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ABSTRACT

A compressor aerodynamic design program was developed to
account for complete radial equilibrium of flow and to evaluate
losses on the basis of blade element loss prediction methods,
Radial distribution of energy is specified as a polynomial var-
iation of whirl velocity at the exit of each rotor blade row; rotor
tip loadings are specified as are limiting values of rotor hub
relative exit angles, stator hub Mach numbers, stator hub load-
ings, and the compressor flow path. The blockage factor is
specified as the unblocked fraction of annulus area at the hub
and casing of each axial station, The program user specifies

a desired overall mass-averaged pressure ratio and provides
data for a maximum number of stages, not to exceed twelve,






AXIAL FLOW COMPRESSOR DESIGN COMPUTER PROGRAMS
INCORPORATING FULL RADIAL EQUILIBRIUM, PART I—FLOW PATH AND
RADIAL DISTRIBUTION OF ENERGY SPECIFIED (PROGRAM II)

by

H. F. Creveling and R. H, Carmody

SUMMARY

The technical objectives of the contract included generating a computer
programmed compressor aerodynamic design system which accounts for full
radial equilibrium of the flow, including streamline curvature and radial gra-
dients in total enthalpy and entropy. The resulting design-point computation
is iterative, with efficiencies determined through the use of correlated blade
element profile loss data and the loss associated with a normal shock in the
blade passages, where appropriate. The computer program is written with
"buffer' storage capacity for up to ten sets of profile loss parameter data,
each set including hub, mean, and tip data for diffusion factor values between
0 and 1.0. These profile loss data sets are elected by the program user for
any given design calculation from a master file of up to 999 profile loss
parameter sets. In this program, energy addition is determined through
specification of the functional form of whirl velocity distribution at each
rotor exit, and through specification of limiting values on four aerodynamic
parameters for each stage. These aerodynamic parameters are:

1. Rotor tip diffusion factor
2. Stator hub diffusion factor
3. Stator hub Mach number
4. Rotor hub relative exit angle
In addition, the compressor flow path is specified.

The program accepts design input data for a specified maximum number
of stages and, barring any error messages from the calculation, computes
aerodynamic performance until either the maximum number of stages is
reached or the specified overall pressure ratio is attained. The design com-
putations may be based on 5, 7, 9, or 11 streamlines, at the user's option.
Hub and tip blockages are input separately, at each axial station, as the un-
blocked fraction of local geometric annulus area. The program user has the
capability of specifying the total mass flow at each axial calculation station.
Any changes in mass flow are distributed proportionally among all stream-
tubes involved in the design computation.



The computation and the corresponding program logic are developed in
detail in Appendix A (System of Equations and Computations) and Appendix C
(Program Flow Charts). The Fortran IV Source Deck listing of the com-
puter program is shown in Appendix B,

Input format and the preparation of required input data are presented in
Appendix D, along with the data set describing a sample design problem.
Appendix E illustrates the format of program output, through presentation
of the computed results for the sample design problem.

INTRODUCTION

As a part of Contract NAS3-7277 for the NASA-Lewis Research Center,
four axial flow computer programs were developed. The first of these pro-
grams was based on the assumption of simple radial equilibrium of static
pressure and constant efficiency radially. In this program, limits on hub and
tip ramp angles, axial velocity ratio across blade rows, rotor hub and stator
tip loadings, rotor exit relative flow angle, and stator hub Mach number are
specified; the velocity diagram and stage-by-stage performance are calcu-
lated. This program is reported in Reference 1.

The second program accounts for complete radial equilibrium of flow.
Losses are evaluated on the basis of blade element loss prediction methods.
Radial distribution of energy is specified as a polynomial variation of whirl
velocities at the exit of each rotor blade row; rotor tip loadings are specified
as are limiting values of rotor hub relative exit angles, stator hub Mach num-
bers, stator hub loadings, and the compressor flow path. This computer pro-
gram is reported herein and will be designated as ""Axial Flow Compressor
Design Program II."

A third design program was also developed under this contract and will
be reported at a later date. Program III differs from Program II in that the
radial distribution of total pressure is specified rather than the whirl velocity
distribution, and there is the option of specifying the flow path or specifying
the axial velocity ratios and calculating the resulting flow path.

SYMBOLS

Note: The primary symbols are illustrated schematically in Figure 1.

a sonic velocity, ft/sec

A B,C,D,E constants in whirl velocity polynomial

b axial spacing of computational stations, in.

p specific heat at constant pressure, BTU/lb,-R®
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diffusion factor; total derivative
blade force on gas, lbg/lbyy,

constants, variously defined in Equations (A-38) through
(A-40) and in Equations (A-44) through (A-46)

universal gravitational constant, 32,174 ft—lbm/lbf— sec?
enthalpy, BTU/lb,,

conversion factor, 778 ft-lby/BTU

overall compressor axial length, in.

Mach number

molecular weight, lby,/mole

axial station index

number of axial stations

pressure, lbf/in.2 abs

heat transfer rate, BTU/lb,-sec

radius, in.

total pressure ratio

ith rotor

gas constant, ft-lbg/lb_-R®

entropy, BTU/lb_ -R®

ith stator

time, sec
temperature, °R
wheel speed, ft/sec

fluid velocity, ft/sec



w mass flow rate, lb,,/sec

X fraction of blade span

Z axial coordinate, in.

Greek

a ramp angle, degrees

B air angle, measured from engine axis, degrees
Y ratio of specific heats

) blockage factor expressed as unblocked fraction of annulus area
A change; final value minus initial value
Y] adiabatic efficiency

g circumferential coordinate, radians
v Prandtl-Meyer angle, degrees

p density, lby,/ft3

o solidity

¢ air turning angle, degrees

® angular speed, radians/second

@ blade total pressure loss coefficient
Subscripts

1 rotor entrance station

2 rotor exit station

3 stator exit station

e effective value (of hub or tip radius)
g geometric value (of hub or tip radius)



H hub section

i ideal

J designates value of variable at reference streamline
L limiting value

max maximum value

p profile

R rotor; radial component
S stator

S shock

sS supersonic

T tip section

t total

# whirl component

Z axial component
Superscript

! relative value of a variable



Streamlines

Figure 1.

Velocity diagram along a streamline

Schematic presentation of symbols.
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TECHNICAL DISCUSSION

The computer program, bearing Allison identification N-35, accounts
for full radial equilibrium including radial gradients in total enthalpy and
entropy. Specific heat is treated as a function of temperature with the
exception of the computation of shock loss, where Cp is assumed constant;
elsewhere in the calculation, all integrations involving cp in the integrand
are performed for variable cp. The program will not calculate supersonic
axial flows; a check is made at the mean streamline of each axial station and
the computation is terminated whenever an axial Mach number greater than
1.0 is encountered in three consecutive passes of the calculation.

The program requires description of the flow path geometry, including
location of all axial stations, plus hub and tip blockages at all stations. The
computation of adiabatic efficiencies uses blade profile loss parameter data
input as a function of diffusion factor for hub, mean, and tip sections. This
profile loss data is interpolated and extrapolated to any point along the blade
length by means of a second degree curve fit. Shock loss is computed at each
streamline position by means of the shock model of Reference 2, using the
ratio of supersonic turning to total turning input as a function of blade span
for each blade row,

As mentioned in the summary, the program draws its input-specified
profile loss data sets from a master file or library of up to 999 loss-data
sets. This master file appears as permanent data and is located at the rear
of the program deck; this library of loss data sets is the only information
stored as permanent data. Up to ten of the profile loss-data sets may be
selected for use in any one compressor design calculation. Each loss-data
set consists of 20 values of profile loss parameter @p cos,B'z)/Z o for each
of the hub (10% span), mean (50% span), and tip (90% span) sections. These
60 values of loss parameter appear on 5 cards; each card consists of 12
fields of 6 columns each. The values of loss parameter for the hub section
are entered first; next the values for the mean and tip sections. At each
blade section, values are entered corresponding to increasing values of dif-
fusion factor. The program automatically assigns the 20 loss-parameter
values at any blade section to the 20 diffusion factor values 0, 0.1, 0,15,
0.20, 0.25, .., ., 1.0,

Aerodynamic design of each stage is governed by specified limiting
values for each of four aerodynamic design parameters. These parameters
are:

1. Rotor tip diffusion factor

2. Stator hub diffusion factor



3. Stator hub Mach number
4, Rotor hub exit relative flow angle

The program provides two alternative logic paths ensuring that the in-
put- specified limiting values of these parameters are not violated in any
stage. The program user may elect to: (1) drive the calculation to satisfac-
tion of the most restrictive of its aerodynamic limits at each stage or (2) ad-
just the calculation at each stage so that all aerodynamic design parameters
for that stage are less than or equal to their specified limiting values.

PROGRAM DESCRIPTION
The basic equations of motion which govern the three-dimensional flow
of an inviscid compressible gas through a turbomachine have been derived in

many reports such as Reference 3.

The pertinent equations for steady axisymmetric flow in cylindrical co-
ordinates are:

Continuity Equation

1 3(PRVR) 3PV )
R or ‘T 3z °° (1)

Radial Equation of Motion

3H, 3S Vg d3(RVg) (avz avR> o

eI 3R ~8FR* &IT3R* R SR ' V2 \3R "3z

Circumferential Equation of Motion

1 o(RVp) 3(RVg)
0=8Fy-g|VR 3 *Vz2—3z (3)
Axial Equation of Motion
dH; dS Vg d(RVp) oVz dVR
8I 3z &z 8Tz R "oz T VR|SR oz @

Energy Equation

DH¢ _ o, o D(RVp)

Dt gCJ Dt

(5)



Gradient of Entropy

DS _ Q
o= (6)

Condition of Integrability

2 (fz)\_ s (Fr_ )
R \RF,y | ~ 3Z \RFy

Equations (1) through (7) relate eight unknowns in FgR, Fg. Fz. VR, Vp,
Vz, S, and Hj.

The compressor design analysis considered for this study considers full
radial equilibrium and radial gradients in total enthalpy and entropy. The
simplifying assumptions are:

1. Only stations between blade rows are to be considered; therefore,
Fr. Fg, and F 7 are zero,

2. Heat transfer is zero therefore Q is zero.
3. Consideration need be given only to the radial equation of motion.

With these assumptions, Equations (3), (4), (6), and (7) are eliminated.
Equation (1) is then rewritten for convenience as

R
w=2n /PVZRdR (8)
Ry

and Equation (2) is written as

Ty R,
Ve - v,2%-2 J/ T)dT-(V2—V2)-2fXQ-dR
Z 7.~ 8¢ cp | 0 0. R

J Ty. J R,
j j
R R

35 OVR

- 2g J T—a-ﬁ dR + 2 Vo —5713{ dR, (9
R Rj



where the subscript j here refers to the reference streamline used in the in-
tegration. The energy equation becomes

g.J (AH,) = @ A(RVp) (10)

The method of solution of this set of equations in this application involves
specification of the flow path geometry and an indirect specification of energy
addition in each stage. Energy addition for a stage is established through a
given functional form for rotor exit whirl velocity and given limiting values
for the aerodynamic design parameters of each stage. Adiabatic efficiencies
are computed through use of input profile loss data and the shock loss across
a normal shock in the blade passage (Reference 2),

With blade inlet conditions known, exit velocity conditions are then com-
puted iteratively through Equations (8) and (9),

The primary objective of this computer program is to calculate design
parameter and performance in accordance with full radial equilibrium and
with efficiencies determined from input blade element profile loss data,
while ensuring that the specified limiting values of the four aerodynamic
stage design parameters are not violated in any stage, During iterative
solutions of Equations (8) and (9), efficiency and energy addition are revised
as required to achieve this objective. Energy addition is determined by
establishing a rotor exit whirl velocity level consistent with the limiting
values of stage design parameters,

The detailed procedure to accomplish the objectives of this program and
the development of the program logic to automate this design performance
analysis are discussed in the following subsection, A detailed summary of
the calculations is given in Appendix A.

DEVELOPMENT OF PROGRAM LOGIC

The given functional form for whirl velocity at the rotor exit and the
specified limiting values for the four aerodynamic design parameters com-
bine to control the energy addition in any given stage., The limiting values
of the aerodynamic parameters may each be used to solve for a correspond-
ing limiting value of rotor exit whirl velocity at the streamline where the
parameter is specified. One of these four values of whirl velocity is most
restrictive on stage design and is used in conjunction with the specified form
for whirl velocity to establish stage energy addition.

The methods of rewriting the expressions for the limiting values of stage

aerodynamic parameters to solve for rotor exit values of Vg are developed in
Appendix A.
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The expression for the rotor tip diffusion factor is

T A% 20 A%
which rearranges to
V02 + GV +W=0 (11)
2T 2
T
where
-2 (U + KF
. ( 2 )
T 1.0 - K2
2 2 2 2
v +U +V - F
Z2T 2T RZT
W = 5
1.0 - K
K = 1
T2
O-Rr]j
U -V -U
, Ip = 701 "2
F=H1.0-Dp )V, +
Therefore,
-G +NG? - 4w
Voo = 3 (12)
T

where the calculation is restricted to positive, real roots. When the
limiting value of rotor tip diffusion factor is used to evaluate F, the
chosen solution of Equation (12) represents a critical value of rotor tip
exit whirl velocity, satisfying the limiting value specified for rotor tip
diffusion factor.

The expression for the stator hub diffusion factor is

\ Vg, -V
3 6 0
H 24 3y

Dgyy = 1.0 - V2H+ Tos, Vo, (13)
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which rearranges to

2 _
V92H+GV02H+W—O
where
_ - 2 KF
F2- 1.0
2 2 2
K -V -V
ZZH RZH
W F2 - 1.0
V,
1/2 Vo,
V% +V62 +V12% + H
- 1.0-D
SH
1
F_
2 D - 1.0
O'SH( SH )
Hence,
v, - -GxVG?-4w (14)
02 2
H

where the calculation is again restricted to positive, real roots. Using
the limiting value of DSH to evaluate K and F, the resulting solution of

Equation (14) represents a critical value of Vg 9. based on the specified
limit for Dgyy in the given stage.

The expression for the stator hub Mach number is

\4
Mg, - B
Sy = ag

H

where

aSH:JY gc A TSH
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This rearranges to

1/2
2 2 2 2
v - - (VS vV 15
024 [MSH Sy (42H+ RzH)] (15

If the limiting value of stator hub entrance Mach number is used in
Equation (15), there results the corresponding critical value of Vy 9..-
H

4. The relative exit flow angle at the rotor hub is expressed as

Vl
92,
B, =tan’!
2g (vé + Ve )1/2
2 2
H H
it follows that
' 2 2 \1/2 '
Vg, =(V5. + Vg tan (Bg_) (16)
2q ( 24 2H> H
and
Vg =U, -Vg (17)
24 H 2y

The limiting value of ,8' may be used to solve for the corresponding
g 241 y

critical value of ng .
H

Now, the absolute tangential velocity at the rotor exit is defined by the
functional relationship:

A B 2
Vg, = —5 +— + C+ DR, + ER (18)
2 2 R 2 2
R
2 2

where A, B, C, D, and E are constant coefficients. To use this expression
for the radial evaluation of tangential velocity, some arbitrary method of de-
termining the coefficients must be adopted, since any one of the four stage
aerodynamic parameters provides a value of V92 at only one radius and,

therefore, can be used to evaluate only one of the five coefficients. It was
decided to set values for the usually less prominent coefficients A, C, D,
and E and to compute values for B, based on each of the four critical values
of VOZ’ which arise from the limiting values of the aerodynamic parameters.

This decision to compute values of B was influenced by the fact that assigning
a value of zeroto A, C, D, and E results in a free-vortex velocity distribu-
tion.
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As already indicated, the program fixes the energy addition in a stage
of the design through computation of four critical values of Vy o each cor-

responding to the given limiting value of an aerodynamic stage design param-
eter. Using these values of V92, each at its appropriate radius, four values

of the coefficient B are established using the relationship

A
B:RV(,Z—{R—z-+ CR2+DR2+ER2} (19)

The lowest value of B among the four values thus determined corre-
sponds to the stage design parameter which is critical at the time in the de-
sign computation when this value of B is computed and selected. This selected
value of B then defines the rotor exit whirl velocity distribution for its stage
and hence establishes the stage energy addition at that point in the design
computation,

The computer program satisfies the stage aerodynamic design param-
eters in either of two optional ways. The user may elect to: (1) reduce the
program-stored value of the whirl velocity "B" coefficient for any stage
whenever necessary to avoid exceeding the minimum of the four "critical"
values of B computed for that stage in a given pass of the design computa-
tion or (2) use the minimum of the four values of B computed, for each pass
in each stage of the designed compressor. The latter or "drive'" option en-
sures that each stage of the final compressor design will satisfy the critical
one of the four specified design parameters limiting values. The 'no-drive"
option ensures only that no stage of a design will exceed any of its specified
limits for the aerodynamic design parameters.

The radial profile of axial velocity at an axial station is obtained by sub-
stituting Equation (18) into the radial equilibrium equation, (9), and inte-
grating the resulting expression from a reference streamline j to any other
streamline. The term V% serves as the constant of integration and must be

J
selected to satisfy continuity; sz is established by trial and error at each

axial station, for each pass of the design computation,

The program begins a design computation by reading in the specified
data on which the design is to be based, including: (1) the coefficients de-
scribing cp variation with temperature, (2) the loss data sets selected from
the master file, and (3) data basically describing the machine to be designed,
including relative error tolerances to be used in the iterative computations,
and the design data for each of the maximum number of stages. The stage
data includes:

® Limiting values for the aerodynamic parameters
® Specific loss data sets to be used for rotor and stator

14



® Flow increments in rotor and stator

® Polynomial coefficients describing exit whirl velocity distributions for
rotor and stator

@ Blade solidity distributions

® Distributions of the ratio of supersonic turning to total turning

® Specification of flow path

The program considers ten axial stations at any one point in its iterative
design computations. The first five axial stations of the flow path represent
the inlet, and the program computes three exit stations behind the last stage
being designed. Hence, the program initially considers only the first stage,
with the inlet ducting and the program-computed exit ducting making up the
remaining eight axial stations initially considered.

The program begins its computation by evaluating T¢, Pt, and Cp (T) in
the inlet. Setting VR and Vg in the inlet to zero, and assuming dR/dZ and

d2r /dZ2 both zero at the front of the machine, the program then sets mass
flow rate throughout the inlet equal to the flow rate at the first station. Using
flow increment data specified for each input blade row, total flow rate at each
station of the entire input flow path is then computed.

Having established the number of streamtubes and the midstream index
streamline to be used in axial velocity computations, the program next es-
tablishes a simple radial equilibrium solution of the flow equations for the
initial ten stations; the whirl velocity distribution at the exit of the rotor is
initially established using the input value for the B coefficient of the corre-
sponding polynomial. At this point, the program establishes the full radial
equilibrium solution to the flow equations for the ten stations initially con-
sidered. Streamline curvature effects and radial gradients in total enthalpy
and entropy are included.

Next, the stage aerodynamic limits for the stage(s) among the ten axial
stations currently considered are checked and any necessary iteration on the
design of these stage(s) is performed, accounting for full radial equilibrium,
This iteration may be accomplished with either the ''drive" option or 'no-
drive' requested by the program user. Continuity is satisfied at every pass
and convergence is established on efficiency.

When convergence is fully established, the desired pressure ratio input
for this design is compared with the cumulative pressure ratio at the exit of
the last stage in the current converged design. If the desired pressure ratio
has not been met, and if the specified maximum number of stages allows,
another stage is added to the design at this point. Two stations from the
front of the design flow path are deleted, fully converged, at this point and
the exit ducting is re-established in the '"'new' ten-station design flow path.
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When a new stage is added, the current values of slopes, curvatures and
axial velocities from the immediately preceding stage are used in the first
pass on the new stage, and the design is redone (i.e., convergence is re-
established) for all ten stations currently considered by the computer. The
check of cumulative pressure ratio is made, and another stage added as be-
fore if needed and if available, The design computation may stop at numer-
ous points and produce one of a number of error messages if difficulty is en-
countered for physical or numerical reasons. The stopping points and cor-
responding error messages are shown in the program flow charts and in the
source deck listing, Appendices C and B, respectively.

PROGRAM RESTRICTIONS

It has been pointed out already that use of the limiting values of the
aerodynamic stage design parameters DRT, DSH, and MSH’ to establish

corresponding critical values of the "B" coefficient in the whirl velocity
polynomial, is subject to restrictions on the choice of roots in establishing
Vg 5 values at hub or tip.

A further restriction applies to the specification of limiting values for
rotor tip diffusion factor and stator hub diffusion factor in a stage. If the
maximum value of diffusion factor as defined below is exceeded in either
case, both the corresponding roots for ng are complex, and physical

meaning is lost. The program has error messages imbedded in the logic
so that this condition may be readily determined.

The maximum level of rotor tip diffusion factor for the inlet flow condi-
tions, tip speed, axial velocity ratio, and solidity can be easily established.
The diffusion factor is

PR=T- 37+ oV 29
1 1
or
VZ2 (Uq - Vgl) - VZ2 tanﬁé
PR lcosB'IV' ' 20V, 2y
2' 1 1

Since with established inlet conditions and sz the rotor diffusion factor
is dependent only on Vé 5 or 3'2: Equation (21) can be solved for its maximum

value, Differentiating, with ,8'2 considered to be in the first or fourth quadrant,

16



1 = ——2_-'-_—'_ sin ﬂz - 1 2 (22)
d B9 cos® By V] 20 V] cos® By

Setting the right hand side to zero and solving for ,8'2, it is found that

= arc sin (— 5-1—) (23)

(L)
Bz DR max o

and that DR is at its maximum value. Substitution of Equation (23) into
Equation (21) yields

A%
ZZ

v (Ug - Vg ) + ==

Zog U Nio2 -1
DR max =1 - 3 + )
<q4c —1) ' 20'V1

(24)

Vv
20 L

Similarly, the maximum level of stator hub diffusion factor for given
flow conditions and solidity may be established. The stator diffusion factor
is

= _O— —— P c—————
Ps= 1.0 57 ¥ =557, (25)
or
Vg3|cos ,le cos /32| {sz tan B9 - Vp 3}
=1.0 - + (26)

Considering ,82 to lie in the first or fourth quadrant, it is possible to estab-

lish the following derivative:

dog Vg Vo, N sin? g,
EFZ = sin B9 sz + 2°’sz t 55 o5 By (27)
It follows that
-1
('BZ)DS e = arc tan Vs V03 (28)
2@ [sz ¥ 20\’22]
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Substituting Equation (28) into Equation (26) results in the expression

(29)
cos (B9)
Dg 1.0 - DS max V3 + — Y2y + Y
max . 20
72 zo—(v3 E ’
Vzy, 20 Vzg
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APPENDIX A

SYSTEM OF EQUATIONS AND COMPUTATIONS






The system of equations and computations presented in this appendix con-
stitute an iterative design system for computing performance of multistage
axial-flow compressors, It has been pointed out that the computation considers
only stations between blade rows, in addition to inlet and exit stations., Full
radial equilibrium of the flow is computed, including radial gradients of total
enthalpy and entropy. Flow is assumed axisymmetric and the gas is con-
sidered ideal, with p taken as a function of temperature,

The computer-programmed design system will handle a maximum of 12
stages, with the design of individual stages limited by input-specified maximum
values of four aerodynamic parameters in each stage, These parameters are:
rotor tip diffusion factor, stator hub diffusion factor, stator hub inlet Mach
number, and rotor hub exit relative flow angle. As described under Develop-
ment of Program Logic and in Appendix D, the program user may elect to
design all stages such that, in each stage, the converged design satisfies the
most critical of the four aerodynamic limits, Alternatively, the program user
may elect to design with only the assurance that no aerodynamic limits are
violated anywhere in a converged design.

In summary, the following information is given:

Specific heat at constant pressure, as a function of temperature
Molecular weight of the gas

Maximum number of stages in the planned design

Minimum mass-averaged overall pressure ratio

Total mass flow rate

Number of streamlines to be considered in the design computation

(5, 7, 9, 11)

Fraction of the total flow passing between the hub and each successive
streamline

Furthermore, in the inlet ducting and at the compressor entrance, the
following items are given:

Inlet total pressure

Inlet total temperature

Axial location of all inlet stations

Hub radius and blockage at each axial station

Tip radius and blockage at each axial station

Radial variation of inlet guide vane loss coefficient (input by streamline)
Radial variation of inlet guide vane exit whirl velocity

Tip speed at the inlet of the first rotor



For each of the maximum number of stages in the design, the following
items are given:

® Annulus geometry and blockages at hub and tip

Radial distribution of solidity (rotor, stator)

Initial radial distribution of rotor exit whirl velocity

Radial distribution of stator exit whirl velocity

Profile loss parameter correlations at hub, mean, tip (rotor, stator)
Radial distribution of the ratio of supersonic turning to total turning
(rotor, stator)

Limiting values for rotor tip and stator hub diffusion factors
Limiting value of stator hub inlet Mach number

Limiting value of rotor hub exit relative flow angle

The basic equations employed in this design system are displayed in the
description of computations presented here., The equations are presented in
cylindrical coordinates, assuming axisymmetry and neglecting body forces,
The solution is necessarily an iterative one, proceeding to the satisfaction of
several error tolerances specified as input and described in Appendix D,

CONTINUITY EQUATION

R
Te
w = 2n_/;VZRdR (A-1)
Ry

From geometric input dimensions and blockage, aerodynamic hub and tip
radii are determined at each axial station. From the definitions

Rp2 - Ry’

5., € = hub blockage factor (A-2)
T H
RTZ - R’H2

5o = £ = tip blockage factor (A-3)
T H

where blockage factor is the decimal portion of geometric area not blocked,
there results the expressions

i q1/2

R, = [8uRf + (1-s H)R% | (A-4)
- q1/2
L R (1 sT)Rg (A-5)



The annulus is subdivided into (j-1) streamtubes, where j is input as the
number of streamlines considered in the design. The fraction of the total mass
flow passing between the hub and each of the j streamlines is given as input and

R,
]
DELM (j) = 2= fpVZRdR (A-6)
R
He
ENERGY EQUATION
- :_.l__ - A-7
Hy, - Hy gCJ[Uz Vg, - Uy Vol] (A-17)

th is determined by an iterative solution of the equation

Tiq
t
solving for the upper limit of the integral,
The exit total pressure for the rotor at any streamline is determined
using exit total temperature and efficiency, The adiabatic efficiency is then

redetermined by calculating an isentropic temperature rise from an iterative
solution of

J f dT
E Cp(T) _T

T
; t ;
Py, = Py @ ! (A-9)

and solving Equation (A -8) for Hi, ;. Efficiency is then found from

1') = (A—lO)




RADIAL EQUILIBRIUM EQUATION

Tt R ;
2 _ w2 / _ 2 _ 2 - Ve dR
VZ VZj 2g.Jd Cp (T)dT (VG Voj ) ZR T
th J
(A-11)
R R
35S aVp
- - dR
2gcJ/T§—§dR + Z/VZ (BZ o

The entropy gradient term of the radial equilibrium equation is evaluated
from the following expression

T
to

R R, b
2g.J /T%% dR = 2g.J /T—a—; /cp('r)g%— - %—mp_tz dR  (A-12)

t
. 1
R;| Rl Tt1

The streamline curvature term is evaluated from

9 2
av_R) _ / va) VR VR,
2/VZ (az gk =2 [ v, (-g—z——\#dR-z : j (A-13)

where the subscript ¥ designates a derivative taken along a streamline,

EQUATION OF STATE

P .2 (A-14)
" RT
STATIC-TO-TOTAL AND RELATIVE-TO-ABSOLUTE CONVERSIONS
From the definition of total enthalpy, the relationship
2
\
Hy - H = Eed (A-15)

is established.



Static temperature is evaluated iteratively from

Tt
Ht—H=fc(T)dT
P
T

and static pressure is calculated from

fc (T) dT

P = Pte

Relative total enthalpies are determined from

' 1 |2 2

Relative total temperature is found iteratively from

‘ ——
H - = J cy(mar

and relative total pressure is evaluated using the expression

t
. T
Pt = Pe |T

LLOSS CALCULATION

The total pressure loss coefficient is defined for rotors as

1 f
Pty i - Pt

1
Py

2

—_
® ¢
p ~ P

(A-186)

(A-17)

(A-18)

(A-19)

(A-20)

(A-21)



and for stators as

Pis - Py
5, - 28 (A-22)

The total loss coefficient is taken as the sum of profile and shock loss
coefficients

b T (A-23)

t p s
The shock loss coefficient is calculated on the basis of the normal-shock-
in-passage model presented in Reference 2 (See References in report). In
this computation, the specific heat of the gas is evaluated at local temperature
but is not treated rigorously as a variable. For each stage in a design cal-
culation, the computer program receives as input a radial distribution of the
ratio of supersonic turning to total turning for both rotor and stator. Super-
sonic turning is computed as

1 1 $ss
bss = (B 1 ':32> Frotal (A-24)

For stators, the absolute air angles are substituted, If the relative inlet
Mach number is equal to or greater than 1,0, the inlet Prandtl-Meyer angle
is calculated from

-1 -1 2 - 12
vy = ‘/ ;’f i tan J%Jr—f (M‘l -1) - tan~! M, -1 (A-25)

The Prandtl-Meyer angle at the intersection of the assumed normal shock with
the suction surface is calculated from

Vss V1 T ¢ss . (A-26)

The Mach number at this location is then determined from an iterative solution
of the expression

VR -1 fy-1( .2 -1 12
Vg T ) tan ‘/7+ 1 (Mss - 1) - tan Mgg - 1 (A-27)

The effective shock upstream Mach number, from which the pressure ratio
across the shock is computed, is

! 1 1 1
Me =5 <M1 + Mss> . (A-28)



Using the normal shock relationship, Equation (99), Reference 4 (in report),

2 Y
Ptz' (7+ 1) Mg fy-1 Y+ 1 y-1
[ i 2 2 (A-29)
Ptl normal [(¥-1) Mg +2 2yM, -(v- 1)
shock

the shock total pressure ratio is determined. The shock loss coefficient is
then evaluated as

!
Pt2
1 - Pti normal shock
@ g = (A-30)
1 - Py
Pt{
where
P, v-1 My-1
—= |1+ M (A-31)
Pt 2
1

Now, if the inlet relative Mach number is less than 1,0, the effective upstream
shock Mach number is calculated as

I_ ' _]__ 1
M, - My xEx (1 M) (A-32)

where Mss' is a function of qSSS determined by iterative solution of the equation

+ 1 -1 Y-1 -
¢ss=v z—_IXtan JW(M;?S-l)—tanl M'st—l (A-33)

1 —_—
If M, is greater than 1,0, @4 is evaluated using Equations (A-29), (A-31),

and (A-30) as before. IfM('a is less than 1.0, @g is assumed equal to 0.

The profile loss coefficient is determined from blade element loss data,

— '
input as profile loss parameter ‘-"-1:’—-%05’& correlated as a function of diffusion

A-T7



factor for hub, mean and tip sections as described earlier and in Appendix D,
The hub and tip loss data sets are associated with 10% span and 90% span,
respectively., Blade diffusion factor is calculated as

! ! J

DR = 1,0 ~——+ (For rotors) (A-34)
t
Vl 20‘V1
and
Dg =1,0 - + (For stators) (A-35)
Vz 20‘V2

where solidity, o , is determined at the average radius associated with a
stream surface in the blade passage.

When the diffusion factor is established for the flow along a given stream-
line in a given blade row, the average percent span for that streamline in the
passage is used to establish a profile loss parameter value associated with the
given streamline. The loss parameter is established using a parabolic curve
fit along the blade span, using the mean section loss parameter value and the
hub or tip section value, as appropriate. Both loss parameter values are
taken at the diffusion factor level computed for the subject streamline. The
parabolic fit takes the form

Ep cosﬁ’z ] @n cos,B'z (A-36)
20 - 20
N 0.5
— ! — 1
@ , cosfBo @, cosBy
+6.25 (x - 0,5)2 || —E— P

20 0.9,0.1_ 20 0.5

The profile loss coefficient is then computed directly, using solidity and stream-
plane relative exit flow angle at the subject streamline.

The total loss coefficient is used to establish an actual exit total pressure
using Equation (A-21) or Equation (A-22), as appropriate. This exit total
pressure is used to re-establish adiabatic efficiency through the use of FEquations
(A-9), (A-8) and (A-10), as described earlier,



ENERGY ADDITION—Determined by Stage Aerodynamic Design Parameters

As described earlier, and in Appendix D, the computer program user may
elect to design each compressor stage to satisfy the critical one of the four
limiting values specified for its aerodynamic design parameters, or the user
may elect to design only with the assurance that all converged stage designs
will not violate any of the prescribed aerodynamic limits. Satisfaction of the
critical one of four aerodynamic limits in each converged stage design occurs
in the so-called "drive' option, where the rotor exit whirl velocity distribution
(B coefficient in whirl polynomial) is adjusted to satisfy the critical aerodynamic
Iimit at each re-assessment of loading in each stage during design computations.
By contrast, the ''no-drive'' program option merely decreases the B coefficient
of the rotor exit whirl velocity polynomial sufficiently to avoid a violation of an
aerodynamic limit each time such a violation is encountered during re-assess-
ment of loading. It is possible and likely that during design computations
prior to convergence in any given stage, the whirl velocity distribution in this
program option will be reduced to a level such that none of the four design-
limiting criteria are equalled in the converged design when the no-drive
option is used.

Summarizing, each of the four design criteria is used to establish a cor-
responding distribution of whirl velocity; that is, each aerodynamic limit may
be used to determine a value of the B coefficient in the rotor exit whirl velocity
polynomial at a given point in the design computations, In the "drive' program
option, the lowest of these four values of B is chosen and used to define the
rotor exit whirl velocity distribution at that point in the calculation., In the
"no-drive'' program option, the B value is changed to equal the lowest of the
four computed values only if B is currently larger than the lowest of the four
values computed from the stage aerodynamic design limits,

Expressions for the B coefficient in terms of aerodynamic parameters are
developed as follows,

1. B coefficient in terms of rotor tip diffusion factor

The diffusion factor at the rotor tip is given by

' '
V2T V01T -
DRT = 1,0 - +

! !

)

T (A-37)

or

)
Lo Voar Ulp - V01T - Uap * Voog
. - +

1




This may be rearranged as

v
l O2r . Upp - 017 - Usp
Vhp = + (1.0 - DRT) Vip +
2¢R 20RT
or as
!
- -38
VZT KV02T+F (A-38)
where
1
K 20’RT
and
, Uip 17 - Uap
F = (IO-DRT) Vip *
20'RT
now
1/2
Lol - 2 2 2 _
Vap = (UZT Vg 2T) + VRzT + VZZT (A-39)

Squaring and equating (A-38) and (A-39) results in

2 2 2
USp - 2Vap Veap + Via, * VRgr

2

- w2 vyl 2

+ 2KF V + F
T f271

which reduces to

-2 (U + KF) vi  + U2 +vE - gl
2 21 Zap ' 2T | Roy )
Vﬁ,2 + VGZT + =0
T 1.0 - K2 1,0 - K2

A-10



or

V2 +av + W =0 (A-40)
02T 02T
where
-2 (UZT + KF)
G =
1.0 - K2
and
VZ, s u2 1 vE. . g2
W - 27 2 Rap
1.0 - K2

The absolute tangential velocity at the rotor tip may be obtained by solving
Equation (A-40),

v -G+ G2 - aw
99 = (A-41)
T 2

The calculation is restricted to positive real roots, The coefficient B
is given by

2 A

- 3 a
B = Rap Vgap - CRaq - DRy - ERy_ - R (A-42)

B coefficient in terms of stator hub diffusion factor

The stator hub diffusion factor is expressed as

v \/
Vag  Y6ay - 03y
Dg. = 1.0 - + (A-43)

H
V2H ZO'SH V2H

This equation may be arranged as

V, = -K + FV (A-44)
2y Y2y

A-11



where

vZ o+ Vg + Vé 1/2 Vg,
3w ‘3% Rey| %

K = 75H
1.0 - DS

H

and

1

205, (DSH - 1.0)

Now, expressing V2H in terms of its components and squaring Equation

(A-44), there results

\Y +V G+ W=0 (A-45)
b2 b2y
where
G - "22KF
F° - 1.0
2 2
k2 - Vz, - VR,
W = H H
F2 - 1.0
Hence,
v = -G+ ¥Ya? - aw (A-46)
BzH >

where the calculation is again restricted to positive, real roots. Using
the limiting value of Dgy to evaluate K and F, the resulting solution of

Equation (A-46) represents a critical value of Vg 9..° The corresponding
H

B coefficient is expressed as in Equation (A-42),

A-12



3-

B coefficient in terms of stator hub Mach number

The sonic velocity at a stator hub is

asy = YTERT, (A-47)
and

Vo, o (A-48)

g H

This may be written as

2 2 2 1/2
v + VvV +V

Mg - (A-49)
H a,
S
H

Squaring and rearranging results in

2 2 1/2
Vo, =|M2 a2 . (v + Vv ) -50
Note that where the quantity shown in parentheses here is negative, the
limiting value of MSH cannot be satisfied by adjusting Vo 25" The program

produces an error message when this condition is encountered. As before,
the B coefficient is given by Equation (A-42),

B coefficient in terms of rotor hub exit relative flow angle

The relative exit flow angle at the hub is

VI
6‘2H

' -1
= tan (A-51)
Z2y  Roy

Thus,



and

2 2 1/2 ( ' )
\Y = U - \Vv + V tan{ B (A-52)

When the limiting value of 'B’ZH is employed to evaluate Vaz , the

H,L
corresponding limiting value of the B coefficient is obtained from
Equation (A-42),

A-14
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SCRATCH CELL.
SCRATCH CELL.
SCRATCH CELL.

CLEFFICIENTS FOR ThE INTEGRAL CF CP/T uT UsEU IN
_SUBROUTINE THERM2. (REF. A303A0=A3/(3.#A0)).

SEE AlU0AUC.

12715767

MAIN
MAIN
MAIN
MAIN
MATM
~ALN
MAIN
MATH
MAIN
MALN
MAILN
MALN
MALN
MAT
MALN
MAIN
MAILN
MAIN
MAIN
MAIN
MATIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA LN
MAIN
MAIN
MAIN
MAIN
MA TN
MA TN
4AIN
MALN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN

159
170
171
172
173
174
175
176
177
1706
179
150
131
132
183
184
185
146
187
138
139
190
191
132
193
194
195
196
197
198
199
200
201
202
203
204
205
296
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MAIN.

A3C3A0
A4C4AQ
AS(SA0

M

CMEAN
CFMEANP
CMe
CCINTG

cPI12

CPI13
CPla
cP15
CP16

ceecz

cpPO3
CPC4
LPCS
DAMP

bo

ULFCHM

DIfF

DIFF3

ut

UUMMY

GASK

[}

2]

12/71:/61

- EFN SOURCE STATEMENT - IFNIS) -

SLE AlUAG,
SEE AlCAQ,
Skt AlCAU.

MEAN STREAMLINE NOKMALIZED AXIAL VELULITY AN
# SURATCH CELL.

MEAN AXIAL VELOUCITY FRCOM CUONTINUITY,

¥LAN AXIAL VELOCITY FRUM PREVILULS PAb».

MEAN AXIAL VELOCITY SQUARED.

INTEGRAL GF CLP DT FRCM 040 TG STANLARD TEMPERATURT

COLFFILIENT ~OUF THE INTEGRAL LF CP UT Usuwu IN
SUBRGUTINE THERMZ2.

SAME AS CPI2.
SAME AS CPIZ,
SAME AS CPI2.
SAME AS CPI2. ' .

CUEFFICIENT OF THE INTEGKAL CF CP/T DT USFu IN
SUBRCUTINE THERM3.

SAME AS C(PU2.

SAME AS CPU2.

SAME AS CPO2.

WE IGHTING FACTUR FOR ITTERATION OF AXIAL vilOULITY
SCRATCh CELL.

RELATIVE ERRUR IN MEAN AXIAL VELOCITY ITERATIUN.
RELATIVE ERRUR SCRATCH CelL.

RELATIVE ERROR SCRATCH Cell.

TEMPERKATULRE RISE ALONG A STREAMLINE AND AL>O USEU
AS A SCRATCH CELL.

SCRATCH CELL.
UNJVERSAL_GAS CONSTANT = 1545.44.

GAS CUNSTANT,

MAN
MA L
MALi¢
MAT
MAT
MALN
MATL v
‘Aa] i
ERY R
MA LN
MA [N
MATH
MA T
441
rAaln
MAT
MALN
MATN
MAT
MALN
MALN
MALr
MALM
MALN
MAIN
MAIN
MAIN
MALIN
MATN
MA LN
MA TN
MAIN
MA LN
MALN
MA T
MAIN
MAIN
AATN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALMN
MATN
MAIN
MATH
MAIN
MALH
MATN
MAIN

P
270
277
2'h
DAY
< S0
ARt

«
7oA

PRl
ST
FER

29

240

2y

202

P
244
245
246
24l
24b

249

294
291

252
253
25%
2549
255
257
254
2739
2ol
76l

26
2573
264
265
264
re-X4
260
269
270
71
212
273
274
275
270
2171
278
273
28V
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MALNS

GJ

[*T

Lk E

Jollt

MAFR

AULEWT

GLARNY

PLCLL

W

ATy

RPW

SANC

SAve i

SGLu

SUM

Tek4o

TESTDS

Tcp

TCLAT

TLLLp

TuL.oX

TulR

- LEN SGURCE STATEMENT - HENLO) -

= 2 TIMES GRAVITATIONAL CONSTANT TIMES JUJULES
CONSTANT = 500704466+

LS iarad

N O
Al LN
ALY
‘AL

= e TIMcS GRAVITATIUNAL CUGSTANT TIFCY OAL CUNLTANT 4AL

= R/

JUULES CONSTANT = 778412

= MAs5 AVERAGELD PRENSURE RATIG.

MULELLLAR wb lbHT LF Tro wiikkKiho FLLlue

Luss CALLLLATED Frld FReSHYURLS .

= INLLT TOTAL PRLESSURE.

= PAICE Ccll,

- FaliL or TCTAL TeMPEAATLRL T Telal Tembiralusc

ALFLELRERLC RALScY TU Tre vAasHaZ (GamicA=1) Tides
ATIU L TUTAL PRESSUMLE koerbrRuehCE Tu 1GT &L
TedPeERaTlaibe NuTEes THL rniVEREMLE QUAITLT]IS

MNUT IeiCLeuct SINCE DIFFErCaTIATIUN REMiVES T Me

= keVouLUTIohd PLE AINUTES

- SRalCk CELL LotD To HCLL A NUMEEh FLI SHILT

SAME AS tAVh.
- SURATCE LiLt.
- SUKRATCH Celi.

= SCRATCE CELL.

-~ Tht ITcrRATLICN UN SPLCIFTC AeAl hOLCS Troo
PRrceviUls vALUE OF SPECIFIC HEald,

~ INLET JuTAL [uMPCcRATUKRE.
- TOLERANCE UN EFFICLENLY.

- TULERAMN e N THe TUTAL TorPeralURrRE rist
SPECIFIC hEAT.

s

-~ TCLeRANLE LN Thbt Axlal VELLCLIY ANU focunicy
vak[AeLE S,

- MASS Fllw RATE TULLRANCE.

Lokl IN CHECKING The STATUR HUb D-FACTU~ LINiV.

AAIN
wh b
AARN
AL
“Al []
L
EY: 3 B
“ATA
AAL N
apl o
~A LY
MA TN
4AT
LY N
ATATAN
MA L
MALN
MATN
Al
AN
MAIN
MAL!
AA TN

P ivice “aTr.

JAIN
VAL
AALN
SATN
YALN
L% ]
AATN
MA LN
MATN
AAL N
MAL
wATN
AT W
M Al N
AL
MAT N
MALH
AT
AT
MAT
MAT N
SATN
AfT
AL
AL
MA LN
MALN

NN
oo <

A N AT
ST N A T

Zo
<7
P R
20
220
SUL
30!
300
30
309
30
U7
U
207
310
BNt
Sle
o)
314
5315
2lo
317
314
1y
52U
2l
522
324
3204
)
300
iy
30
27
25
R
302
3
30
32y

Yo



[w)

(@] (aN o [N ¢!

OO O O00oO00 a0 0O 0 O O

1z/45/7617

MAIN, - EFN  SCURLE STATEMENT - IFN(S) -
TOTINT ~ TUTAL INTEGRAL.
TCTPK = CURKENT CUMULATIVE TOTAL MASS AVERAGL PRESSURD
RAIIU.
v - USUALLY ABSULUTE VELOCITY.
VMI -~ USUALLY ABSULUTE VELOCITY,
#xrkkkex INTEGER VARIABLES #s&k&is kx
BLADE =~ INUICATES WHICH LGSS LATA TO USE FOR TrE cLAUL
AT STATION 1.
CCUNT - 1TeRATICN CUUNTER,
1 ~ STATICN INDEX.
1B - FIRST STATIGN AT wHICH CALCULATIUN IS TAKINWG
PLACL.
81 - SECUND STATIGN AT WHICH CALCULATICAN IS TAKING
PLACE.
IDUMP - RESERVEC FCR FUTURE APPLICATION.
IFIRST = INGEX UF FIRST RCTCR EXIT AT WHICH CALCULATIOW
IS CONTINUING.
16 - AUMBER OF LUSS DATA SETS IN THE PERMANENT DATA,
i1 ~ SCRATCH INDEX.
IKK - INDEX TU INUDICATE wHICH LUSS UDATA SET T USE.
ICLTTR = CUTPUT TRIGGERewes _
1 = ALL STREAMLINE PUSITIONS.
o 2 = 00D STREAMLINE POSITIGAS.
3 = HUB,MEAN AND TIP STREAMLINE PUSITIUNS.
4 = HUB AND TIP STREAMLINE POSITIUNS.
IPASS - PASS THRCUGH ITERATION PRUCECUKE,
1 = SIMPLE RADIAL EQUILIBRIUM
i 2 = CURVATURE EFFECTS = _
3 = TURVATURE EFFECTS WITH ALTERED cFFICIENCY
PRGFILE
is ~ SCRATLF INDEX.
ISAVE = LSED TG SAVE AND RESTGRE AN INGEX FOR A

FARTICULAR CALCULATIOCN.

AL
MALH
MAL N
AN
MA L
MA TN
:"?Alr"
AA TN
MAIN
MA i
MAIN
MAL0
MAT N
MAIN
MATN
MAL
MAT
MAT
MALN
MA LN
MALN
MATN
MATN
MALN
MAIN
MAIN
mAIN
MAIN
MAIN
MAIN
MATN
MATIN
MAIN
MALN
MAIN
MALN
MAIN
MAIN
MAIN
MATH
MALNN
MAIN
AA LN
MAIN
MALN
MATN
MAIN
MALN
MAIN
MAIN
MATN
MA [N
MAIHN
MALN
MAIN
MAIN

33
EEN
24y
341
542
240
3'?"
3%
340
3hl
344
344
3
351
35
B
354
354
ion
357
353
359
360
361
362
303
364
365
366
367
368
309
370
371
37¢
313
374
37%
370
3717
378
37y
380
381
3n2
3383
344
345
336
347
28
3449
34y
391
332
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MAIN,

IT

JJ
JH

JM1

KK

Kl

LC1
LC:
LC:
LC4
LCS
LC¢

LIMIT

Locp

LGCPf

LSTAE
 MSTAGE
N

NLIN:S

NTLS =S

NX

XL

- EFN  SOURCE STATEMENT -~ 1FN(S) -
SCRATCF INDE X

STREAMLINE INDEX,

J = 1.

