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SUMMARY

A computer code for predicting the performance of an axial-flow
compressor with water ingestion has been developed at Purdue University
under the NASA Grant NAG 3-62 and presented along with a test case that
illustrates the use of the Code. The Code employs the same procedure
and architecture as the NASA-STGSTK Code. The Code uses a meanline
stage stacking method; stage and cumulative compressor performance is
calculated utilizing representative triangles located at rotor inlet
and outlet mean radii.

The aero-thermo-mechanical interactions arising during air-water
droplet mixture flow are taken into account in terms of four processes:
(i) changes in blade performance parameters (deviation and efficiency),
(i1) centrifugal action due to flow rotation, (iii) heat and mass trans-
fer processes between the gaseous and liquid phases and (iv) droplet
instability and break-up. The latter three are introduced at the exit
of each blade row. The aerodynamic performance of a stage is based on
estimated rules for deviation and efficiency with air-water mixture
flow. The nature of such rules is discussed in detail.

The Code provides options for the calculation of performance with
(a) mixtures of gases such as air and water vapor and (b) air-water
droplet mixtures with different water content.

The Code is useful in obtaining preliminary estimates of overall
performance of compressors with water ingestion given the design point
details corresponding to air flow and the nature of corrections for air-
water mixture flow.

vii



CHAPTER I
INTRODUCTION

Water ingestion into jet engines may arise due to various circum-
stantial reasons: high humidity in air resulting in condensation of
water at the inlet, tire-generated spray entering the air stream during
take-off and landing on rough runways with puddles of water, and flight
through rain storms. It has been found that such water ingestion can
lead to a loss of performance, engine mismatch, and 1oss of surge mar-
gin, and in some cases causes undesirable mechanical and aerolastic
effects. Both steady state and transient performance are affected and
the operational margins in the control system also become affected.
With ingestion of large amounts of water, water may flow through the
engine at low power settings and a flameout may arise at higher power
settings. From the point of view of criticality of changes in the
performance of different engine components, the compressor presents
unique problems and is in many ways central to the performance of the

engine (References 1 and 2).

The air-water mixture ingested into a compressor is characterized
by the water content, the droplet size distribution and the vapor con-
tent. The mixture may enter the compressor nonuniformly in the circum-
ferential and radial directions. In the case of rain water ingestion,
the water content may range from 2.0 percent to 15.0 percent or more.
The water droplet size variations in rain and mist are presented in
Figure 1. Water vapor content in the atmosphere varies with the degree
of saturation and the altitude. Figure 2 presents the variation of
water vapor content corresponding to the saturation state as a function
of altitude. Some typical values of vapor content corresponding to the



saturation state under different temperature and pressure conditions
that are of interest in aircraft operation are given in Table 1.

At the end of each stage, and therefore also at the exit of a
multistage compressor, the characteristics of the air-water mixture
undergo modification: water, vapor and air become redistributed; the
work done on the gaseous phase and efficiency become affected; and the
stalling characteristics of stages undergo changes.

The performance of a compressor stage at a given speed and flow
coefficient undergoes a change during water ingestion, compared to the
performance with air flow, on account of a combination of processes
associated with droplet-laden air flow:

(i) change in airfoil performance;
(i1) centrifugal action causing motion and accumulation of water
and vapor towards the tip and hub sections, respectively; and

(iii) heat and mass transfer between the two phases.

These processes become further complicated due to:
(a) droplet impact and rebound at the blades and casing,
(b) droplet reingestion from blade surfaces into wakes,
(c) droplet break-up to remain under the critical size and
(d) droplet size distribution.

For a given compressor with specified
(i) blade and blade-loading,
(ii) aspect ratio and

(iii) 1interstage spacing
one can examine the changes in performance in terms of two major
parameters:

(a) changes in aerodynamic performance and
(b) characteristic times available for centrifugal action and
heat and mass transfer processes.
The changes in a given compressor depend upon the following:
(i) operating speed and throttle setting;
(i1) water and water vapor mass fractions in the air-water mixture
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TABLE 1

SATURATION VALUES OF WATER VAPOR

UNDER TYPICAL CONDITIONS

TEMPERATURE PRESSURE WATER VAPOR
W ws*
(°F) (psi) ]bm, vapor lbm, vapor
‘lbm, dry air] []bm, m1xture]
59 14.696 0.011 0.011
86 14.696 0.027 0.026
104 14.696 0.049 0.047
125.4(1) 22.402¢) 0.060 0.057
155.8(2) 22.402() 0.148 0.129
]76.1(3) 22.402(") 0.275 0.216
65.1(s) 12.648(¢) 0.025 0.024
212 15.698 9.124 0.901
212 15.494 11.449 0.920
212 15.365 13.661 0.932
Note: Condition corresponding to
(1) Mach number = 0.8 when T = 59°F
(2) Mach number = 0.8 when T = 86°F
() Mach number = 0.8 when T = 104°F
() Mach number = 0.8 when p = 14.696 psi
(s) Mach number = 0.8 when T = 5.55°F 15,000 ft. altitude
(¢) Mach number = 0.8 when p = 8.298 psi



flow at entry; and
(iii) water droplet size distribution.

In order to determine the performance of an axial flow compressor
based on the aforementioned physical model, a three-dimensional flow
calculation procedure is eventually desirable. However there are at
present considerable uncertainties in regard to the various two phase
flow processes associated with droplet-laden gas flow in general and
in axial-flow compressors in particular. It is therefore considered
that a parametric mean-1ine (one-dimensional) model should be developed
in the first instance for determining the overall performance of a com-
pressor stage with water ingestion. Such a calculation scheme requires
incorporation of a stage-stacking procedure for use in multi-stage
machines.

The current report describes such a calculation procedure written
in the form of a computer code named the NASA-WISGSK Code. It is
similar to the NASA=STGSTK Code (Reference 3) written for the purposes
of calculating the off-design performance of axial-flow compressors
given the details of the design point.

1.1T Background

A model for the calculation of overall performance of a multi-stage
axial-flow compressor was developed based upon a mean-1ine, stage-
stacking procedure (Reference 4). The model incorporates all of the
essential features of droplet-laden air flow:

) droplet motion during ingestion,
(i1) droplet-blade interactions,
(iii) blade performance changes,
(iv) centrifugal action,
) heat and mass transfer processes and
(vi) droplet break-up.
Two 1imiting cases have been considered:
(i) droplets generally following the air flow path and



(i1) droplets having equal probability of motion in all directions.
Figure 3 illustrates the latter case which applies to large droplet
sizes. The calculation procedure adopted with the model is

(a) to calculate a blade row (rotor or stator) performance for
two phase flow and
(b) to "correct" the exit conditions for centrifugal action and
heat and mass transfer based upon the (characteristic) times
available for those processes, and for droplet size changes
based on the concept of a critical diameter.
In order to calculate the transport and accumulation of water radially
outwards, the flow is divided into ten streamtubes along the span and
the calculations are carried out in the time domain over the available
time (across the blade row). Water on the surface of blades is dis-
tinguished from that in the blade passages. The corrected conditions
constitute the inlet conditions for the next blade row, and so on for
various stages in a multistage machine. The calculation procedure, the
associated computer code, namely the PURDU-WICSTK Code, and an illus-
trative case are presented in Reference 5.

The foregoing calculation procedure permits determination of the
aerodynamic performance of a chosen section (such as the mean section),
a compressor stage at given initial and operating conditions provided
the details of the blade section are available. In other words, at
design and at off-design conditions, the deviation of fluid flow over
a blade section and the efficiency of the blade section are determined
directly for given initial flow conditions.

The calculation procedure also permits such a direct determination
of blade performance at other spanwise locations of a stage provided
that, once again, details regarding the section under consideration are
available. Such a calculation is again performed on a one-dimensional
basis. It is, of course, necessary to account for the redistribution
of water and water vapor due to centrifugal action across the span of
the compressor. Thus, in most cases the hub sections may become
depleted of water but repleted with water vapor, and there may arise



an appreciable accumulation of water in the tip sections. In the case
of a compressor with many stages, there may also arise a change in the
condition of the fluid mixture at the mean section of a stage.

The calculation procedure can be utilized for any specified inlet
mixture of air, water and water vapor. When calculations have been
performed for a compressor stage under a variety of conditions, one of
the interesting results that can be obtained is a set of correlation
rules for

(a) diffusion factor and
(b) efficiency for the particular type of blading in terms of
flow coefficient and mass fraction of water content.
Such correlation rules may then be used to obtain off-design performance
of the compressor utilizing a considerably simplified procedure such as
for example the procedure of the NASA=-STGSTK Code.

It will be recalled that the blade outlet conditions obtained on
the basis of droplet-laden air flow over a blade section need to be
“corrected" for (a) centrifugal action, (b) heat and mass transfer
processes between the gaseous and the 1iquid phases and (c) droplet
size adjustment according to the PURDU-WICSTK Code procedure. The
corrected values then represent the final outlet conditions from a
stage and thus the initial conditions into a following stage, if any.

The correlation rules for diffusion factor and efficiency are
therefore of use only to obtain the initial aerodynamic performance of
a blade section with two phase flow. The correlation rules will apply
to the compressor for which they have been obtained utilizing the
PURDU-WICSTK Code.

By performing such calculations on a number of compressors with
different types of blading it is expected that distinct trends can be
established in the correlation rules. It is then possible to utilize
the generalized correlation rules for specific types of blading and
thus to calculate the off-design performance of compressors.



The NASA-WISGSK Code, described in this Report, has been
designed assuming that such correlation rules are available.

1.2 Illustrative Example

The utilization of the NASA~WISGSK Code is illustrated here
utilizing the design details for a small 6-stage axial-flow Test
Compressor consisting of the axial stages of a T-63 engine. Details
regarding the Test Compressor are provided in Appendix 1.

It is of interest to point out that a series of tests has also
been conducted on the Test Compressor with water ingestion, and the

results of such tests have been reported in References 6 and 7.

