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COMPUTER PROGRAM FOR CALCULATING OFF-DESIGN PERFORMANCE
OF MULTISTAGE AXIAL-FLOW COMPRESSORS

by

H. F. Creveling and R, H. Carmody

SUMMARY

The technical objectives of the contract included generating a computer
(IBM 7094) programmed axial-flow compressor off-design aerodynamic per-
formance calculation which accounts for variable specific heat and full radial
equilibrium of the flow, including streamline curvature and radial gradients
in total enthalpy and entropy, The resulting performance computation is iter-
ative, with efficiencies determined from a total pressure loss coefficient which
is taken as the sum of a calculated reference loss coefficient and an off-refer-
ence increment in loss coefficient, The reference loss is established through
the use of correlated blade element profile loss data and the loss associated with
a normal shock in the blade passage, where appropriate, for diffusion factors
from O to 1,0 and Mach numbers from 0 to 1.6, A compressor of specified
geometry is considered and energy addition for a given flow rate and rotational
speed is determined through the use of blade element performance data con-
cerning reference incidence angle and deviation angle,

Tabular data for loss, incidence angle, and deviation angle are available
in the program for NACA 65-series and double-circular-arc blade sections.
Calculations for reference incidence and deviation angle can be made using
NASA 2-D or 3-D design rules, Deviation angles for nonreference incidence
conditions are obtained by adding increments to the reference values.

The program accepts input data describing the geometry of a compressor
having up to 12 stages and, barring any error messages from the calculation,
computes the aerodynamic performance for a given rotational speed and flow
rate, and for given uniform inlet conditions of total temperature and pressure,
The design computations may be basedon 5, 7, 9, or 11 streamlines, at the
user's option. Hub and tip blockages are input separately, at each axial
station, as the unblocked fraction of local geometric annulus area. The pro-
gram user has the capability of specifying the mass flow at each blade row.
Any changes in mass flow are distributed proportionally among all streamtubes
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 listing of the computer 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 performance calculation
problem. Appendix E illustrates the format of program output, through presen-
tation of the computed results for the sample performance calculation problem.

INTRODUCTION

As a part of Contract NAS3-7277 for the NASA-Lewis Research Center,
four axial flow compressor computer programs were developed, The first
of these programs 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
calculated, 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
numbers, stator hub loadings, and the compressor flow path, This computer
program is designated as ''Axial Flow Compressor Design Program II', and
is reported in Reference 2.

A third design program was also developed under this contract and is
reported in Reference 3. Program II differs from Program I 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,

The final program developed under this contract is an off-design performance
calculation and is reported herein, The calculation accounts for variable
specific heat and full radial equilibrium and determines energy addition and 4
adiabatic efficiencies on the basis of data for blade element turning and loss.

The program user has available as options either double-circular-arc or
NACA 65-series blade performance data as published in Reference 4, Chapters
VI and VII, plus the capability of specifying reference incidence angle through
tabular input for any individual blade row or through the criterion of suction
surface tangency for any double-circular-arc blade row, The off-reference
increment in deviation angle is furnished in the form of a correlation of
selected NASA data.



Adiabatic efficiency is determined iteratively for each streamline in each
blade row, using: (1) correlated reference profile loss data and reference shock
loss computed on the basis of the normal shock-in-passage model of Reference 5
and (2) correlated results of NACA data expressing the off-reference increment
in total pressure loss coefficient in terms of (i-iref) and relative inlet Mach
number,

The program can handle up to 32 axial stations and, subject to this con-
straint, the user may use dummy blade rows as described in Appendix D, Fnd

wall blockage is input to the program at the hub and tip for each axial station and
is expressed as the unblocked fraction of geometric annulus area,

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

c blade chord, in,

D diffusion factor; total derivative

F blade force on gas, lbs/lb,,

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

gc universal gravitational constant, 32,174 ft-lb,,/lbf-sec?2

h inlet blade passage dimension normal to flow h = s cos ﬁ'l, in,

H enthalpy, BTU/lb,,

i incidence angle, degrees

J conversion factor, 778 ft~l1by/ BTU

L overall compressor axial length, in,

M Mach number



@)

g

a0

< a 3 -

g

molecular weight, 1by,/mole
axial station index

number of axial stations

blade throat dimension, in,
percent blade span

pressure, lbg/in. 2 abs

heat transfer rate, BTU/lbp-gec
radius, in.

ith rotor

gas constant, ft-lbs/lby,-R°
blade spacing, in,

entropy, BTU/lb,-R°

ith gtator

time, sec; blade thickness, in.
temperature, °R

wheel speed, ft/sec

fluid velocity, ft/sec

mass flow rate, lb,/sec
fraction of blade span

axial coordinate, in,

ramp angle, degrees

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

blockage; unblocked fraction of annulus area

4



Greek {cont)

8° deviation angle, degrees

A change; final value minus initial value

€ ref reference air turning angle, defined in Equation (3)

7 adiabatic efficiency

] circumferential coordinate, radians

v Prandtl-Meyer angle, degrees

P density, Ibm/ft3

o solidity

é air turning angle, degrees

¥ blade camber angle, degrees

w angular speed, radians/second

® blade total pressure loss coefficient

Subscripts

1 rotor entrance station

2 rotor exit station

3 stator exit station

2-D designates a 2-D quantity in NASA blade element performance
correlations

c designates a 3-D quantity in NASA blade element performance
correlations

e effective value (of hub or tip radius)

geometric value (of hub or tip radius)

H hub section
i ideal
i designates value of variable at reference streamline



Subscripts (cont)

L limiting value

m metal

max maximum value

p profile

ref reference, or minimum total pressure loss, conditions
R rotor; radial component
S stator

s shock

ss supersonic

T tip section

t total

9 whirl component

Z axial component
Superscripts

! relative value of a variable

* value of variable corresponding to a Mach number of 1,0
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TECHNICAL DISCUSSION

This off-design performance computer program, bearing designation N36,
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 its use in the computation of shock loss, where c, is assumed
constant; elsewhere in the calculation, all integrations involving cp in the
integrand are performed rigorously for variable c,. The program will not
calculate supersonic axial flows; a check is made at the midstreamline of each
axial station and the computation is terminated with an accompanying error
message whenever an axial Mach number greater than 1,0 is encountered on
three consecutive passes through the calculation.

The program requires a description of the geometry of the blading in each
blade row and a description of the flow path geometry, including the location
of all axial stations, plus hub and tip blockages at all stations. Required input
data is described in detail in Appendix D, The iterative computation of adiabatic
efficiencies at each streamline of each station is based on the total pressure
loss coefficient, which is evaluated as the sum of the reference loss coefficient
and an off-reference increment in loss coefficient, That is,

wt = at, ref T (at - ‘T’t, ref)
where
Oy ref = @ p, ref * ®g ref

The reference profile loss data is input as a correlation of blade profile
loss parameter vs diffusion factor for hub, mean, and tip blade sections.
This profile loss data is interpolated and extrapolated to any point along
the blade span by means of a second degree curve fit, Reference shock loss
is computed at each streamline position by means of the normal shock model
of Reference 5, making use of the flow angle at the shock (input as a function
of blade span for each blade row) and assuming flow at the computed relative
inlet Mach number enters the blade passage at the reference value of incidence
angle.

The program draws its input-specified reference profile logss-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. Each
reference profile loss-data set consists of 20 values of profile loss parameter
(®p cos B3) /20 for each of the hub (10% span), mean (50% span), and tip
(9(?% span) sections. These 60 values of loss parameter appear on 5 cards con-
sisting 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



diffusion 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,

The off-reference increment in total pressure loss coefficient is established
using a correlation of selected NASA data, which takes the form of those shown
in Figures 2 through 4 for the hub (10%), mean (50%), and tip (90%) blade sec-
tions of rotors. These three correlations are tabled directly into the computer
deck for automatic use in the performance calculations. The 50% span rotor
loss data curve is tabled into the deck for use at each of the hub, mean, and
tip sections of all stators. As is the case with other blade element performance
data, the actual tabulated data representing plotted correlations appears in the
listing of the Computer Source Deck, shown as Appendix B, For the off-ref-
erence loss data described, interpolation and extrapolation along the blade
span is done by second degree curve fit, in the same manner as for reference
profile loss data.

The program computes performance in any given blade row for either
65-series or double-circular-arc blades, and the user has the option of

specifying or determining the reference incidence angle at each streamline
for any individual blade row according to one of the four following options:

1., NASA 2-D incidence rule
2. NASA 3-D incidence rule

3. The criterion of suction surface tangency (for double-circular-arc
blades only)

4, Tabulated input; ipef vs radius
The third option shown above employs the expression
-1{c tan ¥ +t -t cos _Y¥

iref = 2 tan 4 max edge 2 \. _\P (1)

——

which is shown as Equation B-42 in Reference 6, Note that for the NASA 2-D
and 3-D incidence rules the reference incidence angle is determined for the
reference inlet air angle and Mach number occurring at the particular point
being calculated. Thus, in general, the reference incidence value does not
remain fixed at a given axial and radial station for different flow points on a
speed line, Similar to the incidence angle options the user may elect to



establish the reference deviation angle at each streamline of an individual
blade row through the use of either

1. the NASA 2-D deviation rule
or
2. the NASA 3-D deviation rule,

The NASA rules describing reference blade element performance are
those found in Reference 4, Chapters VI and VII, and curve fits of the correlated
data plotted there appear directly in the Source Deck listing (Appendix B of
this report) in tabular form. The off-reference deviation angle is expressed as

t

577 8 et (5° 78 ter) (@)
where the off-reference increment in deviation angle, §° - 8 1.4 is
obtained through correlation of selected NASA data, as shown in Figures

5 through 7 for both rotors and stators, where ¢ ,..; represents the reference
air turning angle:

€ref = (B 1,m+iref)‘(ﬁz,m+8;ef). (3)

The correlated data revealed no significant dependence on Mach number
or on position along blade span; consequently, one table representing the data
plotted in Figure 5 is used for both rotors and stators and is entered for each
of the hub, mean, and tip blade sections. It should be noted that, although the
increases in deviation angle as incidence angles decrease from reference
incidence, shown in the curve fits of Figures 5 through 7, represent the
trends of the data realistically, this trend in the curve fit can cause program
instability if the incidence angle is well below reference incidence.

Any interpolation or extrapolation of off-reference deviation data along
blade span is performed according to a simple straight-line fit,

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 4.

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

Continuity Equation

1 3(PRVR) 3(PV3)
-ﬁ' 3R + dZ =0 (4)

Radial Equation of Motion

aHt 39S Va B(Rvo) aVZ aVR
gc"ﬁ = gocFR + gCJTa—R+ Ti-—a-ﬁ-—+ Vz (——aﬁ-v (5)

10



Circumferential Equation of Motion

1 3(RVp) 3(RVg)
0=ch9-'ﬁ VR SR +Vz 3Z

(6)

Axial Equation of Motion

Energy Equation

DHt _ Q+-2 D(RVp) (8)
Dt gcJ Dt

Gradient of Entropy

DS _Q (9)

Dt T

Condition of Integrability
3 (Fz )\ 2 (Er (10)
3R \RF " 3Z \RF

Equations (4) through (10) relate eight unknowns in FR, Fg, Fz, VR, Vg,
Vz, S, and H;.

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,
FRr, Fg, and Fz 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 (6), (7), (9), and (10) are eliminated.
Equation (4) is then rewritten for convenience as

w=2n fPVZRdR (11)

11



and Equation (5) is written as
Tt
2 2 _ - V.2) - _6
VZ - VZ- = 2gCJ Cp (T) dT - (Vo Vo ) 2 dR
J

R

3s
-2gCJ/ T3g dR +2 fvz(B )RdR (12)

Ry

where the subscript j here refers to the reference streamline used in the in-

tegration. The energy equation becomes

gJ (AH) = wA(RVyg) (13)

The iterative solution of this set of equations in this application requires
specifying compressor geometry, rotational speed, flow rate and inlet con-
ditions plus blade element turning and loss performance correlations for each
blade row from among the available options, as described in detail in Appen-
dix D, The performance of any blade row, streamline by streamline and over-
all, is obtained through the use of blade element performance data for flow
turning and total pressure loss in developing, iteratively, a converged simul-
taneous solution of Equations (11), (12),and (13). Clearly, Equation (13) reduces
to

AHt = 0 (14)

for stators, where o = 0., Performance of a whole compressor, stage by
stage and overall, is obtained through satisfaction of Equations (11) through
(13) simultaneously for all blade rows and for inlet and exit ducting, using
the appropriate specified blade element performance correlations for each
individual blade row. The program user may specify dummy blade rows in
the compressor flow path as a means of providing space between adjacent
blade rows or of providing extra inlet and/or exit stations. In each dummy
blade row through the compressor, the performance calculation conserves
moment of momentum of the flowing fluid.

The primary objective of this computer program is to determine off-
design performance of given axial flow compressors in accordance with
full radial equilibrium and with adiabatic efficiencies determined from blade
element analysis of total pressure loss, The detailed procedure to accomplish
the objectives of this program, and the development of the program logic to
automate this performance calculation are discussed in the following subsection,
A detailed summary of the specific calculations is given in Appendix A,

12



DEVELOPMENT OF PROGRAM LOGIC

The basic task of the computer program described herein is the develop-
ment of the axisymmetric model flow through a given compressor at known
rotational speed, flow rate,and inlet conditions. This reduces to establishing
simultaneous iterative satisfaction of the energy, radial equilibrium, and
continuity equations, using blade element performance data to establish flow
turning and total pressure loss at each step of the iteration. Hence, energy
addition and efficiency are established in the programmed flow calculation
by the performance of each blade row which is in turn established by the
blade element performance data,

The radial profile of axial velocity at an axial station is obtained by sub-
stituting tangential velocities into the radial equilibrium equation, (12), and inte-
grating the resulting expression from a reference streamline j to any other
streamline. The term V2 _serves as the constant of integration and must be

J
adjusted to satisfy continuity; V_ is established by trial and error at each
J

axial station, for each pass of the design computation.

The program begins a performance 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 elected from
the master file, and (3) data basically describing the machine to be studied,
including relative error tolerances to be used in the iterative computations,
and data for each of the stages. The stage data includes:

@ Specification of either 65-Series or double-circular-arc blade sections
for rotor and stator

@ Specification of the reference profile loss data sets to be used for rotor
and stator

® Specification of the desired option(s) for determination of reference
incidence angle in rotor and stator

® Specification of the desired option(s) on reference deviation angle com-

putation for rotor and stator

Flow increments, if any, in rotor and stator

Radial distributions of solidity, inlet and exit metal angle, maximum

thickness/chord, throat/spacing and flow angle at the assumed normal

shock for both rotor and stator

The first four axial stations of the flow path represent the inlet, and the
last three stations represent the exit., Any extra stations desired to specify
inlet or exit geometry may be added through the use of dummy blade rows,
The program begins its computation by evaluating Tt, Pt,and cp (T) in the
inlet, Setting Vi 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

13



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, Further, the program
establishes the number of streamtubes and the midstream index streamline to
be used in axial velocity computations.

Next, the program performs a simplified analysis of the first rotor, using
Carter's rule to determine deviation angles at each streamline and producing
a radially constant value of exit axial velocity. This simplified estimate of Vz
is assigned to the exits of all blade rows downstream,. At this point, deviation
angles and efficiencies are estimated for all blade rows and an estimate of
velocity vector, temperature, and pressure is established for each streamline of
all axial stations.

Next, the program begins a more detailed, full radial equilibrium consider-
ation of the first six (or seven) stations of the given flow path, Depending upon
whether the entire flow path is made up of an even or odd number of stations,
the program considers either six or seven stations at a time, since at each point
the program has established full convergence in the performance computation,
two downstream stations are added and two upstream stations are dropped from
consideration. In this way the program ''marches'’ through the entire flow
path, step by step. Implicit here is the assumption that a converged flow solution
at any axial station is insensitive to changes in flow properties computed six
or more stations downstream. The detailed consideration of flow in any six
(or seven) station portion of the flow path involves establishing an axial velocity
distribution using full radial equilibrium, and performing a check on continuity.
(It is important that the program does not generally force a satisfaction of con-
tinuity during early calculation passes at any station. A variable damping
factor is employed in the calculation, which limits the large changes in VZJ-
generally required to satisfy continuity during early passes of the calculation
to only a small portion of their calculated size. Conversely, for small required
changes in V5 generally encountered near convergence, the damping factor

permits a change approaching the size of the actual change required to satisfy
continuity, In this way, considerable calculation time is saved through not
forcing a satisfaction of continuity at a given axial station until other flow
properties there are also approaching their converged values, )

Next, blade element performance data is used where applicable, for all
streamlines and all stations being considered, to re-establish flow turning
and blade loading. Finally, total pressure loss is re-established (again using
applicable blade element data) and the axial velocity distribution is re-estab-
lished for each of the stations presently considered, subject to the action of
the variable damping factor just described. When complete convergence of
calculated values of flow properties is attained for all axial stations under con-
sideration, the program calculation "marches' one step downstream in the
manner previously described. Barring any error conditions (and the corre-
sponding printed error messages) and with convergence re-established at

14



each step in the manner described above, the calculation ''marches' one

step at a time to the rear of the given compressor flowpath, After convergence
is obtained for the entire performance calculation the program performs a

check for choking conditions at all streamlines for all blade rows in the machine,
If choking is indicated anywhere, the program logic prints a message indicating
this, There is no calculation of flow shift or any other action taken by the
program logic. The program prints the computed performance output in the
general form shown in Appendix E,

As indicated, the design computation may stop at numerous points and
produce one of a number of error messages if difficulty is encountered for
physical or numerical reasons. The stopping points and corresponding error
messages are shown in the program flow charts and in the source deck listing,
Appendices C and B, respectively.
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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 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 considered ideal,
with cp taken as a function of temperature. The computer-programmed per-
formance calculation system will handle a maximum of 12 stages.

In summary, the following information is given:

@ Specific heat at constant pressure, as a function of temperature

® Molecular weight of the gas

® Number of stages in the compressor to be studied

® Design speed

® Total mass flow rate

@ Number of streamlines to be considered in the computation
(5, 7, 9, 11)

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

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

® Inlet total pressure

® Inlet total temperature

@ Axial location of all stations

@ Hub radius and blockage factor at each axial station
® Tip radius and blockage factor at each axial station

For each of the stages of the compressor to be studied, the following items
are specified:

@ Axial location of all stations, annulus geometry and blockages at hub
and tip for each station

@ Blade section type, either 65-Series or double-circular-arc, for rotor
and stator

©® Reference profile loss parameter correlations at hub, mean,and tip
{specified as loss data sets elected for rotor and stator)

® Desired option(s) for computation of blade element flow turning

@ Radial distribution of solidity, maximum thickness, throat/spacing,
inlet and exit metal angles,and flow angle at the assumed normal shock,
for both rotor and stator



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, as described in the Technical
Discussion section of the text, and proceeds to the satisfaction of several
error tolerances specified as input and described in Appendix D,

CONTINUITY EQUATION

R
Te
w = zn/t:v RdR (A-1)
z
Rp,

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

Rp? - Ry’
5o " € = hub blockage factor: (A-2)
T H
RTg - RHZ .
S e 5 tip blockage factor (A-3)
Rp? - Ry?

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

i ; 1/2
Ry = - -
H, Lsﬂaﬁ + (1 5 H)RT] (A-4)
- 0 . 1/2
R = R 1- § )R 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,

j
DELM (j) = 2= f p V7 RdR (A-6)
R
He



ENERGY EQUATION

The energy equation and the radial equilibrium equation, a discussion of
which follows, involve tangential velocities directly. These are in turn com-
puted consistent with the blade element performance data selected by the pro-
gram user from among the available options. The program user is referred to
Chapters VI and VII of Reference 4 and to the detailed description of available
options found in Appendix D, part A, of this report,.

- = Ll - -
Hy, - By = 27 [U2 Vo, - U1 Vo] (A-T)

th is determined by an iterative solution of the equation
th
th - Htl =fcp(T)dT (A-8)
Tt1

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

- T
Py, = Py e t1 (A-9)

and solving Equation (A-8) for th i Efficiency is then found from
H -
tyg ; - Hi,

7 = 2,1 (A-10)
Hy

2 ~ By



RADIAL EQUILIBRIUM EQUATION

T R
' 2
2 _y2 - / - v - 2_/__\LodR
vV, - Vg = 28T [ op (T)T (Vo Voj) 2R' =
Ty, j
(A-11)
R R
v
-zgcJ/T%—%dR + Z/VZ (%J> dR

Z /R

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

Ty

R R 2
2 P
2g.J /T%—% dR = 2g.J /Ta—g /cp(T)g%--ing_tZ dR (A-12)
t
T 1

B; Ry ty
The streamline curvature term is evaluated from

R R 9 9
bVR> / dVR Ve~ T Vg,
2 /VZ (—a-—z- RdR = 2 VZ (—5—2—)\,’ dR - 2 : 5 ] (A-13)

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

EQUATION OF STATE

P

P = RT (A-14)
STATIC-TO-TOTAL AND RELATIVE-TO-ABSOLUTE CONVERSIONS
From the definition of total enthalpy, the relationship
2
\'A
-H =57 : A-15
Hy 2gcd ( )

is established.



Static temperature is evaluated iteratively from

T,

Hy - H = f ¢ (T)dT
T

and static pressure is calculated from

Relative total enthalpies are determined from

' 1 |2 2
Ht-Ht-zgcJ[V —V]

Relative total temperature is found iteratively from

Tt
H - H = f

and relative total pressure is evaluated using the expression

T’
t
J
= f_cP;_T)dT
P{= Pe T

LOSS CALCULATION

The total pressure loss coefficient is defined for rotors as

1 1
Ptz’i.. Ptz
[ e —

]
- P
Ptl 1

(A-16)

(A-17)

(A-18)

(A-19)

(A-20)

(A-21)



and for stators as

2 = (A-22)

3]
-+
I

Pty - P2

For off-reference blade operation, @4 is considered broken down as follows:

Gy = By pef t (@ - @y per) (A-23)
where

(@ -~ @t pef ) = £(i - iref, M', p) (A-24)
and

Wi ref = @pref + @g ref (A-25)

The reference shock loss coefficient is calculated on the basis of the
normal-shock-in-passage model presented in Reference 5 (See References in
report) with flow at the computed inlet M' assumed to enter the passage at
reference incidence. 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 calculation, the computer program receives as
input a radial distribution of the relative flow angle at the assumed normal
shock for both rotor and stator. Supersonic turning is computed as

$ss = By - B, (A-26)
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

‘/— \/J—r (M1 - ) - tan"! M'12-1 (A-27)

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

ves T Y1 + ¢ss . (A-28)

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

‘/ T~ tan"! ‘[y ( . 1)-tan'1 M2 - 1 (A-29)

A-6




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

! _l_ t ' -30
Me=2(M1+MSS) : (A-30)

Using the normal shock relationship, Equation (99), Reference 7 (in report),

2 Y
Ptzl (7+ 1) M, ly-1 Y+ 1 1/y-1
Y - 2 2 (A-31)
Pt, /normal (y-1D M, +2 2yM, -(v-1
shock

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

Py
__2'_
1- Ptl normal shock
By = (A-32)
1- [Py
Pt{
where
P, v-1 | Tt
—"-' 1+ Ml. (A'33)
Py 2
1

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

]
M '
M, = —— (1+ M, (A-34)

where MS s' is a function of ¢ss determined by iterative solution of the equation

- Y+1 -1 Y-1 -
$es -‘/ 5—71 X tan ‘/m (M'SZS - 1) - tan~1 M'st -1 (A-35)

A-7




If M, is greater than 1,0, @ g is evaluated using Equations (A-31), (A-33),
and (A-32) as before,
The reference profile loss coefficient is determined from blade element
loss data, input file 1 t apcos B2 lated functi
s , in a
put as profile loss parameter ————— correlated as a function
of diffusion 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

1
Va Vo - Ve,

Dp = 1.0 -—+ (For rotors) (A-36)
]
Vi 20V,
and
vy, Vo2~ Vo3
Dg=10-— 4 —— (For stators) (A-37)

Vo 20V,

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

[Bp cosﬁ'z S cosﬁ'z] (A-38)
0.5

20 = 20
X

) — !

@& , cosBo o cosfy

-0 [\E— T
+6.25 (x - 0,5) < 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 off-reference increment in total pressure loss coefficient is
correlated as a function of i-ipef, relative inlet Mach number and percent
blade span as was discussed earlier, A parabolic curve fit identical to the
one shown in Equation (A-38) is used in establishing the off-reference in-
crement in total pressure loss for an arbitrarily located streamline. The
values of i-iref and relative inlet Mach number associated with the streamline
in question are used to establish values of the parameter @t - @{ ref

(i - iref)?
at the hub and mean or tip and mean sections, as appropriate, and the
described parabolic fit used to establish a value of the parameter at the
streamline being considered. The value of (Wt - @ t, ref) is then established
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 Equations
(A-9), (A-8),and (A-10), as described earlier,

CHOKE CHECK CALCULATION

The choke check calculation is performed at all streamlines for all blade
rows, after convergence is obtained for the entire performance calculation,
The ratio of throat to spacing, O/s, is given as input data for each blade row in
the manner described in Appendix D, Part A, and the check for a choke margin
of 5% (O’ 2> 1, 05) is accomplished at each streamline for each blade row by

computing

h t
< - cosfB 1 (A-39)

and
h 1
1 f(Ml) (A-40)

and evaluating

b O

h* s
h

s

O] (A-41)
= T.l;‘
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X ~LUTR OFFDs0?s
iNIr-R CLADE, CLUNT OFFL209%
Lo UIUAL JFF o K ROFLUYy JFFNZ2095
X STS5TAR, fUint UFFP2096
InT=zCzR o Ruie JFF02097
ROAL KDEL .KUL? CFFD2097
CiMMON IVECTURY/ OFFNZND9)

CALPHAL 299 11 ) g ATARIZ5 124 0ET (2911098221 yALADE(L3 )BT (32),CIRCLIFFN210D
et l29) s 2 229 ailecPCULE) 9CRUADG i) o CSLUPEL27 4110 4CUL32,11),CX{22,110HFI210L
g CAME 110 9CXNEw{ I1) g UACLC) oDELMILI) g DEPVI32411) oDF (201 ¢DELUWI22)4FOFFDLD2
LW 32 FUlh (22) oFLUNGL2Cs 29100 o kREFUZS411) o ETYPE (L5 Do METALIZ) o METOFFD2103
.H\U(Eﬁi.MlN(Bag:)'MINR(B'Zb)gHUUT(BoZE)oHOUTR(R'??loN[N(ZS).h&AO(ZDFFU?lO#
e 1) eNSU 5N INSSEE e NTCH25) o NTHI25) oNXTT(25) yOBAR {25 ,411) 9 UFFD(5),P'OFFN2105
el oo 1 Yg U325 110 JRADEE25) yRADR(B925) +RCURVE (32911 19 RHI22) 4 RINT(110FFD2106
Yok PME L) RS (32) g RILOPE (32, 11 )9 RULE(Z5) o SHAPE(25) o SIXTYSU 250,508, 7 JFFD2107
e b o SURIE 9 n D e55{ e 5] o S5HBgch) o TERMCULLY o THUH 4 5) 4 THCUE 25) o THCFIGFFD21C8
e 39230 THU39 28 D TITLECZ5) 9 TCU 3291109 TSTAT(.1) 9 X13c) OFFL2107
CUMMON  /SCALARY/ CFFDZLL0
Py PAyALUACY A2ULALYAZUTAO A4I4GAD ALSUSAGIANG s B34 88B o0 C +CENT 9 CMyCHTANSCOFFD2LL]
AL ANP CM U Ly CLILNT 9GPy C I 2o CPI3sCPI44CPISLPIG,CPU2,4C PNy CPUSG, COFFOLLLL
P 5 AMF » CCP g CELFLOy UFACT o CMACH s EPISONsFAC T¥ oL gGAMMER$LASK 59 52 OFFD2L13
Hy T GHe HIPRES gy Io Lo g GG o IGUTTIRy EPASSeJ 9 dde MMl s JOULL oKy KOEL 9 <Ky Lo UFF21 14
LASToLC Lo LEVEL gL SToLSTAGE gMpMACH  MAXP T oMEINPT yNoNBLAUE, NUAT A9 NLINESOFFO2415
e e dSEVSe NS PLEDSNTUBESgNX o NXLyOF FoOKoPHIoPLOWSQyRAR ADIAN, RDFLOy REF, OFFD2Y LA
HESTARGKUACHY S 9STLID ¢ SPEEUSSTUP o To TERME g THICK g TIMF 9 TULAT oTOLCKy TOLOFFO?1 LT

oMINg TOLRy TUNCoVeVMI»YES OFFDZ118
ULIMENS ION TZEM3U11)e TERMILL]) OFFD2119
SIMENS ION TERMA(LL) OFFL2120
aFFIe121

CunT INJt OFFDN2122
2Are= 1C.0 OFFD2123
Lisnkf= la¢ OFFD212%
128T= L 5¢€ OFFN2125
oCTTCM= -Ce 99 OFFN2126
PiLT5= Jal QFFD2127
OFF"2128

s#¢ INITJALIZE THE ITERATIGN CUUNTERS UFFOC1 29
OFFDZ2130

LaLPY= O OFFDC131
U4 1 I=leNX CFFD2132
Cu b J=leNLINES OFFV21 13
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05702763

Cax, - LFN SGURCE STATEMENT - IFN(S) -
v Talledd= CXUTed) OFFD21 34
S0 YUz GFALSL e 0FFD213%5
hIT2z (FALS OFFN2136
LOLPY= LOCPY +1 OFFD21L37
[F (LODPY.3T.250) CALL ERROR(5) OFF 02138
) OFF0Z139
C s F (WD AXIAL VELOCITY-INDEPENDENT TEKMS IN OFFD2140
" AXIAL=-VELUCTTY EGUATIOM . OFFNZ14}
OFFD2142
7~ J=2WNTUBLS OFFD2142
. OFFD2144
L o----- CET 3TiEAmMLING SLUPE. NFFD2145
NFFDZ145
7. CALL XDEFIVIRyRSLIPL) OFF02147
w222 JdT LeNLINES GFFD2168
OFFD2149
L #%% URTATNY THE FIKST DERIVATIVE UF AXIAL VCLOCITY WITH RESPECT OFFD2150
L T1° AXIAL LENGTH, KESULT IS IN CSLOPE OFFDZ151
OFFN2152
200 CALL  XDeRIVILR, LSLUPE) OFFD2153
OFFD2154
OFFD215%
OFFD2156
L #2% BECINNING UF CX ITERATION WITHIM CAXIAL, STREAMLINF OFFD2157
L PUSITION 1S FIXtD OFFD2158
GFFD2159
£ L. 490 I=NGW,NX OFFD2160
0EFD2161
OFFD?162
HELP= 1.0 DFFD2163
ltL= 0 OFFD2166
LA=Cxt 1o 3M) DFFD2165
Li= CM%CM OFFD2166
L35 Dir 260 J=1,HLINES OFF02167
N GET AN ENTRUFY TEPM, OFFD2168
.. CCli9d )= THERMI(TULI9J))I/DCP —ALDGIPO(IJ)} OFFD2169
R SUUARE THL TANGENTIAL VELLCITY, OFFD2170
CAM{JY= CULTad)%%2 OFFD2171
UEPVIIsd)= CXMIJI/REL4 ) OFFD2172
L -—-=-- CALCULATE THE SZNTHALPY DUE TO THE VELDCITY. GFFOZ1T73
He =(CXC Lo 1252 +CRUT4JI**2 +CU(T,J)%%2)/Gd OFFDZ174
e T= TOULed) OFFD2175
L ===-- GLT ThHe STATIC TEMPFRATURE. OFFD2176
CALL  ENTALP OFFN2177
L =—-—- CALCuLAT: TF: RADIAL VELUCITY. OFFD2178
1) CRULgJI= CXET4JISRSLOPE( T J) QFFD217°
C ----- INTEGRAVL THE TANGENTIAL VELOCITY SQLUARED DIVIDED BY THE OEFD2180
¢ L ADIUSe THE RLSULT 15 1N RINT, OFFN2181
LALL INITEG (DEPV42) OFFDZ182
JERMC( 1)Y= VLU OFFL2183
OFFD2184
A= TREXMI(TULT,JM)) OFFD21865
Ab= CR{ Ly M h¥x2 OFFD2186
sl 250 J=1oNLINES OFFD2187
C ~—==- INTEGRATE THE ENTROPY. OFFD2188
17 (JahEel) TERMCUJI= TERMCIJ-1) +GR2*(TSTATIJI+TSTATII-1))* OFFO21RS
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P

35

Cax, - YEM SUURCE STATEMENT - TFNIS) -

LU d) —COlLyd-u))

-= CALCULATS THE UNTHALPY TrrMm MINUS THE RADIAL VELXCITY T- ¥4,

Fiediddi= (GIRUTFERMI(TULT,J)) -A)
XO4AA -CRC T J )2
A - CXM(d) ~CXMUUMDY =2 OFKINT(S))
CERVITed )= CALT d)CSLOUPLELT, )
- fHTECKATE THE VLLCLITY TERM.
CALL INI-G LuEPY 42)

b= JLL )

1Y 400 J=leNLINES

*kk FIND ~'a VALUES OF CXM

- CO“Z Ihe THS AXTAL VELCCITY TeRMS.

U Al (TERMICJ) #2.0RINT(JY ~TERNMC(J) +1ERACLEIMIN/CH /e LP
I (Ti.MU) b3 tle3B5

Lalbwld)= (M

o T «40

**%x TEST The VELUCITY RATIC TERM FCGR RCASUNABLE VALUE

iF (1ERMDLGELESTTUY) U TL 2950
HIT= Tl

== SET YHIS TEFM Ty 11S LIMIT AND EFFECTIV-LY INCREASE

THE meAN LINE velICITY

Hi-LP= 1,000 1*TERMD/BUTTOM
IF CILLL.LTe5) GO TG 365
TivMb= POTS

L TC -6

{F (TeRkMC L TLTELT) GU TC 340
REELP= HiLP*1,1

HIT= TPUL,

i (ILLWLTL 100 GL TL 3¢&
TZAN0= LIMIT

oo T 39S

TErME= SURTULO+TLRMD)
CANEWlJ 1= TERMOD*CM
CUNTINUE

CUNT INUE

%% UNSUCCESSFUL CONVERGENCE ON CX

[ B 2% BECRU BN SRREES -1V
AL aad J= e NLINES

%% CUMP \Rc AALAL VeLUCITY FROM CURVATURE SCUATIUN TO axIAL

YiLUCITY FRUM THe CONTINULTY EQUATIUN

iF (ABSUICA(T o) =CXNEWI(JINI/EXTL9d) Vo GTL,TOLCXY GL TO 445
TU »8C

5 Y:os= L Tief,

Lo 490 J=ieNLINES

JLXCladd= (CXU1ed) +CXNEW(J)I*0.5

LALL STREMM
A= CMEANP/CA/ILAMP +1.0)

a0z /-

DEFD2190
JEFN1 3L
JrFNZ10z
OFFO219
NFFOJY 046
JFFNi9*
MFD2196
OFFD2177
OFFD21%8
CGFFD2] 9%
CFFD220C
OFFD?2201
QFFD220¢
CFF0z2203
NFFUZe Ow
OFFp2Z20%
NFFN220%
DFFN2207
OFFDZ20R
OFFD2209
QFFD2210
OFFDzZ!]
(FFD2c)2
OFFDZ2132
QFfFN221¢e
OFFD2Z1%
AFFDZ21%
0FFD2217
OFFDc21¢e
OFFD2219
OFFD’ D
OFF0221
QFFD222¢
OFF02223
OFFN2224
OFFn222s
OFFN2225~
OFF022<7
OFFD2228
OFFD2229
OFFD2230
OFFD22321
OFFD2232
OFFH22 Az
OFFEN2 234
OFFDZ2235
OFFD2234
AFF02257
UFFD22:8
OFFD22329
OFFi2240
JFFD22e¢]
OFFDc242
OFFD2243
QFFN2 2464
OFFD2245



Lo

Cada - LFN SOUKCY STATUEMENT
ol = ae il 1l S
TACTpd V= (20 TACL JIHUAMP +CXNEW(J) ) 2A
e {Ted)= BoTA(TL, )
N ENDES
ST INY

15 NGO CUPY, (G )ekweT)  CALL PREIT?

----- GeT THe LUSals5e

L LG5S

----- RUSET THD wurk,

]

1
P

WAL PRETT
ALl Ti~e: {A)
*x& CterCan X LUTICN TIvE

G (A LT gT1A ) = r4z1800C0
Jr (necio3H0P) CALL HALT
b TInUL

tk LhIV)Y o T 106
Li (YES) G ¢ sy
L HTINUL

- TURN

nL

I=NLES)

05202/4R

QFFDZ2 46
OFFN2247
NFFU2245
OEFD224G
OFF0?2250
OFFD22¢%1
OFFDs25%2
OFFD2257
UHEOT234
JFFD2255
OFFD2256
CFFD2237
TFFNZ258
JEF02255
OrEN2€0
OFFu2251
COFFD2262
OFFD: 2463
NFFD2254
NFFNZ245
GFFDZ256%
CFFD2267



IBl0 /54

CHUKF . - tkM SOURCL STATEMENT - IFN(S) -
SLARLUTINE CHUKE UFFN3011
OFFD3012
%5 THIS SUZROUTINE CHECKS FOR CHOKED FLOW CONDITIONS NEFEN2013
TFENI014
CLUMMON /CET [T/ ROTORL2%) GFF001S
Letfcal  CIXRCLE, SIXTYS OFFI N1k
Ri AL IREF, ' JUULE, MAChH OFFD3017
X METAL, MIN, MINR, MOUT OFFD"018
X {UTw CFFN 1019
1"TEGER dLADk, CUUNT GFFU3N20
LU ICAL CFFy 0K, RUFLCy NFFD3021
X o eSTaiy TUhE SFEN2027
INTLGER  PULE OFF023
RZAL KDEL4KDELZ GFE102%
CLMMON /VRCTUR/ CEFN0TS

ALPHAL 299 11 )9 ATAR 25911} 9yBETAC.29¢110 4BH{32) +BLAGELZS) 43T (32),CIRILOFEDZ026
il o9 )eCOlT 24111 4CPCOLEY),CRIB2,11)9CSLUPE(32,11),CU{32,11),CX(32,110FFD2027
o) s CXMU LT ) 9CXNEWC 1L )3 UACLC) yDELMILIYoDEPV(32,11) 4DF(J0) 2DFLON( Y ,FUFFDZI0ZS
LORE22)SFURMI 31 oFCUND(2C 39 10) o IREF(25,11) 4 ITYPEL2S) 4 McTALL ") 4 METCFF)Z029
ST (2 gMINEBy CL Vo MINR(B2S) ¢MOUT(8925) 9 MOUTRIB 251 4NINI25 )y N ADI2OFFD302D
e aNSE S eNSSE25 s NTC 125D o NTHI25) o+ NXTT{25) ¢URAR (25 411) uFFU(25) 4 PUCFFO20 21
el cpdll)gREI2,11)4RAD(N425) 4RADR( 39250 sRCURVE (37 411 V9 RHIZ2) o RINT(LLIOFFRAOI2
Ve PFMUL)oRSLIIL) s RSLUPEL3 911 )9t ULEL25) 4 SHAPELZE ) o SIXTYS (25,5008, 20FF)2033
5 ) g SUR(BY 25 19SS E25)9SSRUB925) y TERMC (11} 4 TH(825) »THC (8 425) » THCRI OFFN 30 36
«3925) s THRIG 25 ) o TITLEU 36D TO(32511) s TSTATILL Y 9 X(32) JQFFD 3215
CLMMIN  /SCALAR/ OFF D30 36
wiay AAyAL0AC, A2C7ZA0, A0 3804 A4U4A0yASOSACANG 9B ¢BE +CC 4CENT,CMyCMEAN,COFFD203T
+MEANP, CM2 oLUORECY CUUNT 9 CPoCPI24CPI3,CPI4,CPIS4CPI6,CPR+CPO3,CPO4,CUFFN3038
e PUS9 CAMP o CCP 4y DELFLUsDFACT s EMACHsEPI SON,FACTM 4G yGAMMER s GASK 4G Js GR2, OFFD30 39
e Hy HIGHsHIPACS s [+ [G e IGO0 ICUTTRy LPASSy 9 JJy My M1 3 JCULE s Ko KDEL ¢ KKy Ly NFFN304D
L ASTLCLoLEVELsLSToLSTAGE yMyMACH y MAXP Ty MINPT y N ,NBLADE, NDAT Ay NL INESDFFD 2041
et NSUTSyNSPEL I NTURLS g NX yNXLyDFFyGKoPHI PLOW,QyRA,RADIAN, ROFLO, REF, OFF0D3042
eKESTAP JHMACHy Sy SCLIDy SPEED s STOPy Ty TERMO o THICK s TIME 4TOLAT ,VOLCX, TOLQOFFD 2043

«MINe TOLRy TUNEy Vo VMIy YES OFFN3044
OFFD2045

UK=.FALSE. OFFN3044
70 50 [=5%.LSTAGE OFFD3047
DU 50 J=1,NLINES UFFN3048
OFFD3049

*%% CALCJULATE THROAT OFFD3050
(JFFD3051

CXM(J)= SLINE(R(I=19J) oTHR(1¢1-4) s TH(141-4) yNTH(I~4)) OFFD2052
AA= CX{I-19J1%%2 SCRUI-1,J)%%2 +CULI-14J)**2 OFFN32053
= -AA/GY OFFD2054
T= TOUI=-14Jd) OFFN205%
CALL ENTALP OFFN3056
IF (ROTUR(I=4),GT4a0s0) AA= AA +RPMI(NI*R(I-1,J)¥( UFFD2057
X RPMINI*R(I-14d) =2.0%CULI-1,4J}) OFFD3058
VALL  GAM OFFD2059
AAd= SQRT(AA/(GR2#GAMMER®*TSTAT(J))) OFFN3069
Az ((GAMMER +140)%0, 50122 { 0. 5#{GAMMER +1.0)/{1.0 -GAMMER)) UFFN3051

X #(1,0 #+C 5% (GAMMER —1.CY¥AAR%2) *x4({ 0 5% (GAMMER +1,.0) UFFN3052
X /(GAMMER =-1.0}) /AA gFF03063
R [ B QFFD3066

*%* CALCULATE INLET METAL ANGLE OFFD2065
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V0

ol

LJd

CHOK L. -~ EFN SOURC= STATEMINY -~  IFN(S) -~

MTTALUL)= SLAINCURUI=19J) g MINR(LoI=4) ¢ MIN{LyI=4)oNINII-4})
1 (RUTOR(I=4)) 15,450,320

S T IMae

Lt led = COSCALPHAC(I-1,4))/7CXMJ)

Ir {AALELLO(L,d)) GU TD 100

Liolledd= LOSIMETALLL)Y +IREF(I-443))/CXM{J)
iF {AALLELCOLTLJ ) GO TU 10U

G2 T3 20

LUl Ted = CCSLACTACLI-1,2J))/CXMLY)

IF taa.Liz.C001ed)}) GO TO 100

Called = LUSIMETALIL) +IREF(I-4,4)070XM (S}
IF (AG.L. COUTed ) GU V1) 109

Ci. kT IMUE

Gr=,Th')t,

b TUNMN

(ND

0570 7¢8

OFFD305%5
NFFN2067
OFFD306R
OFF3040
JFFD3070
UBFF03971
OFFL20T2
OFFD3072
NFFD207&
OFFD3075
OFFN3075
UHFFED3DT?Y
OFFN3078
CFEN20T9
GFFN308R0
N SR LD
HDFFUS0K2



C YO

05702 /¢4

Cin2e - [LFN SOURCE STATFMENT - TEN(S) -
FusLTION CORECZOANG) CFFD1515
JFEDL6 LA
s¥e THICKNESS CURRECTION FOR ZERO~CAMBER REFERENCE ANGLE FLkr DFFD1ISLT
Ai={AL0)~-SERIES AIRFCILYS AS A FUNCTIUN OF THE BLADE OFFI161Y
A XL 4UM=TFICKNESS xAVIC. REFERENCE FIGURFO AFFN1I6LI
0FFN152Y
CIMENS [UN CJEF(€) OFFDLI62]
SATA CUSF /0.1357T865E-Ly 164806372, UFFD1622
A =33420522y -1381,117y G359.921y -22184.5 / OFF01623
A=ANG NFFJL624
O RECP=COEF(1I+(CUEFL 2+ (CUEF(3)+{CLEF(4)+ (COEF(5) +COEF (6) *A)*A)  OFFD1625
X #A)¥A)EA NFFN1629
HETURN aFFD1627
ik NFEN1628
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DL102768

LY. - FFN SCURC: STATEMENT - IFMN(S) -
SLOCK JaTa UFFDL154
LewBCAL  CIRCLEy  SIRTYS QFFDOL55
¢ FAL IREFy JUULE, MACH CFFOOLILG
> AcTAL, MIN, MINR, MCUT NEENS157
X H#UIR TFFOTLSE
IMTEGER ALADE, CUUNT OFF 15159
NS (AN CFF o CK,y “DFLG, UFF02169
X ot aTAG, TUNE OFF10161
inTEGLLe PoLld AFFH0162
finbl KDelsKOrl 2 : OFFD0163
CUMMGN IVLCTERY OFFOG1 56

CALPHAL S 11 Yo ATARC LS9 lad o TAL/SeL1)oBHEIL ) oBLADELZS) 9T (42) yu IHLL JFF D145
el Z00al L 0sd)eCPCULOE) oCRII:y41)9CSLOPEL32911)oCUL32,11)4CX(3291L0FF7C165
VD UXML D1y gC XN a1 )y OATLG) s DELMILI Do DEPVIAZ o1 1) oDF {(20) 2 DFLUNT32) 4FOFFUDLBT
dLTWL32 s LML e ) sFUUND (L0959 Y 0) o IREF{200 010 o ITYPELZ2S) o METALLZ )y METOFF D01 59
atULEeSYoMINEBY 25 ) g MINR(B925) sMOUTI 8325 ) sMOUTREB 425 ) ¢ NIN(25) 4 NRAD(Z2OFFD0142
e ) oNSE Db aNISE D eNTLLZS )G NTHEZS) oNXITI25) g UBARIZS 9 L)) 9 UFFiII{ 25) o POOFFNI170
el 2o lldeRUS25 10D oRAULE 25 ) 9P ALR(8925) oRCURVELZZ 911 1 4RHE32) 4 HINTILILOFFDOL T
e o BPMU L) o RS (2 o KSUUPEL3 2910 )9 P JLEL25) o SHAPELZS) o SIXTYS(25) ¢ SIMBy20FFDOLT2
o51aSCRIR 925195500 d5) e SSRIBe25) s TERMCULL) o TH(B 325) 9THC (8 925) s THCR( OFFDOL173
e3vo) e THP AN 20y TITLEL 6D o TU(Z 2011 ) TSTAT(LL) o X(32) NFFOCL 74
CLUMMCH  /SC AL AR/ OFFDOL1 TS
ene AAVALCADY A2ZUZAUWARIZAC ) A40 AU AS0SAD s ANG 9B o BB 4 LC »CENT 4 CM,CMEAN,COFFDO17¢
e ALANPYCA: yCIREN G COUNT g UPoCPT 29 CPI3gCPL«gCPISGCPIL CPO2yL Py CPO4,COFFDOL177
i IDe LAMP s DU P o DEL FLUGG UFACT o b MACH ZPESONyFACTH oG ¢GAMMER s GASKe Gy 3R29 OFFDOLTH
.F'HIGH.hIPRt51l,lv,lGU.IUUFTK.lPASS.J'JJ.JH.JML.JPULE.K.KUEI.KK.L'UFFDOI79
el ASToLCL g LEVEL oL SToLSTAGE ¢yMeMACH yMAXP Ty MINPToNyNBLADEoNIJATA, NLINESOFFDOLBD
et HiSETS e O PEEDSNTUBES e NAgNX Lo OFFyUKyPHI ¢ PLOWs Qe RAeF ADIAN, RDFLUy REF 4 OFFDO18R)
eRESTARSRMACHs SeSOLIDs SPEED o STOP o T TERMD o THICK s TIME TOLAT oTOLCX,TOLOFFDO182

MINSTULR, TUNT 4 Ve ¥MI4 YES aQFFDO183
LATA  OFLGWUL1)sUFLURLL)»DFLOA(3) 9 OFLUNI4) JDFLOKW(S) /5%1,0/ OFFDO184
UATA Gy Gy JIWLE 7154544%s 5007Ce4Ty 778,12 / OFFDO185
CATA DF /0 eU92 01101536 29062590¢20025910%96450059e¢553.69455 OFFDO186
KeloeTd9aBsabt30adge9i9ls0/ OFFD0187
CATA  SAUIAN /571.2%518/7 OFFNO138
tNU NFFDO189
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ISITS

Nl - &EN SOURLE STATEMENT - IFN(S) -
et TN SERSLILEMACh s FTGH]) UFFOLTS2
Lomme—— CEULCE VARIAVTIUN UF AvieRaGe RUTOR OcSVIATIUN ANGLE MENJS TEEDLTA)D
L Ll hw=52EL T Twi) DIM NSIUNAL—CASCADE-RULE DEVIATIUN ANGL: AT CREDLT 44
' CUMPAES 5 IR {cFERUNCE INCIDENCYE ANGLE WITA RELATIVE INLET MALH OEFEJLT45
. GUABTER FUR OIUBLE-CIRCILAR-AZC OLADE Se JFFDLT G
“ Flvit 208 NASA  yP-2¢ CFFDLT4T
CIMENS (U ATABL )y RMNTAB(A)yC0ATAZLG,S) UFFDLTA3
SUMMUN /SCALAKZ QuiE1l)y  RADIAN, 0Q(21) OFFD17 %9
PO H1A8 Zelsec:reSeeTeeaS/y RANTAB/o 290 %0eTre% 907 ele}/ 9 CDATAS/S (FFOLTS)
K r=lady ) OFFDLT5!
L‘Tosv".-"1ov'lo'—lov'.";"oaq“n5-'-51-.‘05"-38".2yU-o.l'ol'ol"' NFFC1752
ce teeVyeddpiesierielrledsleToca2/ JFFL1T53
Az 4ACH OFFDLT 54
y=r1OH NTFFD179%
K= (INTLLlCa#A)P1)/2 OFFDLT %S
A= MAXMMINU(KeG )9 i) QOFFDLTST
1503 SLEINS(AGKMANTABOCCATABLL, K)o 6) DFFOLT53
SiSez SLINCS(A,FMNIAR CCATAD(Lyne1) 0] NEFD1759
U LRJLL=E (A:hlo(\i\$d~AN31)/(HTAdlK’U—I—ZTAd(K'lt(B—HlAB(IUH/FAD[AN OFFOLT 50
<ETURN UFFD1761
NN NFFD1TA2
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[ SEFEN

. - EFN SOURCY: STATEMENT - IFNIS) -

FUnNL TI0r CCRULZIRMAChHIGH)

- CEDJCED VARIATIUON CF AVERAGE RDOTOR DEVIATION ANGLE MINUS
Lun-5PLtl Twu-DIMENSIUNAL=-CASCADE~RULE DEVIATIUN ANGLE AT
COMPRESSER RFFERENCE INCIDEMCE ANGLE wlTr RELATIVE INLET MACH
WMBER FOR NACA ¢S—-(A10)-5ERTILES> BLADE.

