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MODIFICATION OF AXIAL COMPRESSOR STREAMLINE PROGRAM
FOR ANALYSIS OF ENGINE TEST DATA

by Jeffrey G. Williams
SUMMARY

This report describes modifications of an existing
ax al compressor streamline analysis computer program
to allow input of measured radial pressure and tempera-
ture profiles obtained from engine or cascade data.

The proposed modifications increases the input flexi-
bility and are accomplished without changing the com-
puter program's input format. The computer program was
written by Richard M. Hearsey under a grant from the
Aerospace Research Laboratory at Wright-Patterson Air
Force Base. Since this report is intended to supple-
ment the above computer program, the reader is referred
to Hearsey's reports for theory, complete program list-
ings, and detailed user's instructions.

INTRODUCTION

Detailed flow field information is important in
both axial compressor analysis and design. In fan and
compressor designs, this information permits evaluation
of proposed improvements through efficiency calcula-
tions., 1In flutter research, accurate flow information
gives blade incidence or angle of attack which speci-
fies the steady state pressure distribution and hence
internal blade stresses. Likewise, in stall investiga-
tions, accurate blade incidence is of primary concern.

The precision required determines which two or
three-dimensional axisymmetric analysis to use. Two
dimensional programs (radial velocities equal to zero)
can be reasonably accurate for hub-to-tip radius ratios
less than 0.8. However three-dimensional analyses must
be itilized whenever radial velocities become signifi-
ce .t. There are several such analyses that are worthy
of consideration. Radial equilibrium is quite popular
but requires different equations for axial stations
located interior and exterior to blade rows (ref. 1l).
Actuator Disk Theory, on the other hand, is rather dif-
ficult to use in practice because of the closeness of
'disks' in an axial compressor (ref. 2). The Stream-
line Curvature technique is extremely powerful but re-
gquires at least medium computer capability (ref. 3).

Of the several streamline curvature analyses in
existence, Richard Hearsey's analysis and computer pro-
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gram (refs. 4 & 5) can satisfy a variety of user re-
quirements. A partial listing of these program possi-
bilities can be found in Appendix B. The computer pro-
gram is written in three sections which include the
aerodynamic streamline analysis section and two blade
design sections. All parts of the program are well
documented and written in standard FORTRAN IV. Refer-
ence 4 presents the theory and detailed user's instruc-
tinrns while reference 5 gives program listing and two
exumples.

Despite the versatility of Hearsey's program, the
aerodynamic section of the program does not accept
direct input of engine or cascade test data. This re-
port is intended to supplement reference 4 and des-
cribes modifications to several of the aerodynamic sec-
tion subroutines to allow direct input of radial pres-
sure and temperature profiles. In addition, modifica-
tions to the CALCOMP subroutine are proposed to provide
compatability with an earlier version of the plotting
package., PFinally, an example is prepared and run to
shorw that the modifications are acceptable.



DISCUSSION
Streamline Computational Technique

Streamline curvature analysis is a means to solve
for the velocity triangles in an axial compressor. The
typical two-dimensional velocity triangles for rotors
and stators (fig. 1) are extended to the radial direc-
ti n to account for radial velocities which can be sig-
niricant. Symmetry is assumed in the circumferential
direction to simplify the analysis.

The flow field grid is established by the intersec-
tion of streamlines with specified axial stations.
These axial stations may be inserted at strategic loca-
tions in the flow field such as leading and trailing
blade edges or instrumentation sites. Generally, how-
ever, several stations must be specified upstream and
downstream of the region of interest to define inlet
and outlet conditions. The program will produce output
for all defined axial stations.

The compressible flow equations are restructured
and written in terms of radial, circumferential and
meridional components (ref. 4). The meridional direc-
tion, shown in figure 2, lies in the radial-axial
plane, These flow equations, which contain streamline
curvature and slope terms, are solved given an initial
guess for the streamline pattern. The program iter-
ates, each time improving the streamline pattern until
the specified tolerance is achieved. Program output
consists of velocity triangle components, flow angle,
streamline curvature, and thermodynamic information as
a function of radius.

Aerodynamic Subroutine Modification

The aerodynamic section of Richard Hearsey's com-
put-~r program (ref. 4) allows a variety of input data
cor hinations for the rotor and stator axial stations.*
'W rk' input (DATAl) can be expressed as: Total pres-
sure, total enthalpy, absolute angular momentum, abso-
lute whirl velocity or relative flow angle., 'Loss'
input (DATA2) can be of the form: Relative total
pressure loss coefficient, isentropic efficiency, or

*The author assumes that the reader has an understand-
ing of the aerodynamic (or streamline) section of the
reference 4 computer program and is familiar with the
terminology and organization of the input deck.



entropy rise. The appropriate values of DATAl and
DATA2 are input at each axial location as a function of
radius or passage height.

Typically, a researcher has correlated engine or
cascade data in terms of radial pressure and tempera-
ture profiles behind rotors and pressures and flow
angles (blade metal angle plus deviation angle) behind
stators. Figure 3 shows the typical instrumentation of
a ~ompressor cascade. To use Hearsey's program in its
present form the most favorable input combination would
then be: Total pressure (DATAL, NWORK = 1) and isen-
tropic efficiency (DATA2, NLOSS = 2) as input behind
rotors and flow angle (DATAl, NWORK = 5, 6, or 7) and
relative total pressure loss coefficient (DATA2, NLOSS
= 1) as input behind stators.* This input selection
minimizes the conversion from 'raw' data to program
compatible data.

Modifications can be made to the computer program
to allow direct input of station radial pressures and
temperatures obtained from the cascade instrumenta-
ti~rn. This will permit: Total pressure (DATAl) and
toral temperature (DATA2) as input behind rotors and
flow angle (DATAl) and total pressure (DATA2) as input
behind stators. Clearly these are the most advanta-
geous input combinations when raw cascade data is
available. The program modifications should be such
that the original input combinations remain available
to those researchers who might wish to use them. The
modification scheme detailed below allows for this in-
put flexibility.

Aerodynamic section subroutines UD0302 and UD0307
must be modified to allow total temperature input
(DATA2) behind rotors and total pressure input (DATA2)
behind stators. Subroutine UD0302 reads the input com-
binations at each station and does appropriate units
conversions. Subroutine UD0307 converts the station
data into streamline entropy and enthalpy to be used by
the main driving program, UDO3AR.

The modification concept involves sensing the mag-
niiude of the input data and directing subroutine
UD0307 to the correct computation of entropy and en-
thalpy utilizing the available thermodynamic subrou-

*The term 'relative' 1is misleading here but is used ex-
tensively throughout the reference 4 program instruc-
tions. Appendix C shows that the relative loss coeffi-
cient reduces to the absolute total pressure loss coef-
ficient in stator passages.



tines, UDGl through UDG9. For example, for stations
behind rotors, total pressure (DATAl, NWORK = 1) is an
acceptable input. Also, the magnitude of the isentrop-
ic efficiency (DATA2, NLOSS = 2) should never exceed
1.0. The modified program checks the magnitude of this
'loss' and if greater than 1.0, assumes the input is
absolute total temperature. Subroutine UD0307 can then
compute enthalpy and entropy for these stations using
th rmodynamic routines UDG2 and UDG3 respectively.
Hence, pressure and temperature data become a suitable
input combination behind rotors. A listing of the mod-
ified subroutine, UD0307, which contains this limit
checking sequence appears in Appendix D. Lines 61 - 65
and 69 - 72 contain the specific changes for rotor sta-
tions.

Similar modifications are incorporated in subrou-
tine UD0307 to handle stations behind stators. At
these locations, flow angle (DATAl, NWORK = 5, 6, or 7)
is an acceptable input. The relative total pressure
loss coefficient (DATA2, NLOSS = 1) should be a small
pc itive number. 1In fact, for efficient compressor
blading, the relative total pressure loss coefficient
should be less than 0.3. 1In this instance, however the
magnitude of the loss coefficient does not have an up-
per limit as did the isentropic efficiency. An arbi-
trary limit value of 2.0 was chosen assuming the magni-
tude of the total pressure (in any chosen set of pro-
gram acceptable units) should never be smaller than
this value. Again the magnitude checking procedure is
called upon to scan for input data greater than the
limit value of 2.0. 1If this condition is satisfied for
all of the station input data, the program assumes
total pressure as input instead of loss coefficients.
The modified UD0307 subroutine can then calculate en-
tropy from the total pressure input and the enthalpy of
the previous station using subroutine UDG3 (i.e. en-
tha'py is assumed constant across stator passages).

Sul ‘outine UD0302, the input routine, also needs the

li it checking sequence because a units conversion may
be required depending on the value of the scaling fac-
tor, SCLFAC. Subroutine UD0307, lines 142 - 146 and
158 - 160, and subroutine UD0302, lines 190 - 198 con-
tain the specific modifications to allow the input com-
bination of flow angle and total pressure behind sta-
tionary blades. A source listing of UD0302 may be
found in Appendix E.



CALCOMP Subroutine Modification

Several different versions of the well-known CAL-
COMP plotting package exist. The main difference in
the versions is the number of arguments in the subrou-
tine calls to the individual CALCOMP routines. Hear-
sey's program was written utilizing the 1970 version of
the plotting package (ref. 6).