SCRATCH INDEX ANU LUUP COUNT.
MIL-STREAMLINE INDEX,

d¥ - 1.

SLRATCH INGEX.

SCRATCh INCEX.

SCRATCK INDt Xe

SCKATCH VECTLK INDEX.
ITERATICN COUNTER.

ITERATIUN COUNTER.

ITERATIGN CUUNTER.

ITERATICN COUNTER.

ITERATICN CUGUNTER,

ITERATICN CUUNTER.

LERC MEANS FCRCE THE CALCULATION 10 McET ONE UF
THE LIMITS AT EACH STAGC.

ITERATICN COUNTER.
ITEKATIUN CULNTER

INUEX UF LAST STATUR EXIT.
FAXIMUM NUMBER OF STAGES.
SCRATCH INCEXe

MUMBER GF STREAMLINES AT WHICH CALCULATION IS
10 TAKE PLACE.

NUMBER OF STREAMTUBES.

INDEX OF LAST SYATION AT WHICH CALCULATIGN IS
TAKING PLACE.

CINX - 1) INDEX UF NEXT TO LAST STATIUN, cTC.

1715767

1% B!
MALN
MATA
MA TN
ALl
MAIN
MAEN
MATLN
MA LN
MAIM
MALN
MAL
MALN
HMATN
MA L
MAIN
MA [N
MAIN
MA TN
4AIN
“A L
MATN
MATN
MAIN
MA LN
MAIN
MATN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MALN
MAIN
MAIN
MALIN
MAIN
MAIN
MAIN
MAIN
MATN
MA TN
YAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN

393
AT
395
290
37
346
339
)
401
4J<
433
404
405
400
407
408
409
410
411
412
413
414
415
4lo
417
418
419
429
421
422
423
424
425
425
427
428
423
430
431
43¢
432
434
435
436
437
438
433
44y
441
442
443
L4464
445
440
447
448
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MAIN, - EFN SOURCE STATEMENT - 1FNS)Y -
MALN 44
2atkkdke L CGILAL VARIABLE #¥*kxskx MAIN 450
MAIN 451
MATN 452
IERROR = INLICATES THAT SuUME VARIABLE HAS NCT MLT THe MALIG 45+
TULERANCES iF TRUL. MALiy 44
MATN 455
YES - INDICATES CONVERGENCE CF AXIAL VELCGCITIES. MAIN 450
MATNY 4o
MAIN 400
KREAL  MACH, MAPKy MULEWT, JOULE MAIN 459
DIMENS TUN ATAS(2G,11)y FLUW(Z2) MAL 450
LUGICAL IERRURy YES MATIN 401
COUMMUN /MATRIX/ ALPHACLGs11)y ATAR(29,11), B2l )y MAf N an?
X BETA(LlU,11), bH{32) sLADE(29), dT{35) MALN 442
X CGt10411), CPL2c411), CPCGLO) CRI32411), MAIN 404
X CSLCPEL10s11)y CU2{(11}, Cul22411), CLUCTLL7 9% )y MALM 4065
X Cx(32411)y CXM(1Gy1l)y CXNEw{10s11), CXRATCLLZY )y MALIN 46h
X CXS{i0,113, Uadlc), DELMELL), DEPV{10+11), MAIN 467
X DF(20), OFACT{2Gy11), DFL(29), LELLWZ L), MALN 465
X EMACH{ZG411), FOUNCUZC93910)y FROELULLO411), GAMMA(3 e li)y AN ant?
X HMN(2%), HUBL3c) IKK(10), MACH{ 2941 11), MATiy 470
X UbAR(29911), PUl32411), R{324111), RCURVE L 10,4110, MALIN 471
X KH{32}), RHU(3Z911)y . RINT(11), RLSTAG( 11}y MAIN 472
X RS(322), RSLUPE(LIU,Y11)y RTIRAIL(LIL), SCCUL 2945 MAIN 475
X SOLID(Z9,411), 55C0(02945) TERM1(104+11), TeRMal{1 1), MAIN 474
X TERMB(1li), TERMC(11), TIP(32), TITLE(LZ) MAIN 475
X TO(324111), TSTAT(L1), U(s32911), WiEll), MA LY 476
X X(32) MAIN 477
~ COMMUN /SCALERZ Ay Ah, Al10QAG, ALZUZAGy ASDU3A0, A%U4AQD, MAIN 470
X AS5U5A04 B8, BBy CCy CMy CMEAN, CHMEANPy CULNTG, MAIN 479
X CP12y cpi3, CPl4, CPI5, CPloy LPUZy CPG3, CPUOGy MALIN 480
X CPUS, DAMP, DCPy DUy DIFCM, uTy C UMMY , ERASL,y MAIN 43t
X Gy CASK, LUy GRy GR2y JUULEy MAPR, MCLLwWwTy  MAIN 48?2
X PCCU, G RPy¥, TCP, TERMO, TESTBHy TESTUSy TLSTAS, MAIN 452
X TOCG, TOL, TULAT, TLLBZ TCLMIN, TULM> TCLTIPy TULLP, MAIN 434
X TuLCX, TOLR, TUTINT, TCTPRy V, VI MAIN 48>
CUMMUN 7 INTEGR/ Iy 18, 1l LTouiae, TERRUKy L1FIRLT, MALH 435
X Ibc ‘ l(JUTTR: lpAbbq 151 [Tn Js JlNy JJ, MALN 4837
X JM, JML, Ke Kl KKy Ly LIMIT, LSTAGizy, MALIN 488
X MSTAGEs ANLINES, NTUBES, NX, NXLy YES MAIN 4389
EWUIVALENCE (ATAK(Ly L) »ATAS{1s1))y (FLUW(L)«OFLGW(L)) MAIN 4530
‘ MAIN 491
1 COCNTINUE MAIN 492
MAIN 433
%% REAU THE JUB TITLE, NECESSARY FUR JUB UDESCRIPTION MAIN 49%
) MAIN 495
10 READ (5,110 (TITLESI)sI=1,12) . MAIN 496
READ (5,5) (CPCO(1)yI=14¢) MAIN 497
MAIN 4493
%% CALCULATE THE COGEFFICIENTS NEEDED IN THE VARIGUS MAIN 499
OPERATICNS INVOLVING CP MAIN 500
. MAIN Sul
CPLe=CPLO3/Ee . . , MAIN 502
CPC3=CPCLAL4)}/3. MAIN 503
CPL4=CPLLI(5)/4. MALY S04



11

935

937

945

MAIN. - EFN SUURCE STATEMENT =~ IFN(S) -

CPLS=CPLCla)/E,
AlLOAG=CPCLid/LPCLLL)
A2U2AU=CLPL2/CPLGIL)
A30U3A0=CPL3/CPCOI(L)
A4LU4A0=CPC4/CPCU(1)
A505A0=CPC5/CPLUL)
COINIG= THERM3(S1dee8t)
CPIZ2=CPCLIZ) /<o
CPI3=LPCCI3)/3,
CP14=CPCCI(4)/4.
CPLI5=CPCC(5])/5,.
CPlo=CPCUL)/C.
FUKMAT (lcatd

KK=1

#%% [NPUT INDEX TO INCICATE WHICH LUSS DATA SETS TO USE

REAU (5,919) (IKK{(J)eJ=1y10}
Kl= IKK{1)}

3% REWLND MASTEKR TAPe GF LUSS CATA

REWIND ¢
LU 650 L=1,16

*%% REA) LUSS DATA FRULM MASTER TAP:E
READ (21 ({CXUKkyd)eK=1,2U)pd=143)

*%% [S (HIS SET UESIRED
IF (KloLTeleURJK1GToUG) CALL ERROR(1)
IF (KLi.NE..) GU TU 95C
DG 945 J=1,3
DO 945 K=1,20

*%% STCRE LOSS LATA FRCM MASTER TAPE INTO PROPER ALLOUCATIOUN
TO 3E USEC IN LGSS SUBRUUTINE

FUUND{ Ky J9<K)= CX{K,yd)
1IF (KKSEQ.10O) GC TO Sé¢

| KK=KK+1

950
960

9i0

KI=IKK{KK)}

IF (K1.EC.01 GU 10960
CONT INUE

G0 TG 935

REWIND 2

KK= KK-1 )

FURMAT (2413)

#%% REZD THE SCALER GUANTITIES
READ (39 15)MSTAGE,NLINESy IQUTTRy10DUMP 4CPNEW,LIMIT,

X FLON( L) g MOLEWT s TULUSPLCLy TOTPRyTOLLX o TOLRy TCLLF 9 RPMyOAMP
X oTOLMIN,10LB2,TCLAT 4 TULMSsTCLTIP,ATAR(Ls1)9ATAK(L,2),ATAR(1,3)

B-10

L1767

MAIN
MALN
MALN
MALt4
WAL N
MAIN
MATN
MAIN
MALN
MAIN
A LN
MA TN
AAIN
MAIN
MAIN
MAT
MAIN
MA [N
MA TN
MAIN
MAIN
MAIN
MA LN
MAIN
MAIN
MAIN
MAIN
MA LN
MAIN
MAIN
MAIN
MAIN
AATN
MAIN
MAIN
WA IN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

- MAIN

MAIN
MAIN
MAILN
MAIN
MAIN
MAIN
MAT

509
506
S07
508
5049
510
511
Slc
513
514
510
S1la
517
513
519
520
521
522
523
524
525
576
521
58
529
530
531
532
533
534
535
5236
5537
534
539
54U
541
542
543
544
545
546
547
543
549
559
551
552
553
554
555
556
557
554
554
50U
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MAIN. - EFN  SOURCE STATEMENT - IFM(S) =

*x% ERROR WILL SET THE TEMPERATURE CR PRESSURE TU THE ABSULUTE MAIN
VALUE OF SAME AND WILL GO TU A NEW DATA SET IF UNE CF [HE MAIN

VALUES 1S ZERG MATN

MATN

IF {(POCUCLE s0e0oCReTUCCCLELO.0) CALL ERRUR(LU) MA [N
MAIN

%% ThE NUMBER CF STREAMLINES MUST BE 5,749 UR 1lly LRROR MAT iy

WILL TERMINATE EXECUTION NATN

MAIN

IF (NLINESeLToa%5eCRoNLINESeaGT o1l eUORJMUDINLINESy2)eECeV) MALN

X CALL ERRCR(6) BAIN
SAIN

%% ERKUR RESETS THE NUMBER OF STAGES TU BE CUNSIDEREU Th 12. MAIN
NOTE s oNEXT LATA SET MAY NUT EXECUTE PRUPERLY MAIN

MAIN

IF {MSTAGE.GT.12) CALL ERRUR(T) MATN

15 FORMAT (£615,4F10.5/7F10.5/7F10.5) MATL
NX=2¢MSTACE + 8 ‘ MAIN

MA TN

*4% READ THE INLET GEUMETRY AND BOUNDARY LAYER ELCCKAGE FACTGRSMAIN

MAIN

READ (5423%) (X(I}sRH{I}gER(I)RS{TII4BTLINI=14NX) MAIN
MATH

i _ %kk READ THE FRACTICN MASS FLOW BETWEEN The HUB AND THE J-TH  MAILN
STREAMLINE. THESE NUMBEKS MUST INCREASE MUNCOTONICALLY MALN

MAIN

READ (5420) (DELMII},I=14NLINES) , MATN
NTUBES= NLINES-1 o MAIN

DU 3 I=1.NTUBES o . - MAIN
. IF_(DELM(1).GE.DELM{I+1)) CALL EFROR (34), , MAIN
3 CUNTINUE , MAIN
. MAIN

_ %%% READ THE LOSS FACTURS ACROSS THE INLET GUIDE VANE MAIN

FOR THE J=-TH STREAMLINE MAIN

, MAIN

8 READ (5520) (W{I)sI=1oNLINES) . _ MALN
READ (5435) (CUCC(Syd)9d=145) MAIN

5 FURMAT (3E20.8) MAIN
20 FORMAT (7F10.5) MAIN
35 FORMAT (5F10.%) MAIN
, ) o MAIN

_%#%% WRITE OUT MACHINE DESCRIPTION. 3 ) MAIN

- o _ MAIN

CALL DATE(DA) MAIN
WRITE (69299 (TITLE(L) 91=1412)9(DA{I)41=1,2) , MAIN

36 WRITE (6440) MSTAGE, TOTPRyNLINES)PUCC,FLOW(L1) , TOCO ¢MULEWT o RPM, MAIN
X TOLCXy TCLB2y TCLAT, TOLMS, TOLR, ] MAIN

. X (CELMUL) I=14NLINES) = oL MAIN
WRITE (64,410 NLINES, (W(I)oaI=1,NLINES) MAT N
MAIN

*%% WRITE OUT INLET GEGCMETRY ' ) MAIN

, , . . o MAIN
39 FUGRMAT (1h124X1446) o MAIN
MAIN

40 FORMAT (1H02BXE3F**¥#———#&¥ ADVANCED MULTISTAGE AXIAL-FLOW CUMPRESMAIN
ASUR ###-——xk%% //38X43ba%-—%% ANALYSIS AT DESIGN CONDITIUNS ##——#*MAIN

B-11

561
Sud
569
56%
500
5hnbH
5o1f
S
555
DY Y
571
572
575
ST«
575
574
577
574
579
530
581
582
583
534
543
546
587
538
589
590
591
592
593
53%
595
595
597
59t
5949
6UG
601
602
603
604%
605
6006
607
608
609
610
611
612
61ls
6le
615
610
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MAIN. - tFN SUURCE STATEMENT -~ IfN(S) -
X ///4TX26~===1 NP U T U AT A-==- /// 9X35HTHE MACHINLC IS TU HAMAIN
XVE NU MURE THAN I3,TH STAGESI5X25HA TUTAL PRESSURE RATIG UF FT.5, mMAIN
X1lH 15 OESIRED //9X3EHCALCULATIONS ARE T 8E PERFCRMLL al 1u, MAIN
X12H STREAM INES 10XcTHTHE INLET TOTAL PRESSURE IS FS.2, MAIN
X 13H L385/7Su. INCH /7 99X TATAMALN

Xt INLET MASS FLOW RATE IS F7.2y TH LB/SEC L9X30HTHE INLel 10TAL TeMALN
XMPERATURE IS F7e29TH DEGe K//IX3IZHMULECULAR wWEIGHT OF THE FLUID ISHALN
X F7e¢2+421X 16HTHE TIP SPEED 1S #Tele9H FT./SEC. // 9X oTHAXIAL VELUMAILN
ACITY TOLERANCE IS FTe4y 2€X 26HB COEFFICIENTY TCLERANCE IS #7.2 //7 MAIN
X 9X 27THTRE EFFICIENCY TCLERANCE IS FT7.4y 26X c4HMACH nUMBEn TULEZKAMALN
XNCE IS FTae%y /7 SX Z4HTHE LONTINUITY TOLERANCE F7.4 ///7 9X T90THE MAIN
XERACTIUN CF THE TOTAL MASS FLOW BEThEEN THE HUZ3 ANU THE Jd-Th sTREAMALRL

XML INE ISe 7/ SX 11F7.3 ) MALN
HA N

41 FORMAT (/SX46HTRE INLET GLIDE VANE LGSS CUEFFICIENTS FUxk THE I3, MAIN
X 34H STREMMLINES ARE (FRCM HUB TO TIP) /7 99X LIFT.4 /7)) MAT
MAIN

42 FURMAT (| SX B5HTFE RATIU CF THE AREAS UF THE LAST 3 STATIUNS TG THMAIN
XE AREA OF THE LAST STATUR EXIT AKE FTe4y 2(1HoFTe4)y 2H ) MAIN
MAIN

45 FORMAT (1F1///745X2Bh=——~FLOWPATH DBESCRIPTIUN====///23XTH3TATIUNSXMATLN
XOHAXTALL1X3HHUBE XL ZHHUBR BLGCKAGETX3HTIP7IX1I2HTIP BLGCKAGE /7 25K MALN

A 3hNOC.5X1CHCOGRUINATE OXEHRADIUSBXEHFACTUK BX6HRADIUS sXoHFACTUR/ MAIN

X 33X 8HUINCHES) 77X 8RUINCHES) 20X 8HUINCHES) //) MAIN
MAIN

& FURMAT (20X17y £fFl4.3) MAIN
MAIN

WRITE (6456) MA IN
MAIN

56 FURMAT (1HO/18XBaH#*NOTE** ALL POLYNOMIALS (EXCEPT FOR THE SPECIFIMAIN
XC HEAT POLYNOMIAL) ARE OF THE FORM —= /40X38HP(R) = A/R*%x2 + 8/R + MAIN
XC + D*R + E*R*%2 /// ¢3XT3HTHE POLYNGMIAL FOR THE WHIRL VELOCLTY AMAIN

XT THE EXIT OF THE INLET GUIDE VANE 7 ) MAIN
MAIN

WRITE (6,57) (CUCO(54d)ed=1y5) MAIN

7 MAIN
57 FORMAT ( SX 3kA =E15.6,3X 3HB =E1S5.0s3% 3HC =L£15.6,3X 3HL =Elb.by MAIN
X 3X 3HE =El15.6 // ) MAIN

: MAIN

WRITE (6,58) CPCC MAIN
MAIN

58 FORMAT (1HO33X53KThE SPECIFIC HEAT PCLYNOMIAL IS IN THE FULLUwWING MAIN
XFORM // 3X 4hCP = ElZab%93H + EL12.5,5H*T + E12.5,8H*T%%: + Lblc.5, MAIN

X BHRT#%¥3 4 E12.5,8H*TR%4 + E12,5,5HkT*%5 /7 ) MAIN
MAIN

WRITE (6442) ATAR(1ls1)s ATAR{1,2), ATAR(1,3) . MAIN
WRITE (6,45) MAIN

D0 37 J=1,NK ) 4 ‘ MAIN

37 WRITE (0440) JaX(JdeRH{J) oBH(J) yRSUI) 9BTLI) MAIN
N=2%MSTACE + 4 MAIN
MAIN

*8% READ THE STAGE DATA MAIN

MAIMN

DU 60 I=54Ny2 =~ . MAIN
READ (5,25) ODFL(I+1), HMN(I+1), HNMN(I+2), DFL(i+2), MALN

X BLADE(I+1)s BLACEUI+Z)yDFLON(I+1) DFLOW(I+2), ' MAIN
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MALIN, = EFN SCURCE STATEMENT -

{CUCULTI+1yJ)9d=1]rE),
{SSCO(I+1,J)9d=195),
(SOCC(I4)gd)ed=145),
(CUCULI+29d)ed=195),
(SSCGLI+2,J)yd=1sE),
(SOCO(I424J)9d=1,5)
64U CUNTINUE

3w e M M

<5 FURMAT (4F10.4/21542F1Ce4/(5€10.9))
c *®% CHECK ThHE BLUCKAGE FACTORS

NN=N+1
DO 61 I=14NN

C *#%% ERROR SETS THE BLCCKAGE FACTUR TO 1.0

IF (BT(I)eLEeOs) CALL ERRGR{25)
IF (BH{I1)sLE.U.0) CALL ERRUK (21)
61 CUNTINUE
DU 70 1I=5,N
B2(I+41)=CLCO(1+1,42)
70 CUNTINUE
NX=N+4
DO 89 I=1,KK
89 WRITE (6490) T4 {DF{J) s (FOUND(J Ko1)o K=1,3),
90 FORMAT (1HL//7/7/7/743X E5heees. LOSS DATA SET

IFNLS) -

J=1,420)
NUMBER I3,5H

ceeesl///

X SX BHU-FACTOR 10X 13HAT 10 PERCENT 10X 13HAT 50 PERCENM 1ux
X 13HAT 90 PERCENT 5X 21H(GF BLAOE HEIGHT FRUM / $2X 14nTH: GLUMETRMALN

XIC HUB)/ 20(F17.3,F184492F23.4/))
c ***¢ CALCULATE THE GAS CUNSTANT
GASK= G/MCLEWT

OCP= wASK / JOULE
GR= 64.,348%GASK

GR2= GR*.t
c *#% CALCULATE ThE TGTAL TEMPERATURE, TUTA
c SPECIFIC FEAT IN THE INLET

DO S5 I=1,NX
JIPLI)= RS(I)
hUB(I)= RK(1)

95 CONTINUE

RPM= RPM/RS(5)

I=1

J=1

T0(1,1)= T10CO
CALL THERMP

DO 1C1 J4=14NLINES
DO 99 I=1,5
TC(I,J)= T0C0
PU(I,J)= PUCO

. CP(LeJ)= CPULy1).
99 GAMMA(I,J)= GAMMA(1,1)

B-13

L PRESSURE,

ANU

1&/712/767

MATN
MALIN
MAIN
MATN
MAIN
MAILN
MALN
MATH
MAIN
MAIN
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MATIN
MAIN
MAIN
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MAIN
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MAIN
MAIN
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MAIN
MAIN
MAIN
MAIN
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105
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MAIN, - LEFN SCURCE STATEMENT - Ifn(S) -
*3x SEl THE RAUIAL ANC WHIRL VEWLICITIES TO Zieku

LU 100 I=1yNX
Ldlisd)= C.
CRUI4JI= C.
ATAR(64J)= Qo9
ATAR(T4Jd)= Qo49

*¥*¥ LR/OX ANU LeR/LXce AND O(CX) /DX ARE ASSUMED ZERC AT
THE INLET TO THE MACHINE

RSLUPE(1l+d)= Q.

RCURVE(Llsdl= Q.

CSLOPELL,»JI= C.

NX=NX-3

DO 1G5 I[=¢€9NX

IF (UFLUI)eLEOCoaURWDFLIL)eGEQaULS) CALL ECRUK(2E)
IF (BLADE(L) el TaleChe BLALE(TI)oGT KK} LALL ERRUGR(LT)

**% CUNVERT THL RELATIVE FLUW ANGLES TU RADIANS

CO 1Cé I=T4NXy2
EMNCT)= HMNLTL}/57.295717$5

*%% SET THE MASS FLUW RATE THRLUGLH THE INLET TU THt VALUE
AT THE FIRST STATICN

FLOW(2)= F..OW(1)
FLCW{3)= F.UW(1l)
FLOW(4)= FOW(L)
FLGW(S)=FLnWl1)

2% CALUULATE THE TUTAL FLOW RATE AT EACH STATICN

bC 110 I=5,N
FLOW(I+1)= FLOW(T)+CFLUW(1+1)

***% SET THE FLOW RATE AT THE LAST 3 STATIGNS ECUAL Tu Tht
FLUW RATE AT Tht LAST STATUR EXIT

FLOAWINT2)= FLOW(A+1)
FLOW(N+3)= FLOW(N+1)
FLOA(N+4)= FLOW(N+1)

**xx CALLULATe THE NUMBER OF STREAMTIUBES

NTUBES= NLINES-1
JM1= NLINE./2

**% CHECK AND CALCULATE THL OUTPUT TRIGGER..
ALL STREAMLINES

EVERY UTHER CNE

MEAN, HUB, ANC TIP

HUB AND TIP

nowown

$ N

IF (JOUTTR. LT eloCRIUUTTRGGT o4) CALL ERROR(20)

Le/flased

MALN
MAIN
MATN
MA L
MA LN
AATH
MAIN
MATA
Mol
MALN
MALN
Add
MATY
Malr
MAIN
MAT
MAT N
MALWN
MAIN
MAIN
MA LN
MA [N
MAIN
MAIN
MALN
MALN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MALN
MALN
MA [N
MAIN
MAT v
MAIN
Maln
MAIN
MAIN
MAIN
MA TN
MALN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MALN

(e
730
7151
732
135
134
T35
T 3n
757
125
T579
749
T4l
T4¢
745
7
T4-
Tau
147
744
Ta9
756
751
152
753
754
755
7506
157
758
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T80
161
162
763
To%
T65
Tos
Tl
7¢8
1649
T70
171
1712
175
T4
775
170
177
775
779
T80
Tol
782
763
T84



112
1i3

115
120

130

140

142

- CALL ROTGUT

MAIN. ~ EFN SCURCE STATEMENT -~ IFN(S) -

IF (IUUTTR.LTL3) GC TC 113
IF (1UOUTTR.EQ.4) GU TU 114
ICUTTR=4M]

GU TOU 113

TOUT TR=NTUBES

IFIRST=6

*%% CALCULATE THE MID-STREAMLINE INDEX
JM= JM1+1

*#x INITIALIZE THE INCICES (THt FIRST ROTOR IMLET
IS AT STATIULN NUMBER 5)

L= 1

8= 1
IPASS=1
igl= 2
LSTAGE=7
NX1=9
NX=10

**¥x CALCULATE THE SIMPLE RADIAL EQUILIBRIUM SULUTILIUN
OF THE FLOW EQUATIGNS IN THE INLET

CALL INLET
i= 6

IPASS= 1
CONTINUE
LCé=C

CALL ROTOUT
I= 1+1

CALL STACUT

*#% CALCULATE CUNUITIUNS AT THE OUTLET

CALL UGUTLET

*%% PRINT GUTPUT AT THIS POINT, TKANSFER TC A NEW VATL SET

IF (LC6.GT.50) CALL ERRCR(19)

*#% CALCULATE THE AXIAL VELOCITIES INCLUCING CURVATUKE EFFECTS

CALL CaxlaL
LC5=0
IPASS= 2

L= 1

**¥® CHECK THE LIMITS ANWD ITERATE WITH CURVATURE EFFECTS UN

THE LAST STAGE CONLY
1=LSTAGE-1

i=LSTAGE
CALL STALUT
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155

MAIN. - EFN  SUUKCE STATEMENT - " 1FN(S) =

TERRCR=4FALSE .
LLEH=LC5+1]

2% PRINT CUTPUT AT THIS PUINT, TKANSFER TC A NEw OATA oET

IF (LC5.GT7.50) CALL ERRURL(18)}
LU 145 II=1FIRSTLSTAGE»<
I=11

*%& CFILK ThE RUTCK

CALL ROTCLT

SAvVE= CUCULIy2)

IF {LIMIT.NESO) CGU TC l4as

CALL DRIVE

IF (ABSU{SAVE-CUCU(I,2))/5AVE) LT TOLEZ2) GO TU 144
CALL PKFITZ

CALL STKE#M

Gu TGO 141

CuCGlis2)= SAVE

1=11+1

**¢ CreCK THE STATCR

CALL STAQULT

CONTINUE

I (IERROR) Gu TC 141
CALL LOSS

tce=LCo+1

I=LSTAGE-:

32 [PASS WILL 8k EGQUAL TG 3 IF THE LOSSES OG NCT CORKRELATL
Wl'H ThE EFFICIENCIES

IF (IPASS.EQ.3) GU TU 114G
CALL CAXI.W

*x%% CACULATE THE MASS 2AVERAGEU PRESSURE RATIU

DU 155 J= 1y NLINES
TERMBIJ)= TO(LSTAGE,J)

*¥% SG.VES FUR TERMB(J) IN GASK*ALOGI{PU(LSTAGE,J}/PI(1sL) =
INTEGRAL FROM TC(1,1) TO TERMB(J} GF (CP/T) DT

CALL THERM2(POUILSTAGESJ)/PC(Lel)eT ERMBUJ) 4TCIL41D)
TERMB(J)=TERMB(J 1/ T0(1,1)

DEPV(9,J): RHCILSTAGE ,JI#CX(LSTAGE »J)*R(LSTAGE 4J)
I=LSTAGE

L=9 ,

CALL INTE3(DEPVyZ)

SUM= RINT{NLINES)-RINT(1)

L=8

DU 157 J=1,NLINES

DEPV(BsJ): (TERMBIJ)-1.)#LEPVIS,J)

CALL INTE(OEPVy2)
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170
175

MALN. - EFN SCURCE STATEMENT -~ IFM(S) -

v= RINTINLINES)-FRINT(1)

L./ Lnto7

MA LN

MAPR=EXP (JUULE*( THERMZ ({V/SUN+L 0} ¥TCIL 1)) =TRERMI{TOCLy 1)) )/ CASK)PALN

*%x% JF THE MASS AVERAGED PRESSURE EXCEEDS THE PRESSURE
RATIU DESIREL Tkt CALCULATICN IS CUMPLETE

IF ({MAPRSGELTOTPR) ol TU 175

*%%x SINCE THE MASS AVERAGE PRESSURE RATIU HAS NUT dikh MEV war
CFECK TU SEE 1IF ANCTHER STAGE MAY gt ADDEL. IF NIT THo
FLEW PARAMETERS will Be PRINTED

IF (LLSTACE-5)/ceGELMSTAGE) GU TU 170
#%% INITIALIZE THE CALCULLATICN TG ADD UNE MUKE STAGE

TEIRST=MAXO(IFIRSTLSTALLE-2)
[= LSTAGE + 1

I8= IB+2

IBl= IB1l+:z

AX= NX+2

NX1= NX1+2

LSTAGE=LSTAGLE*2

k% SINCE THE CALCULATICN AND CHECKING IS TC BE CUNTINUED
UPSTREAM FCOR NU MURE THAN 3 WHOLE STAGES,IT IS ASLSUMED
THAT DR/DXyLC2R/UXz AND DICX)/DX AT STAGES PREVIUUS Tu
THESE WILL NUT BE AFFECTED BY THE ADDITIUN CF UNLE MUKL
STAGE. THEREFGRE THE VALUES CALCULATED FOR THE PReVIUUS
CUNFIGURATION ARE TG BE SAVED FOR USE IN THE Ncw
CUNF IGURATION

U0 160 J=1,NLINES
RSLOPE(1J)=RSLOPE(34J)
RCURVE(14+d)=RCURNE(3+J)
CSLUPE (L1, J)=CSLOUFE(3,Jd])
GG TC 115

=¥% PRINT MESSAGE TG INDICATE THAT THE DESIRED PRESSURE RATIO
HAS NUT BEEN MET

CALL ERAGR(S)
CALL OUTPUT

*%% RETURN FOR A NEW CATA SET
IF {1.GEeC) GU TC 1

RETURN
END

B-17

MATN
MALN
MAALN
MATIN
MATLN
MAIN
MALN
MAT
MALN
“A TN
MAL N
MAT
MALN
MAIN
MA LN
MATN
MALN
AT
MAIN
MALN
MAIN
MAIN
MALN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA N
MALN
MAIN
MAIN
MAIN
MAIN
A IN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN

g
B9
2]
SO0
Sul
S50¢
J032
9CH
905
S0o
907
quR
SU9
912
Sil
91z
91z
9le
515
Glo
917
913
¢19
920
9L
q22
923
Qo4
G5
926
927
928
919
330
931
93¢
933
G 34
935
936
937
938
939
940
941
942
43
G 44
Jabh



CccCccCo

ANXIT. -

SUBROGUTINE AN EXI

EFN

T

SCGURCE STATEMENT -

IFNLS) -

%% THIS SUBRCUTINE ACDS AN EXIT TC THE MACHINE BASED LN

AT LU

B2(c9)
sT(32),
CR(32+11),
LUCU(29 92 ])
CXRATO(Z9)
DEPVI104+111),
UFLGA(32)
GAMMA (32411 ),
MACH( 29 411},
RCURVEL LU 9111}y
ROSTAG(Li),
SLCUlZ945)
TERMA(L11),
TITLE(LZ)
Wi{ll),

A303A0,
CHMEANP,
CPC3,

DUMMY ,
NAPR,

TESTIS,
TCLTIP,

A404AQ
CUINTG,
CPO4,
ERASL,
MulenT,
TESTMS
TOLCPk,

I £ERRUR,
J DNy
LIMIT,

[FIRNT,
JJy
LoTAsl

A HURIZONTAL 1IP ANU THE HUB CALCULATED FRCH Trdc
OF THE AREA LF Tht STATION TO THE AREA UF THE LA>T
STATUR EXIT.

REAL MALF, MAPR, MOLEWT, JOUULE

CIMENSIUN ATAS(2Ss1il)y FLUW(32)

LOGICAL  1ERRUR, YES

CCMMCN /MATRIX/  ALPRALLICy1Ll), ATAR{Z9411),

X BETA(LUs11), BH{z2)s BLADE(29)

X CLI10411), LP{3Z,11), LpPculed,

X CSLUPE(1Gy11)s LUZ(LL), CUt32,411),

X CXU32411), CXMUICy11), CXNEW(LOs11)y
X CXS(104111, DAL10), DELM{Ll1),

X UFl20), DFACTUcY911), CFLL2G),

X EMACH(2Y9411)y FLUNU(2Gs3,10)y FRDEL(LOs11),
X HMN(29) HUB(32), IKK(10),

X UBARLZ9911 )y PLI3Zy11), R{32,11},

X RH{32), RHG(32911), RINT(LL1),

X RSE32), RSLGPE(1Gs11)y  RTRAIL(LLD),

X SULIDU2943 1)y SSLL(2G45), TERM1(10,11),
X TERMB{11}), TERMC(11) TIP(32),

X TO(32,11), T57AT(L11), Ut32.11),

X X(32)

COMMUN /SCHLER/ A, AA, AL0AQ, AZ202A0,
X A505A0, B, bb, e, CFy  CHMEAN,
X CPI2, CP13, CPla, CPI5y Crley, CPOZ,

X CPO5,  CAMP,  DLP, OC» DIFCP, DT,

X Gy CGASKy Gy GRy GRZy JOULE
X PUCOes -G RPM, TCP,. TERMU, * TESTGH,
x TOCG, TOL TULAT,  TOLE2,  TOLMIN, TULMS,
X TOLCXs TULR, TOTINT, TOTPRy V. vMI

COMMCN 7 INVEGR/Z I, 18, 161, 1DUMP,
X 16y IGUTTRy IPASSy IS 1T, Jo
X JMe JVM] K Kl KKy Le
X MSTAGE, NLINESs NTUBES, NX,y NX1, YeS
C EQUIVALENCE  (ATAR(191),ATAS(Ll,y1)), (FLUW(L1)+DFLCW(1))

10

AA= RS(LSTAGE)**;
BB= RH(LSTAGE)*e;
00 10 JK=1, 3
JL=LSTAGR 4K
RS(JL)= REILSTAGE
RH(JLI=, SCLTIPAA +
CUNT INUE

RETURN

END

UBL-AKIRATAR (¥sdie))
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HCAL. - EFN SCURCE STATEMENT - IFNI(S) -
SUBRCUTINE B2CAL BCAL 947
JCAL 997
*#% CALCULATE THE B~-CCEFFICIENT OF WHIRL VELUCITY AT THt RJITCR JCAL G99
EXIT FOR THE RUTUR TIP O-FACTOR ACAL 1000
‘ CAL1001
REAL MACY, MAPR, MOLERT, JOULE BCAL 1092
DIMENS ION ATAS(2Sy11)e FLCWI(32) 3CALY0U.
LOGICAL IERRGR, YES B3CAL10O4
CUMMCN /MATRIX/ ALPRHALLO,11), ATAR(29911) BZ2(23), #LAaL10VsS
X BETA(10,11), BH(22), BLADE(29), BT(32), sCAL 1006
X CC{1lU,11), CP(22411), cpCcote), CRU3cq411}, CAL LOUT
X CSLOPE(10411)y CUZ(11), Culz2s11), CUCL(2940) UBCAL L1Qus
X CX(32411), CXM{10411), CAXNER(10,11), CXRATU( 291}, gdcaL 104y
X CXS{10s11)y DA(1U), DELML1l), DEPVI10O11), BCALLOLG
X DF(20), DFACT(2G411), DFL{2G), DFLUNMI52), SCALYI01N
X EMACH(29411), FUUND(Z2G93410)y FRDEL(1O,11), GAMMA L3911y dCAL LG LS
X HMN(29), HUB(Z2c) } IKK(10), MACH(C 7411} SCALL1O01L3
X UBEAR(Z29,11), PC{2czy11), R{32411), RCURVE(LU4L1L), ALCAL 1014
X KH(32), RHO(3Z911), RINT(LL), RESTAGILL )y 8CAL 104D
X RS(32), RSLUPE(10,11), RTIRAIL(LL), SCCU(2G,5), sCAL LOLS
X SOLID(29,11), S5CG(2945), TEKMI(10,11), TERMA(L1 1), sCALLOLT
X TERMB(11), TERMC{11), TiP(32), TITLedic), BCALLOLS
X TU{32411), TSTAT(11), Ul32911) willil), dCAL1O01v
X X{32) HCAL 1029
COMMCON /SCALER/ A, Aby, A10AQ, A20cA0, A303A0, A4U4AU, dSCALL1OZ21
X AS505A0, E, BB, CCy Cwy CMEAN, CMEANP, CUINIGy BCALLOZ2Z
X CPi2, P13, CPl4, LPLY, CPI6, CPUZ,y CPO3, LPU4S, «CAL1023
X CPOS, CAMP, DCP, GGy DIFCMy DTy DUMMY , ExASL, BCAL 1024
X Gy CASK» GJdy GRy GR2,y JOULEs MAPR, MULEWT o BCAL1025
X PODCOG, QCr RPM, TCLP, TERMD,y TESTBH, TESTub, TESTMS, BCALL10Z26
X TUCQG, TOL, TUuLAT, TCLB2y, TCLMIN, TUOLMS, TCLTLP, TOLCP, yCaL 1027
X TOLCX, TOLR, TCTINTy TOTPRy V¥, VMI s8CAL 1028
COMMCN /INTEGR/ I, I8y iBl, 10UMP, TERRIR,y [FIRST, ©GCALLIO29
X lGy ICUTTRy 1PASS, 1S, 1T, Jr JIN,y JJdy ECAL1030
X JM, J¥l, Ky Kly KKy Loy LIMIT, L3TALcy BCALIO031
X MSTAGE, NLINES, NTUBES, NX, NX1ly YES 3CAL 1032
EQUIVALENCE (AT2R({1,1),ATAS{1,1))}y (FLGW(L)},DFLGR(1)) S3CAL10323
- BCAL 1034
AA=(RUISNLINES)+R(UI-1yNLINES))*,5 BCAL 1035
V=SQRT(CXAI-1 ,NLINES)*%Z4(CU(I-2oNLINES)-UCI=1sNLINCS)) %2+ BCALLO36
X CRUI-1sNLINES)*%2) BCAL1037
SOLID(Le1)=({SOCCUI,2)4SCLUCTyL1)/PAY/AA+SUCCIT$3)+{SULULT,4)+ BCAL1038
X SOCO(I1,5)xAA)*AA) 8CAL1039
A=e5/50LICI1,1) 3CAL1040
A=V (1 0-DFL{I))4(ULL-1gNLINES)=CU{I=14NLINES)—U(I NLINES))*GQ SCAL1041
CO(lyl)==Za*(U(IyNLINES)+AQ)/{1e~Q%Q) BCAL 1042
COU192)= (CRULZNLINES)®**Z24+CX(I4NLINES)**¥2+U{ I, NLINES)**2~A%A)/( dCAL 1043
X le0 —Q*Q) BsCALL1044
ERASL= CO(lyl)¥*z - 4,%CC(]1,2) BCALL104S
IF (ERAS1.LT.0.) CALL ERRUK(33}) BCAL 1045
ERAS1= SQRT(ERAS]) bCALL1O4T
= -CO(1ls1) —-ERAS] 8CAL1046
IF {BJ.LE.0.Q) B= —=C0(1y1) +ERASI 3CALLO4Y
CUCO(I42)= RUIZANLINES) * B * (.5 =~ - s8CAL1050

X CUCUGUTy 1M RULyNLINES)-(CUCOT 930+ (CUCULLT4)+CUCCITL95)*RUT,NLINES)BLALLOYSL

B-19
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BCAL . - tfN SCURCE STATEMENT - IFN(S) -
X)*RUIsNLINESYI*R (I NLINLS) slLAL 1052
RETURN BCAL1053
END BCALLIOD

B-20
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BCAL le -  EFN SCURCE STATEMENT =~ IFN(S) -
SUBRLUTINE B2CAL1 BCAL1OS
HCAL L1037
C #%% CALCULATE THE B~CCEFFICIENT GF WHIRL VELOCITY AT THE R2UTOR 8CAL10%58
o EXIT FOR THE STATOR HUB ENTRANCE ABSCOLUTE MACH NUMBLR HBCAL 10SY
dCAL 1000
REAL MACFy MAPR, MULEWT, JOULE vl AL 1051
DIMENSICN ATAS(2S¢11), FLGOW(32) BCAL 1067
LOGICAL IERRCR,y YES BCAL1003
COMMCN /MATRIX/ ALPRA(L10411), ATAR(29,411), B2(29) 3CAL LU 0%
X BETA(L0911), BH(3Z2), BLADE(29), 8T(32), BCAL1065
X CUO1049il), CP{22y11), CPCOL5), CR{32411), GCALLO6GA
X CSLOPE(10s11)y CUZILLY, CUl32e11), CUCDL29¢5 ) aCAL1067
X CX(32011) CXM(10,11), CXNEW(1Us11), CXRATUL23), BCAL L06Y
X CXS{1Us11), DACLO0) s DELM11), DEPVI1U,L1), BCAL 1069
X OF(20), DFACT(Z29,11), DFL(29), DFELCK (32), BCAL10TU
X EMACH{29s11), FOUND12Gy3410) s FROEL(10411), GAMMA(32,11), BCAL1OT1
X HMN(29), HUBL32Z) IKK(10), MACHI29,11), BCAL1072
X OBAR{29511), PLL32y11), R{32411) RCURVE (10411}, BHCAL 1073
X RH(32), RHU(32,11) KINTU11), ROSTAG(1L), BCAL10T#
X RS(32), RSLCPE(10s11)y RTRAILILL), SOCU(2942) s BCAL 1GT5
X SOLID(29+11), SSCU2945), TERM1U10411) TERMA(LL) BCAL1076
X TERMB(11), TERMC(11), TIP(32), TITLE(LZE) 3CAL1077
X TO(32411),y TSTAT(11), U(32,11), will), BCAL LOT78
X X(32) BCAL10O79
COMMCN /SCALERZ A, AA, AlOAQ, A202A0, A203A0, A404A0, BCALL080
X ASOSAQ, B, BE, CCy CV, CMEAN, CMEANP, CUINTG, BCALLO081
X CPI2, CPI3y CFPléay CPI5, CPlb, CPU2, CPG3, CPUG, BCAL 1032
X CPOS, caMP,  DCP, GOy DIFCM, DT, CUMMY, EKASL, BCAL1083
X Gy GASKsy  GJy GRy GR2, JOULE, MAPR, MULEWT, BCAL1084
X POCGy Oy RPM, TCPy,  TERMUy TESTBH, TESTDS, TESTMS, BCAL10BS
X TOCUy  TOLs TCLAT, TOLB2, TOLMIN, TOLMS, TCLTIP, TOLCP, BCAL1086
X TULCXy TOLR, TUTINTy TOTPRy Vs VMl BCAL 1087
CUMMCN /INTEGR/ 1, IB, isl, IDUMPy [ERRUR, IFIAST, BCAL1088
X IGy ICUTTRY IPASS, 1S, ity Joe JIN, JJy 3CAL 1089
X JM, JML, Ks Kly KKy Ly LIMIT, LSTAGE, HBCAL 1090
X MSTAGE, NLINES, NTUBES, NX, NX1y YES BCAL 1091
EQUIVALENCE (ATAR(1,1),ATAS(1,1))y (FLOW(1l),0FLCHW{1)]} BCAL109.
COMMCN  /ENERGY/ He Te GAMMER BCAL1093
BCAL 1094
SQCO=CX( 191 )%%2 +CRUI,1)1¥%2 BCAL1095
V= SQCO +CU(1,1)#%2 SCAL1090
H==-V/6J - - BCAL 1097
J= 1 8CAL 10938
T= TO(Is1) BCAL 1059
CALL ENTALP 8CAL1100
CALL GAM BCAL1101
VMI= 32,174 *GASK*GAMMER®TSTAT(1) BLALL1LO2
A= VYMISHMN( 1)*% 2 =35QC0 BCAL1103
[F (A.LE.C.Q) CALL ERROR(3C) B8CAL1104
CU(lsl)= SQRT(A) N B8CALI105
CUCU(I;Z)—CU(lql)*R(I.ID CUCOUY a1} /RUT,1)-(CUCCUT,3) +(CUCOlI,4) +8CALLL1OG
X CUCOUI»S)¥R(I1NI*R(T41))*R{TH1) BCAL1107
10 RETURN L BCAL1108
“END Tmmen T i “ BCAL1109



Lef a0l

BLAL co - tFN SUURLE STATEMENT - IFNLS) -

\

SUBRLUTINE BéCALc sCaL 111l
SCALLLLS

2% CALCULATL Tht B-CLEFFICIENT OF WHiAL VELCCYITY al ihe oo bise cLALLIL R
EXIT Fur Tht KRCeLATIVE FLUW ANGLE AT THt hUd RiTeR o adld A0AL YL L
aCALLllS

REAL MACEH, MAPry MULLnT,y JUULE JUAL L
DIMENSIUN ATAS{Z2S,11), FLCW(3<) HplALLLILT
LtUGICAL IEHRUORy YES HLalill?
COMMON /MATHIX/ ALPHallu,ll), ATARLZF511 ), delaed),y SUALLLLY
X BETA(CLUs 113, BH{ 22}, SLADE(ZY ), BT(22) HLAL Llen
X LCCL0eil)y LPLZo11)y CECE(o), CRIo29L 1)y cCaL LYzl
X CSLLPLULGy1L)y CUZLLLD, CLE32Z411), CUCO(L 920y SCALTLL !
X CX(22411) CXM{1Cylidy CXNEW(1ULL) CXRAT Ll )y 20atll1l23
X CXS5(luyll)y Dal(ic), DelM(Lil), JEPVILUNLL), SsCAL L 2%
X UF(Z01}, VFACT(29,11), VFLLZ9), OFLUW(32) SCALYLcS
X EMACHh(29411), FOUMDIZL 2,10}, FRDEL(IUSLL), GAMUBA{s 2yl 1)y 3CAL 11 2A
X HMN(29), HUB(2¢)y 1EK(L1U), MACHU 299111} SCALLL AT
X UBAR(29411), PLI22411) R{32z411), RCURVE(LIULL1l)y sLAL]1len
X RH(32), RHU{3Z911), RINT{LI1D, RESTAL( L] )y BCAL1lo4
X #5(32), RSLLPE(LU11)y KIRAIL(LL), SCCLUL 24400, ACAL LT M
X SCGLIDIZY9,11), 25LU(ce945), TERM1(10,i1) Tewidatll), deAL )]sl
A TERMBIL11), TERMC(LL), TiP(22), TiTLo i)y slAL 1l 2
X TCLE32411 )y TSTAT(LL), U(32411) wlll), cCaAL 1133
x X(3c) SCAL L1134
COMMUN /SCALER/Z A, An, AlUAC,y AZ02A8Uy A20:2AU0y A4U+AUY SCALLL S
X ASUﬁAOv ﬂy Bby CL, C". CMEAN, CM'CANV' LiJlN‘l‘\J' t:CAL 1150
X CPI&y P13, CFl4a, CPIb, CP1b6, CPUZy CFUsy CPUS, BECAL L1137
X LPUS, CAMP, OCP, CDy UDIFCMm, DTy DUMMY ,  CRASL, ACAL 1128
X Ly CASKy Gy Uiy GR? JOULL » MAPR, MOLLwT nCALITL13Y
X PUCG, G REM, TCP, TERMU FeSTaHy TESTUS, TuSTAY, d4CAL 1L 40
X TCLC, TOL, TCLAT, TULLbc TCLMINy TOULNMS, TCLILIPy TUOLLP, SCALLL141
x TOGLCX, TULR, TCTINTy TUTPRy vV, VMl oCAL1la2
COMMUN ZINTEGR/Z I, I, IBl, LUME, ITERRUR, EFIRLT, SCAL 11«3
X lb' [CUITK' lPASS’ lS' JT' J, thy JJ' QCALILQQ
X JM, JMLy Ky Kly KKy Ly LIMIT, LOT Ak vlAl il4>
A MSTAGE, MLINESy NIUBLSs NX» NX1y YES 3CAL 1 14n
EQUIVALENCE (ATARULy L) sATAS(141)), (FLOWEL) yFLEWEY) ) ol AL L1147
wCAL 1 1l4s