FIGURT ¢J2A  NASA  SP-36

LCMMOGN /SCALAPRZ CLdtBsl)y, RADIAN, QcQ(21)

az=, {ACH

V=i 1GH

it (EslEeCa5) 50 Ti) 20

IF (B, LT4067) 5C T1 39

Xi=,7

Xi=o4

Y “-el

Y= LaY)

sUOT0 LS

Ki=,9

Xe=o1

Y.==eh

Y =—a}

DeRULZ=(YIS(Y =Y L)/ (X2-X2 ) *(B-X1)) /RADIAN

whh TU 50

UEFULZ2= -4008727

Ry TURN

il
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15202761

NFFD1T16
WFEDLTLT
(IFFDi718
HEFN1T1Y
OFFD1T20
QFFDY721
OFFOYT722
OFFD1723
OFFD1724
OFFD1725
OFFD1726
aAFFN1T27
NFFDL1728
NFFD17 9
aFFOLT 30
OFFDL731
OFFD1732
IFFD1733
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Wt el BEXTH
LU w o TURN
£

"B-20

IFHLS)

JH700 10"

AFFNUSOD
JFFNOSOL
OFFNOLO?
OFFOG5)R
DI ALY
QEEDNS DS
DEFHNS0A
QFFD0SNT
OFFN0L )G
QFFDIN509



EAPH ~ LFN SCURC: STATEMLNT - IFNIS) -

FOnCTLIN EXPHUANG)

———— VALJE OF SCLIDITY LXFONENT 8 TH DEVIATION-ANGLF RULEL DeduCED

AN DATA FiOR €5 (ALO0)-StRIES BLADES.
FIGU/E 1o NASA  SP=-30

¥« CRLIDTTY SxPONENT HOLN Qe VIATION-ANGLE RULE AS A
FUNCTLILN uF THe ENLET AIR ANGLE. REFERENCE FIGURL 1o

GIMUNS TON CIEF(4)

LUMNMUN Z7SCALARY JI(El)y RADIAN, Q00t21}Y

TATA  CHILF 70490 TUSTZy —Le2b10395E-07
¥ ode#lR I £9 00y, ~U0e1cS(51 ak~5/

azaNCe2 AU [AN

VAP 3= UOEFCL) 4(CCUFEZY +{CLER3) +CCLEFL4) #A)*A) =A
e TUYN

RS

B-21

23/32/768

UFFDL1E8S
AFEDLE 49
SFER G4k
OFFDVEST
CFEDT Ay
OFFL. 64
JFF0O1649)
IFFDI6YI
AFFNLEIR
OFFD1693
NTFFD1694%
EFN1635
IEDLET6
DFFO69T
CFF2) 673
NFFD1699



05702769

FAL L. - oFN SCURCT STATEMeNT -  IFN(S) =~
FLouClUdiv FACTMLLANG) OFFD1764%
————— PACT.I2 M £ LEVIATICN-ANGLE RULE FOR CIRCULAR-ARC MEAN LINE DFFO1765
RLACES. OFFD1T6%
FIGJXE 155 (TUP CUKVED) NASA SP-3¢ JFFD1TAT
CIMENS[ON CUCF(E) (UFFD1743
COiMMON /SCALARY CQi3Y)y RADIAN, Qegi2ly OFFO1769
ATA CUEF /042901137 06581454848 -3, OFFNDLTTO
A =L e UIZ23120E~-5 0.1715307SE~6y LeIB2513T60~"y OFFNT7T71
X Uehld2827.::-11/ OFFDL17T72
u=ANCE AU IAN . CFFDLT773
CALTMLI=COEF{L)IM{CUFF(ZI#ICCEF(3) # (COEF L4 )+ (COEF(5H) +COEF( &) *A) *A) NFFO1174
X #A)=A)XA GFFLLTTS
w i TURN ' QFFDYITIS
LN JFFOLTTT

B-22



LUHI0276%

Falvle - _FN SUUPCC S>TATEMENT -~  TFN(S) -
FUNCI Iy FACTMZ20ANG) NFFDLTOL
CIMENS TuN CUEF{c) NFFOYTO2
S om e FACTUR M IN CEVIATIUN-ANGLE RULE FOR 65=(ALO)~SCRIES MFAN MFDLTOA
LINF, CFFD1T06
FLGUST 155 NALA  §P-1lu GFFOLTO5
CuMMUN /SCALARYZ (Q(31)y RADIAN, wegt21) IFFDL 706
TATA CUEF JO4L1TC1lcdy  =Ce 850404 E=Gy FFDL1TO7
Y Deall3UshTE=b, ~Ue155ESCOBL~ sy Va42654T13E=-17, OFFOLTUY
7 ~4276215% 3=-9/ OFFD1TO9
A= ANCELLAD AN OrFDIT10
FACTMZ=COEF (1) 4 (LLUEF(2 )¢ (COEF(3)+(CUEF(4)+ (CAEF(SI+CNEF( ) ®A)*A)  UFFDLT711
X A)#A)*xA SEFFDYT L2
) ETUYF o : OFFD1713

OFFDIT1e

LN

B-23



J5/01763

GAM, - FFN SOURCE STATZMENT - IFN(3) -
SUERUYTINE  GAM OF FDOS56
LiLICAL  CIRCLEy SIXTYS OFFJUS5T7
rLAL [REF, JOULE, MACH, IFFV05%3
X AelAL, MIN, MINRy . MOUT GFF 0559
X \0UTR OF Fu560
INVEGER HLAOK, CLUNT OFFN551
LaGECAL UFFy OKy RDFL 1y NFFD0Sen?
X ~E5TAR, TONE OFFNO5L3
PNTEGER  RULL . OFFNDO544
SlaL KDEL.KOELZ OFFNO565
LUMMON  /VECT R/ OFFN0N566

el PHAL 279 11 ) g ATARC £59 L1} 9B8ETAL27411) oBHI3Z) oBLADE(25) 43T (321 ,LIKCLGHFDOS 0T
et le3) o QUL ol L) e CPCULE)gCRIUZZ2911 Y oCSLOPEI32911)yCUIBEoildpX (52411 0UFFHUS68
) eLXMUL L) oCXNEWT 1L )9 DACLC) o DELMILL)DEPV(3I2411) ,DF (20) 4 3FLOWE32),FOFFN0509
LIt 32 e FURMEZE) »FOUND(2Cy 39 10) ¢ IREF (25511 o ITYPEC(23) 34 TALIZ) o METCFFOO5TO
CHIIDE25 s MINC 3425}y MIMR(B92Z25) ¢MOUTLB525) g MEUTRIHE 92519 NIN( 25Dy NRADL20FFIO57L
e b aNSU_S) NS ZE g NTCUL25 ) o NTHEZ5) o NXIT{25) 3J3AR(25 911} JUFFD(2%),PIOFFDOST2
el 320 L0 eRE3Z2011) sRADUB925) 4P ADR(3925) yRCURVELI2 911 )oPr(22) ¢RINT{LLIOFFLO573
WD RPMULD) RS ) o RSLOPEL( 329 11 )9 RULEL25) 9 SHAPE(ZS5) o SIXTYS{25),453(8420rF 0574
05 e SUR{B 925 )9S5 89 25) 9 SSRIBe25) o TERMCILLY g THIB 925) 9THL (3 425) o THCREQFFNOSTS
e 135 ) s THALB 25 )y TITLEN3E) o TO(32411)e TSTATIL1H4X(32) OFFOINSTA
CUMMON  /SCALAR/ OFFI05T7
AsAASALNIAD AZUZA D AB03A0sA404A 09 ASD5A09ANG ¢ 3988 ¢ LC yCENTCMCAZAN,COFFNOSTE
WHALANP s CMZ gCORECoCIUNT oCPoLPT e CPI34CPI49CPIS3CPI62CPUZ,CPUIZCPLAyCUFFIVSTI
oPOSs DAMP o DCPy DEL FLO 9 DFACT  EMACH EPISON FACTMyG o GAMMER yGASKeGJy GR2 UFFNOSHO
eHe HIGH  HIPRES 9 Lo IG 9 IGO e ICUTTRGIPASSeJ e JJe JMpJML o JUULE Ky KDEL 9KKy L, OFFNO581]
CLASTSLCL o LEVEL oL SToLSTAGE oMo MACHoMAXP ToMINP T ¢NNOLAUE, NDAT A, NLINESQOFFO0582
et NSETSINSPCECONTUBES s NXgNX Ly CFFyOKgPHI s PLOWe Qe RAZRADIANY RDFL Uy REFNFFDOSK3
RESTARSRMACH Sy SULIDy SPEEL ¢STOP o T 9 ToRMDy THICK o TIME o TOLAT o TOLCX o TOLODFFNO584

«MINy TOLRy TUNE s Vo VM4l ,Y(S TFFD0585
DFFDOS 36

CP= CPCOTL) +(CPCOL2) +(CPCOI3) +(CPCCHLH) «(CPCOIS) +CPLC(5) QFFNUSRT

X ATSTAT(I) I*TSTAVTLJ) J*TSTAT(J) ) UFFD0O568
X *TSTAT(J} 1*#TISTAT(S) OFFDOSARY
SAMMEIR= CP/LCP ~ULP) OQFFNO590

K ETURN NFEFN0591

LND OFFDN592

B-24



05/02/763

Hal 1o - kFH SUUKCL STATEMENT - IFNLIS) -

LA LUTINE HALT QFFNN59¢

OF FO0595

JFFDO594

LouiCAL (- Cits SIXTYSH WFH)S97

L AL Ir i by JOIULT » MACH o UFFDUL598

X AF{AL, Mty MINR,y MOUT OFFLN5939
KoMUJTR NFFDO600
1% Z0acR LLADL, CUUNT OFFLOBO]

Lo ITUAL OFt, UKy RDFLTy OFFD0OAKD2

X ot 5TAR, TONL NFFDO&03
INYEGeR Wit . OFFD060%

oal KDELWKZEL S DFFDOROS

CIMMON /YT TLR/ OFF U NA

e ACPHAL? 29 1L )0 ATARE 25, 11D 4 BLTALT9, )] o B 32) o BLADEL S} BT (32) 4 LIRCLIFFDYGOT
b0 ) el (32911 )9CPLU(O) LRI 29 11D gCSLAPE(32911) yCUI32911 )4 CX(3241LIFFLOGDR
sl CXMULIT ) oCANEWL 11 ) o DALL0) oDELM{L11)oDEPVI22911) ,0F (20) yDFLON(32),FOFFrI06DY
eLUNI32) e FLRAL 2 ) oFOUNDC20y 59 L) o TREF (251 Lo ITYPE( D) ¢ MTTAL(2) o METOFFDOH1D
SHUD( 25) yMINIB 925 )g MINRIS 9251 oMOUTIB9 251 s HUUTRIB 9251 ¢NINL 250 9 NRAD(ZOFFONG1]
e 1) aNSE LY GNSIEIS Ve NTLI2E )4 NTHEZ 30 o NXI TU25) ¢UBARIZE 41 L)y OFFOL 250y PLUFFDOG12
el ey 1LV aR{53 29 L1) okAD( 89 25) yKADR{B925) yRCURVE(32411L 1 oRHIZ ) 4RINT(LIOFFOO0613
) e liPMU L) e RO{ 2V RSLOPE( 3o 1L Yo kULE(25) o SHAPE(251oSIXTYS5{25) 4508, 20FFNO614
e b e SORLUB925) 955089 25) oSSRy ?5) o TERMC UL L) 9 TH(B 925) oTHU 13 925) y THCRUIFFOLA L5
e r S THOB e 22 ) g TITLE (56D, TCI3Z411 )9 TSTATLL1) 4 X(32) OFFUNELS
LuMMON /SLALARY OFFRLsL T
2 As BAZALNAGY AZL cAOy A3U3A0,A404AN0,A505A09ANG 4888 ,CL 4CENT 3 CMsCMEAN,COFFD0NA1A
o Mc ANPy LM 29CIRECy COUUNT 4 CPyCPI g LPL34CPILGCPISoCPLILyCPU2HCPOIZCPO4,COFFNOS]Y
ePLIDy LAMP s CLP o DELFLU s DFACT 9 ciMACHSEPISON,FACTM G yGAMMER yGASK s GJUyGR 2y OFFDOA 20
oHy HIGH HIPRES ¢ 19 G IGU IDUTTRe IPASSeJe JJ s JMy M) o JOULE 9 Ky KUEL KK9 Ly GFFD0621
eLASToLCY s LEVELSLITsLSTAGE My MALHyMAXP ToMINPToN NBLADEyNDAT Ay NLINESOFFI0622
et iSETSINIPECIoNTUSLS g NXyNX Lo OFF pOKoPHI 3 PLOWSQ,RA,RADIAN, RDFL e REF, UFFDC623
eRLOTARGRMALHY 59 SCLIUGSPELU e STOP ¢ Ty TERMDy THICK 9 TIML oTULAT »T OLLXy TOLOFFDOS24

oMINs TULRy TUNL Vo VM, VLS OFFDO0625
OFFD0O&625

Welle (e, 20) UFFD0627
2U FURMAT (10130 2IX11500H%)/) o 1HO35X4ILEXECUTION TEFRMINATED AT THUD END OFFDG628
X0r TIME INTERVALWL//7:2(1X119(1H*)/)) UFFDO6C9
%% REMUVE THIS PKINT AFTER INITIAL CHECK QUT UFFDOS 30
LinTRY  sULCH DFFDOS3RL
CALL QuTPUT OFFDO0632
Cakl 80SS CFFDD633
CALL EXIT UOFFDOA34
RETURN UFFDNS 35
=ND OFFD0636

B-25



T2 PN AR

Tul 5. - bW SUURCE STATEMINT - IFnN(S) -
JeRLUT (4 INEST PEENTS 0
hFFlZ1s
ede 3TIMATT THE VELNCITIES ALUNG THE «FAN LINS EFENL IS
[T AN
C_MMOGN ZGET LI/ vITGELES) arrhi 1k
LLICAL CIRCLT, STXTY R ArFu) s
pL It Fy JOIULE MACH -ifF')-‘.‘lb
X MiTALy "Ly AL Ny »OUT ukra1riy
L atuiRr HEaY LY
[N ZO0CR JLADEY CIOUNT \)?'F’ll‘?Q
LoGLLAL CFF NKy RIFLCy QEF 0l H 0
o STAR, TN O Fg 0L
Pifelel] RLLE WF .22
LooL KDELendEL S R
LOmMCH Iy oTLA/ AFEDL e

CLPHAL Tre 1L e ATAR 250110 o EETAL29,11) o BHEI2Y 43LANE 25D 4 aF (52 4 TIRCE OFFUL™. &
ableodolll villeCPLTlO)CRIIZYLL) sCSLUPEC( I el ) 9CUI32510).Cx (5201 WFrDl 20
e e LAMULL) 9CXNTw 1L )0 ALL0) PUFLMULIL)oDEOVII211),0F(20) PO FLUWL32) o FDSFULN2T
dLUWI32)o FLRAL Z5) oFOUNI {209 39 1) CIREE (25,11 ) oI TYPELZ ) M TALL ) sMETOFF ) 328
FULEIo e MEi{H e 25 JoMENK A3 yMIUT (89 25) JMIUTREE 925 Y g NINT D )y iRADLOEFUL 3 Y
e ) gNS{ 251 sNSIULENeNTC L3 o NTHIE 9D o NX1 T(25) UBARIZ2 41 1) 2 OFF N 22) e PLOFFNI230
el _lelllenl320i1) oRALLBZO) yRADRLIB 9D PCURVE (37 s L1 D oRHL{32) o RINT L LLIOFFOY 351
et PMULLeRGL =) s RSLEPE L 2y 11)9ULEL2S) 4 SHAPELC®) s SIXTYS (251508 OFFN} 332
) e SCHRUI ) o850y 2508558y 25) 9y TER™CULL) e TH{B g 2%) o THC (3 4250 o THCR{ UFFII3332
."zshTHRIB';SD.TITLE(36).T-‘J()2J.LL).TSTAT(H)-x(32) OFFU11134

CUMMUINY /7 SCALBRY/ QFFL1355
«Ay AALALCAC, A202AC, AINIA0,AGUSAC AS05A04ANG 4 34B8,CC JCENT y CMgCMEANL,CIFFN1A3S
.MEﬁNP:CMvaUKECoCUUNT'CPvCPerCPI39CPI“|CPX)vCP[SvCPCZ1C903|C904'C0FF01337
.PC&oDAMPuUﬂP-DELFLO'DFACTvEHACHcEP[SUNnFAC'4:595AHﬂER|GASK'GJpUKZoUFF01338
eHe HIGHHIPRES 4y [ IGe IGU o ICU TTR,IPASSededdedMyJMl,y JOULE)K g KNEL ¢ KKy Ly QFFD1339
eLASToLCioLEVELsLaToLSTAGCE pHy WALy MAXP TeMINPTyNgNBLADEs NUAT A NLINESOFFD1240
e NSETSeNIPECUSNTUBES gNX o NX Ly CFF s OK4PH I oPLOW Qe ¥ A,R ADIANG RDFLUeREF,OFFDL1 341
DHESTARGRMACHe SeSLLIL o SPEEL s STOP s Ty TERMD$ THICK,, TIME ¢ TOLAT o TOLCX o TOLOFFD13 42

2 {Ne TCLRe TUNE Vo V™ [, YES OFFD1343
cl= 2,141592 OFFDL1344
LOGICAL  CUNE OFFDL1345
CuNe= JFALSE. OFFD1345
RUSTAG= PCl 1o l)/GASK/TO(L,1) OFFOL 347
T3TATLJM)= Tull, 1) UFFD1348
VX= 500.0 OFFD1349
J= UM . OFFD1350
CALL  JAA OFFD1351
MACH= SJRTUGRAHCAMMER®TSTAT(JIMI ) JFFO1352
Gd= {IAMMTR —leu1*Ue D OFFDY 252
CAE= AMMER/ (GAMMER ~1.0) OFF0135¢%

OFFD1355

#%% CALCJLATE AN ESTIMATE OF THE MEAN AXIAL VELCCITY NFFD1356
IN THE MACAINE ENTRANCE OFF0O1357
OFFD1358

UG 30 I=1le3 . QFFD1359
A= PI®{RS(I)®%2 -RH(I)*%2) UFFD1360
UL 4U K=1le25 OFFN1361
CalledA)= FLOW(II/A/ROSTAG/({1a0 ~GA®{VX/MACH) 221 ¢ *{ Q. 5/(CA) OFFD1362
IF (ABSELVX=CX{1,JMII/VX}.LT.TOLCX) GO TU 50 OFFD1353
VA= CXULledM) OFFD136e

B-26



)

X R

X

INCST, - EFN SUURCF STATEMENY - IFNUSY -

ConT e *
LALL [ReR{ L)
CNTINUE

**%x SET THc McAN LINE INLDEX TO THE WORKING STRTAMLINE INDEX
J= UM

s CSTIMATL IHe MEAN AXIAL VELUCITY THROUGH THE BLAOE RUNWS
20 I=34LSTACE
IF (POTURII-4)sEweCe0) GL: T TO
L= 1+i
(X (IedM)= VX
MoTALG L) = SLINZIPLI-19dM) g MINEIT41-4) oMIN(i gI-4) +NIN(I=4))
o ALCLY= SLANZOR(J9dM)oMOUTRELpi=4) ¢ MUUT(L41=4) NXITL]I=-4))
SSLib= SLINE(R{I=-19JMY s SURIL9I=4) 9 SD(14T-4) ¢NS(1-4))

%% ALC The CEVIATIUGN TU THE =XIT METAL ANGLE AND
JETERMINC THE TANGENT CF FhE FLOW ANGLE

UEVE TANC 25« (METAL(L)-MLTAL(2)) /SQRT{SOLID)+ METAL(2))
A= PIe{R{ 1o NLINES)I*%2 ~R({I,1)%*2]
IF {RUOTOR(1I-4)) £fbs 70y b1
LuhT INUE
N2 60 K=1,25
*%%x CALCULATE THE TANGENTIAL VELOCITY
CUlIsdM)= —VXADEV +RPMINI*R{ 1y JIM)
*&x COMPUTr THZ TCOTAL TEMPLRATURE

TOUTI9dM)= TOCTI-19JM) 42, 0%RPMINI*(CULT JMI*R(T g UM} =CU(T~1,0M)¥
(I-i.dM))/753/0P

%% EVALUATE THt SPECIFIC HeAT AT THIS TEMPLRATURE

% CUMPUTE THE TUTAL TEMPERATLRE

PCLLedM)= PI(1-14J)¥(0.5#(TO(1,IM) ~TCUI=-1+JM))/TULI=-1,J4M) +1.0)

*EGAR

L oom=-- SET THE FIKST ROTCR EXIT AXIAL VELOCITY OOWNSTREAM,

Ir {(DONE)} GJ TO B8O
*e% CALCULATC THE UENSITY

¥ ES5TIMATE CENSITY
RUSTAG= PLUI,JM)/GASK/ZTULT $JM)
V= SORT{VX*s%. ¢+ (U(1yJIM)*%2)
= -V*V/GJd
T= TO(1,JM)
LALL ENTALP
%k ESTIMATE MACH NUMBER
MACH= SJORT(GRZ*GAMMER®TSTAT(UM) )

B-27

05/02/68

JFFD1355
OFFD1250
CFFO1067
UFFD1358
OQFFL]1 355
JFFLL3TD
OFFD137:
OFFN1372
OFFDi373
OFFD1374
OFFD1375
OFFULRTS
QFFN1377
UFFD1373
CFFD1579
OFFOL3%D
OFFD1381
OFFD1L352
OFFD1383
OFFD135%
NFFDY335
NFFN1336
OFFD1337
OFFID1383
OFFN1239
DFFD1390
OFFD1291
OFFD1392
OFFN1293
OFFD139¢
OFFN13195
OFFD1396
0OFF01397
OFFD1398
OFF01399
OFFD1400
OFFD1401
OFFD1402
0FFD1403
0FFD1404%
GFFND1405
OFFD1405
GFFN1407
0FFD1408
OFFD1409
OFFD1410
OFFD1411
OFFD1412
OFFD1413
OFFD14164
OFFD1415
OFFD1416
OFFD1417
OFFDl418
OFFD1419
UFFOD1420



X

Ind 5T - EFN SOURCE STATEMUNT - (FMIS) -

*#3% c>TIUATE Tho AXJAL VELCCITY

il oTAGE RUSTAG/Z 1.0+ QoD% (GAMMER ~1.0)*(V/AACH)*x2}=2(1,0
/LGAMHER -140)) !

CX(TedM)= FLUOWUI V/AZRGSTAS

I (AASEIVE ~C<UIpdM) ) /VX)LLTLTOLCX) 50 T 51

VX= CXULeJdM)

) LaNT INJe

TALL ERPCRULL)

L BUNEE LTRUL.

.

2

BY:}

da4d

3%

<0

ud TR =20

coulTINYE
Totled )= 12U I-1,434)

**% STIMATE DPRLESSURE

FUCTedMl= POCI=1,4J¥)
il AB K=le20

3% FSTIMATE wHIRL VFLOCITY

CUl ledM)= YX*DEY
it (DiCnc ) GU T a0

sxw ESTIMATZ TOTAL VELGCITY

¥= SQRT(VX**Z +CU(1,JM))

**& “>TLAATE AXIAL VELOCITY

CX{LedM)= FLOWLI)/AZROSTAG/(1e O ~GA®{ V/MACI) #%2 ) %% (0.5/5A)
IF (ABSUIVX -CA(LsIM))/VX)LT.TUOLCX} 6O TO 30

VX= CX{(1,JdM)

CONTINUE

CALL ERROR{17)

CXU1edHl= CX(I=1,40M)

CUlLedM)= CULTI=1odM)SR{I=1,JM}/RII4JM)

TC{1edAls TGLI-19JM)

PUlLedM)= POLI~1,ydM)

CUNTINUE

**% ESTIAATE EXIT PROPERTIES

K=LSTAGE+1

Jdud 90 I=K.NX

TOETadM}=TULI-1yJM)
PULT»dA)=POLI-LydM)

LU TedM)= CULI-1oJMI*RITI-1oJM)/RUT 43M)
CatIedMI= VX

CLNTINVE

CubT INUL

**% SET THE VELUCITIES AND OTHER FLOW PARAMETERS AT ALL
B-28

VEYAVIERZ b

NFFDLA21
FEIL422
FFD1423
OFF)I42
SHEDLAZ5
GEENLL 20
OFFUL427
GFFD.428
OFFD1427
AFFD1420
SFEDLA2Y
CEFED1432
JEF1433
GrFI14 34
EFOLA3S
GrFIJl4 30
OFFD143T
OFFD14 43
CFFD 1435
NFFD144D
OFFD1441
CFFDL4452
SFFO1443
OFFOt4as
NFFN1445
OFFD1446
OFFD1647
IFFDL448
OFFD1449
QFFD1450
OFFD14>1
OFFD1452
OFFD1453
OFFN1454
OFFD1455
OFFD1456
OFFD1457
QFFN1458
OFFD1459
OFFD1460
OFFD1461
QFFD1462
OFFUL1463
OFFDl464
OFFD1465
OFFD1466
OFFDl467
OFFD1463
OFFD1467
OFFD1470
OFFD14T71
OFF01472
OFFD1473
NFFD1474
UFFD1475
OFFD1476



I9100/7€»

.51, - LEN SUURCE STATEMENT - IFN(S) -
PUSITTILNS IFFN1L 77
QFFN: 678
LGOI leNX (OFFDL&T)
g 100 J=1e NLINES UFFDi 430
CAlled )= CX(Tyd4) CFFD14Al
CUCTsd }=CUL JodMIMR(T ¢ IMI/KI]J) UFFi)les?
Tulledd= Tulledr) OFFD148"
PClled )= FPI(T,uM) OFFD14K4
100 LonT INUL NFFNH143S
NFFD14 36
*%¢ STT INDICATUK SUL YHAT THIS ROUTINF WILL NOY 85I USLD OFFD14R87
AGAIN F210 Tels OATA SET IFFD1438
: NFFD14R9
1u HTIURN TFFD14GO
T JEFN14Q]

B-29



0570276}

[T, - FN SUUKC: STATEMENT - IFN(S) -
LU LUTINE [NPUT JEFDOB TS
oy L el [T woTORLEL V) TEFI0ATS
L.CICAL  CIRCLES SIXTYS UFFD18 74
R L IneFy JIULE» MACH , FFQGATT
X 4-TAL, MLy MINR,y MOUT o DFFDO8TH
AowiuTR OFFORTI
IeTreeR SLADE, CUUNT JFFNoani
worGCICAL SFFy Ky RIFLC, NFFQUERA]
A ioTAaR, TUNE OFF 20832
INTEZGER RULE JFFNO83 5
Yol KOELeK el ? TFFO0Aa%%6
LMMOGN VR T TR/ WFCAAS

CALFHAL Mg 11 aTAR(Z09 1) oBETAC2 3011 o BHU 3¢ ) ¢ BLADE( #5) 931 (321, IRCLOFFROR3S
(e U030l eTPLLESY g P2 g 1) gCOLOPT 5 gl ) oCUII241L de LXK 2y LLIFF VBT
D e CKMU Y L) gU XNEA 1L b oUALLC) oDELMILL ) DEPYEI? 9L L) ¢DF (20) quFLOUW( 32) 4 FUFFUL333
.LVW(3;).FGA4(&“)yFUJFD(LUvile)'XREF(quli).lTYPF(CS).NcTAL(d)gMETUFFOOUHi
LU L) o MINCB e B ) g% INK{Be 25) oMIUTIB429) s MOUTRIER 45 ) o NI N 25 ) e N2ADL2OFFDN3NN)
e b eNSC D) eNSL S Vo NTLL ¢S5 g NTHE2S) oNXT TU25) yOBARCIS o1 1) o FE( U5 )y PV OFFO0BIL
-()g'll).k(jiy]l)'RAU(va“).NAUR(d.ESl.QCUFVE(32'III'°H1;AI.VINTILLUFFOJSQZ
.).HPM(1);K5(}Zlv(SL“PE(qipLl).RULE(Z‘)ySHAPE(ZS)'SIXTYﬁ(Zi)'Ju(u'ZQFF)OB93
e ) eSO 29290 985502, d0) g SST (B9e5) g IERMCELL) 9 THIB425) sTHC (& 922) o THCHWL WFFUCR IS
Lt 25 e THE (8 g 8 Ve TIILEL2€) o TG (32511 ) TSTATLLL) oX(32) JFFUOBYS
CUMMUN  /SCAL AR/ SFFEN04 ¢
.AoAAvALUAC-QZJZAC.AJR:AO,A%U<A“gﬂ505AC'AJG'$gBBoCCvCENT,CN'C"cAN.COFF)0h97
WMEANPCM oL IREC s CUUNT gL P oCP I o PI34CP LG CPIS4LPLO6,CPO24L P35, PU4CCFFUCAIA
.rQioDAﬂP'DCP'OELFLU'UFACYQEMACH.EP]SCB.T&CTN.G,GAMPER.GASK,GJ:GRZ.OFFJOBQQ
.H'hlGH.HIPRESoI.leIGU,IUUTTF'lPASS'J'JJ,JH'JMI'JOULE|K,N)EL.KK:L.UFFUOQOJ
AST oL CLloLEVEL s LST oL UTAGE gMg*AiCH s MAXP Ty MIN?ToNSNRLAVE, NUAT A, NLINFSUFFNG301
e nSETSyNSPIEN yNTUBLES s NAoNXL g OF FoOKePHI 9 PLOWe Qs RASRADIAN, RDFLQy REF, OFFDNIN2
WRESTAR gL AAC s Sy SUL I Ug SPECL oS TOP g Ty TEAME o FTHICK s TIME 4 TOLAT 3T CLCX 9 FGLOFF ING)3

eMIhg T LRy TUNCoVeWMI» YLD JFFDUI Y
QFFD0O905

CIMENS [UN CHECK(E) QFFNO904

UATA CHENK /7 4H5%~=Se 4HCIRCe 4HINCIe 4HUEVIy ¢HBCTH / uFFNO90T
INTLGER DA OFFDN903
[MTEEER  TERMU CFFDOS0O9

HREAL  MOLEWT OFFNO910
DIMENSIUN  WURDCOT) s NOTE(S,3) NFENO9LL

UATA WURD /7 4HSTAT, 4akANNUy 4HR(ITUe 4HZI-D o 4H3-D , &4HSUCT, QFFDO9 12

X 4hTABL 7/ DIFFDO91L3

CATA NJTE / IFFD091%

X 4N INg 4HLET 4 4EGUID,y 4HE VAs 4HNE GQFFDOYLS

X ab RIT, 4HUR. o 4H v 4H v 4H » NFENDO916

X ~H STA, 49TuUes 4H » 4H v 4H / JFFDO9LY
NarpeL 15T ZusTArRT/ UATAIN OFFDGY 1R

U R AL (59 DSTART) DFFDO9 17

C. OFFD0920
C *ex JEAD THE JUS TITLE, NECESSARY FOR JU8 DESCRIPTILN FFFNN921
C UFFDO922
READ (55 .001) TITLE OFFNO9 23

L === READ TFE SPECIFIC HEAT CNEFFICIENTS. QFFD09324
riedd oy 1CO0) CPLCO OFFN0925

10JC FURMAT(3EZu «4) OFFJ0925%
C QFF0D0927
< *¥¢ CALCULATE THE COUEFFICIENTS NEEDED IN THE VARIOQUS OFFD0928
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INPYT, - FN SUURCFE STATEMENT - IFN(S) -~

J3/02/64

JPERAT [UNS INVOLVING CP OFFD0929

JFFD0930

Crie=CPCN3 /e, OFFD0331
CPro=CPCUle ) 3, OFFDU9 32
CrLa=CPCR(5)/e, OFFD0933
CPG5=CPCUle )/ b OFF30S83%
21CAQ=CPCCl 2Y/CCul L) GFF009 35
22U 2A0=CPL2ZICPCIIL) OFFD0936
ASTLAD=CPC3/CPCIILL) OFFDOS37
A4L.4A0=CP 04 /CPCG(L) OFFDOS 38
ALL9A0=CPCS/CPLLIL) OFFD09 33
CUINTG= THERMILE1E.686) NFFN0%40
LPIZ=Cricted /e, OFFDOS 41
LOI3=LPLQ(3Ns 2. CFENO942
Lr14=CPLL{4) /4. OF FDUY4 Y
CMin=CPCUL3)/5, OFFD0944
LPIe=CPlulnd/€. OFFD09 45
109 FORMAT (i2A5) OFFNNY4s
KK=¢ OFFD0%947
REAREEN S )N OFFD0948
OFFDO949

*#% READ Thit: SCALLK INFOKMATIUN OFFD0950
OFFD0%51

RELD (L9 1003) NXy NLINZS, NSPEEND, MAXPT, MINPT, RESTAR, [CUTTR, OFFN095?2

X IVUYP, LLEVELe ROFLD OFFDO953
LSTAGL= Nx-3 OFFD0954
NELADE= LSTAGL-4 OFFDO955
KEAD {(591CL40) SPEEDy STOPsTOCO,PICCyTOLCX$EPISCN, TOLRyTOLCP,TULAT,, OFFDO956

1 TOLMINGMILEWT 4DAXP OFFNOSST
KK=KK= 1 OFFDO95S8
OFFD0O953

#2x CALCULATE FLUID CONSTANTS OFFD0960
OFFN0961

GASK= G/MOLEWT OFF00962
GR= 6£h4348%GASK OFFD09£1

.. GR2= GR*,F OFFD09 54
1003 FUFMAT (S5E5,L54215,L¢) OFFDO965
OFF 00966

**% TEST THL INPUT OATA FOR REASONABLE NUMBERS OFFDO0967
OFFD0968

IF {POCOCLE «0a0sULR TOCCLLEL0.0) CALL ERROR(10) OFFD09 69
OFFDO9 7D

*%% JFHE NUM3BER CF STREAMLINES MUST BE 5,749 OR 11, ERROR OFFDOST1

WILL TENMINATE EXECUTION OFFNO9 72

: 0OFF00973

IF (NLINES LT 50K NLINESeGTolle IRMUDINLINES¢2) e ECeD) OFFD0974

X CALL ERRIKR (&) QFFDO9 75
— OFFDOS76
#3% CALCULATS INTEGER CONSTANTS DFEDOSTT
OFFDO9 T8

JM1= NLINES/? OFFDOS 79
JM= M+l OFFD0980
NTUBES>= NLIN:S~-] GFFDO981

. LAST=LSTAGE~1 OFFD0982
NX1 = NX-1 OFFD0983
OFFDOS84
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SC e

[aNulel

35402/53

[ivaT, - kN SLURCFE STATEMFNT - IFN(S) -
#%x¢ 30T Y:nIvATIVES AT ENTRANCE ANC EXIT (JFFD0935
OFFI0G35
Tosu J=lell DEFDIIST
CoLIPEl L d)= ) OHFONG 34
FSLUPEINXed )= OFFD5 39
CaluPT{ i Xed )=ue CFFOGY 20
FSLIPELLY JY=0, IFFINGYL
vCURVE( Ly J)=0. NFEFH0SA2
0 T CURVE (WX ed ) =0, QFFHUSG3
4% L EAD ThE FRACTIUN MASS FLLW Br TWEEN THE HU3 AN) THE J-TH UFFD09S4
STReaML INEe THESEc NUMBFRS MULST ENCREASE MONUTONTC ALLY OFFD095
terd (e 10L014) (UELMIJ) 3 J=1oNLINES) AFDLI96
IFFI0997
K=1 STAy-. + GFFDONIB
oAl B edX DFF3G99
CFLuwl(I)= 1,40 JFF 31000
OFFOLONL
wex L EAD IFE MAULHINL GrUMETRY AND BLUNNDARY LAYE® NFFO109¢
BLUCKALE FACTURS 0OFFD1003
OFFD1CNG
PELD (e lULG) X{1)e nhHil)y DHEIDe RSETY, BTCI) UFFD1005
*¥%x CFECK UN THt t LCCKAGLE FACTURS AT TIP AND HUB OFFD1006
iF (B (I)elToa0a) LALL ERRIR(Y%) OFFN1007
iF (BHUI el ToUeU) LALL ERRUR(20G) OFFD100H
v CunT INUE JFFD100?
OFFD1010
sxx PRINT THL INPUT AnD CUNVERT T} THE PROPER UNITS NFFNLOLL
JFFN1012
CALL CATZ(DY) JFFD1013
AR ITE (591004) (AL 1=1,2) GFFD10 14
10 FlLrMAT (QiHIYIL11XcB4) JFFDL0LS
W ITE (e l0C5) THTLEe NXy NLINES OFFN101%
X SPEEDs  TCCLy POCUs MOLEWT s DAMP, TCLCXy EPISCliy NFFDIOLT
x TULR TCLCPy TOLAT, 5T0iP, TULMINy CPChy OFFD1013
X (UELMUJ) o J=1e NLINES) OFFD1019%
100D FOMMATULIHOZZ/7/772CKSU1H-)o744 P € KR F T R M ANCE ANALY S [CFFO1020
x 3 U F MULT LI ST A GE ~——=—18X3H436//20X14(14=) 4310 a4 X LOFFD1O21
AA L=~ FLORN COCMPRESSOR S AT 14(1H=-)//720X16(1H=) 440FFD1022
X‘HUFF-0EFES1TGN CUNDITIONS18(1h-)//3{20X4H--- 10FFD1023
XA g 3H===// ), 1OXOHTHeE kE AREIL3,14H STATIONS. 26 X35HCALCULATICNS OFFDLO2¢
XARE TU BE PERFURVEL ATI2912H STREAMLINES// UFFD1025
X 10XLI9HTHE DESIGN SPEOFFOLOCH

XU ISF3ele7H RoPeMo/71CX25HTHE INLET TOTAL TEMPERATURE =FT,.2,9H DEOFFOL027
XGeSeRe 9X25HTHL INLET TOTAL PRESSURE =FT7.3912H {LD/SQ ING)//1UX QFF01078
XeJHTHE MULECULAP AEIGHT ISFT7.2524X29HTHE ITERATICN WEIGHT FACTOR =CFFD1029
XFoel//10X WHTH: AXIal VELUUITY TULERANCE =F643 y18X35HTHE MINIMUM WUFFDL1030
K:ICHT FLOW INCREMENT =FE.2410H (LAR/SEC.)//LOX26HTHFE CONTINUITY TOLOFFD1031

XEHANCE =FTe%s 21X 22HTHE TEMPERATURE RISE TULERANCE =FT7,4//10X OFF0D1032
X:-cHIFE TULERANCE GN EFFICIENCY IS FO0e3,16X23HA HALT WILL OCCJUR AFOFFU1033
XIERFOsly BH MINUTES//LOX24HTHE ENTHALPY TOLERANCE = FT.4 / OFFD103¢

X//I3X53HTEE SPUCIFIC HEAT POLYNGMIAL IS IN THE FOLULOWING FORW /3x4(GFFO10725
APLP =E12.%¢ 3H + E12.3¢5H*T & EL12.SBH¥To&2 & E12.5,dHET*#> + 1. AFFN1036
FeoHETES4 4 £1l.395H*T#%5///10NTYHTHE FRACTION OF THE TOTAL MASS FLCFFDL037
XUw BETHEEN THE HUB AND THE J-TH STREAMLINE IS. //1i0X11F7.3) OFFD1038

AR ITE (6210060 CLeXUL)oRHUIISRSUIY 4BHUT) 9BTI) 51=1 4NX) NFFD1039

1035 FULPMAT (QRL/Z//743XK32¢1H* ) /42 X1H® 3L XIH®/43X33H* A N NU L U S P ROFFD1040
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INPUT, - EFN SOURCE STATEMENT -~ IFN(S) -
Y VFE T L b %/43XIH31XIH®/43X33(1h*) /7 //BXTHSTATINNAXSHAX TALY +X OFFD1041
YooaHHUY 14X 4HT 1P OFFO1042
X ¢ LOXI2HHUD BLOICKAGEEXLI2HTIP BLOCKAGE/)IIX1O0HCCCROINATE 2{ LUX8HRUFFD1043
RANIUS  Je 20 LOXBHFACTCOR ) //701124F16e542F18a59F1T70%9F18.4 /7)) NFFD104%
ki= O OFFD1045
kK= © OFFD1040
C ==--- REAL AND CECAVDE THE INPUT DATA. OFFD1047
Ul 220 1=1,NBLADE OFFD1048
1097 FUFSAT (Lels) DFFD1049
Kin0 (5,°008) ROTUK(I), PLADE(I), OFFD(I), AA, BB, CC, DDy OFFD1050
X FURMUI) sy SHAPE(T), DFLUW(I+4) OFFD1051
it (FURM{]) el eCeU) FLRM(I)= 1,0 OFFD1052
IF (SHAFUCIT)eLELUD) SHAPE(I)=1,0 OFFD1053
1VL3 FkMAT (A4y OX Z19y 4(A4y €X)y 2F10.4 7/ FlOe4 ) OFFD1054
I[F AROTUR{I)ecC . WORD{1)) ROTOF(I)= -1,0 OFFD1055
1F (FOTCR(I)LEJ«MURD(Z)) RCGTOR(I)= (.0 OFFD1056
IF (RUTORIID.EQ.CeV) GO TO 220 OFFD1057
S IF (ROTOR(I)LEQ.wOFD({5)) RUTOR(I)= 1,0 OFFD1058
=3 OFFD1059
IF (KRCTCR(I}eGleTel) L= 2 OFF0D10450
WelTt (641018) 14(NUTE(JeL)eJd=245]) OFFD1061
SIXTYS5(1)= JHALSE. OFFD1062
L - CHECK FOR A ¢5-5ERIES BLADr. OFFD1062
—_— IF {BB.NELHECK{])) GO TG €0 OFFD10&%
WRITE (6,1005) OFFD10%5
1005 FCKRMAT [/ X 20HTHESE ARL 65-SERIES BLADES ) OFFD1066
SIXTYS5(1 )= LTRUE. OFFD1067
GO CIRCLE(I)= JFALSE, OFFD1068
L == CHECK FUR A CIRCULAR ARC MEAN LINE. OFFD1049
. IF (CC.NELCHECK(Z)) GC TC 70 GFFD1070
WRITE (641010) OFFD1071
1010 FLRMAT (/ 5X 36HTHESL BLADES ARE DCUBLE-CIRCULAR-ARC ) OFFD1072
CIRCLE(I)= TIrUE, OFFD1073
¢ —— INITIALIZE THE 3-0 CORRECTION TRIGGER TO NO CORRECTI ON. OFFD107¢
7O RULE(T)= ] OFFD1075
L - CHECK FOR AN INCIDENCE CORRECTION, JFFDL107¢
IF (CO.NELCHECK(Z)}) GU TG 80 OFFD1O0TT
RULE(TL)= 2 OFFD10T8
WRITE (6,1011) OFFD1079
1011 FORMAT (/ 5X SBHAN INCIDENCE CORRECTION WILL BE MADE IN THE DEVIATOFFDIO080
XLIN RULE ) OFFD1081
o e———— CHECK FOR A DEVIAYIUM CORRECTION. OFFD1082
o3 TU 100 OFFD1083
JC IF (CD.NELCHECK(4)) GO TU 90 OFFD10R4
RULE(T )= 3 OFFD1085
WRITE (Ce1012) OFFD1086
1012 FOEMAT (7 5X 52HTH: DEVIATIUN RULE WILL Bt CORRECTED FOR 3-D EFFECOFFD1087
e -~ X135 ) : OFFD1088
GC TO 10U OFFD1089
C ~——- CHECK FOR BUTH A CEVIATION AND AN INCIDENCE CORRECTICN. OFFD1090
10 IF (DD.NE.CHEZCKIS)) GO TO 100 QFFD1091
RULE(I)= ¢ OFFD1092
WRITE (5,1011) OFFD1093
—_—— WRITE (641012) . OFFD109%
100 CUNTINUE OFFD109%
1F {BLADE{I).LE+GeORSBLADE(I).GCT.1G) BLADE(I)= 1} OFFD1096
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INPUT. - FN SOURC: STATEMENT = IENIS) -
{ ===== PICK LP The APPROPkIATc LUSS DATA SET, TIF NO CORRESPUNDING OFFNL09T
r LATA SET CAN SE FUUNL USE THE FIRST OUNE. OFF0D1098
LF {KKETW )Y 35U TD 120 OFFDL1033
Lt 110 J=14KK NFFDL100
LE (TEPMUlJYEl.5LADECTD)  GL T 180 O+FLLIUL
Aoy LLNTING: OFFN1102
1F (KKaN-o10) LU T1t 1.0 AFFN1103
SLADEC L= | OFFDL104
Jd= T-IMC) OFFOL105
Gl Tu 150 aFFNL105
L20 kK= KK#1 OFFOD1107
TERMC(KK )= BLANE(T) GFFDL108
Ji= vLabe(ld UFFOLLN?
oLADE(L)= KK OFFDLL10
.50 nl= KL #1 OFFNLIY I
IF (K1.LELIG) GEC TO 140 OFFDILlL2
Tew IND 4 OFFDI113
N OFFD111l%
TR U T4 OFFULl1lS
C OFFD)116
L *x% Q74D LOSS DATa UM MASTER TAPE NFFOLLLT
c GFFU1118
1+eu RFAD (4)  ({FUUNCIKgJoKK)9K=1520)9d=132) OFFD111?
JF (KL NEJTERMLIKK)) O TO 130 OFFU1120
o' 1O Lol OFFD1121
tou 2LADE(I)= J OFFDL122
1,0 CUNTINUE . UFFD1125
WRITE (64 1019) DFLUwW(I+4) OFFDL124
wAlTE (v, l020) 3LAV:(L) UFFD1125
W2ITe (oylG13) SHAPELTL) OFFD1126
1.3 FJRMAT (/ X 8kTh. DEVIATIUN SHAPE FACTODR = F5.2 ) OFFDLY12T7
READ (359 :007) HNIN(L) OFFDL1128
N= NINCD) OFFD1129
JJ= BLADEL{) OFFD1130
1014 FURMAT {(3F10e%) UFFD1131
C ~===- YLEAD THE INLET MrTAL ANGLE TABLL. QFFD1132
REAU (54143L9) (MINtGJI9I)eJd=14N} OFFD1133
WA ITE (59102) (MINCGJsT)ed=1oN) 0FFN1134
KEAD (5¢2014) (MINR(JIoLDod=laM) OFFD1135
wRITFE (0e1023) (MINR{JeIDgJd=1sN) OFFD113¢
( -=== READ THE tXIV METAL ANGLE TABLE. OFFD11371
READ (3.1007) NxXIT(I) OFFD11138
M= NXITCI) OFFNL139
READ {591014) (HMUUTEJe )9 d=1sN)} OFFOL140
WKITE (59 1024) (MEUTEJIpT)pd=1eN) OFFDLl1al
READ (2e104i4) (MUTE(Je 1) 9d=1,N) OFFO1142
WRITE (0e1l0223) (MOUTRIJsl}ed=1leN) OFFD11l43
L - READ THe THICKNESS TO CHORD TABLE. OFFD1144
LAY (541007) NTC(I) CFFDl145
nN= NIC(T) NFFJ1146
NphAL (591016) (THCUJ91)ed=LN) OFFOl147
A ITE (g l025) (THC(Je [)ed=1eN) OFFO1148
2FAU {591014) (THCREJeI)ed=14N) OFFOL149
WRITE (55 1023) (THCRGJ 1) eJd=19N) OFFD1150
( —==—- READ THE THRUAT TO SPACING TABLE. OFFD1151
FEAD (341C07) NTH(I) OFFD1152
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eI, ~ LFN SOURC: STATEMENT - IFN(S) -

= NTHOT)
e (he 101 4G) (TA(Js L e J=1eN)
wiIITE (:9d025) (TH{Jy 1) ed=1,N)
rcA) (59 1014) (IHR(J' [)ed=1 b}
YRITE (ny1023) (THR{J,1)eJd=1,N)
----- PEAC THE SOLILITY TasLt.
Kudu Lo (00T7T) NS(I)
= MNSOT)
w0 {(294Cl4) (SUGJeI)ed=ieN)
w2ITE {5y 1027) (SO(JeI)yd=1,N)
i (59 1C14)  (SOREJy 1) eJd=1,N)
WlTE (A3 10722) (SiR(JeT)ed=1,N)
N {54 0.C07) NS3SUI)
= NSSUT)
CEAD (e 1GL4a) (SStUeI)pd=14N)
LD (991004)  (SSRUJyI)sd=lN)
PALTE (5910280 (SSUJeIded=1,4N)
AlITE (29 3023) (SSPR(JeT)ed=14N)
IF (AL WORLI4)) METHOD(I)= )
LE (AA G ConORD(E))  MeTHODC(I )= 2
IF {Ad,cyewOiDle)) MTTHOUDII)= 3
1P (AAUL . WBRC(T)) NMETHOD(L)= 4

L ————- KEAD THC KAOIUS TO THICKNESS OR REFERZNCF INCIDENCE TABLE.

e

JF (METHUDU D) LLEL2) GO TO 200
nEal (34 1CO0T7T) NwAOL])

v NRAI(T)

FEAD (591034) (RAD(GJI9I)ed=1,4N)
READ (9,10i4) (RAURIJYIDJ=]0gN)
IF (METHUCL [)etwe4) GU TU 170
WRATE {0elCled (RAUGJILI) 9d=1eN)

U 10 19y
4 /O mRITE (09 10LE) (RAD(Jy 1)ed=14N)
L0115 FJGRMAT (/7 35X 18HKEF. INCIDENCE 8F10.2)

Uu 180 J=1yN
150 RAMMJUy 1= RALUY,y ID/FADIAN
1016 FUPMBT (/7 5X 18FRADIUS/THICKNESS B8F 10.3)
130 CunT ML
WRITL (65,1023) (RADR(Jy1)yJd=14N)
sd 16 205
290 LK= METHOL(I) +3
WRITE (6,1029) WORDILK)
1629 FORMAT (/7 5K 41lHREFERENCE INCIDENCE DETERMINED FRCM NASA A4,
X 1IHCIORRELATION )
205 LU 210 4=1,.8
MIN(Is I)= MINUJ, [)/Z7RADIAN
MLUT(Jel )= MOUT(Js I)/RADIAN
20 TuNT INUE
<-U LuhTINUE

*%% 5cT INLET PARAMETERS

Lt 230 I=14NX

L 230J=19NL INES
CRUled)=0.0
Culled)= 0.0
Titl.d)= TUCO
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OFFD1153
NFFD1154
JFFED1I15%
OFFL115%
OFFDL1S7
OFFD1153
UFFD1159
OFFD1160
OFFD1161
UFFDL1A2
OFFD1163
OFFD114%
OFFD1155
OFFD1 166
UFFD11A7
OFFD1164
OFFNY1A9
OFFD1172
OFFD1171
NFFD1172
JFFD1173
DFFD1174
OFFN117%
OFFD1176
OFFD1L77
OFFD1178
OFFD1173
OFFD1180
OFFD1181
OFFD11382
OFFD11133
OFFD1184
OFFD1185
OFFD1186
OFFD1187
OFFD11A8
OFFDL1&2
OFFD11°0
OFFD1191
QFFD1192
OFFD1193
DFFD1194
OFFD1194
OFFV1193
OFFD119s
OFFD1197
OFFO1198
OFFD1199
OFF01200
OFFD1201
NDFFD1202
OFFND1203
OFFD1204
OFFD1205
OFFD1206
OFFDL207