The 1964-65 Version 5 CALCOMP package requires ad-
ditional arguments in the 'CALL' statements to routines
AXIS and LINE. The AXIS routine needs one additional
argument, DV, which indicates the number of divisions
per ten inches of paper to be drawn on the axis. The
LINE routine requires four additional arguments - XMIN,
DX, YMIN, and DY. XMIN and YMIN are minimum coordinate
values on the graph. DX and DY represent the division
mark incremental value for the respective axis.

Subroutine UD0312, the plotting routine in the
aerodynamic or streamline section of Hearsey's program,
has several CALCOMP calls to routines AXIS and LINE.
TF s subroutine is responsible for plotting static
pressure distributions (NPLOT = 1) and final streamline
mesh (NPLOT = 2). A 1964-65 Version 5 compatible list-
ing of subroutine UD0312 may be found in Appendix F.

Example

Steady state data from a NASA-Lewis full scale en-
gine test is used as input to the modified version of
Richard Hearsey's aerodynamic program (ref. 4) detailed
in this report and an industry developed streamline
program. The industry program makes for a good compar-
ison because it was developed for analysis of engine
test data and hence accepts radial pressure and temper-
ature distributions directly. This industry progranm,
however, is not as flexible as the reference 4 program
nor is it available to the general public.

The analysis concentrates on the three stage fan
mo .ule at the inlet of a typical modern turbofan en-
gine. The axial stations for computer output are
defined and numbered in Figure 4. Stations at leading
and trailing edges of blades follow the blade lean in
the axial direction. Radial total pressure and temper-
ature profiles were available behind the first two
rotors and behind the flow straightener (F.S.). Flow
angle was measured at only one axial location - behind
the inlet guide vane (IGV). The deviation angles be-
hind the remaining stationary blades are assumed to be
zero; that is, the flow angle equals the trailing edge



blade metal angle at these locations. From calibration
plots for the flow angle probe and individual probe
measurements, total pressure can be obtained thus al-
lowing pressure loss input for the IGV (ref. 7).
Figure 5 shows the non-dimensional pressure profile be-
hind the IGV. Because of flow angle probe structural
limitations data was only obtained in the upper 40 per-
cent of the annulus. The remainder of the curve repre-
se~ts an approximate profile. Total pressure profiles
at other locations are shown in Figqures 6, 7, and 8;
total temperature profiles are shown in Figure 9. 1In
all figures zero percent span corresponds to the fan
hub. Approximate stator losses for stator 1, stator 2,
and the flow straightener were computed from blade
geometry and NACA tables (ref. 8).

Station input data is entered into the aerodynamic
section of the reference 4 computer program in the fol-
lowing manner:

Station 1: Constant pressure,
P1 = 136.907 KPa
{19.856 psia), and
temperature, Tj =
442.82K (797.08R),
exist across engine
inlet annulus. Whirl
angle is assumed to be
zZero.

Stations 2-4 No data is input
(NDATA = 0). These
stations are used to
establish the flow
field at the inlet.

Station 5, IGV inlet: Constant entropy
(NWORK = 0) from
previous station (NL1
= -1) assumed for five
radial points (NDATA =
5).

Station 6, IGV

outlet: Twenty-one data points
(NDATA = 21) specify
flow angle (NWORK = 6)
and total pressure
(NLOSS= 1) as a func-
tion of radius.
136.392 < P < 136.795
KPa.



Station 7, first
rotor inlet: No data is input.

Station 8, first

rotor outlet: Twenty-one data points
specify total pressure
(NWORK = 1) and total
temperature (NLOSS =
2) as a function of
radius. 473.82 < T <
495.96 K.

Notice that the modified reference 4 program is called
upon to accept total pressure input for a stator sta-
tion (station 6) and total temperature input for a
rotor station (station 8). At station 6, the magnitude
of all DATA2 (NLOSS = 1) input is greater than the ar-
bitrary limit value of 2.0, hence total pressure input
is assumed. At station 8, the magnitude of all DATA2
(NLOSS = 2) input is greater than the limit value of
1.7, hence total temperature input is assumed. The
next nine stations (9 - 17) follow the pattern estab-
lished by stations 5 - 8 above. The last three sta-
tions, 19 - 21, set the outlet conditions. 1Input data
at all points is interpreted by a spline fit (NTERP =
0) and read in as a function of percent radial span
(NDIMEN = 3). A constant annulus wall boundary layer
thickness is assumed for all axial stations.

The subsonic solution (NMACH = 0) to the flow field
was obtained at all specified axial stations. The mod-
ified reference 4 computer program converged to within
a tolerance of 0.3 percent (TOLNCE = 0.003) after 53
iterations. Output for all twenty-one streamlines at
each station consist of velocity components, radius of
curvature, pressures, temperatures, and flow angles.
The industry program was prepared and run with the same
inpvt information. The result was convergence to with-
in tolerance of 0.25 percent after 38 iterations.

Computer output for stations 7 and 8 for the modi-
fied reference 4 program and the industry program is
compared in figures 10 through 15. Figures 10, 11, and
12 compare total pressure, total temperature, and flow
angle, respectively. Figures 13, 14, and 15 compare
the velocity triangle components: Meridional, radial,
and relative velocity. In these figures, the modified
reference 4 program output is symbolized with triangles
while the industry program output appears as circles.
All data is expressed as normalized ratios with the
normalization constant as indicated on each graph.



Relatively good agreement is obtained between the
modified reference 4 computer program and the industry
program. The greatest variations in the output of the
two streamline analyses appears at the annulus boun-
daries. This is probably due to different methods of
handling the boundary information or differences in the
internal program interpolation (spline fitting) rou-
tines. This 1s best evidenced in Figures 10(b) and
17/b). 1In both figures the industry program output
deviates from both the reference 4 program output and
the specified pressure and temperature input profiles
at the fan hub (zero percent span). This descrepancy
leads to differences in velocity and flow angle which
can be seen in the remaining figures.

The significance of this output discrepancy depends
on the initial purpose of the analysis. As an example,
the maximum difference in station 7 blade hub inlet
flow angle, from Figure 12(a), is approximately 3.39°
(-3.08 < a < 0.319). This change in inlet flow angle
at the hub will not greatly affect the overall blade
pr-ssure distribution because of the good agreement in
flow angle output at spans greater than 10 percent.
However, since the onset of stall flutter is sensitive
to steady state blade incidence (ref. 9), this flow
angle difference at the hub could be a concern.* Since
the pressure and temperature output of the modified
reference 4 computer program matches the pressure and
temperature input profiles at stations 7 and 8, velo-
city components, flow angles, and remaining thermody-
namic output is more credible than the industry program
output.

Despite the differences in output from the two com-
puter programs, a three dimensional analysis is much
more accurate than a two-dimensional (radial velocity
equal to zero) analysis. A two-dimensional program run
by the author gave a station 7 flow angle of 14.15°.
The modified reference 4 program shows that the true
st :ion 7 flow angle ranges from -3.089 at the hub to
14 56° near 75 percent span. The relative magnitudes
of the velocity components, shown in Figures 13, 14,
and 15 also indicate the significance of the radial
velocity for this example.

*If this difference in blade inlet flow angle had oc-
curred at the blade tip, a more serious situation would
result because the blade is more critically loaded in
this area.



Figures 16 and 17 demonstrate the modified CALCOMP
plotting routine, UD0312, in the aerodynamic section of
the modified reference 4 program. Figure 16 is a
streamline plot which shows the streamline contraction
through the fan module. The static pressure distribu-
tion for the hub, mid, and tip streamlines for the fan
is shown in Figure 17.
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SUMMARY OF RESULTS

The aerodynamic section of Richard Hearsey's axial
compressor streamline computer program was successfully
modified to allow direct input of measured radial pres-
sure and temperature profiles obtained from engine or
cascade data. Subroutines UD0302 and UD0307 contain
the specific modifications to permit the input combina-
ti~n of flow angle and total pressure for stators and
the input combination of total pressure and total tem-
perature for rotors. All modifications were accom-
plished without changing the computer program's origi-
nal input format.

The internal CALCOMP subroutine, UD0312, which
plots streamline mesh and static pressure distribu-
tions, was modified to be compatible with an old ver-
sion (1964-65, Version 5) of the plotting package. The
user must decide which version of UD0312 satisfies his
computer facility requirements.

The included example demonstrated how to construct
th~ input deck for the aerodynamic section of the modi-
fied Hearsey program. The modified program was run and
the results were compared with an industry program
which accepted radial pressure and temperature profiles
directly. Good agreement was obtained from the two
analyses which indicates that the modifications to
Hearsey's program were acceptable.

11



APPENDIX A

Symbols:
P total pressure, Pa

Pr relative total pressure, Pa

P static pressure, Pa

T total temperature, R

o) static density, Kg/m3

w relative total pressufe loss coefficient
o absolute flow angle, deg

B relative flow angle, deg

C absolute velocity, m/sec

W relative velocity, m/sec

U 'bucket' or rotor velocity, m/sec

Subscripts:

X axial direction

% tangential direction
r radial direction

m mer idional airection
A rotor inlet

B rotor outlet

1-21 axial station identifier

12



APPENDIX B

The following list highlights the flexibility built
into Richard Hearsey's Axial Compressor Program,
references 4 and 5. Some of the specific program capa-
bilities are:

11.

12.

Versatility to use program for design, off-
design, and analysis computations.

Allow intrablade station locations.

Two forms of momentum equation to calculate
subsonic and supersonic solutions of the flow
field.