1.3 OQutline of the Report

Chapter II of the Report is devoted to a description of the overall
program. The subroutines and external functions are listed in Chapter
III. A listing of the input data and the output obtained in the code
are given in Chapters IV and V respectively. In Chapter VI, an
illustrative test case i1s presented along with a discussion on the
utilization of the code.



CHAPTER TII
OVERALL PROGRAM DESCRIPTION

The NASA=-WISGSK Code is based on two eariier studies:

i) the development of the PURDU-WICSTK Code for the calcula-
tion of the performance of multi-stage compressors with
water ingestion (Reference 5); and

ii) the NASA=STGSTK Code for the determination of the off-design
performance of axial-flow compressors (Reference 3).

2.1 Description of the PURDU-WICSTK Code and the NASA-STGSTK Code

2.1.1 The PURDU-WICSTK Code

The one-dimensional flow equations for two phase flow in axial
compressors have been derived in detail and presented in Reference 4.
Those equations are suitable for the calculation of performance of any
chosen section along the span of an axial compressor blade row. The
PURDU-WICSTK Code is based on those equations. For given initial
conditions at the entry to a stage, the outlet conditions can be cal-
culated using those equations.

The PURDU-WICSTK program deals with a fluid that may consist of
(a) a mixture of three different gases and (b) a mixture of two types
of water droplets, distinguished by size. The mixture of gases may
consist of air and water vapor along with another gas when necessary.
The water droplets may be either "small" or "large" diameter droplets
or a mixture of small and large droplets. Small droplets are defined
as those that follow the gas flow path and hence, absorb work input
into the compressor along with the gaseous phase. Large droplets are
assumed to move largely independently of the gas phase, with equal
probability of motion in all directions, and without absorbing work



input but introducing drag losses. Currently one can only choose

the sizes for small and large droplets in an arbitrary fashion; for
example if small droplets are assumed to be of mean diameter equal to
0(10 um) large droplets may be assigned a mean size of about 1,000 um
in diameter. In a general two-phase mixture that is utilized as the
working fluid in a compressor, the proportion of various constituents
(namely, differnt gases and two types of droplets) may be chosen as
desired in the initial conditions assumed for a calculatijon. Thus, to
consider humid air carrying large droplets, the content of small drop-
lets is set equal to zero while water vapor content is related to
humidity.

The performance of a stage of a compressor is based in the PURDU-
WICSTK Code on five physical models as follows:

(1) Model for the calculation of stage performance with respect to
the gaseous phase and water droplets.

(2) Model for droplet motion across a blade row from a chosen
upstream location to a designated downstream location.

(3) Model for centrifuging of water droplets.

(4) Model for heat and mass transfer processes between the two
phases; and

(5) Model for droplet break-up and equilibration with respect
to size.

The foregoing five models have been described in detail in Reference
5. The performance of a stage is calculated for given initial and
operating conditions with respect to the gaseous phase and the water
droplets. Regarding small droplets, any fraction of their total number
may be taken into account depending upon assumptions relating to droplet
impingement and rebound processes. Then, at the exit of a blade row,
the three major processes, namely (1) centrifugal action on droplets,
(2) heat and mass transfer processes between the two phases and (3)
droplet size adjustment, are taken into account. When the stage per-
formance parameters are "corrected" for the afore-mentioned three
processes, one obtains the final outlet conditions from a stage. The



outlet conditions from a stage are modified, to account for geometry
of compressor, in order to obtain the initial conditions for the next
stage, where such exists. Calculations are repeated for subsequent '
stages based on the well-known concept of stage-stacking. The Code
can be used to predict the design point performance as well as
off-design performance of a multi-stage compressor.

2.1.2 The NASA-STGSTK Code

The details regarding the NASA-STGSTK Code are given in
Reference 3.

2.2 Correlations of Performance Parameters with Water Ingestion

The two principal performance parameters for axial-flow com-
pressor blading are (i) the stage pressure-rise coefficient and (i7)
the aerodynamic efficiency of a blade row. These may be expressed as
functions of flow coefficient for air flow and air-watermixture
flow through the compressor. The stage pressure-rise coefficient can
be obtained from a knowledge of deflection of the working fluid over
a rotor blade row or from a knowledge of blade metal angles and
incidence and corresponding deviation angles.

The methods of obtaining correlations for (i) deviation of the
working fluid over a blade, (ii) the stage pressure-rise coefficient
and (iii) the aerodynamic efficiency of blade rows are described in
the following.

2.2.1 Deviation Angle

A general rule for deviation may be written as follows

(Reference 9).

§-6* = k (D__ - D_*) (2.1)
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where & and D__ are the deviation angle and the equivalent diffusion
ratio, respectively; ( )* denotes values at the reference point; and

k is a (porportionality) constant. According to Lieblein (Reference 8),

the equivalent diffusion ratio can be written as follows:

cosB, V_, [
- . --JEL[1.12+0.0117(1-5*)]'43 +

Deq COSB; sz

V2

cos?8;
tang, - y— tans, (2.2)

0.61

z1

the equivalent diffusion ratio at the reference point can be obtained
by setting i=i*. Thus, Equation (2.1) can be rewritten as follows:

§-8% = 1,12k [(w]/wz) - (wl/wz)*]
£ 0.0117 (i-i%)1"% (W/W,)
+ 0.61 k (sin € - sin e*)/o (2.3)

Assuming that the second and third terms on the right-hand side can be
incorporated into the first term, one can write the following equation.

8-5% = K [(Wy/H)) = (Hy/Hp)*] (2.4)

where K is referred to as the deviation constant. The deviation con-
stant can be related to the amount of diffusion in a blade passage in
the case of gas (single phase) flow through a compressor. In the case
of droplet-laden gas flow, it is assumed that the deviation constnt
can still be related to the diffusion in a blade passage utilizing

the water content in the mixture as a parameter. One can then obtain
the deviation angle for given operating conditions and hence the
corresponding blade outlet flow angle.

11



2.2.2 Correlations for Stage Pressure-Rise Coefficient

The stage pressure-rise coefficient for a compressor stage may
"be defined as follows.

B nC ATO
Ve
U
where n : stage adiabatic efficiency
Cp : specific heat at constant pressure
ATO : rise in stagnation temperature across a stage
U : rotor whirl speed

The stage pressure-rise coefficient can be related to the stage flow
coefficient utilizing water content.

2.2.3 Correlations for Efficiency

The adiabatic efficiency of the compression processes in a stage
may be defined as follows:

_ PR(Y'])/Y_ 1
T IR -

where PR and TR are the stagnation pressure ratio and the stagnation
temperature ratio across a stage, and y is the ratio of specific heats.
The stage adiabatic efficiency can be related to the stage flow
coefficient utilizing water content as the parameter.

2.2.4 Procedure for Obtaining Correlations for Deviation Angle,
Pressure-Rise Coefficient and Efficiency

It is common practice in compressor analysis to obtain correla-
tions for the deviation angle, pressure-rise coefficient and efficiency
for different classes of blading through cascade or compressor tests.

12
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Such correlations with respect to flow coefficient are well-known in
literature for air or other (single-phase) gaseous fluids. -Similar
correlations are not available for droplet-laden flows from experimental
results.

One method of generating such correlations is by the use of the
PURDU-WICSTK Code. The performance of a series of typical compressors
can be calculated utilizing that code and from such performance calcu-
lations, the variation of the parameters of interest can be extracted
for different classes of blading in those compressors while operating
with two-phase fluids. The parametric variations may then be related
to blading design and operational conditions. Thus, based on the per-
formance results obtained on any compressor utilizing the PURDU-WICSTK
program over appropriate ranges of initial and operating conditions, one
can generate correlations for deviation angle, pressure-rise coefficient
and efficiency in terms of the following.

(i) Values of deviation constant, K, as a function of the
diffusion of the working fluid;

(ii) Values of pressure-rise coefficient as a function of the
flow coefficient; and

(iii) Values of efficiency as a function of the flow coefficient.

The correlations are obtained for each class of blading or stage with
water content at entry to that blading or stage as one parameter and
the operating speed as the other parameter. Those correlations can
then be utilized in the NASA-WISGSK Code for obtaining the performance
of a similar compressor under desired operating conditions. When a
series of such correlations have been generated for various classes of
blading and for various operating conditions, several classes of
axial-flow compressors can be analyzed on this basis in order to
determine changes in performance with water ingestion.

In order to illustrate the nature of correlations that can be

obtained utilizing the PURDU-WICSTK program and that are suitable for
incorporating into the NASA-WISGSK program,a series of correlations

13



have been obtained for the 6-stage axial-flow Test Compressor, re-
ferred to in Section 1.2 of the report, utilizing the PURDU-WICSTK
program.

Some examples of such correlations have been obtained under the
following conditions.

Operating speed « » « 90 percent design speed,
Droplet size « « . 600 um (referred to as large).
Water content as mass

fraction of water

in the mixture . . . 0.000, 0.025, 0.075, 0.125,
and 0,150,

The correlations are presented in three parts, namely (i) for the
deviation constant, (ii) for the pressure-rise coefficient and (iii)
for the efficiency. In each case, the correlations have been given for
different stages of the compressor. According to the basic design of
the compressor, the type of blading employed in the different stages
can be grouped as follows.

a) blading in stage 1;

b) blading in stage 2; and

c) blading in stages 3, 4, 5 and 6.

From the point of view of blade loading, it appears that it is
necessary to distinguish further between stage 3 and stages 4, 5 and 6.

The correlations for deviation constant have been presented in the

following figures.
Figure 4(a): Deviation constant vs [Mz/w]) - (w2/w2)*]
(Stage 1)
Figure 4(b): Deviation constant vs [(wz/w]) - (wz/w])*]
(Stage 2)
Figure 4(c): Deviation constant vs [(wz/w]) - (wz/w])*]
(Stages 3, 4, 5, 6)

14
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The correlations for pressure-rise coefficient corresponding to
the afore-mentioned examples of correlations for the deviation constant
have been presented in the following figures.