ERASL= SURTUCX(1 1 )%%3Cr{1,1)%%x2) ACAL YL s
LUCO(TLs2)= (Ully dd-ERASL *TAN(HMA(I+L)))I*R(1,41) - CuLGlIs1) / BLAL1150
X RULgl)-CLCULLZ)%R{Ty 1) -CUCCHT g4} 2RETpL)#%2-CUCLL T2 ) %x({1l,2)0%%3  LCALLLS]

oCALLLS?
dCAL 1153

20 RETURN
ENC

B-22
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SUBRCUTINE B2CAL3

*#% CALCULATE THE E-CCEFFICIENT OF WHIRL VELUCITY AT 1HE RUTGR

SQURCE STATEMENT -

EXIT FUR THE STATCR D-FACTUR

REAL MACF, MAPRy, MOLERT,
DIMENSIUON ATAS(2%411)s FLCW(32)
LOUGICAL IERRGCR, YES

COMMCN /MATRIX/ ALPHA(1G,11),
BETA(1041110, BH(22),
COt(10411), CP(32411),
CSLOPEL10y11)y CuUZ{(11),
CX(32s11), CXM({10y1i1},
CXS(10+11, DAC1O0},
OF(20), OFACT(29411),
EMACH{29411), FCGUND(2C+3,10),
HMN( 291, HUB(22),
OBAR(29+11), PCL22,11),
RH(32), RHO(2Z911)
RS§{(32), RSLOPEL1Us11),
SOLID(29,411 1, SSCUl2945),
TERMB(11]), TERMC{11)
TU(32411), TSTATI(11),
x{(3z)

COMMCN /SCALER/ A, AAy
A505A0, By BBy cC,
CPi2, p13, CPl4, CP15,
CPOS, CAMP, uce, 0Dy
Gy CASK, Gdy GR,
POCG, Cy REMy TCP,
TOCO, 1CL, TOLAT, TOLBZ,
TGLCX, TOLR, TUTINTy TGTPR,

COMMGN /7 INTEGR/Z I, 1By
I1G,y I0UTTRy IPASS, 15,
JMm, J¥Ly Ke Kl,

X MSTAGE, MLINES, NTUBES, NX,

EQUIVALENCE

AA=

(ATAR(141)+sATAS(141) ),

JOULE

ATAR(29,11)
BLADE(29)»
CPCOL6),
CU(3z+11),
CXNEW(10Us i1},
DeLMLiLll),
DFL(29),
FRDEL(10,111,
IKK{14),
R{32411),
RINT(L1),
RTRATILLLL),
TERM1L10411),

TiP(22),
U(32411)
Al0AQy A202A0,
Chy CMEAN,
CPiby CPC2,y
DIFCM, OT,
GR2y JOULE
TERMD, TESTHH,
TOLMIN, TULMS,
Ve VM1
181, LOUMP,
17, Jo

KKy Ly

NX1y YES

X CUlI+141)/24/S50L1IDUI+142))/(0OFL{1+1)-10)

BB=.5/(DFLL 1+1)-1,)/S0LIG(I+1,1)

CC= AA*BB/(BB*BB~1.)
AA= ({CX( 141 )*%24CR{L,1)¥%2)~AA*AA) /(] .-BB%BB)

AA= CC*CC - AA

*#& ERROR TRANSFER TO A NEW DATA SET

"IF (AALLTLO.) CALL ERROR(L1)

AA= SQRT(2A)

*%% CHECK FOR MULTIPLE POSITIVE ROCTS

CUCIs1)==CC-AA

IF (CO(I,1).LE.0.0) CUlL,1)=AA-CC
CUCO(T,2)=CUCLyL)*K(1,1)-CUCO(TI41)/R(Ty1) -

B-23

IFNIS) -

B2(29),
6TL32),
Ck(32,11),
CUCG(2945)y
CXRATO( 29},
DEPV(10,111},
DFLOW (32},
GAMMA(32,11),
MACH( 9911
RCURVE(L10,11),
RCSTAGULL ),
STUCO(29,5),
TERMA(L1 1),
TITLE(L12),
W{ll),

A30340,
CMEANP,
CFO3y
DUMMY ,
MAPR,
TESTDSy
TCLTIP,

A404A0
CUINTG,
CPJ4,
ERAS]L
MOLCWT,
TESTMS,
TOLCP?,

L ERROR,
JINy
LIMIT,

IFIKST,
N
LSTAGE,

(FLOW(1) »DFLOW(L))

(—~SARTICX(I+1,1)%%2 + CU(I+1,1)%%2 + CR{I+1,1)%%Z) -

14715767

dCALL115s
BCAL115¢6
dCAL11ST
S3CALY1OY
sCAL 11,9
vCAL tisdu
sCalLllel
BCALL162
HCAL 1163
BCAL L1164
BCALL116O
8CALLlléo
BCAL 1167
sCalilo8
BCAL116Y
BCALLLTO
8CAL1171
SBCALL1LTZ
BCAL1173
BCALL1L174
BCAL117%
B8CALLLTS
S8CALL177
8CAL1L178
BCAL1179
BCAL 1180
BCAL 1181
BCAL118¢
BCAL1183
B8CAL1184
BCAL1185
B8CAL118o
BCAL1187
BCAL1138
BCAL1189
8CAL1190
BCAL1191
BCAL 1192
8CALL1193
BCALL1G4
BCAL11G>
B8CAL 1196
BCAL L1197
B8CAL11G93
BCAL 1199
BCAL 1200
BCAL 1201
B8CAL 1202
BCALL1203
BCAL1204%
BCAL 1205
BCAL1zue¢
BCAL 1207

T BCAL1208
(CUCCHL1,43) + (CUCO(I,aBCALLZUI
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BCALZ. - EFN  SOURCE STATEMENT - IFN(S) -
X) + CUCULLy5)*RU Iy 1) )*R(1,1) I*RII,41) ' BCAL1210
30 RETURN BCAL1211
ENL acaL1212
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L Aax1aA, - EFN SOURCE STATEMENT -

*#% CALCULATES AXIAL VELOCITIES WHICH SATISFY
AXTAL-VELCLCITY FQUATION

SUBRUUTINE CAxIal

LCGICAL HIT

CUMMUN ZENERGY/ Ay T GAMMER

REAL MACH, MAPR, MCLliwnT, JuUULE

UIMENS ILN ATAS(2Ss11)y FLOWI(3Z2)

LuublICAL TERRCR, YES

COMMUN /MATRIX/ ALPHA(10,11), ATAR(29,11),

X BETA(10411), BH{2Z), BLADE( 291},

X CC(1lusll), CPLZ2411) LPCOLG),

X CSLUPE(LOs11)y CUZ2MLIL), CUG32411),

X CX{32511), CxM{luslld, CXNEW(10s11),
X LxS(1o,11}, LALLU), DELMI1L),

X DF(2V) DFACT(29411)y VFL(2S)

X EMACH(ZY9,11 ), FOUNDL2Ce 34100y FRUELC(LO,11),
X HMN({29), HUB(32), IKK(10),

X OBARI[294+11), PU(32,+11), R(32411),
X RH{32), HHO(3Z2,11), RINT(11),

X RS{32), RSLUPELLU 11D RTRAIL(1L},

X SULIUZ2Y9,.11), SSCLIZYeS ), TeRM1{10411),
X TERMB(11), TERMLL11), TIP(32),

X TCi32,11), TSTATLUL1), Ui32411)

X X{32)

LUMMUN 7SCALER/ A, AA, AlGAGy AZ202A0,
X A505A0, B, BBy Cly CMy CMEAN,
X CPi2y CP 13, CFla, CPL 5, CPle, CPOZy
X CPUS, CAMP, DLPy LU UIFCM, DT,

X Gy CASKy Gdy GRy GR2,y JOULE,
X POCUO, Qo RPM, TCP, TERMU TESTBH,
X TuCU, TOL, TCLAT, TOLB2, TOLMIN, TOULMS,

x TOLCX,y TULK, TCTINTy TOTPRy V. VM]

CUMMCN /INTEGRZ 1, 13, 181, LOUMP,
X IGy ICUTTR, {PASS, 13 17, Je
X JM, J¥l, Ky Kl KKy Ly
X MSTAGE, NLINESy NTUBES, NXy NXL, YES

EQUIVALENCE (ATAR{Ls L) 9 ATASILy1) ) (FLOwW(L),OF L

®k% SET LIMITS CN AXIAL VELOUITY TU RESTRAIN THE

TEST=
LimiT=
L= 0
D0 1 I=18,NX
L= L+]

l.5¢
le¢

*¥* SATISFY CONTINUITY,
CALL

Cou 1
L2

S TREAM -
J=1,NLINES
SAVE THE AX1AL VELOCITIES.

B-25

IFENLS)

The

Bel29),
B8Y{32),
CHR{32411),
CUCU( 2395 )y
CXRATUL 29},
OePVi1U,11),
OFLUW{32),
GAMMA(S2eil),
MACHIZ D ,11),
RCURVL L0 L1,y
R(>TAL(LL),
SUCCLE245),
TERMA(LL)
TITLE(LLZ)

Will),

A303AUy A4UAU,
CMEANP, CUINTG,
cPO3, CPU%Gy
DUMMY, [ RASL,
M APR, MulcwT,
TESTDS, 1C0S5TMs,
TCLTIP, TULCP,
TERRUR,y IFIRST,
JINy JJo
LIMITy LSTAGLE
UnW{l)}}

ITERAT [UN.

1c/1./767

CAX112V4
caxlil2ly
CAXI1Z21n
CAXLLIJLT
CAXtiZY
CAXtle!?
CeXfLZ22u
CAXELldel
CAX L1222
caxltz2.3
CAXT Le
CAX11?7H
CAXLLIZ 20
CAXLLIZT
CAaxlicer
CAXL1Z2:9
LAXT 1259
CAxil1c21
CAXT1232
CAXT11233
CAXI1Z34
CAX[1235
CAXT1C236
CAXI1237
CAX11Z238
CAXi1239
CAXI 1240
CAXI1241
CAXI1242
CAXI 1243
CAXI1244
CAXI1245
CAXI 1246
CAX1)1247
CAXILl24y
CAXI1249
CAX[1250
CAX1i251
CAX11252
caxiles3
CAX[lZs4
342
J4e
3435
344
345%
40
347
348
349
350
351
35¢
353

CAaxl
LAX I
CAX [
CAXI
CAX
CAX ]
CAXI

CAXI
CAXI
CAX1



[aX X 2!

Yl sdoid

Caxia,. - EFN SUUrCr STATEMent - 1FR(S) -

BETALL )= LXLT ) CAKE 30>
1 CUNTINUe CAXT 324
LaMP= 0.0 CaXl o4
CAX1L 290
*#2k INITIALIZE THE LTERATIUN CUUNTIR CAX]1 2o
CAXT >ue
LCLPY=U CAXi1 359
5 CUNTINUE LAXT 300
*#x TURN Tre CCAVERGEMNCE TRIGGER UN. EN
YeS= JFALSt . LAXE ¢ni
LOCPY=LULFY+] Caxl 3.2
CLAKE 3n:
*%%x EKRUR WILL PRKINT THC RESULTS UF THe LAST LItrRATIun CAX1l 30+
ANC TRANSFER Tou A New DAFAa ST CAxl 3o»
CAX1 2.o
IF (LOUUPY.LTecbU) Lall ERRURLG) CAXT 347
DO 125 Jd=14NLINES CAXT 3 .5
CAX1 30y
*¥% GtT FIRST ANU ScCUNC ULRIVATIVES UF R WITH Rtaldell 10 X Cax! 371u
Caxi 37i
125 CALL XUERIV{RyROLLFEYRCULKVE) Caxl 372
CAXT 375
L=0 Caxl 331
UJd 130 I=1IByNX CAXI 32
L=L+1] CAX1 385
CMZ2=CX (T JM) &= CAXI 314
LU 12U J=1e N INES ’ CAXI 345
CAXT 3uc
*#% SAVE TFE AXIAL velotITles CAXT 87
CAX1 383
Caxllod)= (4DFBETAILJ) ¢LX(1yd) )*Cac CAXI 3r9
BETA(L »J )=Ci(lyJd) CAXT 2330
CUu2lJI=CUlIyJ)ex, CAXL 391
120 CEPYIL +J)=CULtJI/RLILJ) CAXL 39¢
CALL INTEC (JEPV,c) CAXT 593
A= THERMLI(TO(1,0M}) VAXT 59%
DU 130 J=1+N_INES CAXT 3773
*%x CALCULATE THE ENTHALPY AND CENTRIFUGAL FORCE THRMS AS wcll AS 3yh

ThHe RADLlAL vet{ClTY TeERM, :

130 TExPLIlLeJd )= (GURUTELRMLI(TU L 9d))-2) CAXY 3,
KeCRUTy JM)#% 2 —CRU] 4} %2 CAXL 397
X —(LlUcld) ~Cuitdr)) —L urINT(J)) CAX[ 393
X /CM2 CAXT 399

CAX1 4Ju

*¥#% FIM) INTRUPY GRACIENT TERM IN AXIAL=-VELUGCITY (LUATL N CAX1 4ul
*3k UBTAL FLIRST OenfvaTIve GUF UEPVY WITH KESPECT TU RADLUS, CAXL 402
RESULT IS UIN Cu CAXT 40,

CAXL 444

CAXT 40>

*%% NLTEove THt Rei-LRENCE TERMS HAVE BEeq LEFT CUT LF THi CAXE 44
EwLATIUN Sinle THEIK OERIVATIVES ARb ek CAX] 4u?

CAXIT 4u2

L=0 CAXi 4u3
LU 235 I=1B,iX CAX] 41lu
L=L+1 CAXD 41,
UL 225 J=1,N_INES CAX1 &4lis

B-26



CAXIA. - EFN SOURCE STATEMENT - IFN(S) -

*** DETERMINE PART (IF THE ENTROPY TERM.
DEPVILyJ)= THERM3(TOU14J))/DCP ~ALGGI{PO(I,J))
H= ~{CX{1,J)*%%2 +CR{L,J)%%2 +CUl1,J0)%22)/GdJ
T= TO(1,4)
CALL ENTALP

233 CUNTINUE
ALPHA(L,1)= 0.0
CQ 235 J=24NLINES

*¥%¥% [NTEGRATE TH: STATIC TEMPERATURE WITH RESPECT TuU ENTRUPY.
<35 ALPHA[LyJ)= ALPHAE{L,J-1) +40.5%GR*(TSTAT(J) +TSTAT(J-1})
X *(LCEPV(LsJ) -DEPVILysJ-1))
210 €O 220 J=1,NLINES

*»% OBTAIN ThE FIRST CERIVATIVE OF RADIAL VELOCITY wiITH RESPLCT
TQ AXIAL LENGTH,.

220 CALL XDERIVICR,CSLLPE,CO)

L=0
00 490 [=1IB,NX
ILL= 0

*%¥%x HELP IS ALTEREU TO RECUCE THE EFFECT GF CURVATURE WHEN
THE ITERATION ES NCT NEAR THE SOLUTION

HELP=1.0
L=L+1 o

225 DO 240 J=1, NLINES
*4% COMPUTE RADIAL VELOCITIES.

240 CR{IyJ)I=CX{I4J)®RSLOPE(L 9d)

CM=CX(I,J¥)
CM2= HELPACM*%2

245 DO 250 J=1,NLINES

o

. %%% FIND STREAMLINE-CURVATURE TERM IN AXIAL-VELCCITY CQUATION
250 DEPVILyd)= CX(IyJ)#CSLCPE(Lyd)/CN2
CALL ENTEG (DEPV,2)
365 ILL= ILL +1
370 DU 400 J=1,NLINES
*%% COMBINE THE TERMS IN THE AXIAL VELOCITY EQUATIUN.
TERMC= (RINT(J) +RINT(J) +(ALPHA(LJM) =~ALPHA(LyJ) )/CM2
X +TERML(LsJ) )/HELP
IF (TERMD) 28143€¢5,3€3
385 TERMD=1.0
GU TO 400
##% CHECK VALUES OF VELCCITY RATIU AGAINST REASCNABLE LIMITS
381 IF (TERMD.GT.-45S) GU TO 350

wk% ALTER RELF TO RECLCE CURVATURE EFFECTS (TEMPORARILY)
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12/15/767

CAXI
CAKI
CAxl
CAxI
CAXI
CAx1I
CAKI
CAXI

CAX1
CAXI
CAX]
CAXI
CAXI

CAXI
CAXI
CAXI
CAX1
CAXI
CAXI
CAXI
CAXI
CAX1
CAXI
CAXI
CAXI

CAXI
CAXI
CAXI
CAXI
CAXI
CAXI
CAXI
CAX1
CAXI
CAX]
caxli
CAXI

CAXI
CAXI
CAXI
CAXI
CAX1I
CAXI
CAXi
CAX1
CAX1
CAXI
CAXI
CAXI
CAXI

412
413
4L
415
415
417
418
420

440

447
448
449
450
451
452
453
454
455
456
457
458
4573
469
461
462
463
464
465
4h6
467
403
469
470
471
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390
400
410

440

450
455

460

490

1010

700

1020
1021

Caxlia. - EFN SCURCE STATEMENT - IFNLS) -

HELP= HELP*1,1

IF (ILL.LT.25) GU TC 365
TERMD=0,1
GO TOU 400

IF (TERMD.LTLTEST) GG TC 350
HELP= HELP®l.l

IF {ILL.LTa25) GO TC 365
TERMD= LIMIT
G0 TG 400

#+x CALCULATE NEW AXIAL VELGCITY.
TERMC=SURT(1.04T ERMD)
LXNER{LyJ)=TERMLACH
CONT INUE

*%% CCMPARE VeLOCITIES INTO CURVATURE CQUATION wWITH THUSE LUT

DO 440 J=1,NLINES

IF (ABSU{CXNER(L ¢J)=CX{I4J)})/CXUL3d})eGToTULCK) GO TG 450
CUNTINUE

GO TO 455

*%% UNSUCCESSFUL CCNVERGENCE GN CX

YES= oTRUE.

DO 460 J=1yNLINES

CX{Igd)= (CX{Iyd) +CAXNEW(L+J))*0.5
CR{IsJI= CX{14J)®RSLUPELL,J)

*%% SATISFY CONTINUITY
CALL STREAM
*%% MAKE AN ADJUSTMENT ON THE STREAMLINE PUSITIUNS.

CALL MOVE
CONT INUE

=% CHECK CCNVERGENCE OF AXIAL VELOCITIES

L=0

DU 700 1=1B4MX

t=t+1

DU 700 J=1yNl INES

IF (ABSI(BETA(LsJ)=CX(Isd))/CX{19d))eGTaTULLX) GO TO LUV
CONTINUE

L= ¢

GO TO 1021

YES= «TRUE.

L= 0

L=b+]

*xk MOVE THE LINMITS CN AXIAL VELOCITY.
TEST= 1,02*TUST

LIMIT= SQRT (1.0 +TESTY '

IF (YeS) GU “U 5
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Lol lu/oTd

caxi
caxt
CAX ]
caxl
LAXi
CAXI
Caxl
caxl
Caxi

CAX |
Ccaxl
CaxlI
CAXI
CAXl
Caxl
CAXI
CAXI
CAXI
CAXI
CAX1
CAXI
CAXI
CAX1
CAXI
€axi
CAXI
CAXI
CAXI
CAX1
CAXI
caxl

CAXI
Caxl
CAX1
CAXI
CAXI
CAX1I
CAXI
CAX1I
CAXI
CAXI
CAXI
CAX1
CAXI
CAXI
CAXI
CAX1
CAXI
CAXI
CAXi

CAXI
CAXI
CAXI

472
675
4T4
475
470
477
473
479
480
481
421
4ol
483
484
485
486
487
488
489
490
493
494
445
491
492
496
497
493
499
500
501
502
503
504
505
506
507
508
507
510
511
512
513
5l4
515
510
517
518
519
520
521
522
523
523
524
525
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CAXIA. - EFN  SOURCE STATEMENT - IFN{S) -
I[T= 0 ‘ ‘ CAXI 525
RETURN CAXI 527
END CAXI 523
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CCPY. - EEN SCUKCE STATEMENT - IFNS) -

SUBRUUTINE CuPY CLPylasy
REAL NMACH, MAPR, MULEWT, JOULE CGPY 40l
OIMENS IUN ATASEZ2S, 110y FLCW(3.) CUPY 1452
LCOICAL  IERRORy YES CUPY 1453
COMMON /ZMATRIX/ ALPHALLU911), ATAKL{2991L) 82(29), CLPY 145

X BETA{1lU»11), BHE2Z) BLALE(Z29), BT{3:), CUPY L4tk
X CCC(l0.11), CPL22411), CFCC(€), CR(32411), CGPY 14506
X CSLCPE(LO 1)y Cuellid, CU(32,11) CUCLI2TF 450y COPY 1457
X Lx(322411), CXM(1Ce1l), CXNER(LU,11), CXRATULEZY ), LUPY 1458
X CX5(1U411), Ca{1C), LeELMIiLIl), DEPV(1U,11), LUPY 145y
X 0F(20), DFACT (25411 ), DFL(Z2G) ., DFLCR(32), COPY 14ou
X EMACKh{Z9411), FOUND(2GU+3,10), FROEL(1OU,11), GAMMA (308l )y CuPY L4ol
X HMN{29), HUB(22) IKK(10), MACHI294+41), COPY 1462
X UBAR{29,11), PC{3csll), R(32411), RCURVE(1Us11), CUPY14b3
X RH(32}, RHO(3Z2411L), RINT(11}, RCSTAGLILL), LOPY 146%
X RS(32), RSLUPE(LU214)y RTRAIL(11), SLCC(294+35), LUPY 1450
X SCLID(2Y911), SS5CL(c945 )y TERML(1Uy11), TERMA(LL), COPY L4bo
X TERMB(11), TERMC(L1), Tiet3azl, TITLe(iZ), CUPY 1467
X TC(324111}, TSTAT(11), U3z, il willi, CUPY 1448
x x(32) COPY 1409
CCMMCN /SCALER/ A, AA, AlOAQy AZ02AUy A303A0, A4D4AU, CUPY14T79

X A5S05A0, 8, BBy CCy Chy CMEANy CMEANP, CUINTG, COPYL4TL
X CP12, cPI3, CPla, cPis5, CPle, LPG2y CPL3, CPuU4, coPyY L1470
X CPO5, CAMP, OLPy DDy DIFCM, 0T, DUMMY 3  ERADLY COPY 1473
X G, (:ASKI GJ' BRQ L;RZQ JUULE” NAPR’ MLLL‘Nry CuPY 1474
X POCQ, Qr RPM, TCP, TERMDy TESTBH, TESTUS, TESTMS, CUOPY14TS
X TUCCo T0L, TCLAT, TGLB2, TULMIN, TULMS, TCLTIP, TULLP, CoPY1laTs
X TOLLXy TOLR, TUTINI, TCTPhy Vy VMI . caPyLa77
CUMMCN /ZINTEGR/ 1, 1By iBi, IOUMP, TERRUR,y IFIK3T, COPY1l47H

X 1Gy ICUTT, IPASS, 15, I7T, Jy JIN, Jdy CUPY 1479
X JM, JMly Ky Kly KKy Le LIMIT, LSTAGE, (CDPY14B0
X MSTAGEs MLINZSy NTUBESs NXy NX1, YES COPY1lagl
EQUIVALENCE {ATAR(191)yATASUtLe1))y (FLOW{L) DOFLGWLLY) COPY 148y

COPY 143>

L= I-2 COPY L4884

AX= RPM*0,10471575 CUPY 143>

RH{I)= HUE(I) COPY 1480

RS(I)= TIF(I) COPY 1487

CALL RSTART CUPY 1laun

00 50 J=1yNLIES LaPyl4a8y

CX{Id)= CXIL ) COPY 1450

ATAR(ILyd)= ATAR(L,J) CuPY 1491

CRIULydI= CRELJ) CUPY 1492

CALL PRFITZ CUPY 1433

L= 2 COPY 1494

CALL STREMM CCPY 1495

RETURN COPY 1495

ENC COPY 1497

B-30



D B B DI MW 3 WM W W MW

X
X
X

AS05A0, By
CPl2, ki3,
CPUDS, CAMP,
Gy GASK
POCGC, Gy
TGCO, TOL
TOLCXs TULR,
COMMCN 7/ INTEGR/
1Gy [CUTTR,
JM,y JML
MSTAGEs NLINES,
EQUIVALENCE

DATA. - EFN SOURCE STYATEMENT - IFNLS) -
BLLCK DAT2
REAL MACFy MAPRy, PMCOLEWT, JOULE
DIMENS TUN ATAS(2S,11)y FLOW(3Z)
LUGRCAL IEKKORy YES
CUMMON /MATRIX/ ALPHA(lUysll)y ATAR(29,11), B2(29)
BETA(10,411), BH(2¢) BLADE(29), BY(321)
CC(104+11)y CP(3cell)y CPCOL8),y CRI3d911)
CSLUPEC10,11), CL2(11), CU{32+11), CLCU(2Y 95 )
CX{32411)y CXM(1lUsll), CXNEw(10s11), CXRATUL G )y
CxS{10,11), LACLC) DELM{11), DEPVLLUsL]1)y
DF(201), CFACT(2G911 )y OFL(29), UFLUW (52
EMACH(Z29411), FLUNUC2G93410)y FRUOEL(LUyLLD, GAMMA(3 2y114)
HMN(29) HUB(ZZ) IKK(10}), FACHUZY 911 )y
OBAK(294111} PO(ZZy11), RI32911), RCURVE(L1Us11)y
RH{32), KHO(32s11) RINT(L1), ROSTAGU L1 )y
RS(32), RSLOPE(1Us11)y RTRAILCLL) "SLCUt294D )

SOLID(294+11),
TERMB(11),
TO(22,11),
X{(32)
CUMMCN 7/ SCALER/

DATA Gy CJy JOULE/ 1545.44,

SH5CUI29+5)
TERML(11),
TSTAT(LL),

Ay AA,
BBy CCy
CPI4, CPI5,y
DCPy ODy
Gdy GRy
RPM, TCP,
TCLAT, TULBZ,
TCTINT, TOTPR,
I8,
IPASSy IS

K’ Kl'
NTUBESy NXy

(ATAR(Ls1),ATAS(1+1)),

5007C.46¢,

TERML (10411,

TiP{322),
U(dz,11),
Al1UAOy A2UZ2AO0
Chy CMEANy
CP16, CPG2y
DIFCM, UTy
GR2y JOULE,
TERMDy TESTBH,
TCLMIN, TULMS,
Vs VMI
181, I DUMP
17, Je

KKy Ly

NX1y YES

778.12 /

TERMA(LL)
TITie(le)
Wili)y

A30340,
CMEANP,
CFPOU3,
DUMMY
MAPR,
TESTUS,
TOLTIP,

A49A0
CUINT ULy
CPU4%y

ErASLy
MOLENRT
TESTHS,
TULLP,

1ERRUR,
JIN,
LIMIT,

IFIRST
Jdy
LuTALEL

(FLOW(1),0FLONW(L))

Le/la/67

AT Alavys
CATALSWGY)
UATA (5V1
LATALSU¢
DATAL50s
JAT Alb04
DAT &l505
CAT 41506
NATA1507
CATA 1504
UATA 15Oy
DATALSLU
CATAlSIL
DATA1512
UATALS12
DATALlS14
DATALlS1S
OATALS1Y
OATALS17
OATA L5118
DATAL1S517
DATAal1520
OATALS21
DATALS .
DATAL1523
DATAL1S24
DATA1525
JATALIS526
DATALS527
DATAL528
DATAL529
DATA1530
OATALS31
DATAL1532
DATA1533

DATA ‘DF(I’ylzl'20)/C¢0'cl'o159oZ'-251.39035'-41¢45'05y.55'.b'ob5yDATA1534
XeTre1512890€59699559140/

END
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SO C

910

920
925
960

DATAL,

SUBROUTINE CATAL

EFN

SUURCE STATEMENT -

IENCESY -

*3% THIS SUBRLUTINE PREPARES A MASTER TAPE OF LCSS DATA,
IF A PERMANENT FILE IS USED THIS RUUTINE IS TU 8E

B2(29),
BTU32)
CR(32,11),
CLCLL 945,
CXRATO(Z7)y
DEPV(1iU4il),
DFLCN(3 ),
GAMMA(3 2,11},
MACH(29,11),
RCURVEL1O411),
RCSTaL( 1L},
SUCULI NS )y
TERMA(LL),
TITLeEtL)
W(ll),

A303A0,
CNEANP,
CFO3,
DUMMY,
MAPK,
TESTLS,
TCLTIP,

L KAS1,

TOLLP,
I ERRD#y

JIN,
LiMIT,

JJ,

DISCARCEL (THE BENTRY MLST BE CHANGED ALSC).

REAL MACH, MAPR, MLLEWT, JOULE

UIMeNSIUN ATAS(2S,11)y  FLCW(32)

LOGICAL 1EKRRQOR, YES

COMMON /MATRIX/ ALPHA(1Gs 11 )y ATAK(29,411),

X BETA(lu,1l), BRlze)y BLADE(29)

X CLU{10411)y CP{32+11), CPCULE),

X CSLUPEL1C, 1)y CUg(ll), CUl32+11)

X CXU32911), CXM({10,11), CXNEwW(10,11),
X CXS{iu,11), CAt10), ODELM(11),

X OF(20), DEACT{Z2S+41 )y DFL(29}),

X EMACH(Z29411), FUUND(£Gy3410)y FROELILU,11),
X HMN(235), HuB(2Z2), IkK(10),

X GEAR(Z29,11), PC(32411), R(324111),

X RH{3Z2), RHGG ¢y il RINT(11),

X RS5{32), KSLUPE(10411)y RTRAIL{L1),

X SULID(Z29411), SS5LUGZ945) TERML(LlUs11),
X TERMS(11), TERMC{L1), Tirp(32),

X TO(32411), TSTAT(11), Ui{32411),

X X{32)

CUOMMCN /SCALER/ A, AA, AlUAG,y, A202AU,
X A5U5A0, &, By CCy CMy CMEAN,
X CPl2, P13, CPI4, CPI5,y LPIo,y CPC2y
X CPOS, CA%P, oCP, Ly DIFCM, 0T,

X Go CGA 5K, Gy GHRy GRZ2y JOULLE
X POUCU, Qe RPMy TCFH, TERMCy TESTBH,
X TCCG, TOL TCGLAT, TCLBZ, TCLMIN, TGLMS,
X TOLCXy TULKy TUTINT, TOTPRy V, Ml

LOMMUN ZINT GRS T, Lo, IBl, [ DUMP,
X 16y ICUTTR, [PASS, IS, IT, Jy
X JM, J¥1- Ky Kl KKy
X MSTAGE, NLINES, NTUBES, NX, NX1,y YES

EQUIVALENCE (ATAR(1l,1)4ATAS(1,1)),

READ (5,910 :1G

FURMAT (241.3)

REWIND ¢

V0 920 I=1,.6

READ {59925 {((CX(KeJd)yK=192C)yJd=1,3)
WRITE (2) (1CX(K4J)IsK=1920)yd=1,3)
FORMAT (12F0.0)

ENU FILE ¢

CALL MAIN

RETURN

END
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{FLOWLL) sOFLEW(L))

A4U4AU
(‘,UINT\)"

MOLEWT
TcSTMa,

TFIRST,

L5TAGE,

Le/iols?

DATALS 34
DATA 1533
DATALS54%U
DATALS541
UATAL1S542
UATA 1543
CATALS5%4
JATALlS40
DATalbv45
UATAL a7
DATAlS44
UATALD4S
LATALSHU
UATA LSS
UATALSS?
CATALSS3
DATALS54
JATALSSS
CATA L1555
DATA1557
CATALS558
UATALD59
DATALS5U
DATAlS501
DATA 1562
DATAL563
DATA LS04
DATAL1565
DATALS66
UDATALSS7
CATAL1568
UATAL1S569
DATALSTO
UATAL15TL
DATALST?
UATAL1573
DATALST4
DATA1S575
DATALS57s
CATALSTY?
DATALS5TY
DATALS 79
LATA 1530
DATALS S
DATAL542
CATA1BR3
DATAL1534
DATA15135
DATA 1546
DATAL1S837
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X
X
X

LRIVE. EFN SOUKCE STATEMENT -~  IFN(S) -

SUBRCUTINE URIVE

*xx PTIMIZeS TU OGNE CF FUUR LIMITS

REAL MACH, MAPEy, MLLEWT, JUULE

DIMENS ION ATAS(Z2S,11), FLUW{3Z2)

LOGICAL IERRCR, YES

CUMMCN /MATRIX/ ALPHA(L1Us1l)y ATAR(29,11), B2(ev),
BETA(1uys 11}, or(32), BLADE(Z) b1022),
CCEi0+11), CPU3l411)y CECOLE), CR{LZ2yL 1)
CSLUPELLCy 11y Cu2(11), CUl32,11), CUCU(Z9 950y
CXx{3c411), CXM1Us 11}y CXNEW(LO11)y CARATU( 7 )y
CXS(10y11), UA(1G ), DELMC11), DEPV{1U,1 1),
DF{201}, DFACT(ZSe11), UFL(2S), DrLEw (521,
EMACH(29,11), FUUNUOLcCo3510)y FRUEL(L10411), GAMMA (3 :4911),
hMN{2£G), HLUB(2z), IKK{1G) MACH{ 9 91 1)y
UBAR(29411), PLUZ22y11), R{32411), KCURYEL tU9ba)y
RH(22), RHU{ 229 11) RINT(11), RCSTAG(LL),
RY(32), ROLUPECLO»L1), KTRAIL(L1L), SUCLL LY eb )y
SCLIUIZ9s11), SSCCI2945), TERMLI(LOL1) TERMA(CLL),
TERMB(11), TeRML(1L) TIP(2¢), TETL=(1c)
TC(32411), TSTAT(11), Ul32411), Wiil),

X{5<)

COMMUN /SCALER/Z A, AA, A1CAQ, A202A0, A3U3A0y A4USA0,
A505A0, B, BB,y CCy, Chy CMEAN, CMEANP, CUINIL,
CPi2, CP13, CPl4, CP15, LPI6, cCPU2, CPU3, CPC4,
CPUS, CAMP, uce, CDy VIFC¥, DT, CUMMY, LRASL,
Gy CASK, Gdy GRy GHR2 JUULLy MR, MULcWT y
PUCO, Qo RPM, TCP, TERMD, TESTBH, TESTOS, TLSTMS,
TUCC, TCOL, TOLAT, TOLBZ2y TOLMINy TULFS, TCLTIP, TULCY,
TOLCX, TULR, TCTINT, TUTPK,y V, vM [

COMMCN /INTEGR/ I, 1o, I8l ILUMP, I ERRUKy TFLIKROT,
1G, ICUTTRy. [IPASS, | Y 1Ty Jy JIN, JJdo
JM' J"l; K. Klv "le L' LIMIT, Lsrl-lL;t’
MSTAGEy NLINESy NTUBESy NX, NXLy YES

EQUIVALENCE (ATAR({141)4ATAS(L41)), (FLUALL) yDFLCW (1))

%k SAVE THE WHIRL VELGCITY AT THE HUB

SAVEN=CU(Is 1)

*&% SAVE THE (URRENT B~CLEFFICIENT OF WHIRL VELCCITY

SAVE=CUCC(L,y2)

*%* CALCULATE THE B-CCEFFICIENT FRCM RELATIVE FLGW ANGLE LIMIT

CALL BZCALZ

*¥% STLRE THIS CUuEFFICIENT

B2kF= CUCC(I,2)

l.UEZY

CUCU(L,2) =

B-33

v

lLe/in/ed

DRIV 1A
ARV 1590
SRIVLSL
DRIVI]ISYZ
DRIViS o
ORIV IEYS
«H‘\I / ] pRERS)
LRIV1S 1o
LKRIVLIONIT
srlv1ssg
LRIV1IGIY
BRIV 1604
DREIV1I6OD1
srRlIvieul
URi1V 1603
DRIV1I6Ou
JRIV1&6UD
JRIV 16U
URIVi6UT
DRIV 160K
URIV160+v
LRIV16IU
JRIVI6LL
DRIV1i6LL
JRIV1GLS
LURIV16l4
CRIV16lS
ORIVible
uURIV1é&ELT
ODRIV16ls
DRIV16G1?
ORIV1620
DRIVI6EZ21
JRIVIBZZ
DRIV1&EZS
LRIV 1624
DRIV16eD
DRIV1620
DRIV1i6Z27
URIV1eds
URIVIG2S
ORIV1630
DKIV1631}
DRIV163s
ORIvV163S
ORIV16 g
DRIV 1635
DRIV 16A
ORIV1i63T
ORIV1os3
ORIV L163S
ORIV 164U
CRIV16al
URIV1K4,



2l ulel

URIVEe ~ EFN SUCURCE STATEMENT - IEN(S) -
DRIV1A43
%%« CALCULATE THE B-CLEFFICIENT CGF WHIRL VELGCLTY FRUM THE CRIVivas
RUTUR TIP B-FACTUR [IF REQUIRED DRIVIct)
DRIV1E4n
IF (OFL(1)enNELO.C) CALL B2CAL ORIV 1647
LRIV164s
*»*x STCRE THIS CGEFFICIENT DRIV 1GAID
DRIVI1I65Y
B2LR= CuCCils2c) LRIV16S!
VRIV16SZ
*%% CALCULATE THE B-CCEFFICIENT GF WHIRL VELCCITY FEOM THe HUB DRIVI6ESS
5TATOR ENTRANCE ABSOULUTE MACH NUMBER LIMIT DRIV1IGLoG
URIV1695
CALL 82CaLl URIV1ens
URIV 1657
**% STUKE THIS CUEFFICIENT DRIV1GSH
DRIV1659
B2MN= CUCC(Isc) ORIV1o6u
J=1 DRIV1&6L
DRIV1iOSZ
*%x CALCUILLATE SCLIDITY FUR THE STATGR u-FACTGH DRIV1663
ORIV1bo4
AA=(R{IyJ IR 141 4d))2C.0 DRIV LI66D
SULIDCI#14d)::{SOCULTI+L1)/ZAA+SOCLET+192))/7AA +SUCLLIT+L,0) LRIvi6od
X +(>50CCI141y4) +50CLII+1,J)*AA)*AA BRIVi6EST
CRIV166Y
*#% CALCULATE B-CCEFFICIENT UF WHIRL VELOCITY FROM STATOR BRIV1669
HUB C-FACTCR DKIVI6Tu
DRIVi6T1
CALL B2CAL3 DRIV167Z
DRIV16TS
*%%x SELECT MINIMUM E-CUOEFFICIENT CRIV16T74
DRIV1GI>
100 CUCU(T,2)= AMINLIL biDR, B2MN, BZRFs CLLCO(TI42)) URIV16T6
CU(lqsl)=5AVEN DRIV16TT
DRIV16T3
**% CFECK RELATIVE ERRUOR UOF B-CCEFFICIENT IF WITHIN ThE DRIV16TS
TOLERANCE, RESTURE THE PREVIUUS VALUES DRIV16060
URIV1b&E1
A= R(I.1} DRIV16d2
A= (CUCU(Iy1:1/A +CUCCU1,2)0/A +CUCU(1,43) DRIV16H3
X +(CUCGC(Iy4) +CLCC(IyE)*A)*A DRIV168a
IF (ABSUCA-CULLy 1) )/A).LTTULB2) GO TO 110 DRIV16d>S
ORIV16%n
**% DETERMINE NEw PARAMETERS DRIV163T
DRivV1eB:
CALL PRF]TZ2 ORIVies?
DRIV169)
*%x SCLVE CONTINULITY EQUATION DRIV1691
URLIV169Z
CALL STREAMM DRIV1€93
IERROR= .TRU :e DRIV1694
120 RETURN i DRIV1693
110 CUCOllL2)=SAVE ) DRIV1695
GO TC 120 URIV1697
ENO DRIV169I:
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20

He - EFN SUURCE STATEMENT -~ IFN(S) -

SUBRGUTINE eNTALP

*%¥% CALCULATES THE TieMPERATURE RISE CCREESPUNDING TU AN

ENTHALPY CHANGE

REAL MACF, MAPRy MCLEWT, JOULE
CIMENS ION ATAS(Z2S,11), FLUW{32)
LUGICAL ItRRCR, YES

CUMMIN /MATRIX/ ALPHA({LG,11), ATAR(29,11), B2(27)

X BETA(10,11), dHUZZ4 ), BLADE(29) BTL32),

X CU{10+11)y CHLAcy11), CPCULH) CR{SC 11y

X CSLOPc{10y11)y CUZ2(11), Cul32,11) CUCUL2942)

X CX(32,11), CXM{ 10,11}, CXNER{L1O411)y CXRATC(2v)y

X CXS(10s11), DA(1U), DELM(11), DEPVI1U,11L),
X DF(20), DFACT(29,111), DFL(29), CFLUw (3},

X EMACH{29,11), FLUND(20y3,10)y FRUEL(10,11), GAMMA (324110,
X HMN(29), HUB( 32}, TEK(30), VACH{ZY411),
X UBAR(29411), PUL22411), R(3c4911), RCURVEL(iU,11),
X RH(32), RHU{32,11), RINT(LL), RGSTAUL(LlL ),

X RS(32), RSLCPEL1C,11), wRTRAILL(IL), SCCuUt294+5)

X SOLID(29411), SSCU(2S+15) TERMLU1U 1Y), TERMA(LL),

X TERMB(11l), TERMC(LL1), TIP(32), TITLE(LZ)

X TGL32411) IsTAaT(11), U(32411) W(li),

X X(32)

CUMMON /SCALER/ A, AA, ALCGAC, A202A0, AZ203A0, A4U4A0,
X A505A0, &y BBy Cuy CWy CMEAN, CMEANP, CUINTG,
X CP12, cPl3, CPla, CPI 5, CPIb6, CPC&y CcPC3, CP34%,

X CPG5, CAMP, OCP,y 0Dy DIFCKMs  UT, DUMMY 4  ERASL
X Gy GASKy GJy GR,y GRZy JOULEy MAPR, MOLEWT o
X PCCG, G RPM, TCP, TERMC, FTESTBER, TESTDS, TESIMS,
X TUCU, TOL TCLAT, roLBey TCLMIN, TULMSy TGOLTIP, TLLCP,
X TOLCXy TOLRy TCTINTy TUTPRy Vy VMl

COMMCN /ZINTEGRZ I, 18, 181, I1DUMP,y TERRURy THIxDT,
X 16, IGUTTRy IPASS, ISy 1T, Jy JIN, JJo»

X JM, JFL, Ky Kly kKy Ly LIMITu LBTAL:!:.
X MSTAGE, ANLINES, NTUBES, NX, NXL¢ YES

EQUIVALENCE {(ATAR(Ls1)9ATAS(141)) s (FLOWN(L)DFLOW(1))
COMMCN /ENERGY/ +y Ty CAMMER
HOT= THERMLI(T?