Allow input in any set of consistent units.
Ability to specify inlet flow distributions.
Ability to run program without specifying some
nonzero loss criterion.

Multiple speed runs without inputting entire
deck (just specify percent ‘'design' speed).
Plots of midstreamline position showing conver-
gence or divergence of analysis versus iter-
ation at each station location.

CALCOMP plots of final streamline mesh and
static pressure distribution.

NASTRAN compatible output (pressure difference
for calculation of blade stresses).

Code does blade design as well as aerodynamic
streamline calculation.

Arbitrary blade shapes can be designed.

13



APPENDIX C

In stator passages, the relative total pressure
loss coefficient reduces to the absolute total pressure
loss coefficient as follows:

A subscript implies stator inlet.
B subscript implies stator outlet.

Symbol definitions from Hearsey's program
instructions, reference 4 and figure 1:

Pr' - Insentropic relative total pressure
Pr - Relative total pressure
P - Total pressure
P - Static pressure
0 - Density
- .
L. PL' - Pr
PIn = Pp

For incompressible flow:

2
Pr' = Pr, = Py + 1/2 DWA
Pr = Pr. = p, + 1/2 pW2
L =g B B
_ P!A f.PIB
w T 2
1/2 oW,
p. + 1/2 oW, 2 = (p. + 1/2 o W.2)
= - A P7a B P8
2
1/2 oW,

14
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2 2 2
p, + 1/2 pCp = Py + 1/2 o (Cx, + Cy,)

h
i

R
1

[ 2 2 2
A pA + 1/2 chyA + wA - WYA]

Po=p +1/2p|Cy? 4+ W - (U - C \2]
A~ P PICYy + Wy = Y

L J

Or:

2 U
1/2 oW, = Py = Py + pU (7/, - Cy,) \
Likewis~: . > (2)
1/2 pw2 = P_ = p_. + pU (U/ - Cyp)
B B B 2 B )

Substituting (2) into (1l):

3

- Py = Pp +[ﬁ[PA = Py + oU (% - CYA)] - [PB - Py +pU (% - CYJ]J
Pp - Pp +pU7(-[2J- - CyA)

PA - PB + pU (CyB - CyA)

g
P, - By +PU (5 - CyA)

€1
|

15



For stators, U = 0, therefore:

W= _ B= A B (3)

2
PA - pA l/ZDCA

This is the definition of absolute tctal pressure loss coefficient.

16



APPENDIX D

Source listing of the modified subroutine UD0307, which supplies UDO3AR
with enthalpy and entropy, appears below. Modifications are on lines 61 - 65,

69 - 72, 142 - 146, and 158 - 160.

1 SUBROUTINE uDp3a07 307 2.
2 REAL LOSSsLAMI,LAMIPI LAMINM] $07% 3
3 COMMOM NSTNS.NSTRHMS o NMAX \NFORCE o NBL o NCA SE ,NSPLIT NREAD NPUNCH,NPAGSQTS. _ A
4 1E yNSET 1 yNSET 2, ISTAGyICASE yIFAIL O, IPASS, TeIVFATIL yIFFAIL,NNT x,NTRANSSOTS 5
5 29NPLOY,ILOSS ANCY,ITUB,INMID, JFA:L JYER1061,0062.L0G3.1.064,1055,4.Q%07% 6
6 366y IPRINTyNMANY s NSTPLT,NEQN £073 7
7 COMMOM NSPEC 130D ,NWORK(301,NLOS: . nDATA{30) .NTERP(30),NHACH(30)307S _ 8
8 ToNLI(3C) NL2(30) JNOIMENI30h,e153€305,4152(30),IS3030) NgVALI30),NDIFSOT7% 9
9 2F 440 yNDFL U30) NLITERUIOY - NHT 23, NRAD ¢2) ,NCURVE (30) NWHICH 30 ,NOUT1S07S 10
10 I(30),NOUT243CI4NOUT3{3CP ;NBLACE (39) s07s 11
11 COMMON DM§11,5.2) WFRACE11,5,2) $07% 12
12 COMMON RU21430)4XL021,30) 9yx¢2143C)yH{21430),S(21,30),VH121,30),Vulsn?s 13
13 1212303, TBETA(D1,35),0IFF €158 ) FNHUE (15 4) FONINELSH),FDTIP(15,4)807% 10
14 29 TERAD (5,2) $07s 15
15 CoMMON DATACC100)DATAINICC) GATA2(2C0) ,DATAZ(100),0ATANL 1) .DATASOTS 16
16 1501002,04TA6(100)DATAT(100),LATASCICR) JDATAILLDO) FLOWI10),SPEED(SD7S 17
17 2301 ,SPOFAC(10),BHBLOCK (3] 48DISTI3IN0) ,wRBLOCKE30) ,WEBL (30) ,XSTNE150)Sn7S 13
18 3RSTN(157) ,DELF(3C),DELC(100) ,DELTACICT) ,TITLE( 18),0R0M2¢30),RIM1(3507S 19
19 401, XIMIt30) ,WORK(21),10SS(211,7ANEPS {212, xI(21),VY ¢21y DELW(21),LAg07s 2
20 SMI(21),LAMIM1(21),LAMTPI(21),PHIt21) ,CR(21),GAKA(21]),5pPGE21),CPPGIOTS 21
21 6(21),HKFEP(2]1) SKEEP (21) ,VuXEEP (21),DELH{TN),DELTE3IC) sn7s_ 22
22 COMMON VISK+SHAPEySCLFAC,EUJsGyTOLNCE ,XSCALE PSCALE ,PLOM,RLOW,XHMMAXS07S 23
23 1,RCONST 4FM2 ,HMIN,C1,PT,CONTR , CONMX $07% 24
24 LISI*NLI(T? $07% 25
25 Lo=I+NL2(I) $07s 26
26 IW=NwORK{I) . sn7s 27
27 IL=NLOSS(I) sc7s 2R
28 XNZSPEEN(TI)*SPOFAC(ICASE)}*PI/(30,0¢SCLF aC) sn7s 29
29 GO 70(100,250,270,290,440,440,460),1w $07s 30
30 103 GO TO(110,190,210,1100,IL s07s 31
31 110 IF(L2,NE,T1G0 TO 150 $07%_ 32
32 DO 140 J=1,NSTRMS $07% 13
33 IF(IPASS.EQel1.AND.ITER.EQ.0)GO YO 12¢C $27s  3=c
34 IF(ITER.EQ.OIVVLUIZVMIU, 1) §07: 3%
35 X1=H (S, T)=(VVIJI2324VN(J, T)%%2) /(2,0%6*EJ) «C’% 36
36 X2THIJ s I) AVl I un2=(VN (J, I )=XNSR(J,1)}222) 7 12,0%CsEY) $07s 37
317 IF(X1LT.HMINIX1ZHMIN $07s _ 38_.
38 IF(X2.LT.HMIN)IX2ZHMIN $07% 39
39 X3Z1.0/01.0¢L0SS(J)#(1.0-UDGG (x1,5¢J,112/UDG4C(X2,5(J,11))) $N7S 40
40 GO 10 130 $07g 41
41 12 X321.0 s07s 42
42 13, HiJsI)ZUDG2(S(Jybl1) ,MORK (J)I/XI) $07S 43
43 14 SEJdyIIZUDBI(NGRK (U) yH(Jp 1)) $07% 44
[T} GO TO0 230 $07% 45
45 159 DO 180 J=1,NSTRMS INTS 46
46 IF(IPASS+EQe1eAND.L2.GT.1)G0O TO 16D s07s 47
47 X1ZHUJo 113 -C(VWlJ L 10822 (yulJ,L1D-XN4RtJ, 1 1))*$2)7 (2.08GxEJ)+XNxx25NTS 48
48 1% (R{Jy 1 1%22-R(J,L1)*%2)/(2,.0%2E_ ) $07s 49
49 IF(X1oLT.HHINIX=HHIN $07s___50.
S0 X2SH(JGL2)=(YMIJ L2352+ VN (J,L2)*32) /(2 ,0%GREJ) $07s 51
51 X3=HOJ,L2P=C(VWIJ L2 ) %2 (VW (J,L2)-XN2R(J,L2))®%2)/(2,0863F ) $07s 52
52 IF(X2.LToHMINIX2HNMIN s07y 573
53 IF(X3,LT HMINIXI=HMIN $078 58
S8 X82140-LO0SS{J)/UDBE (X1,S(JyL1))*(UDG4IX 39S¢JyL 2))~UDGHIXZ243StJHL21)50TS 55
55 1) s07% . sa
56 GO TO 170 $07s 57