Figure 5(a): u/y* vs ¢/¢* (Stage 1)
Figure 5(b): u/y* vs ¢/¢* (Stage 2)
Figure 5(c): u/v* vs ¢/¢*  (Stage 3)
Figure 5(d): w/y* vs ¢/¢* (Stages 4, 5, 6)

In these correlations, the stage pressure-rise coefficient and stage
flow coefficient are normalized with respect to the design point values.

A set of examples of correlations for the adiabatic efficiency

of different stages have been presented in the following figures. In
all of the cases again only large droplets have been considered. The
adiabatic efficiency is again normalized with respect to the design
point value.

Figure 6{(a): w/y* vs ¢/¢* (Stage 1)
Figure 6(b): w/y* vs ¢/¢* (Stage 2)
Figure 6(c): y/y* vs ¢/¢* (Stage 3)
Figure 6(d): wy/y* vs ¢/¢* (Stages 4, 5, 6)

It is of interest to observe the following from the correlations
presented.,
(i) The correlations for both K and n show that there is some
similarity in regard to their variation with water content
in the entry mixture.
(ii) The variation of K with respect to diffusion is rather
severe for flow diffusion values in the vicinity of the
design point, especially at the higher values of water content
in the entry mixture. At large values of diffusion, the water
content does not seem to have a significant effect.
It is of importance to note that the nature of variations of K and
n may be different at other operating speeds. However, it is assumed

15



that such variations are small and that similar variations can be
assumed over appropriate ranges of flow coefficients at other speeds.
Nevertheless, the correlations presented should be considered as
applicable only to the type of blading and blade-loading in the

Test Compressor.

Other aspects of predictions of the Test Compressor performance
utilizing the PURDU-WICSTK program can be found in References 6 and 7.

2.3 Modification of NASA-STGSTK Code to NASA-WISGSK Code for
Use with Two-Phase Flow

The NASA-WISGSK Code for use with two-phase flow has been obtained
by modifying the NASA-STGSTK Code in two respects.

(i) Introducing the stage characteristics for two-phase fluid
flow in place of the stage characteristics utilized
originally for air flow through the compressor; and

(ii) Incorporating various two-phase fluid associated processes
at the stage exit in order to obtain the final state of the
fluid at that Tocation.

The principal stage characteristics are the efficiency and the
pressure-rise coefficient. They are obtained at a reference operating
speed, usually the design operating speed although another operating

speed may be utilized.

The two-phase fluid flow effects of major interest are (i) the
redistribution of water due to centrifugal action, (ii) the heat and
mass transfer giving rise to a change in the temperature and mass
fraction of the mixture constituents and (iii) the change in droplet

size.

2.3.1. Efficiency Variation with Respect to Flow Coefficient

The reference curves for the variation of efficiency with respect
to flow coefficient, obtained at the reference speed for various values

16



of water content in the entry mixture, for a particular compressor
stage are adapted for use at other operating speeds in the
NASA-WISGSK Code in two steps as follows.
(i) First, the reference curve for the case of air flow (and
no water in the mixture) is shifted as illustrated in
Figure 7 for use at the desired off-reference operating
speed over the appropriate range of flow coefficient,
(i1) Next, the reference curve is modified for the presence of
water following the correlations obtained for different
water contents in the mixture at the reference speed. This
part of the procedure is also illustrated in Figure 7.’

2.3.2 Pressure-Rise Coefficient vs Flow Coefficiency

In the NASA-STGSTK Code, the pressure-rise coefficient is calcula-
ted in the subroutine CSPSI (Reference 3). 1In that subroutine, the
pressure-rise coefficient is calculated based on the deflection of air
flow over a rotor blade which in turn depends upon the blade outlet
flow angle and hence the deviation angle. The blade deviation angle
is estimated utilizing the following rule.

=% = K [(Wy/Wy) = (Wy/Wq)*]

with K = =10 for the case of air flow. In the case of operation with
air-water mixture flow, the deviation constant, K, is a function of
water content and amount of diffusion.

Utilizing the appropriate values of K, based, for example, upon the
type of correlations presented in Figure 4, the pressure-rise coefficient
can be obtained at the reference speed and at off-design speeds for
various values of water content in the entry mixture as a function of
flow coefficient.
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2.3.3 Correction for Two-Phase Effects

The NASA-WISGSK Code incorporates the following new features in
order to correct the blade outlet conditions that are obtained based
upon stage characteristics for the following two-phase fluid flow
effects:

(i) droplet size adjustment;
(ii) centrifugal force action; and

(iji) heat and mass transfer.

The details regarding modelling of these processes can be found in
Reference 5.

2.4 The General Procedure for Utilization of the NASA~WISGSK Code

It is expected that for the compressor under consideration, the
following stage characteristics are available for each stage of the
compressor at a convenient reference speed over a range of mass flows.

(i) Adiabatic efficiency as a function of gas phase flow
coefficient for various values of mass fraction of water
in the mixture; and

(i1) Deviation factor as a function of diffusion of the working

fluid for various values of mass fraction of water in the

mixture.

Utilizing the latter, the pressure-rise coefficient characteristics
for different stages can be obtained as a function of flow coefficient
utilizing the mass fraction of water in the entry mixture as a
parameter. '

As stated earlier (Section 2.3.1) the efficiency curves may need
to be shifted for use at off-reference operating speeds. The
pressure-rise coefficient characteristics are treated as applicable at
all values of operating speed, at least over a substantial range of
speeds.
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It can be visualized that the efficiency and the pressure-rise
coefficient characteristics may be available at discrete values of
mass fraction of water. Since the mass fraction of water changes along
a compressor flow path in different ways along different streamlines, it
is useful to devise rules for interpolating the stage characteristics
for various values of mass fraction of water.

The water vapor in the mixture at entry to a compressor stage
is taken into account in the form of mass fraction of vapor for the
purposes of determining the thermodynamic properties as a part of the
gas phase in the mixture.

The initial and operating conditions to be specified in utilizing
the NASA-WISGSK Code are the following:
(i) the operating speed;
(ii) the mixture mass flow;
(i11) the mixture composition including the droplet size; and
(iv) the ambient conditions in the mixture entering the
compressor.

The calculation procedure may then be divided into three parts as
follows:
(i) calculation of performance of compressor at reference and
off-reference speeds with air flow only;

(ii) calculation of performance of compressor at reference speed
and different values of mass flows with various values of
water content; and

(iii) calculation of performance of compressor at off-reference
speeds with various values of mixture flows and mass
fractions of water.

In each case, calculations may be performed along any streamtube
selected in the compressor with specified (a) mass flow and mixture
composition at entry, (b) area change and (c) work input at appropriate
rotor locations. It may be recalled that the calculation procedure is
based on a one-dimensional formulation.
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2.4.1 Calculation with Air Flow

The performance calculation with air flow at the reference and
the off-reference speeds is intended to establish (a) the extent to _
which the stage efficiency curve needs to be adjusted by shifting over
the desired range of flow coefficient (utilizing the procedure de-
scribed in Section 2.3.1) and (b) the ranges of flow coefficient that
can be covered in the performance calculation at different operating
speeds utilizing the available stage characteristics. When the com-
pressor performance is available from another source at different
operating speeds, one can compare such performance parameter values
with those obtained utilizing the NASA-WISGSK Code. Utilizing a
trial-and-error procedure, any small differences in performance at
off-reference speeds can be adjusted through modifying the stage
characterisitics available at the reference speed for various
off-reference speeds. However, such modifications need to be introduced
with considerable judgement.

The calculation procedure for given (a) ambient conditions, (b)
operating speed and (c) air mass flow may be summarized as follows.
(i) The flow coefficient is determined at the compressor
inlet.
(ii) The stage efficiency can be obtained directly from the
efficiency vs flow coefficient curve for the stage when
the operating speed under consideration is the same as the
reference speed. If the operating speed is different
from the reference speed, the efficiency-flow coefficient curve
has to be shifted appropriately (Section 2.3.1) and the
efficiency then obtained for the value of flow coefficient
specified.
(iii) The stage pressure-rise coefficient characteristic is
utilized for obtaining the value of pressure-rise coefficient
at the specified value of flow coefficient.
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(iv) The stage pressure ratio and temperature ratio are
calculated as follows:
U2
PR =1.0 + & T i
“p ol

TR=1.0+ (PRYVY 2 1.0) n
(v) The resulting stage outlet conditions become the inlet

conditions for the next stage, if any. The procedure given
under items (i) to (iv) is then repeated for each of the
stages until the compressor outlet station is reached.

(vi) The performance of each stage of the compressor as well as
the overall performance of the compressor can then be
obtained from the predictions for the given operating
conditions.

(vii) The entire procedure may be repeated at the desired
operating speeds and mass flows.

2.4.2 Calculation with Air-Water Mixture Flow at Reference Speed

At the reference speed, the available stage characteristics
(pertaining to efficiency and pressure-rise coefficient) areusable
directly.

The procedure for calculation of performance at various values of
mixture mass flow (or gas phase flow coefficient and 1iquid phase mass
fraction) is identical to that described in Section 2.4.1 except for
the following: (i) the efficiency and pressure-rise coefficient values
should be chosen for the local value of water content in the entry
mixture for each stage and (ii) the stage outlet conditions have to be
corrected for two-phase flow effects.

The primary purpose of the calculation of performance at the
reference speed is to establish the applicability of the available
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stage characteristics for the ranges of water content that are

likely to arise in different stages under different conditions. Since
centrifugal action is only a function of the rotation in the flow
field, by performing calculations at the reference operating speed, the
effect of water content and the applicability of the available stage
characteristics can be examined in the different stages of a com- |
pressor, If the general trend of performance changes is écceptab]e,
the pressure-rise coefficient information can be utilized with some
confidence at off-reference speeds.