TSTATUJ)= H/CP(1 ) +7

DO 10 N=1,25

HIT= TRERNML{TSTAT(J}]}

A= H -HIT +HUT

TSTAT(J)= A/CP(I+d) +TSTAT(Y)
IF (ABS(A),LE.TOLMIN)} GU TO 20
CALL ERRCR {Z2¢&)

RETURN

END
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Lol ln/ed

He

1700
1701
170
170>
17G%
1705
1704
1707
1703
L7149
171v
1711
171«
1713
171«
1715
1716
1717
171
1719
17206
1721
1722
1723
1724
1725
1726
1727
1728
1729
iT30
1731
1732
1733
1734
1735
1736
1737
1732
1739
1740
1741
1742
1745
1744
1745
1746
177



ERR -

SUEKCUTINE tRRORU(

*3x PRINTS,

INTEGER 2LADE
DIMENS IGN WARD(E)

EEN

IER)

SCUKCE STATEMENT -

IFNCS) -

RECCUNIZES AND SOMETIME CURRECTS EKRCKS

BE(29),
BY(32),

CR(32+11),
CUCT{29:5)
CRRATU( 7))y

DEPVLLO,11)
DFLCW(3)

GAMMA({3 2911,
MACH(29411),

REAL  MACH, MAPR, MULERT, JUOULL

DIMENS IUN ATAS(2Sy11) . FLOWE32)

LOGICAL IERRCRy YES

COMMUN /MATRIX/ ALPHA(LG,11), ATAR(Z9411)

X BETA(LU,11), BH{3c )y BLADE(Z29)

X CC{1l0411), CP{3cell)y CPCUL&)

x CSLGPE(LC,11)y CUZ(L11), CU(32,11)

X CX(22+11), CXM{1C,11), CXNEW{10911},
X CxS{10,11), CA{10U), DELM(11),

K VE(20), DFACT(Z2G911)y DFL{Z29),

X EMACKI(2G,11), FCUNDL2U9s34510) ¢ FRDEL(1O,11),
X HMN{29), HUB(3¢) IKK{10),

X OBAR(29,11), PUL3Z2,11), Fl32411)

X RH{32), RHO( S crll)y RINT(11),

X RS(32), RSLUPELLIG,11), RTAIL(L1)

X SULID(29,4,11), S5CGE2945 ), TeRM1(1U,11),
X TERMB(11), TeRMCOLL), TIP(22),

X TG{32+11) TSTATU11) Ul32,11),

X X(32)

CUMMON /SCALER/ A, AA, AlDACy, AZGZAO,

X AS5U5A0, B8, BB,y CCy CHMy CMEAN
X CPIL2,y CPI3, CPI4, CPLS, CPI16, CPU2y
X CFPL5, CAM?, BCPy LD, DIFCr, 0T,
X Gy GASKy GJdy GRy GRSy JUULL o
X PLCO, G RPM, TCPy TERMD, TESTBH,
X TUCG, TOL o TCLATe TULBcy TULMIN, TULMS,
X TGLCXy TOLA, TUTINTy TOTPR,y Vy vMI

CCMMON ZINTEGR/ I, 18, 181, LTLUMP
X IGy ICUTTR, IPASS, 1S, [T, Js
X JM, JFly Ke Kly KKy Ly
X MSTAGE, NLINLES, NTUBES, NX, NX1l,y YtS

EQUIVALENCE (ATAR{1,+1)+ATAS(1,1)),

RCUKRVEE tusld),
RUSTAG(LL),
SCCUlL 95 )y
TERMA(L11),
TITLe(Llc)y

will),

A3G3A0,
CMLANP,
CPC3y

CUMMY ,
MAPR,

TESTUS,
TCLTIP,

I ERRQR,
J IN,
LIMIT,

(FLOW(1)},DFLGW(1))

A4UU4AU,
CUINTG,
CPU4y
ERASLy
Multwly
TrS5TMS,
TULLP

IFIK)I,
Jd,
LoTAaut,

DATA (WURDUI)yI=1,€)/6BRCTOUTy OHSTACUT s SHCHECK,, SHINEST yoHS TRIEAM,

X 6FPRFIT2/

1 FURMAT (1HO//7/740XZ21H**% ERRUR MESSAGE ®*%% / )

nRITE (641)

GO TO (119129129 1491541€9)1 7918913920921 32292314%92592092 7928979
X 309319329339 3492593€93753893994094L9421433441945140629T4348949950,

X £1)y IER
L1l WwRITE (€4€36) L
935 FORMAT (1H025X67T¢+
XNDEX ON LCSS CATA

Kl= L
GC TC 103C

*¥% N(TEese
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LOSS DATA COULD BE IN ERROR =~
e /2EX4BHTHE VALUE OF THc LOSS DATA INDEX I> SET
XEQUAL TU 13,14H ——= CULANTINUE. /Z7)

Lo tasnt

FRK, 1749
ERR. 1750
tRP. 1791
FRR 41752
ERR 1753
CRKe 1754
ERRL. 1755
LRIk 1TS6
ERR4 1797
FRRe 1702
ERe LTHY
tRre {760
FRR. (761
ERR.1T62
LERR.1763
ERR. 1704
tRRe 1765
tRkRe 1760
ERR.LTET
ERRe 1764
ERR. 17649
ERRLITTO
FRR 1771
CRRL 1772
ERKe 1773
ERR. 1774
tRRLLTTS
ERR. 1776
ERR L1777
ERR,1TT78B
ERR 1775
CRKe 1T8BO
ERR 1781
CRR,178<
ERR.1783
ERR, 1784
ERRe 1745
ERR. 1786
ERR,. 1787
ERKe 175>
ERRL LTES
ERRe 1720
cRR,1791
ERRe 1792
ERKL 17932
ERR 1754
ERR. 1795
ERR e 1790

CHECK [ ERR,1797

ERF.1T96
cRR4179%
ERR 1800
ERR, 1801
ERR 41802



leslo/eld
ERK - EFN SCURCE STATEMENT - IFNIS) -~

12 WRITE (54112) IoCHEANSFLUWELI)o{T0 (I4J)4PU  (L9d) sCUCLsJ) sUnllyJErRe18US
X yJ=1yNLINES) Exi e 1804
112 FUKMAT (JFU2UXS3FKTHL VALUE GF THZ MEAN AXIAL VELUCITY al AKIAL STAEhiK.130°
XTIUN 13425H¢CALCULATED IN SUBROUTINE /21X83HSTREAM IS UKEATER THANEKR.13805

X THAT COKRESPUNDING TG MACH GNEe. THIS SITUATICM HAS GCLURKLD / 21AcRR.1307

X BOHIN Twl CONSECUTIVE ITERATION CN CONTINUITY. THE PARAMETERS CLAUERK. 1800
XSING THIS SITUATION ARbs /21X21HMEAN AXIAL VELCCITY = FluUsb4gliun tkite 18U7

X L1HMASS FLOW = FI1C.4 // 3€X1U0H TCTALTXSHTUTALEXSHAHIRL oX ERKe 1810

X 6BRACIAL /36X10F TEMP o TXSHPRE Sa 4 XSHVELOCITYS4XBHVELUCITY // ERRe 1411

X (36X4F12e4) /) ERe L1812

GO TO 10GC ERR. 1815
ERR.181%

13 WRITE (0,112) 1 ERR. 181>
113 FORMAT (1HU20XTBFCUNTIANUITY CUULD NOY BE SATISFILU IN SUZKUUTINE SIRR.1816
XTREAM J21X3THUN THE MEAN AXIAL vcluCITY ATEFR.1817

X STATION I3520hsGU TCL AW DATA SET./) ERRL131A

GO TO 160C CKR. 1814
ERR. 1820

14 WRITE (6,114) ERRe 181
114 FURMAT (1HQ20XTTHTHE AXIAL-VELOCITY EQUATIUN CCULU NOT Bi SATLISFIEckK.1822
XD IN SUBROUTINE CAXIAL AFTER /21X57H ITERATING ON AaXIAL VELERR.1823
XUCITYe GO TUO NiEX1 CATA SET. /7 ) ERR. L824

G0 TO 100¢C tRR. 182>
ERRe 1826

15 60U TO 101¢C EKR. 1827
16 WRITE (6,11¢€) ERR. 13 2¢

116 FOKMAT {1FO20X83FThE NUMBER GF STREAMLINES REQUESTED IS NJT Cht COF ERR. 1327
X THE PERMISSIBLE VALUES {(54709911) /21X25Heeee tXECUTIUN TERMINATEDERK. 1830

Xe /) ERR. 1831

Gu TO 102¢C ERR, 1322

. ERR. 1833
17 wRITE 1(64117) ERR,. 1834

117 FORMAT (ZIXTTHTEE MAXINMULM NUMBER OF STAGES TO 8E CONSIDERcu EXCEEDERR. 1835
XS 12 THE CALCULATICN wilb /21X4THCCONTINUE ANU CUNSIDER CNLY THE FIERR.183%

XRST 12 STAGES. 7 1} ERR. 1837
MSTAGE= 1¢ ERR. 1833

60 TC 1030 ERR. 1839
ERR, 1840

18 WRITE (6,118) I, ERR. 1341

118 FORMAT (1HO20XBOHTHE VALUE OF THE ABSCLUTE VELCCLITY CALLULATED IN ERR.184c
XITERATING ON THE AXIAL VELOCITY /21X37HIN SUBRCUTINE CAXIAL AT AXIERR,.1843
XAL STATICN I35cilH ON STREAMULINE NUMBER I3,13H EXCEEUS THAT / 21X ERR.1844%
X T2HCORRESPONDING TG TULTAL TEMPERATURE. THE VALUES OF 1HE PARAMET:EERR. 1845
XRS CAUSINC /21X30HTHIS SITUATIUN ARE AS FOLLOWS. // 25XLO0HSTRcAMLIERR.184%c
XNE 4XS5HTUTALSXBHSPECIFICOXSHAXIALTXSHWHIRLOXOHKADTI AL /25 X4H NUMBEERK. 1847

XR 6XSHTEMPe TX4HHEATOXERVELOCITY4XBHVELOCITYS4XBRVELCCLTY /) ERK, 1845
WRITE (692118) (JsTCUIad) yCP T4y J) 9 CXTLad) sCULLw ) yLR{Tyd)y LRR4 1849

X J=1yNLINES) ERR. 1850
2118 FORMAT (25X 1€44X5F1lze4) ERR.1851
GU TG 10uc ERK. 1852

ERR. 1853

19 WRITE (64119) MSTAGE ERR. 1854

119 FURMAT (1FUZ20X€3FTHE DESIRED MASS—-AVERAGED PRESSURE RATIG HAS NUT ERR.1855
XBEEN MET AFTEK 132, 8H STAGESS/21lX4dHTHE RZSULTS COF THESE 5TAULS wWItRK.1856
XLL NCw BE PRINTEL. /) ERR.1B5T

GU TU l03¢C tRRe 1858
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le/lorod

ERR . - tFN SCGURCE STATEMCNT - IFN(S) -~
EkR . 1879
20 WRITE (6491201} EKKe 186U
14G FCRMAT (1HUZ2UXBLFINLET TEMP. AND/UR PRESSURE IS NUN-PUSITIVE,IF O £RR.1841
XTHE PROGRAM wWlILL GG YO New UATA. /) £RR, 1812
PUCu= AHS(PUCL) EdKe L1B6S
TOCU= ABS(TOCuU) ERRel80
IF (PUCO*TUCUO.EY.0s) GL TO 1C10O ERRL 1267
GL TO 103C tRR. 13606
ERR. 1847
<l WRITE (64121) ERR. 1864

121 FURMAT (1FO2UXT3HIN CURKECTING FOR EXCESSIVE STATOK hub L-FALTUR, ERK.1BEY
XSWUAKE KGUT OF NEGATIVE Z21X43HNUMBER wAS ENCUULNTERED. G Tu wew DoRR.18TUY

XATA SET. /) ke 1371
6GU TC 1ode ERKe 1T
ERK . 18TO

22 ANCRD= wlFD(4) ERRs LBT4
GU TU 65¢ LR, 187>
ERR, 187~

23 WRITE (6,122) LRKR. 1877
123 FORMAT (/20X E€OHTHE FRACTILNAL MASS FLCwy MASS FLCW UR SeumbTRY ESLRR.187s
X IN ERRURS ) ERRe 187Y
GU TG 101C ERR. 1850
ERR, 18E1

24 WR1TE (6,124) 1 ERR 41882
LIMIT= 1 ERR. 1833

124 FORMAT (1HFOZOXESHFAFTER 40 ATTEMPTS AN CPTIMAL STAGE CUULL NCT EE DURR. 1884
XETERMINELD AT STATIUN J3,1He/21XK4SHSULUTIUN WILL CONTINUE wWiTld PRUSERKG 188D

XENT WURK LOADINGS [/} tRR. 188>

60 7O 1030 ERR. 1887
ERR. 1848

25 WRITE (6,125) 1 ERR. 1889
125 FOKMAT (1H0 2(X 3SKFAILURE UF THE MACH NOo TEST AT STATIGN I3) ERK,. 1890
GU TU LUGC LRR. 1891

26 WRITE (6y126) 1 ERR 18492
126 FORMAT (1HO20255FFATLURE IN THE RELATIVE FLOW ANGLE ITERATICON AT SERK.1893
XTATION 13 ) ERR. 1894

G0 TO 1o00C ERK. 1895
ERK. 18906

27 WRITE (6,127) BLADELI), I ERKRe 1897

127 FURMAT (/20X :OkAN IMPRCPER VALUE CF I4y 62H FUR THE BLACE TYPc HAERR. 1838
XS BEEN READ IMa WE WILL CUNTINUE WITH A /20X 22HYALUE UF 1 FUJR STERK.1893

XATIGON [3, lHel ERR« 190U
ELADE( )= 1 ERR. 1901

GO TU 1030 £RRe 1902
FRR. 1903

28 WRITE (64128) EKRe 1904
128 FORMAT (15U 20> TOFFAILURE IN THt MAIN SUBROUTINE TG ITERATE WITHIN ERR.1905
XLIMITS WITH CULRVATURE /21X53HEFFECTS ENCOUNTERED. OUTFUT AT THIERKR. 1904

XS PUINT FCLLOVS. /) ERRL 1907

GU TO 10¢0 ERF.. 1908
ERR. 1909

29 WRITE (6,125) ERR. 1910
129 FORMAT (1r020»7THITERATIUN UN EFFICIENCY HAS FAILED . UERRW 1911
XUTPUT AT THIS PUINT FCLLUWSe /) ‘ , ERR 1912

64 YO 1C0C ERRe 1913
FRR. 1916
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12/71i»767
cRiK, - EFN SUURCE STATEMENT - IFNL(3) -

30 WRITE (0,130} trhKe 1510
130 FURMAT (1FO20X8€FAN ILLEGAL VALUE HAS BEEN USEL FUR THE LUTPUT TRILRR.19IC
XGGERe CALCULATICN /21X26HCONTINUED WITH THE TRIGGER SLT Tu 1. /) eRAL1917

IUUTTR= 1 ERR. 191

G0 TO 103C FRRe 121y
ERRe 1920

31 WRITE (6,131) 1 erlke LF21

131 FGRMAT (/20X TYHTIHE BLCCKAGE FACTOR AT THE HUB IS NON-PUSETIVE eXcibrel9:22
XCUTIUN CCNTINUED WITH A VALUE /20X LTHGF 1.0 AT STATION [5s1H.) tREL 1923

BH(I)= 1l.C CRRe1Ga%

GG TO 103C thKel19ebH
ERR. 1920

32 CUNTINUE ERRe 197
GO TO 1uGcC LRR. 1923

ERR 1924

33 WRITE (64133) I LRR« 1934
133 FURMAT (1HO20XScHFAILURE ON D-FACTCR ITERATICN AT STATERR. 1531
XION I3y SCH GO TU NEW CATA SET. /) cRRe 14932

GO TU 103 LRR« 1923
ERR. 1944

34 GG TO 101cC ERK. 1935
ERR 1936

35 WRITE (6,135} ERR 1937
135 FOURMAT (1HO20X90HSUe RCCT ERKURee BLUCKAGE AT TIP IS NEGATIVE IN SERR.1938
XUBROUT INE MAINe SET = TU 1. AND CCONTINUE. /7 ) ERR. 1939
BT(I)= 1.0 ERR « 1940

60 7O 1030 ERR, 1941
ERR. 1942

36 WRITE (6,13¢) ERRe 1943
136 FORMAT (/70X 34HTHE ENTRHALPY ITERATION HAS FAILED. 1} } tRR, 1944
GU TO 103¢ tRR. 1945
ERR < 19%6

37 WRITE (6,4150) 1 ERR 1947

150 FCRMAT {(1h020XT1HSGe RCCT ERRURes IN SUBROUTINE STREAM A NEGATIVE ERR. 1944
XSTATIC TEMPERATURE HAS /Z1XZ4HBEEN COMPUTED AT STATION 12423He CHobRR.1949

XCK THE INFUT LCATA. /) ERR. 195U

6C TO 10C¢C ERR. 1951

EKR <1952

38 WRITE {6,133) I, DFL(1) ERR.1953
OFL{I)= Oe4 tRR4 1954

138 FORMAT (/20X 10EAT STATIUN 13y 20H A C-FACIOR LIMIT OFEtlce4, ERR. 1955
X 17H HAS BEEN READ IN /2CXZ29hTHIS willL Bt CHANGLD TG Oe4 o) zRR. 1955

GU TC 1030 ERR,. 1757
ERR. 1958

39 WRITE (6,139) I, FRDEL(LJ} ERR. 1959

139 FORMAT (/20X 10HAT STATION I3, 35H THE MACH NCe THAT CURKESPONDS TERRG 136U
X0 A / 20X Z22HPRANDLE-MEYER ANGLE OF FéeZs 20H COULD NUT Bt FOUND.)ERR.1961

60 TO 100C ‘ ERK. 1962
ERR. 1953
40 WRITE (64140) I ERR« 1904

140 FURMAT (/720X T2HTHE RAUIAL AND AXIAL COMPUNENTS OF VELOCITY AT THEERR.1965
X STATOR HUB OF STATIGWN I2 / 20X50HTCGETHER YIELDS A MACH WU. GREATERRe19006

XER THAN THE LIMIT.) tRK. 1967
GU TO 100C ERR. 1968
ERRe 1967

41 AWUGRD= WCEKUL5) CRR. 1970
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L2/1./07

ExRa - EFN SCURLE STATEMENT - IFN(S) -
6L TO o506 ERR.1GT]
ERR. 1972
42 WRITE (osl4c) ERK. 1973

142 FOKMAT (/20X €SHEITHER A PRESSURE KATICU LESS THAN CNE UK A TeHPEFAERR. 1974
XTURE LESS THAN ZERQ /2Cx TOHHAS BEEN CALCULATED. THE WHIRL YoLUOCIERR.L19TS

XTY PULYNCMIAL SHCULD BE CHECKED. ) ERRe 1976
GO TQ 1u3s ERR L1977

. ERR. 1978

43 WRITE (64142) DFL{1),SOLID(L1) ERR. 1979

143 FURMAT (1FU20XB81hS5ue KLLT ERRUR.s IN SUBRUUTINE B2CAL THe nXPIESSIERR. 1980
XGN FUR CCMPUTING ThE COEFFICIENT /21XEBCHUF 14C/R IN THt wrilkL VELUERH.1981
XCI1Y UDISTRIBUTIGN RAS NO SCLUTION. THE D-FACTCR LIMIT, /clXEld.8, ERK.196Z

X19H, AND THE SCOLIDITY, FSeb42UHs SHUULU dt CHECKED. /) tRRe 1983

oL TO 10CC ERRe 1984
tRRe 1985

44 WRITE (6y144) ERR, 1980
144 FGRMAT (20K S8HTHE FRACTIONAL MASS FLCGWS ARE NCT MCNOGTONIC. THEY ERR.1987
XWILL BE ALTERED TO REASGNABLE VALUES. ) tPRe 1988

A= 1 O/FLCATINTUEES) ERKe 193¢
VDELM(1)= C.O LRR « 1990

DU 1044 I=2yNLINES ERR. 1991
1044 UELMUI)= CELM{I-1} +A ERR. 1992
60 TO 1030 ERR. 1993
ERR.1994

656 WRITE (0,156) AWCRD,1 ERR. 1995

156 FORMAT (1FO20XZTHEXP. EKRUGRees IN SUBROUTINE A6,34H A NEGLATIVE STATERK.1990
XIC TEMPERATURE HAS /21X24HBEEN COMPUTED AT STATIUN I3,23H. CHAECK TERR.1997

XHe INPUT CATA. /) ERR. 1998
1000 CAaLL OUTPLT ERR. L3999
45 COUNTINUE ERRL 2000
46 CONTINUE . ERR . 2001
47 CUNTINUE tPR. 2002
448 CUNTINUE ERRG 2003
49 CONTINUL ERR. 2004
50 CONTINUE ERR. 20UD
51 CONTINUE ERRe 2000
WRITE (642119} ERRL 2007

2119 FURMAT (1F020X32FNCw PRCCEED TU THE NEXT DATA SET /) ERRe 200
1010 CALL MAIN LRRe 20049
1020 CALL EXIT ERR. 2010
1030 RETURN ) FRie 2011
1035 CALL POUMFUALPHAX(32) 414143 YESy20A9sVMI,1) cRR,. 2012
GuU TO 1010 ERRL 70153

END ERRS 2014
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b I O B

X
X
X

COMMEN Z7ENcRGY/ Hy

X
X

GAME - EFN SCURCE STATEMENT -  IFN(S) -

SUBRCUTINE GAM

REAL MACE, MAPR, MCLEWT, JOULE

UDIMENSIUN ATAS{2S,11)y FLLWI(3Z2)

LOGICAL IERRUR, YES

CUMMCN /MATRIX/  ALPRhALLUs11), ATAP (£9911) B82029)
BETA(LO,11), BHU32), BLADE(29), 8T(32),
CO(10411), CE(2Z2411), CPCGLO) CR{3Z41 1)
CSLCPE(LGe1ll)e CUZLLL), CUL32,11) CLLCUL 799 ) s
Cx{32+11), CXM(10s121), CXNER{10.111) CXRATU(ZS ),
CXS5(10,11), CAtl1C), DELMILL), DEPV(1GsiL)y
UF(20), UFACT 29,11 ), DFLEZS )y PFLLW(3<)
EMACH(ZF911) FOUNC(cCs3410)y FRUOEL(LOe4L)y GAMMA(32411),
HMN(Z29), HUBls2) LKK{10)» MACH(Z9911)y
UBAR(29,11), PLLZ2411) R{32411), RCURVEL iU ell )y
RH{321}, RHU[32911) RINT(L1), RCSTAG(LL )
RS132), RSLUPE{LIU»11)» RTRAILII1)D SCCULl2545)
SCLID(29s11), SSCULZ2945) TERMLI(10,11), TERMA(LL)
TERMB(11), TERMCLLL)y TiP(3Z), TITLCE (L)
TC(2é411), TSTRT(LL), Ul32411) nill),

X{3¢)

CUMMUN /SCALER/ A, AA, ALLAG,y A2U2AG, A3L3AUy A4U+AD,
AS05A0, &, bb, CCy CMy CHMEAN,  CMEANP, CLUINT Gy
CPIZy cPi3, CPI 4,y CPID, CPis, CPC2y CPO3, CPC4y
CPUb. CAMP' DLP' DD' DIF‘CN' DT’ DUMMY' LHASI.
Gy CASK, GJy LRy GRZ s JOULE MAPKYy miubovwTy
PGCC, G RFM, TCP, TERMD,y, TESTBH, TESTUS, TESTMS,
TGCU, TOLy TOLAT, 7T0LBZ, TULMIN,y TOLMS, TCLTIPy TULLP,
TOLCXy TOLR, TGTINTy TUTPR,y V, VM1

CUMMCN /INTEGR/ 1, 18y i81, 1 DUMP, TEKRCRy LFIRLT
I1G, ICUTTRy IPASS, 1S, 1T, Jy JiNy Jd
JM, Jkl, Ky Kl KKy Ly LIMIT, LSTAGL,
MSTAGE, NLINES, NTUBES, NX, NXLy YES

EQUIVALENCE (ATARU121)ATAS L 1)), (FLUW(1)LFLCWLL))

Ty CAMMEK

A= CPCU(1) +(CPCLLZ) +LCPCL(3) +(CPCU(4} +(CPLLI(5) +CPCO(n)

*TSTATA(J)
*TSTAT (D)

JRTSTATLY)
1*¥TSTATLY)

GAMMER= A/(A -DCP)

RETURN
END

JATSTATLJ)

)
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GAME 010
GAMEZDLT
GAMeCOL2
GAMC 20 1Y
GAMEZ0 2D
GAMF 021
GAME 20022
GAME L0}
GAMzZ20:4
GAMLE P USS
LGAML (026
GAME 2027
GAME 2023
GAME 2029
GAMF 20 30
GAME 2051
GAML0s2
CAME 033
GAMELO 34
GAME 20 35
GAMLEZ2038
GAME 2037
GAMLE 2048
GAMEZU39
GAME 2040
GAMEZ2041
GAMEL2042
GAME 2045
GAME 2044
GAMEZ Q4>
GAMES046
GAMEZ047
GAME £047
GAME 204>
GAME 2050
GAMEZ051
GAME2052
GAMEZ2053
GAME 2054
GAM /2055



70

INEST. - tFN SOURCE STATEMENT - IFNLS) -

SUBRCGUTINE INEST

w¥x MAKES INITIAL ESTIVMATES CF AXIAL VELUCITIES FUK
STATIUNS EETWEEN BLADE RUWS

REAL MACH, MAPRy MULEWT, JUULE
CIMENS IUN ATAS(2%,11), FLOW(I32)
LCGLICAL  lERRURy YE>

COMMUN /M2TRIX/Z ALPHA(L10s11), ATAR(29411) B2(29),
*x BETA(10,11), JH(Zz) BLADE(29) BY(32),
X CGLLl0L11 )y CPL3¢ell)y CPCO(6) CRE32411)»
X CSLCOPE(LG,11)y CLLZ2(11), CU(32s11) CUCU(2995 ),
X CX(32411), CXM{1U,11), CANEW{1Us11), C XRATO(29)
X CXS5{104111), DALLG) DELMI(11), DEPV{1UsL L),
X UF{201), DFACT{<S911 )y DFL{29), DFLCW(32),
X LMACH(29411), FOUNU{2043,10})y FROELLLIU»11)y GAMMA (34911 )y
X HMN(29), HUst{32), I1KK{10), MACH{Z 7,411},
X OBAR(29411), PCLZZ411) K(32411), RCURVE(IU-ll)v
X /Rhi{321), RHC(32s110, RINT(11), RCSTAG(11),
X RS(32), RSLUPE(L1G,11) RTIRAIL(1L1), SCCUL2945)
X SOLID(29,11), SSCOU295451) TERML(10,411), TERMA(LL)
A TERMB(11), TERMC(11), TiP(s2), TITLEL(LZ)
X TU{32,11}), TSTAT(11)» U(32411), will),
X X{32)

COMMON /7SCALER/ A, AA, A1CACy A202A0, A303A0, A4U%AO,
X A505A0, 8, BBy CCo CM, CMEANys CMEANP, LDINTOG,
X CPI2, CPI 3, CPl4, CP15, CPl6, cPG2, CPQ3,y CPUay
X CPUS, CAMP, JCp, LD,y DIFCHk, LT, DUMMY, ERASL,
X Gy GASK, Ody GKy GR2, JOULEs MAPR, MULEWT
X PUCG, Cr RPM, TCP,y TERMD TESTBHy TESTUSy TcSTMS,
X TGCG, TOLy TULAT, TULBe TCLMINy TOLMS, TCLVIPy TULCP,
X TOLCX, TULR, TUTINT, TUTPR, Vs VMl

CGMMUN ZINTEGR/ 1. 18, IBl, L1 DUMP, IERRUKy THIRST,
X 106y ICUTTK, {PASS, 1S, IT, J JINy JJdy
X JM, JM Ky Kle KKy Ly L IMIT, LSTAGE
X MSTAGE, NLINES, NTUBLSs NX, NX1y YES

EQUIVALENCE (ATAR{Le1)4ATAS(L,1))y (FLUW(L)HUFLCW({1))
HELP=1.0
*%x CSTIMATE MIU-STREAM VELUCITIES

ROSTAG(JNM)I=POC Ly JM)Z7{TCII4JM)*GASK)

CXATpJMISFLONUL ) ZCRUSTAG(IMI*{RSELI**2-RH(1)*%2)} /34141057

VEACX{ Tp UM 024 CUC Ty dM)2#2 ) /GI/CP LT IM)
ERASL= 1e0-Vv/TO(1,JM)

*¥% ERRUR TRANSFER TO A NEW DATA SET

IF (ERAS]1.LE.Q.0) CALL ERRUR(12)

CXUladM)= CXUT9JdNMI/(ERASL**(1./{GAMMALLJIM)=1.)))
CONTINUE

CMZ2=CX{1ydM ) *%x2

CM=CM2*FELP
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INESZUST
INESZ03
INE> 2059
INES20FU
INELZUOL
INESs2Ge2
INES20m3
INES 2064
INE> 065
INES 206
INES 206/
INES 2068
INES 2067
INESZ0T0
INES 2071
INES2072
INES20T53
INES 2074
INES20TS
INESZOTo
INES 2077
INES 20Tt
INES 2073
INES 2080
INES 2081
INES 2082
INES 2083
INES 2084
INES 2085
INES 2086
INES 2087
INES 208R
INES2087%
INES 2090
INES 2091
INES 092
INES 095
INES 2094
INESZ095
INES 2096
INES 2097
INES 20793
INE5 2099
INES2100
INESZ101
INES 210«
INES 2103
INES 2104
INESZ2105
INES 2106
INES 2107
INES 2108
INES 2103
INESZLL0



160

110

120

130

140
150

155
160
200

400
210

INEST. - EFN SOURCE STATEMENT - IFNLS) -

*#% CALCULATE VALUES CF CU*%2 AND ESTYIMATE STATIC TEMPLRATURES

CC 1C0 J=1yNLINES
CU2(J)=CUlT yJ)*%2
V={CM24CUZ(J) I/GI/CP LT )
TSTAT(J)=TUl14d)-V

*%%x CALCULATE VALUES CF TERMA ANC RADIAL DERIVATIVE TievM

DU 110 J=1,NLINES

TERMALJDI=CI*(CPU L, J)*TLCL s J)—LP (Lo JMIATCLI,IM))=(CU2(J)-CU2LIHN))
IF (TO(Isd)elTo0e) LALL ERRUKIS50)

RATP={ TO( Ty J)*x( CAMMA( I od ) /{GAMMAL Iy J ) -1e) )} /PC LI, U

DEPV (L ,J)=ALOG(RATP)

*#% CALCULATE DERIVATIVE GF DEPV WITH RESPECT TC RADIUS,
RESULT IS IN CO

CALL RDERIVIDEPVY,10)

*%k CALCULATE VALUES LF TERMB
UU 120 J=14NLINES
CEPVIL yJ)=CU2LII/R{L4d) +CRSHFTSTATII)*CO(LJ)
CALL INTECG(DEPVyQ)
DO 20C J=1sNLINES
TERMB(J)=2. O%RINT{ J)

**% CALCULATE CX/CM AND CX OISTRIBUTIONS

DUMMY={( TERMA(J)-TERME(J) ) /LM2}+1.0
IF {DUMMY )1309140y 140

CCNT INUE

HELP=HELP*1.25

GO TO 70

IF (DUMMY=-1.,0)15541509155
CXM{LsJ)=1.0

G0 TO 160

CXM(Ly J)=SQRTIDUMMY)
CX(I9Jd)=CXMILyJ)*CXLLydM)
CUNT INUE

AA= CX(lyJM)Ix1.6

Bb= CX(1,JM)*0.4

DU 400 J=1yNLINES

IF (CX(I4d)e6TeAA} CX(IyJ)=AN
IF (CX({IyJd)elToBB) CXUI,4)=BB
CONT INUE

RETURN

END
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INES 2111
INES 2112
INES 113
INES2114
INESZLLS
INESZ2lio
INESZL LT
INES Q1P
INES 119
INEoo 1Y
INESCZL1Z21
INE»Ll122
INE> 123
INESZ2124
INcHhZleb
INESZ212m
INES 127
INESALZB
INES 2143
INES 2130
INESZ1 2
INESZL 32
INES 2133
INES 21 34
INESZL135
INES 2136
INESZ137
INES2138
INES 2139
INES 2140
INESZL141)
INES2142
INES2143
INESZ144
[INESZ2145
INESZ1 %6
INES 2147
INES J148
INES 2149
INES2150
INES 2151
INES 2152
INES 1S53
INES 2] 54
INLS 155
INES 2156
INESZ157
INES 2158
INESZ159



DD W W W M W WP W B X

X
X
X

INLET, - EFN SCURCE STATEMENT - IFANLS) -

SUBROUTINE INLET
*¥% YIELDS INITIAL ESTIMATE UF FLUID FLGh IN THE INLET
RLAL MACH, WAPK, MGLiEWT, JOULE

DIMENS IUN ATAS(2%e11)s  FLUK(3Z)
LUGICAL  1EKRRUR, YES

CUMMCN /MATRIXZ ALPHA{10,11), ATAR(29411), BT
BETAL10,11), BH(:2), BLADE(29), BT(32),
CCllUsLl)y CF{32411), CPCL(6), CRE{s2911)
CSLOGPE(1Cy11)s CU2ULLD, Cut32,11), CUCULZT 9 )y
CX{32+11 ) CXM{L1Call)y CXNEW(LO,11), CXRATU( 221,
CX5410,11), CA{1GC), DeLM{1l), CEPVILU.L L)y
UF(20), LFACT(29,11), DFLL2Y), DFLGW(3 2],
EMACH{2S+11), FCUNDUZ0y3900)y FRDEL(1D,L110, GAMMA(3z,11),
HMN(29) HUB{3c) s IKK{1G )y MACHU 29411 ),
CBAR{Z29,11), PGLZZ911), R{32411)y RCURVLE (1UL1)
Rh{32), RHL{3z911)y RINT(LL), RCSTAG(11)
RSU32), RSLUPE(L1U11)y RTRAIL{LLD, SLCLl LY 95y
SCLID(ZI411), S5CCLZ945), TEKMLI(LO,110, TLRMA(LL) ,
TERMB (114, TERMLULL) o TIP({32), TITLE(LZ)
TC(32411)s TSTAT(L L}, U32,110, will),

X{3z)

COMMON /SCALER/ Ay Ady ALGAU, AC32A0y A30340, A40+AU,
AS5U5A04 Ey BYy Ll LMy CHME ANy CMLANPy CUINTG,
CPL2, CP13, CPla, CPI5, CPIby LPU2, CFG3, CPU%,y
CPO5, CAMP, DLP, Loy vIFCy, DT, DUMMY , £ ASL,y
G GASK, Gdy GKy GRCy JUULEY MAPR, MULEWT
POCU, Cs REM, TLP, TEKMD, TrSToh, TESTUS, TESTMS,
TuCO, TUL, TCLAT, 1CLB2, TCLMIN, TULMS, TCLTLP, TULLP,
TOLCX, 1OLR, TCTINTy TUTPK, V, vl

COMMCN /INTEGR/Z I, 18, 131, [OUMPy TERRURy IFIKRST,
1Gy ICUTTRy IPASSy &S, 17, Jy JINg JJdy
JMy JML, Ky Kly KKy Ly LIMIT, LSTAGE,
MSTAGE, NLINESy NTUBES, NX, NXL, YES

EQUIVALENCE  (ATAR(1,13,ATAS{1,1))y (FLUWL1),0FLCW(L))
B0 10 I=1.5
*%x LT INITIAL STREAMLINE RADILS ESTIMATE
CALL RSTAFRT
*6% DETERMINE FLUW PARAMETERS
CALL PRFITZ
**x LET INITIZL ESTIMATE GF FLUID FLCW
CALL INEST
%% S5CLVE CUNTINULITY EGUATIUN

LALL STREAM

La2/1l5/617

INLZcLnd
INLE2L62
INLCZLS2
INLE Slob
ILleglnn
INLE 21 %0
INLE cloT
INLi:Z1o63
INLG 2164
INL-TLTO
INLe S 171
INLEZ2 LT
INLEegl 5
INLEZLTS
INLEZLTS
INLE1 7o
INLECLTY
INLEZ2L ™
INLEZLTS
INLESL RO
InL2ldl
INLEZ18B2
INLEZL33
INLEZL134
INLEZ2145
INLEZL8S
INLE2LST
INLL 21348
INLZ¢lsY
INLEZLT0
INLF 2191
INLe 2192
INLEZ2193
INLE 2194
INLECSL1SS
INLT 215906
INLEZ197
INLEZ198
INLE2199
INLEZZ00
INLEZ201
INLC 2292
INLE 203
INLE 2204
INLE 2205
INLe2206
INLE 2207
INLc 2204
INLE 2207
INLE2210
INLELZLL
INLe2212
INL= 2213
INLE2214



la/Lo/0i
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RETUKRN INLE 2210
ENO INLzZZdlo

B-45
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INTLCa - EFN SCURCE STATEMENT - IFN{(S) -

SUBRCUTENE INTEG {VDEP,IFCON)

x%% PERFORMS MUMERICAL INTEGRATIONS UF THE VUEP VS, R LURVE
*%x% TRAPELOIDAL RULE INTEGRATION

UIMENS TUN VDEP(1Cy11)
REAL MACK, MAPRy MULEWT, JUULE

CIMENS IUN ATAS(2S,11)}, FLUA(32)
LtocicAaL  IERRORy YES

CUMMCN /METRIX/ ALPHA(1Q0,411), ATAR(2911)y B2(23)
BETA(L10411 )y BHC32), BLADE(29), BY(32),
CL(10411)y CP(2csll)y CPCCL6) CRE{32,11),
CSLOPE(LC,y 113y CLZULL), CU{32y11), CUCO(29+5)y
LRE32411) CXM(1Cyll), CXNEW{10411), CXRATU(Z9),
CXS{10+11)» CA(l10), DELMI11), DEPV(LlU,11),
DFELZ0), UGFACT (29411}, DELL{2G),y DFLUN(3C)
EMACH(29+1 110, FCUNU(2Gy 3,100y FRDEL(L1O0411), GAMMA(32,11),
HMN(29) HUB{ 3¢}y IKK{10) MACH(29411),
UBAR(ZI411), PLL3csll)y H{32411), RCURVELLUsL1)
Rh{(32), RHAU( 32211, RINTULL) RCSTAG(LL)
RSLU32), KSLCPE(LU9L1)y RTRAIL(LIL), SCCUley 2}y
SULIOD(29+11), $5C0(2945 ) TekMl(lu.11), TERMA(LL),
TERMB{L11), TERMC(11), TIP(22), TITLE(LZ)
TG(32511) TSTAT(11) Ul324+11), will) .,

X{3z)

CUMMCN /SCALER/Z A, AA, A10AQ, A202804y A303A0, A4U4AU,
AS5U5A0, E» By CC, CM, CMEAN CMEANP, CUINTG,
CPl2y P13, CPl4, CPls, CPl6, CPC2, CPC3, CPO4G,
CPOS, DAMP, ULP s UCy CIFCM, OUT, CUMMY , LKASLy
Gy CASK, GJy GHy GRe JJULL y MAPR, MULEWT
PLULL Qo RPM, TCP, TERMO, TESTBHy TeSTUS, TESTMS,
TGCG, TUL TCLAT, Tul B2, TCLMIN, TOLMS, TCLTLIP, TULLP,
TCLCX TULR,y TCTINT, TOTPR, Vs VM

CUMMUN Z INTEGR/ I, I8,y 181, IDUMF IEKRURy IFIKST,
16, ICUTTR, I1PASS, IS, 17, Jdoy JIN, Jde
JMy Jely Ke Kly KKy Ly LIMIT, LS5TAGE,
MSTAGE, NLINESs NTUBES, NKX, NXLy YeS

EQUIVALENCE (ATAR(141)sATAS(141))y (FLOW(L),OFLUWCLY)

RINT(1)=0.0
GU TC (504900, IFCUN

*¥%x CALCULATES INTEGRAL COF VDEP * R DR

00 15 J=1,4NTUBES

L2/15/67

INTEc21R
INTEZ2 19
1T 2220
INTEZ221
INTE2222
INTE2220
INTE?224
INTEZ225
INTZ2220
INTER22T
INT2228
INTE2229
INTE2230
INT 2231
INTc2232
INTE2223
INTF 2234
INTE22235
INTEZ22 36
INTE22 37
INTE 2238
INTE2239
INTLZ240
INTEZ2241
INT 2242
INTE 2243
INTEZ2244
INTEe245
INTz 2246
INTYEZ247
INTL 2248
INTEZ249
INTL2250
INTE 2251
INTE2252
INTE 2253
INTL 2254
INTEZ2255
INTEZ256
INTE2257
INTEZ2258
INTL 2259
INTE 2260
INTEZ261
INTE2202
INTE2253

DALJ)=(VDEP(LyJ)*R(T¢JI+VOEP (Lo J+1)ISREI4J+L)IF(R{L I+ -KOE,J) V%, 5INTE2254

RINT(J#LI=RINT(J) +pALY)
G4 TG 150

*%%x CALCULATE NTUBES VALUES OF INCREMENTAL INTEGRALS FUR CURVE

VOEP VSe K (RUJ} TO RUJ+1))

DU 115 J=1,NTUBES
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INTE2265
INTE- 2066
INTEZ2267
INTc 2264
INTE2269
INTEZ227T0
INTEZ2271
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INTEG. - EFN SCUKCE STATEMENT - IFN(S) -~
100 CACJ)I=IVOEP(L ¢JIHVUEPILsJ+ 1) IR{ROIyd+1)-REL4JD)I#*5 INTE2272
115 RINT(J+1)= RINTUJ) +DALJ) INTE2273
150 8= RINT(JNMI INTEZ2ZT74
U0 2C0 J=1eNLINES INTEc2To
200 RINT(J)= RINT(J)-B INTE 2270
RETURN INTEZ2TT
END INTEZ278

B-47
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LCSE. - SCGURCE STATEMENT

EFN

REAL FUNCTICN LUSCIARG,PERHT ,TYPE)
*%& YIELLS LUSS PARAMETER FRUM INPUT MAPS

ALUNG Tht RADIULS),

IENLS) -

AS A FUNCTIUN wb
PERCENT BLALUE HEIGHT AND D-FACTOR ANO CIRCULAR INTERPULAT LGN

INTEGER TYPE, FIRST

LUUBLE PRECISIUN TITLE

REAL MACH, MAPK, MULEWT, JOULE

CIMENSIUN ATAS(2S,11)y FLUW(32)

LUGICAL IERRCR, YES

CCMMCN /MATRIX/  ALPHA(LIU.1L )y ATAR{29411), 82029),

X BETA(10,11), BHI3Z2), ELADE(2Y), BT(32),

X CO(10411), CPl32411), CPCO(6), CRU3Z2411)

X CSLOPE(10y11)y CUZ(LL), CU(32s11), CULG(2343),

X Cx{32411), CXMULi0s11), CXNEW(LO411), CXRATO( 29 )y

X CXS(1lUell), Ca(l0), DELM(11), ODEPVILO,11),
X DF{20), DFACT(29411), DFL{29) CFLCw(3&),

X EMACH(2S,11), FOUND{2Cy3410), FKRDEL(10,11}, GAMMA(3 511 ),
X HMN{2S), HULB{ZZ2), TKK(10}, MACH{Z9 4,111,
X OBAR(29411), PC(32411), R{32+11), RCURVE(TU,11),
X RH{32]), RHU(32411), RINT(11), ROSTAL(11),

X RS{32), KSLEPE(LO,11)y RTRATL{LL), SUCO{2945),

X SOLID(29,11), S5C0(294+51) TERM1(10411), TERMA(11),

X TERMB(11), TERMCL(11), TiP(22), TITLE( )

X TO(32411), TSTAT(11), U(32411), W(lll,

X X{(32)

COMMCON /SCALER/ A, AA, AlCAC, AZ02A0, A303AU, A404A0,
X A505A0, 8, . BE, CC,y CMy CMEAN, CMEANP, CUINTG,
X CPI12, cpP13, CFl4, CPI5, CPI6, CPo2, CPOC3, CPU4,

X CPO5, CAMP, LEP,y LDy DIFCK, DT, DUMMY, LiRAD1,
X Gy GASK, GJs GRy GR2y JOULE, MAPK, MULEWT ,
X POCO, Gy HPMy TCP, TERMUs TESTBH, TESTUS, TLSTMS,
X TUCG, TOL, TULAT, TGLB2, TOLMIN, TOLMSy TCLTiP, TULCP,
X TGLUX,y TOLR, TCTINT, TUTPR, V, VMI

COMMON ZINTEGR/ I, 1B, 181, ILUMP, TERRUR, IFIRST,
X 1Gy ICUTTRy IPASS, IS, 1Ty Js JIN, Jdy
X JMy JM1 Ky Kls KKy Ly LIMIT, LSTAGE,
X MSTAGEs NLINESy NTUBES, NXy NX1y YES

EQUIVALENCE {ATAR(141)9ATAS(re1))y (FLUW{L)4UFLOW(L1}}

FIRST=1

FIRST=FIRST+1

IF (DF(FIRST) LT oARG.AND.FIRST.LTa2U) GO TO 10
JJ=1

IF (PERHT.GT.0.5) JJ=3
DEL=(ARG-CF(FIRST-1) )}/ (DF(FIRST)-OF{FIRST-1))

FOT1=( (FCUNB{FIRST 9o TYPE)-FOGUND(FIRST=1,2,TYPE) ) %CCL)

X +FOUNU(FIRST-142 ,TYPE)

FCT2=({FOUND(FIRST 3JJy TYPE)=-FOUNDIFIRST—1,JJ,TYPE} )*DEL)

X +FOUND(FIRST~14JJ,yTYPE)
CEl= FLT2-FCT1

IF (ABSUOEL).GT.CaCOL}
LCSE= ¥CT1

GU Tu 20
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LOSZ2041
LOSEZLO4¢
2043

LOSrF 2046
LOSE2047
LUSEZ20 48
LOSEZ049
LO5:2050
LUSEZ20U5L
LOScc0b2
LOUSFe0L3
LOSEZ2054
LOSEZ2055
LESE2055
LOSELZOST
LOSEZ2058
LGS£2059
LOSE 060
LOSE2061
LOSEZOb2
LOSEZD63
LOSEZ20064
LOSF2065
LOSc 2006
LUSF 2067
LOS5E2068
LOSEZ069
LOSE2070
LO5E2071
LOSE2072
LOSECOQOT3
LOSEZ0T4
LUSZZ2075
LOSE«OTo
LOSEZ207T
LOSEZ078
LOSEZQ79
LGSE2030
LOSE2081
LOSEZ0s2
LOSEZ2033
LUS:2084
LOSE2CHS
LOSEZ08%
LUSEZ2087
LOSc2084
LOSE208)
LOSEZOU
LOSEZ091
L0S€E2092
LOSEZ2093
LOSE2094
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LGCSE. -~ LEFN SUURCE STATEMENT ~ IFN{S) -
RETURN LGSE209%
RAD= 0o5*SQRT(DEL®*2 +0,10)/SIN(ATANIZ2.5%DLL)) LOST 209~
LUSE= FCT1 +RAD* (1.0 ~CUSCATAN(ABS(PERHT —-0.5)/7RAD))) LGS -£0%7
RETURN LUSEZGS ¢
£ND LOSEZO 44

B-490
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*#% UBAR CCNTAINS Tht LOSS FUNCTION

L=-1

DO 10 I=IFIRST,LSTAGE2

L=L+2

DO 10 J=1,NLINES

**x CALCULATE ABSULUTE RELATIVE VELOCHTY

*¥x CALCULATE ABSULLLTE VELOCITY

CAXMIL+LyJ)=CXUTd)%%2 + CU(TJd)%®2 + (R{I,J)2%;

B-50

LCSS. - EFN SUUKCE STATEMENT - IFN(S) -

SUBRCUTINE LUSS

*%¥ MATCHES LLSS wWlTH ACIABATIC EFFICLENCY

INTEGER BLADE

REAL LOSE

REAL MACH, MAPR, MCLEWT, JOULE

DIMENS IUN ATAS(2%5,11) FLUW(532)

LOGICAL IERRUR, YES

CUMMCN /MATRIX/ ALPHA(L1Gy11), ATAR(29,11), deldi)y
BETA(10,+11), BH{ 22, BLADE(2G) BT(32),
CU{10411), CPlz2cqell), CPCOLE), CRU391 )y
CSLOPEL10y11)y CUZ2(11) Cut32,11), CUCCLLY45)
CX{32411), LCXM{1Ce11)y CXNEW(10+11), CXRATU( L),
Cx5(10,11), DA{10), OLLM(1ll), DEPY(1U+11i1l,
UF(20), DFACT{(<Sy1d), UFLL£9), DFLCW(32)
EMACH(29,11), FOUNDI(Z2093910)y FHRDEL{LO,11)y GAMMA (544110,
HMN{ 29}, HUB(2¢) 1KK{10}, MACH(ZY 411,
UEAR{ Sy 11), PCl3cell)y RKi3e411), RCURVELLU1i)
RH(321, RHUG(S3 o1l }y RINT(L1), RCSTAGULL)
RS(32), RELUPELLG,LY), RTIRAIL(LL), SCCLIZY95)
SCLIVIZY91l ),y S5CL1£Y995) TERML(10,11), TERMA(LL),
TERMB(11), TERMC(L11), TIPLZ2), TITLEC(LZ)Y
T0(32.,11), TSTAT(11), Ul3z,11), Willl),

X(32)

COMMCN /SCALER/ A, AA, AlUAG, AZ202A0, A303A0, A404AU,
A505A0, B, B8y CCy ChNy CMEAN, CMEANP, CUINTG,
CPi2, cP13, CPl4, CPI5, CPIb6, CPC2, CFPU3, LPU4,
CPO5, CAMP, DCP, DOy DIFCF, DTy ODUMMY, ERASL
Gy GCASK, Gds GKye GRZ JOULE,y MAPKR, MULEWT
PUCOy Gy RPM, TCP, TERMU, TESTBH, TESTUS, TESTMS,
T0C0, TOL, fOLAT, TCLB2y TLLMINy TOLMS, TCLTIP, TOLCP,
TOLCX, TULR, TUTINT, TCTPR,y WV, VM1

CCMMCN /INTEGR/ i, iB, iBl, {DUMP, TERRURy IFIRST,
Gy IGUTTR, IPASS, 15, 1T, N JIN, Jdy
Jpn J”l’ K, Kl' KK, L' LIMIT' Lanut.
MSTAGEs ANLINESy NTUBESy NXy NX1 o YES

EQUIVALENCE (ATAK{1y1)4ATAS(L,1) ), (FLOW(1),0FLCK( L))

CCMMON /ENERGY/ Fky Ty GAMMER

CXMlLed)= CXCI=1yJd)**24{CU(I=14J)=LUTI=1,J) ) *H24CR([=1,J) **2

LS/ /67

LUSSZ3 34
LUSS 3
LUSSJ3JO
L0SS 2337
LUSS 2338
LUSS 2537
LUSS 2340
LUSS 2341
L0SS2342
LuS> 234
LuSsZ2344
LUSs 2345
LOSS 2345
LOSS 2347
LUSS 348
LCSS2349
LCSSe350
LU552351
LCSS 2352
LOSS 2353
LUSS2254
LUSS2355
LOS5¢356
LOSS 2357
LOSS 2358
L0SS2359
LOSS 2360
L0Ss2361
LUSS$2362
L0SS523463
L0S>2364
LOSS 2365
LOS> 23606
LUSS 2367
L0SS5.368
LOSS 363
L3SSZ2370
LUSS2371
L0SS23712
1LOSS2373
LOSS 2374
LUSS2375
LOSS523 70
LOSS2377
L0SS 2373
£ 3SS52379
LO0SS 2380
L0SS 2381
LUSS 382
LOSS 2333
LUSS2334
LOSs2385
LUSS 2380
LOSS 2387



LCSS. - LFN SOURCE STATEMENT - IFNIS) -

#¥¢ (ALCULATE RELATIVE FLCOW ANGLE

PETAIL,J)= ATANC(ULL-1,J)=CUCI-1,J )/ SQRT(CXLI-LJ)o%2 ¢
X CRUI-1oJ)%%2))

*s#x CALCULATt RELATIVE FLOW ANGLE

BETA(L¢1sJ)=ATANCIUCT yJ)=CULTsJI)/SURTUCXUT s #¥ceCRILJI®*L))
*8%% CALCULATE ABSULLTE FLOWM ANGLE

ALPHAGL#14J)=ATANCUIT yJ)/SGRTICXIT4J)®%2 + (rll,d)%%2))
*#* CALCULATL ABSCLLTE FLCw ANGLE

ALPHALL42,J )=ATANCUII#1oJd)/SURTILX(I+],J)%%2 + CRU1+1J)%%211)
CXS(Le JI=CXEI-1yJ)**2 +CULLI-1sJ)%%2 +CR(I-1,4J)*%2

**%¢ CALCULATE RELATIVE MACH NUMBER

e =CXS{LeJ)/GY

T= TO(I-14J)

CALL ENTALP

CALL GAM

MACH(EgJd)= SQRT(CXNM(LoJ)/(GRZEGAMMER®TSTATLGND )}
#%% CALCULATE ABSOLUTE MACH NUMBEK

H= ~CXMIL+1,J)/6J

T= T0(Il,J)
CALL ENTALP
CALL  UAM

MACH({I+1yJd)= SQRT(CXM({L+1+J)/(GR2¥GAMMER*TSTAT ()]}
10 CUNTINUE

L=0

D0 20 I=IFIRST,LSTAGE

L=L+]

DU 20 J=1,NLINES

#4%x CCNSTANT TERM ULSED IN LOSS

TERML(LyJ)= SQRTH{{CAMMA(I~1yJ)+1.)/7(GAMMALT=1,d)-1.))
20 CONTINUE

L=-1

GO 30 I=IFIRST,LSTAGE2

L=L+2

DU 30 J=14NLINES

*2x CCMPUTE SULPERSONIC TURNING ANGLE

A= (R{T1+J) #R{I-1,J))*C.5

b= (RULsJ) $RULI4T,JII*CeS

FRCELILoJ )= C(SSCOULy1)/7A +SSCOLI,2))/7A #5SCOTT93) +(55CUI1,4)
X +SSCULT,CS)*A)*A )+ {BETAIL)J) -BETA(L+L4J))

FROELEL#19J )= CCSSCOCI41,10/7B #SSCCUI+L92)0/78 +SSCCLI+1,3) +(
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LLSS. - tEN SLURLe STATeMEnT

X SSCUCT#1,4) #550L(i+1,2)%B8)%u) #(ALPHA(L*1sJ) -ALPHAIL*Z4J))

$#& JEET FUR SUPERSULNIC VELLCITY

TF(MACEH(Tsd)alTedou) 6L TL
A=IMACHLsd)-1e )% (MALK(L )+ 1.0)

**%x [F FLUw IS SUPERSCNIC AUD PRANDTL=-MEYER ANGLE TO

SUPERSUNTIL TURNING ANGLE

FROEL(LyJd)= FROEL(LeJ) ¢ TERMI(LsJISATANCOQRT(AI/TERMLIL 4J) )
X ATAN(SURTLA))

LE (MACHLT+1,d)etTede) L TU 3G
Az (PACH( [+ 1,J)=1)#(MACKH(1+1yd)+1ev)

*** [F FLULW 1S SUPERSUNIC ADU PRANDTL=MEYER ANGLE Tu

SUPERSUNIC TURNINGL ANGLE

FROEL(L#Lyd)= FRUELUL4L1odd + TERML{L#LyJ)*ATAN(SORT(A) /T ERMLIL*L,
X Jhh= ATANISQKT(A))

CUNT INUE

L=0

€O 60 I=1FIRST,LETAGE
L=L+1

00 60 J=1,NLINES

% INITIALTLe PROFILE SHUCK ANU LGSS FUNCTICN

UBAR(1442=0.0
*3% (ALCULATE PHRLFILE SHULK

g=0.1

CXS(LyJdi=1.