17



57 160G X4=1,0 $07% 58

58 170 HiJoI)-UDG2 (S el 3] JWORK(S2/X YY) L0759

59 183 StJ+II=UDG3(WORK (J) H(J, 1)) S078 60

60 60 TQ 230 sl 61
61 190 KTEMP=] HOD . ~-JGW

62 00 192 Js1 NSTRMS [ RENT

63 192 TF(ABS{LOSS(U))eGTal1a0) KTEMPIXKTEMP# ] MO0 . ~JGU

64 IFtx TFMp.EQeNSTRAMSIGO YO 208 . KOD . ~JGY
65 DO 230 J=1,NSTRMS HOD . ~JGY

66 HJ LI ZHEJ oL 112 (UDG2 (S el i by bunn Sl I-H U L2102 2L0SS 0 Y 3078 63
67 200 StJ»I)=UDG3(RORK (Jy,H{J, 1)) $07S 64

A8 60 Y0 2170 g07q €5

69 205 DO 207 JEL,HSTRMS M 0D .-J6VY

70 HtJs1y=UDGO (WORK (J) ,LOSS(JSI} HOD o =364 .
71 207 SUYsIIZUDGCIIWORK (JYqHIU,ID) MOD,~JGW

72 GO TO 2130 MOD o~ dGH _
13 213 D0 220 J=1 ,NSTRMS $n7% 66

14 SeJpId=S(J,L 1)L 0SS ¢J) $07% A2

75 220 HiJde IIZUDC2(S Uy 1) y¥W oKt J)) 5s07¢ 68

76 233 DO 240 J=31,NSTRMS 3078 69
17 240 VH(J.IIZ(XNtRIHI(J)‘VU(J.I-I)OCH(J.ID-H(J.I‘I))‘S*EJ)I(XN‘R(J'I)) 3207 70

78 GO _T0 570 s07% 71
19 <73 D0 260 J=1,NSTRMS $07% 172

80 Ul s JIZWORK € J) =078 3%

g1 269 Vi {JyI)TUXNSRIMI (UIFVNCI o T=10 00yt y TI-HTJI-1D I*GREJI/ (xN*RUJLI)) S07S T

82 GO T0 330 $078 15

83 27G 0C 280 J=14NSTRMS $07% 176

54 <8y Vil JeIISWQRK(JIZREJ,T)D $Q7S__ 17
&5 GO T0 310 s07s 18

86 295 00 300 J=1,NSTRMS $07s_ 79

a7 303 vuwldeI)ZWORK (U} $079 80

88 318 DO 320 J=1,NSTRMS s07s 81
89 32C HOJpI)ZHEJy I-11 4 XNS(R(Jp I I2VN (S L1 )=-RIML (J)IBVNLJH,I-1))/7(G*EY) $07% 82

90 33C GO 70t34Q,400,420,380),TL 075 83
91 340 IF(L2 NE,TIGO TO 370 $07% 8&

92 DO 360 J=1,NSTRMS $O07: _
93 IFUIPASS.EQel1.AND.ITER.EQ.D)GO TO 35C §7°73 &

94 IF(TTER.EQ.ODVVIJIZVMIJ, 1) R I < I
9s X1ZH{J 1)~ (VVIJYs#2eVW T, I)*%2) /{2, 0%GXEJ) $07¢ 88

96 X2ZH I~ tvuldy D) pa2-tVWqJ T )-XNAR(J,1))522) s12, sGCREJ) “07$__89_
97 IF(X1oLToHMINIXTIZYMIN 5075 90

98 IF(X2.LT HMINIX2ZHKRIN £07s 91

99 X3Z1e0/U1eCoLOSS (J3(1.0~-UDGH(X1,S(J,132/7UD641X2,SCJ,TI0))2 s07% 92
1C0 GO TO 360 «07s 93
101 3¢ X3z1.,9 $0D7% 9a
102 3 StJyI)ZUDG3I(XI#UDGAIHIJ,T),S(J,L1)),HEJ,T)) 307% 95
103 60 10 S7Q $07% 96
1oy 173 D0 390 J=z1,NSTRMS $071%__ 97
16S IFUIPASSeEQeleANDSL2+5T1I0GO TO 380 s07% 918
106 X1=H L1 -(VE(J b 12232 (VHIJL2D-XN2RC J, L 130%5202)/(2,0868FEJ)*XN2#25073 99
187 1s(R{J T1)%22-R{J,L1)%22)/(2,02GREJ) $07% 100

iC8 IF(X1at TaHMINIX]CHMIN 079 101
129 X2ZTHUJZL21-(IVM{SZL2) #2290 VN gy 12712521 /(2 .0*6G3EY) €197% 102

110 XIZHIJ,L2) - (VRS L2322 (VNIJ,L 2)=XNBR{ J,12))%22)/(2.0%G*E ) £n75 103

111 IFUX2.LTeHMINIX2 ZHMIN €078 10w

112 IF(X3 LT HMINIXI STy $Q7< 105

113 X4Z140-L0SSTJI/UDGBG(X1,S(JIyL 1)) *(UDBUIXT,S(JpL2))-UDGRIXZ,S(J9L2))307S 106
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114 8] $O07$ 107
115 GO _70 350 $07%.108
116 336 X4=1.0 $07% 109
117 390 S0 XIVZUDEIAXUSUDOCUTIH TS Je 1)) HEJ I3} s07s. 110
118 GO TO s70 $07% 111
119 400 DO 810 J=1,NSTRMS $07%_ 112
120 L) S(Jy1)=UDG3(UDGH (H{J L1} eLOSS (L ie(H{J,II-H(I,L 1)) ,S(JyL 1)), HUJ,T}}S07S 113
121 GO T0 S70 e «07s 114
122 429 DO 433 J=1,NSTRMS $07% 115
123 435 StJpI)=S¢Jel 1)L 0SSCJ) 3075%_116
124 60 TO 570 s07s 117
125 440 DO 450 JS1.NSTRMS $17% 118
126 450 XI(JISH IS, I=1)=XNSRINI(JI*VN(Jy I-1)7 {GHEY) 307% 119
127 GO _T0l46Q0951G,55G,46C,TL $07%_127
128 460 IFIL2.NEL.I)GO TO 450 s07% 121
129 DO %80 JT1,NSTRMS $07%.122.
130 X2ZXT UGV UXNSRU S, 1)V 222/ (2,0%G%xEY) 11701277
131 IF(IPASS.EQ.1.AND.ITER.EQ.0)GC TO 47C $07s 123
132 IF(ITEREQ.C)IVV (JIZVH(J,I) 507% 128
133 C eoeosDEIETE THIg STATEMENTY..coUPDATE: 11/01277 $07%. 125
138 X1SX2=-VVIJ) %3280 1.0+TRETA( Y, T1922}/12.0%6%EJ) $s07s 126
135 IF(X1.LT.HMIN)IX]ZHMIN $0rs_127
136 IF(X2.LT.HMINDIX2ZHMIN s$07% 128
137 X3Z),0/01.G*L0SSEII*(1,0-UnGYe (X1,S8.0-,T))2/UDGHIX2 50 a1 ))) $07%_129_
138 GO TO 480 $n7% 130
139 475 x3=1.0 $C7s 131
140 480 SUJsIIZUDG3I(X3ISUCGHIX2,5(J,L 1)) ,X2) 0TS 132
141 GO 710 S57Q $07% 133 _
142 493 KPRES=D MOD e ~JGWN
143 DO 452 JT1,NgTRMS MOD,-JGM
14y 492 IF(ABS(LOSS(J))eGTo2.0)KPRESSKPRES*] M0D.~-JGW
145 IF(KPRESEU.NSTRMS)IGO 10 303 MOD e ~JGW
146 DO 500 JZ14NSTRMS MOD.-JGW
147 X4SXI(JI+(XNSR( JoT))®%2/(2,.0*C*E ) $07¢ 135
146 TF (X4 LT HM4IN)IXg=HMIN $n7s 135
149 X1ZUDGH IX4,5(J,L 1)) $0v ;°
150 IF(IPASSeEQeleANDL2eGT«INGO TO 500 €nave 13T
151 X2-XICJI*(XNRRLJS,L2) )%22/ (2, 03G*EJ) _ 807% 139
152 XIzHIJ L2 )-(VM(J L2) 2220 VW (J,L2)2%2) /(2.0%G2EJ) $O07¢ 140
153 IF{X2sL TeHMINDIX2 SHMIN $07% 141
1548 IF(X3.LT.HMINIXIZHMIN $07% 142
155 X1=ZX1-LOSSUJI*(UCGHIX2,5(J,L2))-UDGH (X3,5(J,L.2))) $C75 143
156 S3a0 S(J,I1)=UDE3 (X1,X4) $07% 140
157 GO0 T0 570 ¢07% 145 _
158 05 0C 506 J=1,NSTRMS MOD . -JGY
159 206 S (J,I)=UDG3I(LOSS (J),XI(J)) MOD « ~JGY
160 60 T0 570 MOD . -JGW
161 510 IF(IPASS.EQalaAND-ITER.EQ.3YGQ TO 53¢ $07% 146
162 DO 520 J=1,NSTRMS $nNTS 147
163 IF(ITERCEQ.OIVVIJ)=VH(J, 1) $07% lu8_
168 X1ZHCGJ o I=1) ¢ XNS (VYIS (TBETACUs ID+XNPRIJL ID/VV (J) ISR (J,I)I-RIMI(J)s50TS 149
165 IVWIJ,I-1})/1GeEJ) $NTS_ 150
166 IF(X1eLTeHHIN)IX1=HMIN s07% 1512
167 X2ZUDGY (HCJ,L 104 (X1 -H{JyL1)2#L0OSS(J)S(J,L1)) $07% 152
168 520 StJ,IIZUDE3(X2,X1) $07% 153
169 Go Yo 570 $078 1548
110 530 0O 540 J=1,NSTRMS $07s 155
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171 540 SUJ,I)=STJ,L1) $07¢ 156
172 GQ Y0 S7g $07s 157
173 550 DO Sé60 J:I'NSTRHS L0078 158
174 S63  StJsl2=SCJdsl 10+1 OSS gdy €078 159
175 570 RgTURN s07s 3160
176 END £N7s 161
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Source listing of modified subroutine UD0302, the input routine, appears

below.

