EHTOTAL 46h
CATA(TITLZ(I) 91514501 /6HCHCRD 46H
CATA(TITLZE(I)+1=1,S)/€HPITCH 46H
CATA{TITL4(T)91=21,7) 7EHC/C L) 46H

1e+7C Ly éR/TC 12H F/

CATA(TITLELT )y I=1,5)/EHTM/C vOH
DATA(TITLECL)s1=1,70/6H C v6H

1€-M y ¢EH  GANRY/

TC3HTAL/
CA6HFBER  46H
KA yoHPIN y6H
PrI,6H/FRHI(1,6H)
Ry6141/C y6H
Fs6tHI1 yOH

CALL SYMBCL(—€4(9545yCaC8yTITLEC.0,72)
CALL SYM3CL{-€64(48.75,0¢15,T17L1,0.0,15)
CALL SYMBCL(-€E4C,8.53Ca154T1TL2+C.C929)
CALL SYMBOL{-EaCyTa%9Cel59TITL34Ca0,427)
CALL SYMBLLI(—€e03€e350.15sT1T1L44+C.0,38)
CALL SYMBCL(~€«Cy4absCelBsTITLS 4Ca0,26)
CALL SYMBUL{—€4Cy2.79Cal5sTITLELCL0136)
CALL NUMBER{=€E4C,842,Ce12sTCHCRD40.045)
CALL NUMBER{-4.748431Ca124+DELKyC.04+4)
CALL NUVMBER({=%¢138¢29C129SCLIDsC.Oy4)
CALL NUMBER{—€.(,7.25Ce124PITCH,C.C,45)
CALL NUV3ER(—4 4Ty Te2+Cal2sKAPIN,CoTy4)
CALL NUMBER(-2414742+Cal2¢kADILE,40.0,5)

IF (NJEG.1) GO Tu 2¢C
YYY= €.:2

COo 1C (=24N

YYY = yyy¥Y-(.2

CALL NUMBEK{—E«C o YYY3Cal24CCC1(J)404044)

SCLy,SHILITY/
RAC,3HIUS/
G/

RC,2+/C/
GA,

24¢€

AN}
£
-

24€
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N
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CALL NUMBER{—4.64YYY,Cul2yPHCPH1(J) »0.044)
CALL NWBER{=Z2.2,YYY,C.12,GCTC(J)40.0,4)
CALL NUMBER(=2429YYYCal2+LCTC(J)40.044)
1C CALL NUMBER{—145¢YYY,Cal2+F(J)+0eCr4)
cC YYY= 4.6
CO 2C J=1,N
YYY = YYY-(C,.2
CALL NUMBER{—€«CyYYY40.12,TMCC(U),0.0,44)
CALL NUMBER(—4¢€4YYY 1 Cel24RICC(J)+Ga0,44)
3C CALL NUMBER{—2.2yYYYCel2,RCCC{J)+Ce0,44)
YYY= 2.7
CO 4C J=1,N
YYY = YYY-(.2
CALL NUMBER{—€4CyYYY,Col24yCHCRD(J) +0.0,45)
CALL NUMBER(—4.7,YYY,Cal2,PHIC(J),0.0,4)
CALL NUMBER(—2.2,YYY,Cal2,4,6AN(J),0.0,4)
4C CALL NUMBER(=1.S,YYYyCuel2,GANR(J) 0.0 ,4)
RETLRN
END

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, June 22, 1970
126-15.
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