>/02/7¢8

Tyelit,. -~ LFN SUURCE STATEMENT -~  IFNC(S) -
HPuftedl= FUCL fIFFD1204
« 30 CONTINUF UFFD12n9
Mo e IT=1eKK DFFD121D
et WRITE (69 lO0VTHIERMUTT) (DF U)o (FCUNDUJyKoI b oK=1492) yd=1,-29) OFFD121L
1LY FORMAT L LHL//7/777743X 5Heoeo LISS DATA SET NUMBERIIWSH seae/?// NFEDL2 LY
| SRR A tHO-FACTUR LuX 13FAT 10 PERCENT 10X 13HAT S0 PFRCENT 10X CFFuUl2i3
X (OHAT 30 PERCENT 54X Z21IN(CF WLADE HEIGHT FIUM / S2X 1ddTHE LCCMETRUFFDLZ2 1A
ALC HUB)/ ZU(F17eZeF 1BedycFe3.4/)) nEFDIZ21LS
0 OFFDLl2 1S
(¥ “x% CETERMINE THE TIME AT WHICH EXECUTIUN SHOULD CEAS - OFFN121L7
' UFFDIZ213
CALL TIMUMTIA) IFFO1213
STLP=5TUP#®i500, + TIiMt FFD1220
C ===-- CALCULATE dlLALE HSPACING. JFFN1221
1 150 IT=ignNAL OFFN1222
e b= K{L4) =XU1) OFFNDL1223
fCMNE=o TRUE, NFFN1224
“ UFFD122%
C 2% CUNVERT SPEFEG TO PRUGRAM UNITS IFFDY226
L NFFDL227
S2tkD= SPEEU*,10¢71G7¢& OFFN1228
SPLFD= SPEED/12.0C VFFD1229
N=1 OFFED1230
S OFFDL2 3
L ¥k ESTIMALL STRIAMLINE POSITICN NFFN1 21?7
C OFFD1243
CILL RSTARTY OFFN12 7%
UCP= GASK/JOULE UFFD1235
J=! NEFD12 36
TSTAI(1}= TOCO JFFDL23T
CALL GAM JFEDI 234
NLATA= Q OFFDL2 59
IF (LEVeL«EQel) CALL FFAD OFFD1 240
“ETURN (IFFD1241
1008 Fliiwal (1ndl /77777 5X LEHBLADE ROW NUMBER 133 SH [S A 5A4) OFF01242
104 F nMAT(/EX59yHTHE RATIG UF THC MASS FLOW KATE GUT OF THE BLADE ROWA DFFDL1243
Xit THE / 55X 33hMASS FLOW RATE INTO THE BLADE FOW = F$5.5) NFFN124%4
Lu_0 FORMAT (/ 5X 20HLUSS DATA SET NUMBER I3y 25H WILL BE USED FGR THISNFFD1Z45
X ELADE.) CFFD1245
1622 F:imAT (/7 5X 18+BLADE INLET ANGLE 8F10.2 ) OFFD1247
1023 FUFAAT (/7 5X 1S5HRADIUS (INCHES) 3X 8F10.3 ) JFFD1248
__—_1UuZ4 FURKAT (/7 S5X LSHBLADE EXIT ANGLE 4F10e2 ) OFFD1249
105 FURMAT (/7 SXITHMAXIMUM THICKNESS/Z 55X 12HTD THE CHURD 6X 8F10.4) 0OFFD1250
1026 riUPMAT (/7 5X 14FPASSAGE THROAT 44X 8F10.3 ) OFFPLESL
1077 FJORMAT (/7 5X 14bhBLADE SCLIDITY 46X bBF10.4 ) OFFD125¢
10:3 FURMAT (/7/ 5X :8bSUPERSONIC TURNING BF10.3 ) QFFD1253
LMD OFFDL125¢4

B-36



—
<

20
PRI
1.5
100

Z9U

05/02/7¢4

INTHC. - L[FN SOURCE STATEMENT - JFN{S) -
SUPFOUT INE INTEG (VDEPLIFCON) OFFDOT63
O0FFIN706
%% PCRFOKMY NUMERICAL INTEGRATIONS OF THE VDEP VS. R CURVE OFF 00745
2 TRAPEZUIDAL FULE INTEGRATIUN OFFDNTob
OFFDNTAT
LaGICAL  CIRCLE, SIXTYDH OFFDOT68
mEaL IREE, JOULE, MACH 4 OFFNNT69
X HAETAL, MINy MINR, MOUT , CFFDOTT0
A MUUTR OFFD0771
FNTEGER BLADE, COUNT . OFFN0DT72
LadGICAL UFF, QK KOFLCy OFFDOT 73
K RESTAR, TUNE OFFDOT74
INTEGFR  RULE OFFNOTTS
oAl KDELWKDEL2 QFFD0776
CIMMLN /VELCTUORYS OFFOO77T

o MLPHA( 25y 11 )9 ATARUZSy 111 BETA(ZT411)4BHI32) yBLADE(?5) 48T (52)4CIRCLOFFDOT 7Y
bl e5)sCOCZ29 1119 CPLULE)sLRI22911)4CSLOPEL2251:)4C'I(32411),CX(32,110FFDOT779
Do CXMELT ) 9CXNEWE 11D DALLO) gOELMILL)4NEPVI32411),4,DF{20) JUFLOM(32)4FOFFDOTBO
cLOWE32) g FORME L5 ) yFUUND(2043910) oIREF({25911) ¢ ITYPEL25)4METALIR) ¢ METDFFDOT8]
UL Z5) s MINT By 25 )9 MINRUR, Z5) ¢MUUT(B925) s MCUTRIE425) ¢NIN( 25 ) ¢ NRAD(20FFDOTB2
eSheNSE25) oNSSU 22 JoNTCA D) yNTHIZS5) o NXI TU25) s OBARI25 4110 4 UFFN( 25}y PUOFFDNT783
e l35912)9P13292)1)5RAUIB25) ¢RADP(B925) yRCURVU (32411 )9RH(32)4RINT{110FFDO7R4
«baRPPUL) g RSUIC)9RSLOPEL 32911 )9 RULE(25 ) 9 SHAPE(25)9SIXTYS{22),50(8,20FFNUTHS
D)o SUR Y5 o SSUEY 2509 SSRUByZ5) g TERMCILL) o THIB $25) 4 THC (3 9251 o THCR( OFFDOTH6
er s 20 )y THUEUB 28 ) p TITLEC2E) o TUIS29 L1 )4 TSTAT(11) ¢X(32) OFF0OT8Y7
CIMMON /7 SCALAR/ OFFDO78A
~AyAA ALGANy A202A09 A3 240, A404A 09 AS0SA09 ANG ¢ 8 9BB9LC oCENT 4 CM,CMEAN, COFFDOTAHI
oMZANPY (M2 CORECILOUNTZCPyCPI 2y CPI34CP 144 CPIS,CPI6,LPOZyCPG34CP04,COFEDOTAH0
PSS UAMPy CCPyUEL FLUSDFACTyEMACHEPISONyFACTMy G 9GAMMER yGASK 96Uy GR2y DFFDOTOY
ote FIGHy HIPPESy 141Gy IGU s ICUTTRy IPASSedsdde IMe N1 o JOULE s Ko KDEL 4 KKy Ly OFFD0792
oLASToLCLaLEVELyLSToLSTAGL My MACHMAXP ToMINPT 9N NBLADE, NDAT A, NLINESOFFDOT93
svNSFTSyNSPEEDYNTUBES¢NXoNX1yOFF 9 OK yPHI s PLONs Qo RAZRADT AN, RDFLO, REF, OFFDOTO4
«RESTARyKMALHy Sy SULIDy SPEED ySTOP ¢ Ty TERMDy THICK ¢ TIME »TOLAT 4T OLCX o TOL OFFDCT795

«MINy TOLRy TONE Vo VM I, YES OFFD0796
DIMENSJUN  VOEP( 2Z2,511) OFFDOT7497
2INT(11=0.0 OFFDOT98
GU TO (50+90),1FCON OFFDO799

OFFD080O0
*** CALCULATES INTEGRAL OF VDEP * R OR OFFDO8O01
OFFDO8Q2

DO 15 J=1.NTUBES OFFD0BO3
DALI)=(VIEP (To J)*RU T J I+ VOEPIT o J# 1 I*R UL J4 L) I (R(] o J+1)-R(1,J) ) %.50FFDOS0%
KINT(J+1)=RINT(J) +DACI) OFFDNROS
Gl TO L8 OFFDOROG

OFFNOBOY

*¥% CALCULATE NTUEBES VALUES OF INCREMENTAL INTEGRALS FOR CURYE DFFDOSOR
VOEP vSe R (R(J)} TO R(J+1)} OFFD0809
OFFDO8 10

D0 1i5 J=1sNTUSES OFFDO8 11
VALS)=(VIEP (T4 )4VOEP(T4J+1) I*¥(RUI4J+1)1-R(I,J) )%, 5 QFFD0O812

RINT(J41)= RINT(J) +DALI) OFFDOA13
8= RINTLJR) OFFDO814

— ... DO _200_J=1sNLINES R . OFFDOB1S

RINT(J )= RINT(J)-B OFFDO0B16

RETURN OFFD0817

B-37
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05702768

K Fl ce -tk SCURLe S TATE MENT - IFNES) -

SLOEJNCTION RidELctANL) OFF02269

L RS oty COEFLe) NFFD27270
TR C tF /‘\jo’;ZJIBL(;'L-.‘.‘y Gt 324U Ty OFFD22 M
[ G 2 1247068, ~13302.3483, NEFN2272
v bl lu/ NFFI22T3
BTy NFFI2274
Norbk. EUCOERCIIAlCLER I I+ (CTERL 2D+ (COEF(4) e (COEF(S ) 4COEF (L) *A) %A)  OFFD2275
poa)RANRA GHFO2275
[EAIREVIN & JFFN2277
. OFFDz278

B-39



95702764

LiiS= s - CFN SDUECE STATEMENT -  EfN(S) -

Ll FUNCTION LOSLC(AKGePERHT,TYOE) OFFD1564
NFFDLSOS

- CBTAINS LJLS PARAMETERS FRUM THE INPUT MAPS AS A FUNCTIUN CF  OFFULLA4
U=FACTUR AND PERCENT BLADE HEIGHT FROM THE RONT. arFiysa?
LICICAL  CIRCLEs SIXTYS CFFD1558
K EAL IieF, JOULE e MACH » GFFN1S593
A TIUTAL, MINy MINR, MOUT , NEFDYST0
x 1GUTR OFFN1S71
INTIEGER HLANE, COUNT OFFDLS T2
Lot tcar TFF, 2Ky RDFLD, NFFN1573
X ISTAZ, ot HEFOLS T4
INTECLR  Puly OFFDLST75
el KQBLeKOCL e QFFN1ETS
LUMACN  IvECTor/ CFFJL= 1T

SALPHALZS 1LY 9 ATAKICSs 1) yBETALZ29,11) ¢BH(32) yBLADE(ZS )BT (22),CIRCLUFFDLISTS
et 3 )eCOL22el1)elPCLLO)sCR{32911)CSLCPEL32911),CULR2,11),CX(32,110FFN15TS
e e CXMU LT} gCXNCIWl L1 o DAULC) 2DELMILIVQUEPVIIZ 91 1) 2DF (20T JUFLOW(3L2) o (OFFOD1540
LMl 32 Yo FUOMNME D) JFEUNDI 209 39 L) 9 LREFI2E511L ) o LTYPE(ZS) 4 METALIZY 9y METOFFD1ISA3L
sHUC LS oMINCBy 22 ) e MIMR (39 25) yMUUT(B925) s MOUTRIB 25 ) o NINI25 1y NRAD(ZOFFD158
e ) o NSE25 ) gNSSU 5 )eNTCUZE) oNTHI25) oNXE TU25) yOBAR(2S 4111 ,CFFU(25),PUOFFN1593
e (32911092 (329L1)RADTI 395D eRADI(8B925) yRCURVE(32,411)4,RH(32)KINTCiLOFFNL584
hoWPNME L) e PSUIL) o RSLOPEL3 9 1) o RULE(2S) 9o SHAPE(25) o SIXTYS{25),SULE, 2OFFN]5AS
e ) e 3LRIBs 2 oS30 Ee ) oSSRUES 25 o TERMC U1 ) o TH(B 3250 sTHC (J 925) y THCROOFFL 1585
e e THRIB ¢ 22 e TITLE(ZE) s TUL3Z4 11 ) TSTAT(LL) 9y X{(22) OFFD154a7
CUMMUN  /SCALAR/ QFFD15R8
e Lo AAyALOACY A2UCACYAZU3L094404A0,A5S05A09ANG 9B BB ¢CC yCENY » CMyCHEAN,COFFN1589
MEANP CM 2 gCORECYy CUUNT oCPoCPI24CPIB34CPIa,CPISHyCPI6CP(Z2,LPLC34CFU4,COUFFDL59D
«PUS 9y DAMP 3 CCP o UELFLC o UFACT S EMACH s EPISUN,FACTM,G oGAMMER , GASK9GJ ¢ GR29 OFFD1591
eHyhIGH  HIPKES 3 19 Tos [GO s JOUTTRy IPASSed 9 JJ oMo IM] y JUULE ¢ Ky KDEL KKy L, IFFO1592
el ASToLC Lo LEVEL L SToLSTAGEgMoMACH, MAXP T4 MINPT yNoNELADEZNDAT Ay NLINESUFFD1593
s NSETSoNSPEED oNTUBESyNAyNXLoOF F UKo PHI s PLOMy Qe RAGRADI AN, ROFLDy REF, OFFD1594
e RESTAR sAMAC Hy SoSLLIDSPEEDsSTOP 3 T TERMD g THICK o TIME 4 TOLAT 9TOLCX o TOLOFFD1595

2MINy TOLRsTONLES Vs VM, YES OFFD1596
IFFNLS597

INTEGLR TYPE, FIRST OFFD1598

FlkST=1 OFFD15939

FIST=FIRST+1 OFFD1600

IF (OF(F IRST Jal.TeARGANDFIRSTSLTL20) GO 1O 10 OFFD14601

Jd=1 QFFD1602

If (PERKT .GT.0.,5) JJ=3 OFFD1603

UDEL=CARG-DF{FIRST~1) I/ (DF(FIRST)-OF(F [R5T-1]) OFFD1604

FCTL=((FOUNDCFLKSTocsy TYPL) -FOUNDUFIRST-142+TYPE))®ODEL) OFFDL60S

X +FOUND(FIRST-1ec +TYPE) OFFN15006
FCT2={{FIUND(F [RST 3 JJs TYPE)~FCUNII(FIRST-1,JJ+sTYPE) )*DEL) OFFU1607

X +FIUNDCFIRST-1,JJsTYPE) OFFND1608
CEL = FCT2 - FCT1 OFFD1609

LUSE= FCT1 4#6.25%DcL*{PERHT =0.5) %2 JFFDL610

K FTURN OFFLL61LL

[ OFFD1612

B-40



05/02/68

LISHh. -~ ¢FN SOURCE STATEMENY -~ 1IFN(S) -
2B GUTINE LUSS : NFFN2321
= t3TIMATE THE BLADE RCwW LOSSES OFFD2322
CLiMMCN JCET [T/ KUTOR(ZS) OFFD2323
LOMMON /FULL/Z BUCKET, NOW OFFD2324
LiGICAL CIRCLEs SIXTYS QFFD2325 _ .
TLAL IKEF, JOULE » MACH, OFFD2326
X AT TAL, MIN, MINR, MCUT , OFFD2327
X MuUTR OFFD2328
INTZGER RLADE, COUNT QFFDN2329
LasicaL CFEy 0Ky RDFLO, OFFD2330
A KES5TAR, TUNL L . ' OFFD233}
INTEGER  RULE OFFD2332
<AL KDEL ¢yKOEL? OFFD2333
CIMMUN VR L TURY/ OFFD2334

«ALPHAC 23, 19 ATARCCEg L1 o BETAC29411) 9 BH{32) oBLADE(25)4BT(32),CIRCLOFFD2335
et o) aC0300 009 CPLULE) o CRE22911)9CSLOUPE(32911) 4CU(32411)9CX(32,110FFD2336

e Yo CXMUI1sCXNEM(LI1) sDACIC)sDELMILL) 9 DEPV(32,01)+0F(20) ,DFLON(32),FOFFD2337

eLum{32)y FURMIZ5) 9 FOUND(209 39 10) o TREF(25,11) ¢ ITYPEL25) 9 METAL(2) 4 METOFFD2338
oHUDIZ5) o MINEBy25) 9 MINR(B425) sNOUT(8425) s MOUTR(8425) 9NINI25) ¢ NRAD(20FFD2339
@21 aHSUL5) SNSSULIHIaNTCU25) yNTH(25) yNXITL25) yOBAR(25411) o OFFD(25) 4 POOFFD2340
el 29111910324 11) sRAD(B425) yRADR(B25) ¢RCURVE (32411),RH(32) yRINT(110FFD2341
.)vHPMll)nRS(JZ)oRSLOPE(BZ.ll)vRULE(25)tSHAPE(ZSi.SIXTYB(ZS)pSO(B'20FFDZ342,

03925) g THR(B 9 25} s TITLE(3€)»TO(32901)e TSTAT(LL) 9X(322) OFFD2344
CUMMON  /7SCALARY OFFD2345

- »AsAALALUAQsA202A0+A303A01A404A09A5C5A0,ANG s89BB+CC yCENT o CMyCME AN, COFFD2346

eMINy TOLRs TONE 2V VM I, VES UFFD2353

PEAL  LOSE OFFD2354
—— . .REAL  MSICE | . : . OFFD2355.__
c **% OBAR CONTAINS THE LOSS FUNCTION OFFD2356
OFFD2357

SHUCKIX)= Q —=V*ATAN{SQRTIIX ~1.0)%(X +1.0))/V) +ATAN(SIRT( OFFD2358

X {X ~1le0)%(X +1,0))) OFFD2359

- CE= «TRUE. DFFD2360
— . . I5TA= MAXC(SsNOMW) = _ . OFFD2361 _

D3 560 I=1STA,LSTAGE OFFD2362 .

- OFFD2363

C **% BY-PASS THIS CALCULATION FOR AN ANNULAR PASSAGE DFFD2364

OFFD2365

. Ir (RUTUR(I-4}) 10,495,10 DFFD2366

—— . id LU 490 J=14NLINES . - OFFD2367.

DUAR(I-44d)= 0.0 UFFD2368

AA= CX{I-10J1%%2 +CUI-14J)%%2 +CR(I-14J)*%2 OFFD2349

H= -AA/GJY JFFD2370

T= TC(I-1,J) OFFD2371

OFFD2372

L **x CALCULATE THE INLET STATIC TEMPERATURE OFFD2373

OFFD2374

CALL eNTALP OFFD2375

#MEANPy CM29COREC s COUNT 9 CP4CPI2eCPI3CPI4oCPI54CPI64CPO24CPO%9CP U4y COFFD2367
«PUS5, CAMP 9 DCP o DEL FLO3DFACT 9 EMACH. EPISON, FACTMyG yGAMMER ¢GASK G Jy GR2, OFFD2248

eLASTILCLoLEVELsL SToLSTAGE s My MACH ) MAXP ToMINPTyNoNBLADE, NDAT Ay NLINES OFFD2350

s o HISETSyNSPELDYNTUBES ¢ NX9NX19OF Fy OK4PH1»PLOW, QyRA,RADIAN, RDFLU, REF, OFFD2351
sRESTAR yRMACHy Sy SOLID s SPEEL e STOP ¢ Ty TERMD g THIC K TIME s TOLAT yTOLCX » TOLOFFD2362

B-41

200 2 SUR (B 22519551 8225) ¢ SSR(8925) s TERMCEL1) sTH(B425) o THC (8 925) s THCR( OFFD2343

,.H:HlGH;HIERESll:leJGO:IOUTTR,IPASS,J)JJJJH,JHI,JOULE.K.KDEL.KK.Lv0FFDZB§?_“-
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LSS - LCFN SCURC” STATEMENT , - IFN(S) -~

sk 400 Tatl wM_ L SPErn TERM FOR A RGTOR

i {KU]\)R(I-’D)QLIQUQG,

A —2.0%CU(I-1+J))

1

[,

MAr

% CUAPUTF TH: RUELATIVE (AGSOLUTE FOR A STATOR) VeluClTy

AiND MALH NUMEER

L4= SIAKT(AA)

#MalH= SORTLAA/{UKe*¥GAMAERE*TSTAT{J)))

V= SORTE(CAMYSK +]1,0)/(GAMMER -1,0))
F#xx LT SHILK ANGLE PARAMETER

= SULIN'Y (RUI=19dYeS3RELgI=4) 35011 -4)yNSSUI-4))

FoTALL L) SUINSLRUI=10J) s MINKE 11 -4) yMIN(LoI-4) 4NIN(I=-4) )

MoTALEL)= ATARCTANIMETALTLY)/3QRTL 1.0 +RSLAPE(L-1,J)%%2))

A= AeTal(l) +IREF(I-44.0)

W= A -Q/RADIAN

#%% CALCULATE THE SHULCX LOSS

IF (MACH.LT 4160} (O TU 70
w=dt G =~oHUCK(MACHKH)
INR(I=44J1= U0

EMACHE (W0

d)= 0.1

IF (QeLT.0s0) UG Tu SC
EMALH= Q*Z.Z +ie0

GO 20 K=1,.500

ViAT= SHUICK( =4ALEH)

IF (ABS(YMI)eLteQaQUL) GU T2 J0
ENACH= Vi1[*2,06 +FiACH
CunTINUE

CALL ERRUR( L2)

i¥ (MACHG.CE &1eQ) ' TD 10C
EHAACH= MACH®{ .0 +LACH)I*CLS
IF (CMACEW L Ceieu) LT T2 129
SU TO 114

4 ACh= {(EMACH +#MACH)*UaD

B2 Jea®¥(GAMMETA +1.0)
Us 3¥{ GAMMER ~- 140}
CLT GAMMIER/(GAMIMEIR =1 ,C)
COARCI=49d)= (1ed —({A®LMACH*%Z) /
(.ol +HXCMACKH%%:Z))
*n-(C 4l 2.08CAMM IR
/ (GAMMER +14J0)*EMACH*=%2

[,
3=

-d/A) %%

(;eU/01aU0 —CAMMEK)))
/(e —2a0/(1.0 +p% MACH®%2)
#xCC )

Dol INYE

AsRS(L)=RM(I) _ . .
CC=tR{I-LteJ) +RU19J) %0 %)

B-42

QA= AA +RPMIN)I*R(I~1,J) ®(RPM(N)&RUI~LsJ)

057027067

AFFVZA e
JQFFDo2T77
DFFNZ23T74
CFFDZ379
QFFN233)
CFFD?2381
0FFD23432
OFFD2333
GFFD2334
QAFF021335
OFFD2380
UFFN2387
OFFD?2388
OFFD2385
JFFD2390
GFFD2331
OFFD2393°2
OFFD2393
OFFD2334
OFFD2395
CFFD233%
IFFL2397
NFFD2338
JFFD?399
OFFD 2400
aOFFD2401L
IFFD2402
JFFN2403
UFFD2404
OFFD2405
OFFD24046
OFFD2407
NOFFN2408
GFFD2409
OFFD2410
OFFD2411
IFFDLGY2
UFFD2e13
JFFN241s
OFFED2415
JFFD2410
NFFD2417
CFFN2418
OFFV2419
(FFD2420
GrFD2421
NFFD24 22
OFFD2423
OFFD2424
OFFD2+25
UFFN2426
OFF02427
JFFD242%
OFFD2423
OFFN?4 30
CFFNZ43]
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LiiSLa - EFN SCURLFE STATEMENT -~ IFN(S)
Bexc Ol THE suliuivy

SILLIR= SLUNE(LCs SORLLeI-4),SULL141-4) 9 NS(1-4))
IV (ROTURLT=4)eLTeCeG) GO TO 122

Ex COMPYTE Tk OIFFUSION FACTUOR

LEALT= o0 ~SURTHICX{TJ1%%2 ¢CRIL,J)*%2 +(RPMIN)*R([4J)
X %%:))/CM +{RPMINI¥(R(I-19d) -R(I4Jd}) +CU(I,IN
X /7sutlu/Cp

o= HETAl Je d)
o fU 124

LEACT= 1e0 —SURTICX(T9J)*%2 +CRUT 2 J)*32 +CU(TI4J)*%2)/CM
X =GOS CULTWJ) =CUlI-1,J)}/CNK/50L10

2T ALPHA(L s u)

Lun T INUE

LEACT= AMINLINRFACT, Coec0)
CENT=(R(IsJ)=RH{I})/A

*x¥ ALD TH: PRUFILE LGSS

CUAR(I=44J)= OBAR(I-49Jd) +LOSE(DFACT, CENTBLADE(I-4))
X *#2.0%50L1ID/COSCAMINL(BB,1422))

LEPVIIsJd) = OEaR({I-4,J)

It (ROYOR({I=-4)) 12495004140
FEF= ALPFALI-1,J)

CENT= Do

55 10 15y

rtF= 32TA(E-1,J)

w_F= ReF -METALL 1) ~IRLFUI-4+J)
At Fs KEF*RAUTAN

1F {REF.6T0,0) GL TO 1&C

*x% ADD ThE UFF-DESIGM LOSS

AA= MSIDEIMACH)*REF*%2

Lo T 1e>o

AA= PSIDE(MACH)®REF%**?2

tF (AALGOT LU3ARII=44J)) AA= =2, 0%0BAR(I-%4J)
CBARI I-49J)= OBARUI-44J) +AA

*¥#%x CALCULATEZ RUTUK EFFICIENCY BASED UN LIJSS
*x¢ CALCULATE THE STATIC £NTHALPY MINUS THE TOTAL
INTHALPY

= —[CXEI=1ed¥¥%2 +CRII-19J)%%2 +CULLI~-14J)%%2)/GJ
= [ClI-14J)

*%x% GbT VH: STAIIC TEMPERATURE

“ALL  ENTALP
g= THERM3(T)

*%* CALCULATE THE STATIC PRESSURE AT THE ROTOR INLET

B-43

“CUI-14J))%0,.>

05702769

NFFNZ2as52
OFFD243)
OFFDC6 34
OFFDZA3S
AFFD.435
OFFLZ437
UFFD24138

-CU(14J))OFFD2439

UFFD7440
UFFO244]
OFF 32642
NEFD244%43
0FFD2444
OFFD2445
OFFD2445
OFFD2647
CFF02448
OFFD2449
UFFD2450
OFFDc451
DFFD2452
OFFD2453
OFFDZ454
JFFD2455
OFFD2450
OFFD2457
OFFDZ458
OFFD2459
DFFD2460
OFFD2461
OFFD2452
OFFD2463
OFFD2464
NFFD?24 5%
OFFD2466
UFFrD2467
OFFD2468
OFFD246S
OFFD2470
OFFD2471
OFFD2472
OFFD2473
OFFD2474
OFFD2475
OFFD247¢
OFFD2477
OFFD24T78
OFFD2419
OFFD2480
OFFD2431
OFFD2492
OFFD2483
OFFD2484
OFFD24495
OFFD2486
OFFD2487



1’0
130

200
210

LuSS. - EFN SOURCC STATEMENT - IFN(S)

PSTAT= PO(I~-1sJI®EXP({THERM3ILTSTATIJ}) -B)/0CP)

If (ROTOR(I-4)) 200450C,180

CUNT INUE

H= RPMINI®R(I=-1, J)*(RPMINI*R(I-15J) —2.0%CULI~1+J))/GJ

CCALL . ENTALP

sx% COMPUTE THE TOTAL RELATIVE PRE SSURE

PREL= POl I-1s JI*EXP((THERM3{ TSTAT(J)) ~B)/0CP)

H= APMIN)®& 2% (R(I,J) -R{I=1yJ))*(R{I¢J) +R{I-143))/GJ
= T15TaTtJ)

B= THERM3(T)

CALL ENTALP

*2x COMPYIt THE TUTAL IDEAL PRESSURE

P I0DEAL=_P REL *EXP({THERMZ(TSTAT(J4)) -B)/0CP)

*%k CALCULATE THE EXIT RELATIVE TOTAL PRESSURE FROM THE

LOSS COEFFICIENT

P= P IDEAL -ABS(CBAR(I-4,J))*(P REL -P STAT)

= RPMINI*R(IsJ)*(RPMINI*R(I+J) —-2.0%¥CULIs I D/GI
= TUl1ed )

CALL ENTALP

*#x COMPUTE NiEw TOTAL PRESSURE AT ROTOR EXIT

p= _PHEXPALTHERM2(T 1 ~THERM3(TSTAT(J1} ) /0CP)

G4 TO 210

P= PO(1=-1¢d) -ABS(CGBAR{I-4,J))%(PC(I-1,J) —-P STAT)
CUNT INUE

IF (ABSU(P-PUlI¢J))/P)eGToTULAT) CK= JFALSE.

430 PULLedd=P o

. 43)E
- 496
£00

GO TO 500
0J 496 J=1sNLINES
PO(Isd)= PO(I-14sJ)
CONT INUE

_%%% CRECK >TAGE EFFICIENCY FOR CONVERGENCE

NN=LSTAGE+]

GO0 965 I=NNgNX

DU 965 J=14NLINES
PULLd)=PClI-1,J)

. KRETURN

END

B-44

05/02/68

OFFN2498
OFFD2439
OFFD2490
OFFD2491
OFFD2492
OFFD2493
OFFD249%
OFFD2495
NFFD2496
OFFD2497
OFFN2498
OFFD2499
0FFD2500
OFFD2501
OFFD2502
NFFD2503
OFFDZ504
aFF025Q5
OFFD2506
OFFD2507
OFFD2508
OFF02509
OFFD2510
OFF0D2511
OFFD2512
OFFD2513
QFFD2514
OFFD2515
OFFD2516
OFFD2517 _
OFFD2518
OFFD2519
0OFFD2520
OFFD2521
OFFD2522
OFFD2523
OFFD2524
OFFD2525
OFFD2526
QFFD25217
OFFD2528
OFFD2529 __
QFFD2530 .
OFFD2531
OFFD2532
OFFD2533
OFFD2534
OFFD2535 _
OFFD2536



G

03702/75¢L

“Aline - LkN SUURCE STATEMINT - JEN(Y) -

- LAY THE L0SS DATA €MNTe THs Fllle OFFL0002
FRERAY § . 14 CI2CLE, SIXTYS LEFEDD0D 5
¢ o-AL i Fy JOULEL MACH o (OFFI0US

X LAl Ml M iNKy MOUT QF=EnoLay,

XoLUTR OFFCO0S
LT 2GR LLEDE, CUUNT QFEDROOOT
LeGICaL 1iFFy K RDFL Gy : OFFDNDO0SY

a CoTAH, Tk OFrDI009
N Lk Pl NFFDOO LU
Lol KDzl ek el i OFFDCOL
ComMON VOO T OFFQLNL2

-3L0Hb(351llivﬁfhK(i“rli’yﬁf]A(??.ll,'H”(ﬁf)'BLADL(Cﬁ).PT(3£"L12CL”FF00013
oL(ll)1bU(ff'11]1CPLU|6)'LP(JJ'II)ICSLHPL‘QJDLI)1CU(320]l)vCX(Jill]nFFOOOI‘
a'vL!F(;I).CKN;R(‘l"UA(lL)1DE1F(11,QUEPV(3?111,|DF|20,9HFLﬂﬂI?g),FUfFﬂOJI5
-Lih(BL)pFUKﬂ‘;J)v*bUNU(iC'ZQLG"]RLF(Zhvll’QI'YPF(ES’vNiTAL(Z'!HEYQFFDOOIS
.H‘L(Z?),H]Vl8,1&)'HINR(3125’oHQUT(8'25).HCUTK‘qp?5).N[N(QS),NRAO‘ZUFFUUOI7
N MY | 5)nNSS(JE)oNTC(JE)'NTH(:5).NXIT(Zﬁ)nadAR(ZDvl]'IHFFU(:7'|PJJFF00018
sl ~coll)e P U{3.,911) A de st }eRALR(B425) rPCURKYZ (3 911 ) g KHL 5 ) HINT(LLOFFN001Y
.)'H“h(-’v&)(ﬁﬁ)v%SLﬁPLlllvll1'rULE(Z5'vSHﬁpE(25’vSerY5(£5)QSQ(5'2UFFUOCZO
.L)QBDA(U';)I.55(61&5,155R(8'23,']CRMC(11)’]H(8'25’1THC(5'25)'THC¥(UFFDOO£1
.\ozﬁ)vlHV‘&,ZE'v]l]Lt(dC)tlb(?d:ll)'TSTbT(ll)OX(3Z) OFFDO022
COMMMUN /SCALAKY GFFD0023
‘A.AA.ALLAU-QZUZAU'A3UBAO|AQUWAU’A505AO'ANG|BpBBQCCyCEN1oCHvCMEANQCDFFDOQJQ
s AP TM - 3CURES p LD NT.CP,LPIZ;CPI39CPI"C015'CPI6.CPDZ1CPG}.CPU4'COFFDOGZS
.fhf‘DAMPoCLP'DtLrLU.DFACT.E”ACH'EPlSDN,FALTH,G'GA“MER'GASK'GJpGRZyUFFDOOZ&
-HgfIﬁH|NIPQE5’I'IU'IGU']UUIIR,lpASS'JQJJ'JH)J"IQJOULEQK'KDELyKKpL,OFFUOOZ?
-LAST.LCIrLEVLLvLSToLS'AGE'M'MACH,MAXPT'”INPT'N,NBLADE,NU&TA’NLINESUFFDOOZB
"hStTS'NSPEEJ'NTUBtS'NX'le'UFF.UK’PHl'PLO“IQ'RA'RAOIANIRDFLC'REF'OFFDOOZQ
.kﬁSTAR'HMACH.SoSULIU.SPEED,STOP.T,TERMD.THICK'TX”E:TOLATQT“LCX'TOLOFFDOOEO

UM TOLR g TONL ¢ Ve VAIg YE S OFFO0021
FEAOD (509100 (0 OFFDN032
FURMAT (1.) DFFDO033
VL 9,0 I=le 15 OfFFDO034
REAL {59525)  (LCX(Ky ) vK=1920) 9d=195) UFFDCO35
ARITE (4] (HCX{KeJ)9K=1420) 9d=193) OFFDO0 36
AU FILe 2 OFFDOO 37
PERIND 4 OFFD0O>8
PUEMIAT L eF Lau) UFFD0O033
CALL DOSS OFFDO04O
< LVURN OFFDUOSYL
el - OFFD0042
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OUTl. - LEFN SUUPCE STATEMENT - IFNLS) -
subnldTENE NUT] OFFN25TS
CL¥MUN /GET L1/ QTUR(2S) CFFL26T7
L2GICAL CLRCLE,  SIXTYS OFFD2678
~t AL 1o e F, JOULE, MACH o JFED26 T
X Lt TAL, MIN, MINR, MOUT » NEFD264ND
X “LUTR NFFD2691
PHVTEGER JLAOJE, COUNT UFFD263¢
Lou AL IFF g Ky RDFLCy NFFD24A3
X FeSTAR, TUNE OFFD2584
INTECA RULCS OFFD25%85
el KODEL,KI:zLZ OFFD26356
SAMMUON VR ITRRY/ DFFD26137

e fLFHAC 279 1L Do ATAS( 59l L) oBETA(29911)48BH(32) ¢8LADE(?5)4BT(32),LIRCLOFFD2638
il e )eCul 22911}, CPCOLE) LRI22911)CSLOPE(32911),CU(32911)+CX(224110UFFD?2689
e JeCXMULYL) CXNZw (1) e OALLC) ¢ DELMILL) 4 DEPVI32,11) 4UF (20)UFLUNL22)FOFFD2690
aLUW(3: ) g FURME 25) o FUUNU{ 20 3910) s IREF(25411 o [TYPE(ZS) s METALLZ) ¢ METOFFD2691
SHUDUZ3 s MIN( B9 251 s MINRIB25) yMOUT(8925) yMOUTR{R 425 ) 9 NIN(25) s NRAD{2OFFD2692
05 ) andSL25) oNSS IS 1aNTCUZ2S) ¢ NTHE 251 o NXITU25) sUBAKL23,L1) s GFFD{25) 4 PLLOFFD2693
aloZe 1 )aRU329 110 sRADIB425) 9RADR(B425) yRCURVEL32,411)yRH(52) 4RINT(110FFD269¢
e o hPMOLY) g RS U 32) o RSLUPEL 329 1L ) g RJILELZ2S) » SHAPEL 25 ) 9 SIXTYSU25) 45018 2 OFFD2635
e ) sSURL3 9250955085 5) 9SSR 1B 29) s TERMCELL) o TH(B 2% ) o THC (B 925) y THCRIUFFU2696
e30c5) e FHA(3 925 ) o TITLEC22) s TGU3 w11 ) o TSTATLLL) ¢ X(32) OFFD26977
COMMUN  /7SCALARY/ CFFD26938
eAsAAJALLAL, A20ZA01A303AD3A404A U9 ASOSAO 2 ANG 4B BB 4CC sCENT 4 CMyCMEAMN,COFFD2699
eMLANP LM gCORICeCUUNT 9CPsCPI29CPI3sCPL4+CPIS5sCPI5+CPU2,CPO3,CPU4,COFFD2T700
sPULSCAMP 4 CCP o DELFLC DFACT yEMACH s EPISCNsFACTM G 2oGAMNMIR yGASK LSy GR2y OFFD2701
ho FIGH  HIPRES» L e 1Go IGO0y IOUTTRe IPASSy JoJJ o IMed MLy JUULE 9Ky KUEL»KKy Ly OFFD2712
SLAST G LCYlyLEVELGLSToyLSTAGE ¢MeMACH, FAXP T MINP ToN,NBLADE, NDAT A, NLEINESOFFD2703
s NSETS o NSPEEDJNIUBESyNXyNX1yUFF 0K ¢PHI+PLOWsQsRALRADLAN, RDFL J,REF, OFFD2704
SRESTAR¢RMALHy 39 SCLIDsSPEED s STUP s Ty TERMDy THICK TIME 4 TOLAT o TULCX » TOLOFFD2705

«MINy TULRy TONE 9V o WVMI4 YES OFFD2706
OFFD2707

DIMENS IUN DAY(2) OFFD2708
AACH= 100 L0#2PMINI/SPEED OFFD2709

IF (LEVELLEQ.1) GuU TO 1¢ OFFD2710
~..Gul e so L. . . . OFFN2711
13 mRKITE (0.20) MACHy FLOW(LSTAGE)s As AAs CC OFFD2712
20 FURMAT (Fl4elsFl€a3eFl1le39F1Te394F2063) OFFD2713
GJU TO S50 OFFD2714
ENTRY  READ UOFFN2715
CALL JATELCAY) OFFD2716
.. MRITE (6s40) TITLE, DAY. ... UFFD2T17
¢0 FOFMAT (1HLl /777 ZU24Xi2A6/4) /7/7102n2A4 /7 OFFD27118
X 7X 1OHPERCENT OF 5X 9HMASS FLUW 44X 1OHEFFICIENCY 64X OFFD2713

X 14HTUTAL PRESSURE 4X 1THTUTAL TiMPERATURE / OFFN2720

X 6X 12HDESLIGN SPEED €X 4HRATE 25X SHRATIO 15X SHRATIO / OFFN2T21

X 2zX 3H{L3/SEC) //177) OFFD2722
S0 RETURN . _ . e e QFFD2723
ENG JFFD2724

B-46
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OUT¢. - EFN  SOURCE STATEMENT = IFN(S) -
SUBROUTINE WUl 2 OFFD2726
ConMON ZGET 1T/ RUTUR(29) OFFD2727
LJGICAL CIRCLE, SIXTYS OFFD2728
M LAL IREF, JOULE, MACH , NFED2T 9
X MrTAL, MIN, MINR, MOUT ¢ OFFDZT33
CX_MOUTR o FED2T 1
INTEGER BLADE, COUNT DFFD2732
LUGICAL GFFq UKy ROFL O, OFFD2733
X LESTAR, TONE aFFD2734
INTEGEX RULE . OFFD2735
REAL KDEL+KDEL2 _ OFFD2736
_ CUMMON  /VECTORZ OFFD2737

~ALPHALZ294 11 ) o ATARG 259 11} 9BETA129,11) 4BH{32) 4BLADE(25),BT (32} ,CIRCLOFFN2738
=E425)aC0225 1109 CPCGI6E),CRI32411) 9CSLOPEI32,11),CU(32,11),CX(32,1i0FFD2737
Vo CXMEULL}oCXNEN 11)9DACIGC) yDELMI11) ¢DEPV(32411) DF (20) yDFLOW( 521, FOFFD2740
SLUNI32)a FORMI22) oFUUND (20439 10) o IREFE25911) 4 ITYPE(25) 4 METAL(2) ¢ METOFFDN2741
#HCCU23) s MIN(B 250y MINR(8425) sMUUT(8925) yMOUTR(R 250 yNIN( 2514 NRAD( 2UFFD2742
.i);NS(Zil;NSS(ZE’-NTC(ZslsNTH(25)rNXlT(25)1UBAR(25yl!)'UFFDIZE),PODFF02743
215201109 R(32, 110 4RAL(Bs25) sRADR(B925) yRCURVE (32411 ) 4RH(32) 4RINT(110FFD2744

« sRPMUL),RS132) 4 RSLOPEL32, 1105 RULE(25) 2 SHAPE( 251 4 SIXTYS(25),S0(8y 20FFD2745
23} eSUR(B 25019 S50 E925) 9 SSRUB.25) ¢ TERMCUL1) 3 THIB ¢25) 4THC (B 425}, THCRI OFFD2746
e2925) s THR(B 925« TITLEC26) 4 TO(32411) 4 TSTAT(11) 4 X (32} OFFD2747
COMMON  /SCALAR/ OFFD2748
___‘A.AA;ALUAO.AZUZAQ.A3QJAOvA§D4AQ.ASUBAO;ANG:B-&BvCCsCENT:CHyCﬂEAN.CUFFDZT4Q
«MEANP, CM24CORECy COUNT 9 CPoCPI 2y LPI34CPL14yCPIS4CPI64CPO24CP0O3,CP04,COFFD2T50
«PUL 9y DAMP . CCP o DELFLOs DFACT 9 EMACHsEPISON.FACTM G yGAMMER 4 GASK ,GJ s GR2y OFFD2751
.H.hlGH.HIPRES'luIG:IGO,IOUTTR'XPASS:J-JJ'JH:JHl9JOULE,K9KDEL.KK'L.OFFDZ752

: 4LASToLClsLLVEL.LST:LSTAGE-H:HACH.NAXPT-NINPT-N.NBLADE.NDATA.NLINESOFFDZ753
..NSEIS.NSPEED.NTUGES'NX.NXI.DFF.DK,PHl.PLOﬂ'Q:RAgRAD[AN;RDFLO'REF.OFFDZ754
._.4ﬂE§IARoRHA£H45.SﬂL1Q;SPEEQJSIDE&IJTERHD‘TH[CK:TIM&,TOLAT'TOLCX9TOLUFF02755

«MINe TOLRs TONE 9V, VMI, YES OFFD2756
LIMENSION TERMB(11)e TERM1(11) OFFD2757
WRITE (4L45) TITLE OFFD2758

5 FURMAT L 1HL//7/775024X12A€/) 9777 3X 3(24X 10HCUNULATIVE) 46 X4HMASS/ OFFD2759

X oH STA-  6f 3X 14rMASS AVERAGED ), 7H FLOW / OFFD2760

——X.oH _TIuN 2{3X 14HPRESSURE RATI10) 20 &X 13HTEMPERATURE )y OFFD2761

X 2( 4X 13hEFFICIENCY le 74 RATE / OFFD2762

A 35n 20 12X SHRATIO )e//7 ) OFFD2763
P. IN= PU(1l,1) OFFD2T7544
T IN= T0O(1,1) OFFD2765
P LAST= POl{1,1) OFFD2766

—e - FOLAST= TOfe b . . OFFD2767

CMZ= THERM1(TU) OFFD02768
BU 100 I=5,LSTAGE OFFD2769
IF (ROTUR(I-4)eEQ.0.0) GO TO 100 OFFD2770
DI 10 J=1eNLINES OFFD2771
= —(CXUL1sd )%%2 +CRUL,J)*%2 +CU(T,4J)%%2)/GJ OFFD2772

—— iz T Lsd) . —— L o OFFD2773

CALL ©NTALP : OFFD2774
DEPVULosJ)= CXE14J}#POL14J)*EXPLLTHERMI(TSTAT(J)) ~THERM3(T))/0CP) OFFD2775

X A TSTAT(J) /GASK UFFD2774
CUlled)= DEPV(IsJI*PO(I4d) OFFD277T
LCURVE(TeJ)= DEPYLILJ)I*TOl1,J) OFF02778

-t COUNTINME - OFFD2779

LALL _INTEG [DEPVel) - OFFD2780
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JUT -, - EFN SQURCE STATEMENT - IFN(S)

1oTAL = PINT(NLINCS) ~-RINT(])

WALL INTESG (C2y 1)

2 BUT= (RINTENCINES) -RINT(1))/FOTAL
SALL  INTEG (RCURVE, L)

T CUT= (RINT(NLINES) -RINT{1))/TOTAL
AA= P JHT/PO(1,))

PULER IS FARVABEDY) . .

IF (ROTSRII-4).LT.0s0) GO T3 20

P LAST= P IN

T LAST= T IN

to= P OUT/P LAST

r4= T JUF/T LAST

F 1= P OuT

T IN= T uuf

Calt  THLRM2(BB,T CUT.T LAST)

EFF= 0.0

IF (TIn<EC.TLAST) GOU TU 24

EFF = {THERMLIT OUT) -THERMLIT LAST))

X . JUTHERMI(T IN ) -THERML(T LAST))
CLONT INUE

CALL THEM2(AA, T LULT,. TO)

h= (a0

IF (TINeZQC.TC(ls1)) GU TG 28
A= {THERMU( T UUT ) -CM2)
X_ /(THERMU T _IN ) -CMZL .

2d CLNTINUE

Wi lTE (6420) 1y BBy AAy CM, CCy EFF,

30 FLUAMAT (15s rl2e3s S5F1l7e3s Fl4.3 )

100 CONTINUE

H= RPMIN)/SPEED

L APITE (6e4d)  H . . .. __ . .
2Q FUHMAT (//7/9X21HTHE FRACTION OF DESIGN SPEED IS F5.2 )

AETURA
LND

Ay

FLOW(L)

ULIN2l6n

OFFD2781
NEFN2732
JFFD27A33
OFFN27 34
HFEFEN278%
NFFD2T74d6
QFFD2747
UFFND2TH4
QFFD274)
NFFD273)
(OFFN2791
QFFN2 792
NFFN2793
OFFD2794
UFF02795
NFFN2796
QFFD27T97
NFF02798
OFFD2739
OFF 02800
OFFP2601
OFF021802
(FFDZRO3
OFFN2804
QFFNZ2BOS
OFF02806
UFFD2807
CFF02208
OFFN2809
QgFFD2810
OFFD2R11
OFFD2812
OFFD28B13
OFFD2B14
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ol Ze - EFN SOURLT STATEMENT - IFNIS) -
SOnPOUT IMe 3JUT S OFFD28l6
LOMMON JGET I/ «OTeR({Z9) UFFD2817
Lo ICAL  CIRCLE, SIXTYS DFFD?HIR
~L AL IKCF, JOULT MACH, UFFD/&}Q
X = TAL, FIN, MINR, MCUT , HFEFD2320
Cx MCUTR ) OFFD2371
[NTenscl BLADE, CUUNT nFEN2e 22
LoEICAL CFF, 0Ky RUFLC, OFFD2AR23
X rtaTan, TONE UFFD2R 24
ivTZerR  RubL® OFFDZK25
FUAL KDEL.XDEL? OFFiZ2826
ChwpC 4 /VZCT2/ OFFD2R27

CALERA( -5y 110 ATae( g li) g 3ETAC29401)9AR(32) 4BLADEC S)ybT (37} 4l LRCLUFFN2873
BT et S 23 il )eCPCClE) g TR TSt 1) pCSLUPELI 2411 ) sCU32911 e Ch( 325 1L0FFD?R2)
e da LAMU LI PaC XNl i) o UACLU 9 DELMITLI )W DEPVI3 24110 4D F (20D 3 DFLONI32) o FOFFD2R )
LM (32 ) FORKMEZ5) b LUNDI2C3910) g IREFI25¢11 9o ITYPELIS) o METAL(2) o MET(FFD28 31
eHILE25) g MIN(S 25 )y MINFUB,25) ¢MOUTIBy25) yMCUTRIR 475 ) 4NIN(25) 4 NKADI2OFFD28 32
) aiiSULE) aNSOLIZ )y NTCE2S)oNTRU25) o NXITU25) sUBARIZS 211D o OFFD(25),PLUOFFN2833
el o2l )efi(32 1 ) 9RADIS925) gRAURIB425) yRCURVE(A? 911 ) oRHE42) +RINT {11 0OFFD28134
o PPE L) FS {2 ) o ROLUPE( 29 11 )9 RULEL25) o SHAPE(25) S IXTYS5(25),50(8,2U0FFN2835
05 aSURI 923 s S5(&al5) oS8P LBg Sy TERMCULLY 3 THIB 325D o THC (S 925 o THACR{ OFFD2630
e300 o THR(G s 25 o TITLEC2E) s TIC32911) o TSTATILLD X (32) afFF02837
LuMMuN /SCALAr/ OFFD2828
cﬂ.AA.ALUAUlAED:AU)43U3AU’A409AQ|A503A0'ANG'B'BB|CC)CENTQCM.CMkANpCUFFDZSBQ
oMEANP CM_UsCUORZCHCOUNT o CFoCP L1 29CPI34CPI4,CPIS4CPI6,CPN2,CPNO3,CPD4,COFFV2840
aFLDeLAMP y LCP L DELFLU 9 DFACT s EMACH SPISONSFACTM 5o GAMMER ,GASK,GJy GR2, OFF D284 1
shy HlGhy HIPKES e {e lus GO JCUTIRy IPASSyd o dde IMpdMl 2 JULLE oKy KOEL y KKy Ly OFF 132842
sLAST oL Lo LEVIL oL STyLSTAGE My MACH MAXPTyMINPT 4N yNBLADE, NOATA,NLINESOFFD2843
o ISETSaHSPEEDoNTUBES ¢ NXgNX1 g OFF 31K 3PHI 3PLOWy Q9 RA,RADIAN, RDFLO, REF, NFFD2844

~aRZSTARSRMACHs SsSULIUS SPEEDSTOP s Ty TERMD s THICK s TENE ; TOLAT oTOLCX o TUL GFFN2845

10

Xy

30

aMINGTILE s TON 9oV o V¥ [,YES OFFN2844
LIMONSION  LAY(z) OFFDZ2847
CIMENSIC W STALLLL)s STAL(2) OFFNZ2R843
LEIMENS LON TERMI(11) NFFD2849
LATA  BLANK, STAL /7 4H v 4h STA, GHLLED / OFFD2850
wi) 3 J=1aNLINES . - ) OFFD2851
RINT(D)= Q.0 OFF02852
CC 40 I=5,L8TAGE OFFD>853
If (RKOTCR(UI-4)) 0440010 DJFEFD2854
CINTINUE OFFD2855
L2 20 J=1sNLINES OFFN2855
CAMid)= TCOI-1,4) . _ . o OFFD28ST
TOrMlGdl= PR{I-1,4) NFFN28S8
CALL  THERM2(IPC{ [4J)/PCLI~1s D)o Vo TGII=1,J)) OFFN28%9
ZINTOd )= THERML(TO(IJ)) ~THERMI(TC(I-1,J)) OFFD28 60
ATARUI-44d)= (THcRMI(T) ~THERMLIITG(I-14J0) }/RINT () OFFD2BAL
GuU TO 42 OFFDZB6?2
£0 38 J=isNLINSS . . _ . _ . OFFDZ286)
17 (RINT{J)oEQ.0.0) GG TG 35 NFFD2864
CALL  THERMZ2(PULIZJI/TERMLIJ) o T,CXM(J)) OFFD2865S

TAR(UI-4+d)= (THERMI(T) -THERML(CXM{J))IZRINT(J) CFFD28h6

L TC 53 OFFD2867
ATARC =49 d)= (PC{I-14d) =PO(LeJ))/POL]I,J) OFFD2B68
LUNT INUG . U, OFFD28B69
CuhTINUE - OFFD2870

B-49
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124

125

126

- 130

yul 3, - ELFN SOURCE STATEMENT - IFN(S) -~
CALL DATE (DAY)
lv= u
(o= u

L 500 [= 319 NX

WRITE (o 9500 OQAY,TITLE
IF ([elTa5,0ReleGTLSTAGE)
IF (RITURLI-4)) 100411C,120
Io= I35 +1

a2 1TE (6 43¢) IS

GO TG 128

nelTE (/ 954) 1

s TO 125

1h= [R #+}

ARITE (6 45 7) IR

wRLTE (o 455)

WeITE (6 956)

Ly 150 J=1s NLINES. IOUTTR

A= CX(1,d)%%2 +CR{I,J)*%2 +CULL,J)**2

= ~A/Gd

= 1001,J)

CALL ENTALP

LALL  uAM

AA= SYRTUGR2¥CAMMER*TSTATLJ) )

A= SwAT(A)

5= KPM{N)IFR(1.J4)

V= SQATILX( LoJ)*%2 +CRUIJ)%**2 +(CUlLsJ) -O)*%2)
MALH= AZAA

EMACH= V/AA

CXM(J)= MACH

IF (ROTURLI-4).GTeGeC)

GO TO 110

CXM{J)= EMACH

W ITE (6 ¢58)  JsR{Llsdls CX{IsJ)s CUlLleJd}y CRUIsJ) 9 Ay MACH,

X Ny EMACKF, B

- 1330

105

W= 1TE (6 »00)

WAITE (o6 +55)

IF (1elTo5.URefaGTLLSTAGE) GUG Ty 153

If (ROTOR{I-4).Nta0.0) GU TO 155

WRITE (L 256) P . . R

6J To 210

WRITE (b 462)

CO 180 J=1sNLINES, IGUTTR

ARC= (RUIsd) 4R{I-1,4J)])%C.5

RINT(J)= SLINELARG 2 SOR(1e1-4)4S50(1s1-4)4NSILI-4))

. . METALC1)=SLINE(R{I-1eJ)sMINRCLs(-4)sMIN(1y[~4)} NIN(I-4))

1.7

METAL(L)= ATAN(TAN(METAL{1))/SQRT{ 1.0 +RSLOPE(I-1,J)%%2))
A= ALPHA(I-1+J)*RADIAN

b= BETACI-1,J)*RADIAN

STALLL )= BLANK

STALL{2}= BLANK

CLF (UBAR(LI-4ed)aGEe0.0) _60.T0 157 _

STALL(1)= STAL{1)

STALL(Z2)= STAL(2})

CLNTINUE

OUBAR(I-4,J)= ABSIUBAR(I-4,4))
(M= DEPVII1yJ)

- 1E. {POTOR(1-4)aG1a0a0) . GO X0 160 __.