IF (FROEL(LyJ)elTa0aC) LC TO 44
DO 43 1S=1,100

*#* CALCULATES LIFFERENCE bBETWEEN PRANDTL=MEYER ANGLE FOR MACH
NUMBER CXS{LyJd) AKD SUPCRSCNIC EXPANSILN ANGLE

VMI= SHUCK{UXS(L oJ)oFRLELIL,yJ))
I# (ABS(VML)LLCa00L1) GU TE 44
IF {VML.G61.04C) CU TU 43
CXS5{LyJ)=CXS(Lsd )~

&= Q/73.0

CxS{LyJd)= CrolLyd) + &

CALL ERKGOK(29)

1F (MACHUIsJ)GE 140} Cu TG 43

*4% CALCULATE SUBSUNIC SHUCK

EMALHFOT, J)=MALHE E2 J) % (1o U+LXS({LyJ))*0.5
IF (EMALKF(Tsd)~1a0) cUptuLyDU

**% CALCULATE SUPERSUNIL SHOULK
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45 EMACK{ 14 J)={MACH LI s J)+CXS5(LyJ))*0.5

*%¥ CCMPUTE SHUCK LLSE

50 CBAR(IsJ) ={1e0~ (((GAMMA(I=1yJ) +1.0)%0.S*¥EMACH(L yJ)%%2)

/ 11e0 +0o5%{GAMMA(I~1,J)-1.0)#EMACH(Td)¥%2))

S (GAMMA(I=14J}/(CAMMALL-0yd) —1.0) ) #{GAMMA(L-1,J)*2.0

/ (GAMMA(I=-1,J) +1.0)P¥EMACH(T,J)%*%2 —{(GAMMA(I-1,d) -1.0)
/ (GAMMA(I-1sd) +1.0))%¥(1.0/7(1.0 ~GAMMA(I-1,4))))

/ (1e0 =1.0/(1eC +{GAMMALLI=19J) —1e0)% MACHU[ ¢J}**2%U,3)
** (GAMMAL I=1,J )/ {GAMNALL-1,J) ~1.0)))

M W W W W

60 CONTINUE
65 L=-1

LO 80 I=IFIRST,LSTAGEsZ
L=L+2
DU 80 J=1,4NLINES
A= (R(14d) + RUI=1yd}) * Cub
*k* CALCULATE RUTGR MEAN SOLIDITY

SOLID(1yd)= (SOCCULlsL)/A + SOCU(I2)) /7 A + SGCU(143) +
X (SOCO{Is4) + SUCULI5)*A)*A

*%* CALCULATE RGTUk C-FACTOR
AA=SQRT((CX{I=19d)#%2+ (ULI=-14J)=CUlLI=-1,J))*%24CRII~-1,J)%%2)])
OFACT( [4J)= 1.0-SQARTULCXUT y )24 {Ul14J)-CULT4d) ) ¥240CR1 L, J)%%L2))
X JAA + (U{I=1ed)=CUCE-1,d)~UC1J}+CUGT4J))/2./SOLIDIT9dY /AN
A= RS{I-1) = RH{I-1}

**% (OMPUTE RCTCKR PRUFILE LOSSES
*¥% LCSE REAUS THE PROFILE LOSS FRCM THE INPUT MAPS

OBAR(I,J)= CBAR(I,J) +LUSE(DFACT(I4d)y (R{I-144) =RH(I-1))/A,
X BLADE(I))*Z2.0%SGLIDUIJ)/ COSCAMINLIBETA(L#L,d}1.22170)
A= (R{I+1,4d) + RUI4J})%,Z

*3%x CALCULATE STATGR MEAN SOLIDITY

SOLID({I+14d)= (SLCOUI+1910/A + SOCL{I+1,2))/A + SCCC(I+1,3) +
X (SOCO(1+1y4) + SUCOLI+1,5)%A)%A

*%* COMPUTE STATUR C[-FACTCR
AA=SQRTE(CX{T4J)#*24CU (19 )x*x24CR{T4J)%%*2))
OFACT{ [413J)=140-SQRTC(CKCTI+ 1y J)*#=24CU(T+1 4 ) #¥24CRITE Ly I} ¥%2) )/
X AA+{CULTLJ )~ CULTI+14J 1) /72./50LIDCTI+14J) /AR
*%k CCMPUTE STATOR PRCFILE LOSSES
A= RS{ L) - RH(I)
#%x+ LCSE READS THE PROFILE LGSS FRCM THE INPUT MAPS

UBARLI+1,J)= CBAK(I+1,J) +LOSE{OFACT(I+41,d), (RUI4J) -RR{1))/A,
X BLACE(I+1) )% . 0#*SOLIUV(I+14J)/ COS{AMINLIALPHA(L+Z yJ)y1.2217))
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80 CONTINUE LLSS 2556
L=-1 LGSS2557
CU 100 I=IFIRST,LSTAGE,2 LUS$ 2554
L=L+2 LOSS 2559
LU 100 J=1,NLINES LUSS 2560

LUSS 25061

*¥%x CALCULATE RCTUR EFFICIENCY BASED OUN LUSS LUSS ¢562
LUSS 2563

LOSS 2564

*8%x CALCULATE THE STATIC UNTHALPY MINUS THE TCTAL LOS52565
ENTHALPY LOSS52565

LOSS 2567

H= —(CX(I-19Jd)%%z +CRUT=14J)%%2 $CU(LI=-1,J)%%2) /Gy LCSS 2508
= TOUI-144) LUSS 25673
LESS25Tu

sx¢ GET THE STATIC TEMPERATURE LOS52571
LOSS 2572

CALL ENTALP LOSS2573
B= THERM3(T) LOSS2574
LOSS2575

*3% CALCULATE THE STATIC PKESSURE AT THE ROTOR INLLT LOSS25T8
LOSS52577

PSTAT= POUI-14J)*EXP{LTFERM3ITSTAT(J) ) -B)/DCP) LCSS 2578
b= UlI-1,)%{U(I-1yd) -2.0%CUCI-1,4))/GJ LOSS2579
CALL ENTALP LG%52580
LOSS 2581

*%& CCMPUTE THE TOTAL RELATIVE PRESSURE L0SS$2582
LOSSZ583

PREL= PCUI-19J)*EXP((THERMI(TSTATIJ)) -B)/DCP) LOS52584
He (UCLged) =UCI=14J))%(UCLyJd)} #+U(I-1,4d})/Gd LUSS2585
T= TSTAT(Y) L0552536
CALL ENTALP L0S52587
8= THERM3(T) LOSS 259y
LOSS52589

*x% CCMPUTE THE TUTAL 1LEAL PRESSURE LSS 2590
LUSS 2591

P IDEAL= P REL *EXF{{TRHERM2Z(TSTAT(J)) -B)/DCP) LUSS 2592
LUSS 2593

#%% CALCULATE THE EXIT RELATIVE TGTAL PRESSURE FRUM THE LUSS$ 2594
LUSS COEFFICIENT LUS52595
LDSS2596

P= P ICEAL -0BAR(LsJ)*({P KEL —-P STAT) LUSS2597
He=ULT 2 J}#( 2. 0*%CL{I,d) ~L(I,J))/GY LCSS 2598
T= TG(1,4) L0S$2599
CALL ENTALP L0OSS 2600
LUSS 2601

**% CCMPUTE NEw TOTAL PRESSURE AT KCTOR EXIT LG5S 2602
LOSS 2603

P= PEEXP((THERMZIT) -THREKM3(TSTAT(J)))/7DCP) LOSS 2604
LUSS 2605

*¥x GET THE ILEAL EXIT TOlAL TEMPERATURE LOSS 2606
LOSS 2607

CALL THERM2U(P/PGUI-1yJ)sT4T10(I-1,4)) LOSS <003
) LOSS 2609

**% CCMPUTE THE CORRESPUNGING EFFICIENCY L0552610
LCSS2611
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EFF= (THERMLIT) =THERML(TOUI-1,d)))
X ZUTHERMIL(TUC Ly J))=-THERMLITOU I-1,4)))
PUlI d)= F

***x CHECK THE CONVERGENCE

IF (ABSCU2TAR(IgJd) —EFFIZATAR(IZJ) Ve ToTULAT) IPASS=5
ATAR(I4J)= EFF

*3% CALCULATE STALE EFFICIENCY BASED CON LJSS

h= ~{CX{LyJ)¥%2 +CRUToJI**2 +LUGT,J)1%%2)/0J
T= TO(1,J)
CALL ENTALP

*3% CALCULATE THE STATIC PRESSURE AT THE INLET TU THE STATUR
P STAT= PCULIyJ)*EXP({THERM2(TSTAT(J)) ~THERM3(T))/CCP)

**x CALCULATE The STATUR EXIT PRESSURE (TGTAL) FROM
THE LOSS COEFFICLENT

P= PU(IsJ) ~O0EARUI+1,J)I*(PCII,J) -P STAT)
PClI+1,J)= ¢

*3% GET THE [CEAL TOTAL TEMPERATURE
CALL THERM2(P/PLUI=1434)+T,TO(I=14J))
**x CCMPUTE THE EFFICIENCY

EFF= (THERM1(T) =ThERMI(TO(I-144d1)))
X JATHERM I TOC I, J) ) -THERNML(TOUI=-1,d)))

xk CHECK STACGE EFFICIENCY FOR CUNVERGENCE

IF (ABS((ATAR(I+1,J) —~EFF)/ATAR(I+1,J)).GT.TGLAT) IPasS= 3
ATAS{I+1,J)= EFF

CONT INUE

CUONT INUE

NN=LSTAGE+1

DO 966 I=NNoNX

CO 966 J=1,NLINES

POUI,J)=PClI=144}

RETURN

END
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SUBRCGUTINE MUVE MOVEZ6L
MOVEZ2660
#%x CALSES THE RELCCATION GF The STREAMLINES BASED ON MCVL 26061
FRACTICNAL MASS FLUM. (STREAM MUST BE CALLED FIRST) MOVL 266
MOVEZBL0D
REAL MACE, MAPR, MCLEWT, JOULE MUVEZ2bES
DIMENS IUN ATAS(2S,11)s FLONW(32) MOVEeboY
LUGICAL I:RROR, YES MOVELHBOA
COCMMON /MBTRIX/  ALPHA(1Gs11 ), ATAR( 29,11}, B2(2v) MOVESOOT
X BETA(lU,11), LHEZZ) BLADE (£ ) » BT{3), MUVE 2664
X CCUL10414 )y CFL3L,11), CPCULE), CRELE 91 L)y MOV z 60
X CSLUPELLICs11), LLUC(LL)y CUL32411), CULUL2T 48 ) MOVECHTU
X CX{32411), CAM{1C,e11), CANEW{L10411}, CXRAT (Y ) AVE 2671
X CX5(10y11), UALLG), DELM(11), BEPVIL10s11),y MUVE2LTY
X DFL20), DEACT(2%s11)y DFLLZ2S) DFLCW(5) MEVE 2075
X EMACH(2Y,11), FLUNL(ZU 23,100y FRUELTL0,1L), GAMMA{3911)y MUV 26T
X HMN{(29), HUB(Z2) IKK{1lU), MACHLZ2Y 91 i)y MOVLE26T7Y
X UBAR(Z29911) PLU22,11), R{32y11), RCUPVLELiU,11), MUVEZ6TS
X RH{32), RHU(ZZ411), RINT(11) RUSTAG(LL), MOVE26TY7
X RS(32}), RSLUPELL1Cs11)s RIRAIL{LL), SCLUL2945) MOV Z6T8
X SCLID(29,11), S5S5CULLTF5)y TERMI(1Uy11) TERMA(LL) » MOV 2679
X TERMB(1l1), TERMU{LL), Tipt32), TITLELLZ) MUVEZ680
X TC(32+11) TSTAT(11), Ut3z,1lil, will), MUVEZ6481
X X(32) MOVE 2682
CUMMCN /SCALER/ A, AA, ALCAC,y, AZ2C2AQ0, A303A0, A4U4AJy MUVECEBS
X AS505A0, B, BBy CCy CMy CMEAN, CMEANP, CUINTG, MULVEZ6ES
X CP12,y cPi3, CFl4, CPI5, CPL6, cruz, CFC3, LPQ4G, MUVEZEEBS
X CP0O5, CAMP, uee, Cly VIFCNMy DT, DUMMY » ERASLY MOVEZL6B6
X Gy CASK, Gdy LRy GRZ2y JGULLs MAPK, MULcWT, MOVEZEBT
X POCU, Cy RPM, TCP, TERMC,y TESTEBH, TESTUS, TrS5THMS, MLVELOHAE
X TCLO, TOL TOLAT, TCOLBZ2s TOULMIN, TULMS, TCLTLIPy TOULLP, MUV 2689
X TCLCXys TOULR, TCTINT, TUTPR, V, VMl MOVEZ670
CUMMCN ZINTEGR/Z |, 18 181, 1DUMP, TERRURy IFIR>T, MUVEZ269)
X IG, ICUTTR, LPASS, IS, | Je JINy Jdy MCVE 2692
X JM, J¥l, Ky Kty KKy Ly LIMIT, LSTAGLy MOVEZ26493
X MSTAGEs NMLINES, NTUBES, NX, NX1ly YES MOVEZ2 694
EQUIVALENCE (ATAR{141)9ATAS(1,41))y (FLUWLL1),OFLGW(Ll)) MUVE 2695
MOVEZb6950
TERMC{1)=C.0 MOVEZ697
TERMCINLINES)=1.C MOVEZ698
TERMA(1l)= Ri1,1) MOVE 2659
TERMAINLINES)= K{I4NLINES) MOVEZT0U
TERMBL1)=CXM(L,1) MUVEZ2TO1
TERMBINL INES )=CXNM{LoNLINES) MOVEZ2702z
SUM=0.0 MOVE 2702
DU 350 J=z,NTUBES MUVEZ2TO4
TERMC(J)= TERMLUJ-1) +LALJI-1)/TOTINT MOVCZT705
TEKMA(J)= R{1+4) MOVEZ2T06
TERMBLJI=CANMILJ) MOVE2T07
350 IF (ABSUTERMCULJ) ~DELM(J)) .6T.0.005) YES= TRUE. MOVEZT708
MOVEZTO
#3%x CALCULATE STREAMLINE RADIL TO GIVE SPECIFIET MASS FLON MOVEZ2T10
FRACTIUGN THROUGH EACH STREAMTUBRE MOVEZT1L
MUVEZT1Z
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L0 505 J=zyNTUBES
CALL SLINEIDELMUJ) yTERMUyTERMAZNLINESyRTRAIL(J]})
RTRAILIJ)= KOLyd) #(RTRAIL{J) -ROUL,d) ) 70AN

*»% CALCULATE VALUES GLF CX AT NEWw STREAMLINE RAUII

CALL SLINE(RTRAIL(J) yTERMAZTEKMByNLINESyDEPVIL yu))
CUNTINUE

CXULa1)=CXM(Lo1)2CNMEANF
CXCIoNLINES)Y=CXMILNLINES)*CPEANP

OL 510 J=g¢yNTUBL S

CXCLeJ)=0EPVILyJI*RCMEANP

RIIsJI=RTRALL(J)

Ullsd)= RII4J)*REM

RETURN

END

B-57

L2/1>/4¢67

MOVEZT!3
MOVE<T 14
MCVicT715
MUV 2Tio
MUV EZTIT
MUOVYEZT 1
MuvEZT19
MUVE2T20
MCVIE2T21
MOVEZT22
MUVERT23
MUVEZT 4
MOVEZLTZY
MUVELZTZ6
MOVEZT 27
NUVE2T28
MOVELT25



OUTL L. - ukN SOUFCE STATEMENT - IFN(S) -

SUBRCUTINE OUTLET
*¥k YIELDS INITIAL FLUW ESTIMATE FCR THt GUTLET
REAL MACH, MAPR, MUOLEWT, JOULE

UIMENS IUN ATASI2S,11)y FLUWL3Z)
LUGICAL 1cKRORy YES

COMMCN Z7MATRIAS  ALPHA(LCG,11), ATAR(Z294+11) G202 )y

x BETA(LO0411 0, BHU32) BLADELZ29) » BT{32)

A CC(10411)y LP(2c4511), CELI(c),y CR{329L 1)

X CSLGPE( 1Uy1L)y Cuctlll), Cul3z2yill, CUuClldden)dy

X CX{22411) CXMU1Cyll)y CANEW{LO»il)y CXRATGL(29)

X CXS5¢1Usil), Callo), UELM(Ll), DEPY(LOs1 L),
X DFL20), OFACT(29,11)y DFLIZ2S )y CFLCWl 32},

X EMACH(29,411), FCUND(Z2Cs2410)y FROEL(L1O411), GAMMA( S 29 Lidy
X HMN(29), HUBL 22 )y IKR{ 10}, MACH{ 294111},
X UBAR{Z9,11), PC{3c9dil)y Ri32411) RCURYL L LU 1i)
X RH(32), REG(3Z2911), RINT(L11), RUSTaol{Lll)y

X RSt32), RELUPE(LO,11) sy RTRAIL{LL), SLCULZY 9D )y

X SCLID(Z9411), SSCU( 993 )y TeRM1(10,11), TERMA(1Y1),

X TERMB(11}, TERMU(LL) TIP{Z) TITL={L1Z),

X TU{32+111), TS5TAT{(11), Ul52411), W(ll),

X X{32)

CCMMCN /SCALER/Z A, Al ALGACy AJULAUDy A3L3aU0s A4U4AU
X AS505A0, B, BB, Cly Cw, CMEANy CMEANPy CULINTGy
X CPléy LPI3, CPla, CPI5, CPIoy CPO2,y CFC3y CPUSy
X CPO5S» CAMP, OLP, DU, UDIFCN, DT, DUMMY,y LERALLY
X Gy CASK, Gy GRy GKZy JUULCy  MAPR, MOLEWT »
X PLCC, Cr RFPV, TCP, TERMNDy  TESTUHy TiLSTLUS, 10S5TMS,
X 10CC, TOLy ICLATy TOLBZy TCLMIN,y TGLMS, TCOLTIPs TOLUP,
X TULCX, TUlLR, TCTINT, {GTPR, V¥, Ml

CCMMCN ZINTEGR/S T 18, iBl, I DUMFE, [TERRUNy IFIRST,
X 16, ICUTTRk, I1PASS, IS, i1, Js JINy Jda
X JM, J¥l, Ky Kl KKy Ls LIMITy LSTAGE,
X MSTAGEsy NLINESy NTUBES, NX, NX1iy Yc s

EQUIVALENCE  (ATAR({141)2ATAS(L,1)) s  (FLOW(L1)DFLCW(L))
*s¥x INITIALIZE CUTLET LCUP

K=1+1

CALL AN EXIT

DU 10 I=K4NX
*xx GET INITIAL VALULES UF STREAMLINE RADII

CALL RSTAKT
U0 5 J=1sNLINES

%k SET FLCW PROPERTIES AS CONSTANT ALONG STREAMLINE
CPUI+J)=CF(LSTAGE,J)
CAMMA( L, J)1=GAFMA(LSTAGE,J)

CUTJI=CU{LSTAGE,J}*RILSTAGEs JI/R(I,44)}
TO{1+J)=TCILSTAGE»J)

B-58

Le/1b/617

CUTL2T?1
GuTL 732
CUTLZ2T 33
GUTL T34
QUTLZT 35
HUTLZT S0
UUTL T 2T
CUTLZT2y
CLTLeT 2
SUTL 2740
WUTLZT1
CUTL.TG2
UUTL 2743
LUTLZ7va
LUTL 2745
UUTLZ2 740
CUTL2747
CUTLZ744
GUTL /Te9
LUTLTSV
GuTL2751
DUTL TS5
OUTLTS3
QUTL 2754
UuUTL 2755
CUTL 27386
QuTL 275/
JUTLZTSB
GUTL2T75%9
CUTLZ2760
CUTLZ2761
JUTLZT6
GuTLZ763
uuTLZ2764
CUTLLTOS
JUTL 2766
OUTL 767
LuUTL 2768
GUTL 27692
uuTL 2770
QuUTLZTTL
CuTL2772
UUTLZTT73
JUTL T 74
CUtTLZ2717%
CUTL2776
CuUTL2T777
CUTL2778
GUTL 773
gutTL 27380
CUTLATH)
QuTL2742
uUTLET83
CUTLZ2T734
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UUTLE. - EFN SOURCE STATEMENT -~ IFN{S} -
PLILsJ)=PULLSTAGE,J) LUTL2T45
GuTL 2780
k¥ GET INITLIAL £STIMATE CF AXIAL VELUCITY CUTL 737
JUTL 2748
IF (LSTACE.NEST) LU TC € CUTL 2749
CALL INEST gJuTL o7
Gu TC 10 CUTL 2791
DI 9 Jd=14NLINES LUTLETse
CX{lyd)d= CX(I=-144) QUTL 2T
DUTL 27494
*#%% CALCULATE SIMPLE RACIAL EQUILTEKIUM SCLUTIUN UF FLUw CUTL T9E
CONUETIUNS SUTLT26
DUTL 27917
CALL STREAM CUTLA 753
KETURN LUTLZTI
END CUTL 2800
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610

201

QuTHT. - EFN SOUKUE STATEMENT -

SUERLUTINE OUIPUT

IFNLS)Y -

UIMENS ILN PMALZ2S)y PMABL2Y)y TMA(29),y THAS(Z3)e TMALP(27)

REAL MACH, MAPR, MULEWT, JUULLE

CIMENS IUN ATAS(2S, 010, FLUW{32)

LOGICAL TEKRURy YeS

LCUMMON /MATRIX/Z  ALPHA(LUs11), ATAR{E294L1) 3229 )y
X BETA{1U411), BHl:-c ) BLADE(2Y) BT(32),

X CUCLOL111), CF(32+11), CRFCUILED CHUS2491 1),

X CSLUPELLGy11), velilde CUl52y11) CLELE 940 )

X CX(32s11)y CXM{LlCy 11y CXNER (1O 10y CXRATL (%),

X CXall0,11}, CALLU), selMill), DEPVILIU,LY),
X DF(Z01), LFALT(ZGS911), DFLEZS ), DFLUW3 )

X EMACH{Z294111), FOUUNDLZGy 341U) F‘KDLL(IU'll,y GAMMA(3z24911)
X HMN(29) o HLB{32)y IKK(10), MACH(2G 41 L)y
X UBAR{Z97411l)y PUGZZ911d, RIE32+11), RCURVe Liuelldy
X RH(321), RHU{3Z2s11), RINT(11), RCSTAaolil),

X RS(32), RSLuPEl1U,11), RTIRAILLLILY, SCCUla79n )y

X SCLIU(Z299L1), SSCCL2745 )y TERM1(LO,11), TCKMA(L L)

X TERMB(11l), TERNMC (11}, TIP(32), T1Tee (1le)y

X TU(3ce11)y TSTAT(11)y Ul32,411), m(lll,

X X(2&)

CUMMCN /7SCALER/Z - A, AAy ALCAUC, A2uc¢AOs A203AUy A4l4al,
x, ABUSAO, E' Bﬁ' CC' LMy CMEAN, C"’EANP, LtJI‘iIU'
X CPI2, CPI3, CPl4, CPI5, CPlo, Crue, c+C3, CPUwy
X LPOS, LAMP, LCPy 0D, DIFCM, DT, CUMMY , E ALY,
X Gy GASKy  Gdy GRy 6R2y  JOWLGy NAPR,  Aulcwly
X PGLG, Ce REM, TCP, TEKMO, TESTHSH, TESTUS, TESTHS,
X TuCG, Tul, TCLAT, TCLBZ, TGLMIN, TUOLMS, TCLTLIPy, TULLP,
X TOLCX, TULRy TCTINT, TUTPK,y V, VMI

CUOMMCN ZINTEGR/ 1y 1d, 131, LOUMP , FTERRURy LF LRoT,
X lb' lUUTTKv IFA551 Ib, lT, J, JIN’ JJdo
X JM' JML, Ky Kl, kK, Ly L.lMI‘y LoTAGLE,
X MSTAGE, ANLINES, NTUBES, NX, NXly YES

EQUIVALENCE  (ATAR{1+1)4ATAS(LyL))y (FLOW(L1D)UFLCW(L))

COMMCN  /ENERGY/  ky Ty CAMMER

TMAEP{S)= THERMI(TC(1y1))
B= TMAEP(E)

1= TLCC

lg=1

isl= 2

NX1l= 5

CU610 J=14NLINES,IGLTTR
RSLUPE(L1,J)=0.
RCURVE(1,J)=0.

CALL XDERIVIR,RSLOFLE,KCURVE)
WRITE {6y201)

FURMAT (1K1}

N=0

00 58 I=1,5

OC 58 J=1sNLINES,ICUTTR

%% CALCULATE ASSCLLTE VELOCITY (INLET)
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CuUTP 2802
SUTP 2BU3
LUIMP 2804
JUTP 2805
cutplaus:
U897
CUTP23uUn
LuTP 280~
Sufrediv
uTP 2311
Lutricle
CUTP RIS
LuUtPddls
CUTP 4815
UdTrP 816
LuTPesly
QuTP 28 LG
uuTP 281y
CUTPF L0
CUTP2821
aquTP£B2:
uuTPZB23
CUTP B4
UuUTP 2825
LuTP 2826
ouTP 2327
BuUTP 2828 |
gure 2529
qUTP2630
cyTP 2831
autTPesiz
JutTpP 28133
OUTP 28 34
ouTPr 2835
CuUTP28 30
cuTP 2837
QuUTP B33
turp2839
uuTP 2840
QuUTPZ2841
UuTP 264z
GUTP 2842
uUlP 2844
quTPL845
UUTP 2840
curp2gart
quUIP 2848
UUTP L84S
UUTP 2850
CutP2851
QuUTP2852
uUTP 2852
UUTP 2854
cuTP 2855



UUTPT. - LFN SUUKCE STATEMENT - 1FNES) -

CXMUToJ)=SURTICR I yJ)*%4CUCL»J)%42¢CRITJ)*%2)
243 CALCULATE STATIC TEMPERATURE LINLET)
b= —CXMUL,d )%%/CJ
CALL ENTALP
CALL ULAM
CXNEW( Ly J )= TSTATLJ]
#¥% CALCULATE AESGLULTE MACH NUMBER (INLET)
CXSEIypd)= CAMIL¢d)/SUKTIGRZ*GAMMERFTISTATII))

*%% CALCULATE ABSGLLTE FLCUW ANGLE (INLET)

YN

JUTP L850
GUTP 2857
QUTP ¢ O3
LUTD (s
JUTpldng
')UTPL’BOI
BUTP LS LL
LUTH L3e 3
DUT Y 2804
Jutesdon
ChTp 366
JUTH 80l
GUTP 286h
QUIP 285
Sute 2370
pufPresTl

A= SURTUCX({I9d)%%2 ¢ CRO1,J)*XZ) CUTP2372
ALPHAL L, J)= ATAN(CULL,J)/A)%2T7.295779¢ DUTe 2873
RCURVE(l'J)=RCURVE(I'J)/(buR](1.+HSLJFE(1,J)‘*&)**Z) LU1P2874
RSLUPE( L, J)=ATANIRSLLPEL T 4Jd) )¥57,258571759 CUTP875

58 CUNTINUE LUTP 237>
CO 71 I=1,5 SUTEZBTT

IF (1.GEWE) GU TC €4 JuUTP 2B T8
cuTP 2874

*xk PRINT INLET DATA cuTh2889

NUTP 2841

ARITE (0,610 1 auip2see

t UuTP 2883
61 FORMATU(LHCZ 10Xi8F——==—=STATICN NUMBLR [345H ——-— //5XTCis. L, STARLAML IUTP 2834
XINE AgS. MACH Af>e. VEL. AXTAL VEL. RAD AL VELe %X BuTP 28385
X39HSTREAMLINE STRE AMLINE FLUw ANGLEZY9X2THNCe Raulus [INg) LUTSZBRO

X NUMBEK EXBHIFT/SEC) EXERIFT/ZSCL) SXEH(FT/obL) SX1ZHSLUPE (ucoS) cuTPr 28T

X 4X9FCURVATURE SXSh{CCLCGREES) 7 ) GUTP2443
QuTP 2889

GU TC 265 QuTP 2890
LuTP 2391

%% PRINT INLET GUIDE VANE EXIT DATA ulUTPZ8y2

UUTP £893

64 WRITE (60204) 1 QUTP 2894
QUITP2BYS

264 FURMAT (1+UZ10X1EH====STATIUN NUMBER I3421lh —-=--- (INLET wbUlur VAUUTPZ896
XNE EXIT) //75XT0KS.L. STREAMLINE A3Se MALH AbSe VELe AXTAUUTE 28937
XL Vil FACIAL VeclLae 4X38HSTREAMUINLG STREAMLINE FLw AluLE 7CUTPZHGY

X 5X27THNO. RAUIUS (ING) NUMBER OXSHUFT/SEL) 6XBHIFT/Scl) 5X3rd(FT0UTP 2899
X/SEC)ISX1ZHSLOPE {DEG) 4XSGHCURVATUKE S5XYH(DEGRELES) 7 ) Ul P2900
sUTP 290l

CG 67 J=1sNLINES,ICUTTH
CALL GAM
ERAS1= GR*GAMMER*ISTATLJ)

*%x CUMPUTE RELATIVE VELUCITY (FIRST RUTCR LNTRANCr}
COE5ed )= LX(59d)#%2 + (CULSyII=UIS54J))¥%2 + (R(5,J)%*2
CUL54J)=SCRTICCLESJ))

WRITE (6,4¢€8) JVR(IIJ’pLxS‘['J'yCXN(l[J)'CA(['J'ch(IvJ)o
X RSLUPE( T 4J ) o RCURVE(LJ) o ALPHALTL,,J)
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LuUTP«902
JuTP 2903
LUTP.30%
JuTP 905
LUTP 23006
JYTP 2907
NUTP 908
LUte.,909
UuUTP 2910
JUTP 2911



67

el

12

213

214

08

265

09

269
270

Zrl

71

uutTPT,. -  kEN SCURCE STATEMENT -~ IEN(S) -

**% CCMPUTE RELATIVE MACH NUMBER (FIRST RCTUR ENTRANCE)

CxS€544d)= CCLS5,J M/ 5QRTIERAS]L)
WRITE (5,272

FURMAT (1FQ 4a15kSebe STREAMLINE3XLIHTUIAL PRLSe 3X1LHTLTaL TuMP,.

X 3X SHKRcle VELS2XLOUHWHIRL VELe OXBHRELATIVE 7X SHREL. FLuin 44

L2/ 100067

ulTPli9le
UUTFZ 913
LUTP eG4
JUTP 9l
OUTY 291¢
IUTPLILT
(HUR I
CUTP 2519

X llHwhebl SPEEU / EXZSENL. RALDIUS (IN.) (Ld/54 INe) 4X9HIUELRILSIGUIPZY2Y

X «X GHIFT/SEC) SX8FIFT/SEL) TX BHMACH NUe 74 YHEANGS(D2G) oX
X 8R(FT/5EC) )

€U 273 J=1y NLINE S, ICUTTK
¥#% CALCULAIE RELATIVE FLUW ANGLE INTU THE FIRST RUTUR

BETALZ29J)=ATANTILLE 30D =CUISy G ) /SQARTICX(D4J)*% 4R (5,J)%%2) )}
X *¥87,2927195

WRITE (09274) JoF([.J)yPU(f'J)'TU(59J,'CC(59J) 'y LUl edly
X CXSU59J)e8ETA(2,U)4ULEyd)

FORMAT (17,F11e49F14a243F13e24F15.3,2F15.3)
FOFMATUI79F11e49Fl2e342F14a29F134492F1%e29F1541 }

GO TC 71

DO 66 J=1y NLINES, IDUTTK

WRITE (09€8) JoR(1gd)slX5(Igd) oTXMIT o JYyCXETIgd) sCRILL U},
X RSLCGPE(T oJ )9y RCUKVE(TLyJ I 9ALPHATLyJ)

WRITE (64271)

GO 269 J=1s NLINE S, ICUTTR

WRITE (09270} JeRULyJ)yPLUTIJ}oTCLId)

FORMAT (I79FlletoFl4ecFlZe2)

FORMAT (1F0 4X43FS.Le STREAMLINE TCTAL PRES. TCTAL TeMPs /7 5X
X42HNC. RADIUS (INe) (LB/SG ING) (DEGREES) / )}
CUNTINUE

IF (LIMIJ.EQC.O) MRITE (6,250)

LUlP2921
LUt 2922
LUTP 925
QUTR 9¢4
GUTP (924
UUTPeI20
ouTP 22T
LLUTP 928
CUTR G2y
CUTP 930
QuUTP 2931
pUTP 2G5,
LuTP2Z933
UGUTR G 34
uuT P35
QUTP 2936
cuTP 2937
JUTP 2933
ulT P29 392
UUTP2940u
CUTIP2941
LUTP 2947
QUTP <943
UUTP 2944
CUTP2 2945
OUTP294%0
auTP 2947
UUTP 2944
QuUTP 2943
UUTPZ2950
CUTP 2951

250 FORMAT (1HU////34XKE1H*¥——%%%~—kk ThIS MACHINE WAS C(PTIMI/Ey *%-—k%xyyTPp2o52

14--%%  //)
%% INITIALIZE MASS AVERAGE RCUTINE

TMA(S)=1.C

PMA(5)=1.0 ‘

DO 100 I15=64LSTACE,2
#*% SET INDICES FGR DERIVATIVE RULTINE

iB=15-1

181= IS

NX1=1S5+1
N=N+1]
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GUTP L2953
VUTP 2954
ouTPz955
auTP29ss
OuUTP 2957
UuUrTPz953
LUTP2959
JUTP 2960
LUt P29nml
OUTPZ2962
ouTPZ2953
OUTP2904
gutP296%
QUTP 2966
2UTP 2957



ig

20

30

35

GutPl. - tFN SUURCE STATEMENT - IFMNIS) -
¥ CALCULAT: RCUTCR LENGTH AND STATUR LENGTH

DEPVI(S,1)= X{1S)-X(IS-1)
VEPVI5,,2)= X{IS+1)-X(LS)

*2% CALCULATE ROGTOUK HUB AND STATOR HUB RAMP ANGLE

ALPHA(341)= ATANC((RHOLIS)-RHOIS-1))I/DEFVIS 1) )%574255779
ALPHA(44,1)= ATANCIRHUIS#L}-RHUISIIZDEPVI5,42))%57.2S57T90

¥k CALCULATE ROTUR TIP ANO STATUOR TIP RAMP ANGLE

TANUIRSCIS)=RSUIS=1) Y /UEPVIS L)) *5T.250779

ALPHA( 342
< TANCERSUIS+1I=RSOIS)V/DEPVI5 20 )457.295T13

ALPHA( 4,
IX=1S+1
LO 35 JJ=ISyIX

DU 10 J=1,NLINES
TERMBLII=TU(dI 9 d )}

)= A
= A

#8% CALCULATE ThEURETICAL TEMPERATURE RISE

CALL THERMZ2(PO(JJ»J) /1406560, TERMBIJ) 35154 68E)
TERMB(J)= TERMBLJ)I/S18.688

*¥x (CMPUTE MASS FLUW RATE PER STREAMUINE

BEPVI(S+d)= RHC(JJyJIFCX{SJ 9 J1ER(JI4J)
L=9
1=JJ

*¥¥% INTEGRATE MASS FLOW KATE, RESULT IN RINT

CALL INTEC{DEPV,yc)

SUM= RINTINLINES)-RINT(1)

DO 20 J=1,NLINES

DEPVI(ByJ)= (TERMBUJ)-1a}¥0EPVIS,J)
L=8

CALL INTEG(OEPVy2)

V=K INTANLINES)-RINT(1)

*%*¥ CALCULATE MASS AVERAGED TEMPERATURE AND PRESSURE

CTMA(JI )= (V/SUM# Jo J*E1ELEEE
FRACJJD=EXPUCTHEKMZITMA(JI)) =COINTG) FOCP)*14.6565/PUl1,1)

DG 30 J=1,NLINES

DEPVIZ3d)= (TC(JJIsJ)/51EaEBB~1a )SLEPVITyJ)
CALL INTEGULDEPV,Z2)

VERINT{NLINES)-RINT(1)

TRA(JI )= (V/SUMH+1.)%51E.668/T0(Ls1)

*&%x CCMPUTE MASS AVERAGED EFFICIENCY

TMAEP(JJ )= THERMI(TMA(JJ)I*TCCO)
CONT INUE

*%%x DETERMINE MASS AVERAGE TEMPERATURES AND PRESSURES
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Lel st

LLTPc9oe
JUTP 290y
CUT2 970
ulPegTy
QUT?2 972
LUTP 9l s
OUTR22974
LUt »c97»
Lule . a7
GUTR 29T
GUTFF 3T
guiPssT2
LUTPivy380
LUTP2381
GUTP 9862
DUTP 9k
UUTP 296
QuTIP2585
JUTP 2986
Uir29e 37
LUTP 7935
CUTP 298
OUTP29G0
QUTP 2991
GUTR 29932
CUTP 2993
UUTP 2934
UuTP 2999
HuUTP2996
JurTP 2937
CUTP 2993
LuTP2%32
JUTP 3000
CGUTP2001
CUTP 002
uUTP 3003
uluTe 2004
CUT23005
OUTP 3004
JuTP 3007
LUTP 5008
QUTP 3005
UTL 5010
QuUTP 3011
LUTP301¢
CUuTP>01>s
QUTP 3014
GUTPZ015
CuUTP 3016
uuTP 3017
suTP 3018
guTP 3013
CuTP 3020
guTP3021
NUTP 3022
GUTP 3003



uulPl,. - tFN SCURCE STATEMENT -~ [IFN{S) -

TMAGEIS)=TMACIS)/TMALLS-1)
TMAG(IS+]1 )=TMA{IS+1)/TMALIS-1)
PMAB(IS)I=FMA(IS)/PMA(]IS~1)

AA= TMA(IS)*TU(L,1)

B= AA
CC= TMA(IS+1)*T0(1l,1)
po= CC

%% YELDS THEORLTICAL TEMPERATULRE RISc
CALL THERMZIPMALIS) »AR,TU(L,1))
CALL THERM2(PMA(IS)/PMALIS=1),8B,TMACIS~1)*TU{1,41)})
CALL THERNM2(PMALIS+1),CC,TUlLyl))
CALL THERNM2Z(PMALILIS+1)/PMALTIS=1),D0TMALIS-1)*TLCL)
*k% JVERALL MASS AVERAGE RCOTOR EFFICIENCY

CXS(6e1)= (THERMI(AR)-THAEP(S))}/(TFAEP(IS)-THAEP (L))
PMABL{IS+1)=PMA{IS+1)/PPA(IS-1)

*%% MASS AVERAGE RUTOR EFFICIENCY
CXS{69 2)=(THERML(BE)-TFAEP(IS=1)})/(THREP (1) -THAEP (15-11)

*#3% OVERALL MASS AVERAGE STAGE EFFICIENCY
CXS{T7oL)={THERMLICC)I-TMAEP(S5)) /{TPAEPLIS+]1)=-TMLEP(2))

**% MASS AVERAGE STAGE EFFICIENCY
CXS(Ty2)=(THERMLIDL)-TMAEP(IS=13 )/ (TMAEP(IS+])}-TMAEP(15=1})
OU 40 J=1NLINES
FRDELC1yJ)= THERFL(OIL(IS-1,4))

FROEL(25J)= THERMLITC(IS,d))

FROELE32d)= THERMLITCLISH1J))

TERMD=TU( IS 4+ J)

TERMA(1)=TG(15,4)

CALL THERMZ(PC(IS,yJ)/PCUIS—19J)sTERMD,T10(IS-1,4))

*%¢ YIELUS ThHEORETICAL TEMPERATURE RISE
CALL THERM2IPCUIS*+13J)/PCUIS~1ed) o TERFALL) 2TULIS—1yJd})

*2x DETERMINE RCTCGR ANC STAue EFFICIENCY

ATAR{1SyJ )= (THERMI(TERML)-FRLEL(LyJ) I/UFRDEL(ZyJ)-FrUELILJdI )

le/Yo/67

OUTP3024
LuUTP 3025
DuTe 302¢
Juter 3027
LUTP 30248
ouTP 5029
uuTP 2030
uuTP 3031
QUTP 3032
LUTP 3033
QUTP 2034
CUTP3035
VUTP3U 3o
DuTP 4037
UuUT P 5038
QUTP 3039
LUTP 3040
QUTP 5041
UUTP 3042
OUTP2043
QUTP 3044
JUTP3045
QUTP 3040
QUIP-047
QUTP 3048
OUTP 5049
UuTe 3050
ouTP 3051
QUTP 3052
QUTP 3053
QUTP 3054
guTeP 2085
GUTP 3046
OutTP 3057
uurTeP3ions
QUTP 3059
QuUTP3060
QUTP30%1
JUTP 3002
QUTP 3063
CUTP 3064
uuTP 3065
QUTP 3066
QUTP 3067
OUTP30ho
OuUTP 30073
QUTP30TO

ATAS(IS#)4J )=(THERMI(TERMA(L )} =FROELE Ly J )}/ (FROELIS4J)-FROEL(L,J)IOUTP3OTL

*xk (CMPUTLE AESULUTE VELUCITY (FGTCR EXIT)
CXMULle JI=SQRT(CX{ISaJ)#**Z2+CUCTSJ)¥R2+CRILSyJ)*%L)
*#3x CALCULATE RCTCR STATIC TEMPERATURE

= =CXM{ 140 )%22/7(3
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QuUTP 3072
CuUIP3073
auTP 3074
OuUTP 3075
QUTP 3076
ourP 3077
OuTP3uTB
cuTP3077