2.4.3 Calculation with Air-Water Mixture Flow under
General Conditions of Operation

At off-reference operating speeds, the efficiency-flow coefficient
curves need to be shifted to become applicable over the relevant range
of flow coefficient in each stage of a compressor.

The calculation procedure for obtaining the performance is then
identical to that described in Section 2.4.1 except for the following:
(i) the efficiency and pressure-rise coefficient values should be chosen
for the local values of water content in the entry mixture for each
stage, (ii) the efficiency curves should be moved as required to
become applicable over the relevant range of flow coefficient at the
operating speed specified and (iii) the correction of stage outlet
conditions for two-phase flow effects.

The stage outlet conditions are corrected for the following
effects associated with two-phase flow:
a) Droplet size adjustment; |
b) Centrifugal force action; and
c) Heat and mass transfer.

The stage outlet conditions are then obtained in terms of mixture com-

position, gas phase properties and liquid phase properties, including
the droplet size.
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CHAPTER III
SUBROUTINES AND EXTERNAL FUNCTIONS

The following is the Tist of subroutﬁnes and external functions
used in the NASA-WISGSK code. The subroutines and external functions
consist of two parts as follows: Part I of the subroutines and external
functions is the same as those in PURDU-WICSTK code (Reference 5)
and Part II of the subroutines and external functions closely follows
those in NASA-STGSK code (Reference 3). Only brief descriptions of
these subprograms are given here. A more detailed description of each
subprogram is presented in Appendix 3.

PART I

Subroutine WICSPC: calculation of stage performance based on the

analytical/correlation method for large droplet.
Subroutine WICSPD: calculation of design point performance.

Subroutine WICSCC: calculation of the equivalent pressure ratio,

equivalent temperature rise ratio, and stage adiabatic efficiency
for a particular stage based on the inputed stage characteristic
curves.
Subroutine WICGSL: calculation of single-phase (gas) flow loss.
Subroutine WICSDL: calculation of loss for small droplets on account

of the change in momentum thickness of boundary layer due to the
presence of such droplets.
Subroutine WICSTL: calculation of loss due to Stokesian drag of large

droplets in the free stream of blade passage.
Subroutine WICFML: calculation of loss due to film formed on blade

surface when large droplets are present either by themselves or
along with small droplets.
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Subroutine WICRSL:

large droplets
small droplets.

Subroutine WICVT:
angles.
Subroutine WICCEN:

to centrifugal

Subroutine WICDMS:
centrifuged.
Subroutine WICDML:
centrifuged.
Subroutine WICDRG:
Subroutine WICMAC:
Function WICASD:
Subroutine WICBOA:
Subroutine WICEDD:
Function WICED:
Function WICMTK:
Function WICLOS:
Subroutine WICIRS:

calculation
are present

calculation

calculation
action.
calculation

calculation

calculation
calculation
calculation
calculation
calculation
calculation
calculation
calculation
calculation

rotor for small droplet.

Subroutine WICIRL:

calculation

rotor for large droplet.

Subroutine WICISS:

calculation

stator for small droplet.

Subroutine WICISL:

calculation

stator for large droplet.

Subroutine WICWAK:
Subroutine WICHET:
and droplets.
Subroutine WICMAS:
and droplets.
Function WICMTR:
Function WICPWB:

calculation
calculation

calculation

calculation
calculation

of Toss due to the rough surface when
either by themselves or along with

of components of velocity triangle and

of swanwise displacement of droplets due

of amount of small droplets which are

of amount of large droplets which are

of
of

drag force on large droplet.
Mach number.

of acoustic speed in two phase flow.

of blade outlet angle.

of equivalent diffusion at design point.
of equivalent diffusion.

of dimensionless momentum thickness.
of

of

total pressure loss coefficient.
droplet impingement and rebound i

of droplet impingement and rebound i

of droplet impingement and rebound i

of droplet impingement and rebound in
of

of

water reingestion into wake.
heat transfer between gaseous phase
of mass transfer between gaseous phase

of
of

mass transfer rate.
vapor pressure,
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Function WICNEW:
procedure.
Function WICTAN:
Function WICBPT:
Function WICSH:
Subroutine WICSIZ:

Subroutine WICPRP:
Function WICCPA:
for air.
Function WICCPH:
for vapor.
Function WICCPC:
for methane.

PART I1

Subroutine NASA:

Subroutine CSINPT:
Subroutine CSPREF:

flow conditions.

Function CPFM:

calculation

calculation
calculation
calculation
calculation
calculation
calculation

calculation

calculation

of

of
of
of
of
of
of

of

of

new trial value in the interative

the value of tangent function.
boiling point.

specific humidity.

nominal droplet size.

flow properties for gaseous phase.
specific heat at constant pressure

specific heat at constant pressure

specific heat at constant pressure

subroutine which corresponds to MAIN program of
NASA-STGSTK code.

reads and writes the Part II of input data.

calculates parameters at design speed and design

calculates specific heat at constant pressure from

static temperature using fifth degree polynomial.

Subroutine CSETA:
cient.
Subroutine CSPSI:
coefficients
Subroutine CSDEVS:
calculation.
Subroutine CDEVSL:
calculation.
Subroutine CSDEV:
calculation.
Subroutine CSDEVL:
calculation.

calculates adiabatic efficiency versus flow coeffi-

calculates

calculates

calculates

calculates

calculates

pressure coefficients for inputed flow

stator deviation angle for small droplet

stator deviation angle for large droplet

rotor deviation angle for small droplet

rotor deviation angle for large droplet
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Subroutine CSETAl:

calculation.

Subroutine CSETAL:

calculation.
Subroutine CSPSD:
Subroutine CSPAN:

for blade reset.
Subroutine CSOUPT:

calculates adiabatic efficiency for small droplet

calculates adiabatic efficiency for large droplet

alters pressure coefficient for off design speeds.
alters flow coefficient and pressure coefficient

calculates and prints out stage performance for

small droplet calculation.

Subroutine COQUPTZ:

calculates and prints out stage performance for

large droplet calculation.

Function DELK70:
Function DELK80:
Function DELK10:
Function DPHI:
speed.

alters diffusion constant for 70% rotor speed.
alters diffusion constant for 80% rotor speed.
alters diffusion constant for 100% rotor speed.
alters flow coefficient for different rotational
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CHAPTER IV

INPUT DATA

The following is a 1list of the input data as they are read in the

NASA-WISGSK code.
described herein.

A1l input data that are needed to use the code are
The input data consist of two parts as follows:

Part I of the input data is the same as those in the PURDU-WICSTK code

(Reference 5),

those in the NASA-STGSTK code {Reference 3).

PART I

Card Input
No. ~  Data_

1 NS

2 RRHUB(I)
3 RC(I)

4 RBLADE(I)
5 STAGER(I)
6 SRHUB(1I)

Comment

number of stage

hub radius at Ith stage rotor
inlet. I =1~ NS
Unit: dinch or cm

chord length of Ith stage rotor
I =1aNS
Unit: inch or cm

number of blade for Ith stage
rotor. I =1+~ NS

staggerangle for Ith stage rotor
I=1aNS
Unit: degree

hub radius at Ith stage stator
inlet.

I =T~NS, I=NS+1 for IGV
Unit: inch or cm

and Part II of the input data follow very closely

Format

Il
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Card Input

No. Data

7 SC(1)

8 SBLADE(I)
9 SIGUMR(I)
10 SIGUMS(I)
11 BET2SS(1I)
12 FNF

13 XDIN

13 ICENT

13 XDDIN

13 TICNET
14 T06

14 TOW

Comment

chord length of Ith stage stator
I =1~NS,1=NS+1 for IGV
Unit: inch or cm

number of blade for Ith stage
stator.
I =1T~NS,I=NS+1 for IGV

solidity of Ith stage rotor
I =1~NS

solidity of Ith stage stator
I=1T~aNS,1I=NS+1 for IGY

absolute flow angle at Ith stage
stator outlet
I =1T~NS, I=NS+1 for IGY

fraction of design corrected
rotor speed for a particular
speed

initial water content
(mass fraction) of small
droplet

index for centrifugal calculation

of small droplet
ICENT = 1 when XDIN = 0.0
otherwise ICENT = 2

initial water content
(mass fraction) of large
droplet

index for centrifugal calculation

of large droplet
IICENT = 1 when IDDIN = 0.0
otherwise IICENT = 2

total temperature of gas phase
at compressor inlet
Unit: Rankine orKelvin

temperature of droplet at

compressor inlet
Unit: Rankine orKelvin

28

Format

F 5.3
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Card Input
No. Data
14 PO

15 DIN

15 DDIN
16 FND

16 TO1D
16 PO1D
17 XCH4
17 RHUMID
18 FMWA
18 FMWV
18 FMWC
19 PREB
19 DLIMIT
20 STAGES(I)

Comment

total pressure at compressor
inlet
Unit: 1bf/ft? or N/m?

initial diameter of small droplet
Unit: upm

initial diameter of large droplet
Unit: pm

rotor corrected speed at design
point
Unit: RPM

compressor inlet temperature
at design point
Unit: Rankine or Kelvin

compressor inlet pressure
at design point
Unit: 1bf/ft? or N/m?

initial methane content
(mass fraction)

initial relative humidity
Unit: per cent

molecular weight of air
molecular weight of steam
molecular weight of methane
percent of water droplet

that rebound after impingement
on blade surface

maximum diameter for small
droplet

Unit: um

stagger angle for Ith stage
stator

I =1T~ANS, I =NS+1 for IGV
Unit: degree
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Card Input
No. Data