AA= SQRT(CX(I-14J)%*%2 +CRII-1,J1%%2 +CULI-1,J) #%2)

B-50

US/072 /68

NFFN2271
QFFL28T2
OFFDZ2873
NFFN2876
OFFD2275
OFFD2R876
UFFLZBTT
JFFD28Td
OFFN2579
OFFL2880
NFFR2R9]
NFFED2882
OFFD288)
OFF02834
OFFNZ2RYS
OFFN2886
NFFN2837
CFF0D2898
NFEN21879
0FFD2890
OFFN28131
UFFD2H92
NFFD2893
OFFN2E34
OFFD2995
UFFDZ396
OFFD2897
0FFND2898
OFFD2899
OFFN2900
OFF0L2901
DFF02902
OFFD2903
OFFD2904
OFFN29505
NFFD2906
OFFD2907
OFFD2908
OFFD2909
UFFD2910
OFFD2911
UFFD2912
0FFD2913
DFFD2914
NFFD29Y5
OFFD2914
OFFD291L7
OFFN291¢8
OFFD2519
OFF02920
OFF02921
OFFD2922
OFFDZ923
CFFD2924
OFFD2925
QOFFD2926



OUT 5. - EFN  SUURCE STATEMENT =~ TFN(S) -

CRI=SIATACA(T9 )2 +CR{TJ)*%2 +CULL ,J)=22)
BH= CHI-14Jd) ~CulieJ)}

CC= (ALPHAL I-143) -METAL(1}))

GaoTa ten

05702769

OFFD2927
UFFD2923
OFFN2929
NFFUL930

itJ AA= SURTICXUI-1,J)%%2 +CRUI-ky J)*%2+ (RPMINI*RUI-1,J)-CUlI~1,J) ) *%2CFF2931

X )
Cr2=SQRTICX (T d) %92 +CRUL,J)®®2 ¢ (RPMINI#R{I ¢J) -CU(I4J) )*32)
Be= RPMINIF(RII-104) =RileJ)) +CUII,J) -CU(I-1,4)
Cl= BETALI-1,4) -METAL(1)}
405 LO= CU*RALIAN
YETALLL)= METAL( 1)*RADIAN
leEF(1-4443)= IREF(I~4,J)*RADIAN
LFALL= 140 - CM2/AA 40,5%BB/RINT(J)I/AA
a3V PRITE €0 954)JsUFALT yOBARE I~ 49 J) s STALL ¢+CMaATAR (I =4 4J) 4 METALLL ),
X CCs IKeF(I-4ed)y Ay B
230 wnITh (5 455)
WllTE (5 +£3)
<0 CUNT INUE
2 240 J=1oeNLINESs ILUTTR | oo
P3TAYT= PULI+J)*L XP{{THERMI{TSTAT(J)) —-THERM3(TC(I,J)))/0CP}
IF {I1elL1e5.0RI.GTLLSTAGE) GO TD 215
IF (RUTOR{I-4)eNLaCeO) GU TO 220
o1 CuNTINUL
URITE (6 o70) Js TCUI.d)y POUIsJ)s TSTAT(J), PSTAT
- GC TO 249
£20 LONTINUE
AG= (RU1yJd) #+R(1I-1,4J))%C.5
FHICK= SL INS(ARG ThCR(1¢I-4) s THC(191-4) yNTC(T-4))
U= SLINLIREI=-1ed)e THRUL9I~4) s TH(L9I-4) JNTH{I=4))
“ETALCZ)= SLINE(H{I2J) s MUUTR (29 I-4) 4MOUT(LsI-6) yNXIT{I-4%))
MEIAL(2)= ATANC(TAN(METAL(Z21)/7SQRT( 1,0 +RSLOPE(I, J)*%2))
= ALPHA(I,J)}
IF {RUTURI(1-4).GT.Ca0) B= BETALI.J)
B= (B -METALL-})*RADIAN
MLTALL2)= MEZTAL(Z)*RAD1AN
WRITE (6 470) J» TO(IsJ)e POLIsJ)s TSTAT(J}, PSTAT +RINT(J),
.. X THICK, 2s METAL(Z), B. oo
240 CUNTINUE
IF (lalTef ORI.GTLLSTAGE) GU TU 245
I {(ROTUR(I-%).N2.0.0) GC TO 300
245 CuNTINUE
WKITE (& 4721}
. GO TO 310 . -

300 WRITE (6 o55)
210 CuNTINUE
590 CLNTINUE

20 FORMAT (11 111X 2A47024X 12A6)77)

22 FURMAT (6X 1SHSTATGR EXIT NO. 1377)

S FUKMAT (4aX 11IHSTATION NUL _I3Z77). .

2% FUKMAT (1X 119(1kE.))

56 FURMAT (18H .SeL. STREAMLINE 4X SHAXIAL VEL 4X OSHWHIRL VEL 4X
~OUHRADIAL VEL 4X THABS VEL 5X BHABS MACH 4X THREL VEL €X
SHREL MACH 35X BEWHEEL o 7/

SH 4NO. 3X 10HKADIUS IN. 4X BH(FT/SEC) 5X BH{FT/SEC) &X
SHE{FTLSEC) 5X BEAFT/SEC) _SX AHMUMBER 4X SH{FT/SEC) TX S5HNUMBER
6X BHSPEED o / 2H o 117X 1Ha )

M B MO %

B-51

UFFD2932
OFFD2633
OFFN2934
OFFD2935
OFFD29356
OFF 02937
OFFD2938
OFFD293¢9
OFFN2940
UFFD294])
OFFN2942
OFFD29463
OFFD2944
CFEDZ94S
OFFD2946
CFFD2947
OFFD?2948
OFFD2949
OFFD2950
0FFD2951
OFFD2952
OFFDN2953
UFFD295%
OFFD2955
CFFD2956
OFFND2957
OFFDZ954
OFFDZ2959
OFFD2960
OFFD2961
OFFD2962
OFFD2963
OFFD2964
OFFD2965%
OFFD2966
OFFD2967
OFFD2968
OFFD2969
OFF02970
0FFD2971
OFFD2972
OFFD2973
OFFD2974
QFFD29T5
OFFN2976
QOFFD2977
OFFD2978
OFFD2979
OFFL2980
OFFD2911
OFFD2942



N5/02/768

ouT 3, - EFN  SOURCE STATEMENT -~ [IFN(S) -
A FLRMAT (5X 9HRUTUR NGs 13, 6H EXIT. //) OFFD2943
28 FLRAAT (2k o I2s Fl3e2y 4F13.1y F1243y F12.1y Flie?y Fliely ¥4 o) OFFN2984
SU FLEMAT (2F o 117X 1H.) OFF02535
o FISMAT ( I7H JSet. DOIFFUSION 6X 4HLOSS 9X BHREF LLSS 95X NFFD298¢
X >vhADIABATIC o INLET BLADE  INCIDENCE  REFERENCE  ABS Fluw  OFFD2997
X =X YHREL FLOW. / NFFDPI8R
X YH oNO, 4X 6FFACTOK 5X J1HCCEFFICIENT 4X 11HCOEFF ICIENT 5X OFF0298%
Cer (GREFFICIENCY o ANGLE (DEG) 15X SHINCIDENCE 3X RHANGLE IN 3X OFF12990
X JRANGLE INe / 5k o 58X i1He 58X 1lH.) 0FFD2991
e FiiFAAT (2F o 12, Fide3dy F13.3y A4y FTe39Fl6u3y 4X LHe F8.2, OFFD2992
X Flaely 2F12429 F1142s 2H & ) UFFD2993
5¢ FOFMAT ( €1H .S.L. TOTAL TEMP  TOTAL PRES . STATIC TEMP STATIC OFFN2994
XPRES , OFFD299%
X ih o BX 22HDEG RANKINE L3/5Q INe 4X 2THUEG RANKINE  LB8/5Q IN. (FFN2996
A e/ 2H o 58X lHa ) DFEDN2997

28 FORMAT ( 8.H oSela  TUTAL TEMP TCTAL PRES STATIC TEMP STATIC OFF02994
XFRES o SCLIoIvy THICKNESS 4X 34HTHROAT , €XIT ALADE DEVIATIONOFFD2999

L SN OFFD3000

X LH o 6X 22HDEG KRANKINE  LB/SQ INe 4X 27THUEG RANKINE LB/SQ TN. OFFD3001

X o 12X 8KHTO CHURD 5X 34HSPACING <« ANGLE DEG AMGLE DEG o / OFFN3002

X 2H o 58X 1lHa 33X 1lHe 24X lH. ) OFF0D3003

70 FUFAAT (2k o 12y Fliels F12.3s Fléely Fl3.3y 5X 1M. F38.3, Fll.3, OFFD3004

X Fl2ely ZH o FFe2y F1l2.2s 4«H o ) OFF 03005

12 FURNMAT (1X 50(1H.}) OFF03006

. —— . RZ1UPN . . - . OFF23007
END OFF03008




08702/68

0JTe, - EFN SGUKRCE SYATEMENT = IFN(SY -
JULKCUTING QUTPUT aFFD2637
LuCECAL  CIRCLE, SIXTY3 NFFD2638
ChaL IREF, JCULE, MACH y JFFDZ439
X iTAL, MIN, MINR, vOuT, LEF 32440
A AEETR (FFNsnbG)
INTEGER BLADEs. . _ COUNT UFF02642
L"(JICA\- L.Ff’g t)K' RDFLQ' 0FFU26’E3
XL aTAR, TUNE OFF02644
Pvigeer  RULY NFED2645
P AL KDEL oK DELZ OFFN2646
COMMCN  /VECTOR/ OFFD2647

s ALPHAL 229 11 )9 ATARU 259 11)9BETA(29911)9BHI32) »BLADEC:5)9BT {321 L IRCLUFFNZ648
el eS) e L2 g L1 lPCUCE) 9 CRI3 1LY pCSLOPEL229 1) 4L U225 1) CX 142,11 0FFN2649
o LAMUTI)oCANE NG 10 ) 90 ALL0) JUELMILL) oUEPYL32511) sDF (20) o FLURI32),FUFFD2650
Ll 22) o FGRMULE) o FOUND(2Ce 390 20D o IREF U259 L L) o ETYPEL 5 )y METAL L L) ¢ NF1 DFFN2651
alCEUCS) s MINIBe £ ) s MINR(3925) sMUUTIB925) ¢ MCUTRI8425) 4NIN(25) 3 NRADLL P NEFD2652
@21 eNSE 5 oNSSUZSIeNTCUL S NTHUZE) o NXI TU25) yUBAR (25 411) 4 OFFD(25) 4 PuOFFD2653
Al ladl)eM32010) sRAD(Bs25) sRARRL 39250 ¢ RCURVE (32411 JoRH(3Z2) yRINTCL1LGFF 12654
2hokPMULoRS U329 ROLOPE(329 11 )9 XILE(25) o SHAPE(ZL ) 4 SIXTYS{25) 4518, 20FFD265%
22} eSUKId925)s550ds £5) 9 SIR1Bs5) 2 TERMCIL1) ¢ TH(B,425) fTHC (#4250 4 THCR{ OFFD2656
0ol Yo THRIS 425 ) s TITLEL 6D o TULS 911 )9 USTAT(L1) 4X(32) OFFDH?2657

CCMMCN /7 SCALARY/ NFFD2653
2 N9 Al ALUAG) ALUZACYASL 3400 A4U4A U ASUSAQ yANG 9 B9 BBsCC JCENT g CMyCMEAN, COFFUZ659

- @ McANPe CM2 CORCC S CUUNT o CPCPIL2oCPLI24LPL 49y CPIS,CPIE 4 CPL23CPUILCPUGCUFFD2660
-aPLSo CAMP ¢ DCP o DEL FLU DFACT s EMACHGEPLISONy FACTM G oGAMMER s GASK 3G o GR2y OFFD2661

.HohlGH.hlPRES.I.lG.IGU.lDUTTR.IPASS.J-JJ-JH'Jﬂl.JOULE.K.KDEL.KK'L'DFF02662
.LAJT.LCl-LEV:L.LST.LATAGtvM,HACH:HAXP]'NINPT.N1NELQDE.NDATA.NLlNESOFFDthB

.ol“StTS'NSPEED'NTUBEStNx.leJﬁFF'UK!PHlOPLOHOQIRAIRADIAN'RDFLU'“EF'OFF02664

.RESTAR.RMACH'S.SLLIU,SPELD:STUP;TvTERNDvTHICKaTlNE'TGLAT.TDLCX:TOLUFFDZﬁbg

aMine TOLRS TUNE SV VMILYES OFFD2666
OFFD2667

NUATA= NLCATA ¢} OFFDZ2668

wd TC (30020, 1U)s LEVEL OFFND26643

40 CALL  JUuUT - OFFD2670

—w CALL QUuT ¢ OFF02671
U LALL QUT L e , OFFD2672
KeTURN OFFD2673

LN OFFD2674
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IS/02/03

P, -~ EFN SCURCS STATEMENT = IEN(S) -

SULRUUT INE  PREITL NFF{2538
OoaeMON FGET L1/ ROTOUR(ZN) DEFNS 3
CoMACY /FLLL/  BUCKET, NUW UFFN2354)
LoslAL  CIGLE,y  SLATYS NFFD2SG]
cEAL iKLFy JOULE s MACH ¢ FFDCS 4
X 4 TAL, MINy MINR, MCUT UFFD2%43
X 4LUTR UFFD?2544
INTEGER 3LADE CUUNT NFFD2545
CoLrcicag UFFy UKy RDFLC, OFFDZ546
X <ISTAR, TONE UFFDZS4T
L4T26ZR RULE OFFL2548
REAM. KDELKUJEL2 UFFD2549
CaMMGE /VECTOR/ OF FN2559

SALFRAL 59 EL) g ATAR( 25 L i) oBETAL2T 911} BAURL) 9BLANE(2S5) ot T (32),CIRCLOFFDIS5S]
el 25)aCIl 324119 CPCOLE) 9CRUZ Lo 11) yCSLAPELI2,11)CU320 Do UX{329110FFDE552
edeUXMU LT ) oCANEW{ 1LY oDACLIC) y0ELMILL ) DEPVI32411) ,0F (20D JUFLOW(32) oFUFFD2553
dLUWE32) g FORMELIE sFUUND (203 59 1C) oIREF (LD 4L o LIYPEL 25D o METAL(2) 4 MLTOFFD2554
eidUDU2Z5) ¢ MIN( By co b aMINR(3425) 9MOUT(8925) 9MOUTRIB 925 )9NINI 5 )9 NRAVIZ2OFFD2555
850 0dd0 251 oNSST 25 e NTC L LS Vo NTHE25) ¢yNXTT(Z5) 9OBARIZS #11) 2« LFFDI25) ¢ PUOFFDN2550
elZapll)oR03011) oRAULE IS oRADRETG 9250 JRCURVEL3C oL 1 Do RHLII) G RINTILLOFFD25STY
e d oMl LhgRSU L) RSLUPEL Lo d LY o RULELZH ) o SHAPE(LE )y SIXTYS LIS D 9SU(S, 20FFN2558
e3) 9 SCRUB 9253105510 Es25)9SSRIB25) s TECAMCULL) o THEB ¢L8) yTHC U8 o' 5) o THCKIOFF2559

ace e e THRGEH o 25 o TITUEC 26D o TO L2911 o TETATIL LY, X(32) NFFN2560

COMMON  /SCALAR/ QFFD2%561
e Ae AAJALOAC, A202AN0 A3 CANLAGD ANy AROS5A0ANG o8B 9BB »CC yCENT ¢ CM,CMEAN,COFFD2562
eMEANP o UM gCUREC s CLUUNT g UP s CPI 29 CPI24CPI4sCPIS9CPIE 2 CPORC Py CPU4yCOFFD2563
o I5s CA4P o LCP o DELFLUOWOFLCT o EMACHSEPISONGFAC TM G 9yGAMMER yGASKyGJe GRZy OFFD2564
eHs B loHe MIPRES s Iy 1G9 IGU ICUTTR, [PASSeJ o ds JMy IM] ¢ JCULE WKy KDEL KKy Ly OFFD2565
sLASTaLCLobEVELeLSToLSTAUE yMoMACH ;MAXP Ty MINPT o NoNBLADEY NDAT Ay NLINESUFFD2566
oo MSETS yNOPEED yNTUBLES o NXyNXL1,OFFoUKoPHI,PLOW, QsRAyRADI ANy RUFLOy REF, OFFD256T
eRUSTARyRMACH S»SUL IV SPEEDeSTOP Ty TERMDp THICK s TIME 3 TOLAT T ULLX o TCLOFFD2568

+MINs TOLR TUNFE o Vo WM, YES OFFD2569

13TA= MAXC(S5,N0w) 0FFD2570

DG 100 I=[5Tasnx OFFD2571

o IF (I1.6T.LSTAGE) GL TC EC OFFD2572
IF (KJTOR(I-4)) 20+80,10 CFFD2573

-2 00 20 J=1,eNLINSES NFFN2574

L =me=- CALCULATE THS TEMPERATURE AND TANGENTIAL VELOCHITY FOP A 0FFD2515
c RCTCR OFFD25T6
CUlledls RPMOLI*R(Ted) —-SQARTL CX(I0J)*%2 +CRUI,JI*S2)*TANIBETA OFFD2577

— A (ledl) OFFD2578
H= BPMINIR(R(I,yJI*CULTLeJd) ~RUT-14JV*CU(I~-1,4))%2,.0/Gd OFFN2%T7

T= TU(I-34d) OFFN2580

CALL ENTALP QFFNZSAL

20 TOUILed)d= TSTAT(J) OFFD258R?

U TG 1uG OFFD2911

— 540 bu £C J=LeNLINES OFFD2%84
{ =voem CALCULAT:z THE TEMPLKATURE AND TANGEMTIAL VELOCITY FUR A OFFD258%
c STATOH, UFFD2%85
LUCTed)= SWRTL CXUI,J)*%; +CRIT4J)*®2)%TAN(ALPHALI o)) OFFD2%a7

23 To(Led )= TALI-1eJ) OFFp2581

to TL L0 OFFD2589

——m 2 LI 90 J=LeNLINES aFEN25%0
Tullydd= TO(I~-144) OFFD2%91

L === CONSERVATION UF MUMENTUM IS ASSUMED FOR AN ANNULUS. OFFN259,
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PRI, - EFN  SOURCL STATEMENT - [FN(S) -
F0 LULTod 1= ROI=10J 1¥CUCTI-14J)/R(144) OFFD2593
100 CuihT INUE OFFN2594
“LTURN IFED2595
LhD NEFD2596

B-55
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[DIBY N P Y]

PR 1. - c¢FN SGURCH: HTATEMENT - IFN(S) -

s £ OPRF . LFFDLlY9%4

L RGUTING PRFILT ¢ R paio
o ZGET LT/ LTUREC?) GFFOL2 96
.FPMCN FFLLLY/ QULKETy NUw TEFDIRT
LooLICAL CLEoL=, SIXTY S (CFFL LR 95
CeL Licty JOLLE MACH, UFFL693

X o~ TAL, Miny MINR, MUUT (iFFOLYOQ
X % gir UFFO1901
1WTECGTR BLADE, CUOLNT OFFDL16Q¢
Lo Icac LFFy 0Ky ROGEL Uy OFFN1903
X 1t 5TaN, TLUNE (WFOL906
thilcg-1 VoL - OfF FO1905
al KDglendeL 2 GEFN1906
e WON Yy Ty UFFNYIG07

o 'LPHAL 15 LL) 9 ATARCESy hid o TRl 14) s BAL3L) ¢BLADECLS) BT (32),CIRCLUFFITIH0B
FUB)aCO0T I 1105 CPCUE S} gCRIS 2y 41) CSLOPEL 3791 h ) sCULR291L by (X {32y i LCFF1L1GUG
ChaUXM{L1 )20 ANCHl 111 pDALLC) s kL M(LidpOEP VIR 11D oCF (200 qOFLUNI 22D 4+ SFEDLTLD
eLum(32 1 g  URMEL ) b LUNCI2Cy 5y 10D o LREFI23 910D o LTYPEL ")y METAL L) ¢ 4ETDFFDLGLL
e U253 pMINT 3925 e MINRIS425) 9MOUT (89250 g MOUTRIB,. ) 9 NINE 25D, NRAD(2DFFOL912
e hoNSU IS oNSS U 251y NTCL 25 D NTHE 25D yNATTU25) JOBAR(:S 11 gUFF (25D PORFOLYL3
o4 5w il )e (32010292000 E425)¢RAUKLIE425) yRCURVE LI 91 1) oRHIES2) o RINTLLLOFFOLI 14
VHaRPMUL) RS (2 aROLUPC (320 LLDIgRULEIZS ) pSHAPE(ZS) o SIXTYSL25) 95308, 2UFFDIIL®
« 1 p3URI02S 19S5 3n 2. Vg 5SniBe 251 s TERMCULL) g [H(3 425) »THC (8 9251y THCRIOFF1915
230 cS ) e THALE 9 25) o TITLC U 46D TUCI 2y Lo TSTATILL) 9 X32) NFFN1917
CUMMAGR 7 SCAL AR/ OFFO1918
e Vb Aluils Y207ALA2L3ACAGI4A ), A5035A0,ANG 189BH 4LC yCENT 4 CMyC e ANoCOFFDLI LS
eMIANPy M2 gCIRECILLUNT 9CPyCPI29oCPI34CP T4 CPI54CP 1y P02 4CPCY,CPU4yCOFFDLG20
P 32 gUAMB o LRy DELFLUGCFACT o EMACH, EPTSUN,FAC TMoGoGAMMER yGASKy:J 9 GRI 4 OFFD1921
Sy FEGHy HIPRZ 59 (9 1G4 ECG TCUTTRy TPASSed 9 Iy dMaJMLy JUULE y Ky KDELy KKy Ly OFFN1922
aL 3T L CLaLIVEL oL ST oL 5TAGE ¢ Mo MACH , MAXP T 4MiNAT 4Ny NALADE, NDATA,NLINESDFFDL1923
ere3IT3eNSPEE )G NTUBEL o NX g NK Lo TF Fy JKoPHI 2L ne Qs Ay RADIAN, ROFLLy REF, OFFD1Y 24
2 STAR g M ACH 59 SUL g SFEED 4 STUP ¢ To TERMD , THICK TT#E ,TOLAT o7 JLAX,, TOLOFFO1925

«MIN, TILR, TINESVs VM I, YES OFFDL926
OFFDL927

1 - §P~i3¢ 22—y OFFD1928

e = sP=36 =1 OFFN1929

I = SUCTIIN SURFACE OFFD1930

« - TADLZ INPUT OFFN1931
K= JTRUE, OFFD1932
i L0 J=IGNTUd:ES OFFD1933
CALL XDER IVIR4HSLGPE) OFFD19 34
U L JEleNL INES NFFDLS 35
ALPHAL 39 d )= UG 0FFDL9 3%
cTalssd )= ATANIPMIN) ¥R (42d)/CX(Ged)) JFENL9IT
(5Ta= AAXO(3,NukW ) IFFD19134
DG 50 I=1STA,LSTAGE OFFND19I
vl 30 Jd=LsNLINES OFFN1940
CROLed 1= CALEI)RILGPE(T I} NFFD174]
#&x CALCULATE BLADE PRJIPERTIES UFFJ1542

5 (RTUR{I=9)etNeDe0) GU TH 44 IFFD1943
METALEZ)= SLING(ROI=13J) o AINRC Lo I=4) g MINCL I =& ) NINII-4)) JEFO1944
ASTALLL)= ATAMITAN(METALIL)YI/SGRT( 1.0 *PSLOPE(I-1,J)%%2)) UFFD1545
ATALLZ) = SUINE(R(I ) o+ MOUTR (Lo I-4) s MCUT(Lo1-4),NXITLI-4)) OFFD 1945
AcTALE2)= ATANITANIALTALC2))/SQRATL 1.C +RSLIPE(L, J)*%2)) OFFD1Y 47
A= ALed) ¢ RUI-144) OFFN1948
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Lt
P

———23h
ol

Prica - EFM SCURLCL STATEMENT -  IFNLS) -
PLOHT (S 0EY ¢ RSOI-10 ~ AN/ ARSCTI4RSUI=1I=-RHLI)=-RH{I~1))
a4z A%, i
sl Ie= SLIN(A¢SORU1e1-4),SUlLleI~4)4NS(I-4))

TRICK= SULINSUAs THCR (L9 I-a) g THCU 1y I1=4) 4NIC(I-4))

6k LALCULATL ABSULLUTE vetOoUITY

v OXCT= i x4 TUI-1eJ)e%2 + CRUI-1,J)*%2
.63 dITALL-14d)

I¥ (nidluntll=4)e0TaCe0) GO T 1:3

fone= ALPHALT-14J)

»= ¥

o1 ¢ Ly

#3% CALCULATE RoeLATIVE VELUCITY
23 LX{I=19J )6#2 +(PMINI®R{I=19J) ~CUCT=19J))*%2 +CR{I~14J)%%7
waa CCFPPUTE RILATIVE MACH NUM3ER

r= =N/

I= TCUI-.sd)

raLl  INTALP

CALL Gar

EMACHS SURTIS/{oRZ*5aMMIR*TSTAT(JL))
=2k CALCJULAYI REFERENCE INCIDENCE

Yitl= MoTALCL) - METALCYZ)

Tol= METHFUWCI~4)

CoEC= CORECZITHICK)I®FORM{ I-4)

KUEL= KDELLUTHICK)*ShAPC(1-4)

KLEL = KDEL /RADIAN

U TU (C0Cs 23U 2cuUe2é0) 16T

LeEF{I-49d)= SPICICOREC,PHI)

IF {RULE(I-4)sfQele0RKULE(I-4).EQ.,3) GO TO 250

Ir (SIXTYSE(I-4)) U TC «C53

rZF= RIFI{RMACH, FIGH)

sdTo 219

REF= REF2IR4ACH, FIGH)

IRZF{I-%9J)= IREF{I-444) +REF

ol TG 250

v INTINUE

FA= SLINS(ASRADREI+1-4)yRAD(1e1-4)NRAD(1-4))

IF (IbJecuwed) G T 240

FAEF({I-44J)= ZL0*ATANU(TAN(PHI®0,25) ~2,0%RASTHICK*COS (PHI*G.5)

X +THICK )}/ (1eu +2.U%RAXTHICK®SIN{PHI*0.5) 1))
X 'ph[‘\.’.s

G4 TO 250

IkEFLI-45Jd)= KA

CuNTINUE

ANG= METAL(1) +IREF(I-4,J)
I (SIXTYZ(I-4}) GO TU 255
rAaCTM= FACTYL(ANS)

ot Ty 257

FACTM= FACTMZ2LANC)

CONT Itus

2A= KLCEL#DEVIB(ANG,SOLID)
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INf2/59

OFFDN]1943
AFFD1950
DFFDL93]
IFFD1IgS2
QFFL1953
OFFN195%
OFFD1955
OFFD1954
NEFLLASY
AFFN19538
DFFP1LIR9
DFFD1Y6N
OFFD1961
UFFD) 942
OFFD1943
OFFD1964
OFFN1965
OFFD1965
OFFD1967
OFFD19s8
OFFD1969
OFFD1670
OFFD1ISTL
OFF03372
0OFFD19T3
OFFD1974
OFFND1975
OFFD1976
NFFD1977
QFFD1973
OFFD1979
OFFD1930
OFFD1681
OFFD1982
OFFD1983
(OFFD1984
OFFD1985
OFFD1980o
OFFD1987
NFFD13AY
OFFNDL9839
OFFD1990
OFFD1991
OFF 01992
OFFD1993
OFFD1934
OFFNLI95
OFFD1Y96
OFFD1997
OFFD1998
OFFD1999
OFFD2000
OFFD2001
OFFD2002
OFFD2003
OFFD200¢



05702769

PR, - EFN SOURCE STATEMENT - IFMN(H) -
X +rHI®FACTIM/SULIU®*EXPRLANG) OFFD200>
Jd= kULE( I- %) UFFN2006
i Tu (2';092309470)2C0),JJ OFFD2007
o~ AA= AA U IREF(I~49J) ~SPI6(CORECyPHI} )*SLOPE{ANG,SCLIY) IFFN2004
IF (JJeiel) HC Tu 280 AFFD2003
- 0 1F (CIRCLE(CI-4)) GO TUL c8C NFFL2010
AA= DERJL el RMALHhIGH) +AA CFFD201!
Le Ty 'R0 OFFD2012
30 AWz CERUL L(MACH,HIGH) +AA OJFFD2013
G CulTINUE OFFD20 14
2= PRI #1IREF(I-4,4) -AA . JFFD2015
I¥ (ROTOR(I-4).51.C,0) GU TG 116 QOFFN2015
CFFD2017
L ®x& CALCJULATE ABSNOLUTE GAS FLOW ANGLE QFFD2018
OFFN2019
ALPHAC 15 )= AXDEVI((ALPHA(I-1,J) -METAL(L1) -IREE(I-4,J))/A) CFFD26G20
X +METAL{2) +AA OFFD202)
. B . OFFD2022
C *%% CALCULATT WHIRL(TANGENTIAL) VELCCITY (Ntw ¢ JL3)/2 OFFDR023
OFFD2024
Cufledd= SQRTL CxlIyJ)*%2 +CR(1,J)*%2)&TAN(ALPHALL yJ)) OFFD2025
OFFD2026
C *x% COMPUTE RELATIVE FLUW ANGLE OFFD2027
e UEFD2028
BETA(TIsJ)= ATANC(KPMU1)*R(14d) -CULL,J)}/SQRTL CX(T4J)*%2 0FF02029
X +CR(I,J1%%2)) FFD2030
sU T4 50 OFFD2031
1.5 CUNTINUE OFFD2032
NFFD2033
I v *%% COMPUTE RLLATIVE: GAS FLUW ANGLE OFFD203%
. OFFD20135
trTAlled )= DEVI((BLTALI=-19J) ~METALLL) —IREF(I-4,J)1/7A)%A LUFFD20306
X +METAL(Z) +AA DFFD2037
~ NFFD203A
o 3% COMPUTE TANGENTIAL VELOCITY OFFD2039
S . . OFFD204D
CJlIed)= RPMULI*R(IsJ) ~SQRT({ CX(IsJ)*%2 +CR{IJ)**2)*TAN(BETA OFFD2041
X (Led)) QFFD2042
UFFD2043
C *s¢ CALCULATE ABSCLUTE GAS FLOW ANGLE OFFD20 44
. OFFD2045
——— 3= SURT( CX(Lsd)e#2 +CRII,J)*%2) OFFDZ2046hH
ALPHAL L J )= ATAN(CU(TI,J1/7S) CFFD204T
L0 TU 50 OFFD2048
OFFD2049
< ®¢% SET ANGLES wHERL THERE IS NO BLADE OFFD2050
aFFD?2051
. 44 QiREF(1-4,.4120.0 (IFFD2052
Culledl=z CUIT-ieJI*R{I-19JI/R{I4J) UFFD205>
5= SQRT( CX(TsJ)*22 +CK{IyJ)2e2) OFFD2054
ALPHAL Lo )= ATANICU(L4J)7/S) OFFD2055
bETA(Led )= ATANC(RPMILI*R(I4J) -CULT4J))/SQRTE CX(T,J) &2 JFFD2055
. X *CR{l,J)%%x2)) OFFD2057
e = 50 CAUNLINUE . . o OFFD2058
D 80 I=ISTA,LSTAGE CFFD2059
U S0 J=14NLINES NFFD2040

B-58



PR/

- EFN SOURCE STATEMENT

L ARGIUR(TI=4).6Te(aC) GU TL 70
T7 01 U led)= Tull=-i,d)

2ot 30

*3% CALCULATE RUTCK QUANTITIES

TU RINTUS ) =URPACN)# (K (L 9J)%CUCT 4d) —RUI-1,0)%CUL-14J})/GI) 2,0

= ZINTHY)
I= Tull=-i4dd
Catl o oNTaALP

T LABSECTSTAT(I) ~TO(T,3)0 0/ T004J))aGTe TOLR),

Totled )= ISTAT(I)

0 LeisVINUF
$*% ST EXIT

“CTURN

L

<UANTITIZS

B-59

IFNLSY -

K=

«FALSc.

5702769

OFFN2061
GFFN2062
NFFD20563
OFFD2064
OFFD2055
OFFD20 46
DFF2067
NFFEN2064
OFFD2067
OFF0N2070
0OfFFD2071
OFFD2072
OFFD2073
OFFD2074
DHFD2075
OFFD2075
OFFD2077



DSF027¢€3

PSI0ce. - ©FN SOURCE STATEMENT - IFEN(S) =~
FUNCTION P S5I0E( ACH) UFFD149%4
“~cAL M5 iDE OFFD1495
CLMYON /FULL/  QUCKET GFFD16&36
LUGICAL CIRCLEe SIXTYS OFFDL497
< cAL IREF, JUULE s MACH, OFFN1493
X MtTAL MINy MINRy bUurT, JFF01499
X MEUTR QFFD1500
INTELzR JLADE, CUUNT OFFO1501
INTEGER  RULE NFFD1502
KeAl KUELoKOELZ2 OFFD1503
CILUMMCN  /VECTULR/ OFFD1504%

«ALPHA( 299 11 )9 ATARI 255 L1)9BETA(29511)4BHI32) ,BLALE(?5)48T (32} ,CIRCLOFFOLS05
CECS3 aul 32911 )eCPL(6)sCREI2y11D4CSLOPE(32411),CUL32410L)eCX(32,110FFD1506
o) LXMELL) oCANLACTIL)2DALL0) yUELMIL1)9DEPV(32+L1) +DF (20} sDFLUON(32)FOFFDI5G7
dLURT32 e FOKMU 25) dFOUND( 209 30100 ¢ TREFE25411) 4 LTYPELCSY,METALLZ) ¢METOFFD1509
cHUU( 51 o MINIB 25 )y MINR(8425) ¢MOUT(8925) yMIUTRIEB 45 ) o NIN(25) s NRADILOFFD1509
o5 o dST 25) oNSSE25 )9 NTCE2D) o NTH(Z5) oNX1 TL29) o IBAR(ZS 4LL) » UFFU(25),POGFFDIS10
{5y 1L)eR{32,11)RAD(8y25) sRADRI8925) yRCURVE(3 411} 4RHI32)4RINT(1LOFFD1S11
haPMULY o RSCE3Z)SRSLOPE (329 1L b9 RULE(25) 9 SHAPE(25) 4SIXTYS5{25),Su(8,20FFD1512
e3) s SUR(E 92509 SSCE925) 9 SSRUBy25) 4 TERMCU (11 )y TH(B »25) »THC (8 »275) » THCRIOFFO1513
e 5929 o THRIB ¢ 25 o TITLEU2E) 9 TOU22911) 4 TSTATILLY ¢ X {32} OFFD1514
CumMON  /SCAL AR/ 0OFF1515
e As AASALIADS A2U2A09 A303A00A404A 05, ASC5ACoANG 9B 9BR9CC ,CENT»CM;CME AN, COFFDL516
SMEANPy CM2 yCURECCLUNT yCPsCPI 2y CPI39CPI4sCPL54CPI64CPO24LPC34CP 4y COUFFLYISLY
WOULyCAMP+ DCP y DELFLGyUFACT 9 EMACH EPISONsFAC TM 4G 9 GAMMER yGASKyLJyGREZy OFFD1513
by HIGH s HIPRES s [y IG e IGU 2 IOUTTRy [PASSsJeJde Mo ML yJTULEY Ky KDEL KKy Ly OFFN1S13
eLASTSLCloLEVELsLSToLOTAGEsMe MACH o MAXP ToMINPT 4N )NBLADEs NOAT Ay HLINESOFFU1520
e NOETS o NSPEEC oNTUBESyNXyNX19OF 4 OKoPHIZPLOWSQsRA,RADIAN, RDFLOy REF, OFFD1521
«RESTARYRMACH Sy SCLID s SPEED«STOP Ty TERMD o THICK s TIME »TOLAT T OLCX, TOLOFFO1522

+MINy TULRs TONEW#Vy VMI4YES OFFDL=23
LuGICAL Y1V NFFDL524
DIMENSICN GFF( 1243420y ANS(2)s HM(2) OFFD1525
CIMENSION AC(12) OFFDL1526
DATA AC/ QeUy Dby UetSy CoTe 0a75s CaBy Ve85 Co?y 06959 leOy OFFD1527
X leUSes lal /9y HM / Qaly Cu5 /4 OFF / OFFD1528
X 0.9 #0012 9yeCULE 920CLlS 500024 440031 ,.0042 ,.00675,.0107 o OFFD1529
X 0.0190+.03 1 C5 ’ OFFD1530
X J.u 2aCGOU6 4aCOCT ¢e00CS 90001 5e00145+40022 +.0033 ,.,00465, 0OFFD1531
X +00063B+.00875,.C1245, UFFD1532
X 0.0 +eC00654.0008 3eCCL05,56001254000145+400185+.00285+.0051 ¢ OFFD1533
X +00E25420118 540128 OFFDL1534
K Q.0 0eC009 40C01154.0015 440019 9000235440025 +.00365,4,00455y OFFD1535
X +005854.008 440118 OFFD1536
X Va) 9e0C06 0007 9e0CCT5900C0C8594C011590001959,002959.0C415¢ OFFD1537
X 005559 «CUT4 ».0059, OFFO0O1533
X Ua0 »+000655.C0C8 3.0010590001254060C0145400018549.002854.0051 o OFFD1539
X .008254.0118 +.0158 / OFFD1540
Jg= 1 OFFOL541
33 TU 5 OFFD1542
cNTRY M SIi0el ACH) OFFD1S43
Ju= 2 NFFD1544
K9= 0 OFFD1545
NIL= oFALSE. . . OFFO1546
A=MACH OFFD1547
Q=1 OFFD1548
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05402768

P3luE. - tFN SOURCE STATEMENT -~ JFN(S) -

LF (CEN1 6T o 4%(Z2)) 1n= = OFFD1549
VA L LT B CFFD1£50
b (ALGT oACIXU+] )eANGoKQeLTa11) GO TO 10 UFFO155]
L=y DFFDL15S2

o MID= JNOTWMID OFFD1553
L= L+l CrFD1554
AMLIL Y= (OFF(KQ+1yiQ9JdQ) ~OFFIKQeIUsJCI V(A ~AC(KO))/(AC(KQ+1) OFFD155%

X =ACIKL)  #OFFIKQ. IG,J0Q) AQFFDL1550
Ii= O+ OFFDL557

it (MID) GO TU 20 QFFN1£59
COIDE= {2 oS®(ANS(2) ~ANSC1))*(CENT ~HM(IQ ~2)) +ANS(1) )/ BUCKET OFFD1559
#SIVE=2SICL OFFD1560
"€ TURN UFFD)561
NL OFFD1562

B-61



L9

R

FANCTI
STMLNS
- De
MINU
1.+C1l0
nuynL
Fl.
CLUMMUN
AT A
X SCRIT
PR TE T}
244845,
4=+ Qg U,
. 4G,
A= FYAC
3=rIGH
~a={ INT
K=MAX0)
ANC =
ANMSSE
REFL=
Ki TURN

CLap

0
cFle - LUFN SOURGCY: STATEMFNT - IFN(>) -

Lé REFLOAMACH,HIGH)

TUN HTABL: )y RMNTAB(10),CRITAB(10,5)

DUCED VARIATIGN UF AVERAGE ROTUOR REFERENCE INCIDENCE ANoLE

5 LOW=-SPELL TwO-OIMENSIONAL-CASCADE-RULE REFERENCE

EMUE ANGLE WITH RELATIVE INLET MACH NUMBER FOR
c-CIRCULAR=-ARC BLADES.

JAF 2R NASA L SP-3C

/SCALAR/ 3 (B1l)e RADTAN, Qag(21l)
H'AB/o1103'.50.71.9/,R"NTA“,'Z'O3'.4'-5'.60- Tosdes 9?3y le )/
-\B / ‘2.2'“2.5 R
“2edp=leTr-eCole?92e¢€r3els3ebr-20e9=209~209=1e029=e59lalr2.9,
095 e59=Leb€r—leSe=1e4l9=oH859e¢95902:590%e5090e095 500089 ~4er~ley
t)l e€p 3eTpEeBe763%  1aryTe 12 9= e59=259—e3yeB92e5224e7eT e 93D
o/

H

(1G.%3)¢1) /2

(MINO(Kgadol)

SLINL (A RMNTABSLRITABI14K)4 10)
SLINIC(ARMNTAS)CRITAB(L1,K+1),10)

(ANSL + (ANSC-ANS LM/ (HTAB(K+L)~HTAB(K) ) ®(B-HTABIK)} })/RAZTAN

B-62

Y AVEWR-Y

NFFNL1E60
CFFO166Y
OrFuled
MFFNLHA3
NFFO166%
AFrD1665
CHFFD1659
DFFDL166T
NFFD1A68
AFFD1663
JFFD1L670
OFFDL6TL
OFFD16T2
AFFN16T3
UFFENLETS
FFDLHTS
NFFDLSTH
IFFOL6TT
OFFO1h6TB
JFFDle19
(FFD1680
IFFD1682]
OFFD1632



cCoc e -

R

FunCTI

———— DELUCED vARIATIUN OF AVERAGE ROTOR REFERENCE INCIDENCE ANGLE

iH o - IFwN SOURCY STATEMEINT - IFNIS) -

CN REF2(r MACHyHIGH)

MINUS LW 3PLEC Talo-DIMENSIONAL-CASCADE-RULE REFERENCE
iMCTJENCE ANGLS wilbk RELATIVE INLEY MACH NUMBER FUR NACA
5o-(A 0)-SZK1ES blabES.