OUTPY. -  EFN SOURCE STATEMENT - IFMIS) -
T= TQlISyJ)
CALL ENTALP
CXNEW(Lyu)= 1STATLJ)
CALL Gam
ERAS1= GRZ¥GAMMER*TSTATIJ)
CO(Bed )= PULISHJI*EXPO(THERMI(TSTATIIII-THERMI (T /OLP)
**%x CALCULATE RCTCR RELATIVE VLLGCLTY

CCUSed )= (XTISyd )% *2 + (CULLS)d=LII>,d))%%2 ¢+ CRUISyJI**s
LU 9 )=SCRTICL(544))

*%¥ (ALCULATE STATUR RELATIvE VELGCITY

COUB9d )= CXUIS+1ad ) *¥24(CULISHL3J)-UliatioJd) )42+ 0R1UISHL 1 J)*4&2
CUGbsd }=SCRTICCLEL D)

*%%x CALCULATE RLTOR RELATIVE MACH NUMBIR
CXS{1yd)= CO(54J)/SURTLERASL)
*3% GET A®/S (RCTOR)
IF (EMACF(IS,J)elT.1.0) EMACHIIS,J)=140
EMACHUIS s dl= MACKHU ISy J)RCOSUBETALZ9d) /0T c95TTSE)/ENALHILES 4D
X ((1e0 +0.5%{GAMNMALLIS—15J) ~1e0)% MACHIIS ,J)#%2) /
X (1e0 +0.5%(GAMMA{LIS-1,J) —1.U)*¥EMACHILS 4J)%%2) )
X %% {0 ER{GAMMA(IS—1,J)41s0) /7 (GAMMA(LIS-1yJ)~140))
A=SQRTICX (IS, J)*424CRUIS s )*%2)
*%% CALCULATE ABSULULTE FLCW ANGLE
ALPHA( Ly d)= ATAN(CULIS 4J)/A )¥5742957795
*%% CALCULATE RELATIVE FLULW ANGLE
BETACL J)=ATANI(L{ISsJ)-CLLLIS,I))/A }A57.265 7795
*%*% (ALCULATE TCTAL TEMFERATURE KATIG (RUTUR)
CC(lyd)= TOULIS,JI/TUIIS=1,4d)
© %% CALCULATE TUTAL PRESSLRE RATIU (RCTCKR)
CC(3,J)= FOUIS,JMFPCLLS-1,J)
*¥& CALCULATE TCTAL TEMPERATURE RATIC (STATLK)
COC2,J 0= TOUIS+L4J}/TCULIS, )
*3% CALCULATE TOTAL PRESSURE RATIOD (STATCR)
CCl4yd )= FOCIS+14d)1/PCLIS,Y)

*%% GET FIRST AND SECCND CERIVATIVES UF RACIUS wITH RisPedT
TU AXIAL LENGTH. RESULTS AKE IN RSLOPE AND RCUKVE
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/

La/15761d

CUTP 3040
CUuTP>081
JiIEP SU0s 2
VUTP 503
CUlPiviae
Gureiuss
LUTP 30 3¢
GUTP 2027
JUTP 3040
ulTP 2087
JUTP 3050
HUTP 2091
LUTP 092
GUTP 2095
UureP o4
JuTP 3055
GUTP 3090
GurpP3oar
OUTP 3098
QuIPLo9IY
DUTP 3100
GUTP 3101
UUTP3A10c
LwuUTP 3103
uutTP 3194
UUTPL1US
UUtTP 3106
CuTP 3107
uTP3193
uuTP 3107
cutTP3110
QUTPL11L
uulP3il2
JUTP 3113
UUTP 3114
UuTre 3115
JUTP3lls
ouTP 3117
UutP-113
GUTP 3119
CulPs1ev
GuTP 2121
LuTP 312
YUTP 2123
CuTP3lle
OUTP 3125
CUTP 3126
SUTP 3127
CUTP 2128
uuTP 3129
UUTP 3130
UuUTP 3131
JUTP313z
OUTe 3133
SUTP 3134
LUTP 31535



UuTPTY,. - EFN  SOURCE STATEMENT =~ IFN(S)

CALL XDERIVIKRSLOPE,RCURVE)
*#k CALCULATE RCUTCR CLRVATURE
RCURVEL(Z29Jd)= RCURVE(Z2J)/(SQURT{Le+RSLOPE(Z,J)%*2)%%3)
#4¥ CALCULATE STATUR CURVATURE |
RCURVE{39J)= RCURVE(39J)/USURT(1e+RSLUPE(34J)**2)%%3)
*%%x CALCULATE RuTCR SLUFE
RSLOPE(Z24J)= ATANIKSLOPE(ZyJ))*ET. 2951795
*#% CALCULATE 5TAICR SLGPE
RSLUPE(343)= ATANIKSLOFLE(3,d))*57.2957795
**% GET1 A%/S (STATUR)

IF (EMACH{IS+14J)eblTele0) EMACHUIS#Ll,J) = 1.0

L2l infol

puTr3lie
QuTP 3137
DUTP 3138
uuTP 3139
QUTP AL0
UuTPr3lael
OUTF 3142
CyYTP 3145
JUT 5144
UuTr31l4a5
UUuTP 31l 40
GUTH 317
DUTP 31 44
CUTP 319y
LUTP 2150
CuTP 3151
DUTP 3152
LuUTP3153
GUTP 5154
CUTP 3155
LUTP 3156
BUTP 3157

EMACHI IS+1yJ)= MACHUIS+1,J)*COSCALPHA(L ¢J)/5T4¢957795)7EMALHIIS+L,,uUTP 3158

X Jd) 7 ) UUTP 3159
X {(1e0 +0.5%(GAMPALLS  gd) —1leU)* MACKR(IS+Ll,J)2%x2) / gutTPZl6U
X (1a0 +0.5%(GAMMPALLS  oJ) —1e0)*EMACHUIS+1,d)%%2) ) QuUT?23161
X *% (5% (GAMMA(IS,J)+1.0)/ AMMALIS,J)-1.0)) SUTP 3162
guTP 2163

3% CALCULATE AESOULLTE VELOCITY (STATCR) QUTP 3104
UUTP 3165

CXM(2ysdd= SURTICHIISH] g J) 222 4CUCISH+1 4 J)%%24CR{IS+1,J)*%2) UUTP 3166
auTpP 3167

*0% CALCULATE STATIC TEMPERATURE {STATCR) CuTPz-168
GUTP5169

H= -CXM{2,d)%2%2/CJ auTP3170
T= TO(IS+1,44) nuTP 31Tl
CALL ENTALP UuTP 3172
CXNEW(25:J)= TSTATLJ) QuTpP3173
CALL GAM UUTPR 3174
ERAS L= GRZ*GAMMEFR*TSTAT(J) auUTP 3175
UuTP 3176

*%%x CALCULATE ABSCLLTE MACH NUMBER ({ STATCR) quTP 2177
ouTP 3178

CXSt24J)= CXM{24J)/SCRTICERAS]L) OUTP 2179
ouTP 3180

ke CALCULATE STATUR RELATIVE MACH NUMBER GUTP 3181
QuTP3182

CO(T9d)= COLE9J)/SURTLERAS]) LJUTP 3183
QUTP 2184

*¥% CALCULATE STATIC PRESSUKRES cuteP31as
UUTP21R6

CCU9yJ)= POLIS+1,,J)*EXPULTHERMI(TSTAT(JI)I=-THERFI(T))/0LCF) ouTP>187
uytreP 3188

*3% CALCULATE RELATIVE FLOW ANGLE {STA10R) cuTePz139
JUTP 2190

BETA(Z29yJ ) =—ATANCACULIS+19J)-U(IS+1,J))/SQARTICR(IS+1,J) *42¢CRUIS+1,CUTP319}
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it loa/lov

JUTFPT. - EEN SUURCE STATEMENT - IfN(S) -~
X JIHx2))%ETL25577568 QUTP 31932
QuTeP 3135
*%kx (ALCULATE ABSCLLTE FLCW ANGLE {STATCR) CUTP 3194
JUTP 2135
ALPHA(Z2yJ)= ATAN(CULLIS414J)/SQARTICK(ISHL jJiws+CRULISHL 3 JI%%2)]) LuTP3190
X *57,2957795 WTP 3137
40 CONTINuUE uUTPilds
UUTP 2199
**%%x COMVERT INPLT CaATA BACK TU CEGKEES LUTP 22340
LUTP 3201
FMNCIS+L)=HMNCIS+1)%57,2S5175S5 CuTPlzu2
CUTP 1203
*%%k WRITE STACE PARAMETEKS cUTY 2204
uyTP 3205
NRITE (6450) Ny CFLUIS)y HMNUIS#1),y HMNOISH, DFLILISH]) LUTP S2as
QuUiTP 207

50 FURMAT(1R1///30X4TH**¥~—%x* FINAL FLUW PARAMETERS FCK 3TAGE NUMBERGUTP 3205
X [4y 9H *¥k——kk% [///45X3UHEX®E STAGE INPUT PARAMETERS **% /// Z4x 0UTP3209
X 24HROTUR TIP C~-FACTOR LIMIT F33.4// ZAX 4THHUDB RELATIVE FLUW ANGLUUTP 3210
XE LIMIT AT THE RCTGR EXIT FlUel// c4Xx 33HSTATUR HUB MACH NUMSzR LLICUTP 2211
XMIT C(INY F24e4//7 24X 2S5HSTATOR HUB L-FACTOR LIMIT F32.4// 24X 11H-{UTP 3212
X==ROTOR=== 48X lzh==-=STATUR-—==/// 12X SHWHIRL 5X 1EHRATIL SUPtRSONUUTPIZLS
XIC 33X BHSOLICITY &3X SHwHIKL 5X 16HRATIG SUPERSUNIC 3X sHSULLICITYLUTP 2214
X / 11X BHVELUCITY 2X 16KTU TCTaL TURNING 33X BhRVELLCITY 2X 164TU TUUTP2215

XOTAL TURNING 77) ouTP 3216
GUTP 3217

WRITE {6455) CUCCUISeD )y SSCOLISs1)y SCCULIS,1, uuTe 3213
X CUCLCIS+1441)sSSCOCIS+191)ySCLULIS*Ls1 ) oure3zis
X B2(15), SSCOUISsc)y SUCLUIS+2), ) uuTP 3220
X CUCCUIS+142) 9 SSCOUISH142)»SUCCLIS+1421), GuUTP3221
X (CUCCUISyd)y SSCULISyd)y SULULISeJ), uurTe 2222
X CUCCOIS4L¢J Do SSCULISH19J ) o SUCOUISHLyd) yd=5,0) LUTFE3223
QUTP 3224

5 FURMAT (5X1EA3ELL.€,14X1HA3E15.6/ CuTP 3225
X SX1HB3E15.6914X1HB3E1546/ uuTP3226
X 5X1HC3El1L .ty 14X1RC3EL5.067 auTe3227
X SX1HD3ELE.6514X1FD3E LS. 0/ uuTP3224
X SXIHE3E1Cety 14X1FE3LL5.64/7/ LUTP 3229
X 44X 31H#*%% STAGE SCALER QUANTITILES *¥x //) CUTP 3230
NUTP 3231

SQCU= CX{ISyJdM)/CXELIS~1edM) wutTP3232
A= CXUIS+1,IM)/UX(1SydM) UuTP3233
Q= (RS{1S) ~=RHUISHI/LEPVIS,2) CuTP 3234
AA= (RSUIS=1)-RH{IS=1))/DEPVIS5,11} GuUTP3235
WRITE (64550) AA, RHUIS) » £S{1S), ALPHA( 3411}, UUTP 3236
X ALPHA(3,2)y DEPV(EsLl)y FLGW(IS), CXS(542) Gy LUTP3237
X RROIS+1), RS(IS+1), ALPHA(4y1)y ALPHALGyc )y DEPVI(D,4) QUTP 32 38
X FLOW{IS+1)s CXS(Tec), SQCGy EHOLS) BT(IS)Y, ouTP2239
X PMABLIS), TMAB{ 1S), PMALIS), TMACIS) . CXS(uypl)d, QUTP3240
X Ay BHUIS+1), BT(IS+L), FMAB(IS+1), TRAB(IS+L), uutp 324l
X PMALI>+1)y TMALIS+1)y CXS(T,1) uuTP3242
NUTP 3243

56 FORMAT (12X33HASPECT GECMETRIC HUB GEOMETRIC 5X BHHUB RAMP X LUTP3Z244
X 8HTIP RAMP 4X3SHAXIAL LENGTH MASS FLUW MASS AVE. / 12X OUTPZ245
X 61HRATIC RACIUS (IN.} TIP RAD{IN.) ANGLE (DEG) ANGLE (DEG) UOUTP3244
X 6X SHUIN.)O6X26H(LB/SEC) ADIABATIC EFF. // SH —ROTUR-- F8a3, QuUTP 3247
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le/l1o/061

UuTPT, - EFfN SCURCE STATEMENT - 1FN(5) -
X F1304yF14049F1l2e39F14a29F13e4yFlaetyFLl5e4 // GH -STATSUR- FBed, LUTP 3246
X Fl3e4+Fi4e49F13439F14e31F13e4eFlbetoFlb.4 /// uyTP 3249
X 79% 2(LOFCUMULATIVE 4X)s 11h CUMULATIVE / 9X LOhVEL. RaTle ZX LUTP 3250
X 37THHUS BLOCKAGE TIP BLUOCKAGE MASS AVE, 35X $HMASS AVie 53X OUTP 251
X 3(9KMASS AVE, 6X)y / 9X 1LIHAT THE MEAN 4X cUTP 2252
X 6HFACTUR 8X6hFACTUR 5X GHPR. RATIC 4X22HTEMP. RATIO PR. nATIU UUTP 3253
X S5X2THTEMP. RATIC ADIABATIC EFFe. // SH =RUTCR-— FBe3sfllaasFla.a,ulTrs254
X F13.49F1l4449F12449F14.49F15e4 /7 SH —STATUR- FB.34Fl3oasblacay guTP 2255
X F130“1F140‘0'FlB¢‘le’1‘|.‘¢1F1504 ///, UUYPBESD
aUTP 3257
WRITE (694275) BLADELIS)y LLADE(IS+]) GUTP 3258
DUTP 3259
219 FGRMAT (11X 9hHLOSS DATa / 11X BHSET USED // 9H —kLTUKk-- 17 [/ LUTP 3260
X 9H =STATCR- 17 ) uuTP 2261
UUTP 2262
WRITE (6,285) CUCLIIS,.?) CUTP 2205
LUTP 3264
285 FURMAT (1FO//35X47THB CUEFFICIENT UF wHIRL VELLUITY AT ®RUTus eald =CUTP3265
X Elbe8 /7)) HBUTP 3269
GUTP 3267
*%% PRINT KUTLR EXIT QUANTITIES JJTP 2268
LUTP 2269
WRITE (64E7) VUTP 3270
QuUTP 3271
57 FORMAT(1H1/// 41X 6H %-~——3% L G T C R E X I T ®fx————x%x///2X4H5.L.0UTP 2272
X 57TH STREAMLINE AXlal VEL. whiRL VEL. RAUTIAL vcl. LuTr 3273
X 5ZHABSe. VEL. ABSe. MACH ABSe FLCwW Rtle FLuUW /3X3HNUO. GUTP3274
X 58H RADIUS (INe) {(+T/SEL) (FT/SEC) (FT/7SCC) uuTP 32175
X 5ZH(FT/SEC) NUMBER ANGLE (DEG) ANGLE (DEG) /£ ) UUTP 3276
ouTP2277
DO 6C J=14yNLINESSICLTTK TP 5274
WRITE (6959) JsRULSed) 9CXOISpd) yCULIS»d)LRIIS )y CXM(Ly J)y QuUTP 22179
X MACH{ IS+1,J)sALFRHA(LeJ) o BETA(L,d) QuTP 5280
OUTP 2281
5 FURMAT(I54F11e49FlZaZ92Fl4e2Flae34F1C.442Fi4e3 ) CUTP3£82
uUuTP 3283
60 CONTINUE OUTP 32484
WRITE (6¢€5) OuUTP 1285
uuTP 3286
€5 FORMAT (1HO/ 2X4hS oL o43H TCI1AL TEMP. TCTAL PKES. ADLABAT I GuTP 2237
X 38HDIFFLSION WhEcel SPLED SOLIDITY BX 4HA%X/S ok UuTP 3288
X11HLOSS CCEFF. nuTe 5289
X /3X3HNU «4X SHRATIGL 99X JUTPR 3230
X SERAT IUGXLOREFFICIENCYSXEHFACTUR 7X BH(FT/SEC) /7 ) QuiP 3261
QuTP 2292
DO 70 J=1+NLINESICUTTR GuTP 3293
WRITE (6466) JeCClLsJ)yCO{3¢J) yATARIISyJ) yUFACTLLIS»d) s UlISy U}y OUuTP3294
X SOLIDCISJ Do EMACHIIS»Jd)+OBARIIS,J) . QuTP 3295
OUTP 3296
QuUTP329338
70 CUNTINUE gutTP3299
WRITE (64281) OUTP 3300
uute33ol
281 FORMAY (1HO//:Z2X4FS5.Le110H TOTAL TEMP. TOTAL PRES. STATIC TEMP.,QUTP 3302
X STATIC PRES. SLUPE CURVATLRE REL. VEL. Kile MOUTP2303
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i2/lo/01

UUTFT. - EFN SLURCE STATEMENT - IFN(S) -
XACh /3X3HNU«3X SHICEGREESI3XLIH(LLE/SU INe} 4XSHIUEGRESS) 5x SUTP 2304
X LIH(LB/SC INe) ZXSH{DEGREES)IIX4H/INGEXBHIFT/SELC) TXoHNUMEER /) SUTP 0305
BJTP 3306
DU 282 J=1+NLINE S IULTTR CUTe 3307
€32 WRITE (642830J9TCULS,J)oPULTISyd) yCXNER(L ) 4CO(84J)er5LUFC(Z29d)y  SUTP IO
X RCURVE(Z9d)9C0(59d)sLlX5(1ed) CUTP 2509
JUTP 3310
283 FURMAT (IE4FllecslFldedsFlSecsFllessFlte3oFioe4yFl3e4) LUT# 3311
UUTP 3312
¥k PRINT STATUR LXIT QUANTITIES UUTP 3313
JUTP 3314
WRITE (6475) JUTP 3315
DUTR 2510
75 FCRMAT (1H1///40X38H¥3~——=%% S T A T G R & X I T #k-w——2k /// 2K CUTPRILT
X4HSele97H STREAML INE AXIAL VEL. WHIRL VEL. kabDl al Vel. LuTP331n
X 5/HABS. VEL. ABS. MALH AtSe FLUW RELe Fluw /3X3Hwue JUTP33L3
X 958H RALIUS (IN.) (FT/SEQ) {FT/SEC) (FT/5:C) CUTP3320
X S52H(FT/SEC) NUMBER ANoLE (LEG) AMGLE (LEG)Y /7 ) AUTP3Z2]
TP 3322
CU 80 J=1yNLINES,ICUTTR LuTP 3323
WRITE (6929) JoRUISH+1pJ}aUlXUIS+L9d)sCUITIS+HL ) sCRULSHL v diy DUTP 3324
X CAM{Z23d 0 yCXSU2yJ) +ALPHA(Z4J )9 BETA(L4J) LUTP 3325
80 CUNTINUE QUTP332¢
WRITE (64¢€5) uutP 3327
Cu €5 J=1,NLINES,ICUTTR aytrp232s
WRITE (63€6) JoCl{20d)sCCU4J) 2 ATASIIS+14J) DFACTIIS+i9d)y outTP3329
X ULIS+1,Jd)sSOLIDUIS+1yubsEMACH(IS+Lsd) GBARIIS+1 ) UuTP 3330
85 CONTINUE ouTP>331
WRITE (64281) GuUTP3332
DO 284 J=]1yNLINE S IOUTTR OuUTP 3333
284 WRITE (692B832) Je TUCISH+14J) yPCULISHL oJ) yCXNERT29d) o CUIY9J ) yRELUPE Dy DUTP 3334
XJ) o RCURVE(34d)sCLIELJ1oLC(T74J) DUTP 3325
100 CONTINUE CuTP:3s3e
ouUTP 2337
*%x PRINT CUTLET CUANTITIES QUTP3333
uuTP 3339
WRITE (6,110} 0uUTP 3340
JUIP 3341
110 FCRMAT (1F140X40h#*¥——%%% UUTLET FLOW PARAMETERS *%%k-——kx% [// QUTP 3342
X L3X3HSTATXSHAXIAL TXGHGELMETRICSXGHGECMETRIC4X1ZHHUS 3LUCKAGE X UGUTP3343
X 1ZHTIP BLOCKAGE / 1:X3HNG.S5X10HCCGOKDINATES4XIOHRUB RADIUS 4X GUTP 2344
X LOHTIP RADIUSOXEHFACTLUR YXO6HFACTOR / 24X5H{INLIGXSH(ING )OX5H{ IN. ) GUTP 3345
x /) NDUTP 3346
LUTP 2347
JJ=LSTAGE + 1 NDUTP 3348
00 120 J=JJsNX JuTP 3344
12C WRITE {(049115) JeXUJ)yRE{ID) 2RSUI)4BHIII BT YD) GUTe 3350
OuUTP 3351
115 FURMAT {10XI54F1Ce39F1l4e29F12e39F1Ce3,F14.3) GUTPZ352
' UutTP 2353
WRITE (64130) JJ OUlIP 3354
UuUTP 3355

130 FURMAT (1FH0O//50X14ESTATION NUMBER 14 // SH S.L«3XLCHSTREAMLINE 4X WUTP335¢
X 1CHAXIAL VELe 3X1OHWHIRL VElL. 4X11HRADIAL VEL. 4X 9HABS. VEL. %X GUTP3357
X 9FABSe MACH 4X1IHTUTAL TEMP. 3X11IHTUTAL PRES. / 4H NJ«3X11HRADIUSGUTP3A3SB
X INe 4X EH(FT/SEC) eXBH{FT/SEC) EXBHUFT/SECY 6XBH{FT/SEC) 7X wUTP3349
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ouTPT,. = EFN SCURCE STATEMENT - IFN(S) -~
X GHNUMBER 7X 9HI(DEG.S K} 4X11HILB/SQ INe) /)

KJ=0

D0 1401J=JdJ s NX
KJ=KJ+1

DU 140 J=1,NLINES

*¥% CALCULATE ABSOLLTE VELUCITY (QUTLETY
CXFIKJyJ)= SQRTUCX(IJyJI*%2 + CULIJpd %% ¢ Childyd)*x2)
*#%x CALCULATE STATIC TEMPERATURE (GuUTLET)

= ~CXM(KJe JI%*%2/06J
I= TG{1JyJ}
CALL ENTALP
CALL GAM
CXNEW{KJyJd)= TSTATJ)
ERAS1= GRZ*GAMMER*TISTAT(J)

*#% CALCULATE ABSOLUTE MACH NUMBER (LUTLET)
CXS(KJIpJd)= CXMIKJIyJI/SCRT(ERASL)
140 COUNTINUE
KJd=0
DG 150 IJ=JdJ.NX
IF(IJ.GTeJdJ) WRITE (591€C) 1J
KJ=KJ+1
DO 150 J=1sNLINES, IQUTTR
150 WRITE (69165) JyR{IJsJI9CXL{T1JedhsCUlIJed) sCRUTINI) 1CXAIRII I}y
X CXS{KJed)o TOUIS9J)}sPULLd )
160 FORMAT (1HOSOX14hSTATICN NUMBER [4//)
165 FURMAT (14, F1lce4sF13.392F14029F13429Fl4edyFla.2vFl4el)
RETURN
*#¢ FINISHEC AT LASTececcee

END
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OUTP 3300
guTP 3361
UuTP 3362
OUTP 3353
UUTP3306%
UuUTP 3365
uuTP 3360
CUTP 3367
gutei33lod
QUTP 3369
JuTP 3370
CuTP 2371
JUTP 33172
CUTP3373
UUTP3374
CUTPZ2TH
QUTP 3370
ouTP2377
CUTP 3Ty
UuTP 3379
CUutP 2380
QUTP 3341
OUTP3382
OuUTP 3383
ouTP 3384
ouTP 3385
QuTP3386
QuUTP =337
guTPr3388
QuUTP >389
auTeP5330
QuTP 3391
auTP3392
QuTP 3363
CuTP3394
OuTP3395
ouTP3396
ouUTP 2397
ouTP3398
QuUTP 3399
OUTP 2400
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PRFIT.

SUBROUTINE PRFITZ

*¥% PETERMINE FLOW PARAMETERS

EFN

SCURCE STATEMENT -~

IFNES)Y -

REAL MACH, MAPKy MCLEWT, JUULE

DIMENS IUN ATAS(2S,11)y FLCW(32)

LUGICAL IERRUR, YES

COMMCN /MATRIX/  ALPHA(L1GCy 11l )y ATAR( 29411}, B2(23),
BETA(LO,11), sh{2<), BLADEL(29) B8T(02),
CU(104s1i)y CPL32411) CPCUILG) CR{b>z4y11)y
CSLUPEL1Cy11)y CUZLLL), Cul32911) CLLSLeT9D)
Cx{22,11) CxM(1Cy11)y CXNER(10411), CXRATL(ZY )y
CX5(10,11), Datl0), DELM(LL), CEPV(1J,11),
DF(2C), UFACT(2G,11), DFLL24), CFLCw(32),
EMACH(29411), FCUND(2C9391U)y FROEL(LUsLL), GAMMa{3c9ll)e
HMN(29), HUB(Z2), IKK{10), MACH{ZYyl1 )y
UEAR(Z29911 ), PU(32y11)y R(32,11), RCUVElLUs1l)y
RH(32), RHC(3c911 )y RINT(L11), RCSTAG(L1L)y
RS{32)y RSLOPE(10411)y RIRAIL(LL), SLCUl2945)
SULID(23 411 ) SS5CU(c9+5), TERML(10,1i1), TERMALLL)
TERMB{11),s TERMC(11), TIP(Z) TITLE(LZ2)
TC(32411), TSTAT(1L) U(32411), nill)y

X{32) -

COMMCN 7/ SCALER/ Ay AA,y ALCAQ, AZD2A0y A3L240y A4U4A,
ASUSAO' By Uﬂ) L(J’ CN' CML‘:AN' CNEANP CU[N[G,
CPIL2,y P13, CPl4,y CPI5, CFIb, CPOz, CFU3, CPU%y
CPOS, CAMP, DCP,y CDy DIFCMy, DT, DUMMY, ERASLy
Ge GASK GJdy GRy GRZy JOULE s MAPK, MULENT y
POCO, [ RFM, TCPy TERMD, TESTBH, TESTIS, TLSTM>,
TOCC, T0L TOLAT, TCLB2, TOLMINy TULMS, TCLTIP, TOLCP,
TOGLCXy TOLR, TCTINT, TOIPKy V, VMI

CCMMOCN ZINTEGR/ 1, I8y 181, TDUMP, [TERRURy TFIRST,
1G, ICUTTR, 1PASS, 1Sy {7, Jy JIN,y Jdoy

JM' J"l’ K' Kl) KKI Ll LIH[T’ LSTI:I'\;;L;y
MSTAGE, NLINESey NTUBESs NXy NXly YES

EQUIVALENCE (ATAR(1,1),ATAS{1,1)1}, (FLOW (1) yDFLOW(L1) )

COMMCGN  ZENERGY/ ty Ty GAMMER

*x%k [ LESS THAN 5 INDICATES AN INLET STATIUN

IF (I.LT.5) GC

*%x% 1F 1 IS GREATER THAN LSTAGE IT IS AN QJUTLET STATICN.
ASSUMED THAT TOTAL TEMPERATURE AND

TL 60

IT

TOTAL PRESSURE: ARE

CUNSTANT ALUNG & STREAMLINE ANO THAT ANGULAR MumMeATUM (5

CCNSERVED

IF {l.LE.LSTAGE} 60U TU IC

bo

8 J=1.NLINES

GAMMA{ I3 J)=GAFMALLI-1yJ)
CPLI+d)=CPlLI-144d)

CUCId)=RI-1J)*CULI~14J)/R(15J)

TO(E9J)=TLILSTAGE,J)
PCUI,J)=FCALSTAGE,J)
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IS

Le/10767

PREI 240¢
PrF]l 3403
PRFI 540%
PREL 2409
FRFI 240¢
PRFEIZ407
PRFIL 2403
PRETI 40
PRFI3410
PRFIz41]
PRFILGLE
PRFL 2413
PRF[ 3614
PRFI 3415
PRF1 3416
PRF13417
PRF] 1419
PRET 3419
PRFI1 3420
PRFI 3421
PRFI 3422
PRFI 3423
PRFI3424
PRF 13425
PRFI 3420
PRFI 3427
PRF13428
PRI 3429
PRF 13430
PRFL 3451
PRF12432
PRF13433
PRF134 34
PRF 13435
PRFI 3436
PRFI 3437
PRFI 3433
PRF 13439
PRFI13640
PRFI1 3441
PRFI 3442
PRF 13443
PRF[3444
FRET 2445
PkFI2440
PRF 12447
PRF13448
PRFI1344Y
PRF I 3450
PRFF1345)
PRF1Z4492
PRFI56453
PRFI2454
PRFEI3455



cooc

(]

10

PRFIT, - EEN SOURCE STATEMENT = IFN(S) -
U TO ¢0
#%% CALCULATE WHIRL VELCCITY AT EACH STREAMLINC
T= TCCC

B= THERM3(TOCO)
DO 12 J=1,NLINES

La/lotol

PRF[ 3450
PRE[ 4057
PRFI 35458
PRFI 3457
PKF 12450
PRFI1 3401
PRFT 34672

12 CULTsJdI=(CUCULTL 1 1/REL 4dI+CUCOCT2) )/ RIT 4 JIHCUCCUT 30+ ICULLULT, 4 )+CPRIDIB4E,

16

20

22

26

30
EDY

IUCCH Iy 5)*R{ 1+ J)I*R(14J)

IF (I.NEWE) GU TC 20

0O lo J=1,NLINES

H= ={CX{S J)*%Z dCR(S,J)I**2 +CU(S,J)%%2) /064
CALL ENTALP

**x (ALCULATE PRESSURE LUSS ACKCSS INLET GUIUL VANCc.

PRET 3464
PRFL 3465
PRFEL 3450
PRET 3467
PRI 3468
PRFL[3453
PR+1347T0

GUIDE VANE IS SIMULATED BY SPECIFYING A TANGENTIAL VELOCITYPREI3471

DISTRIBUTION AT Thc ENTKANCE TC THE FIRST RCTUR ANle A

PRESSURE LOSS ACRCSS STATIUNS 4 TO 5

PC(59d)= PUCU —n(Jd)*PUCO*(1e0 -EXPIITHERMI(TSTATIJY) =3)/0CP))

CUNTINUE
G0 TO &0

CONT INUE

**x [ EVEN SIGNIFIES A RUTOK eXIT AND I OUD SIGNIFleS A STATCR

IF (I-(1/72)#%2,EQ.0) GC TC 30
DO 2€ J=1,NLINES

CPUIYJI= CPLI=1,y4)
GAMMA( Iy J )= GAMMA(I-1,J)
TOUIyJ)=TClLI=1,J)

*** CALCULATE TCTAL PRESSULRE AT STATOR EXIT

I= TClI-24+J}

H= (THERMILTU(IyJ) ) —THERMLI(T) ) *ATAS(1,4J)

CALL ENTALP

PCUI9d)= PULI-2+J)*EXP((THERMI{TSTATIJ))I=THERM2{T))/DLP)
GO TO 60

*¥* CALCULATE TCTAL TEMPERATURE RISE ACRUOSS KUTCR

DO 40 J=1oNLINES
He 2.0%(CUCLy J)*LLI9d) =CUII-19d)%U(I-1yd})/Gd

*2% CALCULATE TOTAL TEMPERATURE AT ROUTOR EXIT
T= TGlI-1+4)

CALL ENTALP
TO{L4J)= T1STAT(J)

**% THEKMP YIELDS ThE SPECIFIC FEAT CPUIsJ) AND GAMMALL,J)

FRCM TO(I,J)

CALL THERMP

B-72

PRFL3472
PRFI 3473
PRFI34 74
PPFL 2475
PRFI3476
PREL2477
PRETI 3473
PREL34T9
PRFEI 3480
PRFEI 3481
PRFI 5482
PREIZ483
PRF1 3434
PRFI3485
PRFE13486
PRFI13487
PRFI 24549
PRF1348G
PRF134990
PRFI3491
PRFI3492
PRFL13493
PRF 13494
PREI 3495
PRET 2496
PRFI 3497
PRF 13498
PRFI2499
PREI 35900
PRFI3501
PRFEI3502
PRFEI 3503
PRFI3504
PRF13505
PRFI3506
PRF13507
PREI 3508
PRFI3509
PRFI3510
PREI3511%



: Laflonrot
PRF1L1. - EFN SOURCE STATEMENT =  IEN(S) -

H= H*¥ATAR(I,J} PRFI3512
CALL ENTALP PRFI3513
40 PCUIypd)= PULI-1pJ) #¥EXP ((THERM3I(TSTATEJ)) -THERMI(T)II/DCP) PRFI 3514
60 RETURN PRFIC515
END PRF151ls

B-73
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b B & B B d B 4 I 8 2 2 i {

L B B 0 B

X
X
X

1

RUER 1.

**xx CALCULATES VALUES OF THE FIRST DCERIVATIVE

- EFN

RESPECT TC R

SUERCUTINE ROERIVUIY,IAX)
CIMENSIUN Y(IAX,11)

SOURCE STATEMENT -

TENCS) -

GF Y wilH

820251,
sT(32),
CR{3241 L)y
CLCU(Z29,45)
CXRATU(Z29 )y
DEPV{1Us11l)e
DFLCW(32),
GAMMA(3Z411),
MACHULG 91 L)y
RCURVE(LUs11),
RUSTAG(11),
SCLU(2945)
TERKMA(LL),
TITLEC(LCE)
W(ll),

A303AU,
CMEANP,
CFO3,

DUMMY ,
MAPR,

TeSTUS,
TCLYIP,

A4U4AD,y
CUINT G,
CPl4a,

ERASL

MOLEWT,
TLSTMS,
TOLLP,

I ERKROK,
JINy
LIMIT,

IFIRST,
JJy
LOTAGL

REAL MACH, MAPR, MCLENWT, JOULE

DIMENS ION ATAS(2S,11), FLOWL(32)

LUGICAL IERRUR,y YES

CCMMCN /7#ATRIXZ ALPEA(LC,11), ATAR(29,11),
BETA(10,11), BHL32), BLADE(Z29)
CL(10.11), CP(32,11), CPCU{6),
CSLOPE(1Gy11)y CUZ(L1), Cul32,11),
CX(32,11), CXM(10,11), CXNER(L1Us11)
CXS{lurll)y DA(LU), DELM(LL),
DF{20), UFACT(2S+11), DFL{ZS),
EMACH(29,11 ), FCUNUI2C9 32100y FKDEL(10421),
HMN{23), HUB(2Z), IkKt10),
OBAK(29411), PC(22411) R{3cyll)y
RH(22), RHU(Scell)y RINT{11),
RS{32), RSLUPE(10,11)y RKRTRAIL(1Ll},
SCLID(29,11), $S5C0(29451), TERM1(10411),
TERMEB(11), TERMCA{L11), 1IP(32),
TC(32411), TSTAILL1L), U(3Z2411),
X(3z)

CCMMON /SCALER/Z A, AA, ALGACy AZ2UcAU,
A505A0, B, BBy CCy Cw, CMEAN,
CPLZ, CPI3, CPl4,y CPL15, LPL6,y CPQC2,
CPOS, CANP, CCPy LU,y DIFCw, DT,

Gy GASK, GJdy GRy GRZ g JOULE
PGCC' (p RPM' TCP[ TtRMD, TESTﬁH,
TCCO, TULy TCLAT, TGLBZ, TOLMIN, TCOLMS,
TOLCX TOLR, TLTINT, TOTPR, Vs Ml

CCMMCN /7 INTEGR/ I, 18y 181, I1DUMP,
16y ICUTTR, IPASS, IS5, IT, Jy
JMy JM1l . Ky Kl KKy Ly
MSTAGEy NLINES, NTUBES, NX, NALy YES

EQUIVALENCE (ATAR(L91),ATAS(Ls 1)), (FLOW(1) ,DFLCW(1))

JJ=L

IF (IAXeEQe32) Ju=I
DO 100 J=2,NTUBES

CC(LyJ)=

COlLsL)=(Y(JJel)=YUIJs2) M/{RUL41)-K(I,42)}
COGLoNLINES)=(Y(JJoNLINES)=Y(JJyNLINES=1))/(R(I4NLINES)~

ROL¢NLINES-1))
RETURN
END

B-74

(Y(Jdgpd=1)=Y(JJeJ*Ll D))/ IR{Lsd=1)-R(LIyJ+1))

Vislulhl

KOER 3518
HDELR3519
RDEzR3520
RDerR 3521
KDERAS 22
kDER3ISES
RUCR 3524
RDEA35¢5
~ADcR 526
wCER 2527
RDER 5528
RDER 3529
KOER3530
RUERIH 3L
“DER3S32
RDER 35233
ROER 35 34
RDE/ 3535
RDER 3536
ROER 3537
RNER 3538
“OER 3939
KDel3540
ROER 3541
RDER 3542
ROER 3IH43
RDER 3544
RDER 3545
KDER 3540
RDLER3A547
ROER 3548
RDER 3549
“DER 2550
KRDER 3551
RDER 3552
RDeR 3553
XKDER 3554
RDER 2555
RDLR 3556
RDER 3557
RDER 3553
RDER 4559
KUER 2500
RDER 3561
RDER356L
RDER 3563
RDER3564
RDER 3555



KROGTOGU.

SUBRCUTINE ROTOUT

EFN SOUURCE STATEMENT

**x (CMPUTES ROTUR EXIT GEUMETRY

REAL MACH, MAPR, MULEWT, JOULE
DIMENSIUN ATAS(2S,11), FLCW(32)

LOGICAL IERRUR,
COMMCN /MATRIX/
BETA{10U,11),

CL(104,11)
CSLOPE(1Gs11),
CX{32411)s
CXS{10,11),
DF(201},
EMACH{(29,11),
HMN (29},
CEAR( 29411},
RH(32),
RS{32),
SOLID(29,11),
TERMB(111},
TCI32411)y
X{(32)

CUMMON /SCALER/
A505A0, B,
CPi2,y cP13,
CPUS, CAMP,
Gy . CASK,
POCQO, Qe
TGCG, TOL 4
TCLCX, TOLR,

CCMMCN /7 INTEGR/

X IG, ICUTTR,

X JMy | JM]l,

X MSTAGE, NLINES»

b B B & B I 3 b 2 A g

W D M D X W

EQUIVALENCE (ATAR(1+1)4ATAS(141)),

COMMCN  /ENERGY/

D0 5 J=lsNLINES

YES

ALPHA{LG,11), ATAR{Z29,
BH{22), BLADE(29
CPU32,4111), CFCO(E)
Cuétllh, Cu(32,11
CXM(L1Cy1ll)y CXNEW(1V
CA(10), DELM(11)

OFACT(29411 1), DFLIZS),

FCUND(20+,3,10), FRDELILO
HUb( 3Zz) , IKK{10),
PO(32+11) R(32,11)
RHU(32511) RINT(11)
RSLOPE(10,11)» RTIRAILLL
S3CC(29+45), TERM1 (10
TERMC(11), TIPL32),
TSTAT(11), Uil32+11)
Ay AAy AlGAQG,
BBy CCy CMy
CPla, CP1S, CPIG,
DCPy DDy DIFCH,
GJdy GRy GRZ ¢
REM, TCP, TERMO

TULAT, TCLB2y TLLMIN,
TCVINTy TUTPR, V.

Iy 1By 181,
IPASS, IS ITy
Ky K1, KKy
NTUBESs NXy NXly

Fy Ty GAMMER

5 CPUlqsdd)= CPUI-1,y4)

L=2
ISAVE= 1
LCl=0
LC2=0
LL3=0
NC=0

IF CIPASS.NE.1) CO TU 15
IF (LSTACGEL.EQ.7) GuU TU 1

CALL CGPY
RETURN
1 CONTINUE
CALL RSTART
IT=1
10 CALL PRFIT2

B-75

-  IFN(S) -

11), B2(231),

| I BY{(3:1),
CR({32411),

) CUCG(2945)

e11), CXRATU( 7 )y

' DEPVILULLYL),
OFLCWI(32)

'll" GAMMA(J?.’).I),
MACH{Z29¢11)y

' KCURVe(1lUelll,

' RCSTAGL(LL)

1), SLLO(2Y942)

211) TERMA(L4i),
TITLE(L2)

[ N(ll,’

A202A80y A303A0yy A40%AG,

CMEAN, CNMZANPy CUINTOG,

CPLZy CF03, CPO4%,

DTy DUMMY ,» ERASL,

JOULEs MAPKR, MOLEWT

TESTBH, TESTuUS, TLESTHS,

TOLMS,y, TCLTIP, TULCP,

VMI

LDUMP TERRURy THIRST,

Jy JIN, Jdy

Ly LIMIT, LSTAGE,

YES

(FLOW(L ) yDFLCKW(L))

12715767

RiJTU3557
ROTO3560
fOTO L5
RUTGASTU
RUTU 35T
ROV13572
RUTW3573
RUTU3574
ROTDZ2575
ROTL35T70
RUTAI3ST7
ROTU 2578
RUTLU25T3
ROTUL580
ROTU3581
ROTO 3582
KOTu 3583
ROT L3584
ROTU 3585
RUTN 3586
RUTUS587
ROTD 3588
RUTU 3589
ROTU3590
ROTO3591
RIITU 4562
R0T7T03592
RUTII35%4
ROTO359%5
ROTQU 3596
ROTI 3597
ROTO3598
RUTU 3599
RUTUJ2600
ROTO3601
ROTU3602
ROTU3603
ROTU 3604
ROTO3605
ROTU3606
RUTL3607
RJTI5608
ROTII360L9
ROTD3610
ROTO3611
ROTND3612
ROTO3613
ROTO3614
ROTO2615
ROT03610
ROTND3617
RUTO3618
ROTO 2619
ROTU3620



15

1

96

44

ROTUU,. - EFN SCURCE STATEMENT - IFM(S) -

*%#% SUBROUTINE INEST TO BE USED UNLY FUR INITIAL GUESS.
IT=1 INDICATE> SUBROUTINE INESY HAS NCT BELN UstD

IF (1T.NE.1) GO TO 15
CALL INEST

*¥% SUERCUTINE STREAM CALCULATES A SIMPLE RACIAL
EQUILIERILM SOLUTIUN COF THE #LUMW

CALL STREAM
IT=0

RETURN

CCNT INUE

CALL CAxXIaAL
L=2

I= ISAVE
CUNTINUE
JC=JC+1
SAFE=CUCU(1,2)

%% STAGE OPT IMIZATICN (40U ATTEMPTS ONLY)
IF (JC.LE«40 ANDLLIMITLEGC.U) CALL CKRIVE
*%* ERROR PRINTS MESSAGE ~ UPTIMIZATION OISCCNTINUED

1F (JC.EQ.41) CALL ERROR(14)
LC1=0
IFLSAFENE.CUCCIIy2}) U TG 10

J= NLINES

A= (RUI=1+J)¥R(1,JD)I*C.5

SOLID(Isd)= (SOCCU1s1)/A +5UCOLTI,20)7A +SUCGHLIL,43)
X+(350C0(1,4) +SCCLU1,5)*A)*A

TESTDS= 1eU0 ~SQRT{CX{19J)**2 +CRUIyJI*%2 +(CUTI4J)-U(Id)I&X2})/
X SURTICX(I-leJ)®42 +CR{I-1,4J)%%2 +{(LUCI-14J)-U{I-1,Jd))%%/)
X +{U{I=19d) =CU(I-1yJ) -UlL4Jd) +CULI4J))/
X (2.0%SOLIDUL g JIASCRTILXIT =1 9d) %2 3LRUI-1yJ)*%2
X +{CULI-14J)-U(L-19J))%22)})

IF (TESTUSLLELDFLUI)+TOLBZ) GO TO ¢4

CALL B2CAL

HRITE (6499) 1

FORMAT (1HO3€X44FRUTOR TIP L-FACTUR LIMIT VIGLATEU AT STATICN{3)
IERROR= <TRUE.

GU TC 10

CONT INUE

*xx TEST THE HUB MACH NUMBER. IF TCG HIGH, ALTER THE
CCEFFICIENT UF 1.0/R IN THE WHIRL VELOCITY PULYNOMIAL

H= =(CX{Ea1)%%Z sCROI,10%%2 4CULI,1)%%2) /64
T= T0(Is1)

J= 1

CALL ENTALP

B-76

i2/15/67

ROTU 2021
RUTL 2622
RUTU 2625
ROTU 3624
RUTU362Y
RUTU 2620
ROUTD 5627
RUTWJ5624
ROTL 3622
KOT1}3630
RUTN3631
ROV 3632
KOTU3633
ROT115634
RUTOQ 35635
ROTUS536
KOTN3637
KOT 5638
ROTL 363y
RUTO 5640
ROTND 3641
ROTQ 3647
KUT03643
RUTU3 644
K0TD3645
ROTO 3640
ROTO 3647
ROTU364H
ROTU3649
ROTU3650
KOT33651
ROT03652
RUTO3653
ROT03654
ROTU3655
RUTG 3656
ROT(3657
ROTU3658
ROTO 3659
ROTU2660
rROTU3661
ROTI3662
RUTL 5663
ROTU 3664
ROTUIA6HS
ROTO3666
ROTU3667
RUTO 3668
ROTU366S
RGTO3670
ROTO36T1
RUTO 3672
WTUAGT3
RuTQ3674
ROTO3675
ROTO3676



OO0

’ 127127467
RLTUU. - LFN SUURCE STATEMENT = IFNI>) -

CALL GAM ROVU36T7
TESTMS= ~h%GJ/{32. 1T4*¥CASK*GAMMER*TSTAT(L)) ROTQs670
TESTHMS= HMNII) -SQRT{TESTMS) +T(LMS ROTUzZ679
IF (TESTMS.GE eV} GU TG 48 RLTU 3640
SAVE= CUCU(I,42) RuUTI3641
RUTI 3642

%% CALCULATE THE B-CUEFFICLIENT FRCM THE AsSCLUTE MACLH NUMIEK RUTIIZ63,
LIMLY RUTUDEES

ROTS 3685

45 CALL B2CALL ROTU3AKEH
LC2=LC2+1 RUTUS63T
ROTU 3688

%% E£RKUR TRANSFER TU A NEW DATA SET RUT 33687
RUTU3630

IF {LC2.6T.50) CALL ERRUK(15) RUTU3661
WRITE (0,102} 1 ROT 3692
102 FORMAT (1+037X39F%*% MACH NU. LIMIT VICLATED AT STATI{UN [2.4H ®x%)RGTH3693
IELROR=« TRUE ROTO3694
GO TO 10 RUT3695
48 TESTBH=RMN(I+1)-ATAN((UCTL,1)}=CULTL 1)) /SQRT(CX(I 1) #22+CR{1,1)3%2})IR0OTU3696
ROTO3697

*¢%x TEST THE RCLATIVE FLOW ANGLE AT THE HUB AND ALTER THE ROTU 3638
COEFFICIENT OF 1leU/R IN THE WHIRL VELUCITY POLYNUMIAL RUTU 369y

IF NECESSZRY ROTO3700
ROTA3701

1F (TESTBheLE.Us) RETURN ROTU3702
LC3=LC 3+] RUTU3T02
RUTO3704

*%* ERROR TRANSFER TU A NEW DATA SET ROTD370%
ROTO3706

IF (LC3.GT.50) CALL cRRORL16) RUTN3707
WRITE (6,102} 1 ROTO3708
103 FORMAT (1FO22X50k*%** RELATIVE +LOW ANGLE CIMIT VIGLATLD AT STATIUNRUTULSTOW
X J294H %%2%) ROTO3710
) RCTU3711

*#% CALCULATE THE OB~COcFFICIENT FRCM THE RELATIVE FLUCWw ANulc RUT3712
LIMIT ROTH3713
ROTO3714

CALL B2CALZ2 ROTO3TLS
TERROR=,TRUE. ROTU3716
Gu TO 10 ROTO3717
END RUTW3718

B-77
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B 3 W D I 3¢ W

X
X
X

ERAS1=

RSTAR.