Modifications are on lines 190 - 198. Statement labels which indicate

a date (1ine 177: 11/30/77) are program updates.

1 SUBRCUTINE UDG302 $02%_ .. .2
2 REAL LOSS,LAMI,LAMIP),LAMIN] sp2s 3
3 COMMON NSTNS NSTRMS NMAX,NFORCE yNBL y NCASE JNSPLIT,NREAD,NPUNCH,NPAGSO2S 4
g 1EWNSET1 oNSET24IgTAGyICASEIFAILO,IPASS, T, IVFAIL ,IFFAIL ,NMIX,NTRANSSO2S s
5 2y NPLOT yILOSS \LNCT,ITUB, IMTID, IFAIL ,JTER,LO0G]1,L062,L06G3,L068,L,0G5,L0802% 6
6 366y TPRINT NMANY NSTPLT,NEQN $02% 7
7 COMMON NSPFC(30},NORK(30D,NLGSSIT0D »NOATAL3DY NTERP (30 NHACH30)302g 8
8 1,NLI{3C)oNL2(30) NDIMENE30) IS, (30 192¢300,353¢300,,EVAL{3p),NDIFS02% 9
9 2F (4 ) ,NDEL €30 ) NLITER (3C) ,NM€ 2%, .iaDCto),NCURVE (30} NWHICH(30),NOUTIS02% 10