Flotd= LIIA nNadA  SP-3s¢€

LIM=N3
L mMUN

L aTaud{5)e(2)
/SCA_AR/ QUIH1)e RAVIAN, ceC{21})

tATa HTA3, C /-l,-3'-5'07'.9'—--5"1o6v'1on'0~2vlu5 /

FF2=
ReTURY

Nl

SLINE(HIGHhIAB4Ce 5) /RADIAN

B-63

05702768

GFFDYTTS
QFFL178D
CFEDLT8I
OFFD]) 732
DFFULT782
OFFD17d4
OFFD) 735
OFFD1786
(IFFH1787
NFFO1 788
OFFD1783
OEFDL 790



[wl

UsIN2/ONA

RSTA?, - tFN SOURCc STATEMENT -~ IFN(S) -
SUtRCUTINE RSTART UFFD12456
NFEDL 25T
*e% CALCULATES EQUAL AREA ESTIMATE OF STRcAMLINE POSIETIUN GFFOLLNG
OFFD1I25H9
LoGCICAL  CIRCLE, SIXTY53 OFFD 1250
RCAL Ik (Fy JJIULE MACH , OFFDLZ26L
X atlALy MmN, MINR, MCUT, BFEDY2H
X mLJIR UFFD1263
IWTLGZR PLADE, CUUNT GFFDL2NH4
LU GICAL CFF, 0Ky ROFLCy OFFDL265
X ~u5Tav, TOWNF FFOL286
INTcler  RULG SFFD1207
wf Ll KOEL 4R DJELL NFFD126K
CoMOh ZVELTURY OFFDI 26

e lLPHAC -G 11 ) g ATARI L59 1 2) o BETACLIoLLh o BHE32) yBLADE(25) BT {32),CIRLLIOFFD22TD
CECZD) 0022911 )9 CPCULE) yCREBZ9L1D4CSLOPE( 32,11 ) 4LU (32411 )9sCX{3241LLNDFFDL27]
e doCXMULL) pCXN WU LIL) oDALLC) yDELMILL)4DEPVI32411) 40F (20) «DFLUNI]32),FOFFDI2 12
UM 32 ) g FCAAL L) gFUUNUL 209 59 10D o IREF (205 1L) » ITYPEA2S) 4 MO TAL (L) 4 MOLUFFDIZ T3
eHOUT co g MInEB 28 Do MINKI3925) gMUUT{ 84251 ¢ MUUTR(E 32514 NINL25) ¢ NRAD(20OFFU12TA
65D eNSE25) gNSSEcS o NTCL S5 gNTHI 23D JNXL TU25) yOBAR(ZS 411} o UFFD(20),, PONFFDIZTS
el 3coll192(32911) sRAD( Y9253 yRADI(IB925) yRCURVE(3 2421 RHI3Z2) yRINT(L)LUFFDLZTS
o REMULYePS 1321 o RSLOPEL329 11 )9 RULE(25) 9 SHAPE(25) o SIXTYL{25),S0(8,20FFD1LTY
«5) s S0R (B 25) eSS0 59 é5) oSSRIBZ5) s TERMC (111 o TH(B925) oTHC (8 925) s THCRIUFFD1278
e835) s THRIBIZE D TITLEL26) o TU(32,11), TSTAT{L1) ¢ X{32) OFFD1279
LOMACN  /SCALARY/ 0FFD1280
eAs AL AIUAGY A202A0s AU AD, A4USAC, ASCSAOGANG o8 988 ¢CC yCENT o CM, CME AN, COFFDL128L
MEANPeCM2 yCURCC s COUNT ,CPoCPI1 2, LPI34,CPI44CPIS,CPI6,CPU2,CPO3,CPUAyCNFFDL2R2
P59 DAMP 3 DCP 9 DELFLUWDFAC Ty EMACH(EPISONsFACTMGyCAMMER ¢GASKyGJs GRZ2y CFFD1283
eHe HIGH HIPRES s 19 IGIGO ICUTTRy IPASSed o JJ e JMeJML ¢ JOULE+ Ky KDELo KKy L,y DFFDL230
cLAST oL g LEVFEL L SToLSTAGE yMeMACH MAXP Ty MINPT ¢ NoNBLADESNDAT A NLINESCFFDIZ2RS
et NS ETS o NSPEE )G NTUSES 9 NX g NAL9gUFF s GKyPHI 4 PLOW Q9 RASRADLIANy KOFLU, REF, OFFD1285
PISTAR P #ACH, Sy SULTO, SPEED s STRP Ty TERMD g THICK TIME ,TOLAT T OLCX, TOLOFFD1287

«MINy TCLRy TONESVo VM I, YES UFFD1288
(3FFD12R9

) NFFD01290

CO 10 I=1leNK 0FFD1251

A= (RS(I)} -RH{I))}*(RS(I) +RH(I)) OFFD1292

Aa= KS{1)#%2 -AsEH(I) QFFN1293

B3= RHLI)®*2 +A*BT (1) OFFO129%

CC=Bd~AA OFFD)&95

LO L0 J=ianLINDS OFFNL296

SRAJL= AA +DELMUJISCC OFFDL129T7

OFFD1298

. *%x3 ERRUR TRANSFER TU A N=W DATA SCT OFFD1299
IF (ERASL.LTWDW) CALL ERRUR(LS) OFFD1 309

R{I,J)= STRT(ERASL) QFFD1301

J= L UFFD1302

CALL XDERIV(R+RSLUPE) OFFD1303

J= NLINES NDFFDL30%

CALL  XOERIVIR,RSLUPE) NFFD1305

<L TUKN OFFD1306

T OFFDL13NT

B-64



SUINT, = EFN SCURMCE STATEMENT - TIFN(S) -

FUNCT TunN SLINE(X9XTeYTeN)

----- STRATIGHI LINE INTERPULATION RPMUTINFE,

UEIMERSION XTU1de YT (1)
iF (N=-1) 2+ 3, 11
SLINE=YT(])

G TC -

L 3 1=2eN

JFOA=XTCL)) 99 1Cy 8§

» CUNT INGE

I =N .
SLINE=AYT(I)=YT(I- 1) )®(X=XT(I=- V)P ZU(XTUI)-XTII=-1) )+ YT LI~ )
vu TU 2

SLINE=YT(])

VETUKN

D

B-65

‘05/0276%

OFFN027T4
QFFNDN275
NFFNO27¢
DIFFD0277
NFFPO27T8
JFFD027%
OFFD0280
QFFDN281
OFF)282
0FFN0283
JFFDO284
QFFDO285
JFFDN236
UFfFDO287
QFFDO288



10

23 > 3 P o M o W MW XN

X

X

SLaPt. - &FN SOURCE STATEMENT

FUNCTIUN SLIPECANG,SULID)
DIMNSTUN CUSF(Ee2)eDEGLE)

COMMUN /SCALAR/Z Qui8lly RADIAN, QQQi21)

LATA CJEFe DES /

442921655,
~0.25894801,
3.+F 52607,
~Qe 14393689,
2+927%3367,
~0.CT7T7439575,
1. 3204703,
—0.54582498E~2,
e 7310027,
Ce 030840851,
‘Uu 24760(259'
0. 042019739,

0'9;0 )“’31"‘)' ‘:0011779’
‘3-"559’08,| L.'r851443,
UedGE3245, —2s 15458,y
o431 44, 0493023325,
OQqS‘)L')';PSQ ‘2.‘92"17/_50
-1e7215087, 0e30298301
Ued9327 Q0 -2.17C01 9,
“UeH120578Lsy 0.145:C£88,
1. CO0I5C4, ~ le 6820504,
Ua 36423018, -Ce 2T702¢€Sy
De 719327569, - 1le1334t51,
JeB2740 8y -Ce 25717499,
Daide 2Vels 4Ce0s 50603 60.0y 7uU.0/

A=ANGEIAL [AN

S=5aLIN

k=0

K=K+]1

IF (DEGIK#Ll)elToAcANDKaLT5) GU TO 10
PL= CUEF(1leX) +LCUEF(2,K) +(COEF{3,K) +(COEF(44K)
+{CCEF(54K) +COEF(64K)*S)*S)%5)#5) *S

Pl= CUEF({1eK+1) +{COEF(24K+1) +{COEF{34K¢l) #(COEF(4,Ke1L)
+{CJEF (U oK4L) +CUCFl LKL )*5) £5)%S5) 2S5 ) %5

IFNLS)

SLUPE= (P22-PL)I*{A-DEG(K})}I/(DEG(K+1)-DEGLK)) +P1

RETURN
eNC.
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05702753

OFFD1530
OFF01A11
NFFD1632
OFFD1e33
OFFD1A 36
OFFD14635
OFFD1636
OFFD1637
OFFD1638
OUFFD1639
OFFN1640
(QFFD1641
MFOLEG2
OFFLlEe3
UFF1b4a
OFFD1K45
OFFN1645
UFFN1€47
OFFDL649
QFFD1649
OFFD1A50
UFFD1651
OFFD1652
OFFDL1653
OFFD1654
OFFD1655
OFFD1656
OFFD1657
OFFUL1653



e

X

A

Sih, - EFN SOLACE STATEMENT -

FuleC TION SLUPE NIS,SULID)

IFNLS)

- RIFEARICC MINIMUM=LUSS-INCIDENCE-ALGLS SLUPE FACTOR
FROM LIa-SPEEC~CASCADL DATA F R NACA ¢5=(ALD)-SERILILS Bt AVES AS

SQUIV AL NT € IRLULAK ARCS,
FloJi<2 1334 NAA  SC-3p

CIMINSTun LoER{og2)edL )
Cur M /SLALVRY/ QUtBl)e  RADLAN, QIk(e)
LALA  CuicFy 5S¢/

~1e4339 2. vl =Ua 30353700 E=29~06112000C =%y
~Ue55508252:-0eCaTE1415GTE~89-0e530361505-10,
~lada4)u )0 3:=19=0e299C25T5t =250 18044037E-4,
~Ue 175372402 -539Ca JO015278F=T9=0e 21TUGL22L-T
~Qe s 1907303~ Lo —Uecbb679T13:=C e 0a3T11535-4,
~Ue 33904834 - 09 Ce 0T 1l 3L~ Ty =32 T424¢01 23y
~e3205570T2-19-0e126035T72-c9~-0e130698C5E=4,
~LUelOUZ2¢503.:~59La 240443 5¢C-Ty~0e22515082E~F,
L a301labtT ey =0e%  753Co0E~-90aiTL5¢3B32~%,
~Ue2592¢41T:-54CaS19050 13- T9~0e 391900395~
~Ue 241965 . 12— 1o =Ue22E75503L =39~Uad306.5T3F~10,
“La 22010933 92-549C8704u/bs—59~0e L048852TL-9,
—LecQUR I3 -1y CalTE1E17GT-39-0623213523E~4
—Ue 412022330 -54Cenl105578E-te~0s727043224E-10,
“Ue 182000 E-19UadS3CBUSLE=39~0.285204T8E~%,
a39rice3ot-0e=0s 133069528 TyNe5%9303452-10,
—CalUlES2035-iv0el70224810-34~0.152647S51—4,
Le40U2mT12:~Cp~Call38.0540-T90e36414519E-10,
Jabde DebSy Ueady lelUs leie le4y a6y le8/
SCp=SCLIL
A=5%RA0IAN
ANEMAXGL Le MINC(8y INT(E,0%3008-1))

Dyl

05707 /61

NFFN02 36
(FFN02 37
OEFNG, 493
IWFiMiz 37
HEFDHO2 LY
UFFRN24])
OrFpU> s
OFFDCZ2G3
NFFD0244
OFFDGZ 45
DEFVO245
OFFLL247
JFFDO2 48
OFFU0247
NFFD0250D
OFFDUZS
OFFNDOZ2S2
0FFD0253
FFNO254
OFFD0255
OFFD0256
OFFND257
OFFDO258
OFFDUL259
OFFDD260
OFFDOZBL
OFFD0262
OFFDO263
OFFDO264
NFFDO265

PLaCUERL Lok JH{COEF (2o RI+(LDEF{3 oK) (CCEF (A oK)+ (COEF(S54K)+LOEF(54K)OFFDO266

$A)EN)HA D j4A

P2=C0cFl{ 1oK+L) #(COEF(2,K+1) +(LOEF(3¢K+1) +({COEF(4,K+})

HICCEF{Sekel) WOEF(45sK+1)%A)RA)RA) %A ) %A
SLUPE N= (P =-P1)#{50Q0L-SC{K))*5,0 +¥)
RETURN
ML
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OFFD0Z67
OFFD0268
OFFD06269
OFFNOZ2TO
OFFD0O271
OFF0D0272



SRYVPYAR

SA e, - oFAN SCUKC: STATEMENT - LFMEC) -

FUNCTI N 3P3:(30eC) OFFU 280
wowltal  CIRCLEy  SIXTYS WENs20L
<Al IREF, JUULE s MACH 1 P e
A 2 TAL, MIN, AINR, MOUT , IR
AovegTR OFFN 204
12 TR0TR LA UE, CUUNT CFFQ22M0
LLGICAL W Ey L8 RUFL JFFN22 3k
X ‘prLTar, TOME AFFD22 37
LAYICER RULE OFFN22873
Ao KIOELKDEL S OFFDZ 2Ry
CuiMACN /VECTu/ AFFNZ 29

AL FHAL 79y 11 ) g ATAP LSy L ) ok TAL 709110 o BHE32) pBLADEL2S) BT (22 L IRCLOFFIZ 21

‘-L(c;).iﬁ(;;all),tPCC(c).fR(?Z'ALl|CSLJPE(3£.11l.CU(3£.11|'CX(KZ.LLUFFH’ZQZ

e URME LI 0C AN AL LE) g LACIC) T ELMUL L) ¢ NEPVIA2,1 1) o0F (201 ¢DFLUWL L) 9 FOFFI- 292
DLW 32) e SLRME < 2) yFUUND L 2Up 39 1C) yTREF(25411) oITYPE(D5) 4 METAL(2 ) g METUFF1 2296
et CLL5) g MINEB IS ) e MINRIBLZ25) oMINT(Be25) o MIUTRIUE 929 ) o NINLIS) o NRADY 20FFD 2295
el aMSL 5 aNSSU_ _S) gNIC( IS e NTHICS) g NXTT(2S) 4UBARIZS 4L 1) g iFFLI23) 4 PUOFF2296
el e lldedd32,11) yRAGIE2%) oRADF (B9 5) oRCURVELSL 911 Ny wH{ L) o RINTULLOFFD22937
Dbk PRl ) g PS U3 )giSLUGPEL 329 1L by AULE(LS Y 9 SHAPE(?5) o SIXTYS{25) 4 SLIH20FFN 2453
€3) e SUR( 29 51955 {Fec ) gSSKEUHe 23) p TERMCILL) g THI(3925) ¢THC U2 ¢25) o THLRIOFFND 2297
eBe 3 b e THEAB y e ) g TITLEC ) o TO L2 T9 L 1Yo TSTATILIL) 4X(32) UFFDZ2300
CUMHMUN  /SCALa/ CFFD2101
e e MAgALUAUs AZC Ay AL AU, 44064, A5C5A00 ANy 3488 4CC yCENT o UMy C ME AN, CUFFD23D2
B APy UM 2L IREC s CLUNT 9 CPsCPL 2y PI3¢CP14,CPIS4CPTE,LPO24CPO3,LPD4,LOFFD23DD
W PL g DAMP g CO Oy DELFLOp CFACT g EVACHGEP ISUN  FAC T4 9 GAMMER 3 5ASKaLJy GRZy OFFDZ304
oo b LGHy FIZR T 59 Lo Ioy IGU ICUTTRy EPASSe g e dM g MY g JCULLy K9 KDEL 9y KKy 1 o OFFD230%
L ASToLC Lo LEVELL3T L 3Ta,t ¢ My MACH  MAXP Ty MINPT 3N NBLADE, NUAT A, NLINESOFFDZ305
e aNSET Sy NSPIZO G NTURES g NX g NAY g OF 7y OK o PHI 4 PLOWCoF A9 TADIAN, KDFL Uy REFy OFFD230T7
anlSTARSRM4ACH SeSUL 1 SPEcU o STUP o Ty TERME, THICK y TIME yTOLAT T OLCX» TOLUFFD2303

MMy TILRg TONE Vo VI, YES QFFD2309
OFFD-310

o= SETAL(1) #0401 OFFN23LL
Uy 20 K=1,25 NFFN2312
32005 CURECHCAMBLR(S,SCLIC) #PHI*SLUPE N(S,>LTIDY OFFiN2313
o AETALLL) #5p >4 OFFD23 14
[5 (ABSUS- ) oLZeGea01G1) RETURN QFFD2215
3= b OFFD2316
CALL  CR=R (1) NFFN2317
ot TO M0 OFFD2318
Lo OFFDZ2319
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194

S

05702768

Siim. - ©FN SCURC! STATEMINT - IFN(S) -
SUBKRIUT IME STREAM OFFD1792
OFFDL793
**x COMPUTES AXIAL VELCCITY DISTRIBUTIONS WHICH SATISFY UFFD1T94
CLART INUITY Ao LLCATES STREAML INE PUSITIDNS HFFO1735
JFFD1T36
LocICAL  YES QFFO1797
vi'CICAL CIRCLE, SIXTYS ) OFFD17738
i F el IKEF, JOULE, MACH 4 OFFD1799
X M{TAL, MIN, MINR, MOUT OFFD1800
X MCUTR . OFFN1801
1ATECER BLADE, COUNT OFFD1802
LOFICAL TF§y UKy RDF L Gy NFFO1803
A1 5TAR, 1ONE UFFD1804
INTEGTR UL OFFD1R0Y
kel KUZLeKIEL2 NFFN1806
LMMON ZVECTOR/ OFFN1807

CALFRAL 29 10D 9 ATARI 59110 9BLTA(29411) 4BHI3) ¢BLANELZ5) 9 BT (32) ,CIRCLOFFD180R
el i aCll37911)4CPCOLE) 9y CR{S2911) ¢CSLOPE(32911)4CUL32401)9CX132,110FFD1809
Do TAMLLT Y pCANEWE 11D 9DACLIGC) yDELMILL)4DEPVI32411) oDF {200 fOFLOUW(32) ,FOFFOL1R10
el Il 32y FCHMO D) yFCURDIZCy 29 10) o IREFI25,11) o ITYPEL2S) ¢ METAL(Z2) ¢y MFTOFFDL61 1
oHULC S5 o MINIBy25 )y MINRIB925) yMOUTI8925) yMIUTRIR$25) sNIN(25) ¢ NRACI2OFFD1IRYZ
-5’9NS(35),NSS(QS).NTCI?S).NTH(E5)vNXlT(ZS)oOBAR(?Svll)'UFFD(25I,PWUFFDI&IJ
o3 lihak(32201) 1RADLES2Y) yRADK(E525) +RCURVE (324111 4RH(32) 4RINTC(LINFFDIB16
-).RPN(lDoRS(}2)'RSLDPF(32.11),RULE(25)'SHAPE(25l.SIXTYS(ZS).SU(B'EOFFDIRIS
o= )y SOR(3925) 9SS0y 5) e SSRUEY2D) g TERNCEL1) 3 TH(B 125) oTHC (8 425} 4 THCRI OFFD1816
+3925) s THRUB 22 ) TITLE(SE) o TOU3 411D TSTAT(L1)4X(32) GFFOD1817
CUMMCN  /SCAL AR/ OFFD1818
+ Ay AA, ALOACY A202A0, AZG3A00A40 A0, ASOSA OyANG 9B 4 BB 4CC 4CENT ,CMoCMEAN,COFFOLB19
.HEINP:bMZ:CDRECyCUUNT'CP.CPIZ.CPI3,CPI4.CPIS.CPIO'CPOZ,CPOB,CPO#QCOFFOIEZO
.?UZ.DAWP.DCP.DELFLU.DFACT.EMACH'EPISOh,FACTHoG'GAP"ERyGASK'GJ'GR?.OFFDIBZI
oH.HlGH'HlPRESyl.IG,IGD.IUUTTR.IPASS.J.JJ.JN,JHIpJUULE.K,KDEL'KK.L,UFF01822
.LAST'LCI,LEVEL.LST,LSTAGE'P.MACH.HAXPT'HXNPT.N,NBLADE.NDITA.NLINESDFF01823
-yHSETS.NSPEED.NTUBES.NX,NXI.OFF.UK.PHI.PLO#,Q.RA'RAOIAN.RDFLU'REF.OFFDIGZQ
.KtLTAR,RMACH'S.SDLIu,)PEEU,STDP.T.TERMD.THICK.TIHE,TOLAT.TGLCX.TULOFFDISZS

eMINy TOLRy TONE Ve VM1, YES OFFD1826
CIMENSION TERMBU1l)oTERMI(11) OFFD1827
CIMENS ION TERMAC(11) OFFD1828%
NFFD1829

CMEAN=CX(IeJM) NFFD1830
OFFD1831

**%x COMPUTE VYALUES UF CXM,RGSTAG,AND TERMA, (CUR*24CR*#2) OFFD1832
OFFD1R 33

G 150 J=14NLINES OFFD1R 34
VX J)= UXLTyJd)/7CMEAN OFFDL1835
TUIMALIY=CUL L4 J)*€24+CR{14J)%"2 DFFD183s
OFFD1Rr3T7

*¥¥* START OF LDOUP UN CM CONVERGENCE OFFD1833
UFFD1R 39

J= UM DFFD1840
= ~(CMEAN®*?2 ¢TERMA(IM))}/CJ OFFD1841
= T0(1,4¥) OFFD184?
LALL  ENTALP OFFD1843
LALL  GAM B OFFD1B44
VMi= GR2*GAMMERX®TSTAT(JM) OFFD184&5
OFFD1846
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NNV A By RO

STR“, - .FN  SCURCE STATEMENT - [IFN(S) -
r 28 FudLx TRAADEER 10 & New DATA SET NFFD1847
JFFD1848
[F (VM1.0LT.0.) CALL ERROR(14) OUFFD1849
Vo= SIRTAVML) OFFD1850
155 4F (CMEANJLELVML) i TU 2C3 IFFDLASL
Lo CALL ERRTRC 2) UrFOLo2e
05 70 260 J=1yNLINLS UFFU1AS3
Pz =(TIRAMJ) +CA(Lyd ) ¥22) /00 OFFOL854
Tz (UL T,d) OFFNLE55
CALL ENTALP OFFD1850
oV (sd b= CXM{JI®PLIL,JISEXAP((THERM3(TSTAT.(J)) —THLRA3(TII/DCP)  UFFDLBS57
% FTSTATIIN/GASK 0FFD1858
250 €W TINUE UFFD1d59
NEFDLK60
C ®23 (LLCULATL INTSGRAL OF KHURCXMSR VS, R FRCM HUB TO T1¢, FFDLE6]
L (TCT1NT)y ARD MEw VaLUE UF CMEAN OFFD1662
OFFO186)
Celh CALL INTgE (DEPV,L) UFFO1864
TUTINT=RINTENL INGO 1=RINT(1) OFFOL865
sz TUTINT * 04283145 % CMEAN OFFO1866
3= AMINLC 1.O2%FLUW(ID, AMAXLL Q. G8%FLOWAIL,3)) UFFL1867
CMEANP=  CMEAN®FLUW( L)/ DFFNI ALY
UFFN1B63
_C__ . _e®x CFECK CINVLRGENCE OF CM UFFOLB 0
NFFO18TL
OFFD1472
e DEPY(LeJ) =l INTEGRAL RHU®CXMAR V¥S. R FROM RH TO &K(J))/TCTINTOFFD1873
OFFD187¢
300 TEPMC(L)= 0.y OFFD1875
N TERACINL INES)= 1,0 OFFO1876
Fermall)= RULyi) OFFD1877
TErMA(NL INES )= R ([yNLINES) OFFD1873
£ 350 J=3Z,NTUBES OFFD1879
TSFMCUJ)= TEKMCU - 1) +DALJ-1)/TOTINT OFFD1380
TondAl(d)= RO1,J) OFFD1881
3530 IF (ABSUIBRMC(JI-DELMIJ))6T.0.G05) YES= . TRUE. OFFD1882
DU 565 J=2sNTUBES OFFD1883
R{I,J)= R{I¢J) ¢(SLINE(DELM(J),TERMCy TERMA,NLINES) ~RU{T,J))/DAMP OFFD18R4
OFFD188%
C *+¢ CALCULATE VALUES OF CX AT NEw STREAMLINE RADII OFFD1886
o OFFD1887
555 CX{Lsd}z CXM(J)*CMEANP OFFD18688
CX([yl)= CXM{1)*rMZANP OFFD1889
CXCIoNLINES )= CXM{NLINES)SCMEANP OFFN1890
790 LTURN NFFD1891
=NE OFFO1892
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THi . - EFN SCQURCE STATEMFNT - IFN(S) ~
FUNCT Iut THERMLI(Z) OFFD0U638
L GICAL CIRCLE, SIXTYS OFFPO63)
<+ AL IREF, JOULE, MACH UFFDO0640
X METAL . MIN, MINR, MOUT UFFDOS4A]
A MOUTR OFFDO642
INTEGFR BLADES CUUNT GFF00s43
t JGICAL CFF,y OKy RDFLC, CFFDG64 A
A nrSTAR, TUNL OFFDL64S
INTEGER  RULE OFFD3645
bral KDEL.KDEL2 . OFFDO6G7
CUMMCN  /VECTOR/ OFFD0648

+ALPRACZ99 1LV ATARL ¢35 110 9BETAL29911) 9 BHI32) yBLADEL25) BT (22) 4CIRCLUFFDO66GY
«e(25)9CU(2col 1o CPCOLE)ICRIB2911)9CSLOPFEI32511)4CUI32414i)90X (32410 OFFDO6S0
oo UXMELL)oCXNENE 11D 40A(L0) oUELMILL)oDEPVI32411),DF (20) yDFLOW(22) 4 FOFFNOLS)
LUW(32) 9 FURMU 25} oFOUND(2Gy 39 LO) o TREFI25411) oITYPE(25), METAL(2) o MET OFF D065
«HODUZ5) o MIN (8925 )eMINR(6925) yMOUT(8925) yMOUTRIB425) oNIN{ 25) ¢ NRAD( 20FF0E53
«D)aNSE25) e NSSL25) e NTLLZE) g NTHU25) yNXT T(25) s OBAP (25 411} 9 OFFO{25) 4 PUOFFDO6 54
ol 2oll)aR(32911) sRADIBS25) oRADR(B925) yRCURVE (32911 )4RHI32) +RINT(110FFUO65S
e o PPHMEL) o RS{ 2] 9RSLOPE( 229 11 ) g RULF(25) 9 SHAPEL25) 9 SIXTYS (25 ),S0O(8420FFD065S
*O) s SURIB 2509550 92509 SSRUEBe25) o TERMC (1105 THUB $25) ¢THC (B 425) ¢ THCR{ OFFDO6S5 T
e38Z5 e THRIB 20w TITLECIE )4 TUL22411) 9 TSTAT(1L) 4X(32) OFF00658
CUMMON  /SCALAR/ OFFDO659

;____w,-A:AAsAIOAC.AZUZAQ,ABGBAO.A&U#AO.A505A0.ANG.B.BB'CCyCENT'Cﬁ,CHEAN,COFF00660

oMCANPy CMZ COREC ) CUUNT9CPyCPI24CPL34CPI44CPI59CPI6,CPD29CPU3,CPU%¢COFFDO6A]
+FGEsDAMP s DCP o DEL FLUy UFACT  EMACHYEPISONyFACTM oG oGAMMER yGASKyG Jy GR2y OFFDOS 62
.HoHlGH.HlPRESpl,IG.lGU.ICUTTQ.IPASS'J1JJ'JH.JH1’JGULE.K,KDEL.KK.L.OFF00663
oLASToLCLsLEVELsLSToLSTAGE My MACH s MAXP ToMINP T oN oNBLADE, NDAT Ay NL ENES OFFDO6 64
ssNSETSINSPELDeNTUBLO 9 NXyNX1y OFFyOK oPHI s PLOWsWsRARADLAN, RDFL Oy REF, OFFDO665
-RESTAR;RHACH:S.SLL[DgSPEED.STDP’T.TERVU.THICK'TIHE,TOLAT,TULCX.TOLUFFDObbb

oMIN, TULRy TONE oV VMILYES CFFDO667T
¥#% CALCULATES H = INTEGRAL FROM 0.0 TU T OF CP 1T, WHERE (P ISOFFD066H
GIVEN AS A FIFTH DEGREE PULYNOMIAL OFFD0667
OFFDO6T0

THERMI= (CPCO(L)+(CPI2+(CPIB+{CPI4+(CPIS+CPIGHZ)%*Z)% OFFD06T]
X 2)%L) %2 )% OFFDO6T2
KC TURN OFFD0673
END OFFDO6T4
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N A Y A

T4/ . - iFN SUURCE STATEMENT - IFN(S) -

SubaUUT Ine  THERMIPLVER y TUP 9L} NEFLGS TS
L-2fCAL  CIKCiLEy SIXTYS OFFENDATT
skl IREF, JIULE MACH Drrutce 73
A +ITALy MINy Ml NRy MOUT (FFNCATY
x 4ALUTR OFFDU6RO
[r.TSGER bLADE, CTOUNTY M P0G
. .5ELAL FFy [ POFLU, GFFNU68!
X ~ruTAR, TONE NFFDGEA S
PNTEGa Pul s ONFFDOE ARG
<AL KDELKDIEL 2 DFFN0685
_ CJMMON  ZVECTOR/ DFFNGH 16

oALPHA(dqglllpArAﬂ(25'll‘oﬁtTA(Zq'JI"BH(FZl'BLADE(?ﬁloB‘(}Z'vC(KCLUFFOU6H7
o:(ZJ)'Cul1;111’1CPLU|6’,LK(3£,11)'LSLUPE(3£'1L)pCU‘ﬂZ'l;'9LX|52;1[0F[U)65$
-'.L‘“‘l]):CANEA(ll)pOA(lC).JELN(Ll'vDEpV(Bivll)'DF(QO)tUFLU“|33)'FnFFJ”ﬁgq
-LCW(32]|FURH‘£D)gFUUND(30'5,lOlolKEF(?“vlL’OITYFE(ZS)oME[AL(Q’QHF[UFFJU&)0
oHUC(ZS)'HlN(81&5)'N[NR‘3125),HOUI(E'ZE,'MUUTR(G'ZS)'NIN(ZE).NRAD(ZUFFHObQI
ci)-VS(25[.N53(55’nNTC‘;S)'NTH(ZS’oleT(ZS'1OBAR(25|11’IUFFU(JD)OPDUFFDOCQZ
.(Jztli,tk(3ZtlL'1550(8|J5)'RAUF‘3125"RCURVE(32111)0RN()J)'RlNT(llOFF00673
.D-RPM(;).RslBi).RSLQPE(34.111'ﬁULEl25).SHAPE(ZS).SIXIVS(:5).50(8.20FF00604
ob)cSUK(G'LS’vSS(ﬁgZS'pSSH(B'ZS'QTERHC(ll,vTH‘ﬂozf)pTHC‘R,ZS).'HCP(DFFUObQS

e 5923 s THR(G, 23V o TITLEL 0 o TO(32 911 ) TSTAT(LL) e X132} FFD0676

. CIOMMON /7 SCAL AR/ QFFNU6IT
- -ﬂlAA'ALQAC'AZU:AO.AJU)AU|A404A01A505A0vANGngBByCC|CENT.CN.CMEAN'CUFF00698
.HEANP,QH;.CD&EC.CUUNT.CP,CPIa.CPIJ'CPl#.CPIS.CPlb.rPuz.CPU}.CPU4.CUFFJOb99
oPUﬁvUAHP’DCP'DELFLU'DFACT.EHACH.EPISUNyFACTN,G;GAN”ER.G\SK'GJQGKZQUFFDU7UO
lH!H‘G“IH[PRESlx'IbIlGD'lUUTTR'lpASS,J’JJ'JMQJnl'JOULEIKIKDELIKK'L’DFFDQ701
.LAST.LCL.LEVEL.LST.LSTAGE.M.ﬂACH.MAXPl.ﬂINPT.N.NSLAOE.NUATA,NL[NESOFFDOTOZ
-vNS&TSoNSPEEDvNTUBESUNX’NKL'UFF'UK'PH‘oPLUk,Q.RA‘RADlAN'RDFLU'REF.OFFDOTO3
I .RESTAR‘RMACH.S.SULID.SPEED,STDP.T,TERFD.THICK.TIME.TOLAT.YOLCX.TULOFFDO704

«MINy TOLRs TUNE Vo VMILZYCS OFFDOTJ5
FUX)=ALGGIX ) +(ALCAG*(AZOZAQ* (A3U3A0+ (A404404A505A0 %K) X) *X) #X) #X UFFDO70%
AFFDATOT

< ssx SOLYES FOR TOP IN GASK * ALOG(POVER)= INTEGRAL FROM T OFFDOTV8

L TJ TUP OF (CP/T) DI, AHERE CP IS GIVEN AS A FIFIH DECRES OFFDOT703
L . PCLYNOMIAL. {3EE THERM1). OFFOOT1)
OFFDOT1L

cUMMY= DCP#ALUGLPUVER) /CPCOL{1) +F(2) OFFDOT12

DU 10 JA =l,5V OFFDOT713

RA= =300.C*¢{F{TGP)-DUMMY) OFFNOT14

TuP= TOP+XA OFFDO715

—— . LE (ABSIXA/TUOP)LELTCLR) 60 TC 15 CFFDO716
1) CUNTINJUE OFFOOTLT
NFFDOT 18

< s¥% ERROR TRANSFCR TJ A NEw DATA SET OFFDUTL9
IFF00720

Cabkl ERRIK(19) OFFDOT21

e 2 S PETURN UFFNOT22
END OFFDNT23
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FHz. - EFN S(U2C~ STATEMENT -~ IFN(S)Y -~
FUnCTIU THEwM2(/Z) OFFDOTZ25
NFFNOT 24
*¥¥& CALCULATE THL INTEGRAL DOF CP/T OT FRUM 0.0 TO T DFFDUT2T
OFFDOT 2N
UUCTICAL CIRCLEy  SIXTYS OfFFOLT 3
wilmb IKEF, JOULE, MACH o OFFDUT730
X s YAL MIhy AINRy MT, OFFNDOT 2]
y o oAcJIR CFFDUT 32
INTEGER ZLADE, CUUNT CFFDOT33
cublCAL CFFy OK o ROFL ™y CFFDUT 34
X ES5TAR, TONE OFFDOT 35
INTEGER  RULE UFFDOT36
oAbk Kubl oKDEL? OFFNOT37
LOMMAgN FWRCT R/ OFFOCT AR

e ALPHAL29, 11 )0 ATARL ¢55 1109 3ETA(29911) ¢BH(32) yBLADE(?5) 48T {32)+CIRCLOFFNOTII
il deuUlZo el )eCPLOCEIgCRIBZ0 11} oCSLUPE (3249110 yCU(32411)4CX1324110FFNOT4U
D lXMUL L) o CXNENE L) sLA L) o DELMETL) 9OEPVII2,11) yUF (20) UFLON(32)FOFFN0T4L
cLURNESZ Yo PO 5 ) o UUNDE L 59 10D pTREF{ 25912 ) o ITYPE(.5) oM TALL2) 4 METOFFDOT 42
oH WD)y MLl 8925 )y MINRIG3) 9MOUTIE923) 9 MUUTRIB425) ¢NEINL 25 ) o NikADIZOFFDIT43
e F aNSE2O) oNSSE 59 NTCHLS ) gNTHILZS) yNXITI25) yOBARIZ2S 9110y OFF I 25 ), POOFFNOT 44
el 3colibyRI32,11)9RADIB,25)yRADF(8425) yRCURVE({32411)yRHE{32) RINTI11DFFDOT45
s bePPMUT) o RSC L )9 RSLUPE (20911 ) o nULEL25) 4 SHAPE(2E) 4 SIXTYS5(25) 4508 4 20FFDOT46
@3) s SURIS 2 d5) 9SS0 €9 25) oSSk 23) g TERMULLL) 9 THUE y25) »THC (8 925) o FHCR{ OFFD0OT47
502500 THA(Be 25 s TITLECZ€) g TO(52911 )9 TSTATILL) 9 X(32) OFFNOT48

LOMMON /S5CALBRY OFFDO749
shy ARy ALA0Y A2UCAUy ABL580,A404A09A505A040ANG 93 9BbyCC sCENT o CMy CMLAN, COFFDOTS0
o MEANPy CMLoCURECYCOUNT 9 CP4CPI2,CPIA,CPI44CPISCPI%,CP0O2¢CPU4,CPUGy COFFDOTS]
PGEYUAMP o DC Py DELFLOyUFACT s EMACH FPISUNSFACTM 6 3GAMMER ¢ GASK G U9 GR2y OFEDOTE2
sHo FIGH HIPRES o [y IGs EGU INUTTHR ) IPASSsJedd sy JMe MYy JU ULE Ky KDEL yKKy Ly OFFD0753
LASToLCLy LEVELILSTSLSTAGL oMo MACH MAXP ToMINPT o N ¢NELADEY NDATA, NLINLSOFFDOT754
e s NSETSyNSPEES I NTUIES g NXyNX 19 UFF gOK9PHIL yPLOWy Us RAyk ADI ANy RDFLUy REF, OFFDOT 55
s RESTARY RMACHY SySULTU ySPLEU s STOP y Ty TERMD 3 THICKy TIME 3 TOLAT o TGLCX o TOLOFFPOTSE

oMINg TOLRy TUNES Vo VM I, YES OFFDO757
PACRM3= CFCCOII*ALUGIZIH+{CPLOLZ )+ (CPU2+(CPU3+(CPO4+CPOS*Z)*2)%2) OFFDOTSH
X *2)¥{ NFFDOT759
KETURN DFFDO760
e NE OFFDO761
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IBYA' RN AT
TL- - FN SUURC: STATUMENT - LEN(S)Y -

SEFO0L 1)
UFFDGLAY
UFFuu s
TR S TR RS
ot R0

sioerUTLvs TLs:0tl)
DR YRS RS

f= %2304

¢ TURN

uib
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veoasar

0,70.L/ub

XIEk - FN SGURCE STATEMENT -~ IFN(S) -
SUBKCUTINE  XDER IVLY,L,DYDX) NFFNO290
IFFL029]
L wme—- CALCULATE THE FIXKSY DERIVATIVE OF Y WITH RESPECT TO AXIAL UFFD025S
L LENGTH,. OFFDO293
- OFFD029¢4
LUGICAL CIRCtts SIXTYH OFFD0295
=1 AL IRCF, JOULE, MACH , OFFD0294
X rMrTALy MIN, MINR,y PUUT OFFDO297 .
Y “LUIR OFFJ0298
INTEGER BLADE, COUNT . OFFD0O299
LoGICAL GFFy Ky RDFL, 0OFFDJ0200
A KLSTAR, TONE ' NFFNO301
- iNTEGER  Rulk OFFN0302
HKikk KDEL 4XDELZ OFFDN30?
CUMMON  /ZVECTIR/ ) OFFD0204

«ALPHALCYs 11D o ATARL 25011 ) 9LETAC(29,11) 4BHI32) 4BLADE(25) 48T (52} 4CIRCLOFFDO305

e ELZS)aCUL 32921 )sCPLCL )4 CRIS 911 ) eCSLOPE(S29110sCU(32411 0+ X{32¢1]1OFFDO306
e )sCXMUL11)oCXNEW( 11 )4 DALLC) yDELMILL)2DEPVIAZ911) oOF (20) oNFLOM(32) o FOFFD0207
LUMI3Z) g FURME L) gFUUND I 20y 59 10) o IREF(ZSa 11 ) ITYPEL25) 9 METALL2) 4 METOFFDO308
ohLDI25) yMINC(B 25 )s MINR( B425) +MOUT(8425) g MUUTR(B925 ) #NINL L5} ¢ NKAD( 20FFD0309

: eS)oNSEZ5DaNSS{ 5 1eNTC I 2E) o NTHUZS5) JRXIT(25) 9yOBAR(2S 9110 9 OFFO(2L) 4 PODFFL0O310
o .(Jl.ll)nR(ﬂ‘.lll,RAD(B."‘).RAJ&(8.25)'RCURV:‘3‘.11).RH(le.R!NT(llUFFDOBIl
__w_.-MJl;RPP(114KS!54) RSLUPE(3Z2+11)yRULEL25) s SHAPE(25) ¢SIXTYS(25)9S0(8420FFN03)2
R e5) e SORIBec5)9SSUEs 25V 9 SSRUBe25) o TERMC(L1) o THIB425) +THL (8 925) y THCRIOFFDO0313
: e3025)s THRUBoZEN W TITLEC26) 9 TOL3 022 Do TSTAT(11) o X(32) OFFDO314
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APPENDIX D

INPUT FORMAT AND SAMPLE DATA SET







APPENDIX D

Part A, Input Format- Data Preparation







PROGRAM AN-36 DATA PREPARATION

Tne N36 program is an off-design axial-flow compressor performance
calculation program (IBM 7094) which iterates on efficiency through use of

blade element loss information.

The total loss coefficient for any blade

element is based on reference total loss, plus an off-design increment in

total loss correlated as a function of i - ingf and M'. The reference total loss
is computed using correlations of reference profile loss parameter vs
diffusion factor and using shock loss across a normal shock-in-passage.

All integer input data must be placed in the right most columns of the
field specified, Decimal numbers should be placed in the left most part
of the field and the decimal point must be included. Alphameric information
must be spelled exactly as specified. No cards may be left out even if zero
or blank unless specifically noted. See the following sample card format in
connection with the following discussion.

CARD 1—COLUMNS 2-10

$DSTART $

This is used to recover from an error condition when several data sets
Note spacing as shown.

are being run,

CARDS 2-4—TITLE CARDS

Three cards to be used for identification,

Columns 1-72 may be used.

CARDS 5-6—CONSTANT PRESSURE SPECIFIC HEAT AS FUNCTION OF
ABSOLUTE TEMPERATURE

The fields shown on these cards are for the coefficients of a fifth degree
polynomial used to evaluate the specific heat at constant pressure:

cp(T)=ap+ay T+az T2+ a3 T3 + a4 T4+ a5 TO

Values of these coefficients for air are shown in the following table.

Temperature 0° to 1700°R 500° to 3400°R 1500° to 5000°R
ap 0. 23746571 0. 257348261 0.18198209
ay 0.21961999 X10-4 | -0.82118436 X10™% | 0. 87076455 X104
ag -0. 87791471 X10™7 | 0.11967112 X10°% | -0. 28093746 X10-7
ag 0.1399136 X10°2 [ -0.57795091 x10710 | 0, 50606304 x1071!
ag -0. 78056154 X10713 | 0.12572563 x10713 | -0, 40556182 x10-15
as 0. 15042604 X10-16 | -0, 10414624 x10717 | 0. 18191046 x1071°

D-1




CARD 7—GENERAL DATA AND OPTIONS

Columns 1-5. (Integer, right adjusted)

The number of axial stations € 32, There are to be four stations ahead of
and three stations behind the blades. See Figures 1 - 3 for typical configurations.
Note that the number of blade sections is equal to the value of Item 1 minus 7.
Also note that some of these passages may be empty and are referred to as
annular rows. Energy and angular momentum are conserved across an annular
row,

Columns 6-10, (Integer, right adjusted)

The number of streamlines at which calculations are to be performed;
must be either 5, 7, 9,or 11,

Columns 11-15, (right adjusted)

The number of speed lines desired, < 15,

Columns 16-20, (right adjusted)

The maximum number of data points to be calculated per speed line.

Columns 21-25, (right adjusted)

The minimum number of data points to be calculated per speed line.

Columns 31-35. (right adjusted)

1 if the results at all streamlines are to be printed

2 if the results at the odd numbered streamlines are to be printed
3 if the hub, mean,and tip streamline quantities are to be printed
4 if the hub and tip quantities are to be printed

on

Columns 41-45, (right adjusted)

1 if only overall mass averaged quantities are to be printed
(n , temperature ratio, pressure ratio, , etc.)

2 if the mass averaged blade row properties are also to be printed

3 if all interstage data are also to be printed



CARD 8—GENERAL DATA AND RELATIVE ERROR TOLERANCES

Columns 1-10,

Design speed, rpm.

Columns 11-20,

Execution time - the number of minutes (fixed point number) the cal-
culation is permitted to run. If computations are still proceeding at the end
of this time, the computation is stopped and output is printed to reflect
computed performance at the end of permitted execution time.

Columns 21-30,

Inlet total temperature in °R.

Columns 31-40.

Inlet total pressure in psia,.

Columns 41-50.

Relative error tolerance on axial velocity, 0.01 is suggested.

Columns 51-60,

Minimum mass flow rate reduction, ( Ib/sec)

Columns 61-70,

Relative error tolerance on continuity, 0.0005 is suggested.

Columns 71-80.

Relative error tolerance on enthalpy, 0.01 is suggested.
CARD 9—GENERAL DATA AND RELATIVE ERROR TOLERANCES

Columns 1-10,

Relative error tolerance on efficiency, 0.01 is suggested.

Columns 11-20,

Relative error tolerance on temperature rise, 0.01 is suggested.



Columns 21-30.

Molecular weight of the flowing fluid, 28,97 for air.

Columns 31-40,

[teration damping factor, 10.0 is suitable under most circumstances.
CARD TYPE 10—STREAMTUBE MASS FLOW

In the data fields shown, enter the fraction of the mass flow between
each streamline and the hub. The first value must be 0,0, the final value
must be 1,0 and the entered values must progress monotonically. Continue
on another card if required.

CARD TYPE 11—FLOW PATH AND BLOCKAGE INFORMATION

There must be one card for each axial station, with the program requiring
four axial stations upstream of the first blade row and three axial stations
downstream of the last blade row, Units used must he consistent with those
used for inlet total pressure. The blockage factor at a hub or tip represents
the fraction of the local geometric annulus area not blocked there.

The following cards, Types 12-16, are used to identify blade rows
throughout the compressor, from front to rear consecutively., While a dummy
blade row (typically used to provide extra inlet or exit stations, or spacing
between blade row) requires only one Type 12 card and one Type 13 card, a
rotor or stator blade row requires each of these plus as many groups of
card Types 14-16 as required to provide all the necessary blade element
data. As described below, evaluation of reference incidence through the
criterion of suction surface tangency or by means of table input requires
the inclusion of one extra blade element data table (i.e., one extra group
of Card Types 14-16).

CARD TYPE 12—BLADE ROW INFORMATION

Columns 1-10, (left adjusted)

Rotor designates a rotor blade row
Stator designates a stator blade row
Annulus designates a dummy row with no blades. No further information

need be entered on this card for a dummy blade row.

Columns 11-15. (right adjusted)

Identification number for reference profile loss data set. Up to 999 loss
data sets can be stored as permanent data.



Columns 21-30. (left adjusted)

Specifies means of evaluating the reference incidence angle at each
streamline for the blade row,

2-D SP3s Denotes use of NASA 2-D rules. See Reference 4, Leave 1
blank column between D and S.

3-D SP3s Denotes use of NASA 3-D rules. See Reference 4. Leave 1
blank column between D and S.

SUCTION Denotes use of the tangent to the suction surface at its inter-
section with the leading edge circle to define the reference
incidence direction. This may be used only for dca blades, and
a table of values for ler/ty, 4 must be included at the end of

tabled blade element data in the format of Card Types 14-16.
ler/ty % is input as a function of average streamline radius,

TABLE Denotes use of tabled input for reference incidence angle. This
table is in the format of Card Types 14-16 and must be placed
at the end of the tabled blade element data, These data are input
as a function of average streamline radius, and reflect a stream-
wise orientation (as opposed to stacking plane orientation).

Columns 31-40. (left adjusted)

Identifies one of two types of blade sections,
65-SERIES NACA 65-series blade section. Leave no blank columns.
CIRCULAR Double-circular-arc blade section.

Columns 51-60,

Information specifies the corrections made to NASA 2-D reference
deviation angle. See Equation 287 of Reference 4,

. dd
INCIDENCE Causes the term ( ipef - is_p )(_d'i_) 2-p to be included

in the evaluation of 8. using Equation 287,

DEVIATION Causes the term () c- 2-D ) to be included in the evaluation
of 8. using Equation 287,

BOTH Causes both terms mentioned above to be used in evaluating § .,

NONE Deletes both terms mentioned above from the evaluation of SC.



Columns 61-70. Form factor; a multiplier in K; of Equation 286, Reference 4,

1.0 for NASA 65-series airfoils
0.7 for double-circular-arc airfoils

Columns 71-80. Shape factor; a multiplier in K§ of Equation 287, Reference 4,

for NASA 65-series airfoils

.0
7 for double-circular-arc airfoils

1
0.
CARD TYPE 13—FLOW INCREMENT CARD

Columns 1-10. The ratio of exit flow rate to inlet flow rate for the subject
blade row.

As indicated earlier, card Types 14-16 are used in sets of one each to
supply blade element data for each rotor or stator blade row in the compressor, .
Before discussing the format of these cards further, it is appropriate to sum-
marize the required blade element information, in the proper input order.

Input Item Radius Orientation
Inlet metal angle Inlet Stacking plane
Exit metal angle Exit Stacking plane
Max thickness/chord Average Stream plane
Throat/spacing Inlet Stream plane
Solidity Average Stream plane
Flow angle at shock Inlet Stream plane

Note; as previously discussed, options SUCTION and TABLE in Columns
21-30 of Card Type 12 each require one additional table of blade element
data for each blade row where these options are used.

CARD TYPE 14—BLADE ELEMENT DATA

Columns 1-5, (right adjusted)

Enter the integer number of points to be included in the associated table,
Maximum number of points equals eight. (straight-line interpolation between
points is used in the program)



CARD TYPE 15—BLADE ELEMENT DATA

Columns 1-80, (In fields of 10 columns each)

Enter individual items of blade element data, using as many fields as
indicated on the corresponding Card Type 14. The corresponding radii
must increase monotonically from left to right in the table,

CARD TYPE 16—BLADE ELEMENT DATA

Columns 1-80, (In fields of 10 columns each)

Enter radius values corresponding to the data items shown on the cor-
responding Card Type 15. Radii must increase monotonically from left to
right in the table,

With all necessary blade element information established, row by row
from front to rear of the compressor, there remains only to specify those
combinations of speed and flow rate at which compressor performance is to
be calculated. This is done using as many cards of the following type as
needed,

CARD TYPE 17—SPEED, FLOW, AND FLOW DECREMENT

Columns 1-10, (left adjusted)

FLOW

Columns 11-20,

Total flow entering compressor, lb/sec

Columns 21-30,

Wheel speed as fraction of design corrected speed. (1,0 = design)

Columns 31-40,

Minimum flow rate decrement. Flow rate decrement is only used if the
speed and flow combination for this card results in a choked condition some-
where in the machine. The choke check is made after complete convergence is
attained and if O/A*<1, 05 at any station, any streamline in the compressor,
the choke check is considered failed, If the program is computing performance
at points along a characteristic, and successive FLOW cards carry increasing
values of flow rate, the program backs off when failure of the choke check is
encountered after at least one point on the characteristic has been established
satisfactorily. The program reattempts performance computations at a flow
rate midway between the last successful value and the value at which choke was

D-7



encountered. This is continued until the minimum flow decrement is violated.
Note that the minimum flow decrement is also specified earlier in the program
data, The earlier specified value is used wherever a value is not specified

on the FLOW card(s),



APPENDIX D

Part B, Sample Design Problem Data Set
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APPENDIX E

OUTPUT FORMAT - SAMPLE PERFORMANCE PROBLEM






000°T 006°0C COH"0 00L°*0 009°0 00S°0 00%°*0 00t °0  002°0 a01°0 oco* o o ST
“ST INIIWV3dLS HI-F 311 GNY SNH IH1L N3IM139 MDV4 SSVA TIVIOL JFH1 mQ‘Iduhu<mm IHL S T

Canla9T-2EY06T°0 ¢ Y aalst1-39G08L°0- + Can Iab60-3166£T1°0 + N._Z.S-w;mz.au-‘l_m«oﬂuuoﬁﬂu..q’r‘fddnuzﬁmﬂdd:» =4y

WYyUd ONIMOTIO3 JHL NI ST IVINONATOd 1VIH 214193dS th;; h @ ) “‘m‘u:,“ o7

T SR L ... __0010%0 = 3INVHIIOL AdIVHING ML
SILNNIW 0°8T  ¥314V UNII0 TT1IM LTVH ¥ 010°0 ST AINIIII443 NO IINV¥ITCL IHI &
0010°0 = 3INVY3I 0L 3ISIY IUNAVIIAWIL IHL S000°C "= IINVHITOL ALTNNTINDI m:mf..mw.t.m.“
(°335/81) 0S0°0 = INIWIEINI MOT4 LHOIINM WAKWINIW 3HL ... 0T0°0 = IONVYITIOL KLTIOTIA IVIXV HI ~ = -
0°01 = ¥WO13Vd IHOIIM NOILVYILD 3HL Le®82° ST LHOTIA WVINIIVION ML  ~~ — -
(*NI US/87) 0002°%1= 3UNSSI4d WLGL 13INT 3IHL T¥TSTO30 69°81S = IWNLVHIAWIL WIOL LIWND WL~ -
- - . - TWdTS 27066 ST 033dS NOISIO 341

SSNTIWV3CLS 1T AV GINYG4¥3d 38 0L 3dv SNOILIVINDIV) ) - moMzD_b<mw NN‘WKQ RRELNE

8-NO4G-SD49~20 WOHI NOIIVWAOINT === T

_ 8961 2 NVM M¥IHLVHd ININ ---

100 XI7HD 9ENV W04 GISN 1 ISVD SUDTAVL NOH  -—

Smmmmesees——e—ee— S NOI L TGNDID NYITISIG-440 ‘!...!.mnul!inumuu‘n.o

TTEmTTooomess= LV S ¥ 0 SSZHdWO0I MO TVTd - TV XY memimmmee e

=== 3 0V LS 110N 40 ST SATVNY 3I3INY WY D‘uwz 3 d —-——



0c36°0

[{RET-R

008640

oN4L*0

00%36°0

0086 °0

ona36*0

6286°0

0vy8€°0

§1.86°0

00¢e6°0

4266°0

05660

ouo0°1

0000°1

0000°t

0000°1

TOL3VY
99T d1)

0086°0

0066°0

00&6*0

0066 °C

C086°0

00860

0086 °0

<ZR6°0

csRe*0

Gl1BE*0

0066 °0

s266°0

Cs66°0

0000°1

ce00°1

00001

0000°1

¥0idvd

Jov¥2018 8nH

6%[&*"#&&6%*6**‘&*»!’*&!*FQQOWQW

*

+ 31714

*

oCc0p0°s e

cNOOo*®s<e

(Jolelulshg=y

cenoocse

ccodo*se

c0600°5?

oontee s

00000°52

ouNnoec?

00000°s¢

00n00*42

00N00°5¢

00000°s2

ceeoocse

00000°52

€0000%5¢

0000042

SN1gvy
Il

s & e

Q0646 * 0T ‘ LLEISAST: I
20€EL"C7 nongy °se <1
o111 1o L - — foooTTEET — T
Nnol6s " 1c 007?78 1% -7
0062817 — " T TTTMOLLTTOYT T 0 T ET
pposY*1¢ 00515 "ve ZT
DNZZEROT T T DOERITYT
0D8EY 61 ONRGI *H2 o7
00007 *¥T ni!‘ldan:awwil?iﬂ -
0005L°4T 2:3.% - 8
000O¥ 9T — T TTOBOSTIT T
D0006"H 1 m ) cdﬂNM“ﬂd ‘ ) d‘\
00005 2T T Ilqacadakbvi.{ T - it
0006£°01 0DO0D 6 v
00086 *F l‘)llldo:a«q-i»-il. 3
006TH "L ] 00000 ¢ ‘ 7
00000°L ~ T TODODDTT T T
sniaw¥ T 3LvNIawon?d
N I XV NOTIVLS

»*

Oy d SATNNNV *

*

FTIISI Y2422 22223122 22222222 ddd s




0086 °0

0086°0

0086 °0

00e6°0

0086°0

S 0086°0
0086°0

h T 0086°0
0086°0

0086°0

00000°s2 ~
copoo°se
00000°52

00000°s2

700000°52 ©

- - — - . e - e~ ——— -— o -
e 1
- - TTUTTTTE”

TO0YRYCETT T 00000y T T2z T T T

00€2%°¢7

00000 0%

12 -

00S0%°¢2 T TTTO0OOOT6Y T D7t T T

DOOOE *€Z

000%2°¢¢

___ ooodl*le

U A



99642 T AL 31 20912 5661 166°971 L5L°ET (SIAINT Y SNITVH
we? rhee qp 2¢°5 159 g)°2 IINIATINT 478
€564 IR nG1*12 $T6° 61 ¥ AL £556°21 (SIHINT ) SNIWH
w1698 1€£9°1¢ Z%148" 2576 9gZ 1+ 6Ly *IE ININFNL JINOSHTANS
99642 AL ¥4 0912 y5E* 61 15697 L5LTET (SI4INT 3 SNIaey :
N96Z°1 oe%e? 02241 o9frc 1 0641 "1 0z8z°” AIICIINS I0OVVWE
£66°42 9c1°¢€2 Al A ¥ +16°81 GeT ST T E6E 2T T USFHONIY SNIOVE T
625°0 655°0 R6ES°0 94%9°0 LoL°0 451°0 1VOuHL 3IVSSVd T T
006°5¢ oyLezz 0p4°02 02z 61 096 °5 T 0oL el (S3I4INT) SNIGVR ~ 7
000U 00%0°0 0060°0 009G *0 00L0°D D0G0°0 JYOHD WL 01
- SCINWITHL WORIYVH T~
B ST -
09697 0S€°€C €e9° 12 vel 61 099°L1 190°61 {SIHINT ) SNIAVY ~
€9°€S 1€°0¢ 0o *9% L1y 16 °%€ €£€*02 3Ny 11X3 IOV
£56°42 G138 R ¥ 0112 16°61 652°91 £55°21 (SHINI} SNIOVE —~
£9°ES 16°6¢ HZ%€S 49006 Swge AT UEETRY T T ITONY ITWD JOVIET T

0L°0 = HO1Ivd 3dVHS NOIIVTAIN 341 o

*30v79 STHL ¥0J €3ISH 38 T1IM T WIGWNN 13§ vIVO SS77

000°T = MOY 30vI8 3H1 JINI 3Jivy MOW COVW
IHL 01 MOR 30vV1E 341 40 LhO F1vY MOTH SSYW THL 40 OIlvd 41

290 NOLLVIAZO IHL NI 3Gve 39 T1IM NOTLTI¥E03 IINIOIINT NY
© 9EV-MVINIWII-219M00 Huv 3IAVW IS4

e @aL0Y ¥V SI 2 WIERIN MON IAYVE




beo*42 TR 2 24 I98°1¢ 00T1°CcZ 2€1°87 y¥31°61 (STHINT ) SNTaVYH

el 669 9L°s 98 * s8°€ 93T ___3ON3QTINT 343
ov6°He 0S€°€C $59°12 Y6L" 6T 099 L1 100°5T - (SHOINI) SnIavH
604°s1 26%°91 SH9° L1 810761 00¢ 12 LEL A4 ININYNL JINTS¥IANS
YEL"HZ eEy €2 2%8°12 001°02 eT1°81 q6L*ai (SHINTY SnIOvy
0e00°1 00L0°1 086T1°1 0082°1 0cLy *1 0vya°1 AIIOI0S I0vTE :
0%6° %2 0sE°€l 45912 Y6L°61 SOMIIYTTTTTIBONS T (S™HINIY SOIavy — —~
906°0 016°0 £16°0 Z16°0 016°0 80F "0 1YJyH1 39VSSvd
000°5¢ 0ct*ee 092°12 0ot 61 02S°LT  059°61 (S3HINL} SnIovy™  —
0080°0 0040°%0 0090°0 00$0°0 00%0°C 00€0°0 77 JUOHI 3HL a1
SSINMITHL WINIXVR 0
3 Rba L
62692 $25°€2 820°22 90402 05781 835791 (SIHINT ) SNIavy
96°6- 126~ $L°8- 06 *8- be o8- €578~ 379NV LIX3 3aQVI8 -
0¥6°%2 0se €2 c6e*1e vol°61 099°L 1 T00°57 _ {SHHINI) sniavd - - -
r{ R ¥4 8242 61°62 £€5°62 96°%2¢ " BITOY T TTIONV ITINICIOVIE T

0470 = YI1IV4 IJVHS NOTIVIAIT 3IHL

*30vI8 SIHL 404 @asn Iq MM 2 YIewnk 13S viva s<ni

000°1 = 0¥ 30vI8 3IH1 OLINI JiVvY MOTJ SCVNW
IH1 01 MDY 3GVI6 3JHL 40 INN IAVY MOId SSYW 3HL 40 OILlvy 41

3TINY NOLIVIAIC 3HL NI J0vk 3¢ TIIM NOI1DIHYDD IINIATINT NV

JUV-dv INIHIISINAMT IV 330v e /34D - T

‘¥OLIVLS v S1 € YIGWAN KX 30073 B



$26°%2

0s°*¢

626°%C

1e6°¢€S

S26°He

0% 0€°1

62692

L2250

000°s¢

00€£G°0

22642

s8°1s

34 24 T4

enoce?