21 GAPR(I)
22 GAPS(I)
23 RRTIP(I)
24 SRTIP(I)
25 IRAD

26 RT(I)

27 RM(1)

28 RH(I)

Comment

gap between Ith stage rotor
and (I - 1)th stage stator
I =1~NS

Unit: dinch or cm

gap between rotor blade
and stator blade for
Ith stage

I =1~NS

Unit: inch or cm

blade tip radius at Ith stage
rotor inlet

I =1T~NS

Unit: inch or cm

blade tip radius at Ith stage
stator inlet

I =1~NS

Unit: inch or cm

index for radius at which calcu-
Tation is carried out

IRAD = 1: performance at tip
IRAD = 2: performance at mean
IRAD = 3. performance at hub

rotor inlet radius at which tip
performance calculation is
carried out

I =1~NS

Unit: inch or cm

rotor inlet radius at which

mean line performance calculation
is carried out

I =1+~NS

Unit: inch or cm

rotor inlet radius at which hub
performance calculation is
carried out

I =1~NS

Unit: 1inch or cm
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e

T et

Card Input
No. Data Comment Format

29 ST(I) stator inlet radius at which F 5.3
tip performance calculation is
carried out
I =1~NS
Unit: inch or cm

30 SM(I) stator inlet radius at which F 5.3
mean line performance is
carried out
I =1n~NS
Unit: inch or cm

31 SH(I) stator inlet radius at which F 5.3
hub performance calculation
is carried out
I =1~NS
Unit: inch or cm

32 BLOCK(I) blockage factor for F 5.3
Ith stage rotor
0<BLOCK(I)<1

33 BLOCKS(I) blockage factor for F 5.3
Ith stage stator
0<BLOCKS(I)<1

34 BETIMR(I) blade metal angle F 5.2
at Ith stage rotor inlet
Unit: degree

35 BET2MR(I)} blade metal angle F 5.2
at Ith stage rotor outlet
Unit: degree

36 BETIMS(I) blade metal angle F 5.2
at Ith stage stator inlet
Unit: degree

37 BET2MS(I) blade metal angle F 5.2
at Ith stage stator outlet
Unit: degree

38 DSMASS mass flow rate at design point F 10.6
Unit: 1bm/s or kg/s

39 PR12D total pressure ratio for the Ith F 5.3
stage rotor at design point
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Card
No.

40

41

42

43

44

PART 11

Card
No.

45

po—

46
46
46

46

46

46

Input
Data

PR13D

ETARD(I)

SAREA(I)

SAREAS(I)

XBLEED(I)

Input
Data

TITLE

STAGEN
SPEEDN
CHAPTS

PO

T0

DESRPM

DESFLO

Comment
total pressure ratio for Ith
stage

adiabatic efficiency for Ith
stage rotor

stream tube area

Ith stage rotor inlet
Unit: ft2 or m?
stream tube area for
Ith stage stator inlet
Unit: ft2? or m?

amount of bleed at Ith stage
outlet

Comment
title card on which any
alphabetical data can be used
the number of stages
always 1.0

number of points used to
describe the stage characteristic

compressor inlet total pressure
Unit: lbf/ft2

compressor inlet total temperature
Unit: Rankine

design rotative speed
Unit: RPM

design flow rate
Unit: ]bm/sec

32
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Card Input
No. Data
47 WTMOLA
47 WTMOLM
47 WTMOLS
47 XAR

47 XMET
47 XSTM
48 SPDPSI
48 SPDPHI
48 DRDEVG
48 DRDEVN
48 DRDEVP
hﬂa UNITS
49 CPCO(I)

Comment

molecular weight of air
molecular weight of methane
molecular weight of steam
mass fraction of dry air
mass fraction of methane
mass fraction of steam

index to alter pressure coeffi-
cient for off-design speed.
Pressure coefficient is altered
for off-design speed if

SPDPSI = 1.0; otherwise not.

index to alter flow coefficient
for off-design speed.

Flow coefficient is altered for
off-design speed if

SPDPHI = 1.0; otherwise not.

.-index to alter rotor deviation

angle for blade reset.

Rotor deviation angle is altered
for blade reset if

DRDEVG = 1.0; otherwise not.

index to alter rotor deviation
angle for off-design speed.
Rotor deviation angle is altered
for off-design speed if

DRDEVN = 1.0; otherwise not.

index to alter rotor deviation
angle for off-design flow
coefficient.

Rotor deviation is altered for
off-design fiow coefficient if
DRDEVP = 1.0; otherwise not.

always 0.0
coefficients for polynomial of

specific heat at constant
pressure for air
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Card Input
No. Data

50 CPCM(1)
51 cPcs(I)
52 RT2(1)
53 RH2(1)
54 RT3(I)
55 RH3(I)
56 BET2M(1I)
57 CBZM(1)
58 CB2MR(I)
59 CB3MR(I)
60 RK2M(1)

Comment

coefficients for poliynomial of
specific heat at constant
pressure for methane

coefficients for polynomial of
specific heat at constant
pressure for steam

rotor inlet tip radius at Ith
stage
Unit: inch

rotor inlet hub radius at Ith
stage
Unit: 1inch

rotor outlet tip radius at Ith
stage
Unit: inch

rotor outlet hub radius at Ith
stage
Unit: 1inch

rotor inlet absolute flow angle
at mean line radius at Ith stage
Unit: degree

change in rotor inlet absolute
flow angle at mean line radius
at Ith stage

Unit: degree

change in rotor inlet relative
flow angle at mean line radius
at Ith stage
Unit: degree

change in rotor outlet relative
flow angle at mean line radius
at Ith stage

Unit: degree

rotor inlet blade metal angle

at mean line radijus at Ith stage
Unit: degree
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Card Input

No. Data

61 RK3M(T)
62 RSOLM(1)
63 SK2M(1)
64 PR(I)

65 ETAINP(I)
66 PHIINP(I)
67 PCTSPD
68 ETARAT
69 BLEED

70 PHIDES

71 PSIDES

72 ETADES

73 FAI(K)

Comment

rotor outlet blade metal angle
at mean line radius at Ith stage
Unit: degree

rotor blade row solidity at Ith
stage

stator inlet blade metal angle
at mean line radius at Ith stage
Unit: degree

stage pressure ratio at design
point for Ith stage

stage adiabatic efficiency at
design point for Ith stage

flow coefficient at design stage
for Ith stage

value of rotative speed expressed
as a decimal fraction of design
speed

ratio of adiabatic efficiency at
design speed to adiabatic
efficiency at speed corresponding
to PCTSPD

amount of bleed
Unit: 1bm/sec

stage flow coefficient at design
speed

stage pressure coefficient at
design speed, when input PR is
not zero, then PSIDES must be zero

stage adiabatic efficiency at
design speed, when input ETAINP is
not zero, then ETADES must be zero

initial flow coefficient

K = 1 ~ CHAPTS
one value per one card
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CHAPTER V
QUTPUT

The output generated utilizing the NASA-WISGSK code is described
here. The output consists of five parts as follows:
) output of the input data;
) output of design point performance;
) output of stage characteristic;
) output of stage performance; and
5) output of overall performance.
These five parts are described in the following.

5.1 Output of Inputed Data

A11 of the data inputed can be printed out at the beginning of
output.

5.2 OQutput of Design Point Performance

5.2.1 Compressor Inlet (Design Point Performance)

At the compressor inlet, the following properties can be printed
out for the design point performance:
(1) total temperature at compressor inlet: (R) or (K)
(2) total pressure at compressor inlet: (1bf/ft2) or (N/m?)
) static temperature at compressor inlet: (R) or (K)
(4) static pressure at compressor inlet: (1bf/ft?) or (N/m?)
) static density at compressor inlet: (1bm/ft3®) or (kg/m3)
(6) acoustic speed at compressor inlet: (ft/s) or (m/s)
) axial velocity at compressor inlet: (ft/s) or (m/s)
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(8)
(9)
(10)

Mach number at compressor inlet
stream tube area at compressor inlet: (ft?) or (m?)
flow coefficient at compressor inlet

5.2.2 Stage Performance (Design Point Performance)

At the end of each stage, the following properties can be printed

out for the design point performance:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16
(17
(18
(19)
(20)
(21)
(22)
(23)
(24)
(25)

P N

total temperature: (R) or (K)

total pressure: (1bf/ft2?) or (N/m?)

static temperature: (R) or (K)

static pressure: (1bf/ft2?) or (N/m?)

static density: (1bm/ft®) or (kg/m?)

axial velocity: (ft/s) or (m/s)

absolute velocity: (ft/s) or (m/s)

relative velocity: (ft/s) or (m/s)

tangential component of absolute velocity: (ft/s) or (m/s)
tangential component of relative velocity: (ft/s) or (m/s)
rotor wheel speed: (ft/s) or (m/s)

absolute Mach number

relative Mach number

total temperature based on relative Mach number: (R) or (K)
total pressure based on relative Mach number: (1bf/ft2) or
(N/m?)

absolute flow angle: (degree)

relative flow angle: (degree)

stream tube area: (ft2?) or (m?)

radius at which calculation is carried out: (ft) or (m)
flow coefficient

stage total pressure ratio

stage adiabatic efficiency

rotor total pressure ratio

rotor adiabatic efficiency

stage total temperature ratio
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5.2.3 Overall Performance (Design Point Performance)

After all of stage performance is printed out, the following
properties can be printed out:
(1)  compressor inlet total temperature: (R) or (K)
(2) compressor inlet total pressure: (1bf/ft2) or (N/m?)
(3) corrected mass flow rate: (1bm/s) or (kg/s)
(4) overall total pressure ratio
(5) overall total temperature ratio
{6) overall adiabatic efficiency
(7) overall temperature rise: (F) or (C)
(8) relative flow angle at rotor inlet: BETISR(I) (degree)
(9) relative flow angle at rotor outlet: BET2SR(I) (degree)
) incidence for rotor: AINCSR(I) (degree)
) deviation for rotor: ADEVSR (degree)
(12) absolute flow angle for stator inlet: BET1SS(I) (degree)
) absolute flow angle for stator outlet: BET2SS(I) (degree)
(14) incidence for stator: AINCSS(I) (degree)
) deviation for stator: ADEVSS(I) (degree)
(16) stage inlet temperature: TD(I) (R) or (K)
) total pressure loss coefficient for stator: OMEGS(I)
) total pressure loss coefficient for rotor: OMEGR(I)

5.3 Qutput of Stage Characteristics

The inputed and/or computed stage characteristic can be printed
out. The flow coefficient, pressure coefficient and adiabatic effi-
ciency for each stage are printed out. This part of output is the same
as one in NASA-SGSTK code (Reference 3).