10 30300 ,NOUT2(3CI,NQUT3 (I ), NBLADE (30} $02% 11

11 COMMON DM(1145492),MFR2~011,5,2) $02% 32

12 COMMON R121,30) 4%XL421,30)4XC2153G)yH121,301,5(21,30),VM(21,30),Vuis02s% 13

13 121,350, TBETAC21,300,01FF€15,8) FOHUB(15,4),FOMIDI15,4),FDTIP(]15,4)%02% 14

1% 2,TERAD(S,2) $02% 15

15 CCMMON DATAC(10),0ATAIC105),0ATA2{1CC) ,nATA3C100),DATABI100),0ATASO2S 16

16 15(105),0ATA64¢100),0ATA7(10C) ,0ATAB(1C0),0ATA9¢100),FLON(10)SPEED(SO2S 17

17 230) ¢SPPFAC(10),B8B,CCK130),B0DISTI30),uBLOCKL(30) yWWBL ¢(30),XSIN(150),402¢ 18

18 JRSTN{150),DELF(3C),DELC(100) ,DELTAC100),TITLEC18),0ROM2(30),RIM1(3802% 19

19 49),XIM1 (3G) ,wORK (21),1055¢21) ,TANEPS (21),XT422),VVL21),nFLWl2]1),) ASD2S _2q

20 SMI(21))LAMIMIC21),LAMIPIE21),PHT (21} ,CR(21),GAMA(21),SPPG(21),CPP6SO2s 21

21 6021V ,HREEP(21) 3 SKEEPL21) 4y Vi(EEP(21) 4, OFLHI3C),DELT 30D $02s_ 22

22 COMMCN VISK4SHAPE,SCLFAC,EJ,G,TOLNCE ,XSCALE,PSCALE,PLOM R OWyXMMAXS 2SS 23

23 1yRCONSToFF2,HMIN,C1,PI,CONTR _CONMX $02% 28

2y DIMENSION I7621,30)+4J(21,4309) $02¢ 25

25 EGUIVALENCE (H,IT),{S,Jdd) $02s8 26

26 COMMON/PAGE/LIMIT,LQ sg2s 27

27 NEVALI1)ZQ $02% 2%

28 READ(LOGL ,10CITITE s02¢ 2°

29 100 FORMAT (13A4) $N2s 30

30 WRITE(LOG62,110)TITLE s02s 31

31 110 FORMAT(10X,1CHINPUT DATA,/,10X, 10(1H#*),//,10X,SHTITLE,34X,2H= ,18A$02% 32

32 14) s02% 33

33 LNCT-LNCT 8 $s02% 34

35 CALL UDGL(LNCT) s02s 3%

3s READ(LOGL,12GINSTNSsNSTRMS,NMAX ,NFORCE, NBL,NCASE NSPLIT,NSET1,NSETS02S  ~r

kY3 12 yNREAD yNPUNCH,NPLOT NPAGE ,NTRANS (NM IX,NMANY NSTPLT yNEQN $C2% L7

37 120 FORMAT(18I3) 1025 33

38 IF(NSTRMS.EQCINSTRMS=11 $02% 39

39 IF(NMAX .EQ.OINMAX=YD £02% 40

4g IF(NFORCE.EQ ,0)NFORCE=10 $02% 41

41 IF(NCASE.EQ.CINCASE=] $02% 42

42 IF(NPAGE.EG.GINPAGE=80 $02s 43

43 LQ=LOG?2 $02% 48

45 B LINIT=NPAGE $02% 45

45 CALL UDO3D3(LNCT,19) $02% 46

46 WRITE(LOGZ2, 1Z0INSTNS yNSTRMS ,NMAX ,NFOQRCE ,NBL,NCASE ,NSPLIT,NSET1,NSESQ2% 47

47 1T2,NREADINPUNCH o NPLOT yNPAGE s NTRANS s NMIX ,NMANY ,NSTPLT ,NEON $02s 48

Y] 130 FORMATUI2X,/410X, 16HNUMBER OF STATIONS,21Xy1H=yI3+/,10Xs21HNUMBER 03025 49

49 IF STREAMLINES,18X,1H=,13,/,10X,20HMAX NUHBER OF PASSES,19X,1H=,13,302% 50

50 2/+10X,30HMAX NUMBER OF ARBITRARY PASSES,9X,1H=,13,7,10X,29HPOUNDARSO2S 51

51 3Y LAYER CALC INDICATOR,10X,1H=,T3,/,10X,28HNUNBER QF RUNNING POINTS02% 52

52 45 ,15X,1H=y134/ ,10X ,33HSTREAML INE DISIRIPUTION INDICATOR,6X,1H=,13,%302% 53

53 S/,10X,38HyUMBER OF LOSS/D~-FACTOR CURVE SETS,5X,1H=,13,/,10X,34HNUMSQ2S 35y

Sh 6BER OF LOSS/T.E.LOSS CURVE SETS +SX91HS,I3+/,10X,26HSTREAMLINE INPUSC2% S5

55 7T INDICATOR ,13X,1H=,13,/,10X,27HSTREAML INE QUTPUT INDICATOR,12X,1H302% 56

56 8= 4134/ +10X,24HPRECISION PLOT INDICATOR,15X,1H=,I3,/,10X,28HMAX NUMS(02S S7

nNo
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57 9BER OF LINES/PAGE 15xs1H=yI134/y10Xs29HUAKE TRANSPORT CALC INDICATOSQ2S 58
58 AR, 10X 1H= 13,/ 10X,32HMATINSTREAM MIX ING CALC INDICATOR s TX+1HToI3./802% 59
59 410X ,33HNO OF STATICNS FROM ANALYTIC SECH 56X, 1HT913,/,10X42THINE-S02% 60
60 CPRINTER PLOY INDICATOR,12X,1H-s13 7,10X ,32HMOMENTUM EQUATION FORM $Q2% _ &l
61 DINDICATORy7X41HZ,413) $02% 62
62 ITUB=NSTRMS -1 $02%__ 63
63 IHIDSNSTRMS/2+1 £02% &8
() IFINMANY.EQ.G)Gn To 136 e 2028 _ b5
65 READ(LOGY 132 (NWHICHII) ,T=1,8% 173 $02% &6
66 132 FORMAT (2413) $02% _ 67,
67 CALL UDC3D03(LNCT 2) $02% 68
68 unxrchosg,xsu)(Nyu'"n TigIl=) NMANY) %p2% 69
69 134 FORMAT (2X /410Xy S5IHGEORETRY COMES FROM ANALYTIC ssc,lon FOR STATIO0S02% 70
70 INS  ,2313) 502% _71
71 136 CALL UDQp3g3(LNCT,T) sC2% 712
1o READ(LOGY 41800y FJySCrFACY Tt NCE,VISH,SHAPE $p2s_ 713
73 140 FORMAT (&F12 ) sp2% 74
74 Ir(s.so.u.0)5-32.17n $D2% 15
75 IFtEJeEQ.0.0)Ey=778.16 sp2s 76
76 IF(SCLFAC,EQ.Q.,0)SCLFAC=12,0 s02s8__ 77
17 IF(TOLNCE.EQ.O.0)TOLNCE=0.001 $02% 18
78 JFLVISKEQenn)VISKT0.03018 $02% __ 719
79 IF(SHAPE.EQeGs0)SHAPE=0.7 $02% &0
80 WRITE(LOG2,150)6,4,EJ,SCLFAC,TOLNCE VI SK, SHAPE $02% 81
81 150 FORMATU2x9/ 910X 9 22HGRAVITATIONAL CONSTANT ,17X,1H=,F8,4,/,10%X,17HJOSG2S 82
82 1ULES EQUIVALENI.22Xv1H=-F8.3-I'lUX,29HLINEAR DIMENSTION SCALE FACTOSG2S 83
a3 2R,10X,1H=,F8 4,/ 410Xy 15HBASIC TOLERANCE v28X91H=sFB.5,/5 10X, 19HKINESD2% 84
84 SMATIC VISCOSITY,20X,1H=- F8.5,/,10X,17H8 L, SHAPE FACTOR,22X,1H=,F8302% &%
85 4.5} s02% 86
86 CALL UDC303tLNCT,7) $02% 87
87 READ(LOG1 414 0)XSCALE PSCALE 4RLOW,PLOW4XMMAX,RCONST $02% 88
88 IF(XMMAX.EQUeCa0) XMMAXZD.6 $02%__ 89
89 IF(RCONST.EQ.0.0)RCONST=6.0 sC2s 90
S0 WRITE(LOG2,1€60)XSCALE ,PSCALE ,RLOW,PLOW,) XMMAXRCONST $p2% 91
91 164 FORMAT(2X 9/ 910X 29HPLOTTING SCALE FOR DIMENSIONS,10Xy1H-yF7.3,7,10502% 92
92 1X928HPLOTTING SCALE FOR PRESSURES y11X,1H=pFT7e3 /7 10X, 22HMININUM RASO - S°
93 20IUS ON PLOT 417X 91H=9F7+3+/910Xs24HM INIMUM PRESSURE ON PLOT+15Xs1HLAZ% 9%
98 3=2,FT43,/,10X ,4OHMAXIMUM M-SQUARED IN RELAXATION FACTOR =,FB.4,/,10:02% 95
95 4X329HCONSTANT IN RELAXATION FACTOR,10X,1H= FB.4) $02% 96
96 CALL UDD3I03(LNCT,3) $02%__97
97 READ(LCG1,180)CONTR,CONMX 5025 98
98 WRITE(LOG2,164)CONTR,CONMX $02% 99
99 164 FORMAT(2X s/ 910X 22HWAKE TRANSFER CONSTANT,,17X,1H=,F8.5,/,10X,25HTUs02s 1C0
160 IRBULENT MIXING CONSTANT,18X,1H=,F8.5} $02s 1C1
101 CALL UDD303(LNCY ,S+NCASE) sp2s 102
102 READ(LOG),1TCI(FLOW (K) ,SPDFACIX),K=1 ,NCASE) $02% 1G3
103 19 FORMAT(2F12.0) $02% 10%
108 WRITE(LOG2,180) (K ,FLOW(K] ,SPDFACIK) 4K=1,NCASE) $028 135
105 180 FORMAT(2X 4/ 510X ,21HPOINTS TO BE COMPUTED, //,10X+2HNO,6X 8HFLOWRATESD2S 106
106 198Xy 12HSPEED FACTOR/ /31 10X912,F13.3,F18.3)) $02% 107
107 READ(LOG15190ML1 y(XSTN(K) yRSTNUK) y=1,1.13 $02% 108
108 190 FORMAT (X3,/,€2F12.0)) $02% 109
109 ISTAG=gQ s02% 110
110 IF(RSTN(1).FQ.0.031STAG=1 $02s 111
111 NSPECI1I=L]) $02% 112
112 CALL UDO3C3C(LNCT,74L1) $02% 113
113 WRITE(LOG2¢2C0) L1 (XSTNCKIRSTN (K ,K=1,L1) ¢02¢ 134
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114 230 FORMAT(2X 9/ 910X ¢ 36HANNULUS / COMPYUTING STATIOM GEOMETRY //,10X,25Hg02g 115

115 1STATION 1 SPECIFIED BY,I34,7H POINTS,/ /417X e O XSTNBX,OHRGTN/ /(5028 116
116 2F22e49F12.4)) $02% 117
117 1S1¢1)=1 $02% 118
118 LAST=L1 $02% 119
119 DO 220 Y=2 ,NSTANS $028 120
120 READ(LOG1,21C)L1 $02% 121
121 21d FORMAT (13} . $02% 122
122 NEXT=LAST+1 $02% 123
123 LASTZLAST+L1 $02% 124
124 IF(LAST.GT«150)G0 Y0 550 $£02% 125
128 READILOGI w170 (XSTHIus g STNIK )y H=NEXT,LLASTY 02y 426
126 IF(RSTNINEXT ), EQ.0.CIISTAG=I $02% 127
127 CALL UDC303(LNCT SebL 1) $02s 128
128 ISLCID=NEXT 5029 129
129 NSPECUI)IZL]) $02% 130
130 223 WRITEA(LOGZ 42300 L ,L1 ¢ (XSTN(KIyRSTNIK) JK=NgXT4LAST) $02s 131
131 230 FORMAT(2X 4/ 4 10X THSTATION, I3, JUH SPECIFIED BY,I13,7H POINTS,//,217X302% 132
132 1o 4HXSTN o8X yUHRST NG/ /9 lF22e4,F12 o)) $02% 133
133 SPEED(}11)=7.0 $02s 13s
134 READ(LOGL,24C)L1 NTERP(1)NOIMENC1)} yNMaCH 1Dy CDATACIK),DATALIK),DAS Q25 135
135 1TA2(K) yDATASI(KI yK=1,4L1 ' $02% 136
136 2 . FORMAT(U4I3,/,(4F12.01) $02% 137
137 CALL UDP3IC3(LNCT,7eL 1) $02% 138
138 Is2t1)=1 : $02s 139
139 NOATA(L1)=) $02% 140
140 LASTZLY $02% 141
141 WRITE(LOG2 ,2S0)L 1 ,NTERP( 1) ,NDIMEN(1) ,NMACHI1), (DATAC(K) ,DATAL(K),DS5D2% 142
142 1ATAZ(K) DATAZIK) yK=1,L 1y $02% 143
143 258 FORMAT(2X /410X 9p24HSTATION CALCULATION DATA,//,TXy1BHSTATION 1 NSO2% 1lak
14y 10ATAZ,I3,7H NTERP=,12,8H NOIMENZ,I2y7H NMACHS g 12¢// +11X SHDATAC,6X$02% 145
145 29 14HTOTAL PRESSURE 4X,17THTOTAL TEMPERATURE,4X, ] JHWHIRL ANGLE,//,15%02% 146
14¢ 3X3F 124 9F15e49F19e34F18.3)) s02g 147
147 00 252 X=-1,L1 $C2% 168
i48 252 DATAL(K)=DATAL(K)*SCLFAC*=%2 $02% 149
149 LASTD=0 $02% 1%
150 NOUTIt1)=0 N $0235 14
151 NOUT2(11:=0 2% 152
152 DO 320 I=2,NSTNS $02s 153
153 LOGN=LOB1 $02% 158
154 IF(NMANY,EQ.D)GO TO 258 $02% 155
155 D0 254 L1z1,NMANY $02% 156
156 IF(NWHICHILY1).EQ.I)60 TO 256 $02% 157
157 2°! CONTINUE $02g 158
158 GO TO 258 $02s 159
159 2 . LOGNZ=LOGS $02% 160
160 2.8 READI(LOGN y 260)INDATACIYNTERP(I) JNDIMENCT )yNMACH(I) NuORK (1) ,NLOSS(302% 161
161 113, NL1ET) o NL2CTI D 4JNEVALUI ) JNCURVE(T) o NLI TERUT)yRDELET)yNOUTI(I},NOUSD2S 162
162 2T2(I ), NOUT3(I),NBLADELD) $02s 163
163 260 FORMAT(1613) $028 168
168 L1=3 $02% 165
165 IF(NOATA(I).NE , O)L)=L1+5+NDATA(T) $nN28 166
166 IF(NDELCIDNEOILIZL1+3NDEL(I) $02s 167
167 CalLL UDC303(LNCT 4 1) $02¢ 168
168 MRIVE(LOG2,270) Y 4NODATACI )} JNTERP LI}, NDINENC(TI) NHACHII),NWORKITI)I NLOSO2S 169
169 ISSEY I NLICIYSNL2 (1) NEVAL (I) ,NCURVE ¢ ), NLITERtII,NDEL{I),NOUT1¢T),5802% 170
170 2NOUT2(19,NOUT3ILTI ) NBLADE(T) $02s 171
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1 270 FORMAT(2Xy/y TXoTHSTATION,I3,8H NDATAZ,I3,7H NTERP=,I2,8H NDIMENZg2s 172

172 1,J12,7H NMACH=, X2 ,7H NWORK=,T2,7TH M OSS=,32:5H N1 1Z,13,5H N1 25,13,7802% 12%_
173 2H NEVALZ=,I2 8H NCURVE=,I2,8H NLITERZ 4I3,H NDELZ,I34/519X,6HNOUTISS02S 178

174 3.12,7H NoUT2=,12,7H NOUT3=,T2,BM NBLADF= I3y  «p2s 31375

175 SPEED(I)=0.0 $02% 176

176 - IF(NDATA(T).EQ )60 10 320 $02% 117

177 IF(NNORKLID«EQaTINLOSS (I)=1 117307717

178 NEXTZLAST+] . $02¢ 118

179 LAST=LAST+NDATALI) $02% 179

180 IS2¢1)=NEXY $02% 189

181 IF(LAST.67.100)G0 TO 553 $02% 181

182 READ(LOGN,2BCISPEFU (] ) oC(DATACEK ) yOATAL(K) yDATA2¢Ky DATAI(N) DATALCSO2s 182

183 1K), DATAS(K) DATAGIK) JOATATIK D) spATASIK), PATAGIK ) oK=NEXT,LAST) $02% 183

188 28C FORMAT(F12.047 t6F12.2,7,4F12.,0)) $C02% 1848
185 WRITE( L 0G2,+,250)SPEEDIT) (DATACIK) DATAL(K)4DATA2(K) ,OATAZ(K},DATANSQ2S 185