SUBRUUTINE RSTART

EFN

SCURCE STATEMENT -~

IENES)Y  ~-

4% CALCULATES EJQUAL AREA £STIMATE OF STREAMLINE PUSITION
ANC WHEEL SPEcl

DC 10 J=1,NLINES
BBHOELMF(JI*CC

*** ERROR TRANSFER TO A NEW DATA SET

IF (ERAS1.LE.C.C) CALL ERRGR(13)

R{I4J)= SCRT{ERAS]L)
Ul14Jd)= RUIyJI*RFM

RETURN
END

B-78

B2029),
BT(32) s
CR{32411),
LUCU{Z2I95)
CARATUL G )y
DEPVLLUW1i),
OFLGH(3c)
GAMMA{3s11),
MACH{ 29,111,
RCURVE(iUs1L)
RUSTAG(LL)
SCCCL2942)
TERMRA(L L),
fITLe (12},
will),

A3C3A0,
CMEANP,
CFO3,

DUMMY ,
MAPR,

TESTUS,
TCLILP,

CPU%y
tRASLl,

TOLLP,
i ERRUR,y

JIN,
LIMIT,

JJy

REAL MACH, MAPRy MLLEWT, JUULE

LIMENSIUN ATAS(ZSe11)s  FLCWI(32)

LGGICAL 1ckRUKR, YES
CMMON /M2TRIX/  ALPHALLOs11 ), ATAR{29¢11),
BETA(L10,11), BH(2Z), BLADE(29)
CCl10+11 ), CFlzasll)y CPCOL6),
CSLCPELLIG,11)y CUZILLD, Cut3z,11),
CX(32y11), CxM(10,111, CXNER{L10,il),
CXS5(1Us11), DA(LC), DELM{LLl),
DFL120), DFACT(29411), ODFL(2S)
EMACH{29,11), FOUND{20¢3410) s FROEL(10411),
HMN(29) » HUB(32), LkK(1C)»
UGBAR(Z29411), PLI32911) {32,411},
RH(32), RHCG(2Z,11 ), RINT(LL),
RS(32), RSLLPEL1O0,11)y RTRAILULL),
SULILE29,11), SSCLU(L945)y TEXKML1{10,11),
TERME(11]), TERMC(11), TIiP(32),
TO(34911), TSTAT(11), Ul32+111,
xX{22)

CCMMUN /SCALER/ A, AA, ALCAC, AZ202A0,
AS505A0, B, BBy CCy Chy CME AN,
crPi2, PI3, CPla, CPI 5, CPI6, CPGay
CPO5, LAMP, DCPy DO, DIFCF, DT, )
Gy GASK Gy GRy GRZ2y JOULE »
PGLCU, [ RFPM, TCP, TERMD, TESTHHE,
TUCO, 100, TCLAT, TOLB2, TCLMIN, TULMS,
TOGLCXy TULR, TCTINT, TOTPR, V, VMl

COMMCON /INTEGR/S 1, 1B, IBl, 10UMP,
1Gy IOQUTTR, 1PASS, IS, 1T, Js
JM,y JMl, Ky Kly KKy Ly
MSTAGEy NLINES, NTUEES, NX,y NX1, YES

EQUIVALENCE (ATAR(1,1),ATAS(1,41))s (FLOW(L1),0FLORIL1))

AAx RS(I)#%2 -RH(I)**2

Bo= RS(I)#*x?2 -AA*BH(])

CC= AA*(BH{I) +BTUI} -1.C)

A4U4AC,
CUINTGy

MLLERT
TESTMS,

IFIRST,

LSTAGE

Le/is/sed

RSTA3T720
KSTALTZ2)
RSVA3T2”
RSTaiT722
RSTALT 2«
RSTALST25
X8TA3720
RSTA3T27
RSTAsTLE
KoTAST2Y
RSTA3T3C
R5TAAT3]
RSTA3T32
RSTABT3S
RSTAZT 34
RSTAAT3S
RSTA3T 30
RSTA3T737
R5TA3738
RSTA 3739
RSTA3T40
RSTAZT4L
RSTA3742
RSTA3T43
RSTAZT44
KSTA2T45
RSTA3746
RSTa3747
RSTA3744
RSTA3749
RSTA37%0
RSTA3751
RSTA3752
RSTA3753
RSTA3754
KSTA3755
RSTA37%6
RSTA3T757
RSTA37%8
RSTA3759
RSTA3760
RSTASTOL
RSTA3T62
RSTA3TAHA
RSTA37464
RSTABT65
RSTA3T6O
RSTAT67
RSTA3T768
RSTA3769
RSTA3TIO



D B D W B D M D W X B MW W W

MO By D W X

X
X
X

SHCLK.

AlUZAO,
CMEAN,

JUULE
TESTBH,
TGLMS

L1OUMP,

IFN(S) -~

Belivh,
BTy
CiU3d Ll 1)y
CULUl Y99 )y
CXRAT Uy )y
GEPV{1Usla)dy
UFLCW (32D,
GAMMAL{L 29 L L)y
MALHL 25411
RCURVL{Llugllls
RCSTAGLLL ),
SLCLELT 90 )
TERMACLL) ¢
TLTLE(Y2)y
N(lL'y

A3U2AU,
CMEANP,
CFPC 3y

DUMMY,
MAPR,

TESTUS,
TCLYLP,

A4D<AUy
COINTGY
CPUty
E<ASLy
MUL&H[]
TESTM S,
TULCPy

I ERIKURY
JINy,y
LIMIT,

LEJROT,
Jdo
LSTaAvE,

(FLOW(L1) JLFLCN(L) )}

- EFN SCURCE STATEMENT ~
FUNCTIUON SHUCK(Z,Y)
*%% CALCULATES SUPERSUNIC EXPANSIGN ANoLE MINUS PRANULF-MeYLER
ANGLE
REAL MACH, MAPR, MULERT, JOULLE
DIMENSIUN ATAS(2G,11)y FLCW(32}
LLGlICAL IEFRCKy YES
COMMUON /MATRIEX/ ALPHA(LC411 )y ATAR{ZTell)y
BETA(iV,11), Bhi2z), SLALCL(ZS )
CLLLU11 )y LH{Zesll)y CPLU(E)
CSLGPE(LCy 1LYy CUZ(L1), CLE32,11)y
CX{3cell)y CaM{1Gell)y CXNER(10,11),
CXS(10,11), CAL1OU), uelM{ll),
LDF(20), DFACT(2S411), UFL¢S)
EMACH(<9,11), FCUND(2C42,10)y FRUEL(LO,11),
HMN{291}, HUB(32¢), IRK(L0)
UEAR{294+11), PUl3cellldy R{3Z24+11),
KH{32), RHU(3Z,11), RINTELL),
RS{32}) RSLUPE(LOy11)y RIKATLILLD,
SCLID(Z2G,11), SSCUL2Y995 ) TEKM1I(10,411),
TeRMB(11), TERMC(11), TIP(Z22)
TLE32411), TS5TAT(11), Ul32411),
X(32)
CUMMCN /SCALER/ A, AA, ALUAC,
AS05A0, t, BB CCy CMy
CPIZ, Pl3, CPl4, CPLIB, CPL5, cPG2,
CPUb! CAHP' DCP' DD| UIFLP, UTy
Gy CASKy,y GJy GRy GRZ2,
PUCG, Gy RFM, TCPyy TERMU
TUCO, ToLy TOULAT, TOLBZ, TLLMIN,
TCLCX, TUOLR, TUTINT, TOTPKs V, vl
COMMUN /INTEGR/ 1, Iy 1El,
16, ICUTTR, IPASS, IS,y 17,
JM, JFly Ky Kly kK,
MSTAGEs NLINcSy NTUBES, NX, NXLly YES
EQUIVALENCE (AT2R(1e1)eATAS(L,1)}),
SHOCK= ¥ — TERMI(LsJ)*ATANCOWURT({Z-1CI¥(L+10U)I/TERMI{L,,J)) +
X ATAN(SURT{(Z-1C)*(L+1.C)))
RETURN
END

B-79

L2/157¢7

SHXC -T2
SHOUL3T T3
SHOC 57 T4
SHOCATTH
SHULATTS
SHOC 37T
SHUC 7Ty
SHLL3TTS
SHUU 3T3U
SHUC ITRL
SHUL 37T3¢
SHUL 3742
SHUC 27 34
SHUEC 3745
SHUC 37306
SHUC #7737
SHOL 3784
SHUC 3749
SHI2C 3790
SHUC 3791
SHOC3T79¢
SHUC3793
SHUC 379«
SHIC373%
SHUC 3795
SHOC5797
SHOC379¢8
SHOC 3796
SHIXC 3800
SH2C 3801
SHUC 380¢
SHGU 3805
SHUC 2204
SHUC 3805
SHUC 38U
SHUC 3807
SHUC 2808
SHOC 38U9
SHUL3B1O
SHUCS5B14
SHGC 581/
SHUC 2813
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SULINE. - tFN SUURCE STATEMENT - IFNLS) -

SUBRCGUTINE SLINE (X oXT9YT4NyANS)

CIMENSIUN XT{500),YT{5C0)

IF (N-1) 392011

IF (X=xT(1)) 39394

RETURN

ANS=YT{1)

GOTO 2

IF (X~-XT(N)) Te525

ANS=YT(N)

GCTO 2
ANS=(YTINI=YTIN=3} )R (X=XTIN-1} ) ZUXTIN)=XTUN=1) I +YT (N-1)
GUTy 2

K=N-1

CU 8 [=2:K

IF {(X=-XT(1)) S91Cy4d

CUNT INUE

GuTd 6
ANS=(YTEL)=YTLI-1) )& (X=XTLI=1))/ZUXT(1)}=XTCI=-2))+YT LI-1)
GUTO 2

ANS=YT (1)
60TO 2
ENU

B-80

1i/Lo/ed

SLINGDBLS
SLInNSBl:
SLINSKLT
SLIN3S13
SLINAs19
SLINLGZY
SLIN3e 2l
SLINZ2B2Z
SLIN38 23
SLIN3B 24
SLIn3g2n
SLIN3S8 26
stinzs2y
SLIN3828
SLIN328Z29
SLINDLB3U
SLIN3831
StIN3832
NORELEE
SLIIN3834
SLIN2835
SLIN38ls
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1
8

STAUL. - EFN SCURCE STATEMENT =~ IFN(S) -~

SUBRGUTINE STAGUT
*%% CCMPUTES STATOR EXIT
REAL MACF, MAPEK, MCLEWT, JOULE

OIMENSION ATAS(2Ss110y FLCWU(32)
LOUGICAL IERRGR, YES

CCMMCN /MATRIX/  ALPHACL1O0411)y ATAR(29411),

X BETA{10,11), Bhi{221, BLADE(29),

X COll0s11), LEL3249110y CPCLLoO)

X CSLUGPECLG,11)y CLZLLL), Cul32,411),

X CX{22,111), CXM{1Cy11), CXNER{13,11),
X CX5(1Us11), DAL1C) DELMCLL),

X 0OF(20), PDEACT(2G,11), DFL{2%),

X EMACH(29411), FOCUND(ZC93+910)y FHRDEL(L10O911),
A HMN(29), HUB(3Z2), IKK(10),

X OBAR(29,4111), PU(324s110 - Ri32411),

X RHI(32), RHO(3 2911 )y RINT(11),

X RS(321), RSLUPE(L1U911)y KRTIRAILC(LIL),

X SCLID{29,11), SSCU(c9+95) TEPH1I(l0s11),
X TERMB(11l), TERMCLLL) TiP(32),

X Tu{32,11), TOTAT(11), Ut32411),

X X(32)

CUMMCN /SCALER/ A, AA, Al10ACs A202A0,

AS505A0, B, BB, CCy CMy CHMEAN
CPI2, crPi3, CPI4, CP1b, CPI6, CPC2y
CPO5, DAMP, UCPy GOy DIFCF,y, DT,
Gy GASK,y GJdy GRy GR2, JOQULE
POCQ, Cy REM, TCP, TERMODy TESTUEH,
TG0CO, TUly TCLAT, TCLB2, TOULMIN, TULMS,
TOLCXy  TOLR, TCTINT, TGiPR, V¥, VMl

COMMCN /INTEGR/ 1, By 1ol [OUMP

X Gy ICUTTRy IPASS, IS5, IT, Jy
X JM, Jhel Ky Kly KKy Ly
X MSTAGE, NLINESy NTUBES, NX, NX1y YeS

B2{23)
BT{22),

CRE3L 9110
CulutlZasbly
CXRAT U5 )y
DEPVILIULL1),
UDFLGa(o2)
GAMMALS 2o li )y
MACHIZS 911 )y
RLCURVE(LD 110,
RUSTAG(LL ),
SLCU((.“)'L)) y
TirMALLL)
TITLe(1l2),
will),

AZU3A0, A4U4AU,
CMEANP, CUINTG,
CFU31 CPU"?,
DUMMY ,  cRASL,
MAPK, MULENWT,
TESTDSy TLSTHMS,
TLLTLIPy TuLLP,

[LERRORy LFIKST,
JINy Jdy
LIMIT, LSTAGE,

EQUIVALENCE (ATAR(1,1},ATAS{is1))y (FLOW(1),OFLCw(1))

CC 5 J=1sNLINES

CPllydl= CPLI-1,J)
L=2

1SAVE= [

LCs=0

*#% IF LPASS=1 THE CALCULATICGN MUST BE INITIALIZED

IF (IPASS.NE.1} GO TQO 19
If {(LSTAGE.EQ.7) GO TO 1
CALL COpPY

RETURN

CONT INUE

CALL RSTART

IT=}

*#%x PRFITZ2 YIELLCS FLGW PARAMETERS AT STREAMLINE RADII

B-81
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STA) 183y
STAU 2439
STAL 2340
5TAU 84l
5TAL b2
STAC3B4S
STAL 2844
STAuz345
STAU 840
STAU3847
>TAIZ843
5TA 3549
5Tad38.u
STAGZ851
STAUL38R:
STA33S553
2>TAJ3854
STAL -850
5TAU 1856
STAU3857
5STAU2858
STAU 383
STAU3B60
STAO3801
S5TAD3862
STAU3B63
STAU3E64
STAU3865
STAU3BGS
STAQ3B6LT
STAU3Bob
STAU3869
STAU2ABTO
STA)3871
5TAD3872
STAU3873
STAD 3874
STAUL3BTS
>TAau3876
STAU3BTT
STAD387H
STAG3879
STAD 3880
STAQ3881
STAQ3882
STAL3833
STAU 3884
STAU3885
STAQ 3886
STAD3887
35TAD3888
STAQ 2889
STAG3890
STAU3891



GO

10

15

19

104

STAUL. - LFN SOURCE STATEMENT - IFNLS) -

CALL PRFIT2

*¥% SUEBROUTINt INcST 10O BE USEL ONLY FOR INITIAL GUESS.
[T=1 INDICATEs SUBRULUTINE INEST HAS NOT BEEN USED
FCR TH1S STATIUN

IF (ITeNESL) GU Tu 15
CALL INEST
17=0

#x% SUBROUTINE STREAM CALCULATES A SIMPLE RADIAL eulblariun
SCLUTICN CF THE FLUW

RETURN

CUNT INUE
CALL STREAM
CONTINLE

*%x SCLVE FLOW EQUATIUNS wWITH CURVATURE EFFECTS

cati CAXIAL
L=2
I= ISAVE
CALL PRFITZ2
*&x TEST STATCR D-FALTOR

AA=(R{ Iy 1 )+R{1=-1,1))}%.5

le/Lorel

STAGI389.
STAG3BY S
STAN 3B 34
STAL 3895
STA 2690
STLi} 3897
STAY =B34
STAOZE 93
STAZ 3900
$TAJ 5901
STAD390/7
STA2903
STAUA9DG
»>TALG 4305
>TANH9U6
STAUZ3307
STAU290Ub
STA 2909
STAU3910
STAU3911
STAU 3912
STA(:29 13
STAU3914
STAR391%
S5TAJ 3916
STAUZ917
STAD 3914
STA391y

SOLID{I,1)= (SOCCULgl)7AA+SUCO(TI,2))/7AA ¢+ SOCC(L,3) + (SLCAlls4) +5TAU3920

X SUCOUL,S)*AA}*AA

STAiI}3921

TESTUS= DFLEE)=1,0+ SQRI{CX(I, 1) *¥24CLLIL,1)%%2 + Ul Ll)%%c)/ SURTSTAU392¢
X (CXCI=-191)%%2 ¢ CUCL-1o10%%2 4+ CRUI-1,1)%%2) &+ (CUlI41)-CU(1-141)5TAU3923

X)Z(SOLID 1y 1D #2 o #SCRTUICXUT=1 1) *%2+CULI-1,2) #3224 CRUI-141)%%2))
IF (TESTLSeLELOs) KETURN
LCH=LC5+]

*%xk CRRUR TRANSFER TU A NEw DATA 5&7

IF (ERAS1<LEU.0) CALL ERRUR {24)
WRITE (541040 1

STAU3924
S5TADG925
ST1AD3926
STAD 3927
STAV 3924
STAO 39329
STAG3930
STay 931

FORMAT (1+U37X3Gk%2% C-FACTOR LIMIT VIGLATeD AT STATIUn 12,04 #2%)STAD3932

1ERRUR=4 TRUE.
I=1-1

*¥x ALTER E-CCEFFLCIENT
CALL BeLAL3

*x4& DETERMINE FLOW PARAMETERS
CALL PRFIT2

¥ SATISFY CONTINUITY EQUATIUN

LALL SIRE#M

B-82

5>Tad2933
STAU 59 34
STAOQ 3935
STaduivio
>TAD3937
STAL3Y3Y
STAU393%
STAU3940
STAL3941
STAU3G4?
STAU3943
STAU394%
STAL3945
STAU 3946
STAO294T7



1d/tu/07

STAGU. - EFN SCURCE STATEMENT - IFN(S) -
*¥% CHECK KROTCR CALCULATIUN STAU3%4:n
STA 11947
CALL RGTCLT STAU3G50
I=f+1 STAUYS51
GU Tu 1% STAaG 95

END STALJLY9S

B-83



150

15¢

SCURCE STATEMENT -

IeEnEsy -

*%x CGMPUTES AXIAL VELOCITY DISTRIBUTIUNS wHICH SATISHY
RATIU OF SPECIFIC HEATS [S CALCULATED AS CP/ILP-R/J)

SUBRCUTINE STREAM

B2(c9),
BTU32),
CRI32411),
CUCGL 2G99 )y
CXRATGUl Y )y
UEPVI10,4,11),
DFLUWI3 )y
GAMMA{32y11),
MACH{ 27 411)
RCURVE( LUs1L)y
RCSTAG(1L 1},
SCCUIZEY D)
TERMA(LL) y
TITLE(12)
W(ll)

A303A0,
CHMEANP
CPu3,
DUMMY ,
MAPK,
TESTUS,
TCLTLIP,

A404n0
CUINTG,
CPG4%,
ERASL,
MOLEWT »
TeSIM5,
TULCP,

TERRDUKY
JIN,
LIMIT,

LFIRST,
JJdy
LSTAGE,

REAL MACH, MAPR, MCLEWT, JOULE

UIMENSION ATAS(2S,11)y FLGCW(32)

LOGICAL IERROR, YES

COMMCN /MATRIX/ ALPHA{1Q.11), ATAR(29,11),

X BETA(104+11 1), BH(3Z), BLADE(29) »

X CU(10,111), CP{32411) CPCULB)

X CSLCPE(10s11)y, CUZ2(L11), CU(324+11),

X CX(32,11 )y CAamMi1Ce1ll)y CXNEW(1luyil),
X CXS(i0411) CALLU), DELM(11)

X DFL20), DFACTI(29,111}, oFLi2S),

X EMACH(2S.11), FUUND(2GCe3910) s FRKDEL(1U0411),
X HMN(29), HUB(32), I1kK(10)

X OBAR(29,11), PUL32411), K{32911),

X RH(32), RHO(3Z911) KINT(1L1),

X RS(32), RSLOPE(1U,11)y KTRAILI{11),

X SCLIV(294+111}, SSCULZ945)y TERML{10,11),
X TERMB(11), TERMC{11l) TIP(22),

X TC(224+11), TSTAT{(11) U(32+11),

X X{32)

COMMCN /SCALER/Z A, AA, ALUAQ, A2UZAU,
X ASU5A0, Ey BBy CCy CWy CMEAN,
X CP12, CPi3, CPl4, CPI5, CPI6y CPC2y
X CPUS, CAMP, 0OCP, DOy DIFCM, UT,

X Gy GASKy 6ds GRy GR2 JOULE
X PCCO, Qo RFM, TCP, TEKMD, TESTOH,
X TGCC, TUL, TOLAT, TOLBZ, TCLMIN, TOLMS,
X TOLCXy TOLRy TCTINT, TOTPR, V, VMI

CUOMMCN /INYEGR/ 1 18, 181,y 1 DUMP 4
X G, ICUTTRy, IPASS, 1S, IT, Jy
X JM, JMl s Ky Kly KKy Ly
X MSTAGEs MLINESe NTUBESs NXe NX1ly YES

EQUIVALENCE (ATAR(1,13,AT1AS{1,1))y {FLOW(L),OFLCW(L)])

CGMMON  /ENERGY/ He Ty CGAMMER

CMEAN=CX (14 JM)

#%% CCMPUTE VALUES CF CXMyROUSTAGsAND TERMA, (CUR#2+LR*#2)

GO 150 J=1,NLINES
CXM{LyJI=CX(1sJ)/CMEAN
ROSTAGIJI=PC(1¢J )/ (TCU1,J)*GASK)
TERMA(J)I=CU(T,J)3%24CR(1,J)%%2
NCOUNT =1

*x%% START OF LOOP ON CM CUNVERGENCE

INCIC=0
J = JM
H= ~(CMEARN®%2 +TERMA(JII/GJ

B-84
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STRE395D
STRIZ 3956
STRi: 5957
STRES954
5TRE3ZG5Y
STRe39ed
ST 3961
STKEZ296!
STRE3363
STRE 3964
STRE295S
5TRt390L‘)
SThe 5947
STRCL9AY
STR: 3969
STRE3970
STRESZ9TL
STRES972
STRiZ3973
STRL3YTA
STREZ9T5
STRER9TS
STRE3STT
STKEZY T8
STRE39T9
STKE 3980
STREZAG3]
STRE 3982
STRiZ3983
STRE 3984
STRE398>
STREA98S
STRE39BT
STRE3938
STRE 3989
STRE2990
STRE3991
STRE3992
STRE 3993
STRE3994
STRE2995
STRE3996
STRE 3997
STRi:3993
STR&3999
STRE4QOU
S5TRE4001
STRE4QO2
STRE4003
STA: 4004
STRE4QO0%
STRE4QUS
STRE4007
STRE4QOQ3



<

OO

) LefLs/nT

STRALM, - EFN SOUKCE STATEMENT - IFN(S)  ~-
T= T0([s4) STRE4QUD
CALL ENTALP STRLA010
CALL CAM STRL4011L
VMI=  GRZ¥CAMMER*TSTAT(J) STRE40L2
STRE4OL
#*% EKRUR TRANSFER TU A NEW DATA SeT S5TRESU L
STRu-401>
IF (VMIJLELULU) CALL EKRRLK{ZT) 51Rz401
YMI= SURT(VMI) ) STRc«017
IFICMEAN-WMT) 208 92L5y 1 EC STRL&ULD
160 IFCINDIC)I65,17Cy1¢€5 STRT40OL»
STRZ4G2V
*%x#% PRCGRAM N1 SUITAsLE FUR SUPERSUNIC FLCW, GU Tu A STRE4UZ]
NEw LATA SET STRE4022
STRza(23
165 CALL ERRCR{ 2z) STREA4QZ24
17C INDIC=1 STRz4025
CMEAN= VMI*0.15 STREGQZH
205 DC 260 J=1,NLINES STREGQZT
CXUEIgJ)=CMEANXCXFM(LyJ) STRz4023
STRE&40D2Y
w¥% CALCULATE STATIC UENSITY STRL 4030
STRE4D 31
= = (CX{IsJd)%%2 +TERMALJ)) /G STRESO32
TI= T0(1:4) STRE4O33
CALL ENTELP STREA4OQ34
RHO(LyJ)= POCI1sJd )R%EXPLITHERMIITSTAT(I)) ~THERM3U(T)II/UCP)/T5TaTlJ) STRE4A03S
X /GASK STRE4030
DEPVIL ¢ J)=RHUGUIJ)*CXN{L,yJ) STRE4037
260 CONTINUE STRE4038
STRE4033
*%3% CALCULATE INTEGRAL OUOF RHU®CxM*k VSe R FECM HUSs T TIP, STRE: 4040
(TCTIinT)y AND NEW VALUE OF CMEAN STRE4041
STRe4042
275 CALL INTEC (DEPV,.1) STRE4Q43
TOTINT=KINT{NLINES)-/INT(1) STRE4Q44
CMEANP=FLUW{I)/642E21EE3/TOTINT STRE4045
STREALQ4LE
%% CHECK CONVERGENCE UF CM >3TRE4047
STRE404Y
CIFCM=ABS({CMEAN-CNEANF }/CMEAN) STRE 4049
IF (UIFCM-TOLR)3C0,30C,2EC STRE40%U
230 IF (NCCUNT-30)¢9C0e29Cyctd 5TRE40S51
STRE4O5HZ
*#%% ERROR WILL CAUSE TRANSFER TC NEXT DATA SET STRE4DS3
STRE4QLG
285 CALL ERRUK( 2) STRE4055
290 NCUUNT=NCCUNT+1 STRia0%6
CMEAN=CMEANP STRE#0ST
GO TG 15& STRE4USSE
. STREA4DHY
k¥ SUCCESSFUL CUNVERGENCE CN CM STKEA0AU
STRE4001
*#% USE CONVERGED VALUES OF INTEGRAL OF RHU*CXM*R VSa R FRUM STRE4QOb.
R{J) TC R(J+1), (DA VALUES),y TC CALCULATE VALUES (F - - STRE4064

DEPV(L9Jd )= INTEGRAL RHG*CXM#R VS. R FRULM RH TG R(OJI)/TCTINTSTREADSY

B-85
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STREWN,. - EFN SOUKCE STATEMENT - IFNIS) -
: STRC406%
300 CUNTINUE STREACQOBE
STRE+UGT
STREAOLY
OU 4C0 J=1yNLINES STREQQLY
40U CX(I,J)=CXM(LsJ)*CPMEANP STRE4OTU
700 RETURN STRE4OTY
ENC STRE4DTZ

B-86



THciK 1. -

FUNCTION THERMILLT

**¥ CALCULATES

REAL MAP R
DIMENS ICN ATAS(2S
LCGICAL 1eRRUR,
CUMMCN /Z7MRATRIX/
BLTA(LlU,11},
CL{10411)y
CSLOPE( 104111}y
Cx{32,11),

MACK,

EFN SOURCE STATEMENT -
)

F = INTEGRAL FRCM 0.0

GIVEN AS A FIFTF DEGREE POLYNOMIAL

s MULEWT, JOULE
+11), FLCWU(32)
YES
ALPRALLGs 1L )y ATAR(29411)
BH{2Z1y BLADE(29)
CPL32+411) CLPCCLED
Cu2tll)dy CUL3Z0110
CXM(10,111), CXNEW(10s11),
DACL1C), CELMULL),

CXS{L0411)y
UF(20}),
EMACH(2S 411},
HMNL29)
OEARLZ9411),
RH(321),
RS{32),
SOLIVI29,y11)
TERMBIL14i),
TOLZ22911),
X(32)

CUMMON /SCALER/
A505A0, B,
CPl2y CPi3,
CPO5, CAMP,
Gy CASK
PGCQy Ce
TGCG, TOL,
TULCX TULR,

COMMON /INTEGR/

X IGq ICUTTR,

X JdM, JM1

X MSTAGEy NLINES,

EQJUIVALENCE

b 2 8 40 30 0 4 3 40 b db db 4b Jh 2 4

2 3 B M MK X M

DFACT(Z9+11),

FCUND(2CG+2410)

HUB(3Z) »
PUL32411)s
RHC{3¢y11)y
KRSLOPELLO#11),
SSCU(Z2995),
TERMC(11),
TSTAT(11),

A, Afy
BB CCy
CFHl4, CP15,
LCP,y LD,y
GJy GRy
KFM, TCP,
TuLAT, TCOLBZ,
TCTINT, TUTPR,
1, IB,
IPASS, ISy

Kv Kl'
NTUBES, NX,

(ATAR(1y1)4ATAS{L1s1) ),

LFL(IZS),
FROEL(104101)
IKK(1C)
R{3Z2+11)
RINT(11}o
RTRALIL{1L),
TerMI{10411),

TIP(Z2Z),
U(32411)
A10AC, A2UZAD,
LMy CMEAN
LFlb6y CPOZy
VIFCM, OUTy
LRZy JOULE
TERMD,y, TESTUH,
TCLMIN, TUOLNMS,
Vy VMI
181, 1DUMP,
I7, Jy

KKy Ly

NX1y YES

TU T UF (P 0Ty

IFENCS) -

B2Ui9 )

Cr{3d91 1)y
CUCL(L").L),
CXRATULCY )y
CePv(Lueilly
DFLUANLS )y
GAMMA(3Z, 110y
MACH(ZY 4L 1)y
KCUKVL (104110
RISTAG(LL )y
SCCCtLI9a)
TERMALLL) »
TITLe(1e)s

W(ll),

A302a0,
C MEANP,
CFG3,

DUMMY 4
N APR,

TESTDS,
TCLTIP,

1 ERRUIR,y
JINy
LIMIT,

(FLUWL1) oDFLCwW(1Y)

THERMI= (CPCO(LIA(CPIZ+{CPI3+(CPI4+(CPIS+CPIO*TI*T)*

1T)*TI*T)*T
RETURN
END

B-87

AQU‘#AU'
Cuilnl Gy
CPU%,
LRASL y
MULEWT
TESTMS,
TULCP

tEIRST
Jdy
LoTAGES

IPVASYAY)

THER 40 76
THERSO TS

nrbRE LP ISTHER40To

THERAOTT
THER 4O TS
THER 40T
Thed«Ux%0
THZr40A81
THZRAV3L
1HE 4043
THER <0 34
THER 4035
THL R4 U3¢
THER40aT
fHER 4O AR
THE &0 1Y
THER 4QB0
ThtR4091
THERA0G2
THER 4093
THEL G094
THERSQ9)
THERGO9E
FHER 4097
THERGQO98
THER 4093
THER4100
THEK41V1
THER4 102
THER410>
THER 4104
THER 2105
THER G 1UG
THER4LUT
THER 4103
THER4109
THER4 110
THER 4111
THER4112
THER4L113
THERA4L 14
THER4L15



[N 2N a!

10

15

THER co

EFN

SUERCUTINE THERMZIPUVERSICGP,T)

#%% SCLVES FLR TGP IN GASK * ALCGIFLVER)=
10 TUP UF (CP/T) UT,

SOURCE STATEMENT -

IFNES) -

INTEGRAL FRUM T
WHERE CP IS GIVEN AS A FIFTH ObLiEt

B2{z23),
tT(32),
CR(324,11),
CUCUL LY 95 )
CXRATC (S )y
DEPVI1U,11),
CFLCE{3 <)y
GAMMA(34911),
MACH{ 294114,
RCURVE( LG 411y
RCSTAG(1L ),
SCCULcT 90 )y
TERMALLL),

TITLe(1Z),
hW{ll),

A3G3A0,
CMEANP,
CFC3,

CUMMY »
MAPR,

TESTOS,
TCLTLP,

A404A0,
COINTGy
CPQO4,
ERASL,
MULEWT
f&STMb,
TJULCP»

ITERRUR,
JINy
LIKIT,

IFIRLT,
Jdy
LsTAGE,

PCLYNOMIAL. (SEE ThHERMID.

REAL MACH, MAPR, MCLENRT, JOULE

DIMENS IUN ATAS(ZS5411), FLOW(32)

LUGICAL 1EF RGRy YES

CCMMON /M2ZIRIX/ ALPHA{1lUsll), ATAR(29411)

X BETA{1041)1), BH{ZZ21), BLADCELZE9)

X CCLLl0s11), CP{3c911), LECOLE),

X CSLGPEL10,11), CUZILL) CL{52y110,

X CX(32+11), CXM{1Cell), CXNER{10,11),
X CXxS110,11), CA(10), DELM(11),

X DF(20), CFACT(29411)y DFLL2S),

X EMACH{29,411), FOUND(2C¢3410), FRKDEL(10,11),
X HMN(29), HUB(3Z2), IKK(10)

X UBAR{29411), PCL324+11) Kl32411),

X RH(32), RHU(Z2Z,11), RINT(11),

X KS(32) RSLOPE(1Gy11), RTRAIL(LL),

X SOLID(29s11), SSCU(ZF45)y TckRM1(104,11)
X TERMBL1l1l), TERMCI(11) TIP(22),

X TO(32411), TSTAT(LIL1), U324+11)

X X(32)

CCMMCN /SCALER/Z A, AA, ALUAO, A20ZAO0,
X A505A0, €&, B8, CCy C My CMLE AN,
X CP12, cPil, CPl4, CP15, CPIb, CPU2,
X CPUS, CAMP, OCPy OO0y DIFC¥, OT,

X Gy CASK, GJy GRy GR2s JOULc
X PUCQ, Qs RPM, TCP, TERMD,y TESTBH,
X TCCC, TUL TGLAT, TOLBZ TULMIN, TALMS,
X TOLCXy TULR, TCTINT, TOTPR, V, VMI

COMMCN ZINTEGRYZ 1 I8, IBl, 1 DUMP,
X 1G,y ICUTTR, IPASS, 1S, 7, Jy
X JWM, JM1, Ko Kl KKy Ly
X MSTAGEs MNLINES, NTUBES,y NX, NXLy YES

EQUIVALENCE {ATAR(1le1),ATAS(1,1)), (FLOW(1),DFLCNWI1))

FOX)=ALOG(X)+{ALGAC+(AZ02A0+(A303AC+{ A404AUH+ASGSADRX)#X] £X ) %K} *X
CALL EXKUR (32)

IF (POVERLTe1e0eUReTOPoLEeD20aOReTolECOLU)
DUMMY=GASK/ CPCO( 1) *ALOG (PUVER) /JOULL +F(T)
DO 10 JA =1,50

XA= -500.C£{F(TOP)-ULMMY)

TOP= TOP#XA

IF (ABSIXA/TUP)LE.TGLR) GO TO 15

CUNT INUE

*¥% ERRUR TRANSFER TU A NEW DATA SET
CALL ERRUK{26)

RETURN
END

B-88

le/inlod

TrbER4117
THER 4118
ThitK4119
THERGLZD
THER4 121
THER 4127
THER G123
THER&L1Z4
THER4L1Z2S
THER4126
THERGLZT
THER4128
THER 4149
THER 4120
THER4131
THER 4132
THER 4133
THER 4L 34
THER 4135
THERK 4130
THER&L137
THER 4138

THER 4139
THER&4 140
THER 4141
THER 4142
THER4143
THER 4144
THZR4145
THER4146
THER 4147
THERG 143
THER 4149
THER4159
THER4151
THER 4152
THER4155
THER4154
THER 4155
THER4156
THER4157
THER4158
THER 4159
THER 4160
THER4 161
THER4162
THER4163
THER 4164
THER4 165
THER 4166
THER4167
THER4104
THER4156)



THEK 2o

EFN

FUNCTION THEKRMZ(T)

*%%x CALCULATE THE INTEGRAL

HEAL MALH,

DIMENS ICGN ATAS(2%,11),

LUGICAL  IERRCLRy
COMMEN /MR2TRIX/
BETAL 10,11),

CO(10411 )
CSLEPE(CLO,11),
CXx{z22,11),
CX5(10411),
DF(20),
EMACH(Z29,11),
HMN(2G),
UEAR{ 29411 ),
RH{22),
RS(32),
SCLID(294+11),
TERMB(11),
106432,11),
X(3z)

COMMCN /SCALER/
ASQOSAQ, By
CPiz, CPI3,
CPO5, CAMP,
Gy CASK,
PCCC, Cy
TGCGC, TOL 4
TOLCXy TOLR,

COMMUN 7/ INTEGR/

ICUTTR,

JML,

AL INES,

DD M M D¢ M W I W M D W M D W

P B B 3 3 & 2

X MSTAGE,
tEGUIVALENCE

MAPR,

SCURCE STATEMENT -

MULEWT, JOULE
FLCW(32)

YES
ALPHA(1O0y11), ATAR(29411),
BH(3Z2), BLADE(Z9)
CPL3Zs11)d, CPCULE),
CUz{11), Cul3eylld,
CXM({1Cs1l), CXNEW{1lUs1L1),
CAC1C), DeELM(LL),
DFACT(2G+11), DFL(ZS),
FOUUND(ZC93410)y FRDEL(LIGH»11),
HUb(22), IKK(10),
PLlzeelldy R{32411),
RAU(3Z,11), RINT(11),

RSLLPE(L1O411),
SSCL(Z29+5),
TEKMCI(11),
TSTAT(11),

Ay AA,
BB,y CC,
CPI4, CPIL5,
DCPy DDy
GJy GRy
REH, TCP,
TOLAT, TOLB2
TCTINT, TOTPR,
IPASS, 1S,

K' Kll
NTUBESy NX,

(ATAR(Ls1)9ATAS(L 1)},

RTRALIL(LL),
TERMLI(10411L)
TIPL32),
U{32,11),

AlOAGC, A202A0,
Chy CHMEAN
LPIG LPOZy
VDIFCM, DT,
GR2y JOULE »
TERMD, TESTBH,
TOCLMIN, TULMS,
Vy VMI
iBly TOUMP »
1T, Je

KKy Ly

NX1y YES

IFNC(S) -

GF CP/T OT FRCM 0.6 TO T

3202510y
BIE32),
CRU5241 1)y
CUCT(2590)
CXRATUL ¢ )y
UEPV(1lusll)e
CFLCWI(32)
CAMMA(32411),
MECH{ 29911}
RCURVEL1VU411),
RCSTAG({1l),
SLCUL L9490 )y
TeRMa (L ),
TITLel12)
Wlll),

A2C3Auy
CMEANP,
CrC3,

UUMMY ,
MAPR,

TESTLS,
TCLTLP,

A4U4 A0 1’
CUINT oG,y
CPUwy
LRASL,
MULEAT
I=StMs,
TuLCeP,
[ ERH'JKy

J 1IN,
LIMIT,

1F1a5T,
JJy
LS5TAGEy

(FLOA (1) s DFLCWL L))

THERM3= CFCGULI*ALCGITIHICPCOl2)+(CPO+ICPUI+(CPLA+CPUSKT)*T)%T)

X ¥T)*T
RETURN
END
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coo

THERF,. - EFN SCURCE STATEMENT - IFN(S) -

SUBRCUTINE THERMP

#%% CALCULATE SPECIFIC HEAT AT COGNSTANT PRESSURE ((LP) A> A
FUNCTION BEING A FIFTH DEGREE POLYNOMIAL. THEN THE
CONT INUITY

REAL MACF, MAPKRy MCLEWT, JOULE

UIMENSIUN ATAS(2S,11), FLGW(3Z)

LUGICAL 1ERROR, YES

COMMCN /MATRIX/ ALPHA(10,.11), ATAR(29,11), 32(29),

X BETAL1U,11), Bril22), BLADE(29) BY(3Z),

X CCU10414), CPL32,11), LPCULB) CR(32+11),

X CSLOPE(L1Cy11)s Cuc(ll)y Cuii2.l1), CUCO(cY 9D )

X CX(32+11)y CXME1GCGoll)y CAXNEW(10911)y. CXRATU(Z9),

X CXS(10411), DA(1G), DELM(11), DEPVI10,11),
X OFL20), OFACT(2S+11), DFLL{2S), DFELUN 34D

X EMACKH(29,11), FOUNC(2093+410)y FRDEL(104111), GAMMA(34,11)
X HMN(29), HUBL{32), 1KK(10) MACH( 29,11),
X QBAR(Z29,11), POl 32411), K(32,4111}, RCURVELLO411),
X RH(32}, RHCO(22411) RINT(11), RCSTAG(L1l),

X KS(22), RSLUPE(L1O,11)y RTRAILILL), SCCUL2Y945)

X SOLID(29411), 55CU(29+5), TERML{1O04i1),y TERMA(LL)

X TERMB(11), TERMC(11), TIP(3Z), TITLE(LZ)

X TGi32411), TSTAT(L1) Ul32411)y will),

X Xt3z)

CCMMCN /SCALER/ Ay AA, AlUAO, A2UZAO0, A303A0s A4D4AU,
X A5U5A0, &, BEy CCy CMy CMEANy CNMEANPy CUINTOG,
X CPi2y P13, CPl4, CPILS, CPI6, CPL2, cpP03, CPUOuy
X CPO5, LDAMP, LCP, DDy DIFCM, DT, DUMMY , LZKASL,
X Gy GASK y Gdy GRy GR2y JOULEy MAPR, MOLEWT
X PUCU, G RPM, TLP TERMDy TeSTBh,y TESTDS, TESTMS,
X TGCO, TOL TCLAT, TOLB2, TOLMIN, TUOLVMS, TCLTIF, TuLLP,
X TULCX, TULR, TOTINT, TOTPR,s V, VMl

COMMCN /ZINTEGR/ 1, 10, 181, [DUMP, T ERRURy TFIRST,
X 16y ICUTTR, IPASSy IS, IT, Jy JIN, Jds
X JdMy JMLls Ky Klg KKy Loy LIMIT, LSTAGE,
X MSTAGE, NLINES, NTUBES, NX, NXLy YES

EQUIVALENCE (ATAR(191)sATAS(1,s1))y (FLOW(L),DFLOWIL))

CPUIyJd)= CPCOLLIHLCPCULZ)+(CPCO(3)4(CPCOLSG)I+(CPCOIE)+LPCLLO)*

X TCUIa ) )*TO( L) )*TICLL,J))*TO(1,0))*TC(1,J)
Cv= CP(1,J) - DCP

GAMMA( I,J)=CP{1,J)/CV

RETURN

END
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XDERI.

SUBRCGUTINE XDERIVIY,UYLX,D2YDZ2X)

- EFN

*#%k CALCULATE The FIRST AND
WITH RESPECT -Tu X (AXIAL LENGTH)

DIMENSIUN Y(32411),DY0X(10411),402YD2X{10411)

JOULE

ATAR(29:211)
BLADE(29),
CPCGLL)
Cul3z,1l),
CXNEW{10411),
DELM{11),
DFLLZ2S )
FRUEL(10911),
1kK{10}),
R(32411)»
RINTI(11},
RTRAIL(11),
TERM1(10,11) .

TiP(32),
Ul32,11),
A1CAQ, A202A0,
LMy UMEANy
CPlb,y CPC2y
DIFCM, LT,
GRZ2y JUULE
TERMDy TESTHBH,
TCLMIN, TOLMS,
Vs VMI
Ltly I0UMP,
ITy Je

KKy Le

NX1ly YES

REAL MA(FL, MAPFR, MOLERT
DIMENS ION ATAS(2Se1l1)y FLCW(32)
LOGICAL IERKORy YES

COMMUN /MATRIX/ ALPHA(LCs11)e
BETA(L10,11), BH{32)s
CC(10,41), CPU324411)
CSLGPE(10e11)y CUZ2(LLD,
CX(32511 ) CXM(1Gy11)y
CXS5¢410,11), DA(10),
DF(20), DFACT(2S+111),
EMACHIZ29911) FOUNDL2C+3,410)
HMN{29), HUB(32)
CEARL129,11), PLL32,11),
RH{32}, RHU{32911),
RS(32)y RSLUPE(10,411),
SULID(Z29911)y  SSCULZ%9+50
TERMB(11), TERMC(11),
TO0(2Z2,11), TSTAT(11),
X{3z2)

CGMMCN /SCALER/ Ay Y YS
AS05A0, By BBy CCy
CPlgy CP I3, (Pl4y  CPI15y
CPOb5,y CAMP, DCPy DO,

Gy GASK Gdyr GRy
PCCC, Gy RPM, TCPy
TOCO, TOL, TOGLAT,  TCLBZ2,
TGLCX, TOLR, TOTINT, TOTPR,

CUMMCN /IANTEGR/  Is... .. 18,
1Gy ICUTTRy IPASSy ISy
JM, JMl Ky Kly
MSTAGEs NLINES, NTUBESe NX,

EQUIVALENCE {(ATAR(151)+ATAS(141))>

DYDX{10yJ)=0.0

D2YD2X (104J)=040

L=1
CO 5 I=1B1lyNX1L
L=L+1

AA= (Y (I=14d)=Y{1 )}/ (XCI-1)=X01))
BB=(Y(J4140)-YII 40/ (X(1+1)-X{1))

CYDX(L pd)= (Y(I41yd) =Y(I=1,0))1/70XLI+1)

-x(I-1))

D2YD2X (Lo d)={AA-BBI/(XI-1)-X{1+1))*2.0

RETURN
END

SOURCE STATEMENT ~ IFNLS) -

SECCND CERIVATIVE OF V¥

82(E23)y
8T(32),
CR(3Z411),
CLCO(29+5) s
CXRATUL Y9 ) o
DEPV(10,411),
DFLCW {32}
GAMMA(32411),
MACH( 29,411},
RCURVEC(LO11},
RCSTAG(1Ll)
SCCO(2945),
TERMA(11) »
TITLE(12),
KWill),

A303A0,
CMEANP,
C P03,

CUMMY
MAPR,

TESTUS,
TCLTIP,

A404A0,
COINTGYy
C PG4y

LERASLy
MOLEWT
TESTMS,
TOLLP,y

IFIRST,
Jds
LSTAGE,

TERRUR
JIN,
L IMIT,

(FLOW(1)+DFLOW(1))

12715767
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XDER 4295
XDER4296
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XDER 4298
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XDER4305
XDER 4306
X0DER4307
XDER4309
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PROGRAM FLOW CHARTS



Subroutin

MAIN

B2CAL1 .

B2CALZ2

B2CAL3 . . .
CAXIAL . .

COPY .

GAM . .