5.4 Qutput of Stage Performance

The performance of a stage is calculated for given initial and
operating conditions with respect to the gaseous phase and the water
droplets. At the exit of a blade row, the four major processes
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associated with two phase flow, namely (a) droplet impingement process;
(b) centrifugal action on droplets; (c) heat and mass transfer processes
between the two phases; and (d) droplet size adjustment are taken
into account. When the stage performance parameters are corrected for
the afore-mentioned four processes, then one obtains the outlet condi-
tions from a stage. The output of stage performance consist of two
parts. First the following properties can be printed out before the
afore-mentioned four processes are taken into account:

1) stage total pressure ratio

stage total temperature ratio

) stage adiabatic efficiency

) stage flow coefficient

) axial velocity: (ft/sec) or (m/sec)

) rotor speed: (ft/sec) or(m/sec)

) total pressure: (1bf/ft?) or (N/m?)

)  static pressure: (1bf/ft2) or (N/m?)

)  total temperature of gas phase: (R) or (K)

0) static temperature of gas phase: (R) or (K)

1) static density of gas phase: (1bm/ft®) or (kg/m?)

2) static density of mixture: (Ibm/ft?) or (kg/m?)

(13) axial velocity: (ft/s) or (m/s)

(14) absolute velocity: (ft/s) or (m/s)

(15) relative velocity: (ft/s) or (m/s)

(16) blade wheel speed: (ft/s) or (m/s)

(17) tangential component of absolute velocity: (ft/s) or (m/s)
(18) tangential component of relative velocity: (ft/s) or (m/s)
(19) acoustic speed: (ft/sec) or (m/s)

(20) absolute Mach number

(21) relative Mach number

(22) flow coefficient

(23) stream tube area (ft?) or (m?)

(24) absolute flow angle: (degree)

(25) relative flow angle: (degree)

(26) 1incidence: (degree)

(27) deviation: (degree)
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After the stage parameters are corrected for the afore-mentioned
four processes, the following second part of output of stage perform-
ance can be printed out:

(1) stage total pressure ratio

(2) stage total temperature ratio

(3) stage adiabatic efficiency

(4) water vapor content: XV

(5) water content of small droplet: XW

(6) water content of large droplet: XWW

(7) total water content: XWT

(8) mass fraction of dry air: XAIR

(9) mass fraction of methane: XMETAN

(10) mass fraction of gaseous phase: XGAS

(11) mass flow rate of small droplet: WMASS (1bm/s) or (Kg/S)
(12) mass flow rate of large droplet: WWMASS (1bm/s) or (Kg/S)
(13) total mass flow rate of droplet: WTMASS (1bm/s) or (Kg/S)
(14) mass flow rate of dry air: AMASS (1bm/s) or (Kg/S)

(15) mass flow rate of methane: CHMASS (1bm/s) or (Kg/S)

(16) mass flow rate of water vapor: VMASS (1bm/s) or (Kg/S)
(17) mass flow rate of gaseous phase: GMASS (1bm/s) or (Kg/S)
(18) mass flow rate of mixture: TMASS (1bm/s) or (Kg/S)

(19) specific humidity: WS

(20) density of air: RHOA (1bm/ft®) or (Kg/m?)

(21) density of mixture: RHOM (1bm/ft®) or (Kg/m?)

(22) density of gaseous phase: RHOG (1bm/ft3) or (Kg/m?)

(23) temperature of gaseous phase: TG (R) or (K)

(24) temperature of small droplet: TW (R) or (K)

(25) temperature of large droplet: TWW (R) or (K)

(26) pressure: P (1bf/ft?) or (N/m?)

(27) boiling point: TB (R) or (K)

(28) dew point: TDEW (R) or (K)
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5.5

out.

Qutput of Overall Performance

At the end of compressor, the overall performance can be printed
The properties to be printed out are as follows:

(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

initial flow coefficient

corrected speed of compressor and fraction of design cor-
rected speed '

initial water content of small droplet

initial water content of large droplet

initial total water content

initial relative humidity

initial methane content

compressor inlet total temperature: (R) or (K)
compressor inlet total pressure: (1bf/ft2?) or (N/m?)
corrected mass flow rate of mixture: (1bm/s) or (Kg/S)
corrected mass flow rate of gaseous phase: (1bm/s) or (Kg/S)
overall total pressure ratio

overall total temperature ratio

overall adiabatic efficiency

overall temperature rise of gaseous phase: (F) or (C)
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CHAPTER VI
TEST CASE AND DISCUSSION

The performance calculation procedure is illustrated in thé case
of the Test-Compressor (referred to in Section 1.2) utilizing the
correlations of performance parameters presented in Section 2.2 and
the procedure for performance calculation presented in Sections 2.3 and
2.4,

The detailed printout of the input and output of the NASA-WISGSK
Code is presented in Appendix 4 for the following two cases at a
chosen value of inlet flow coefficient.
1) Test Case No. 1: Operation with air flow at 100 percent

of the design speed at the meanline section of the
compressor,

2) Test Case No. 2: Operation with air-water mixture con-
taining large droplets (with'a mass fraction of 0.040
of water) at 100 percent of deéign speed at the meanline

section of the compressor.

Utilizing the same procedure, the performance of the Test Compressor
has been determined at a number of operating conditions given in Table
2. The results of performance calculations have been presented in the
following figures.
Figure 8(a): Overall stagnation pressure ratio as a
function of gas phase corrected mass flow rate
at tip section.
Figure 8(b): Overall stagnation temperature ratio as a
function of gas phase corrected mass flow rate
at tip section.
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10(c):

Overall adiabatic efficiency as a function

of gas phase corrected mass flow rate at

tip section.

Overall stagnation pressure ratio as a function
of gas phase corrected mass flow rate at

mean section.

Overall stagnation temperature ratio as a
function of gas phase corrected mass flow rate
at mean section.

Overall adiabatic efficiency as a function of
gas phase corrected mass flow rate at mean
section.

Overall stagnation pressure ratio as a function
of gas phase corrected mass flow rate at hub
section.

Overall stagnation temperature ratio as a
function of gas phase corrected mass flow rate
at hub section.

Overall adiabatic efficiency as a function of
gas phase corrected mass flow rate at hub
section.
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6.1 Discussion

The NASA-WISGSK Code provides a means of calculating the overall
performance of an axial-flow compressor with water ingestion at
selected spanwise sections utilizing a one-dimensional calculation
procedure. The principal inputs to the Code are the following at a
particular spanwise section.

(i) The design point details of the compressor; and
(i1) The stage characteristics at a selected speed of
operation with air flow and air-water mixture flow, the
latter over the desired range of water mass fraction
in the mixture.
The stage characteristics are then approximated at other values of
operating speed and at other spanwise sections.

During the calculations of performance for the cases given in
Table 2, the stage characteristics have been assumed for operation at
90 percent design speed and at the meanline section of the compressor.
It can be seen from Figures 11(a) and 11(b) that the meanliine predicted
performance for the case of operation with air flow at 90 and 80
percent design speed values corresponds very nearly to the experimental
data (Reference 6) obtained at that spanwise section and speed. At
100 percent design speed, it can be observed from the same figure that
some difference arises between predictions and experimental data,
although the general trend of performance is obtained qualitatively
correctly.

By means of a trial and error procedure for adaptation of stage
characteristics for each of the stages in the compressor, it is
possible to obtain a prediction that is close to experimental data to
any desired degree of agreement at any speed and at any section of the
compressor., However, this involves considerable empiricism in the
adaptation of stage characteristics for different operating conditions
at different spanwise sections.
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TABLE 2

Operating Conditions of Test Compressor

(Utilized in the I1lustration of

Performance Calculation Procedure)

Parameter

Range of Values

Compressor speed

Mass fraction of water
in the mixture

Mixture mass flow
rates

80, 90 and 100% design speed
0.000, 0.030, 0.040, 0.080
and 0.150

At least five values at each
speed
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During water ingestion, the basic performance of a stage is
again obtained in the NASA-WISGSK Code utilizing the stage character-
ijstics estimated for one selected speed and one spanwise section at
all other speeds and spanwise sections. Thus only the general trends
in performance changes can be established.

A further limitation of the NASA-WISGSK Code procedure is that
the ranges of mixture mass flow and water mass fraction over which
predictions can be obtained become restricted to different extents
at different speeds and at different spanwise sections. Thus, in the
present case, the stage characteristics with water ingestion are
estimated first at 90 percent design speed and at the tip section.
They are then adapted for use at other speeds and spanwise sections.
It is then found that depending upon the mass fraction of water at the
entry section of the compressor the prediction of performance at the
tip section for high water mass fraction values at a higher operating
speed (say, 100 percent design speed) may only be carried out for a
small range of mixture mass flows, considerably less than, for example,
at the mean and hub sections of the compressor.

It may be pointed out that no general conclusions may be drawn
at this stage of utilization of the Code regarding its applicability to
various compressors of different design and operating conditions. At
the same time, it is clear that (a) the trend of performance changes
can be established utilizing the Code and (b) the limitations in
applicability arise in regard to the ranges of (i) speed, (ii) mixture
mass flow and (iii) water mass fraction.
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APPENDIX 1

DETAILS OF COMPRESSOR USED FOR DEMOMSTRATION OF CODE

The compressor utilized for demonstrating the application of the NASA-
WISGSK Code is the so-called Test Compressor consisting of the six axial-
flow stages of the ALLISON T63-A-5 engine compressor. The Test Compressor
has been designed and built such that various stages of the compressor can
be assembled and tested. Thus the first two, the intermediate two or the
last two stages can be tested if desired, as well as the unit with all of
the six stages. Only the 6-stage unit has been used in the current tests.