186 1¢K) 4DATARIK) ,OATAG(N) (DaTa7( K2, DATAB (k) JDATAI(K) JK=NEXTLAST? $028 186
187 290 FORMAT (2X [/ 10X , THSPEED =4F9, 25 7/ v13XsSHDATACy TXySHOATA L9 TXSHDATASO2S 187

188 12,7%X,SHDATAZ ) TX s SHOATAY, TXSHOATAS, TX,SHOATAG (TX,SHOATA7,TX,SHDATASD2S Yan

189 28 ,7X.5HDATA9.II.(lUX.F‘)-‘I.rl2‘3cF13.6sF11.‘0.}'12-S'FIZ.SvNFIZ.Q), $02% 189

190 TF (NLOSS (1) .NEL1)GO 10 293 MOD o =J6Y _
191 KPRESS=p MOD o ~JGW

192 DO 291 K=NEXT,LAST MOD o =JEM .
193 291 IF(ABS(DATA2(K)) ,GT,2.CIKPRESSSKPRESS+] MOD «~JdGy

198 KCHECK=LAST~NEXT +1 MOpe=Js¥

195 IF(KPRESS .NE+CHECKIGO TO 293 MOD , -J6N

196 DO 292 K=NEXT,LAST MOD.-JGY

197 292 DATAZ2(KY=DATA2(K )*»SCLFAC*%2 MOD . -3GH

198 293 IfF(NwORx €T} NEL1)GO Y0 296 MOD o ~JGY
199 DO 294 K=NEXT,LAST $028 191

200 294 DATAL(K)=DATAI(K)*SCLFAC%*»2 $N2% 192

201 296 IF{NEVALCID? eGTeOeANDNSTRMS.G T NDATA (1} )LASTZLASTONSTRMS-NDATACI)? $02% 193

202 IF(NDEL (I).FC.0)GO TO 320 5028 198

2G3 NEXT=LASTD+1 $02% 195

204 LASTOZLASTO+NDEL (I) $n2% 196

235 TSS(I)ZNEXT $028 197

206 IF(LASTD.6Y.100160 TO S50 $025 uh

207 READ(LOGLl+300)(DELCUK) DELTALK) JKNEXT , LASTD) £12% 1y¢

208 306 FORMAT(2F12.0) $0°8 200
2069 WRITE(LOG2,310)(DELC(K),DELTA(K ) K=NEXT,LASTD} $p2¢ 201

210 31g FORMAT(2X 9/ 913X 4HOELC,8X ,SHDELTA,//,(1CX,F9,8,F12.8)) $02% 202
211 326G CONTINUE 5023 203

212 ) CALL UDp3p03tLNCT ,5+4NSTNS ) $02% 2084

213 READ(LOG1 433G ) (WBLOCK (1) ,BBLOCK (1),BDIST(I) I=1,NSTNS) $02% 205

214 3 FORMAT(3F12.G1} $02% 206
215 dRITE(LOG2,340) (I,NBLOCK(T),BBLOCK(T)yBDISTCI) yIZ1,NSTNS) $02% 207

216 3 FORMAT (2X .,/ ,10X  3CHELOCKAGE FACTOR SPECIFICATIONS,//,10X,66HSTATIOS02% 208

217 IN WALL BLOCKAGE WAKE BLOCKAGE WAKE DISTRIBUTION FACTOR,//,11%02% 209

218 2) Xy Iy F16e54F16e54F19.3)) s$028 210

219 IF(NSET1.EQ.0160 TO 38g $02% 211

220 DO 370 X=1,NSET1 $028 212

221 READILOGL ¢350)L o (DIFFUJ KD oFOHUBIJ K)o FOMID (J oK) FOTIP(J,KD,J=1,L802% 213

222 11) $02% 21s

223 35a FORMAT(I3,7 ,t4F12.0)) . $02% 215

228 CALL UDO3C3CLNCT,6¢1L 1) $02% 216

225 WRITE(LOG2,360)K yL1 o (DIFFUJeK D)o FOHUB(J9 KD sFONID(U4K D FOTIP(J,KD?,J=802% 217

226 11.L1) $02% 218

227 360 FIRMAT(2X 3/ 910x9SSHLOSS PARAMETER / DIFFUSION FACTOR CURVES FOR BLSO02% 219
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228 1ADE TYPE¢12,15,16H D-FACTORS G6IVEN,//,15% ,9HDIFFUSION,5X,3CHL O S s02s 220
229 2s P ARAMETERSy/ol6X,THFACTORS 989 IHHUB,OX ¢3HMID,8X SHTIPS 2% 221
230 33774 4115X,F8 3,F13,5,F12:5,F11.5)) 3028 222
231 370 NDIFF(KI=L] 5028 223.
232 383 IF(NSET2.EQ.C)E0 To 45g $02% 224
233 DO 840 K=],NSET2 $02% 225
234 READ(LOG1,390)L1 ,L2 $C2s 226
235 390  FORMAT(213) o $0>% 227
236 CALL UDO3C3(LNCT,7+L1) $02s 228
237 NM(K)=L1 $02% 229 .
238 NRAD(K}=L2 $02% 230
239 READ(LOGI 4400)TERAD ! k) g (DMEJ 21, K) s WFRAC (U1 Ky J=1.L]) $c2s 231
240 400 FORMAT(F12.0+79(2F12.00) $02% 232
241 WRITE(LOG2,810)K 4L 1,L2,TERAD (1, K} 4(DMCI,1 K)o WFRAC(Jg1,4K)pJ=1,0L1) SN28 233
242 410  FORMAT (2X,/ 410X,51HFRACTIONAL LOSS DISTRIpUTION CURVES FOR B ADE CS$p2% 23%
243 1LAgsv12+15,16H POINTS GIVEN AT, I3,17H RADIAL LOCATIONS,//,310X,52HFS02% 235
244 2RACTION OF COMPUTING STATICN LENGTH AT RLADE EXIT =,FT.%,//,10X,28%n2% 236
245 3HFRACTION OF MERINIONAL CHCR,4X,264L0SS/;0SS AT TRAILING EDGE,//,502% 237
246 9(ISX,F11.4,2CX,F11.8)) s02s 238
247 1F{12.EQ.1)Go To Aa4g $02s 239
248 D0 426 Lz2,L2 $02% 240
249 CALL UDO30D3(LNCY, 5¢L ]} $02% 241
250 QEAD(LOG] 4400 TERAD (LK), (DM (JyL X}, WFRAC(J L, K)od=],L 1) $02% 242
251 +20  WRITE(LOG2+420)TERAD LK) 4 (DOMUJ,L oK) ;WFRACCS,L g K} J=2,L1) §02% o4z
252 430  FORMATI2X,/7,10X,52HFRACTION OF COMPUTING STATIgN LENGIH AT BLADE ESO02S 244
253 1XIT =yF7.4477,10X,28HFRACTION OF MERIDIONAL CHORD,4X,26HLOSS/LOSS S02S 245
258 2AT TRAJLING EDGE /7,0 15xsF1144,20%,F11.8)) $02% 246
255 440 CONTINUE $02% 247
256 450 IF(NSPLIT.EQ.0.AND_NREAD.EQ.0)GO 70 570 $2% 248
257 READ{LOG1,46C)(DELF(J)yJ=1,NSTRMS) $02% 249
258 460 FORMATI(6F12.0) s02s 250
259 L1=5 $02s 251
260 IF(NSTRMS.GE.16)L1=8 $02% 252
261 CALL UDD3g3(LNCT,L1) s02s 253
282 WRITE(LOG2,870) s02% 7
263 L1=NSTRMS L S T
268 IF(NSTRMS6T.15)L1=1S S02% 258
26S NRITE(LOGZ,880) (Jed=1,L1) SC2% _257.
266 435  FGRMAT(2X ./ 41GX ¢ LOHSTREAMLINE 15,1417} . $02% 258
267 470  FORMAT(2X,/,10X, 78HPROPORTIONS OF TOTAL FLOW BETWEEN HUBR AND EACH S02% 259
268 ISTREAMLINE ARE TO 8E AS FOLLOWS) $02% 260
269 WRITECLOG2 ,495) (DELF (J),u=1,L 1) $028 261
270 490  FORMAT (10XoUHFLOW 27X ,15F T.8) $02% 262
271 TF(NSTRMS ,LE.15160 TO SO0 $02s 263
272 L1=U1+1 $02% 264
273 WRITE(LOG2,980) (J,J=L1 NSTR4S) 5028 265
2748 WRITE(LO062,890) (DELF (JDsJ=L1 yNSTRNMS) $02% 266
215 00 IF{NREAD.EQ.C)60 T0 570 s028 267
276 READ(LOG1 ,S51CI RIS IV X {d T 1 o XL I ) oI 10109 dJCJSsT)y JgT1NSTRMS ) o528 268
277 1T=1,4NSTINS) $02% 269
278 $10 FORMAT(3F12.0,2I3) s028 270
279 CALL UDO3O03CLNCT 5+NSTRMS) . 3028 271
280 WRITE(LO62,520) _ s02% 272
281 $20 FORMAT(2X,/ 10Xy 32HESTIMATED STREAML INE COORDINATES) $02S 273
282 00 530 IZ1,NSTINS s02s 274
283 IF(Y.GT.3)CALL UDD3O3I(LNCT,3+NSTRMS) $028_27S
268 530 WRITE(LOGZ ,S40) (T W oR (I T X (gD e XL (U1 oIT0JsT)dJldsI)eJd=1,KSTRE0O2S 276
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285 1Ms) 3023 277
286 540 FORMAY (2X /910X s TOHSTATION SIREAM INE RADIUS AXTAL COORDINATYE sp2s 278.
287 1 L=-COORDINLTE CHECKS~ 1 Js 2/ 943X 42T11,F18.8,F12.8,F16,8,117502% 279
288 2,15)) $028 280
289 GO TO S70 sp2s 281
290 550 WRITE(LO0G2,5601) $£02% 282
291 R60 FORMATU1IH1,1CX,33HJ0B STOPPED - TOO MUCH INPUT DATA) $n2s 2873
292 stop o $02s 284
293 570 RETURN $p2% 285
294 END $025 286
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Source listing of the 1964 - 65 Version 5 CALCOMP subroutine, UD0312,
appears below.