OUTLET
OUTPUT
PRFIT2

ROTOUT
RSTART

STAOUT

ooooooooooooooooooooo

STREAM. .

THERM1

THERM2

THERM3

THERMP
XDERIV

e

ooooooooooooooooooooooooo

-------

-----------

INDEX

e s s+ .

-------

ooooooo

ooooooo

----------------------

------

oooooooooooooooooooooo
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...........................
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H

N 35 MAIN S.R.

SHEET 3 OF S

cPez = crPce(’3)/2.

cPe3 = cpco(4)/3.
cPe4 = cree(s)/4.

cres = crce (6)/s.

AIBAD = cpce(2)/crca(y)
A262A0= cPez/crca(l)
A303A0=CPB3 /cPceli)
A464A0=CP64 /cpce(h)
A565A0=¢PBS /cpeca (1)
CeiNTG =THERM3 (S18.688)
criz =cpcel)/ 2.
cPiz = cprce(3) /3.
cPi4 = cPce(4)/ 4.

cPiS = cPce(s)/s.

cPic = cpPcele)/c.

SEE SAMPLE DATA SHEETS FBR INPUT

GASK =G /MBLEWT
DCP = GASK / JBULE
GR =64.248 ¥ GASK
GR2 =GR ¥ .5

{
f

. ™9

Tell \)=Tece
CALL THERMF
De 10t J=iNUINES
De 99 i=I,5
Telid=Tece
PE (i,2)=F6C6
CP Gi,0)= CP(, 1)
99 GAANAG L) = GAVMAL,I)



N 35 MAIN SR,

SHEET 4 8F §

AvA De 100 i=INX
cu(i,Jd) = 0.0
oo CR{i J)=0.0
ATAR(e,u)= 0.9
ATAR (7,0)= 0.89

Y1 RSL6PE(1,4)= 0.0
RCURVE (1,0)= 0.0
101 Cstere (14)= 0.0

VII. be 106 i=7,nx2
106 HMN(i)= HMN(G) /57. 2957795

YII Frew)= FLew()
FLew (3)= FLew(i)
FLow (4)= FLow (1)
FLOW(S) = FLow (1)

X Dbe 110 i=3N
o FLew(i+D = Frew()+prLew(i+1)

X FLew(N+2)=FLew(N +1)
FLow (ne2)=FLow (N +1)
FLOW (N+4)= FLow (N+1)

X1 NTURES =NLINES —|
JMI = NLINES /2

XIT L=
B =
APASS =
Bz 2
LSTAGE =7
NXI =9
NX=10o



XTI 142 CALL CAXIAL
LCS =0
APASS =2
L=



N35 AN EXIT S.R.

@BRQUT'LNE ANE)(‘CD

ABDDS AN EXiT TH THE MACHINE BASED
ON A HORGBZONTAL TiP AND THE HUB
CALCULATED FReM THE RATI©® OF THE
AREA ©F THE STATIEN Te THeE. AREARA
6F THE LAST STATeRk EXiT

A =RSOLSTAGE ) %% 2
BR=RH(ILSTAGE) ¥ %2

DO 10
JK=1,3

A
JL=LSTAGE + JK
RS(IL)=RS (LSTAGE)

RH L) = SQRT(AAR+(BR-AR)
* ATAR (1, J))

{0

(CSNTII‘IL{E )
C RETURN )




N 35 B2CAL S.R.

5
CALC. BR-COEF. SF WHIRL |

éuseeurme Bzc.AD_,_ VEL®CITY AT ROTSBR EXiT
FOR ROTOR TiP D-FACTOR

Y

AA= (R (i, NLINES)+R(1=1,NLINES)) % .5

V = SQRT(CxX (i~ NLINES ) % % 2 +(CU(i-1 NLINES)
—u i =1, NLiNES)) %% 2 +cR(i=I,NLINES) % & 2-)

SeLid (1, =Usecs(i,2)+ sece(iN/AA)/An+Secs(i3)
Hseco (i A) +sece (i,5)x AR) x AA)

q=.5/seLinv(,1

A=Vx(.0 -bE(iN+(uli-1,NLiNeS) —culi=1,NLINES)
~u(i,NLINES)) * ®

o (1,1)= -2 %x(u G,NuNeE+HARR)/ (1. -Q%Q)

6 (1,2) =(cR U, NUINES) x %2 +CX(i,NLINES) % % 2
+ UG NUINES ) k% 2-ARA) /(.o — k% Q)

ERASI= Ce(L,)) xx 2- 4. xce(})2)

G YES ﬁ< CALL ERRBR (3@

NEe
ERASI = SRRT(ERAS!) YES (@=—col1,)+ERASI
= —ce(l,)) - ERASI "o
]
Y

cuceG,2) = RG,NLINES) * B % .5 - cuce (i,1) /R(i NUINES)
-(cuce ;,2) +(cuco (i,4) +cuceli,s) % R(I,NLiNES))
¥ RG,NLIiNES)) % R(i NLANES)

C—RE.TLH’?N )




N35 B2CAL!I S.R.

@BRGUTJNE BZCALD

CALC. B-COEFFICIENT ©OF WHIRL
VELSCiTY AT RBTOR EXIT FeR
STATOR HUB ENTRANCE
LABS. MACH Ne.

SQCe =Cx(i,)w%x2 + crliNxx2

V= 9Qce +culi,N %% 2
=-v/ad

Jd=1

T=Te(,1)

CALL GAM

VMi = 32.174 % GASK ¥ GAMMER % TSTAT())
A= VML % HMN (i) %2 -~ SQLO

@) CALL ERRGR(BOD

l Cu(i,l)=}SQRT(A) |

cuce(i,2)= cu(i,NxRG,) -cuce G, /R (;

1)
- (cuce (i,3)+ (cuco(i,a)+ cuce “)45:)
* RG,M % RG, D) ® RGO

!
(RETURN )




N 35 BZCALZ S.R.

éu BROUTINE BZC@

!

1
| CALC. B-COEFFIiCiENT OF
L WHIRLC VELOCITY AT RATER
| EXiT FER RELATIVE FLOW
| ANGLE AT HUB RETBR EXIT

;

ERAS!=SQRT (ex (i, %2+ Cr( Y% x2)

cuee(i,2)=Cu(: )= E‘RAS\*TAN(HMN(&W
*R(t,s\ cuce(a N/ RGN -cuce G,2)
*R (; )= Cuce(uﬂ* R(a \)* % 2
—cuce (i, S) %R, * %3

l
( RETURN D




N 35 B2CAL3 S.R.

@snamme B2CAL3)

CALLC. B-CBEFFICIENT 9©OF WHIRL VELBCITY
AT ROTOR EX1T FOR STATBR. D-FACTSR

'

AA=(=SQRT (CRCi+1, D %% 2 + QL (it1,)) % %2+ CR (i4) Vw2
=uG+1,0) /2. /500D 3+, )/ OFLi+) -1.)

BR=.5/(bFL(i+1)-1.) /seLib (ir)

ce=AAxBR/(BR %BE-|.)

AA= ((ex (%% 2+ cRE,1 %% 2)-AA%AAV/(1,-BR+8B)

AA = cexco -AA

AA= SQRT(AA) NGES CALL ERROR(IID

'

CHECK FeR MULTIPLE PBSITivE Ra6TS

!
culin)= AA-cc @ cu(iyN=-cc-AA

cuce(i,2) = culi,N % RGN -cucali, /R G,

- (cuce (i,3) +(cuce(5,4) + cuce(;,s) % RG,N))
w RGO % RG Y

'
CRETURN j
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N35 COPY S.R.

@Reuwnc_ coPY )

L=i-2
AX = RPM¥%.10471975
RHG)= HUB ()

RS(N=TiPG)

'
@m_l_ RSTART )

DO 5O
J= 1 ,NLINE

ex (1,d) zex(L,d)
ATAR (i,0)=ATAR(L J)

50 \
CR{,d) = cR(L,3)

i
CCAL.L PRF".T?D

L=2

1
(CALL STREA@

L
( RETURN )
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N 35 DATA SR.

Q BLOCK. DATA >

4

DATA G, GJ, JBULE / 1545.44, 50070.466, 778.12/

DATA (oF(i),i=1,20) /0.0, .\, .S, .2, .25, .3, .35, .4
.45, .S, .55, .6, .65 .7 .75, .8, .85, .9, .95, l.o/
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N 35 DATAL S.R.

. ]
@BRGUTH\IE DATALD PREPARES A MASTER TAF:Z
6F LesSs DATA.

IF A PERMANENT FILE IS
USED, THIS ROUTINE IS TO
BE DIscArRpeDd (THE
PENTRY MUST ALSO RE
CHANGED.)

((erlx,3),x=1,20)
)J=|‘3)
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N 35 ENTALP SR

éu&raeunne ENTA9

'

CALCULATES THE TEMP.
RiSE COSRRESPONDiING Te
AN ENTHALPY CHANGE

Y

HeT = THERMI(T)
TSTAT (W)=H/CPG)+T

HiT =THERM1 (TSTAT (1))
A= H-HIiT + HeT
TSTAT(W) =A/CP(,0) + TSTAT(L)

Yo c
CALL ERRBOR &SD
:

20

( RETURN )
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N 35 GAM SR

Gusaem-me GA@

A =cPco () +(cpcal@)+( cPeo (3)+(cpeal4)]
+ (epco (5) + cPeo () % TSTAT()) » TSTAT()
* TSTAT (W) % TSTAT(U) % TSTAT(U) ;

Y
GAMMER. =A /(A-DCP)

v
(RETURN )

C-20
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N 35 INEST S.R.

SHEET 2 ©F 2

ResTAG(IM)= Peli,dM)/(Te(i,um) * GASK.)
ex (i, dm)=FLew (i) / (ResTAG(aM) % (RS (i) % % 2
-RHGD%%x2)) /31415927
=(exG,dm) k2 + cu(ium)*x2)/cd /cp(i,um)
ERASI= 1.0~V /Te(i,dm)
ex(i,am) = ex (i, am) / (erast %% (1. / (cammaG,dm)-1.)))
eM2=CX(i,dM) ¥ %2 * HELP

cuz(d=culi,d)xx2
v={(emz+cuz (D)) 7ad /cpii,s)

TsTAT (W) =Te (i,d)-V

TERMA (W)= Ga*(cpP (3,0)%T6(1,3) - cp(i,dMm)
* Te (i, M) -(cuzlu)-cuz (M)

pEPV (L, )=ALeG((To (i, ) * x(aammali,u) /
(GAMMA(G,0) -1.))) 7 Pe (4,2))

bEPV(L,d)=cuzla)/R(,J1) + GR2*TSTAT(4)% colL 1)
TerMBW) = 2.0 ¥ RINT(J)
buMMY = ((TermA() =TErMR (W) /eM2 ) + 1.o

ex(i,dM)= ex(i,am) % LI
JUK = JUK +1
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N35 INLET SR.

@saeu*rms iNLED YIELDS iNiTIAL ESTiMATE
OF FLU{D FLOW iN INLET

CALL ) GET iNiTiAL STREAMLING
RSTART RADIUS ESTIMATE

Q CALL DETERMINE FLOW |
PRFEiT2 PARAMETERS ;

[

( CALL D GET iNiTiAL ESTIMATE l

AINEST SF FLUID FLOW -
fo [ )
Q CALL SOLVE CONTINUITY

STREAM EQUATISN o

RETURN )
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N35 INTEG SR.

éuaneurme iNTEG
(vbEP, iFcoN)

PERFORMS NUMERICAL INTEGRATiONS
OF THE VDEP VS. R CURVE,
TRAPEZSIDAL RULE INTEGRATION

y
RiNT()=0.0

\

CALCULATES iNTEGRAL| [cALCULATES NTUBES vALUES |
6F VDEPx R DR ©F (NCREMENTAL IiNTEGRALZ
50 FOR CURVE VDEP VS. R
56 15 (R Te R+
J:I)NTuat S0
Do ns
10 j <J:I,NTU5§
DA (1) =(vDeP(L,0)+ RG, 1) +VDEP (L, d41)
*RGI+MN*(RG J+)-RG,AN % .S
15 4 100 Y
RINT(+10) = RINTO+DA) DAY =(vbER(L,)+VDEP(L 3+1)
= *(RG,a+) -R(G U %.S
150 r
B =RiNT (UM) s
RINT(I+D=RINT (W) + DA
De 200
= NLiN
200 r

RiNT(J) = RiNTW)-B

C RETVURND
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LOSE FUNCTISN

FPRGE I ©F 2

REAL FUNCTiON \08S
RG . PERWT. T

L FirRST =1 ]

YIELDS

BLADE

FACTOR.

LE&SS COEFFICIENT

FROM iNPUT MAPS AS A
FUNCTI6N 8F PER CEgMNT

MEIGHT AND D-
(CiRCULAR AZRC

1O
[F;RST = FiRST+ 1

INTERPOLAT,/ON 4 Levd,
THE RADiVS)

DF(F,RST).LT. ARG
. AND.

CIRST.\T.Z20

F
JJ =1

-

PERHT > .5 JJ:-3

L |

F

(ARG -pF (FiRST-1)) /( DF (FiRST)- pe(FiRST-1))

[#1
(FiRST-12 Tw’z))

Feti-((reunp(viEsSTY ¢, TY&)-FauN

*‘(Df»' + feUND(ViRET- |2  TYPCE
((Teuro(F/IR3T, Y, TrFE) - Fo UND(F; RST-1,0,

T/PL )/*[/ Lo F(‘wu(f RST-1,JJ TYPE)

DEL- f¢ -Foe T 7

Fra

LoSE:=FeTl
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LeSE FUNCT O

AAZGE 7 oF 2

FRoM
NEET

20
FRLD =0 5% SQRTIDEL¥*2+0.14 )
LS IMGTAN( 2. & * pri))

(RETUAN )
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N35 LBS3SS SR.
SHEET 3 6F 7

exML, )= ex(i-nd) ex 2 + (cu(i=1,0) = G-1,a) %% 2
+ crCi-1,d) %% 2

XMH,0) = ex (i ) %2 +culi g )xx2+ CRG 1) %% 2

BETA (L,d) =ATANC u(i-1,0) ~cut (i=1,1)) / SQRT
(ex (=1,0) A% 24+ <R (i-1,d) %% )

BeTA (L+1,0)=ATAN (Ui, ))-cu(i,a)) /serT
(ex (i) w2 + <R (5,d) %% 2))

ALPHA (L+1,0)= ATAN Ccu(i,a) / 3qrTlex (1,a) %2 2.
+CR(1,d)%%2))

ALPHA (L+2,u) = ATAN (cu (i+1,0)/sqrrEx e g2
+CRG+1,) %% 2)

exsdL, ) =exC-td)xx 2+ cU(i-1d) x x 2
+cR (i—),d) %% 2
= -exs(LJd) /ad

T=Te(i-1,J4)

CALL ENTALP

CALL GAM

MACH (7,0) = SQRT(cxm(Ln) /(GR2 % GAMMER.
¥ TSTAT(GY)

H= —cxm(L+1,4)/Gd

T=Te(,J)

CALL ENTALP

CALL GAM

MACH (1+1,4) = SRRT(cxm (L+1,4) /(aR2 ¥ GAMMER.
# TSTAT(4M

TerMi (Lu) = SGRT((GAMMA (i-1,0) + 1.
/(GAMMA(Z(?-I,.J ) W)

A= éR(’c)J§+ R (i, ))x. <

B =(R(1,d)+ R (i, 1) .5

FROEL (L, d)=USsc0G,) /A +55¢0 (3,2)) /A +S5c(,2)+ (ssco G 0)
+ 5300 5) kA)A) ¥ (RETALLY) ~ BETA(L+1,J))

FROEL (L+1,3)= ((sscoGirt, 1)/B+ S5 (i+1,2)) /B+ $508(43)

+(3sco(i+1,4) + ssc@lG+1, 5 )x B k&Y (ALP
—(AL.P L) ,Ssee S) Y HA(L+,J)
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N H HE

N35 LSS SR
SHEET 4 oF 7

A= (MACH (i,d)-1.) % (MACH(,3) +1.)
FRDEL (L, J)= FrRoeL(L,J)+ TERW(L J)
% ATAN (SQRT(A)/TERM! (L 3)) - - ATAN (5QRT ()

A = (MACH (i+1,0) 1) *Gaacn Gianya) +1.)
FROEL(L+1 J)-FKBEL_(LH D+ TERMI (L+,0)
% ATAN(SQRT(A)/TERMI CL+1,0)) - ATAN(5QRT(AY)

eBAR(i,))=0.0

EMACH(i,J)= MACHG,d) *(1.0+cxs(L,d)) = .5

EMACH (i,d)= (MAcH G)+ exs(L,a)) %.5

OBAR(, D= (o-(eAMMAG-1,0) +1.0) %.5 % EMACH (4,4)4&3
/o + .5 %(GAMMA(i-1,) —1.0) % EMACH (i,d) %% 2) %%
(QAMMA(:—I 3Y/ (GAMMACi- 1) - l»*(GAMMA(‘—IJ)kZ o
/(GAMMAGi-1,9) + 1.o) % EMACH (i )%z - Caammali-t, )
—1.0) / (ampamali- 1,d) 1. 0)) %x(1.0/(\.0 -cAMMAG; -um
/C.o-1.0/C. o+(eAMMA(‘-l J) - Lo)* MACH (i, J)*KZ
% - 5) %k (CAMMA (i1,0)/CaAMMA Gi=1,0) = 1.0)))
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N35 LeSS S.R.
SHEET S5 OF 7

A=RG+ R{-1,0) % .5

seLib(id)=(s8ce (i,1)/a+ sece(;i,2) /A +s6o(i,3)
+ (s8ce (i,a)+ sece (i,s)x A %A

AA = SART (e (i-1,0 )% 2+ Cui=10) ~cu (i-1,0)) % % 2
+CRGi-1,0)x%2))

OFACT(i,u) =1. - SQRT(cx (i, )% % 2+ (U(i,u)-cul,d)) %2
+CR 3G, %% 2) /AA+(u (i4,d) - culi-1,9) -u (3,4)
+ culi,aN /2. / seLinG,d) /AA

A=Rs5(i-1) -RH(i-1)

6BAR(i,d)=6BAR(, 1) +LBSE (BFACT(:\J), (R(i-1,4)
-RH(i-D)/A BLADE()) %2.% SeLib(i,4) /ces
(AMiNI (BETA (L+1,4),1.2217))

A=(RG+,a) +R(,uN %5

SeLib(i+l,d) =(sece(i+)1)/A + Sece(i+,2) /A
+506C0(i+1,2)+(56¢8(i+1,4)+50¢6 (i+1,5) %A) K A

AA= SQRTU(CX G, )% % 2 + cui,d )% % 2+ R (i, 0) % %2))
DFACTCi+1,d)= 1 = SQRT UK (i 1,d) %% 24 CU(i+ 1, )% 2
+CRGi+,0) ¥%x2)) / AA+(cu (i u) -culing,d) /2.

/sevLipCi+1,4) / AA
A= RS(i)—RH()
OBAR(i+1,0)=0BAR (i+1,u) +LOSE(DFACT (i+1 1),

(RGLA)-Ru(D)/A, BLADE i +1))#* 2, %S8LiD(i+1,3)
/ cos(Amint (ALPHA (L+2,d),1.2217 )
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N35 LSS S.R.
SHEET & oF 7

XVT  Hz=-(ex G-, 0 k%2 + cRG=,D)%%2 +culi-lu)ex2)/ad

xwm  T=T1eli-1,4)
CALL ENTALP
B= THERM3(T)

XVIIL PSTAT = Poli-1,0) % exp((THERM2(TSTAT(UN-B)/ bcP)

XTX H=zu(i-1,0) % (ui-1,0) -2.%cu (G-1,9)) /ad
CALL ENTALP
PREL = P& (i-1,0) % EXP((THERM (TSTAT( J\\-BVD.C.P)

XX H= W) -uG-na) %G +uli-,0)) /ad
T=1stAaT (U)
CALL ENTAE.P)
B=THERM2(T
PiDEAL = PREL*EXP((THERM2 (TSTAT(W)) -B)/DeP)

XXI P =PiDEAL - 0BAR(1,u)% (PREL—PSTAT)
XX R=-uli,d)x(z.xculia)-u(,0))/ad

T=Te (i)

CALL ENTALP

P=PkEXP((THERM2(T) -THERM (TS TATWY)/DeP)
XX cAlL THERMZ(P/Po (i-1,4) yThT0-1,9))

XX1v  EFF (THERMI(T) - THERMI (T (i-1,0)) / (THeRMI (To (i, 1))
-THERMI(TE (i-1,a)))

pe(i,u)="P
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N 35 L6SS S.R.
SHEET 7 ©F 7

XXV H=-(ex(iu)wxz + cR(1,4) % %2 +culi,d)**2)/6d
T=7e(id
CALL ENTALP
PSTAT =Pa(i,4)* exp((memz (tsTAT( u\\
~THERMZ(T)) / DCP)
XXVI P =Pe(i,d)- ©8ARG+,d) %(Poli,d)-PSTAT)
PO (i+1,0)= P
XXVII CALL THERM2(P/Po(i-1,4),T,Te (i-1,1))

XXVIIL EFF = (THERMI (T) -THERMI (To (i -1, J)))
/ (thermi (1o (i,0)) - THEMl(TGQ-n )
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N35 BUTLET

S.R.

Gueaeume: eun.eB

'

YIELDS iNITIAL FLew
EST:MATE FBOR THE OUTLET]

/

ém_\_ STREAW)
t

iNITiALiZE BUTLET LeeP

)

CALC. SAMPLE RAD. EQUiLIBR:
SOLUTIBN OF FLBW CONDIT{ONS

K=i+!

A

-

CALL A’N EXIT
( )

9
exG =X (i-1,4)

r
<D9 10 > C ]
i=K,NX CALL :

GET iNITiAL VALUES
OF STREAMLINE RADiI1

SET FLBw PRePERTIES
AS CONSTANT ALBNG
STREAMULINE

GET iNiTiAL ESTiMATE
OF AXIAL VELBCITY

[}

5

Po(i, )= Po(LSTAGE,J) |

[}

PG )=CPlLsTAGE,4)
C—.AMMAO,J) CAMMA(LSTAGE )

Toli,)=Te(LSTACE, )

cu(i,a)=culLstace J)*R(L.STAGE /(W)
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58

67

N 35 BUTPUT
SHEET 3 oF 7

DO 58 i=I8

D6 58 J=I,NLINES,iBUTTR

CxXM(i,d) = SQRT (X (i,0) % % 2 + U (i,a) kx 2 +CR(u) % x 2)

H=-exm( ) x%2 /Gl

CALL ENTALP

CALL GAM

CXNEW (j,1)=TSTAT(4)

<8 (i,d) = €xM(3,d)/SQRT (GR2 X GAMMER % TSTAT(a))

A =SQRT (CX (i,d) % %2 +CR({,u) k% 2)

ALPHA(,u)= ATAN Ccu(i,d)/A) % 57.2957795

RCURVE(i,d)= RCURVE (i,d)/ (SQRT (1. +RSLOPEG, )
*R2Z)%n3

RSLOPE (i,d) =ATAN(RSLOPE (i ,u)) % 57.2957795

CALL GAM

ERASI =GR2 x GAMMER *TSTAT(4)

o (5,0) = ex(5,0) %% 2 +(cu (5,9)-uls,0)) wa2 + R (Su)xx2
ce(sJ) = SQRT (o (5,4))

cxs(sd) = ce(s,d) /sqrT (erASt)
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IAYA

AvA

N 35 QUTPUT 5R.
SHEET 4 6F 7

DO 273 J=I,NLINES, [UTTR

72 BETA(2 4) = ATAN(uU(5,0) - cu(5,0)/SqrT (X (5,0) #% 2

+ CR(5,J) x%2)%57.2957795

273 CONTINUE

T™MA(5) =1.0
PMA(5) =1.0

iB=4S-|
il =1S
NXL =4S +I
N=N<+|{

pePV(s5,1) =x(is)-x(is-1)
deEPV(5,2) =X (15+1)- X (iS)

ALPHA(3))=ATAN(( RH(is)-RHGs )/ dEPV(s, )X57.295 7795
ALPHA @)= ATAN((RH(is+1)RAGSY) / bEPY(S )% 57.2957795

ALPHA(3,2) =ATAN((RS (i5)-RS(is -1))/pEPY(S,1)%57.295779S
ALPHA(2) =ATANU(RS is+) -RS(is))/ pePy (52))%57.295779s
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H

N 35 6UTPUT SK

SHEET S eF 7

D@ o d=1,NLINES

TERMB (W) =Te (44,4}

cALL THERMe (Pe(UJ) /14,6966 , TERMB(), 518 C28)
Terma () =TerMa (1) /518.68%

bEPV(,0) = RHe (JJ,J) % ex (J4,0 )% R (44, 1)

™Al =(v/suM+ 1. )% 518.688
PMALIY) = EXPUTHERM3(TMALI) - coinTa)/ Dep)
* 14,6966/ Pali1)

T™AEP(U0) = THERMY (TMA(JU) ¥ Tece)

T™MARGSY=TMAGS) /TMACiS—1)
TmARGs+)=TMAIS+) 7/ TMA(iS-1)
PMAB (18)= PMA(iS) / PMA (Gs 1)

CALL THERMZ (PMAGS), AR, Ta(1,1)) .

cALL TRERMZ (PMALIS)/PMA(is—1), B8, TMA(IS-1)
* T8 (1,1))

caLt TRErRMZ(PMA(isH), cc,Te (1))

catL THERM2(PMAGiS+)/PMaCis=1), 5D, TMA(iS-1)
% Toce )

exs(o, 1) = (Trermi (AA) - Thaee (5)) / (Tmaer (i)
— Tmaepr(s))
PMABGis+1) =PMA(is+) /PMAGis-)
exsle,2)=(THERMI (BB ) - TMAEP (is-1)/(TmAeP (is)
—TMAEP(is-1))

cxs (1) =(THerMmi(cc) -TMAEP(S)) /GrmAaep Gis +1)
- TMAEP(5))

cxs (7,2)= (Trermi(on)-TMREP(is-1)) /(Tmaee (is+1)
- Tmaep Gs-1)

cALL THERM2 (Pa(is+,J)/Pe (is-1,4) TERMA(),Te(is-1,u))
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N 35 BUTPUT SR.

SHEET © ©6F 7

AT?R(ES,J) =(THeRMI (TERMD) - FRDEL (1,0))

(FRDEL(2,4) -FRDEL (1,1))

ATAS Gis+1, )= (THERM) (TERMAC))- FRDEL (1,40
/ (FRDEL (3,4) - FRDEL(1,4))

XM (1) =SQRTECX (iS, D)+ 2 +cu(is,d) x%2
+ R (IS, 0) %% 2)

H= =CxM(),d) %% 2 /G

T=To(is )

CALL ENTALP

CXNEW (1,d) = TSTAT(J)

cALL GAM

ERAS| = GR2 * GAMMER % TSTAT (4)

co(8,J) = PO(is,)) * EXPUTHERM3(TSTAT (4))
-THERM3(T)) / bCP)

co(sa) =ex(is,u) %% 2 +(culis,i)-ulis ) xx2
+ CR{iS,J) k%2

ce(54)=5qrT(co(s,4)

e (o) = cxX(15+L,9) wx2 +(cuGis+1,4) -uGis+1,0) xx2
+cRGs+L,J)*x 2

ce (o,4) = SORT (co(6,1))

cxs(,0) =Co(5,d) /sqrT (ERASI)

ALPHA G, 1) =ATAN(cU(is,0)/A) % 57.2957795
BETA (1,0) =ATAN(u(is, 9 - cuCis 1)) /A)% 57.2957795

ce0,0)=Te(is,0)/Te (is-1,4)
ce(3u)=pe(is,d)/ pe (is-1,4)

co(2,0)=T8(i5+1,4) /Te (iS)
ce(4,J)=Pa(is+, 1)/ Pe (isJ)

RCURVE(2 1) =RCURVE (?.,J}/ (5QRT(L+RSLBPE(R 0) ke 2) % %3
RQURVE (1,0)=RCURVE(3,4)/ (SQRT (I-+RSLOPE (3,J) % 2) k%3
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N35 OUTPUT S.R.
SHEET 7 6F 7

XXY RSLOPE (2 J)=ATAN(RSLOPE (2, u))* 57.295779s
RSLOPE.(3,4)=ATAN(RSLOPE(3, ) x 57.2957795

XXVT cxM(2,u) =SQRT(cx (1S +1, J)**z.-f-cu(.suu\*&?.
+ CR>IS+ ) %% 2)
H=-cxm(2, De%2/Gd
T= Te(u5+| Jd)
CALL ENTALP
CXNEW (2,4) =TSTAT (W)
CALL GAM
ERASI = GR2 % GAMMER % TSTAT(1)
cxs(z,u) =cxm(2,d)/ sc;a-r (erAS)
ce(7, 1) = ce(e,d) /sarT (ERAS)

XXV ¢6(9,d)=Pe(is+,J) x ExP((THERMB (TSTAT(4))
—THERM3(T)) / bCP)

IXVIT BETA(Z 0)=-ATAN{cu (is +1,4) - uGis+1,d)
SQRT(cx(i5+1,0) %% 2 +CRGSH W) %% 2)X57.2957795
ALPHA (2,0)= ATANCcu(is+] ,4)/SQRT (ex(5S+1.0) %% 2
+ cRCi S+ ;) %%2)) % 57. 2957795

XXIX JJ=LSTAGE + |
Kd=0O
De 140 iJ=JJ,NX
Kd=kd +1
DO 140 J=I,NLINES
XM (k1) = SQRTIOX (G4, ) %% 2 +cu (Qd,0) %% 2
+ cr(iJ D) *x2)
H ——cxm(m Dxx2/64
T=velil ..D
CALL ENTALP
CALL GAM
CXNEW(KU W)= TSTAT()

E =GR % GAMMER % TSTAT(J)
140 xS Kd JY=OXM(KJ, 1)/ sQRT(ERASI)
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N 35 REeTBUT S.R.

SHEET 2 eF2

FROM
SHEET
i

TEST THE RELATIVE FLeW
ANGLE AT HUB AND ALTER
THE COEFFICiENT oF I./R
IN THE WHIRL VELOLITY
POLYNOM;AL iF NECESSARY

RETURN

LC3=LC3+ |

ERROR TRANSFER To
A NEW DATA SET

RELATIVE FlLOw
ANGLE LiMIT
VIiOLATED AT

CALC. THE B-C(OEFFICIENT

FRO6M THE RELATIVE FLBW
ANGLE LiMuT

\

CALL BRCALZ

iERROR =.TRUE.

1 O
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N 35 RSTART S.R.

(SUBRGUT?NE RST@

CALCULATES EQUAL AREA
ESTIMATE OF STREAMLINE
PESTIBN AND WHEEL SPEED

l

AA=RSG)* ¥ 2-RHG)x % 2

BR = RS(i)xx2—~AAXBH(i)

CC = AAx(BHE)+BT()-1.0)

DD = RPM%.10471976

!
DO 1D
=L, NLINES,

Y

ERASI| =BB+DELMUI%CC

A

ERRBR TRASFER T& A
NEW DATA SET

€3

NS

R(i,8)= SQRT(ERASI)

10 ]
uliJ) = R>i,J0) % RPM

1
( RETURN )
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N 35 SHECK FUNCTIiSN

GUNC_TieN SH8C9
(2,Y)

i

sHeck = Y-TERMIL(L,J)* ATAN (SQRT{(Z~-1.0)
*(z +1.0) 7/ TERMI(L, ) + ATANG orT{(Z2-1.0)
*(z+1.0)))

CRETURN )

CALCULATES SUPERSOSNIC EXPANSISN
ANGLE MINUS PRANDTL - MEVYER. ANGLE
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N 35 SLINE SR

SUBROUTINE. SLINE
(A XT,YT,N,ANS)

10

ANS= YT(i) |a

ANS =YTO)

ANS =yT(N)

9

I ANS =Y T =y TG -0) % (X=xTG-1)
/T ) -x1G-N+YTG-1)

o

CONTINUE

o |
ANS = (Y TN =Y TN - % (-XTN =)
/ TN =T (N=) + Y TON =Y

k™%

Y

C

RETURN )
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N 35 THERMI FUNCTIBN

GU NCT 15N T'HER."-’]@

CALC. H= INTEGRAL FRBM
0.0 Te T B&F <P DT,
WHERE CP i8S GiVEN AS
A 5T DegRES PSLUYNESMIAL

#

THERML =(crce ()+ (criz
+(cpiz+lcpig +(crics +
CPICH*T)%T)#T) AT RTYXT

!
C RETURN )
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N35 THERMZ S.R.

SUBREUTINGE THERM?)

Peven,Trr,T)

seweEs FerR'’"TepP'inN .
GASK % ALea(pPever) =
INTEGRAL FROM T To

TeP oF (CP/T) DT, WHERE
CP iS GIiVEN AS A s T

DEGREE POLYNSOMIAL .
SEE THERM1)

!

FOO = ALEOG (X)+( A1eA0 +
(A2e2A0 +(Az2e3A0 +{(A40440

+ASO5A0 %K) % X)) Rk X)%X) % X

DUMMY = GASK. /cree(1) %

be 10
A =1,50

Y

XA=-500.0x(F(teP) - DUMMY)
TeP=TeP + XA 1

YES
IS

C RETURN )
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CCALL ERReR(@

PBVERK l.0
oR

Ter< 0.0
orR

T £ 0.0

-
ALea(pPover)/JouLE +F(T)

10
CONTINUE

CALL )
ERROR (26)




N335 THERM3 FUNCTION

@NCTisN THERN\B)
([)

CALC. THE INTEGRAL b6F
cP/T DT FROM C.O0TOT

l

THERM3 =cPceli) ¥ ALEG ()
+(cpce)+(croz +(cPez
+(cPBa + CPOSHT) %T) %T)
*¥T) KT

l
C RETURN )
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N 35 THERMP S.R.

@BR@UTWE THER@

CALC. SPECIFiC HEAT AT
CENSTANT PRESSURE (cP)
AS A FUNCTIBGN BEING A
FiFTh DEG. PBLYNBMIAL.
THEN THE CONTIHNUITY.

CP( J )= Pke(o-t—(CPfe(?.)
.),_(f;,(‘e/?.)—r(CPCG(cf)
+(crrels,+crea (&)
%TF( )-..//'i"‘Te(A J))*
TQ 5 J\)F !ED.‘ = U*T@(Hl—}

i

[ Cv=CPid; -BLP |
v ' :
i:apu.akﬁ,u=CPG¢D/tV |

— f

© RETURIS )
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N 35 XDERIV SR.

@BR@UTWE ADERIV
HBY DYy D2YD2XK)

CALCULATES THe | 2T
AND 2 NP DERIVATIVE
&F ¥ WiTH RESPECT
Te K (AXIAL LENGTH)

l

pypx(io,J) =0.0
oY b2exXlie,d)=z0c.0

]

D6 5
A= IR NKI

L=l

AA=(Y-1, ) =y (GLa )/ (G-t = X(A)

BE= (\/(m 3 =yCiiaN/ (x Gt )= X (1)

pydx (L, 0) =¥ +1,8) =yG =1, N/ KRG -XG=1)

S Y
peypex(L,N=(rAa-BB)/ (x(i-N-xCi+ N« 2.0

:
C RETURN D
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APPENDIX D

INPUT FORMAT AND SAMPLE DATA SET






APPENDIX D

Part A. Input Format—Data Preparation






N35 DATA PREPARATION

The N35 Program is a compressor design program which iterates on
efficiency through blade element loss correlation based on diffusion factor.
Energy addition is based on either rotor tip diffusion factor, stator hub Mach
number, rotor hub exit relative flow angle, or stator hub diffusion factor. The
energy addition can be limited by any one of these variables,

For design, the annulus wall geometry is defined and the aerodynamic
properties are computed. The procedure necessary to employ this program is
outlined in the following description of input data preparation. Reference is
made to the descriptive data sheets.

All data input in each field is specified either as an integer or as a floating
point number, The integer must be right adjusted in its field. The noninteger
input can be read in as an exponential which will take four columns in each field.
This reduces the amount of significant numbers and computing accuracy.

All data cards are displayed by type in the sample data sheet appearing at
the end of Part A of this Appendix,

CARD 1—TITLE CARD

Alphanumeric information from Columns 1-72 is printed out at the beginning
of the output data,

CARDS 2 AND 3—CONSTANT PRESSURE SPECIFIC HEAT AS FUNCTION OF
ABSOLUTE TEMPERATURE

The constant pressure specific heat variable as a function of temperature
is determined by:

cp T 3p +a T+ asz + a3T3 + a4T4 + aBT5
where T is in °R. The following sets of constants can be used as derived from

Keenan and Kaye gas tables:

Temperature 0 to 1700°R 500 to 3400°R 1500 to 5000°R
ag 0.23746571 0.257348261 0. 18198209
ay 0.21961999 X1074 -0.82118436 X107¢  0,87076455 X10~4
ag -0,87791471 X10-7  0,11967112 X107 -0,28093746 xX1077
ag 0.13991136 X109 -0.57795091 X100 0, 50606304 X10-11
a4 -0, 78056154 X10713 0, 12572563 x10-13  -0,40556182 X10°15
ag 0.15042604 X10-16 -0, 10414624 X10-17 0,18191946 X10-19



CARD 4—LO0OSS PARAMETER DATA SET BUFFER ZONE

A total of up to ten loss-data sets may be called from the library of
permanent data described earlier, A loss-data set consists of the loss para-

meter («sz cos B ‘2) versus diffusion factor at each of the 10, 50, and 90%
o

annulus heiglzlt stations of the geometric annulus. (For purposes of loss com-

putation, blade height is measured from the hub,) The library may consist of

a data deck as this program deck is presently set up or a logical storage unit,

The loss-data set is prescribed as an integer and a total of 999 loss-data sets

can be defined in the library,

Card 4 is a buffer zone calling up to ten sets of losses. The data sets should
be called in the buffer layer in increasing numerical order for read-in time sav-
ing. Needed fields in the buffer zone should be filled from left to right with no
blank fields to the left of the last used field, However, loss-data sets specified
in program data for individual blade rows are identified by an integer describing
their location in the buffer zone—(e, g., if loss-data set 015 is retrieved from
the master file and stored in the fifth sector of the buffer zone, it is identified
as data set 005 when called up in the data for any given blade row),

CARD 5—GENERAL DATA AND OPTIONS

Columns 1 - 5,

The maximum number of compressor stages desired is specified up to
a maximum of 12 stages

Columns 6 - 10, Number of streamlines desired for the aerodynamic analysis,

The number that can be specified, which includes the annulus aerodynamic
wall boundaries (2), is 5, 7, 9, or 11

Columns 11 - 15, Option on printed output of computed data as a function of
streamline position

Options are:
Integer 1: Print all streamline data computed,
Integer 2: Print odd number streamline data computed.
Integer 3: Print hub, mean, and tip streamline data computed,
Integer 4: Print hub and tip streamline data computed.

Columns 16 - 20, Blank

Columns 21 - 25, Blank



Columns 26 - 30,

Instructions can be given to ensure that each stage has reached a limit on
either rotor tip diffusion factor, relative hub exit flow angle, stator hub Mach
number, or stator hub diffusion factor, The limit for each value is the value
read in, The number "0" is used for this instruction,

Because of the iteration process, the rotor tip diffusion factor may be
reduced to a lower value because of rotor hub Mach number limit, for example,
If this limit ceases to be a limiting value, the rotor tip diffusion factor can be
raised or left to remain at its last reduced value, If this method is desired,
then an integer "1'" is read in for this instruction.

Summarizing

Number 0: Drive calculation to one of its limits
Integer 1: All parameters will be less than or equal to their input value.

Columns 31

40, Desired inlet flow rate in lbm/sec

Columns 41 - 50, Molecular weight of gas in 1by,/mole

Columns 51

60, Inlet total temperature in °R

Columns 61 - 70, Inlet total pressure in psia

CARD 6—GENERAL DATA AND CONVERGENCE TOLERANCES

Columns 1 - 10, Desired overall pressure ratio

Calculation will cease when either overall pressure ratio or maximum
number of stages from Card 5 is reached.

Columns 11 - 20, Relative error tolerance on iteration for axial velocity

This is used at each streamline and at each axial station, Tolerance in-
dicates accuracy on successive calculations, A recommended value is 0,01,
This convergence tolerance is independent of all other tolerances,

Columns 21 - 30, Relative error tolerance on continuity

This is used at each axial station and independent of all other convergence
tolerances, A recommended value for this relative error limit is 0, 0005,



Columns 31 - 40, Relative error tolerance in iteration for total temperature
on each streamline at each axial station

Tolerance indicates accuracy on successive calculations. A recommended
value is 0,05 (°R). This convergence tolerance is independent of all other
tolerances,

Columns 41 - 50, Rotor tip speed (ft/sec) at first rotor inlet defined by geo-
metric axial station and case wall radius

Blade twist and rotor tip clearance are ignored.

Columns 61 - 70, Relative error tolerance in iteration for total enthalpy on
each streamline at each axial station

A recommended value for this relative error limit is 0,01,
CARD 7T—CONVERGENCE TOLERANCES AND EXIT AREAS

Columns 1 - 10,

Tangential velocity tolerance (B coefficient tolerance) defines the degree
of convergence to be obtained during drive option on the B coefficient of whirl
velocity,

A recommended tolerance is 0,01,

Columns 11 - 20, Relative error tolerance on rotor and stage adiabatic
efficiency for each streamline

A recommended efficiency tolerance is 0, 01,

Columns 21 - 30, Relative error tolerance on the stator entrance hub absolute
Mach number

A recommended tolerance is 0, 01,

Columns 31 - 40, Blank

Columns 41 - 50, 51 - 60, and 61 - 70, Ratio of annulus areas at three axial
stations downstream of the last stator exit station to annulus area at the last
stator exit station

CARD TYPE 8—FLOW PATH DATA

As many Card Type 8 cards as axial stations are required through the
last stage stator exit. There are five inlet stations, the fifth being the first
rotor inlet station. For each stage specified in the input data, two additional
cards are required, Thus, the maximum number of Card Type 8 cards is 29,

D-4



The wall slopes at axial station number one should be zero since the method of
analysis assumes them to be zero,

Columns 1 - 10, Axial coordinate station (in.)

Columns 11 - 20, Geometric hub radius (in,)

Columns 21 - 30, Blockage factor at hub expressed as the unblocked fraction
of local geometric annulus area

Blockage factor of unity means zero blockage.

Columns 31 - 40, Geometric tip radius (in.)

Columns 41 - 50, Blockage factor at tip

CARD TYPE 9—EXIT STATION DATA

Three exit station cards are required for the exit annulus. The axial
station data on these cards will be used if the maximum number of stages entered
on Card 5 has been computed. Otherwise, the last three exit station axial locations
will be those corresponding to the first three stations of the noncomputed stage
data. The exit stations' tip radius is always equal to the last stator out tip
radius,

Columns 1 - 10, Axial station location (in.)

Columns 11 - 20, Blank

Columns 21 - 30, Blockage factor at hub

Columns 31 - 40, Blank

Columns 41 - 50, Blockage factor at tip

CARD TYPE 10—STREAMTUBE MASS FLOW

The fractional mass flow to total annulus flow between the hub and each stream-
line specified on Card 5, Each value is entered in fields of 10 columns., Seven
streamline values can be entered on the first Card Type 10, If 9 or 11 stream-
lines are specified, the additional streamline values are entered on a second
Card Type 10, These additional values are entered in Columns 1 - 10 and

11 - 20 for 9 streamlines and Columns 1 - 10, 11 - 20, 21 - 30, and 31 - 40 for
11 streamlines, The first streamline value is obviously equal to zero.



CARD TYPE 11—INLET GUIDE VANE LOSS COEFFICIENTS
The loss coefficient, o = (Py - P, ) / (Pt - P.), for each streamline
1 2 1 1

from hub to tip is specified at axial station 5. Two cards are used, with the
data in fields of ten, if more than 7 streamlines are specified as defined for
Card Type 10. A value of zero is read in for each streamline if no vanes or
zero loss is desired.

CARD TYPE 12—INLET GUIDE VANE WHIRL EXIT DISTRIBUTION

The whirl distribution is given by

._A- B 4 . T
VO -‘ﬁz + ﬁ%CﬂLDR%ER

2

where Vg is in ft/sec and R is in inches. The tangential velocity is defined as
positive in the direction of rotor rotation. A value of zero is read in for each
specified constant if no whirl is desired.

CARD TYPE 13—LOADING LIMIT DATA FOR EACH STAGE

Card Types 13 through 20 are placed in sequence as a group of cards for
each stage specified on Card 5.

Columns 1 - 10, Rotor tip diffusion factor limit

Columns 11 - 20, Stator hub inlet Mach number limit

Columns 21 - 30. Relative flow angle limit at hub of rotor exit (degrees)

Negative value signifies turning past axial direction,

Columns 31 - 40, Stator hub diffusion factor limit

CARD TYPE 14—BLADE LOSS AND TOTAL MASS FLOW CHANGE

Columns 1 - 5, Rotor loss parameter data set from buffer zone of Card 4
described by an integer identifying the position of the desired loss-data set in
the buffer zone

Columns 6 - 10, Stator loss parameter data set from buffer zone of Card 4
described by an integer identifying the position of the desired loss-data set
in the buffer zone

Columns 11 - 20, Mass flow added to or subtracted from rotor blade row and/or
annulus walls within row (lby/sec)

This mass flow change is divided proportionally among stream tubes.

D=6



Columns 21 - 30, Mass flow added to or subtracted from stator blade row and/or
annulus walls within row (lbm/sec)

This mass flow change is divided equally among stream tubes.
CARD TYPE 15—ROTOR EXIT TANGENTIAL VELOCITY PROFILE
Tangential velocity (ft/sec) distribution as a function of radius is given by
= A B 2
Vo =3 + R+C+DR+ER

where R is in inches,

Columns 1 - 10, Constant A

Columns 11 - 20, Constant B

30, Constant C

Columns 21

40, Constant D

Columns 31

50, Constant E

Columns 41

CARD TYPE 16—RATIO OF THE SUPERSONIC TURNING TO TOTAL TURNING
FOR THE ROTOR

Shock loss calculations require the suction surface Mach number at the
incident shock location. Thus, the supersonic turning along the suction surface
to shock intersection based on the normal shock model must be specified using

é

S
the supersonic turning to total turning ratio, é - This data is to be es-

tablished along the streamline airfoil section. The method of input is identical
$ss

; .

CARD TYPE 17—ROTOR SOLIDITY (Solidity, o , for the streamline airfoil
section as a function of radius)

to Card Type 15 where Vg is replaced by

The method of input is identical to Card Type 15 where Vg is replaced by o .
CARD TYPE 18—STATOR EXIT TANGENTIAL VELOCITY PROFILE

Is identical procedure to that for the rotor on Card Type 15.



CARD TYPE 19—RATIO OF THE SUPERSONIC TURNING TO TOTAL TURNING
FOR THE STATOR

Is identical procedure to that for the rotor on Card Type 16.
CARD TYPE 20—STATOR SOLIDITY

Is identical procedure to that for the rotor on Card Type 17,
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APPENDIX D

Part B, Sample Design Problem Data Set
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APPENDIX E

OUTPUT FORMAT—SAMPLE DESIGN PROBLEM
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