(0} 2a 3

AR

06€°* 14

c0og?

oste*l

52y €l

%560

319°¢€2

oo40°0

[81: 050 34

t1°6Y

§26°¢2

96 °9¢

806C°CC

s

RCO*Z2C

ieg*8y

802°7

08%¥v°1

82022

c86°0

0e8° 12

0050°0

arRe*?2e

06*5Y

gco0*22

0t °%S’

orLc0z

L2*s

90%°07

€92 °%Y

1L°0e

009s*1

20%°02

029°0

s%2°02

0090°0

510°1¢

B 1y

90H*02

18°1¢9

£27°61 ERTLY {S3I4INT) SNIUVH

e sLtL IINICIINT “43¥

YWrel RIS*IT ‘ {SHONL )} SNIGYY

130 ] 13E°6¢% ONI NENL ITNMISHI 4NS

$¥33°61 H3T°LY (STHINT} SAITVE .

002ZL"Y 0gERs" T AITCICS 30vT13
YOG ET T CEIGCIT T T T (SIHONTYShYovY T
199°0 BOL*0 1VI8HL JIVSSVvd - 7
oﬁo.ma cLo"1L1 {SIHINI) SPIOvY
QoLC D 00800 TEDAJ JHL 11
: T SSINWITHL WNWIXPW — D
- — - s -
$25°61 568°L1 © (STHINI) SAICVE -
86 °9¢ 08 "8Z ITONY LIX3 J0VId )

%0381 BIE 3T (SHHONI) SNIavy

TURDCey T EINS, T T T TIIONVIFINTIOVIE T

0L"0 = WILIV4 I4VAS NOT1VIAIT 341 7

*3a0v18 S1KL ¥04 43sN 36 TVIM 1 W3ewnk 135S vivD $sS01 -

000°1 = MOY 3IAvI0 3HL OINYT I 1vd ACT4 SSVW

JH1 01 MO¥ 3avie 3L 40 1IN0 31vY MOT4 SSVW JHLI JU DILvV™ 391 ° -

JINd NOLIVIAIO 3HL N1 30VW 36 TTIM NOT1IIVE0D IINIOLINT NV

TUTWSEVINATI-TIANIT 3WV SIAVTE TSIIT
*¥NI0¥ ¥V ST % WIGWNIN KD 30YIA




616°%2

€0°L

c26*H2

0e9°Ll

0c6*%2

0¥21°1

226°42

648°0

- 00Cc°ce

0080°0

L16°%2

9901~

2Z6°%2

2 T

1SL*€2  wvs*zz  LST°1Z 868°6T  HEE BT {SHONI) sn1Ovy
Teto 9E°E A JSYTE __wvTE 33N t43
089°€2  BRE®ZZ  ST0°TZ  42s%T 5631 (STHINI) SnTavy — -
T0v°81  819°61 119702 €16°1Z  6T2°%2  ONINNML DINDS¥T4NS
1SL°€2  wws*zz 1§2°T2 893°61  +c€"8l (STONI) SnIavy
068T°T  086Z°T  0SSE*T  098%°T  0483°1 ALICITOS JOvie
089°€2  88€°2Z  G10°12 ~ 26T ~6S€ LT T T ISMINITSArgVY
€88°0 za8°0 188°0 €180 9L8°0 " T1VO¥HI FIVSSVE
$69°€2  0T€°22  $96°0Z  029°%1  6LZ°BI (SHINI) Snravy
00L0°0  0070°0  00S0°0  0340°0  NDED*D JYOHI JRI U1
T T SSINDIHL RNATYVR 5
..
. ¥€8°€Z  00L°22  00S°1Z _ €T1Z°0Z OTS"8T ~° ~~ (SMINIT Snruve - -
SL°6- S0 °6- A 86 *8- TR%8= " IOV LI 3avia
089°€Z  BBE€2Z  ST0°12  $26°6T  TETLT 7T ISIHINID SNITwvY
¥BEZ T OTT0ET  §Z%2€ T T 00°SE TILTIE T 3TNV TINI FOVIE T
0L*0 = YJ1IVd 34VHS NOIIVIAII 341~ -
..... . ..3Qv18 SIHL ¥04 035N 38 1IN 7 ¥IGWDN 135 Viva SSOT -
000°T = MO4 30VIA JHL OINT JIVY MO SSeW
3HL 0L MO¥ 3GV 3HL 0 1NC 31vd ADTH SSYW IHI 30 OTLvY 31 -
1M NOLLVIAIG FHL NI 30vW 38 1114 NOTLDIWHCD IINIAIONT NV -
T T T ;l.»lndxmﬂﬂiaﬂawmadwaqumrww RELL A NE SRR .
T CMOLVISV SIS ¥3I8WON MOod JOViET




Lie*%Z C05%€2 YGB*LZ 16L°12 9L6*D7 g4 (SHINT) SATCvY
29°2 £Ge gy 15*¢ 19°9 0372 S 3IONITIINT °43¥
L16°92  Heeccl 00L°22 006°17 €12°02 n13°8T USIHINTY SNITVY
ZLs*t1s DOk &4 L1118y £0€*9y 424+ 925°1% ANTNYNL JINOSYIANT
L1692 0652 $68°27 152112 9L6*02 70861 {STHINT) SNIT7H
0%0€°1 065 ° 1 06751 ()RR 0y 20°1 0ZLL"T AL1QIINS 30v R
Lre=%z 113 M2 0012 00c*12 €12°07 “0TR*ET 7 T ISTMONTT SNIVE T
6€5°0 L1560 06G*0 909°0 ££3°0 123°) 1VO¥HL 39VYSSVd
000°62 gL €z 929°2¢ #Tc*12 25¢t02 051°61 {SFINI) SNITVY
00€0°0 00%0%0 0050°0 00900 00LC°C 0380°D gYoHI 3HL 91
SSINTITHI WORIXVW ~ %
B
L1642 EL6*€7 800°€2 £00°72 6£6°02  E51°6T (STHINTY SNTIVYH
99°6% LZ°9% TRCYy 98°0% Leele 93°2¢ JIDN 11¥3 30VI8
L1692 YEB €2 coL ¢ 00612 £1202 018°87 {SIHONIT SNIvE
60°6% TEoLs 0v*6s 16 %€ to°1s —  RT™I% 7 379KV ITINT JOVIR T T

01°0 = ¥N1DVY 3dvyS NITIVIAID 741
*30v18 SIHL ¥04 JISNH 38 NIM T ¥IGWON 13S v1IVd 5SOT

000°*T = MOY IAVIZ IHI IINI Jlve MDTH SSYp
JHL 01 M0O¥ 30v19 3HL 40 INC JLVY M4 SSYR IHL 4O O01LVY 741

IINd NOTLIVIAIO 3IHE NYT 30VW 338 YTIM NOT1LIIHYND IINICLIINL NV -

VNV INIYTI-FITEAIT 2wy STAVI s34 7

*HOL0Y ¥ ST 2 ¥3IBWAIN mCY 3av 14



L1692

00°L

13 ¥ 0 X4

880°61

816°y2

086T°1

Lie*ye

968°0

000°s¢Z

0080°0

8l6°%e

Ic*11-

Lle*ye

g2t

690492

ct1°s

€L6°¢ 7

oLL el

6490°%2

o1s2°1

€Ll6"¢?

198°0C

120°%¢

00L0°0

2192

09°01-

€L6*€T

05°2¢

R ¥4

8c*S

€00°¢cZ

S6CT02

ggl¢ce

os0e"Y

800°€c

£98°0

240°¢C

0090°0

80¢€ €2

8201~

800°€<

16°ce

0€2°2¢
LE®H

€00°%22
€9¢° 12

0€2°22

0clel

£00°22

198°0

€90°22
0050°0
85y°22
81°01-

€00°¢c2

Yy ogg

€617 L3z~oz (STH4INT ) Snravy
Th *¢ Y7 muzwu~uz~ “43¥
6€5°%0¢ g3l %61 [SHINI) Snicvy

22822 sta*eZ ONINY¥NL JTINOSH34NS
€621 Lyez*o: {SHINT) Ssniavy -

OLSH Y 089s°1 AlIQIY0S 30V

6657077 TESITET T T T [SHINTY SHIORY T

6580 953°0 1VD¥H1 3IVSSVd - -
&munam modoow w—nu£02~uwana<¢

00%0°0 00€0*0

"O¥0OH] 3HI 01
- SSINMTHL WARTXVH -
SETRT I TR &

123 °07 {S34INT ) sSnr1avy

L9s1c

€0°01— 12°01- masz‘ﬁ~xu ELLALN

6€5°07 €61 °51 (SFHINII Sniavy

89°2€°  TDATIY T TIVONY ITIND JagvieT

0L*C = ¥O12Vd 3dv4S NOTLVIAIY 3IHI

"30v18 SIHL 04 03SN 34 T1IM 2 ¥IERON_13S VIVD SSOT

000°T = MOY 3GVIZ 3HL JANI Jivu ROTH SSVW

JHY 04 MOY¥ 30VIE8 3IHL 390 1IN0 31vH MITS SSYW THL 40 OIlvd =H1

37Ny NOTIVIA3IG 3HL NI 30VW 39 T118M NOTLI3¥Y0D IINIGIINT NV

Y-y INIATI-IT1AMI0 IyV - SIavI8 15341

*MOLVYLIS v ST L w3ghNN o 3avid



134 -2 74

1z*¢

L1642
9021°0%
cZ6"H¢
ov0e°1

L16°%¢

L¥S°0

00Cc*sZ

00€0°0

626°%2

S LYy

L16°%2

°6*gs

2L %

o1*¢c

G21°%¢

09s ey

cL1®%

oeye 1

G21°%2

856°0

L91°%¢

00%0°0

0Z2Z°*%¢

28°6%

GZ1*%e

e1°ls

16l 2l 74

C*%y

o

RIS T4

061°8%

10%°¢.

noee"T

ROE*¢C

$18°0

seytel

06s0*0

s0s°ee

11°4%

q0e%€e

LG°¢s

Q1922

$0°¢

gcHh 22

SEL*9Y

91v*2e

0161

859 *22

166°0

20¢°22

00s0°0

Y11°22

Lo*Z%

8y

16°tS

€6L°TC L72°07 (S3HINT) SNITVY
€19 87°L I INIATINI t43Y
L9512 123°02 (SHONI) SRIIVvY

ey 1°CYy Sle®ch ONINYENL DINOSHSJNS

€6L 17 3:5%0¢ (S3IHAINT) SNIJvY
0CczZCt1 0012°1 AITCI0S J30av 1
U9s*TZ 7 12902 T UUUSHOINT) YMIOVE T T -
609°0 DEI*d 1VOgHL 3IIVTSVd T T

699 °12 9£3°07 {STHINI) SnIavd
QYOHD IM1 1 o~
SSINYITHI WWIYYw ~ '
- -

00.0°0 o 1o 120 Bl

1 020°277  wET°1Z (SIINT) STIIvY

2L°6¢ g3 °3¢ JIONY IIX3 Jovie

195°17? 123 %07 {SHINI) SNICVvY -

C/TeZeTT T YHTOG T TIABNY TIANT IAVIET T

0L*0C = ¥JI1DV3 IIV4S NIOLIVIA3ZO 3M1 -

*30v18 SIHI ¥0d4 03SN 36 1914 T ¥IWNK 13§ Vive $ST7

C00°T = MOY 30vIg 3IHi JUINI T IvVH ROT4 SOUNW
3H1 01 MDYd 30V19 JHL J0 1N0D Yivy MOT4 SSvW 3H) J0 CItvy 41

3I0Y NOTIVIAIO 3IHL NI 30wk 34 TTI4 NOTLIINYrDd IINIFAIINT AV

V-V INIBI0-218nIT ¥y §IAvIM I<340 T

*HOLO¥Y Vv ST 3 dARRWIN KO JOVIP



2€6°%2 0Lz*%2 E6cgl 21622 20722 §7H T2 .wWLQZMu SNITwY

sy 99°s . 8% €6°e PO el 3MIOIONT ca3y
626" %2 02Z°%2 505°€2 vLL®Z2 020°¢2 Ye2o T2 © 7 US3HONT ) SNTIvY -
€6T1°61 919 %61 £00°02 L19°02 0112 0v2°22 ONINYNL JINOSWIdNS
EE6° ¥ 0Lze%e 665°€C z16°22 202°22 99%°12 (S3HINI) snravy -
o81z°1 0862°1 06€2°1 084€°1 060%°1  0€l%°1 _ AITOIINS 3ayme
626°%2  022°%2 505°€2 vll®ge  020°7Z T HETTYZ T T USHINITSNIOVE T
258°0 158°0 098°0 098°0 648 *0 3:53°0 __ LVO¥HI I9VSSVE T
000°s2 INEAL ¥4 $SS°€2Z ¢v8°Z2  O11%2z  38€°TZ "7 {(SHHONI) Sniovy -
0080°0 00L0°0 0090°0 0050°0 00%0°0 00€2%0 7 7 QO¥OMD 3HL D1
‘ T SSINMIHL WIHIXYN 3
.
Le6°%2 12€°%2 *69°€2 0s0°€Z ~ S8E€°Z2  859°TZ  TISIHINI) Sniavy
96°01- £€°0T- €0°01- 98°6- SL*6- L= T TINY AN 3OVIR T
626°%2 (7428 ¥4 €06 €2 viLt2z 020°72 $€Z°12 T ISTHONT) Snigvy -
Lr°2e  elvee ¥6°2¢ LY°4€ © BLOSCTT TEYNIETT TITONV L3RI IGVIE T

0L°0 = ¥D1vd IdVHS NDILVIAIQ 741 ~

*30V18 SIHL 03 035N 38 1114 2 ¥IGWNN 13S VIVC $SI1

000°1 = MOY 3avI9 3HL JAINI 2ivy MOTd SCVW
3HL 01 MOY 3QVv18 3HL 40 1IN0 31vY MO4 SSYW 3H1 40 Ollva 344

IIMY NOILVIA3C SHL NI I0ve 36 T1TIM NOT 133¥3¥0) 3IN301INI Nv

umnhx<43dm-uﬂuaa1}m.wx¢:wuo<4m 35341

“¥OLVIS v SI 5 Y3IGWAIN MO¥ 33vI3



6e6°H2

oL*1

LEB ¥

6L1°1s

(0 208 1

oeoc°t

LES® YL

BES®O

000°S<c

00€0°0

E6°92

LY* LY

18€ *»¢

%9°*¢

12€°*%?

£61°09

16¢ * %2

ozfre*l

12e* %L

$4%6°0

29e°%2

0040°0

18€°%2

€5°9

12e°%¢

T 16°LS

fgleed

1s°¢

v59%¢2

RO 6Y

€69t Y

+69°¢€7

966°0

€2Le2

00€0°0

618°€2

0% °sy

%69°¢Z

§6°9¢

991

FATA

050°¢?

C8 LY

8y1t€e

0y0% 1

0s0°*¢¢

696°0

S80°€2

0090°0

1y2°¢c?

0054

0s0°¢€2

01°s%

T~

-

m-

gze e 9:8°1c (S3HINI ) Smiavy
158°6 1572 JIINIOTINT 43
SRE*7¢ 859°1¢ {S3H4INT) SNIJvH
86w * Yy DET®S* GNTNYENL JINISHIINS
€252 LR T {S34INI ) SNIIvY
069% 1 0205 °T A110T70S IOV
GeT 27 T BSOTIZ .Huwuﬂu2ﬂq STIave”
186 °0 Lss°n IVJIEH1 JIBVSSVd
w¢¢uwa¢ ,mwmuﬂw<i; Mwu:UZN. sSNIgvy
00L0°0 0080°0 O¥OAJ 3HI 0L
'SSINMDTAY WNALYVW
199°%¢22 .m.lmm-NN o (SIHINTI SNIaVvY
[4 A4 By °0% ERbL 1TX3 30vTe
g8c*22 ~ BE9*12 (SHOINT ) SnIavye

,quﬁW|1.1lﬁderlér,iiwaaldlﬁuJZA 3Igvie

0L°0

*30v1e SIHL ¥0d4 03¢N 38

= ¥019vd J4VH4S NOILIVIAIQ F41

1IN T ¥IGWNN 13T YIVD S§IT

000°*T = Mod 3IOVIA JHI OINI FIVY MCTI SSVK
JHi 01 MJ¥ 30vI9 IHL 40 LND 31vy MOTH SSVH JHY 40 COrivy F41

J1M¥ NOTIVIA3O 3HL NI 30vk 39 1M NOT133¥¥09 3IONICIINT NV

HWv—avIAINTI-T1anTd T4V TIAvIe AT

“y010¥ ¥ SI 01 ¥3QWIN MDY 3QVIP

4



Iv6*He

. o ..0878

13 12l 74

0s9°61

LY6°*He

os%2°1

X737

268°0

000°SZ

0080°0

156°92

1L°0T~

E¥6°92

9Z2¢

Y4 Bd T4

€976

18¢ *¥¢

1Z28°61

LTA M T4

09L2°1

T 18g°%e

9%6°0

6€Y° %2

00L0°0

Lhtye

11°01-~

18E°¥2

"g0°2¢

0o6*€d

9Ly

g18°€2

601°0¢2

106°¢2

oLoE"1

818°¢¢

098°0
8L8°€2
0090°0
£86°€2
¥8°6~

8I8%€2

89°2¢

999°¢2

s8°¢

IR TAd ¥4

895°0<¢

9%¢°¢Z

osve*1l

LeZ2°¢2

658°0
L1€*ez
00s0°0
9ev-e2
18°6-

Lye e

66°€¢€

: o
618°2Z 552722 USHONI) snravs -
S - DA _AWIGIONT °43¥
199°22 550722 (SHINI) sAravy
$02°T2  <¥8°TZ  SONINYNL JINDS¥IANS

olR°zs  §s2°22 SHINI) sniavy
OT6€°T  08EH°T _ ALIOITOS JOVW

r.danNM%Pnlwma.NN __USSHONTY STIuwvy - -

868°0  S<870 " TUIVOWHL 39VSITVA
95L%27  §51°2Z "~ (SHMHONIJ Sniavy - -
00%0°0  00€0°0 ~  ~ " O¥OHI M1 OI — e~
T T T T TSSINWIHI WIWIXVR T
..
BL6°2Z  GS¥*2Z T (SHOINI) SnIavy -

v8e-  BE%- T UIMW LA IOVIE T
199°22  650°ZZ USTINI) sniovy -
SSSTTTTTROYIET T IOV IT NI IOV

0L%0 =

BOLOV 3dV4S NOLIVIAZD 31 =~

°3GV78 STHL ¥04 G3SN 38 MIN 7 WIGWON 135 VIVO SSOT

000°T = MOY 30vI8 3IHL OLNI JIvd MNY4 SSYWd —

3H1 0L WOY¥ 30V18 3HL 30 L[N0 ILVH MOT4 SSYN IWL 40 OTLVY 4L ~

3INY NOLIVIAIO 3HL NI 30ve 38 171IM zoahvwxxcu.wUZWQ~UZ~ NV )

JIV-AVINIHTI-ATAMT 2UV SIAVW TSI~

"MOLVLS v SI 11 33IQWN MOy 30V




£96° %<

18°1

156°%¢

yLe oY

H56°4%<C

020€°1

166°%¢C

$$5°0
000°s<
00€0°0
Ls6°%2
LL %Y

166° %2

99°*8¢

ey 42

¥L°c

[\ TR A T4

B2L*8Y

gobobs

092¢°1

0Ly *H<

655°0

€165

004%0°0

926 °+¢

BE * 94

oLy %7

%e°®1s

ose*ve

(3041

gs0€?

5G6° 1LYy

CH0*He

026E 1

£86°¢€Z

c96°0

120°%Z

0060°0

604

89 *EY

rH6TEC

8¢ "9¢

9r6°¢2

0%

Ry

cs0° LY

LA AR W4

o18e°l

98y €2

€Ls°0

ovsed

0090°0

999°7 <

1L°2%

984°¢2

€1°8S

01" L13IvC? (STHINT) <NITVH

15°¢ _E5t3 o

8L Y2 §5%°727 {S3HINI) SNITvY
120°93% 025°h4y ONINYML JINDS¥-4ANT
coteed 81322 (SZ4OINT ) SN13vy
0Z1%°7 00sy "1 Alraries 3gva?

G677 THEHVZT

€86 °0 €56°0 1VOHYl 39VSSVd
€sntey ‘womwNN‘ ] {S3H4ONT ) SNIGVY
ooLo®0 00830 OY¥ORJ 341 01

CSINWITH1 WNHIXVR

f22°€7 oBL*c2 .mwzuz- sSn1Jvy

L 1% 91°0% ITONY 11Xx3 I0VI8

fL6%2? GG6He22 {SIHINI) SNTaVY

BETT T HINZG TUIYONY LIINY Javad o

01°0 = ¥01IVd4 FAVHS NOT1VIA3Q 241

*3av18 SIHL ¥04 Q3SN 26 1114 T d38WON 13§ VIVe SS0T

000°T = ¥0d 30v18 IHL DIND 31vd MOTd SV
3IH1 0L MOY 30VIE IHL J0 IND LVH MOTS SSVK IH1 40 OILvd FHI

3708 NOILYIADO 3HL NI 3Qvik 36 TTIM NOTLITWIND IINIJTINT WY

NV LYY INIRTI-TIGNIA IHE SIAV T AS94T

“y4013% v I 21 yAQuAN M0y 3078

JIONIQIINT 43V

Rl

- vl

]

TTUSFHINTY STUVE T



896°%2

%0°s

VR-7:28 14

81°61

656°%2Z

(A AT

LS6°%2

8E8°0

000°52

0080°0

196°%2

YL°01-

L5692

98°2¢

2} 2°0a 74

12y

92647

2H2%61

[ 3308 74

0692°1

92G9°%C

S¥8°0

89S ° %2

00L0°0

€L5°92

91°01-

925°%2
g5°2¢

T21%42 82l°¢2 01¢°€2 633°22 {S3HINI) SnInvy

ohe 19°2 J‘whow.zs:‘lmbmm“ fr.ln.iMMMwQMul~ *43d
P6O*H¢ 996 *¢2 gZce? 0RL*2Z {S34DONI) Snicvy
15%°61 918°61 19202 118°02 INTNUNL 3TNOSHIJIAS .
TWT°ve 8zLefe 0Tc*¢e? S3¢ 22 (S3IHINT) SnIavy
0fez 1 0Z7¢°1 olgs*Y 026€°T _ ALTOIN0S 30VY3
B60°vZ  999°¢Z  8ZZ€7T TORL*2ZT T TUSMINIY SAIAVE
058°0 osg 0 6480 6%8°0 1VOUHL u%%mw<m N
SET™»e  woL*€Z  alzez | 1v8tzz  (STINI) SnIavy
0090°0 00s0°0 0040 *0 09€0*0 T TJ¥OHD 3HL 01 T
. SSINDIHL WANIXVH
¥BIS%Z  061°€Z  €6€°€2  T66°27  ISMONI) SnIovy
06°6- ce*6- 88 *6- 666~ T 3TONV LY 3aVvIe o

86C°%¢e 999°¢2 g2z €2 oRL*?2 tSHOINT ) sn1avy

v6tCe 00°v¢ Lesse” ™ TXE¥E T U TITENY L3N IAYTATTOT

0L°0 = ¥N1IV4 3dVHS NOIIVIAIG FuI

*30VI€ STHL ¥0d4 a=SN 3@ MM 2 W3EWAN 13S vivd ssm

000°T = MOY 3IAVI8 3MI JANI 31v> MO SSV4%
3HL 01 MO¥W 30v18 3HL 40 INO 31vd MOTd SSYW 3IHL 30 0T1vVY 341

31 NOILVIAIGO 3HL N1 3GVR 3P JT1IM NOL 133890 3IMICIONT NY

V=YV INIHTI-TICATT 2Uv $3aVIa IS34L

‘dLveS v ST el dW3BWNN MDA 30V



€96°492

%3 °1

196°%¢2

gge ey

$¥96°%<

otloe°1

196°%<¢

195°0

000°62

00€0°0

996°42

z0°¢cy

196° 42

89°8%

109°%¢

w1°Z

ELG°H?

006°LY

109°42Z

o61¢€°1

hal
~
us
»
Es
~

£96°0

b19°*9?

00%0°0

629°%¢

L5°7%

cLe *HZ

69°LS

[STIE 24

UL

SR He

fR1°LY

LEZ* Y

UHEE®T

LRT1°%C

60G6*0

GC2*%e

0ne0*o

CEZHe

LYYy

9RT1*HC

25°6%

€18*¢¢

€9°Y

o6L*fd

IEE°9Y

€18°¢¢

olg9c "1

o6L°€¢

L1s°0

9ge° €2

009C6°0

966°¢2

HS 1Y

061°¢2

9Z°68&

*3Qv19 STHL w04 03SP 38 1114 T

$05°€2  ES1°€? ISTONT ) SNIOVY
6°5 453 ANANIINT 43
€ee°cz  T56°27 (STHINT ) SNV
G616+ 970°b%  ONINYMAL JINDSYTdIS -
906°€2  €el°eC (SFHONI) SN1IVY
osug l  021%°T ALTGTICS 30v8
€6<*FZ 156°77 T TUSIHONIT SHIOVET T T
885 *0 009°0 1VO¥41 39VSSVd
sLyeez %50z (SFAINT) SHIIVH
05:0*0  008D°0 S gEDMI IHL D1 o
© SSINNITHL WNWIXVW
BI9°€7  912°€7  ~ (S3IINT) snIVY
L€ 0% JEXETS 3NV 11X 3avE

€6¢% *¢? 166°22 {SF4INT ) SNTOVH

26 €S TPHGP26T T T T ITHNY LT JUVvT T

0L°0 = ¥)LIVI 3dv4S NOTIVIA3TD 41

YIGWNN 135 vivD 5SNT

000°1 = MOy 3AVI8 3IHL OINT V¥ mOT4 SSUR

IHL 0L MOY 3GVI6 3IHL 40 1IN0 T1vy MIV4 SSVW IHL Ju OIlva 541

7MY NATIVIAZO JHL NI JQvK 39 171 NOT1IIHY0D IONIATINI NV

T EVeSyIAIY IT-310N1a TYv $30vId STl

*¥010Y v ST Y1 ¥2ghnNN MOW 30vN3



996°92

90°s

996°42

S0¥°02

196°%2

00ce"1

996°%2

1€9°0

- 000°52

0080°0

196°%2

86°6~

996°92

96°2¢

G942

K2

629°%<¢

0s2°07

9e9*He

oLye*1

629°%2

8e8°C

$99° %2

00L0°0

vh9°He

946~

629°%¢

26°2¢

SOE*%Z wLETEZ  IYYEZ  GIE°EZ (STHONT ) SNTIvy
Eve bste o outl 0 I0%0 3ONICIONT -43y
£62°9¢  9S6°€Z  BI®*€Z  9LZ°E7 (SMINT) SPIIVY

99202 sZ¥°0? $59°0C 8-3*02 ININYAL DTINASHIENS

90¢* 42 v16°€2 179°€¢ 9IE°€2 (SIHONI) SNT0%¥  ~
069¢ 1 0Y8E"1 059v°1 092gh°1 AlIGII0S 30vid
F62°%Z  9%e6°€r T BI9%f SLZTET T T ISHONI T SOV
4870 S%8°0 93 °0 6%3°0 ,1.‘~<ou:ﬁ 39vssvd
ROE 92 296°€2  919°¢? oLz*ez ~ .mu&uzmw.m@maqm B
0090°0 00500 00%0°0 00€0°0 7 QYOHD JHL OI T
ST SSINOIAL WRWTXV
i I, e
61€°42 €66°€Z  999°€2  SfE°FZ T ISHOINID Snlavy T -
0Z%6- »1%6- 01°6- 17%- ‘wwuquan,Hﬁxu.un«a@.\:!m»

_USHONT) sniava

£62°492 956°¢?2 819°*€2 ohw.mw

S o9°2¢ 6ESEE T €2%E T 7073 ;noAmmJu¢¢,ouz~;ma<4mwa||sl

0L°0 = ¥31IV4 34dV4S NOTIVIAIQ T4}

°30vIg SIHL ¥0d4 G3ISN 39 1IM 2 WIEWNN 135S viva $S071

000°T = MO% 3AVI4 3HL JINI ILvy MC1d SSvw
3H1 04 MOY¥ 30VI8 3HL 30 1IN0 3LV MOT4 SSYW IHL 40 O11VYH 341

37N NOTAVIA3IO 3IHL NI 30VW 3¢ 1M NOT 123440 3INJUIINL Nv

ST TR NN S EER 13 ] BER L) S3IAVIa ISTT

*40LVIS ¥ SI 51 ¥3GWIN MOy 30vT3



(90H JIYi3Wu49 3HL
WI¥d IHS13H 3C0VIE 40D

$601°0
%Z260°0
¥3L0°0
4290°0
$190°0
$%0°0
14€0°0
$820°0
6¢20°0
5020°0
0810°0
6510°0
1¥10°0
1210°0
%110°0
€010°0
9600°0
0600°0
€800°0
0800 °0

IN3IJu3d 06 1V

1

1£50°0
v5%0°0
L&€0"0
0¢k0°0
L120°0
9¢70°0
%0<0°0
9L10°0
(S$10°0
%¢10%0
&T710°0
80710°0
L600°0
6800°0
0800°0
LLO0®O
Z210C°*0
$900°0
0900°0
0900°0

IN3DVId 06 AV

v3IGWNN  13S viva SSOT

T 4090%) T
#€60 %0
9383 %0
46€0*0
oefO*D
0522 %0

T 06e3°% -
£123°0
zZ2a10*0
1512°0
Leto*o
1210*)
g0 10 *H
16027
0507°0
€H0D 0
©330°)
0090
£L07°0
(07 2 b R

IN3O¥3d 01 LV

T 00T
266°0
006"0
0¢6°0
306°0
pclL®0

B IO A S
379°0
009°0
0c6*o
0050
0s+*0

TToovcto T ;
06¢ *0
[JQRdi]
0¢?*0
[1]erRd1]
getreo
[1[AR 8]
ooc*o

yO1Ivd-1

E-18



(COH DTULIW0I9 3HI

A0¥d IHI13H IAvVIY

40)

1¢60°0
¥9%0°0
L6£0°0
0ee0®0
4120°0
QeZo0*0
4020°0
9110°0
Z2510°0
»c10°0
61100
s0fo o
Le00*0
&800°0
Ge00°0
1100°0C
2L00°0
€900°0
0900°0
CYy00°0

IN3D¥3Id 06 1V

I'4

TE50°0
Y9490°0
L6EO®D
0EEDn*0
L120°0
Q€200
®020°0
9L10°0
2610°0
Y100
6110°0
8oto*o
L6070
68090
0819*%0
L100%0
2109°N
39600
09000
ca09°*0

IN2D¥3d 06 LV

YIAWNN 13S viva SSOT

“33°%0
ERA TR0
15€3°%)
(L1 ¢ Al ]
1L720°%)

Carentn T

%3200
2L 19%0
7¢10%
YETD®D
6119°%0
BT+ ) Se R
159140
ARDN %0
0R013°%9)
L1D09"D
cLnn*n
GED TR
030749
070740

INIMIA4 DT 1Y

TTUTTTTIpEINDY

.

onn=1
0:6°0
vos*0
053°0
- poe*n

noLte
dsero
0090
(XAt
“pogep
B 1S A VI
004°0
Dee*o
ope=o
0%72°n
ooT 0
T DETD
n01°0
300%0

¥fildv4-a



N0
6 i
¢ *Ha1
P P R
U440
TTIBQ
L®L0R
c*51L
%451
c*ynt
[ A

€ 434S
AEE L]

891°1
0211
0Lo®1
1161
I96°0
cNe*0
t .80
1LLco
«u .Vf o:
115 *0

¢ g 0

M IGWNN
HIvw 134

0* 477
Teocel
[ETRE1
6*cT1TY
#e4n0l
B*066
%176
29y d
L% 61
1°129
(AR

(23</713)
ALY R}

?1%°0
21%°0
rAS AL
Z1%*0
FAR Al Y]
21%°0
21%°0
21%*0
21%°0
190
Z21%*0

HIANWNN

HOVW S8V

LA
€°7264%
€276
€°2S%Y
£€*7Gh
I B4 A
£°2G6%
| 4rh
A AE 4
L*iGY
€264

(23s/139)
RELERE

2080000000000 0008 00RENIEIINERTEDRPOIRNCEIPPTIUOPETEIOITRIIOIBOIITS

6L0°¢1
6L0°¢€]
610°¢1
620°¢1
6L0°¢T
6L0°%
6L0°¢1
6L0°¢l
6LOET
610°¢1
0g90°¢l

*Nl DS/8

9*10¢
© 105
9104
3e10¢
3°10%
9°104
2104
9°10¢
108"
9°106
9°106

b INDINYY 930

S Idd DJILVLIS dW3Al DJI11VIS

5 36 06 0t U SV S0 000 et 00000 OR DR CPRUEEtl 000000 00et seReRs st sCR0RE0s0sRl YTV IFISRPSRTISRIVIEPIUT PP USERSIPIIIIVTYITIYY

0o°n nen

0°d 00

0°0 0°0

0°0 0°0

nen 04D

0°*0 n*o

0°*0 o*o

(2] 0*0

0°0 0°0

0°0 0°0

0°0 6°0

(33s/14) (73s/1 4y
T3IA IVIOYH T3A TUIHM

RS L*%T5 11
00L°51 1°RTS ave
TR S 43 ¢ S
001 *% 1 1eels g °
ShIREA 1°975 !
00L "> T L°R1S < -
0oLy T 1°815 g *
00L %1 L°875 v .
© T MOLYST TTLTBIS T T € T

00L Y7 1°81S - T e

001 °%T 1*8T5 T

T |

*NI DS/87  IRIVNVY 130 .-
SIYd WINL  dWIL WIOL *IvS”

*25%
*2gh
*26%
26k
41
*29h
*2an
*26%
s26Yy
Lad-L I

N oy

P A AW AN TR T s T

(238714
T3AA Wy

J0° €T e
IR"E? pT®
g6*2?
717
T3ATel
€ °RT
7191
BE %Y
1¢°71
zec0t
- 00*!

NP OO

*NT Sniavy e 1 A
ANT IWEINLS  *T0S T

88 s 2 0B PE PSSO e el SE S0P CAEsNEE PRSI AP PO R0 eI O sstere 0eoonnoedoeisatotdesnisnitoetdonrsnedoressoccctescdbiboncsontitosnnisnias

8. .¢/.0

8-NG*6-5249-20 WOYS NDTIVWUNAINT

R9ET 2 NVF

ATHLVHA NI

100 MIIHD GENV ¥0I G3ISN T ISVI S+ HDTAVL NDY

UEAN NAITIVIG T

1
[



- [
1y - B
P -
v — ~
S 006 00000000 RN IEItElT IR E NPT T RN OP D Y UT T TS PTOCCIOIPYRREE
° 62621 0°ge6t T 00LhyTY Y 4 (T B & A
) ) o . 18621 1°95¢ ) 00LoyT 1°8Ts —  OT*—
* 656°2T 7 UES9EY T T T OIS T T LYY T 5~
¢ €ea~2t L°96Y 00L *%1 CoLT8IsT T Ty -
¢ s89°21 €°L6Yy o ooLeeTY Y 2 2 £ -2 S xh.\n
. 192°21 1°86% T 00LTYT T T Itglg T~ g w14
¢ 8968°21 €°66% 00L®7T "~ =~ "1°BI5 T Tgte
B . 910°€T 6°00¢ 00L°»1"  L°RTS B
- - ‘ . 122°€T ~ T IR0 T T T UOLUST T°8TS T
. 616°€1 ¥*90¢ 0OLCYTT U TZTeIST T v
. L00° 4T 9UTTE T TOOLTYT T tels T T TR
- d “’l‘IE
: * NI 0S/97 INDINVY 930 *NI'DS/87T 3INTYWNVE 930 ~ —
* S3¥d J1LVIS dW3l OTLVIS  SI¥d TWIDL ~ dw3i iDL ~1"S~
.uo.nt.co.oo.‘..l.o.n‘!.o.to'o.’onooonoorouowovoovlo‘.006oo...o.O.O.OQ‘...clldld::ddiq-auiliii‘.l::“l'
et 90021 661°1 6°80¢Y LL9°0 $*12¢ 0*0- 0°0 ye12s 117 N &
IR thd s R 4 | 94q1 "1 $*2921 1L1%°0 L°QZs L°0T ‘0°0 2%025 U GB*€E? T T T arv
* 6°901 titer 1°e121 Y19°0 £°9716 g*ze 0°0 ESrS S ' ht4 S e R
*  1°0%01 290°1 _L°0ST1 _0LY°0 6°€1S L B*%E  0°0 T L2153 7T T UI9eY? LR
¢ L*08s 010°1 0°2011 S¥°0 0°L0s 8°Ly 0°C " T T TTTIR0S T TN pr T T
¢ 8°wls <s6 %0 6°iv01 Y590 8°96% 2*19 0*) 0°coy ‘ CUeteY T T g
M e 4 41 188°0 216 C¥%°0 Z2°294 2%%L 0°0 69y o LR A - g™
* B9l £18°0 0°¢ce8 oA Ay} S°T9% 0*9g 00 HTESy T DETCY i L
* 6°L99 €2l 0°sel 260 2% 1eY L*%6 0¢0 N L*ozy 7 7T 16t €1 T e
* 1v9vs £09°0 $°199 8y€°0 6°€€E 1%6s 0% LeTLE T LecTY 7w
¢ 1*9cg S1%°0 9094 €920 ra4.¥4 154 71 - Ot T T T BT - -- 4 A R —5 -_{
¢ 023dS LELTN (335714} YIGRMN (23S/14) (23571 3) ‘ 03s/714) (338714 77 T*NY Snravy -QZ-‘:
*  133HM HIvK 134 13A 13 HIOVR Sav T13A SAvY T3A Wviavy T3IA TUIHM JIA WIXY INT ThVI¥LES  *4Ge
A TP 00 0000000400000 0000000000000 00000RIEENtIsIIOIUVNRORAEOLILOIGEEESES l.oc..'.l.o...o..c.....l;'o.c..o.'.t..00..0'!0.0..0.00'."
’ , ) S ) T T T T T €TTSONTNITAVIS T -
- ]
B-NQ¢S-SD¢9-2) WOY3 NOTLVWIOANT o
i el .. BT ZNVF WIMlwMd INIA 7
bt

100 MI2HI 9ENY ¥Nd 03SN T ISVI Sy AnTAvE NOY .
2.0/4G - : - - -



P Y X XX N R N R AN N AN A A A RS A A LA LA AL A A A Add

* 809°21 He9hs 00L°»T “L°8TS T
¢ 0927 %*Ghb 0oL YT L*81S A
s T T1Q%21 7 ML 7T TQUIYRYTT T TIYEILS Ty YT
* L2921 906t 0Ly T "1¥BT1S Bt
* 96921 6°05% 0CL"Y 1 LTB1S T
* 069°271 beloYy 0oLy T L RT5 g v
. asr*2l 1°85% ooL*?1 152 &1 g *

¢ 0sg°2T 1°66% 0oL T L ETS L

* 956°21 T 9005 R + 1o A 2 SRR S -5 £ -2
* 66T%¢1 6°20¢ 0nL*»T 1818 - TN
s 9LCET 0°106 0oL Y1 L¥Be1G - d:‘nw
. - v
* °NTI BS/497 INTINYY D30 *NI NS/787T 3INIWNVYY 930 T

* STHd JIAVIS dW3l DJTLVIS SHd WiDl dd431 Wwinl  CA°s*

Q..ilo.'.l.lo'-o-o...o.'IO_OOOQOQOQCODOQO‘a...otlcooooc.ool.co...'tO.O.COI'CII‘I‘Il“:ﬂdvidlqﬁldildd“::‘:l""“'i]

5*00ct
66711
9001
8°0+%01
£*186
¥°Lte
SGeLyR
6°59L
c*089
C*ulLu
0 21Y

03 3dS
13 3HM

Loet*l
611
ottret
£90°1
210°1
HG6*0
766 °0
1£€8°0
162 °%0
249 °0
%06 *0

B 3I8WNON
HIVW 13Y

2°L0EeT €Ly°0 1°21¢ 0°0 0°0 I°L13 00°*8¢ Tre -
6°0921 4L%°0 LIS b8 0°*) »*L1G Y6 €2 1)
LARE B4 |7 A Aal] lL*o1s IRSR! 0°0 H*318 L4: 44 5
[ 1L%°0 L*H1s 1°82 0*0 6°€18 L?*17 kA
Y9011 £9%°0 1°1168 a*6¢ ‘ 0*0 CORTRDIT T T T TERMZ T T T YT
S*Ly 0T Z9%°0 9°50¢6 6*2s 0°0 8*70s5 0167 g -
L*786 ¥59°0 Z°L6Y 229 0*o0 %264 REANA c.
8600 Z%%*0 L°H8Y 2498 0°0 LA N AL 0%91 B e
& 49l T4 A ¢ L6869y Z2°%01 0°0 CRAA-L 2N 1T e
#°G1L $6€°0 L*HeY 0°621 00 1°61% 1B°11 oo
%9455 6ee®0 2%l G%H9t © 00 R 122 L A o T °°
(23S/714) YIGNNN (33s71d4) 123S/14) (23s/714) (1238713) *NY Sn1Iavy *ON*
AELENEL HOVW Sav I3A S8y J3IA WwViavy IIA THTHM IIA WVIXY IND INVIHLS TSt

attﬁonloooootcnn...l-u-lclcocoolOQ..OO.'l.."..‘!‘lli"..0..000CCOOOOODCUOOOOOOO0000'00O'.l‘.....QOOOCGOQOOQDOQCOQ-l.l.

T T T T T T TN ONDY VIR T T

8-NOG6-5349-22 WOY4 NOTLVNNNINI

R96T Z NVF  @3HLVYd ITW

100 %¥93H3 9ENV ¥04 03SA 1 3SVI S, ¥NTAVL NOW



B ED 000008000000 0000000000000 TRENELICIIPIITGIT P EPE YRR ®

¢ »20°27 L*68y o0oL®h1 L*RIC L8

° cco*el LGBy 00L *»1 1°81¢ ar=

¢ seo-2t g°68v " "~ VOLEYT " T T RIS T T TR YT

* 990°*2Y 2°06% 00L*¥ Y Le1s B v

* 61121 806y 0oL %1 L RTS L ="

* 66127 L*T16% 00l *hY L8115 3 -

* e1e 2y 0*€st onL*y1 L*B1S 5 -

* 1Ly 2t Behav 00L 1 1L°81§ » v

¢ 689°27 ctley ™ ¢ DOL™HYY T T ITRISTT T T T

* a66°21 L*03¢ 0oLy 1 L*B1S -

* LA A 9°60¢ 00L"»T L°e1s T 3.4
"

* *N1 DS/€ INIANYH 970 *NT BS/87 3ININNVY 930
¢ $3¥d J1iviS dW3L 311ViS €344 w01 dd3 ] Lol CIest -

S PP UL TNV GNPG0T RNNNRNNRNR0RN000i00CE00 20000t R0NLINRININIETRT TS ERIRIP T EUTET T TN U TT IV EUVIT U OO UY PO POV TTORY—

Y0070
GHS T
P VAR
$*9401
0*e001
| SRS 7
Eal® A
1*»13
CREAYA
RS,
»OF?.V

U3 305
V4 3HM

£€e°1
<611
AR
Z11 1
eqgp*l
s10°]
8956°0
£68°0
S18°0
FRIRD)
9L6°0

YALHON
HIVK iy

9 Leel
9*96C1
veecel
¥°2021
8°Ls1T
G ULl
Z2°ev0l
0*%Lb
L*168

B rA-¥i

$°6¢ 9

1358714)
AELSRER]

HIOVKW

€9%°0
»46°0
Z495°%0
6€9°0
2es°0
€¢s*0
606*0
06%°0
€940
(XA A}
ese* 0

YIGWNN

sey

1°68S Gy 0*0 9*6R5 po®se TT°
6°66S 1T 0*d %683 Y042 aTe
%¥°8FS “*62 0*0 Ehd R :14 »D*E2Z no®
LoHES s°8Yy 0*0 L*78s (¢ 11 A 4 R
£°816 0°59 o0*o ) Tihly T T TTRES0T T T T -
L°89g 1°16 0%0 c*19s GO%RTY R
L°%S S L*H»11 0°0 L*7%5 1] 2 R Cl
|HEQ 0°041 0°0 2%914 6597 b
S *90¢ 8°991 00 13d: 784 BZ°e1 T
HeHQh €°h61 02 AR Pd e?°f1 T
HeGhY 1*022 o°0 06t , 3ef01 L S
(23S/14) (23</14) (73s/71 ) (93s/141) *NJ €nl0vw b2 L g
TIA SOV T13A TVIiOvY T3A 1HITHM TIA IVIXY AINTIRYI¥LES s

S S T 0 P e e T 0t NP E N EORRRoerPRerrnialitiNiv ol ClnERORaiEo tNitso setrlointoanlrootiluonsiss svsroanenendonesotsntddibebdosdaoesd

5,070
-

b 0N NOTIVIS
6-NO46-S23%9-20 WYY NN IVRANINT
R961 Z NVF  ¥IN1vad INTH

100 NI3IH] QOINV HO49 G3SN T ISVYD S HNJAVE N



001-ool-ctouuto'ouototl-voot-ot.torooo.voocotoo-boo-covtoo-oc

* %*8611
* 95611
AAR A G A4
¢ 8°%901

* b*si0l

¢ 1996
¢ 9°806
* g8
* L0081
¢ 1°20L
¢ 8909

* G34dy
¢ I33HM

P PP OGS PEET PP IS PSEEPORBRCROSOVOSIIBSOISIOIRERD S

69c°1
el °1
g6l°l
091°1
6111
L0\
001l
ol&6®0
‘260
$58°0
LSL*0

YIGNNN
HOVW 134

$er9¢l
8°6CtT
L°0621
e eyl
L9021
6°0911
9°T11T
L°1501
1°L66
8°Gco
6°¢Cte8

(33s713)
A3A 139

119°0
119°0
609°0
L09°0
$09°0
664°0
£66°0
s86°0
€LS°0
96%°0
8260

HIGWNN

HIVNW S8V

€0 0008 0080600000 T0EtEE sE000ENIAanIVEOsOataD by

-00'.CD..!‘CO.Ildll.li..lllll.!!llllll!l.!Q‘Qt‘ll..'l"-'.-‘

sZH 11l
LER®TT
Le%*1T1
L3%°11
8ZC°TY
€86°11
869°11
T9L1°11
€16°11
* ¥61°21

L

.
* 024%°11
L]

¢ *NI BS/7€7
* S$39d IJILVIS

0..Ill...-’Iddlllctl!.‘C“qll‘1“"““““"‘I“““““‘l|

9°849 9°9-
0°959 221
9°9¢9 0°*¢ce
H°4HCQ 1*9¢
2°149 L4118
9°949 4011
H*°N%9 R*2ZHT
0*7Le T°0871
£°079 2*%22
1°209 £*R12
1"4L5 1°Lbe
(235713) (23s/14)
J4A S8V 1IA IVIOVY

B-NO*G-SD4G -2 WOHS NOTIVWANIN]

100 ¥IIHD 9ENV ¥O4 03ISN 1 ISVI S ANTAVL NOW

8961 Z NVI

c=78b
CAE4:A4

DY 4 L
0°tsdy
E"¢BY
8veEasy
S°heEY
Y°sRYy

B Ad- 1" £ JE
»*8BY
Z2°16%

INDINVY 930
dw3l JI11VIS

0°0

0°0

0°0

o*o

p*o " T T T
0°0

0°0

0%o

00
0°0

6*0
(23871 3)

3R THIHM

ooL*w1
0oL*y1
TTTOOLTYU T
ooL vl
0oLy T
0oLy T
o0oL=rT
noL Y Y

[ Al 2 SR

00L°% 1
ooL*Yl

NI NS/HT 3INIYNVE 9307 °

¥IHiVHd INTH

20000050008 0B808886030030083B T

1°81S T
S L°RTS nre -
Iv6TS -+
[*81S e
1°81s -
I*e1s T 9 v ”
L°8TS 5.
1°915 H -
RIS T T
1°815 - 7o
1*eis T M.N.