1 SUBROUTINE UDD312 $128 2
2 REAL LOSS,LAMI,LAMIP),LAMIN] $12% 3

3 COMMON NSTNS yNSTRMS NMAX ,NFORCE ,NBL » NCA SE JHSPLIT ,NREAG,NPUNCH,NPAGS 129 L)

4 1ENSETLNSET2,ISTAGyICASE,IFAILO,IPASS, I, IVFAIL ,IFFAIL ,NMIX,NTRANSS 2% 5

S 2yNPLOT, TLOSS ,LNCT,ITUR,IMT N, IFATL,TTER,} 061,40 062,L063,1L06%,L065,L0%12¢% 6

6 266, IPRINT NMANY NSTPLT ,NEQN $12s 7
7. Co4MON NSPEC(20),NyORK(30),NLOSS30) ,NDATA(30) ,NTERP(30),NHACH(IOIS 128 3

8 14NL1(3G)oNL2(30),NDJMENE30) 4TS 300, 1521300 ,153(301,NEVAL (30) NDIFS12S 9

9 2F (4) ,NDEL (30) ,NLITER(3Q) 4HM(2), YRADI2),NCURVE(30) JNWHICHI3O) yNQUT1IS128 10
10 3(30)4,NOUT2t3G) ,NOUT3 123 ,NBLADE (30} $12% 11
i1 COMMON pM{11,4542):8FRACE11,5,2) s12¢ 12
13 121,30),TBETA(21,33) ,OIFF(15,4),FOHUB (15,4),FOMIDC15,4),FOTIP(15,4)8128 18
14 2y TERAD(S+2) $128 15
15 COMMON DATAC(100),0ATA1(100),0ATA21100),0ATA3E100),0AFA811G0),DATASI2S 16
16 15(10C),DATA6¢100),0ATAT(100) ,DATAB(100),DATAgL100),FLOWILIN),SPEED(S12S 17
17 230) ,SPGFACt10),RELOCK{30) ,BOIST(30),uwPLOCK{30)  WWBL {30),XSTNU150),812% 1p
18 TIRSTN(150),DELFI30),0ELC(100) 4OELTACIOD) ,TITLE(18),DROM2(30),RIM1I{3512S 19

19 Y0 )pXIM1 (3C) , WORK (213,L0SSC21) ,TANEPS (210, X1€212,VVI21),0FLl W 21D, AS12S 2p
20 SMIt21),LAMIM1021),LANTP1(21),PHT(21) CR(21),GAMA{21),5PP6(21),CPPGS12S 21
21 6121)HKFEP (211 ,SKEFP(21) 4VNCEEP (213, 0ELH(30),DELT(3C) $128 22
22 COMMON VISK,SHAPE ,SCLFAC,EJ,G,TOLNCE XSCALE PSCALE,PLOW R OW,XMNAXS12S 23
23 1y RCONSToFM2,HMIN,C1,PT,CONTR CONMYX $128 2%
254 DIMENSION PSTAT(32),XX(32) $12¢ 25
25 XPAXZX{1,NSTNS) $12% 2%
26 XMINZX(1,1) $12s8 27
27 DO 153 J=2,NSTRMS $128 28
28 TFUXUI, 1) LT XMTINIXMINSX (J,1 0 $12% 29
29 IF(X(J,NSTNSD.GToXMAX)XMAXZX {J,NSTNS ) $12s 30
30 160 CONTINUE s12% 31

31 XMINSFLOAT(IFIXEXMIN)) MOD . -JGW
32 IF((XMINJGE. O, 0) .AND ( XMINLLE .5.0))XKINZQ.Q MOD e ~JdGY
33 ALENZ(xMAX-XMIN) /XSCALE MOD . -JGW

34 XLENZZ2G.0 MOD o ~JGW

35 TF(ALEN.LE.10.0)XLEN=13.0 MOD .« = . _
36 IF(NPLOT.EQ.2)G0O TO 134 $12% &2

37 CALL PLOTID MOD o =JGH
38 CALL PLOT(C.0,-12.0,-3) MOD . ~JGW

39 CALL PLOT((0.04045¢+—=3? MODe-JGW
4Q CALL AXIS(J,040e0s16HAXIAL COGCROINATE =16 oXLEN y0e0y XMINyXSCALE1QeM0D «-JGY

41 101 ‘ MOD . ~JGW

42 CALL AXIS(Ce0+0+0,15HSTATIC PRESSURE 15 ,10.0,90.0,PLOW ,PSCALE ,10.040D . —JGW

43 1) MOD, ~JGY_
44 J=-1 $12% 47

45 K=1 $12% 48

- 46 YPEN=3.8 MOD . -JGW

47 XPENS(XMAX/XSCALED)-3.0 MOD . -JGW

48 SIZE=0.14 MOD o -JGW

49 113 Do 120 IZ1,NSTNS $12% 49

50 HSTH(J, I)=(VM Uy [)*824VN(J,T1#52) /(2 .0aGaEd) §12¢ 50

51 IFIHS JLT.HMINIHSZHMIN $12% 51

s2 PSTAT(II=UDGY (HS yS(J5 )} /SCLFAC *%2 $12% 52

s3 123 Xx(I3=XtJ,1) $123 _ S3

X} CALU LINE(XX ,PSTAT,NSTNSs1sl Ky XMIN, XSCALE,PLOM,PSCALE} MOD ., -JGU

55 CALL SYMBOLUXPEN,YPEN+G.07,SIZF yKo0.0,-1) HOD « —JGY

56 IFCJ.EQ.NSTRMS)ICALL SYMBOLUIXPEN+Q o18%,YPEN,SIZE »17H=> TIP STREAML INMOD «~JGY
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57 1E+0.0417) MOD o ~JEW
58 IFtJ.EQ.NSTRHS)G0 T0 132 $12% 55
59 TK+} g12¢ S6
60 IF(J . EQ IMID)JI=NSTRNKS $128 57
61 IF(JoEQ.NSTRHS)CALL SYMBOLIXPEN+0e184 ,YPEN,SIZEo1TH=> MID STREAMLINMOD - ~JGy
62 1E,00¢17) MOD o =2GY
63 IFC(JepQa1d2J=IMTD s12¢ S8
64 IF¢) £0 IMIDICALL SYMBOL{XPEN+0 . %, %P NoSTZEel 7TH=> HUB STREAMLINE 2MODa=JGY
65 10.0,17) MODe~JGW
66 YPENZYPEN-0.25 MOD . =JGW
67 GO YO 11D s$128 59
68 130 CALL PLOT(25,0y~12.05-3) MO0 o ~JG1
69 IFI(NPLOT.EQ.1)G0O TO 185 %128 62
70 134 call PLOTID MO0 , ~JGY
71 CALL PLOT(0.0y-12.0,-3) MOD . ~-JGW
72 CALL PLOT(D.G30.54-3) MOD . -J6¥
73 CALL AXIS(0.0,0,0,16HAXIAL COCROINATE,-16,XLEN 0. o.xnlu.xsanE.lg MOD » ~JGy
74 1g) MOD . -JGM
Ts Call AXIS(GeD30oC¢6HRADIVUS 649100990 O.RLou.xSCALE 10.0) MOD. _JGW
76 DO 150 J=3,NSTRMS $12% 67
77 DO 140 I=1,NSTNS 5128 68
18 XXC1I=xty, 1) $£12% &9
79 l4p PSTATUII=R(J,1I) $128 10
80 150 CALL LINE (XX PSTAT,NSTNSy 140511 9XMIN JXSCALE JRLOWGXS raLlg) 00 « - JGY
81 Do 175 I=1,NSTNS $12% 16
82 DO 160 )=1,NSTRNS 5125 77
83 PSTATIJIZR(J,I) $12% 78
84 160 xxtJ=xd,I $12% 79
85 170 CALL LINEU(XX9yPSTAT,NSTRMS1y0y11,XMIN XSCALE,RLOM,XSCALE) MOD . ~JGY
86 CALL PLOT(25.04-12.0,-3) MOD . -JGW
87 180 CALL ENDCC “MOD . -.JGM
a8 RETURN MOD « ~JGY
89 END $12% 33
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