The first stage of the Test Compressor is preceded by an inlet guide
vane row which imparts swirl to the inlet air. The relative Mach number of
the incoming air at the rotor inlet is thereby reduced as far as permissible
without causing inlet blockage. The axial componet features unshrouded
rotors, cantilever stators, and double circular arc blading in all stages.
The values of T-63 compressor design velocity diagram are presented in
Table A.1.1. Table A.1.3 and A.1.4 present the hardware geometry and aero-
dynamic design data for rotor and stator, respectively.

Figure A.1.1. to Figure A.1.6 show the stage performance characteristics
of Test Compressor supplied by the manufacturer. 1In each of the figures, the
equivalent pressure ratio, ¥ , equivalent temperature ratio, T , and stage
adiabatic efficiency, n , are presented in terms of flow coefficient, ¢ .

The definitions of these parameters are as follows:
(i) flow coefficient: ¢
¢ = Vz/Utip

(ii) equivalent pressure ratio:

uz, -1 X
Yo Ry (Tor (Pozy v -1 ]+ 1|y



(iii) equivalent temperature ratio:

U, .
t 2 T
P € .
01 t.ip
(iv) stage adiabatic efficiency:
v-1

—

A N e T
0L 13P o, AT,

where AT, is stage total temperature rise, P, total pressure, T, total tem-

peratures, VZ axial velocity, Utip blade tip wheel speed, y specific heat

ratio. The subscripts 1 and 2 mean inlet and outlet, respectively, and D

design value.

Figure A.1.7 shows overall performance characteristics of Test Compressor
supplied by the manufacturer. The performance parameters are the following:

(1) Corrected mass flow rate = m%;;
where m = mass flow rate
Po: = compressor inlet pressure
Tor - compressor inlet temperature
6 = T°1/Tref
s = P°1/Pref
Tref = 58.79F (15.2°C)
Pref = 14.7 psi (1.0132 x 10°N/m?)
(2) Corrected speed = fﬁz
T

where N = rotor speed (RPM)
(3) Overall total pressure ratio = Py2/Pg)

where Py,= compressor inlet total pressure
Po2= compressor outlet total pressure ( v-1
(4) Overall adibatic efficiency = n - Tor 52y "]
ATo |'Poy

where T,,= compressor inlet total temperature
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AT, = compressor total temperature rise
P,2/Po1 = overall total pressure ratio
Y = ratio of specific heats
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TABLE A.1.1.

TEST COMPRESSOR DESIGN VELOCITY DIAGRAM VALUES

Stage 1 2 3 4 5 6

R 2.161 2.161 2.161 2.161 2.161 2.161

U 963.5 963.5 963.5 963.5 963.5 963.5

V21 508.4 5441 547.0 584.9 554.1 543.7

Vg1 236.5 310.0 365.1 349.3 338.8 333.8

W1 727.0 653.5 598.4 614.2 624.7 629.9 Rotor Inlet
oy 25.0 29.7 33.7 32.2 31.6 31.5

< 54.9 50.3 47.6 47.9 48.5 49.3

M]abs 0.513 0.563 0.578 0.560 0.538 0.512

My el 0.812 0.765 0.713 0.707 0.692 0.658

sz 507.0 554.9 551.0 554.5 548.9 544 .6

Vg2 405.2 501.3 598.8 614.6 625.1 630.3

Woo 558.3 462.2 364.7 348.9 338.4 333.2 Rotor Qutlet
0o 38.6 42.1 47.4 47.9 48.7 49.2

82 47.8 39.8 33.6 32.2 31.7 31.5

My abs 0.588 0.665 0.706 0.698 0.680 0.660

Mo el 0.683 0.643 0.574 0.552 0.528 0.506

Note: Symbols for Table A.1.1 are provided in Table A.1.2.
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SYMBOLS FOR TEST COMPRESSOR DESIGN VELOCITY DIAGRAM VALUES

R Radius, inches
U Rotor speed at R, ft/sec.
VZ Air axial velocity, ft/sec.
Vg Air absolute tangential velocity, ft/sec
Wg Air relative tangential velocity, ft/sec.
o Air absolute flow angle, degrees
B Air relative flow angle, degrees
M Mach number
Subscript
1 rotor inlet
2 rotor outlet
abs absolute
rel relative
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TABLE A.1.3
TEST COMPRESSOR DESIGN DATA (ROTOR)

Stage 1 2 3 4 5 6
Radius R 2.161 2.161 2.161 2.161 2.161 2.161
Chamber Angle 6 22.6 15.9 18.0 19.7 20.9 22.0
Stagger Y 46.1 42.3 36.5 36.1 36.0 36.3
Incidence i 0.0 2.0 2.0 2.0 2.0 2.0
Deviation § 7.3 5.4 6.0 6.0 6.1 6.2
Chord o 0.605 0.554 0.534 0.510 0.483 0.456
Solidity o 0.713 0.815 0.787 0.941 0.997 1.075
Max. Thickness t 0.036 0.039 0.037 0.036 0.034 0.032

Thickness-Chord Ratio t/c  0.060 0.070 0.070 0.070 0.070 0.070
No. of Blades n 16 20 20 25 28 32

Note: R, c, t in (inches) and 6, v, &, i in (degrees)

TABLE A.1.4
TEST COMPRESSOR DESIGN DATA (STRATOR)

Stage IGV 1 2 3 4 5 6

2.161  2.161 2.161 2.161 2.161 2.161 2.161
31.7 22.4 25.6 26.2 24.4 24,7 17.3

Radius
Camber Angle

R

6
Stagger Yy -15.9 31.3 36.3 36.6 36.8 37.4 42.6
Incidence i 0.0 -2.0 2.0 -2.0 -2.0 -2.0 -2.0
Deviation 6 67 9.6 52 80 7.9 7.5 5.6
Chord ¢ 1.395 0.442 0.412 0.412 0.412 0.412 0.412
Solidity o 0.719 0.456 0.789 0.850 0.972 1.093 0.910
Max. Thickness t 0.170 0.040 0.025 0.025 0.025 0.025 0.025
Thaciqess-Chord 0122 0.09 0.06 0.06 0.06 0.06 0.06
No. of Blades n 7 14 26 28 32 36 30

Note: R, c, t in (inches) and 6, vy, &, i in (degrees)
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APPENDIX 2

DETAILED DESCRIPTION OF SUBROUTINES
AND EXTERNAL FUNCTIONS

Each of the subroutines and external functions is presented as
follows: (1) Description, (2) Input variables, (3) Output variables,
and (4) Usage.

SUBROQUTINE WICSPD
(1) Description:
The subroutine WICSPD is used for the calculation of design

point performance. The properties obtained in this subroutine
become reference properties for calculation of off-design
performance.

(2) 1Input Variables:
AMASS mass flow rate
ISTAGE stage at which performance calculation is
carried out

(3) Output Variables:
none

(4) Usage:
CALL WICSPD (AMASS, ISTAGE)

SUBROUTINE WICCEN
(1) Description:
The subroutine WICCEN is used for the calculation of spanwise

replacement of droplets due to centrifugal action.

Three forces act on a droplet moving through a fluid:
(1) the external force consisting of gravitational and
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centrifugal forces; (2) the buoyancy force, which acts
parallel to the external force, but in the opposite direc-
tion; and (3) the drag force, which appearswhenever there is
relative motion between the droplet and the fluid, and acts
parallel to the direction of motion but in the opposite
direction. 1In the present case, the direction of motion of
a droplet relative to the fluid is not parallel to the direc-
tion of the external and buoyant forces, and therefore the
drag force makes an angle with the other two forces. How-
ever, under the one-dimensional approximation, the lines of
action of all forces acting on the droplet are co-linear and
therefore the forces may be added in obtaining a balance of
momentum, as follows:

m du _

g at fe Fb-fp
c

where Fe’ Fb and FD are the external, buoyance and drag

forces respectively.

The external force can be expressed as the product of mass
and acceleration, ag» of the droplet due to this force, and

therefore
m
Fe §E e

In the present case, because of the Tlarge rotor speeds, the
centrifugal acceleration is far larger than the gravitational
acceleration. Thus

= 2
a = nr
e W

where r is the radius and w, the angular velocity. The
acceleration can also be written as follows:

2
a, = Ve/r

where Ve is the circumferential velocity of the droplet. For
droplets passing through a rotor blade passage, the
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circumferential component of the relative velocity, we, should
be used in place of Ve. When there is a large change in

whirl velocity between the iniet and outlet of a blade row,

a mean value of velocity may be more applicable.

The buoyancy force is, by Archimedes' Principle, the product
of the mass of the fluid displaced by the droplet and the
acceleration from the external force. The mass of fluid
displaced is (m/pw)pg, where Oy is the density of water and
pg is the density of the surrounding fluid. The buoyancy
force is then given

Fb =mp.a./p g..

g e’ "wic
The drag fgrce is expressed by the relation,
p_u
= Cd
Fd Cngc Ap

where CD is the drag coefficient and Ap is the projected
area of the droplet measured in a plane perpendicular to the
direction of motion of the droplet. The drag coefficient

C~ can be expressed in a general form as follows:

D

C. = b;/Rel

D

where Re is the Reynolds number based on relative velocity
between gas and droplet. The constants b; and n are as

follows:

b; = 24.0, n = 1.0 when Re < 1.9

b; = 18.5, n = 0.6 when 1.9 < Re < 500

b; = 0.44, n = 0.0 when 500 < Re < 200,000.

The equation of droplet motion then becomes the following:

du - psp - pyz?
at A/r Bu
where
= 2 . _ '
A= (Wy)2,e (1 pg/pw),
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(2)

B = 3ub,p 1'"/4pwol+“, and

g
D being the average droplet diameter. Over a small time

interval, the equation of motion can be written as follows:
Au = (A/r - Bu?™")at.

This equation can be used to determine the radial location of

a droplet in a stage as follows:

(1) Select the initial values for u; and r;.

(i) Calculate the Reynolds number to determine the values
of b; and n.