S3¥d VI0L dW3l TvioL T TS
9*RGI [ 1- 34 2 LA e
5°163 90°%7 ) nT*
|TGea LA 0 X4 6 *
neze3 Lrez g * -
0®9sy  TTTTEITIZTT T T
LR AR 30°02 A
¢ *heo "Z6°8T g *

°50% - IFITLY 7.
LA 7 21 97°91 c o=

. 9theS Z9°H1 T
A0 11 2 I A4 T
1735/714) NI SnInvy T TOR*

I3IA WVIXY INTIWYINMES  *O°S"

- TTUTE T SON MONWYIST



000088 02000008 0008000000000000 0800080 000000000 000000 EIY RIS PRI IPTR ISR I P PP vV PP P VI v uuowoe terosteteso P et vrwee oeeos ——

* 4a*l 13 Al * 2s*0 0£0°0 9o2°T ¢ slL°01 %°1466 117°17 <°086S e
* LAV} e 15 * Het0 Y¢0*0 22¢°1 ° 059°91 L8446 4 ¥ 4 6*18s nte
* t0°2 G204 ° $s%0 8¢0*0 AT * 98591 2°9%¢ 66T°TC gTres h®
$1*Z tE* By ¢ 860 2y0°0 81 * 615°91 Iy s %3712 7*HEG q *
* 8l L2%9% * 09°0 9%0°0 2741 ¢ EAA A2 6°1hG oRT*1¢ Fhara: 14 L*
¢ d¥* 99°¢cy * ¢9°0 ~ 0Ss0°0 v * £9€491 0 C T T T T TTRETINTY TTRYTRGST T T T T
* L9°Z 6L%0Y * gS*0 s$s0°0 <61 * 292°91 heefc I€ET*T12Z £°08s 5 v .
* to*? $8°9¢ ¢ 1v*0 090°0 1¢9°1 ¢ vEY*9T S *9¢g Z51°12 9°61LS » *
¢ gt '3 A4 * u*o 990°0 [ 72 * 49641 0976 $380°12 7RIS T
* L€ 61°5¢2 ® S0 210°0 066°1 * 2ZL°Ss1 £1¢es oTZ°12 L¥BLS v
¢ 60°y 00°L1 * 61L°0 080°0 cae*2 * 0se*sl £°Les TL0°72 €LLS
¢ 23C6 19NV 930 3TUNV * INIIVdS auCHl 01 ¢ *N1 DS/81 INDINVY 930 NI DS/97 ININNVY 930 .-
* NOILVIAIQ 3avI8 LIX3 * AVOdHL SSINNIIHI ALIQTTOS * S3yd IJI4VIS dW3L DI1VLS SIV¥d I dd3l VIDL  *°S*
RALAA AL R A AL AL Al dd R A Al A d Al R X A A R A A A N N R R R N R R N N R N I
* 1219 00°0 1Lz gLz £9°89 * 106 *0 1e1°0 1£1°0 §et"0 T TTT
¢ ve°0% 00 *0 60°¢ 1 G 3 61°LsS * 1280 sIT1°0 sIT°0 YGET0 it 2
A A -14 00°0 L A4 Y5 € gg°s¢c ¢ 298 "0 00T T UTTTTTOOTYS T TTUTTTURGEYD TS Y
* £Yy*8S 00°0 ‘16°¢ 16°¢ 16 °%¢ ¢ #18°0 L80°0 L80°0 g5€°0 T w v
A S A7 00 °0 yey e "y 20°¢ s * 68 °0 9LO*0 oL0"0 ) TLSETD T L=
* Gl1*9s 00 *0 16° % 19°% 8¢°16 ¢ 606 °0 120°0 190°0 1980 T g v
R - Rl 29 00 °0 1e*s 60°¢ €L6Y * 2260 190°0 190°0 7 99¢°0 ST
*0e°ES [ [0 ¢] 98°S €% °s leLy * €e5°0 $60°0 e50°0 69€°0 o
b 2 § 00 *0 L%*9 ‘ 66°S bGtay ¢ Y60 = T 9yDdrO0 T I%0°0 - IS0 TR v
® BeCoY 00*0 6l*L 2y *9 67y ¢ 6660 »%0°0 950°0 BSE*0 - T *
*eyc9Yy 00°0 90°"8 00°8 £%°8¢ * 096 °0 84%0°0 - g%0%0 b Y4 0 e B S %4
. . - - - - R—
"Nl 379NV NI 379NV IINIGIINI (93CQ) 3TMYVY * AINIIDI443 INITIIT3430) INIIOT44300 " H01DVYE quOJE
*MOd 13N M01d4 S8V 3IN3 Y343 FINIAIINT 30vi8 I3IWL * Jlivaviav SS07T 429 “Sso © NOISTI4TI0 s
.rlot.tl'.'ll"QQQO&OOQ"OC.00‘.0.0..00000.00.0.l.'.l.o.olooc.o0..!...’leOCIIllddq::dq.‘qlliaiijiiil
* L1olell L8E "0 L=0z01 €65°0 1°€89 §e2- L°8s¢ CEe18¢ bEHZ A
* 270941 $986°0 1°€66 865°0 1°209 s°81 S°BSE " 6°586 T T 9T°4Z ©oore
* 9°1ZiT i98°0 9°€96 €09°0 €°069 01y T o9%esE” 5185 e 5 =
© BTTHOL 2180 Ze1e6 809°0 1°569 ¥*69 S*€9¢€ 5806~ §sTEz g e
* 8°U%0L 98L"0 (RT3 T Z19°0 T $*8e9 L*16 CORTBIET TTUUTRNORE T T T IeNvTT T T
¢ T*L66 €54°0 S *8ce 619°0 e°%0¢ s*021 Z2°8Lf Q*28;3 ‘ 9102 2
¢ 1'% 61L°0 s°Ll8 $Z9°0 veenL $*161 1°38¢ LeeLs o oe*el g *
* 6°106 789 °0 9Ll 4€9°0 1°02L 6°981 860y T T TI%heg 7 8L°8T ‘ LA
*  C*gye SH%9°0 2°eteL €49°0 9°8212 6°922 0°12% T 9%6%¢ L Ad & O oo
¢ e°8sd 809°0 8°989 899°0 0°*s¢cl g°LLe 8°96Y 1°ces th*9T .
R A VR 2.5°0 S*v%9 889°0 IAAZF A 5011 251 L e 2 2 2 T 13 culalis ool o
¢ €¢33dS B IGHNN {33S714) Y3IGWNN (33s/11) (23s/14) (d3s/1 4) {238714) CONT SITOv¥ T CONC
* 733HK HOVN 132 134 13y HOVW Sav I3A S8V 13A 1viavy 134 V¥IHM 1FA WXy INIIWVIHES =S

A A RAR AR AR AR SA AL R AN A AL E A LN R R RN N AN NN NN N YNNI N YN IR NN FEW W PIWRETTY TP RCORTENNNCRN0N000000 000000000l ansassdbiBRINBLIBGRIOGRRES

AES S EA ¢

TPON ¥a10W T T

8-NG*S-$2'9-2) WOUA NOTLYWYOINI

CB96T Z NVFE  ¥3IHIVHd INIW

N0 MIIHD SENY HOJ GISN T 3SVYI S, #07AVL MO



etess eseses s s s e

= reod $6°n- * Te'0 08C*°0 £00° 1
A &%~ ° Te*0 910°0 I£0°1

* Grte 5156~ ° 16%0 7100 0L0°1

* fU’s €€ 3- Tt 890°¢C 1171

A RAL »9"H- ° tet0 £90°0 L6171

L CAg y3- R £60°0 9121
R 5Z°3- R £ %600 6i2°1

R ) 50°3- * 16°0 6£%0°0 zif°1

SO B 18°L- ° 1670 £%0°0 AR AN

T wetL 29 L~ * 1=70 1£0°0 LYsT
837l hL- * 1e%0 1€0°0 AT AN

° i 19NV 930 0NV ° INIDVS 0404) 01

* NOILVIATC 3GV LIX3 °  IVOrHI SSINMITHI  ALIOTTDS
Ot.loOOOOO'Q.IOl.ll....'CO.Q.I.l'!..!"...'."..‘.........l
* Bi%SS 89 °1¢ el 96°L 2152
©entLs awr1¢ 66°9 IA )] f6°€2
*62%E5 68 1t 09°9 1L eyl
*E%IS £ 1€ 61°y 59°9 8%

* 558y €8¢ LLes 7€°9 16762
AL kaAkA’ £E°S z8°¢ 79°9¢

* Incey X 24 98y 15°¢ 211z

* T¥teg 0t “HE L8y 60°% 12°62

T ULthE O °c€ s8¢ 99y 4o 0t

* futme £CLE 6Z°¢ 6Z % Y67 ¢
01z 60 °6¢ 99*2 61°%% 6R°5¢
NI ITINY NI 379NV IINIUIIML {930) I19MV
“M074 13¥ 974 SSV  IINIWIISY  IINIAIINT 30V 1IWI

sesssesssabavecasbdbbis N

seessseacrnssasanusste

ZiFT11
VU911
1°0c11
0°6601
G*s0tl
5*0:01
3*0u6
1 *He &
468
G* a7
gecnl

3345
13 LM

f.07%0

191°3
961°"1
£f1°1
eo1°*1
801
4450 °1
LZA O |
266°0
£96°0
He 60
006°0

LRUL UL
HIYW 13y

oo-o.otvcoQICOCOOOO-I-C'CI.U.....IIn-nctl.'c.lcllII0..1.'!!1!1‘!4.3111‘1‘1

Z2oeeel
2e%ecl
8°20r1
6°CL71
vrer il
8021
L AFARE!
6°rell
L0011}
¥*0L01
$*9¢ 07

(32$/714)
AELEREL |

/95°0
196°0
996%0
19%%0
996%0
196°0
$96°0
£95°0
295*0
646°0
846°0

YIEWIN
HOVW S8Y

1669
9°ELS
c*1¢9
6°069
AL 1]
§°4%9
Re943
9*6469
9149
0*19¢9
L*9Rco

(23s/14)

T3A S8V

*¢ & P

886 *91
686°97
886°91
HR6°91
916 °91
196°91
6£6°91
905°91
668°97
081°91
L39°91

NI DS/€7
S3ud J11VviS

€6L°0
610 °0
€59 %0
H»9R*0
£89°0
268 °0
606 °0
816 "0
1€6°0
3£6°0
5€6 %0

AINITITIA4T
211lvavioy

d..‘.....G.....Iﬂl.l.l...I.I..l'....'...I.II."...'I.I‘I

2%¢-
0*0¢
Sty
9°R9
2*66
€*%21
2°561
€061
6°L22
o*r1z
94)2¢

(23571 3)

T3A VIOVY

0 S0 0 0008 000000 0080 RNIGRIUSTOELSIEIREORRACGE SIS IEIOSEOIRILIES

G "HCS
L a9
€ *068
6°RYC
LB A

LEgLT T T

LA 2
'RA A2
FoEvG
£°Cc%s
2°1HG

INDINVY 930
dW3l 211vi1s

Q10°0
Lin®e
110°0
810"0
8T10°0
610°0
170°0
2700
»20°0
Lzo o
1Z0°0

IN3IDT 44300
SSO0V J3d

ovz T

12357141
3R TUIHN

T*3RO
€ecgs
D"Ds3
AILE)
I°1w3 ~
FeLee
67173
T°1c?
2%909%9
2°00°

S T

12357141}
FIA WXV

t6°%2
| N 4
[
(1] 4
»nvze
§7°12
Zv 02
GG °FT
ey
1S°IT
R A

NI SnInvY
INT WYX ES

2000 dTLBLIBLEBISSTOIGLIRAILENONRITSINOIALGEREDL

T ""6N (TX3 uhiViS

B-NOC-SI40-29 HWNUH4 NOTLVWHOIND

8961 2 Nvf

HIHLYYHA INTH

100 %IIHY GENY w04 03SN T 3sYD Sy HDTAVE NMd

ST INN O I P IVE PP IT YT UUTIP PP W T T IO EOEIO P OVTTS

-

Tr*
ore

&P
L

~

~oN T B d

«d o @ doooa ao

"IN~

sqecs

Pt Rt R 2 R 2 2 2 2 ol od duns

CET"1Z 7065 ITe
CET*TZ [ A nre
6IT 12 s 4 -o®
97117 TewRS £o.
183°T¢ ceZeg r*
N 13004 A - & S A
12 R 4 P 4324 T v
[Wdehd e TVELS L.
DI6"D2 cTRLS -
56717 L BLS i
£55°02 €115 T~
. 'z R e
*N1 ®*S/87  INIXNYY 530 e
TI¥d 1Dl M3l Iving *°T°cCT
.-...'I.ll".....‘......l.."‘.'.....'.‘
2100 ToE"0 1T
rLioc Lot ] ore -
C1TI0CDT 0 TTREZIN TR YT
810"0D ¥6Z°0 a *
&IN°D REZTO r -
0?00 REZTN = g
170°0 10e°0 [
270°0 20oY°n y ¢
Y200 T O0ETmT T T ¢
R70°0 10c°0 7
£c0*0 [ R R i d
INITIT44TD) worws e
TSNt NOTSN4410  *3°3°



coo-.-otllochn.l...'ot...loooonOOIO-OO.'0.0.0..0.'..0.0.'lltlctl.l..'n...‘l‘lllllldll!‘i‘ld!ll!l.““ll.'.Q'Q"Q""Q‘Il

o & 9 & @

X <E1s * €50 0€0°0 »0€°T

AR 5" 0y R S€0°0 6EE"T

* o gsve 80°5Y I 6£0°0 SLE*T

* gyez 19°iy * 1570 £90°0 014" 1

LA £9°Sh  * §5°0 8%0°0 LY 1

* 96°2 949 Ey * 09°0 250°0 205°1

* 91 €11y * 290 LS0°0 665°1

* o E€%C 61°3€ * $7°0 290°0 9€9°1

*bsE 20°5¢ * 99°0 190°0 6TL°1

* 93 9L°0< * 85°0 €20°0 <98°1

* w0te »T°9¢ ¢ L0 610°0 F86°1

* 530 419NV 93G ITINV ° ONIIVdS QYOHI 01

* NDILVIAIQ 3QVI6 LIX3 * IVOWHl  SSINNDIHL  ALFOTIOS

LA RAN LR LA AR IR AN R XN N YN RYRNNEENEE N R R R I TW FW W W R A WA AP IP I Oy

© 82719 510 0s°2 55°2 ZL°86

© 9909 500 ¥6°2 20°¢ $9°1s
00°0y 91°C 0v°¢€ 6% °€ 15°95
ve*6s 11°0 €8¢ £6°€ ZE*6S
$v°8s 6i°0 12 ze°y €0°%S
0% *Ls ST°0 51y 06°% 6575
2695 920 92°g 15°6 10°1s

* 2758 82°0 1875 20°9 12°6v

* 90°€g 9¢ %0 0%°9 18°9 ST

* L8°1s Z€ 0 502 L1eL 69°%%

* 60°0s Lv*0 sLeL Zv°8 L9°1%

NI 3T9NV NI 219NV 3DN3Q1ONI (930) 3TNV

*MUTS 13¥  MOT4 SEV  IINI¥IISN FINIGIONT 3avI8 1IWI

e & o

0..0-0100000000COOUCOIQOOOOOOQOODOOI0.0.[..00.'0....000..0..0..!OQ.UO.O0..!..‘-'.qlﬂdﬁddl‘lqq‘qqq“d““‘diﬂl“l“‘1“d||

6°90 11
S*L9T1
Lol 11
¢ Lol
0°9101
L*zv01l
<0101
i°SGl6
t*8ro
v° 568
L*is8

(3 3dS
14 IHK

0oL*0
Lil*®0
T9L°0
S%L°0
$2L°C
0LV
6L9°%0
4L99°0
2¢9°0
g19°0
l8s*C

U3ILWAN
HIVW 13d

0°dLe6
9°266
€°626
9 °%06
g°e6l8
Z2°%°cS8
L470c8
1°26L
1°09L
1°1v¢
e

(23S/14)
I3IA 134

695°0
$15°0
615°0
98¢°0
1656°0
665°0
909°0
L19°0
9¢9°0
#v9°0
099°0

YIGWNN
HOVW sav

¢°00L
0°v0L
c*10L
0°¢f1L
9*L1L
&°621L
Z°2¢el
§*hh )
°€GL
0°8lLL
6°68L

(33S/713)
TIA Sav

Zv8°H2 40§0 TH4°9¢ 0°119 e
6L %2 9°629 L56°D€ 1°999 nye
ByI*he [l PN 60t £*C99 c .
9EG YT §*LT9 Yh5°0F 1759 g -
Cl%*y? 16719 215°0¢ 8909 1 *
£3Z°%c 2119 TT3TEeNET D669 oy e -
060°%¢ 9*6NG 568 °0F 1°¢(¢c3 G -
peg g2 0°909 11837 0*769 y e
229°¢? 2+706 69L°)¢ £°6499 T -
10€°¢2 L*656 206°3¢ 62649 7 .
98g°2? 9°566 263°0€ vgy3 T -
°N1 DS/81  3ININNVY 920 *NI 35767 3INIYNVY 930 .-
S3ud IIIVIS dWIL DI1LVIS  S3ud IVIDL  dW31 WIDI "T°S*
..............-‘...'..'....I...'.......‘..l'.ll....'.......
LER®O 110 311°0 © T0%°0 TY"
L1680 £01°0 €01°0 €6€°0 ~ DT>
§18°0 600 T T T R80T T TTTREE DT T
8880 230°%0 780°0 66€°0 1~
206°0 %[0°0 €10°0 20%°0 L v -
115°0 690°0 690°0 T oLont0 9 v
616°0 §99°0 990°0 1y"0 - ¢ v -
$26°0 $90°0 590°0 S1%°0 v v -
2€6°0 T T BGDTOTTT T T gRotD T TTETEYD T T T
BE6°0 950°0 1500 LT9°0 .
8€5°) 160°0 1200 7Z%°0 - 1 m
AINIIDI443  INIIIT44700 INITH 430D ¥n1IV 3 one &
J11vaviay $S07 439 ssO1 NOISNA4Ta *1°s” -
ver- $*50% 9893 2647 LA
681 9*10% 3°¢l; TE°%2 nr*
S°6E 2°60% L1515 6O €7 £ o -
1°29 0°2Ty a%gLg R LN R
9+cg TTUTOMET T T DI T T T o rr T
€111 9°624 GeLLs ILe17 g v
LoLET 1%20¢6% 1118 ¥0°"12 G~ -
9°151 0°054 6°893 1:°02 - LI
$*861 6° ¢ b 2°645 5 61 g -
G°9€2 £°08Y 9%c95 - AL > . -
8°ciz TUER0G TTTTTITRYZRY T T T RReT T e
(73S/14) 173571 4) (23¢/14) NI SnIavy oy
13A viovH TIA THIHM TIA WIXY INT IWV3IVLS  *ege

t-'.cvonooooool.loO.Ctonll.t..t.....i...'.t..n..0.!0.00..000'0..!O.!O.OO.'IDO.‘Q.O.00.!...&0.00.0'00000.....0.0.00....

Bol /vy

SIIX3 7T CON WDy

8-NQ4S-S2349-2D WO¥3 NOIL1VNHOSNI

N0 NDI3HD 9ENV YOS

8961 Z Nvr

Y3H1vidd INIW

03SN 1 3SVI Su3OTAVE NNt



B ¢ 0 0P L E P I PN CB L2000 C0 0000000000l 0L000onR tLlNBRLN AL RIRERtIPEaLes S0 00SCYTIETTRSPYFIV IV IV AV EIIFINTSITIVIYIOITSIIVOIPSTFIOITOISIOTY

L 2

S%*ui
001
Hi®>
7%6
E1tH
<0°s
926
693%6
L0°%6
LR ]
8.°89

930 IT1INV
NOILVIAZG

90 00 00 0000020 T0SPORCRRRPITOTPIPREtERPOSPItROOERIOGELROEOIDRINPIBROEO GRS

02*HS
0 °2%
19°1%
LO*0S
Y48y
tHh*9y
ogyy
£s* 1y
19*8¢
0% *H¢
L1°0¢

NI 379NV
MO3 13

G901 -
11701~
YL~
9c*6-
L6°G~
L6°8-
6°8~-
8L°*8—
£6° 8-~
9¢ *}-
11°8~-

d 8§ 0
* 8% 0
. £7%0
* et
L ] mt-c
® ge*0
° 86°0
* PO
°  98°0
¢ 8%*0
*  85*0

930 39NV * ANIJVdS
33v8 LIx3 ° AVODEH)

0L *S¢
9 *S€E
bt °G¢e
0¢ °¢¢
29 °SE
06°S¢
GG *9¢
6l1°L¢
66°LE
£l*8¢
ly°6e

NI 379NV
M0T3 SOV

£0°L
£€9°9
12°9
08°s
ie°s
6ty
EA A
Bo ¢
IS Al
16°2
A A A4

3IN3IAQIINT
EpLER.EEER

610°0
$L0°0
120°0
990°0
¢90°0
L60°0
260°0
L%0°0
%0°0
9€0°0
0e0°0

GdOHD 0L
SSINMNIIHL

Se L
8L°9
L5°9
66°S
18°9
¥Z*s
LT*s
€Ly
09y
66 °¢€
60y

IINICIONT

Y211
CIR At
611
°Hyel
167°7
el
hee1
L1191
sRe° 1
186°1
A A

ALTQ10¢<

bt o0
Ls°az
8L °8¢
1€ °62
1e°*62
99°Ce
By 1¢
9%°l¢
oy et
»G g
ggece

(930) 3TNV

30VI8 13W]

® 5 & o 9 o s ¢ s ¢

669 °67
96667
#59°6¢
1%9°62
€E9ece
z19*47
0RG ST
9e5 672
€ELY*se
$8€°6¢
0oz s

*N] DS/87

S d I11VLS

60 02000000 2000000808004 00003800803iRCPBACREEOTENEIPITYRIIEROE

82a°o
Lye*0
%98°0
LLe*o
068°0
668°0
S06°0
606°0
o916°N
616°0
L15°0

INLEEMIEEE]
JIivavIQY

6°9¢C0Q
8%y
C°679
=29
2°€Z9
9170
1°029
g°819
0*L19
8°cln
2519

INDINVY 930

078 °3¢
1223°0¢
08 "0
GOR *3¢
Y&l It

o -7 A0

263°37
886 3¢
LoG *)¢f
619°0¢
LBE®I

*N1 DS/81

dw3l J211vls S3¥d VLNl

0°1L9
1 °c99
A*e99
L=669
Q959
0887
T°EG9
0°Za3
5°6%3
6°6%9
£°B8%9
INTINYY 930
dW3l Wil

TEN Lo
L]

1Te
T

(N

e—
Ld

-yer e -

SO P LS PGPV LIRITDRCEC PP PPOCERPPC0 080000 d P rtB0 ettt B 00040 RCRNSIBIEITTUTIPINIVETT I VST SITIIT IIOIT UP SUOEESIS IV IOIES 8~

-

9*9611
1°1L1T
0°s% 11
£°911t
8°0601
9°290¢
v*ee0l
0°enO1
£*1L6
£*8t6
£*t006

Q3 3aS
13 3IHM

860°1
£80°1
G9G°1
6%0°1
Qeo°1
Z2i0°t
066°0
1L6°0
L%6°0
€6 °0
06 °0

439NN
HIVW 13M

8°l6¢el
1°9e¢cl
9°60¢T
99621
6°6521
§°9¢ 21
0*802t
PR A B
0*es1lT
6°%c11
6°9601

123s/713)
RELEREL]

615°0
615°0
815°0
615°0
815°0
615°0
11s°0
615°0
1150
825°0
1Zs°0

YIGWON
HIOVW Sev

L*1%9
9°6¢9
8°9¢c9
6°gEQ
¢ ee9
6°€E9
6°0¢c9
1°eey
o%&6l9
1y
0°¢ee9

(J3as/14)
T13A SRV

6°0~
6°51
ra & 4
H*€9
0°98
1*011
sevel
»°191
z2*g8l
2°12e
0°6%2

(33571 4)
I3A viovd

0200 070°0 ERC°D 1T~
0zZ0*0 0z20°0 rA 2 0] nY*
T T2o%n TOTTTHEAT0 T T UTTRERENO T T TS Y T
2200 220°0 T%€"0 2"
€20°0 €200 1%E°0 r -
€20°0 »20°0 YD) - 9 ¢
%200 £20°0 LSE®D L
920°0 ©Z0°0 19 ™0 | B
B 14 ¢ Iof + B ¥4 ¢ Al + JERR ¢ 7 4 2l ¢ B
620°0 67070 gLeE*0o z*
ZED®D €00 gge*"n T o‘%
b
INITIO1J430D INTFIOTI443™) 01OV gre &
SSO7T 43M <SSOl NDISNdITIa *71°S*
0°0- L°1%3 26°%C ire
80~ 7%6¢73 6€°%2 (02 d
9°0 G*GEY ye €2 65 °
2°0- L*2¢3 52%€¢ [: B
A0 SR S &4 R ¢ A r~
6°*0 %73 TrrTee ° "
2*c H*913 zZ5°12 g "
£ 70219 58°02 L 2
L A4 2°003 e?°0? L
02 1°20% L A 0 4 z "
Loy B 24 - £:04 A R S
(123571 4) 1235/714) *N]1 SNI0VY “IN®
TIA TYIHM I3IA IVIXY INT IRVINLS  °°Se

RN R R I N N T RN R N R L R Y RN R T R R N N N R Y R R N A R A R RS N R N R N RN R L RS N NI R N NN AN RN NN

#0760

I A A 8 & £ I R

8-N(%6-5289-29 WOY3I NDILVWIO4NT

YIHIVEd INIW

1IN0 NIIHD 9ENV ¥O4 CISN I ISVI S HOTAVL NOW



L R R R N O R N N N S O O 8803 00000000 UPFEB P SV

* £7°t 9v*3y * %%°0 1€0°0 H0€°1 * 606°9¢ 0°6TL 051 °3% D*%5r - L0

¢ 06 e LYy ® §5°0 S€0"0 {2 ¢ 68L °9¢ 02U Yol "3Y |2 <9 3 h or*

* 9s8°¢c €29y * 95°0 6€0°0 65¢€°1 ¢ $99°9¢ §°€0. LEL®SY €*I5L 5
* ¥5°¢ 5694 ¢ Lst0 990°0 6" 1 ¢ 0¢G°9¢ 800l EAT a3 4 T 6%9yt B : B

¢ tl®c 09°cy ® 85°0 €9%0°0 g2%*1 ¢ 98€ °9¢ §°969 STL % 0 eyl o F

¢ g8y 10°2% * 65°0 T §£50°0 R94*1 . 822°9¢ T T oCCesT T T T TRILEY TG L T —— g
¢ 86°¢c £EE°0Y * 19°0 860°0 0tIs*1 ¢ 250 °9¢ T°069 099 °5%" - 6TILEL g -
*  80°y LE"8¢ * 29°0 £90°0 s9s*1  * $S8°G¢ 9119 €c9°5 1°9¢1L 5 .

* 8z 62°9¢ * €9%0 890°0 €29°1 ¢ z€9°se y*480 GEC"5%  © L"EEL ~ £
* 2w 99 %€ * §9°G £10°0 G69°1  ° BLE*GE 120 263°6% €L Z
* 69°% ¢80t * 9%°0 640°0 L1 * 6L0°SE 1°196 4301 2 §¥ZEL T
- Y . B el - — -
* 930 319NV 93Q 31NV ° ONIDVAS Q¥OHY 01 ° NI BS/R1  3NDINVY 930 *NI NS/87 INIWNVY 930 M
©_NCILVIAIG 3Q¥I8 LIX3 ° IVO¥HLI  SSINNIIHL  ALIOTIOS * S3¥d JILVIS dw3l JILVLIS  SINd VIO dw3l WIT1- ~7°S* -
uuo-cooooo.oooo|o01000|ottooo.ocooococlOOOoooovooooooo..unooot.o.oo.ooooooocc.oootcococtl-occnccolol-l!IllOQOQlQQ.!IllI\‘
* 08°19 00°0- 2942 ez 60°6S *  £58°0 <11°0 STT°0 €670 TT* -
* BE"19 80°0- 10°¢ L1"¢ 0z°8s * 0L8°0 201°0 cn1e0 LY%*0 " -~ ‘o1~

* 06°09 9% *0 2s°¢ 99 °¢ 12°1S *  588°0 TTAs0%0T TR0 T T YR e
© 8E°09 20°0- '66°€ €1y sz*9s  ° 168°0 £80°0 €80°0 T ZYyc0 9 v
* £8°65 S1°0 Ly 99°4 81°SS  *  906°0 L20°0 L10°0 T wyyc0 - v
* 9165 80 °0 L6°% 81°S B6*€S °  €16°0 €L0°0 $10°0 © G%%°D T g
© Z2s°8g 620 6%°5 28°¢ 0L°ZS *  816°0 013°0 10°0 ©OTEY0 T § v -
* s9°Ls 0€ *0 €0°9 8E°9 82°1S  *  S26°0 990°0 190"0°  ~ €5%°0 Y v
* 1695 6%°0 709y 61°L Z2l*6y  * §Z6% T TUTEYO0 T T TeR0YDT T T I9RTOT —
* 65°GS 81°0 BI°L YL ceLy  ° 166 °0 £€90°0 $30°0 09%*0 ~ ~ 7T v
* 9L%s 1970 08°L 8L°8 86°sy *  926°0 990°0 © ELDO L LA S SR
- L] I e - TTT T s e E
*N1 30NV NI 319NV 3INIUIONI 1930) 3TNV * AINIIOII433  UNIIOT43300 INITIT4430) WOV “ONT
*MOT3 13¥  MOY4 SAV  IONIWI43¥  IINIOEIINI  30vIR 13 W1 * dlivaviov $S07 43¥ SSOT ~ ~ NOISN44T0 ~*7°S° ~
0000.oco‘oco‘o-‘lt000000oaooﬂoo..oO‘uuc.'.o..oo.o.o..dudvoo..'-000.lo.!l'.O.Cll'ﬂ..,iﬂ.l.ﬂ.l-1::‘.‘“;!30’1}

* 9°9611 €0L®0 1°¢26 £96°0 8°8¢€L 20 €°0L% 8°69¢ T T 2682 B S A
M4 TR B 669°0 8°216 196°0 1194 6°L1 2394y Be6ls T ghcyz 2
Y R ¢ R | 689 *0 L°968 2180 9°es L Y°9¢ §°99¢ Ly 86"€2 - 6T
° 6°*8CI1 199°0 ~ 0°Zes LLS°0 S*lyL 8°5S $°L9h L*0@S " TI5°fZ B : R

* L5071 989°0 $°098 185°0 6°0sL L*sL TR TLYy T T RIS IR T T r—=—
* 6°Z2801 €£69°0 1248 185°0 179S1L 0o°Le6 6Ll 9°8l5% £5°2¢ 9 v
* 9°1s01 €90 8°slg 2658°0 8°092 1°811 6°L8Yy L*TLS R4 b £ 4 5

* §°2¢01 619°0 2°s6l 8£5°C 2°89L €141 A°S6h - §°695 . 0s°12 v
¢ £°3001 1660 2°9%1 €09°0 $°Z2lL €°€91 L*806 6°%16s T T6°D¢ <™
DA Y X ) 6850 6°2SL s19*0 $*981L v°161 0*91s 5°19§ 6E°02 A

* 9°0%6 1560 0°v0L i119°0 9°88L S 9%02 T TTUTIeS T T TERERS T T BINEY T T T T
*  C33dS B IINNN (23s/714) H3GNNN t33s/14) (33571 4) 33571 4) (33s/714) *NI Snl0vY’ ONT T
* 13IHA HIVW 13V RELEREL HOVW Sev RELIEY ) T3IA AVIOVY TIA THIHM T3A WWIXY INTINVIULS  *°se

A AR RS RS A AN Al N X RS A A AL RS L LR XN R NI N B R B R e g A A AN AL AR EEEREN TN RITE Y IV EE WY W I IO Oy ey

| A SN

AR AAAAA A AR AL A AL e ol d d s gl o L o e o

8-NG*S-S249-2) WO¥Y NOILVWYDANI

8961 Z Nvr

YIHIVEd INTw

ed00ebodbsesRass

“ITx3T € *ONwoIny T

INO MIIHD S ENV WO 435N 1 ISVI S ¥0TAVL NOW



[T T T Ty x> xR RSN NN N L RN R R AN A R RA R R A M R A A AR A Al n Al dinletsaded i didddaiddd i

*® & o o

§2°11
28°01L
19°01
*mIO'
%01
Q101
8z2°01l
or*o1t
6Z2%01
18°6

99°01

930 3TINV
NOILIVIAZO

68° 1S
L8°0S
08°6%
658y
€CLYy
98°4y
[V IR 24
SH2y
L5°0%
L6*LlE
16°s€

NI 379NV
*M014 13d

B 00 00 B0 B EPE L 00 BNV LINERERESEEPOesehides ittt sl T Bd G0 000000 BRI ST BURNSY TIPS OIT I VI TV T VIP OV PN T IVIP IITIPIvVIVIVFF Yo www —

¢ * s o

* & &

1€ 1T~ * 98°0 6L0°0 H6T*1
$6°01- * 9°C SL0°0 y27°1
€6°010 - T 9p°0 0L0°0 162°1
cY 0l - * 9r°Q 9900 112°1
1201 - ¢ 9t°0 1900 +0€°1
11°01- LT L50%0 At
66°6~ * 54°0 250°0 21€*1
s8°6- * 6g*Q L%0°0 Wiv*l
L9 6— * 9$3°0 Z%0"0 9941
596~ *  93°0 L£0°0 916°1
09°6- * 9e*0 1€0°0 895°1
933 319NV * 9N1IVdS 0¥OH) 01
3QvI8 11X3 *  AVOUHL SSSNNDITIHL ALTAIT0S
S 90 0009 PP 000 02N ROGEANET S PIAPIOVDOAID PSP ETOOEDEOLEbsOORS e

%G *6¢C o0°L 8g°L 6Z°2¢
96 "8¢ 86°S 29°9 9c*2¢
68B°8¢ ST*© oH 9 (2 A4S
oL"8¢ 2L°S 08°S 06°7¢
Y0 *6¢ 6C°G 1L°s €e°€g
91 *6¢ HgoYy lLo*s 60°%¢
B8 "6E gE*Y 50°g yR*H¢
0Z *0% 16°¢ 15 °y 8Y°*G€E
61 1% FA 24 89y 15°9¢
00°1% Y62 ot *¢ $9°1¢
6 °tYy vy*2 19°% fL*8E

NI 3TV9NY IINIGIINI (9340) IJINV

MOT34 SAY JIN3I¥3I43IY IINIQIINT I0vIe 13IWI

L9611
6°LL1T
8°8G11
Ho6e 11
LTl
9*6601
0°6L01
6*LG01
1°9€01
LEt0l
£*066

a33ds
13 3HA

L20°T
620°1
L10°1
800°1
G6E°0
%86°0
696°0
L56°0
046 °0
2¢6°0
S0€E°0

4 JYRNN
HIVYW 13Y

8°89¢1 £05°0
6°TSET £05°0
zezect 205°0
9°G1eT £05°0
£ 5621 20s°0
8°8L21 £05°0
$°1521 205°0
1°0%21 €05°0
1*et21 005°0
€°5021 905°0
zZerctt 864°0
1235/14) ¥IAWMN
73A 13¥ HIOVW S8v

6°¢99
8*099
8159
£%969
B8%¢s9
8°¢59
Z°169
6°159
L°1%9
L*HG9
goEvo

{23s/713)
I3A s8v

@ 6 8 6 o 5 & 3 s s e s

}

O%€ *RE 9°L17! G95°3% " 0°%92 16 S
TI:13 £°12L £567GY re1c1 nre
ov€*8e g6 TL 875°3% S*T16L 5 =
e8¢ 22 471 T3 5h 6£°9%1 q
AT AL"11 L1072 TE» 55 pecwl L
6B2°8f T D°SDL T T OB TIV T T ECORL T W T
462°8¢ 5201 71b°5Y 6"1€L 5 -
602°9¢ 1101 €56 °5% 1°9€L 5 -
£51°8¢ 1°669 1575y L°tEl €
480 °0¢ 8169 Lyc 5y TeCEL 7.
200°8¢ 7°B69 156°%% 5 7EL T "
*NI 0S/@1  INDINVY 93a *NI 05787 INIYNVY 930 i
SIWd ITAVLIS dW3IL DTIVLS~ S3Hd VIOL  dWIl WI01 ~ *71°S*
l.......IC.Q..C..I...O...'I...l.......'.....'ll.."....'.'.li
£452°0 220°0 z20°3 I9€°0 1T
098 °0 220°0 2Z0"0 $9€°0 — OT*
4%08°0 R o+ 1+ IR {1 A + IR 1§ Tt + M
$88°0 £20°0 €200 ~ ~ 19%°O g -
68 °0 »70°0 £70°0 OlE"0 = L *~
006 °0 §20°0 520°0 ZIE%0 ~° 9
506 *0 920°0 320°0 9IE”D " T % <
016°0 92070 120°0 BLE®C ~ & *
Z16°0 C T TRIOCOC TEZOTT YEETD T
S16°0 620°0 £20°0 FEE®0 77 o
016°0 0€0°0 €€0°0 BBETO0 T * &,
=
AINIIDT443  IN3I3I34300 INJFIDV433I0)  ¥OIIVE T UCONT
J1ivaviav SS07V J3N : sSoyY © NDISN43IT0 - *71°S*
22 €°0- 6°€97 B4 1 T &
rAd ¢4 s*1- $*003 T T IS*%Z T T OoTTTT
L°0% £°0 5°969 I8 G4 7 ARa Y -
9°09 §*0-" *c69 TLEZ B
Totte T TR T TTTTTYNERY T IR T LY
5201 $*0 L*s5%y 6°22 9>
Yo y21 2%¢ ?e569 ty*ze =~ g v
8°L%1 6%2 T T T 5%Ey £n"zz B
o°ts1 8*9 L*?) 1517 - i
FALTS 1°1 0°%29 T1°12 z
B o -7 L 5 § SR S 1 7 - S 14 T A G
(23s/14) {93s7139) 77 T TIIS7L4) T C°RT SNIOYY TN
J73A IVIQVY 3N VHIM TIA IVINY INTIWVIHLS  C1%Ce

# 00 00 0 C 00000 RCRIOP NI ENPIITPPENROOIOD RIS PID S0P EOPPOL COIBITNBEBO0PROBEPCTEISGEEICPSPOCIERIOPPIOSIRPRIGCRANIrsn el BRRBisRRBORAEsARIEIBIIRALY

AN MNIIHT 9ENY WAL ANSAH T ISV T WATIWT M

8-NG*S-S749-Z2 WO¥3 NOT1VNYOINI

8961 Z NVI

£ VON

Ix3 wdIvIs ™

YIHIVHd INIW



-

'

OIOOQGQOOQQoncno'.n.o..n.'.ooovlIOC..'..'05.000’-..l.0.l.tt.'..ll'OIUIiCIIlﬂllcd.x‘d.‘li‘:l‘.l““:"g:‘:!‘5‘1:'

* 9% 92°L%  ° §5%0 1€0°0 »0€°T 9LECES $°0T8 091°37 Zv1se e
* 99°¢ ¥s*9y  * 5670 SEC*0 €ze°1  * €52°€5 Se108 19T°57 z°E%8 L &
* LS 6L°S%  * 9¢*Q 0%0°0 EveE T ° 221€S 1ec6l +91 °59 S ove ko=
° kL% 68°%%  ° 15*0 $%0°0 99€°1  ° 616°25 §°I8L ZALEES P yeg 3 -
*  BLE 96°€» * 15°0 050°0 68€°T €28°24 278l 651759 17628 L
* s8¢ §8°2y ° 85°0 950°0 619°1  * 2$9°2s T UY*SLL T T TUTTENTTEY T T TTN9ZE T e
¢ ge¢ 69°1%  * 65°0 650°0 0sv°1  * 09%°2¢ Bewil LeT°s Y°EZ8 5~
* 10y LE*0Y  * 09°0 €90°0 98v°1  ° $92*2s 6°1LL 160°59 €°12Z8 R
LR L6°8¢ * 19°0 890°0 wzsT  * 20025 6°89L 0153 17918 A
* €2y 0€° L€ * 29°0 %10°0 965°T  ° 82L°1S 84991 22959 R*1T18 R
*  0s°% €S5S¢ * €9°0 6L0°0 _ ols°1 ° YTIv°TS $*99L L89°Y3 8118 T T >
* 930 379NV 93@ 3TINV ° ONIIVdS QUOHD 01 ® °NI DS/87  3INDINVY 930 °NI DS/g1 ININNVY 930 -
©_ NOILVIASG 30V18 LIX3 ° IVO¥HL  SSINWDIIHL  ALIOINOS ° S3dd JILVIS dw3l ITAVIS  $3¥d WIBL  dW3l TWINE =1=S=-
.......l........'............'....l'l.'..............l.’...........‘......'........-..‘....-....'...\...'..l.‘l".'.‘..‘ -
* 86°09 200~ 12°2 2v°2 16°8S ' L98°0 001°0 101°0 - 4124 Ml & S
* 91°09 £1°0- §9°2 68°Z ¥8°LS *  788°0 680°0 - 680°0 C E%%T0° O1° -
* 1v°09 €00 o1°¢ Szt 60°LS ¢ T geB*0 T T80T T TOI0NO TI950 5
° 10°09 L0°0- 1seE z8°¢ §2°95  *  206°0 ¥L0°0 YL0°0 T T BEYTO T TR v
* 69°6S €1°0 ¥0°¥ 1€ L€°SS  *  115°0 850°0 T 690°0 T oBER0TT
* §2°0S %0 *0 €5 Y €8°y E9°96  ° L16°0 990°0 $90°0 CULEY*0 T "9 e
* 16°8s 8Z°0 €0°s 6E°S Zv°€S  ° 2260 290°0 £90°0 R L A0 T
©62°8& 62°0 _95°g _§6°S ¥€°2S  * %26°0 050 °0 290°0 ZYyT0 Ty e
AN 09°0 zi°o 59°9 LI°TS  * 926°0° T UTBGOTD T TTTTUER0NOT BRSO T
*0i%Ls s1°0 19°9 YL W6y  °  926°0  090°0 T 290°0 T ey v
* 99°9¢ 9°1 sZ°L £0°8 €9°8% °  525°0 290°0 190°0 " ¥oyvo T H
P L d -0 ° T T I T D E
NI 379NV NI 379NV 3IN3QIONI (930) IVNV ° AIN3IDI443  INIIII4300 °  INIIOTI4300 " WOIIVY ~ “OR"—
*MOT4 133 MO1d S8V JINIYIIIW  IONIOIONT  3avIe LI WI * J1Lvaviav $S07 33y T SSOT " TNOISMHATQ CTUSC T

e lel
€081
v°eS1
ST

6211

ezt
5°460
$°9L0
1°850
£%6€0
L°610

Ud33dS
T3 3IHM

T
1

1
I

1
1
It
1
it

1

699 %0
045°0
$99°0
199°0
£59°0
946 °0
€£€9°0
¥29°0
L09°0
%09 *0
€£L5°0

YIUWON
HIVR 13¥

L R N R N A L R Y Y L L R e €000 eT oSS LT IC IVESTEIT A TY

$°1€6
6°926
€£°916
£°L06
£°Z68
1188
6°198
velbg
9°czg
1°618
S*9LL

(335/714)
RELSRETY]

W ST VT T U S U T TS T VY vy T U YOS TeTYT—

zT6%%7 7

€95*0 §°65¢L Z2°¢c 9°Hly ‘8%1e5 I & S
9950 0°952 5°81 €°89% A A1 T 36%%Z2 0 or>—
055°0 0°LsL €°%E 2°L9% T Q%5 T T g7z T B
¥55°0 96521 8°0¢ L°G9y TI%les T Lg*€¢ T g -
195°0 9°192 S"L9 T T TTT0*69Y [d T4 Z5°¢? | A
295°0 1992 £°s8 6°01LY 2°866 9Tge 9T
$95°0 9°69¢ 0°€o1 Y°8ly T6%6S T T 5122 [
1L6°0 Z2°sLL 1°221 T 8%€8y TOE%EB6S T T 22T Ty v
$LG°0 Be8Ll S*0%1 CI%GEY T T T g%eRs T g0¥zZz~ T T gwos
ZBS°0 9°868L . %TE9T 8°96% 2°066 9912 7 e
¥85°0 1°06L 2°6LT T TEc0es ©%995 ¥4 ¢ S
-
YIGWNN (D3s/713) (23s714) (33S/714) 77 (23S/714Y T N1 Snrovy  CCONT -
HIVKW S8V 13A sav T3A IVIOVY TIA- WHIHM T 13A VXY NI INVINLS e ece

l.ll.ol000.0.Q.OOOQQI0.!.l.l..l00.!0'0..0.0..'0lc....ot..O.Ol..l..l.'..".ll..l.l'o000000030000000000.'0.0".00..0.'0‘. -

Ru/an

P

‘ON ¥O1N

8-NG*S~53%9~-Z) WOH3 NOILVWHO4NI

8961 Z NVIF  d¥IHIVHd NN

AN0 MIIHI 9ENV ¥OJ Q3ISN T 3ISVI $¢¥OTAVL

‘zo#



R N R R A RN N NN YRR RN R RN NN R A I R E R I NN R RN AR E N R RN IR N R AR R AN AL R R A ARl N A a i i A0 A AL AL Bl A Al A A A A A A A

* tot0l $6°0T1- * GR°0 620°0 BlZT ° €08°56 9°128 L8a"%9 7158 e
© estol »9°0T~ ° $8°0 $L0°0 ge2°1  * LHL°GS D°F18 608 "5 3 rdd I ny-
* 9¢t0L €01~ 9%°D 0L0*0 CITA3 S 98L°¢ L*50R 81857 9048 5 *
© 1it0t ST1°01-  * §6°0 $90°0 TEAR B 8oL 0°00 n8e 3 Ryl 8 -
SRAN] 86°6-  * 9t°0 19070 PO €9L°56 2°60l 95R "y 3 1°678 L
* L6t L8°6-  * 93°0 9s0°0  fzecl  ° 601756 A LY A 1 N AT AL T+ R
*  s0°01 GL%-  * S8°O 150°0 IETA S 599°6¢ 0°68/ 0RL*»9 vv€Z8 g .
* 16%6 $9°6-  ° 9£70 9%0°0 ner o 609°55 808 061 %0 £"129 5 v
LA ¥8%6-  * 94°0 1%0°0 rOS*T - 6€5°56 9°98L 209759 L7818 £ *
© 187 Ly*6-  * 98°0 9€0°0 G228 S 25%*5¢ Z*€8L 65979 67118 N
* €£L001 6E°6-  * 9%°0 1€0°0 FLYyt1 * £9€°SS 1484 y%2°%9  BTLT1Y i
° 930 319NV 930 FTINV ° INIDVdS QuoH) 01 * NI DS/€1 INDINVY 93@ NI £S/87  INDINVY 93C -
* NOILVIASC 30VT8 LIX3 * IVOWHI  SSINXDTHI  ASIOLI0S * S3dd ITIvVIS dW3l JTIVIS ~ S3I¥d WINL  dWIL IWIDL  *7°s
[ E X RN E RN NN AR YN Y R N N AN AR N E RN N R NN RS NN R N E RN YR RN RN YN E RN NN RN R AN NN R R LN R N A RN NN LN AR L AL R L AR AN AN A L S
* 1808 26°8¢ 15°9 SL°9 1125 ¢ 188°0 £20°0 €20°0 98E~ 1 Lsad
* 61°05  BZ°8€ 609 11°9 L1°2e  * U8B0 €20°0 €20°0 EgE"0 - OT”
“T9%°eh 11°g¢ L9°5 965 ST°Z€ *  €88°0 T H20*0 T T TR T ERED 5T T
* z9°8Y €8°L€ 62 Le*s 99°ZE  °  068°0 ¥20°0 ¥20°0 ‘ZBETO T A v
T yLcLy 10°8¢ €84 sz 91°7¢ *  568°0 $20°0 " 5z0°0 COBEETOD L v
* 0L"9% LblE 6E°Y 994 et 40670 §20°0 §Z0°0 WBED @ v
* 29°5% ¥4 8¢ ¥6°€ 69°% SL°tE  *  806°D 920°0 ©20°0 - IeETO T 5T
el 298¢ ay°E 9z RE*HE  °  0T6°D 9200 120°0 BRETD T ¥ °
© 2ivev 8% *6¢€ 10°¢ By 00°s€  * 1160 T TTLZOTOT T T TUURZOTO T TTTTTTTREETD T T T
* €5 Ty S0 *6€ Ls-2 g€ "€ 19°s€  *  115°0 870°0 820" 0 YEETOD T T T o
* t0%0Y 6T°1% AR $8°% ¥€°9¢  °  606°0 620°0 €E0"0  IOv*D T T T
. 0 - - - - - T T I
NI 3T9NY NI 39NV 3INIAIONI (930) 3TNV * AINIIDIJ43  INIIDISJT0D  INITII3I03  WOLIVIE T "ONT
*MG14 7134 MOT4 S8V IINIUISIY IINIAIONL  IGVIE AIWI ° I1Lvaviay $S071 43¥ SSO1° NOISN4310° ~1°S*

S C0 0P PR APEL 000 00N PN00RP000000sstttereesdodt it R0ttt et 0l sl ISR R I R S S I VI U U T N U I UU UV UT IV I P U I T IU PSS IO PO e s vTvesy -

* 9°Llell 9L6°0 g°L9¢ct L%°0 2°6573 -l 3 €°0~- 2669 a Y5 %2 D § 4

* 6°Z811 2L6°0 6°¢SET 1L%°0 0°959 8°81 s°1- L6589 TINC ov*

* 1°8911 96°0 6°LEET 1L¥°0 1°€59 A4 1 S0 DAY 41 B4 A A S
MR AL 1 &1 856°0 0°52Z€1 Yo 9°159 8°0% $°0- C9%%3 T T 102 e
® 1e8tll 056°0 1°60€1 Tiv*0 §°6%9 z2°19 S 24U Rd-1 1 A Al -+ A
* ge2Zul €46 °0 $°9¢621 LY 0 S*6%9 Z°%8 L0 7 70y CoREtE T ¥ v
* £°L01Y 2€6°0 8°6L21 2Lt 0 8°1%9 rART1) S°¢€ fe5€9 ‘ %€z~ §
* $°1601 €26°0 Z2°9921 €LY°0 0°849 8°811 9*'t 1C1€3 T ELTe? B 2 A
* ¥°5L01 116°0 [AFA YA 1Ly°0 6°%%9 0°9el  e*L T w0ty ° T~ T sEvVIT € "
*  6°8401 506 °0 . B°8cet SL%°0 €°649 1°361 6% T~ 5°0¢y s0 77 z-

* G*zZvol +88°0 rAL 1 ¢4 89%°0 €°0%9 I 84 V1 SRR R 4 §%HTF T TTTTToLNTE T T TTYT T
.* G33dS YIOWNN (235/14) YIAWNN (23s/14) (03571 4) (23s/1 9 {338/14) *NY SPYgvd  CNT

® T33HM H4IVvW 133 RELEREY. HIVW S8V I3A SAYV T3IA TVIQYY TIA TUTHM I3IA IVIXY INTIWVINLE  *74Q°

LRI R I A A R N E N N N R N R Y R RN Y R N Y Y N Y A N I N P N N R TN YN NN Y N SR NN Y W)

YOUON 11x3 90IVIS T

R-NQ*§-S249-ZD HWNY4 NOT LVWHO4INI

_B961 Z NVI ¥IHIVHd INIK

- “1N0 ¥23IHD 9ENY ¥DJ 0ISn 1 ISVI S HOAVE NOF
§9C/50 ’ N T T



oaootuonnlo-o'ol..t.l..t..'i'tt00.-...0QQOOOOQOObOQQOOQOO.to..'On..-000.ltl.Illddl"..“lll‘t““‘!qQ‘QQ‘ill!l"“‘l"-'l

©eLe Loy * 9500 1€0°0 €0¢°1

© wLce €69y * 95°0 9€0°0 L1E°1

* o elve 05°9% * 5c0 0%0°0 zee 1
vL7¢ 06°5% * ¢s°0 $90°0 6vc 1

* o osLte 32°SYy * 950 6%0°0 SeE"T

* ol%x 5y * 9c*0 %50°0 veE"T

* o i8%e CLoEYy * 15°0 6500 €091

LA zg°ey * 15°0 %90°0 w7Yy*1

*  86°C 58° 1y ° 83°0 690°0 8y 1

* 90°% SLe0Y * 65°0 %100 SLy°1

ETAL 95°6€ © 09°0 610°0 zos1

L4 .

* 930 319NV 930 IT1INV * INIIVAS GYOHD 01

*__NOLLVIA3G 3Qv1I8 LIX3 ° IVOWHI  SSINWIIHLI  AL1QITOS

....'.l'l'l......"..'....'.‘....I......l.‘....'.....'.'...

*8iv19 €0°0~ YL"Y £0°2 S1°65

* 20°19 €1°0- 0c°2z 6% °2 £5°85

* 81709 %0 *0 992 06°2 88°LS

* 949709 %0°0~ o1°¢ 8€ °€ 9T°LS

* $2°09 €1 °0 95 € 98 °¢ 29°9g

* 9665 90°0 £0°y ZE=y 29+ss

* 65°0S 1€°0 154 18y 8L°%g

* 2Z%6s 2¢°0 00°s 2E*s 68°¢S

* 98°8¢ oL*0 05°¢ 06 °5 96°25

* 6E€°8S 9E°0 66°5 £9°9 96°15

* L0°8¢ 9e1 16°9 Li 06°05

NI 379NV NI 379NV 3IN3UIONI (930) NV

MDY 134 MOTd SHV  3IININIIIY IINIGIONT  3GVIE LIWI

Qlvlt!c...l..tl00000o‘lc’.l.!o0.0000....'...00.Qﬁllltl...o..‘.l.0.0'0.'.!.0.

¢ o

6°1611
9811
143 TR Y
LoL8T1
Zooy 1l
L*0ETT
o°L1T1
0°€011
8801
2* 001
2°6501

03 3dS
13 3HM

8v0/50

»~

2¢9°0
9¢S*0
SE9°0
Y90
629°0
€290
€19°0
%090
0os*0
$4s "0
$55 °0

dIBWNN

$*ieo
9126
€°1C6
0°%1s
8905
€569
2°8Lg
9498
Y298
Z°he g
b6t

(33S713)

215°0
»15°0
416°0
615°0
224*0
9¢s°0
12s°0
0£5° 0
2€5°0
1€6°0
1€S°0

H3IAWON
HIJVH S8V

L70sL
gc6%tL
9*6vL
Y*0s2
£°1S8L
Re€GL
89612
6°8GL
809
0°99L
L*99L

(23S/14)

. ¢ @ 8 0 0

¢ o ¢ 0

6L2°GL 0°%06 R98°5R L7645 1S S
£51°64 L°768 513°58 £ RES 0T -
§20°s) Z-ce8 #8859 £RZ6 T 5 v
€681 8°6L8 S5R 758 $*176 q *
€5L°4L $°598 518758 ¥ 516 7ot
%0952 TH698 T TIRERRET T T e T1e g o
Tov°y 1198 8vB 758 77E06 g -
Y9z%L 0°6s8 618°53 8°S06 v -
890 *%4 z*9sn 61L°58 £°€06 c -
958°€L 9458 121°58 4206 7o
Z19%€L 94638 Iy s § "E06 T -
NI BS/87  INDINVY 930 °NI 0S/87  ININNVY 930 -
S3Yd IILVIS dW3L OTIVIS  STWd WI0L  dWIl WIIL =7°s°
...Q...’..'........'.'...‘.....'....'..I.‘.'..'I'."."."'
618 °0 680°0 060° 0 65470 TrY
£68°0 £20%0 810°0 9%%"0 ~  oT®
906 °0° B90°0 T TR0 T T 0T T
9160 1900 190°0 LA I
226°0 950°0 950°0 9€%°0 L *
926°0 950°0 ¥50°0 9€»°0 9 *-
6260 €500 ¥50°0 T4%°0 5 v
626°0 €500 %500 944 °0 v v
0€6°0 "7 TEG0™0 T T TTTTGGONDT T T UGS | v
2€6°0 950°0 150°0 - 560 7 v
€26°0 090°0 £30°0 - LLy®0 " T v
M
AINIIOT443  INIIII44300 UINITITHIO HOLIVY T vONT T
J1iveviav $$01 439 ~SSOT ~  NOISN4dIq TS

IR
6°G1
s°62
9°cy
6°L5S
L2
ze18
2=z01
£°911
8°Z€1
STEST

(23s/714)

1°6LY
€°994
0°€9%
9°6GY
0t 19y
Z2°c9y
0°694%
L1
€8¢
£°98%
T L*0T1s

(33s713)

“1Ix3

8-NQ*5-S249-29 WOYd NOT LVYWHOINI

_ 8961 2 Ny~

dIHLVHEA ININW

1IN0 %I3HD 9ENV H04 QISN I 3ISVI S, W0IAVL NOW

2°185 T he%e?
6°985 99°47
L*8gg 1 ¥4
§*155 I 4 84 74

A - e £ 1T -

- 2°166 ARl +4
c*98¢ I2%¢c?
0°*y8g - T ls*??
15158 ) L1922
L*924 Lee2z
9°¢58 T T 30%22 7
(23S/13) NI SnIavy

1IA WXy INIWVIY]LS

g™

T

*ON Y7104

AN N TEWB TS ST SO TS 4V TS rS VSV s wo e LA A A RN L o & & & & sl

e

() A
L
-

-
.

NEF NS

B

‘ON?
..d.w.

4000 0000000000000 r0000rsseveseessetsatEne



IS LT DL L0003 2009000000000 00000080000B3 0805000000000 INPIEI PESINP LT TEUSN CUTNITUP TV IVT U SO U T OV TV IVI? PN IV PV OO U PO ORIV E T Owe—

© <erol 1L°01-  ° GH%0 610°0 Sy7er e 018°1L €16 36558 1°K%6 e
* 0%°G. 19°00-  * $£%0 ¥10°0 ngzey 60R°L1 4206 5€673m JeRes nre
AL CTeol-  * 9y°0 0£0°0 aLzet e 608°1L Z7€68 04559 2°82Z% 5 -

* UL Go'o-  * 980 $90°0 16zet soe°LL 1°98R €H6 58 €oT178 Q-

R UM 08%6-  * 9.0 19C*0 toc-1 * 86L°L1 €"0R% 515°58 e L -

* vitor 9L%6-  * Gaso 950°0 szeer o 8L L £°C18 7 T BY5°58° TOTTS T v
© 270l ee-  * 9.%0 150°0 S0 ZLLeLL YoELe Toh°53 7 R06 <
AL 69°6-  * guq 990°0 Leger e ¥SLeLL T*1Ls 7733 £ "COR y -

© 1vcod 19°6-  * waco 140°0 obE°T €€LoLL 0°608 857758 <TE06 € -

© Lrcog 69°6-  * 98°0 9£0°0 T T S3L*LL 0§04 967758 4°Z06 -

R AR S 0L°6-  * 9£°0 1€0°0 gsvst ¢ €R9°LL 0°0L8 0°5°33 2°F06 T -

¢ 930 479AV 930 319NV ° ONIIVAS 0¥OHI 01 *  °NI 0S/81  INDINVY 930 *N1 DS/87 3INTVNVY 930 -

* NOIIVIASG 30V 11X3 ° AVOWHI  SSINYIIHL  ALIOIWOS * S3ud IT1viS dW3L JTIVIS  SIud WIDL  dW21 Tviog  *3°<~

A ASA NS Al R A S LR Al AR R AL E R AR R E RN A NN RN R N N N N N Y N N Y N N N R R R A I X I N I I T YN Yy T ™ ' "'

* 02°1s 92 *6€ 15°9 00°L 92%2¢  *  593°0 €20°0 £20°0 ToE"D T
© €2%0¢ P EL 10°9 629 Lieze  c zE8c0 €20°0 €20°0 PSED nT> -
* 2z70s St 8¢ €9°g 019 S0°7€  *  S68°0 €20%0 T 7T T T ETOYD T T IGETO T TR
* %95y LLeLE 0Z°s Ly°s 0E°7€  *  S06°0 €20°0 £20°0 15e*0 ~ 3

* €0°6Y seeLE LLoy 1€ s §6°2¢  * 016°D y20°0 %7070 8SE*D L
* Tevsy 8 LE £8°¢ 1Ly 1% ° 415°0 %20°0 $20°0 65E"D noe
s ugely St *E 95 € 89 ¥ 2%t 916°0 $20°0 €70°0 2970 G -

* 1179 €9 "RE 9Z¢ TAL LE*9€  *  916°0 §20°0 970°0 59E~0 v
* $B°Gy €56 £6°2 Sh ey 80t °  916%0 920°0° ~ T TIZOTITCT U WUEND TR
* 18y 17°6€ 15°2 25 ¢ 06°GE  *  616°0 920°0 120°0 YIE™D 77 -
RGN 9Ly S0°2 %0°s 2196 £15°0 L29°0 ZF0%0 1EE~0 T+
. L[] N - 41‘.E
NI 319NV NI JTONV  3DN3CTINE (930) TNV * AINIIOI443  IN3IDEJ4300 IVIIDI4437) WOIJV3 ~  "ONT
*MOd ¥3W 074 S8V IONIN33I¥ IINICIONT  3QVI8 1PINT ° d11vavigv $S071 33 SS07 NDTSNI4T0 *7°S”

AR A ALl R R A R AL R A A N A R N N N N Y N Y R YR s s L L R R R R R R R e R R LA R D B R o p e eI

2*861li
896 {1
¢°SL11
9°eg il
6°1s1l
1°0%11
8211
[*9111
LeEO1l
Z° 1001
4%°8L0T

(13 3dS
13 1HM

0{6°%0
6/6°0
%eb®D
126°0
<16°0
806 °0
T06°0
68°0
GAg "0
0388°0
19u°0

Y I1OWNN
HIYW 134

GTlLEY
6°09¢1
g*Lycl
beLeel
kA AR
¢*71et
26621
G°Kg21
*el21
£ %6921
1°0%21

(23S/714)
RELSRE R

95%°0
464%°0
$5%°0
Gs%°0
$59°0
¥6%°0
%S%°0
€5%°0
1g%*0
25%*0
Y90

HIBWNN
HIVW Sgv

6°679 0°¢ 1 6°699 56°%7 L8 A
0°999 L1 1°0- 3°%¢39 | X 24 00
L*Z59 1°2¢ 91 6°193 Lo*%Z 6 *
£°N99 L°9y s*d 27849 Bl X4 g *
I*LC9 €°19 (-2 - L - T Y3 f 2 A A
2°959 9L 6°¢t 0242 YL €E? noe
a9 T°16 R 6°1%9 by *EZ G *
0°€459 %901 2*s 2%Hy3 ¥Z2*ee L
S*hu9 9°121 L] 08t 3572 [0
6°64%9 6°LEl 8°5 1°6¢7 zLe22 0
FRAS A s*261 6%9T T TTs 2?73 she TV
(235713} {d3s/714) 123571 4) {33S714) *NY SAIGPY *ON°*
T3A SOy T3A TIVIOVY T3A TYHIHM TIA WVIXY INT IV I¥LS *ege

cew oo P PO R0 000000000000 000 PPUTi PEtoaRtIIRERRERIRLI PP IOIONTvAIIP I ntatREsdetnssoetonstosoesdeobotondortdhdeoeest saoisvsstoesens

830/40

e o . e e

3 CON 11x3 d0Lvis

B-NO*65-S2%3-22 WOY4 NOTLVWMO4NI

Y3IHIVHd INIW

8961 2 NVF

1N0 MI3IHI SENV W04 g3sn 1 ISV S.¥0TVAVL NOW



)

¢ o & 0 s B @

3

S P 0 60 0P B0 B0 0000 LS00 0000 CERIIRCEINNNCRRRCCP000 00000060008 0008003 eadaddéisDAVITRITTIFNTF I I T UTIT +S VI S TSI T IS BT VFIGIYTIO SRR FYE —

¢ 9

. cCw il * $5°0 1€0°0 20e"1 . 120°201 €°%66° G0L*121 8°CH#0T TT° &
. 62y LS Yy * 9¢TQ 9€0°0 ¥1c°1 . 206°101 8°086 R2L°TZ1 0°0€0T1 TonTe T
. Al (132 1/ *  95°0 0%0°0 97¢€°1 . 18L°101 »°666 ¥CLI2T S °RTOT 5 "
. cey Lo*cy ° 95°0 $%0°0 6re°T . $S9°101 L*096 8oL 127 £"6007 g v
. 0¢°% £G°EY * 15°0 050°0 €61 b 126°*101 AL X9 6GL*1ZT 1°2001 L=
0w €0°cYy *  15°0  %5$0°0 19€*1 . SLECTOY T Tg%ges T T T IBIYIYTT ORGSR
22y 6y°2h * 15°0 650°0 18€°1 . 122°101 1°6%6 €yLe121 9°HE6 KA
L2°% €81 * 85°0 490°0 96€°1 i G50°107 €°2%6 2zLetzt 1°266 L2
LI H1° 1Yy *  8a*0 690°0 AL . 088°001% 9%LE6 1y9°121 9°686 [
Yaoy 1€°0% ® 65°0 $L0°0 0es° 1 . 069°001 h*8€s” £62°121 8°886 AR
95y €9°6¢€ *  65°0 610°0 06%*1 . 16%°00T  Z°0%6 90%°T2T 1066 T
- - T e e T T T T s e
430 379NV 930 31INV ° 9NIDVdS G¥OHD O . NI DS/81 INDINYY 9307 *NI BS/871 JIMNINNVY 930 v
NOILIVIA3Q 30VI8 LIX3 *  L1VUdHI SSINNIIHL AL10170S * S3¥d DJILIVIS dW3IL 3T1VIS S3¥d vinld dd3l IVI0L TS T
O 00 SO PP ECOECPUE SOOEIOPPOVETITDO PECOT OGO OB OPINPEOROER GO DPD 0002000000000 000 0000088080 06000000080l RFPTsTFsPISIPESITRIRY
* 9.%°09 210 18°1 112 59°8¢% . 688 °0 080°0 " 180°0 €EHY™D ~ TI*
*0L°09 10°0~ L2°2 19°2 60°85 *  €£06°0 ___690*0 0L0%0 Z2%4°0 ) G
* 65°09 410 €L2 €0°¢ 6*Ls . »16°0 090°0 Y900 (41 2] 5
* Z%*09 S0 °0 81°¢ 16°¢ 16°9¢5 . €26°0 %500 $50°0 62%"0 T 8 v
* €2°09 02°0 €9°¢ 66°¢ 82°9¢ . 0€6°0 050°0~ o 050°0 LIH"0 T L v
* BE®6S ¥ "0 11°Y 6E"Y £5°S6 . 2e6°0 8500 240°0 1Zy"0° T 9 v
* 9L%65 05 0 85 68°% 86°49 . »£6°0 840°0 T 8w0°0 BN ¢1X Ad B
* 96°6S 990 _10°*S 6€°S ) 91 °4¢ - %€6°0 8%0°0 6%0°0 TEP™D =~ ¥~
* E£€£°65 YL 0 $6°G €6°S THTES ¢ ¥€6%0 T BR0C0 T 050D T IERTO T e
®* 01°6% 8y 0 €0°9 sv°9 ¥9°2¢ . 6€6°0 “1sD°0 ©260°0D T T TBERCO0 T T T
* 98°8% 1s°1 259 £0°L €8°1¢g . ZE6°0 ¥50°0 950%0 ~  S&HTDT T T Ve
Y - - - B T T o T '!E
*NI 3 TINV NI 379NV IIN3OIINI (930) 319NV * AINIIIJIJ43  INIIII 44300 ANIIOT 44300 "YDIOV3I T CONY
°mM01d 13d KO Sev 3IINIYI4IY IINIAIONT 3avIe 13WI ° J1livaviav $S01 J3d T OSSOY T T NOISNAYO C CIeSY
TR Iy X "y vy Y Y Y SN NN R NS NI NRY NN PR YN NN NN AN A NN SR N2 & 0 2 A A i 2 B Bk anasadies s s d 8 da i s s s i o aldas sl o coed
* g*g8oll 119°0 6°LE6 Z1s°0 (241:73 L2 L°68% 2919 T 382 T T
e 28811 L19°0 9°1%6 €15°0 Z2°€8L s°6l TT%6LY T T BRI T p %2 T T 0T
s 0°*8LIT 619°0 6°8€6 s15°0 s*18L »°82 0°%L% 7 9%029 T T ZG*y2 T T TR Y
* 8°1911 .. 029°0 0°LEL _L1s*0 €£°18. Y1y $*594y TEFE2Y T T T 2% 0 T gy T
* 9°LsII 819°0 €°626 615°0 Z°18L G°%G 59 1%¢27 0Y*y2 ™™
LK AR 2% ¢ £19°0 2°026 125°0 8°29L 6°L9 L1y 0*12% 68°€2 L
e 0*l€T1 909°0 2°806 €26°0 6°€82 L AR ] 0*3Ly TGeL19 T39%ET g
e 5°92T1 109°0 9°868 625°0 6°681L 6°G56 0%*6ly LSy IHrEZT T TG e
* 6°s111 166°0 y*288 125°0 zcleL €601 T gv9gy T U009 T T sreeZ e
*  1*s011 945°0 6°vL8 . 0€s*0 6°06L g*H21T  Z*68Y L*809 ) 10%€2 z
* 0°%601 €95°0 6°0%8 626°0 ¥*161 T B9l 0°0Ts %%584 LV 544N A
[ T - - et
®  U33dS uIGNNN {235/14) YIGWNN 123s714) (23S/14) 123s/714) (J3S/14Y *NI Shigvd T CON* T
¢ 133HM HIVK 134 13A 13Y HIVW S@V T3IA sev I3A IVIOVY T3A TYIHM 13A WIXY INT IWVIULS  *1°s*®

P P T S0 000000800 000000 ENRNEORRRIEO P ETNteROcE i lRionttediovissandsito tadsdiorstssitosatnsioonsonsaciviovancesboctsosbosnaisodbonsae

B2 /u0
-

8-NGQ*S-S3%9-2D WOUS NOIL1VWAO4NI

8961

Z Nvr

T1IX

WIHLYYd INIW

100 ¥D3IHI 9ENV ¥DJ Q3SN 1 3SVI S, UDTAVL NOY

9

*oN 4d1nd

‘



e s G e P e s P OE Ot 0esane e eess $nentodtssdotBlectettiNIOBIRINN SO NAERO LSt N BT YT IIUS FU N SFSU U FIV VI SN VI IVIVI VYT PO OW S S wwr ~-

i V60 5101~ A R 6100 9521

. vy el GH*0T - * Hien $10°0 3621

. Le*G1 ¢1°01- * ¢i%0 0LC*0 6071

. ci°ni 10°0L~ a0 590°0 1871

. e ol iE"a- * 45*0 090°0 €671

. ci1°0t €9*s - * GETD 5¢0°0 LO¢" Y

. Sc*0i gL * su*n 160°0 17¢*1

. €2°01 Li*e- * %e°0 GHN*0 6FC°1

. Ln°0i SLv6- * 4E*0 1%0°*0 gceey

4 901 YL*6~- ¢ L0 9¢0°*0 LTE R

. 12°1° LL°6- * G£°0 1€0°0 261

* 930 319NV 93G ITONV ° 9NIDVdIS G¥OHD 01

* NCILYIA3IG 3GVI9 LIX3 *  L1vCuHL SSINNDIHL ALIQI0S
* 60%6Y 96 *BE »0°S oL"s QR®7C

* GE"3Y clole £9°% 20°s 0L*?2¢
*16°8% by *LE 22y 28"% cS"CF

* 6£1°8% ¢6°9¢ 48" ¢ LYl RO "2¢

T 8LlY €6 °9¢ 94 "¢ o1°% €R=?¢

A ¥4I L) MW Le $0°¢ 9L°¢ 62°f ¢

* 0L°9% 6t *LE €9°2 49t Gl°¢c¢
*01°9% $5%lt 12°¢ 22°¢ Sy ¢

¢ BY°LYy 61°*RE 6L lLz'c P4 i £
MR 4 12 °¢ L2 A 992 QGG e

* g6°%ch c1°0% 80°1 v6°¢ 61%9¢
NI 379NV NI FT1INVY 3INJQIINI (930) VNV
*M014 13 974 SHY IINIW3IIY FINIQIONT 30v19 13IW]

PR EP AP 0P PO N0 00 0000000000000 00000000000l00berinerednsdl b itPIIETLIISSBIITETITET ST TSI ISTY IV I ST IF IR SIS OPIFODIIFIPEFRIVET YT —

L8611
9*68T1
zeoelt
6°0LT1
91917
Z*¢s1?
8°2% 11
Rl
IR T A&
0°*%111
1*%011l

0 3dS
T3 IHM

98e 0
948 °0
Y88°0
cBe*o
#.8°0
QLH*0
[s XA T 1}
998°0
098°0
9,8°0
£EvE°0

YIHWNN
HIVKN T13Y

1*hA%el
5°09¢1
CRIB TR
goivel
S°TeEel
1°¢7¢€1
2°etel
»°50¢l
%621
0°6821
9°0L21

(33S/7139)
1IA 13

1e%*0
1ey%°0
140
Zey°0
£E€EY°0
¥EH*0
se%°0
"y 0
SEY*0
6EY° 0
9e%°0

Y3IGHANAN
HIVKW Sav

6°G99
7°799
0°659
L°1G69
7°9%9
9°9¢9Q
2°949
1°1499
0°*L69
0°099
T°169

(73s/14)

T3IA SHY

.

oegeonT
018°9071
648°9071
c1e°*907
ToL*90CY
+49%90 1
019°901
6C5°901
S6E°90T
662°901
611°90T

°NI BS/81
S Iud J11viS

Z°€00T1
R*H66
9°¢86
1°615
1°€096

(21 T

6°656
[ 31
BeH66
LeEce

INDINVYE 520
dwWit J11ViS

PP 2060060000008 80 0400553080300 00RBENOTLILIPE VI RNV ETRRTLISNETES

1180 $20°0
Tor *0 $20°0
106 *0 520%
016°0 6c0*0
L15%0 §20°0
616 %0 620°0
1260 €Z0°0
02640 920°0
026 °0 920°0 T
626 °0 9200
1260 L20°0
IRLEIMIEEE IN3ID1 44300
Jlivaviov $S01 434

L*z
LGt
t*82
6°0%
S°€S
$*99
8 6L
L%6
1*801
5%€21
6*rel

1735714}
T3A Aviove

52
o'l

{793¢/14)
IIA YINM

6°*509
te20y
v*86)
b5
[T
Z4csd
Felad

iy *nCo
0easo

¢ oay9
TeERy O

1338/714})
I3IA Wiy

38°%7

1

'E-36

»T7°12T S*F%01 irs
967°121 nToeE0T o} hd
57 TZY CrgI0T 5 *
grzeizy 6TEDDT Q-
b5T 12T rI00T L -

S ELZTIZTT TUDCFEE T T YT
SIT"T1ZY oTHLE [
pET°T 2T 1°z66 v -
189 °12Z7 SR 371 [
050°1271 FoEBA T
£9L*321 L*06 T~
*NT 8BS/ ININNVYY D30 hd
g3¥d WwWinl dW¥3l IwinNt °*I°s”
»Zov o 10%°0 | 8 d
»20° 0 1&8E°D [00

TTRZONE T GERYN T TR YT
<’0°0 Z6E°0 F
c20°0 16€°0 L~
gZ0"0 0D6E™*N g~
9?20°0 Dat "0 L
czZ0*n &8t °D » °
Y .4 1 2 s RERNERRY 3¢ 420 ( SR T
120°0 18°0 z "
€00 veE*0 T *
IN3THT4430) WOV CONC
ssMm NOISNndd1a ~°S”

TT°
LL®%7 [0
L5>%2 LI
BT %2 q-°
TRY2 T T LY
66°¢7 9 ®
08°t? 5 °
03°E7 LA
(1124 4 g€ "®
[l 4 "
TTREY2 ) S
NI Snvovs *nN*
INT ThvIvls TS

R Y R N Y YR R P Y R R R Y R R L Y N I R N N R R R N A I I A R RN

Qe

1N0 AIIHT 9ENV

B-NO*C~5242-2) WOYS NDTIVWINANE

¥04 4g3sn

8961 7 NVf_ d3IHIVH¥d iIW

T 3SVYI Sy ¥0IAVL NMY

7 *ONIIX3 ®wOivisS



r 90 00 8PP0 R GCD S0 P R0 CINENENSCUR 0 RESB0CB 00000000 db00E et N0 00000 T lEBIT A d P NI TIT TN T U ST PV ITIVUT IV IV VI T FU VU F O T VooV Ve e

S8ty 20°ey ¢ 96°0 1€0°0 10e*1 * 686°9¢ 1 ¥*9e0T TTTGTEtZIV T B CRETT T YT 4
! 6LY 66°2% * 99°0 9€0°0 ote*1l * €489¢ 1 »*2101 SEe"Z I B2 T4 0 U | A
©0LtY s6°2% * 95°0 0%0°0 61e°1 * 619°9¢ 1 1%650T 162 °231 L S
* o 99°y 69°2 * IS°0 $%0°0 gze*t ¢ 68%°9€1 6°8501 £€€°29T 86601 ~ @ T
S L 29"y ° _18°0 050°0 BeE"T  ° 022°9¢1 9°0%0T £82°731 9°160T = [~
09y $6°T¢ * 18°0 7 §80°0 7 Tewgc 1 * 7 LT0%9€T1 T TOCEEOT T 7T G2tV T ETGHOT T T g v
t  19% Sy 1y * 85°0 650°0 19€°1  ° 8ZLYSET 6°0€01 6€2°291 ITEOT TG
s ¥9°y 48°0% * 85°0 ¥90°0 €2€°1  ° B6E°SET 8-2z01 €67°291 6°€10T % v
s 19% 2z*0y  ° 65°0 690°0 s6€ T * L20°S€1 L°%20T ~ 290°231  §°l101 € C -
¢t 4Lty £9°6€ * 65°0 %10°0 gee*t  ° 909 *»€1 2€201 §2Z0°29T €907 TV
$__08"% 298¢ ° 09°0 _  610°0 CTTET ° TeTCvET  0°S201 ¥43 * 131 8°BI0T ~ T T -
L] - . - - A4
* ©30 379NV 930 319NV ° ONIIVAS  G¥OHI 0L *  °NI DS/P1  3NINNWVY 930 °NI DS$/81 INIINVY 930 T e
NOILVIAIQ 30V18 LIX3 * IVOWHL  SSINXNDIHL  ALIOITOS ° S3¥d STAVIS dW3L IT1viS  S$3ud WIOL  dWIL TVi01l~ *T°S¥ ~
90 00 0008 0P P0G BREVRLITINOIIRREERITRRREGO00OCRESP0CPIROIIOR G000 000800008000 RRBIUBIRINOGNIIDETRIGIISIOCGETUTTS RSP REDPISIPIIOPY
68°09 2¢*0 v8°1 222 89°8S  °  %68°0 9L0°0 CeL00 T T oSyt TTIY
*L8%°09 60°0 62°2 _  _69°C 81°8s  °  016°0 ¥90°0 T %90°0 ohpc0 " 0T
° 11°09 12°0 vz 0T 19°1s *  zz6*0 T §50°0 950%0 BEY 0 6 v
* §9°09 z1-0 22 € 85°€ Lo-Ls 826°0 6%0°0 © T 080°07  TESCD T WY
* 8%°09 92°0 oL°¢€ €0°% ¥¥°95  *  G€5°0 §%0°0 T TT9%0°0 T lzvt0 T TV
* 52°09 0£°0 91y 8%y Li°ss  *  9€6°0 ¥90*0° T wh0°0 T T 66D YT
° 20°09 9%°0 29°% Y6y 80°SS  °  B€5°0 H%0°0 T T HH0°D T 9Z%°0 T T
“8L65  9¥°0 _ O1°S  G%¥°5 _ EE°wS ° 8€5 °0 T e%0%0 T U 6%0°0 0 9ZhD T THF YT
* 0s°6S ZL*o 85 °S ¥6°S 9% °€S * T BE6*O0D T T T 9%D'O 5%0°0 I12%°0 | 20
* 0c*6s 8s *0 90°9 1%°9 €1°2¢ ° S%6°0 L0%0 T 8¥0*0 R X440 ' T AR
¢ L8°8s el %G9 00°¢ LE°165 * €6 °0 0800 T50°0 " "TTUSEMTDT T T o.o
. - e - s e e e \OIIOIE
°*NI 379NV NI 379NV IINICIINI (930) 3VONV * AINITDI443  INITIT 44300 CINGIDT4430D T T¥0VE T TORY T
*M04 13Y mO73 S8V Epl =R-EEELR ION3AIINI 3GVI8 13WI * JIlivaviav SS0Y 434 “SSO07 T NDISTSTQ T TS T
G A0 00 00 00000000 0000000 00ANIEotrtNItateEcrantedtrecdcenseitenterssas st dldiodde T dlit T U T T SR U ISP P T TP TS U PIT It W Is v W e s vwosvwe —
° 0°6611 2850 SUEE6 €05°0 $*508 9°1 “pwoow:‘w‘ TE*29 . T TIe%wZT T T T
* 8*06ll 165°0 6°0%6 $05°0 €°208 8°6 6%€6Y T TZTZE9 T SltwZ TTOTY T
* 9+z8Tl $65°0 ¥*1%6 $05°0 9°661 6°LY 6*98% T T6TEEYT T I9tezT T v
* 9°HL1T. 665°0 6°Z%6 _ 80S°0  9°66L 0°92 TOQtIeY T 7T TTRe8EY T T9hteT T YT
* cooo- 865°0 L°8L6 c16°0 9661 B 1.4 7 AR LYY £ 2 (3 :12K) [:Y4d 24 | Sl
® 686 TT L66°0 946 €16°0 g°2o8 €2y 1°08Y R 2 § 4" DR 4 Sl 7 A
* S*0ST1 €6$°0 8°926 s16°0 ¥°408 5°0s z2°€8y fam 1y 38 c€e T g
R A4 20 16S°0 €°126 816" 0 1°808 2°66 Toetsey gEcewy T 517 . A
S EtHETT S86°0 L°116 1¢s*0 ¥°118 6°L9 ) 0*T16%  —  HeZy9 T T 207 e
* I°921I1 _ %85°0 9°806 . 6Zs*0  €°Li8 9°Lt 1°c6% 7e1%9 T Gy°fZ z
'ogeLItll 695°0 L°988 1258°0 9°028 648 ¥°80S \-mmo LY Ad ¥4 T*
i ’ 2
' G33dS LERL L 1238/14) YIBNON €335/714) 1935/714) ~  (93S713)° T (33S/14) NI sSplavdTT TR

R EELL HOVN 13¥ T3A 13 HIVKW Sev A3A sav T3A AvIavy T3A WIHM T 13A IVIXY O SNFINVINLS *8Y T
100 0000 000000 C0 N EERNPROEPO I RElECIaatItd Eitorooditotitoios Poariss tedolinsitertitretodarsoensstsisindivoaciscacrosbosodosvectoadaas -

8-NO*S-S7°9-23 WOYS NOTLVWAOINI

B961 2 NVF uIHLVYd 3INIW

100 %¥I3IHD) 9ENY ¥O4 G3SN 1 ISVI S u0TAVL NOY

O 40



0 50 60 S0 S EB B EATB IS SIS PSSO ACEEREOBINRSOPOOOeRIDERETLIPS

® o o & » 0

6e*0¢
L6%6
i6%0
46°6
9¢°%o
266
2G%6
2796
6L%6
oL*6
0¢°0l

S30 39NV
NOILVIAZU

L8°L%
8L°LYy
59°LY
SE"LYy
€0 LY
959y
9U 9%
8Y°5Y
BU vy
919
Zy ey

NI 379NV
*MO4 3

l...l0000..06ul'o..n..ltnlt'l..00000IOOOOQQ"..OO!."I'..OlootcDOC...I.l..ll.I;il.lll]ll‘\lijl‘il‘dl"l"“ii.i‘il

0°6611
€ 1611
s°e8 1l
L°SLT
0*8911
2°0911
£°2911
AR A AN
9°*9¢c tt
A TR
1°0211

0334S
I3 3IHA

el open

6€£8°0
0¥8°0
6€€°0
6£2°0
9¢8°0
€60
0£8°0
126°0
z28°0
028 °0
608°0

HIWNN
HIVW 134

466 * €8°0
216~ s €8%0
94 b- * %5°0
£L°6- * %gc0
02°6- ° 48°0
91%5- * %8°0
ET°6- * %8°0
11°6- ° ge*0
60°6~ * §8°0
10°6- * §8°0
50°6- * G&°0
930 319NV * 9ONIDVdS
30vI8 L1IX3 *  1VOWHL
86 *8€ 90°s
00°8¢ £9°h
26 *LE 12°%
86 °9¢€ Z8°¢
98 °9¢ £Ev°¢
9L°9¢ 00°€
26 °9€ 15°2
€6 *9¢€ »1°2
yeoLE ey
1°LE 9e°1
52 *8€ 10°1
NI 3TONV  3ONIGIINI
MOT4 SAY  3DNIW3I AN

£°6SET
€°8hET
9°8eel
rAFAZA
geezet
6°91¢€T
¥°80€ T
8°10€1
0°€621
z°8821
LegLzt

(33S5/714)
J3IA 13N

610°0
4L0°0
690°0
$90°0
090°0
$60°0
050°0
9450°0
1400
9¢0°0
1€0°0

QYOH2 01
SSINMNITHL

96 0 C S0P PP LT PASEBEPIOEOP OB P REPRIIINITDOEBNSNGSINESSESNs e

20°9
9Z°%
10°s
4 B 4
€%y
8Lt
19°¢
€2 ¢
St°e
89 °¢
15 °¢

JINIGIONI

96€°0
L6E°0
96€°0
86£°0
86£°0
66€°0
66€°0
109°0
10%°0
£0%°0
00%°0

Y3BWNN

HIVW Sev

ooo-Ot!.nl.ll.tt.li'o0'00000000n.l.l.ll.l.t.‘ol60000000.00..!..Cll..l.l...........llO.OO!I.O!!O.O00'0. 6bababosddiTsedss

Al1Q1713S

(23s/14)
13A sev

ofe°l
6fe"t
Lve*1
9cel
c9¢*°1
yr1e°1
yRE®T
ye€ 1
0% 1
Siu*1
ey 1

96°2¢
g€LTee
15°2¢
Ls*2¢
£€9°2¢
Le*2¢
1e et
0Leee
80 °*vE
CHhe
gL*ye

(930) IINYV
30viI8 13IW1

5059
g*9c9
9°2¢9
S°1€9
€*629
Z-0£9
L°629
8°0€9
$°0£9
9°€€9
z°0£9

CANO NIIHD 9ENV ¥Od GISN 1 3ISvI SoyOTAVL NOM

0" s e oD 800 8B baN et BN U USRI S TN T U T U T TRSIITT AP IS UIUIY S EVES ORI VOEIVRTYTRTY S

782591 €°1011 065 *191 RT6CTT 1354
092°5% 1 €°160T §19°137 SETTT Y e
622°641 TeRLOT 2967131 £°50TT 6 *
YL1°6% 1 1°8901 109197 8°6601 Roe
S0t1%cy1 0°0001 €95 *131 971607 -
¥10°6%1 ~ [*%66T ™~ 7 18FTIOTTUUETIROT T IT T
268°491 0°1601 Z9% *1 31 9°7paT g -
DHLowy 1 2*6%01 B6€°TIT 6°6101 v .
695441 96401 BEZ 13T € LL0T c v
9SE*9H1 5401 A81°131 6°9./01 7"
IvToHy1 1°1501 T21°391 R*BLDT T
*NT DS/67  INDINVY 930 *NI 3$/87 3INIINVYH 930 .-
$3ud JIAVIS dW31 ITLVIS  SIWd WINL W31 IVINI  CI°ST
l.'."..'..........l.....'......Il..l.l"I..........I..I.“
088 *0 820°0 620°0 BEY"D 1388
S68°0 820°0 §20°0 GEY*D 0T~ -
106°0 T§26°0 PZO°0 T T EEY0T R T
€16°0 820°0 820°0 T OTEYTO R v
026°0 820°0 620°0 R0 I S
026°0 620°0 T 620°0 ©0ERD 9 7
226°0 620°0 620°0 CZEYCD T 5 T
126°0 620°0 0£0°0 ZEHYTD T v T
026°0 TUTRZGCDTT T TOE0TO T T RERTT T T
926 *0 0€0°0 . 1€0°0 GEH*0 T T 7 o
$26°0 0€0°0 $£0°0 E¥pD T v
.
AINIIOYI33  INITITS4I00  INITOTHIOD ~ WOIVd  CONTT
J11vevIay §S07 42y SSDY © NDISM44IO0  *T°SC

6°0
L*9
8°11
y*9t
1L°02
B*%Z
6°82
o*gce
o°LE
€°1H
£°G6y

(33s/714)
I3A IVIOVY

9ty G°0+0 15°%2

g*z 8%9¢9 18°%7

6% R RE43 B 4 Al ¥4

Lz CECTEd 3¥°H2
oty T 2*679 B4 5422
6°¢ L*6727 ) 8d 74

y*s 0n*629 66°€T

L*s ‘ 6629 €E8°E7

Lol I ALY+ L3°¢? B
0‘L £*2¢9 0c°€?

N5 S 24 T4 A 1 2 + A
(23S/14) (235713) NI Spiovy
T34 TAIHM J3A WIXY INTWYIYLS

L FoNII X3 d0iviS

8-NA4G-S249-Z9 WO¥4 NOT1VWYOINI

8961

2 NV

¥IHIVEd INTHW

e

o

6"
g
g
g v
g "
5 v
g
N -
— -
L
‘.oz.
.J.WI



-‘ra...oc.n'.ooon‘otoocooclonoto'n-ollo.toﬂloo.l"oolooorooonocl

1°6€ 1T
6°1611
9°9811
ETLLTT
0°0L 11
L2911t
v*es Tl
[2d:L AN
9°0%11
1°ee 11
9°6211

® 8% 0 0o 9 8 0 e e

*

® 033dS
° 133HA

.l.-Ot..000.-..00.0.0..........ODO..I!.O.OOIOOO..O.

850/50

dIGRON
HIYW 13y

¥08€1 0Ev*0 8°269
Loelel oty°0 S°889
€ °Y9¢el ocv*0 6°€89
2%8s9¢el otvy*o £°289
S %69el 0e%° 0 $°6L9
1 °gvel 1€%=0 2°6L9
8°%€€T 1€%*0 L1119
1°82¢€T1 1€9°0 »°LL9
rAd Y8 | 1ey*o L°sL19
0°%lct 2e%°0 6°919
2%6621 8zv*o L°119
(33s/14) Y3BWNN (33S714)
RELSNEL! HIYK S8y T3A S8y

0'0.000OO..QO....QQOl..O'O..Qb......lﬁ‘t.'.'Illtlltqﬂiliiil“

L3

SE9°291 9*101t 066 °*T3T 3%6EIT T ITY T
9I9°241 L+gg0l1 S19°151 €211 TOoT
66241 LT} luvox.?qtl:mqmo:l TTTE Y
S66°ZH1 IRFLTA S T 109191 T L6001 T P oe -
€16°Z%1 B*%501 EXS 13T 7 GeTe0Y T e
094 °Z51 S°6%0T L9G*T 31 CECQROTTT T gTe—
BBE*Z%1 0°9%01 264 *1 91 T 32801 T T T g v -
00€°241 b EH0T E6E°TFT 00601~ g™
802°29Y” lua..?dqlll-l BEZTIY T r107 T
880°2%1 1°0%01 © BBTCI9T T rveIpYT e .
€66°THT 1°€v01 "’ I £ 5 1) U ALT-97)) G T e
_ tek, S S
53]
*NI DS/97 ANDNNYY 930 " *NI'BS/RT ANDINYY 930 v

S34d JILVIS dK3L IFIVIS ~ SIud IWVINL

di3l IVIOL TyTSe

OOOI.C....Ol.WﬂUOﬂﬂdﬂdﬂddd‘dd“‘ddqqqqqqqquI"“qd‘q‘qqqll

90 1% 7 T 1tes9 T gtz omqpe -
6°¢€ 1°¢ 9889 7 T “zgeez T T T gpe -
A T°9 7 T bR LetHhy T g
_ %01 6°Z ~ 1289 25°%y2 T g
Legl ~ T TSy T €69 T CdEeR T T e
6°91 0*% "7 0%sL9 2%z = g ow s
1°02 ¥°S T Tzenle 9797 g ®
£°€2 9 T T 7119 1§34 24 b
¥*92 9L T 251y SLe? ¢ e
$°62 .63 7 7zeg19 99°€y 7.
¥°Z¢ YEET T eI T T TTewegz T T v
(23571 4) (23S/713) " (23S/1393 NI snravy — ¢aN®
T3A viagvy T34 TYIHM I3A WXy INTTWVIYLS  *1ese

000..0.u....OO‘lOlOOOQOI‘OOQOCOOCQ.l'll.i..'...loo

8=NQ*S-S243-23 WOYJ NOT LVNYO4NI

8961 2 NVF  YIHLIVYd 3INIW

100 M¥I3HI 9eNv ¥O4 038N I 35v) m.104><h NOY

tesscsssvansrevend

0Z °*ON NJTIV1S



060 08000460000 PP PP IP eI icenseatoesessrosrOEPeteseEssacnEsesecsttsrresrrrnnreiiosi

1*6611
6°Tell
geoB1i
SeLL1t
v 0LT1
1*€911
6°4611
98411
AL AN
eteeT
4°9211

G33dS
REELL

801790

£5€°0
158°0
098°0
098°0
£§58°0
9586 °0
ceg 0
69R*0
S0
248 °0
2eb°0

YIGWAN
HIVW 3%

Loeyel
YoLLeT
#°89¢1
6°¢9¢l
CHYSET
184l
0°0%¢1
yoEe el
IRATAN
9°61¢€1l
60l

123s714)
RELYREL.]

YeH© O
SEH°0
GEH°0
9ty°0
9% 0
ey 0
LE4* 0
Lev* U
le%*0

8E4*0

172 Al

YIOWNN
HOVH S8v

-0-0-00‘000000coc.n...tuooa.coco.o....0..'.....0.0000"0000-00.llOOOQOOCOOOOQIOOO'-Otl.ltoocloQcQQOOONOOO.QOQQQQI

080 0000800 R 0000000000000 0e0castsnnedeselosssossesssssssasne’

* 262°%c+1 8°001T 066 °137 96T R4S
° 9241 6°%207 c17°137 £CEZIT nt*

° TwY*zet ~ LFT01 7777 70 20677151 g*601T " B Y
¢ 21T1°Z%1 81901 103 °131 T L%6607 R

* ny0°2y1 6°€<0l 65131 516017 L

¢ eLs*Ivl s ev0l 195137 ce9gor” =~ © ™

* 9eA*IH1 6°%%01 72131 osZg01T - & ¥
* £5L°1%1 €°zvol P6E°TIT 0°0801 A

. 1891417 T eT6EOT T T HETTIV HYLI0T R
* 896 °14 1 1%6€01 881 °19T LTI T YV o
* 92y *1H1 6°1b01 TZL°297 " T°6L07 v
. . TTTm
* ‘N1 0S/91 INTANVY 930 *NT DBS/8T 3INIMNVY 9307 77 Y T
* S3ud JILVIS dW3L JILVLS S3¥d Ivi0d dIL WioL TTITST

PIISIFEET RS SoB500 s S ST T U T T T T SO SSTFU S U S

£*669 20 1°3 £°669 ’ 15°%2 T
L*GE9 asyt 1°¢ L1°659 2 AT /)
6°169 6°2 1°% 641569 L3 [ I
5*069 2%y 6°2 5°063 A X4 -
£°/e9 L 241 S S A 1 -1- - S X .2 A AN
2*8e9 L*9 0°% 2°883 22%y> 6
0°189 6°L L 241 6°989 TLo%y? G
8°9€9 0°6 9°g L9989 26°¢? 2
G*589 1°01 9% £ °689 IL*E? coe
€*989 TCIT _6°9 v*287 17°¢? 2"
€°289 0°z1 ) Tecel TPy T T TN EEE S T TR T
{23s713) {23571 4) (73s714) (793S/714)  °NI SrI0vy N°
13A sev 13A WVIGYY FIA THTHM IIA WWIXY INT WV IYILIS *1°%*
eadd

8-N145=-52%9-23 WOHd NNTLVWYOINT

8961 Z NVF  ¥IHIVdd ININW

C1NG ¥D3IHD 9ENV YOS A3SN T 3ISVI S 0IAVL NOY

T2 °DN NDIEVLS



PR 0800000000 tr RN ettt tslInNa it ctacattttetoscotacasnacesnssesiontsnsosd

" (*obll
* 1%26T1
*  0°s811
et mn
°ogroLtl
* LevTl
*  §°9sTi
M 2 A Y
* 0%Zvll
¢ Loyel?
R Ay WA 4

*  Qd33dS
N EE

£98°0 9*06€ Y €990
998 °0 E£°%8ET €4%°0
698°0 2°GLET £99°C
$98°0 1°69¢€1 Yhoo0
298°0 6°09¢€T Yoy 0
098°0 6°€4El YhyeQ
948°0 €°Gvel E9%* 0
256°0 0°8€El 29%°0
L%8°C s°82¢l w50
Y 98°0 Gez2E %90
£€8°0 €°10€T 9€%° 0
dILHNN {23s/14) YIAWNN
HOVW 134 13A 13¥ HOVW SaV

OB 000000000 RsNNNNNREeIEPsNNENIRRIE0P000006e0n200inetésnssd sédd

° TLS°TyY €°6601° 065°171 9%*6eTT I
. 02s°*1¥T  4°g801 ST2°1971 £°e2lT "~ o1*
. ELY 15T €°0.01 Z36°131 §T601T 6 *

* SHy 11 $°000T 109°131 S 1%660T T g e
- STH*IvY s*2¢0t €495 °191 51601 L
- €OV °THT L5901 L9S°T9T €°9801T 9
. €8E°THI 6°E%0T 209 °L97  ~ "9°rg0l T § v
. 69€°T¥T_ 61507 86€°13T ~ ~  0°0801 = % v
- BYE*TYT Z°6€01 8€Z *T 91 »*T10T [
N LEC TN 9°8€01 88T 13T~  1*%lor 7Y,
. OTE°T1 FASL T2L°99T . T Teel0T XY 4
L] N - ‘qu
®  °NI DBS/87  3ANIINVY 930 °NI DS/8T 3INIWNVY 930 T
© S3ud IHIVIS dW3L JT1VLS  SINd WVLOL T dWIl W1I1 *1%6e

P00 sssseviverssecidgovsnancs oo e

’ po.ww
2g*92
L9°%2
£5°02

Be b2
€279z
30°%?7

6°21L 0°0 1°s 6°21L
1°601 0°0 1°c 1601
8°%01 0°0 1*y 8501
8°201 0°0 .62 8200
8°669 0°0 Ty TTTL%669
1°869 0°0 0y L*869
2°969 0°0 5 1°969
9°%69 0*0 9°6 T G449
9°169 0°0 e $°167
1069 0% 6°9 __ 1%06Y __ ____ £9:
S 489 0°0 voET C*v89
(735/14) (23s/14 (235/14) (33s/14)
13A sav 13A Iviavy I3IA TUIMK 34 WIXY

£E5°€?

81°€2

INT WV 3IY

.'00000.0000000Oll....‘ll..l..........."".ll'00'0.0......O.OO.l.000000.0'0l..lOC..OOOOQCOO'OOOOOOfOOU-.n.'..

0/

B-NG®S-S249—22 WOYJ NOILVWHOINI

8961 2 NVf H3IHIVYd INIW

27 VIN N

1N0 _¥I3HI 9ENV ¥0d GISN 1 ISV S ¥0TIAVL NOY

N1 Sniavy

XXX X R XN X ¥ maa

O~ ol

(
P
4
'

I
'

{
t
1
(
|
i

IH!\IN\#K\

eoNe
1S *q°c-

ivis



000 *00%
000 °00%
0o0"00Y
000 *00%
000°00%
000 *00%
000 *00%
C00°00%
000 °00%
000°00%
C00°00%
000 *00%
000 *00%
000 *00Y

31vd
LICRE!
SS i

oL8°0
2i8°0
1L8°0
€L8°0
cL8*0
SLe*0
9L6°0
8L8°0
g8LR*0
t88°0
138°*0
888°0
288 °0
L6920

AJDNIID 1433
U39VY3IAY SSVNW
AATLVINKND

%260
6E6°0
616°0
cc6°0
116°0
€260
006" 0
€16°0
$68°0
806°0
068°0
%06°0
»8¥° 0
L68*Q

ADN3IDI443
GI9IVYIAV SSVH

601 °¢
012
Ge6 1
PITN |
c9L*T
$9L°1
cog 1
009 °1
FAR A §
2891
9921
G971
£21°1
€211

olivy
JANIVHIN §1
CIAVYIAV SSVNW
JATIVITWNY

[
680°1 235°01 2eecl €YY
6e0"1 SE0°T1 3ec*y TeTTTm
960°1 LA TAL] 56€°1 A S
$60°1 082°8 13¢°1 Cooey
Y0117 7 T T TTRR0TY T T B £:1°00 N ) S
401°1 ot1*? B NI LA S
LIT°1 904y ITHT £
L1t 8Zhv*h ecH 1 27
€71 050°%¢ 51491 o
Ter*t 291%E Leyey 1
621°1 060%z T T TesH*U T T e T T
8Z1°1 101°2 IgyeT o
£21°1 EEY°T geEv 1 !
€21°1 0b%°1 oyHe1 R
0l1vy o e/ mmmm e

38N VY IdWIL 0T1VY 3UNSSIUS  DIAVY INNSSINA  NOII
039VH3AV SSVNW G29VHIAY SSVK 039Y¥IAY SSVA  -vIS

FATLVINKND

8-NO*6-S247-23 WO¥4 NOT LVWIN4N]
8961 Z NVI HIHIVIL 3MIA

100 MIIHD) 9ENV ¥D4 Q3SN T 3ISVI S MNOTAVL NOY



Axial Flow Compressor Computer Program
for Calculating Off-Design Performance

(Program IV)

by

H, F. Creveling and R, H, Carmody

ABSTRACT

A compressor off-design performance program was developed

to account for complete radial equilibrium of flow and to determine
energy addition and adiabatic efficiency on the basis of blade
element data for air turning and total pressure loss., The program
user has available as options either double-circular-arc or NACA
65-series blade performance data, plus the capability of specifying
reference incidence angle through tabular input or through the
criterion of suction surface tangency for any double-circular-arc
blade row. The off-reference increment in deviation angle is
furnished in the form of a correlation of selected NACA data.
Adiabatic efficiency is determined iteratively for each streamline
in each blade row using: (1) correlated reference profile loss

data and reference shock loss computed on the basis of a normal
shock-in-passage and (2) correlated results of NACA data ex-
pressing the off-reference increment in total pressure loss co-
efficient, The program can handle up to 32 axial stations, and

the user may employ dummy blade rows as desired.
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