(iii) Calculate A and B.

(iv) Calculate the change of u during time interval At.

(v) Calculate the new velocity u,.

U, = u; + Au

(vi) Calculate the change in location of droplet in terms
of Ar.

Ar = (U1 + U2)/2.0 T At
(vii) Calculate the new radial location.
ro, =r; + Ar

(viii) Repeat the calculation for new value of u, and r, and
progressively extend the calculation.

The time interval should be sufficiently small in order to
obtain reasonable accuracy. As stated in Section 2.1.3 in
Chapter II of Reference 4, the length between the leading

and trailing edges of a btade is divided into ten steps. The
time interval At is then given by the relation, namely
chord 1

At = v 1
where V is the velocity of mixture in the blade passage.

Input Variables:
RZERO droplet spanwise location at rotor inlet
UZERO droplet spanwise velocity at rotor inlet
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DD droplet diameter

VZ axial velocity

DELZZ axial length of a stage

ALFAAV average flow angle

FN rotor blade rotational speed

IRS index for rotor or stator

RHOGAS density

RHUB radius at hub

XG mass fraction of gas phase

XA mass fraction of dry air

Xvy mass fraction of vapor

XCH4 mass fraction of methane

RTIPIN radius at blade tip

Qutput Variables:

R2 droplet spanwise location blade outlet
U2 droplet spanwise velocity at blade outlet
ITIP index for droplet spanwise location
VZTIME time in which flow pass through a stage
Usage:

CALL WICCEN (RZERO, VZERO, DD, VZ, DELZZ, ALFAAV, FN, IRS,
RHOGAS, RHUB, R2, U2, ITIP, VZTIME, XG, XA, XVV,
XCH4, RTIPIN)

SUBROUTINE WICDMS

(1)

Description:
The subroutine WICDMS is used for the calculation of amount

of small droplets which is centrifuged.

Input Variables:

IPRINT index for printout

IRAD index for spanwise location

AMASH1 mass flow rate of water at rotor inlet
AMASWT mass flow rate of droplet

AMASH mass flow rate of droplet

R1 droplet spanwise location rotor inlet
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(4)

R2 droplet spanwise location at rotor outlet

STAREA streamtube area
RSTAVE radius of streamtube at its center
RTIP radius at blade tip

OQutput Variables:

DMIN amount of water that is centri

into a streamtube

DMOUT amount of water that is centrifuged and leaves
from a streamtube

AMASWZ mass fraction of water at rotor outlet after
correction for centrifugal action

DELMAS net amount of water that is centrifuged

Usage:

CALL WICDMS (IPRINT, IRAD, AMASW1, AMASWT, AMASW, R1, R2,

STAREA, RSTAVE, RTIP, DMIN, DMOUT, AMASW2, DELMAS)

SUBROUTINE WICDML

(1)

Description:
The subroutine WICDML is used for the calculation of amount
of large droplets which is centrifuged.

Input Variables:

IPRINT index for printout

IRAD index for spanwise Tocation

AMASW1 mass flow rate of water at rotor inlet
AMASWT mass flow rate of droplet

AMASW mass flow rate of droplet

R1 droplet spanwise location rotor inlet

R2 droplet spanwise location at rotor outlet
STAREA streamtube area

RSTAVE radius of streamtube at its center

RTIP radius at blade tip
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(3)

SUBROUTINE WICMAC

Output Variables:

DMIN

DMOUT

AMASW?Z

DELMAS

Usage:

amount of water that is centrifuged and enters
into a streamtube |

amount of water that is centrifuged and leaves
from a streamtube

mass fraction of water at rotor outliet after
correction for cehtrifuga] action

net amount of water that is centrifuged

CALL WICDML (IPRINT, IRAD, AMASW1, AMASWT, AMASW, R1, R2,

(1)

STAREA, RSTAVE, RTIP, DMIN, DMOUT, AMASW2, DELMAS)

Description:
Subroutine WICMAC calculates the Mach number in the gas-water

droplet mixture. First the acoustic speed in gaseous phase
is determined by iteration as follows:

(1)

(iii)

(iv)

Assume Mach number and calculate static temperature
and density.

t=(1+ L)y,
o = (1+ Ghuz) /(- 1p sy,

Calculate acoustic speed in gaseous phase

= 0«5
ag = (YRtg.)

Calculate the axial velocity

VZ = h/pA

Calculate absolute velocity
V, = Vs/cosa,
Calculate Mach number

M, = Vl/ag
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TErRS=—

(2)

(3)

Compare the éa]cu]ated Mach number with the assumed
value in (i). Iterate steps (i) to (v) until the
desired accuracy is obtained. After determining the
acoustic speed in gaseous phase, Function WICASD is
called to determine the acoustic speed in droplet-
Taden gas flow.

Input Variables:

ISTAGE stage number

AMASSM mixture mass flow rate

T01G total temperature of gaseous phase

PRES total pressure

X1 total water content

ALFA stator outlet angle of the previous stage

RMIX gas content of gaseous phase

CPMIX specific heat at constant pressure for gaseous
phase

Output Variables:

M Mach number

VZ axial velocity

C acoustic speed in mixture
Usage:

CALL WICMAC (ISATE, AMASSM, TO1G, PRES, M, VZ, C, XW1, ALFA,
RMIX, CPMIX)

FUNCTION WICASD

(1)

Description:
Function WICASD calculates the acoustic speed in droplet-
laden gas flow. The following equation is used (Ref. 10).

) 1-a, N oy ]-%

a = [ ('I-crv)pg + OVp\'ﬁ pgag 5 aZ

W w

where
ag = acoustic speed in gaseous phase
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(4)

a, = acoustic speed in water

Pg = density of gaseous phase

Py = density of water

o, = particulate iiquid volume fraction
X, = particulate Tiquid mass fraction
O ~ xwpg/{pw B xw(pw h pg)}

Input Variables:

Xu total water content
RHOG density of gas phase
CG acoustic speed of gaseous phase

Qutput Variable:
WICASD acoustic speed in gas-water droplet mixture

Usage:
WICASD (XW, RHOG, CG)

SUBROUTINE WICIRS

(1)

(2)

Description:

Subroutine WICIRS is called at outlet of rotor and performs
the calculation of droplet impingement and rebound in rotor
passage for small droplet.

Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

XW1 mass fraction of small droplet
XG mass fraction of gaseous phase
RHOG1 density of gaseous phase

BETA1 rotor inlet relative flow angle
W1 rotor inlet relative velocity

Qutput Variables:

WW1 amount of water that impacts stagnation region
of blade

WW2 amount of water that impacts aft of blade

WW total amount of water that impacts blade
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(4)

Usage:
CALL WICIRS (ISTAGE, RTIPIN, XW1, XG, RHOG1, BETAT, W1, WWI,
WW2, W)

SUBROUTINE WICIRL

(1)

(3)

Description:

Subroutine WICIRL is called at outlet of rotor and performs
the calculation of droplet impingement and rebound in rotor
passage for large droplet.

Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

XW1 mass fraction of large droplet
XG mass fraction of gaseous phase
RHOG1 density of gaseous phase

BETA1 rotor inlet relative flow angle
W1 rotor inlet relative velocity

Qutput Variables:

WW1 amount of water that impacts upper surface of
blade

WW2 amount of water that impacts lower surface of
blade

WW amount of water that impacts blade surface

Usage:

CALL WICIRL (ISTAGE, RTIPIN, XW1, XG, RHOG1, BETAT, W1, WWI1,

WW2, Wi)

SUBROUTINE WICISS

(1)

Description:

Subroutine WICISS is called outlet of stator and performs the
calculation of droplet impingement and rebound in stator
passage for small droplet.
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(2)

Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

XW mass fraction of small droplet
XG mass fraction of gaseous phase
RHOG1 density of gaseous phase

ALFA2 stator inlet absolute flow angle
W1 stator inlet absolute velocity

Qutput Variables:

WW1 amount of water that impacts stagnation region
of blade

WW2 amount of water that impacts off of blade

W ' total amount of water that impacts the blade

Usage:

CALL WICISS (ISTAGE, TRIPIN, XW, XG, RHOG1, ALFAZ2, W1, WW1,
WW2, WW)

SUBROUTINE WICISL

(1)

(2)

Description:
Subroutine WICISL is called at outlet of stator and performs
the calculation of droplet impingement and rebound in stator

passage for large droplet.

Input Variables:

ISTAGE stage number

RTIPIN blade tip radius

XW mass fraction of

XG mass fraction of gaseous phase
RHOG1 density of gaseous phase

ALFAZ stator inlet absolute flow angle
Wl stator inlet absolute velocity

Output Variables:
W1 amount of water that impacts upper surface of
blade
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amount of water that impacts Tower surface of

WW2
blade
WW total amount of water that impacts on blade
surface
(4) Usage:

CALL WICISL (ISTAGE, RTIPIN, XW, XG, RHOG1, ALFAZ2, W1, WWl,

WW2, WW)

SUBROUTINE WICWAK
(1) Description:
Subroutine WICWAK is called at rotor outlet and stator outlet,
and calculates the droplet size of water that is re-entrained

at trailing edge of rotor and stator blades.

(1)

(ii1)

(iv)

(v)

Assume a value for a droplet diameter, d, that is
re-entrained into wake.
Calculate the stability number, SN.

= 1,2

SN uf/pgﬁdgc

Calculate the critical Weber number
we =12 {1 + (SN)?"38}

Calculate the largest stable droplet diameter

Compare the assumed droplet diameter with the calcu-
lated one. Iterate entire steps until the satisfac-
tory agreement is obtained.

Input Variables:

RHOG
)

density of gaseous phase

velocity of gaseous phase for small droplet or
relative velocity between droplet and gaseous
phase for large droplet
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(3)

(4)

Output Variables:

DWAKE droplet size that re-entrained at trailing edge
in(ft?)

DWAKEM droplet size that re-entrained at trailing edge
in{um)

Usage:

CALL WICWAK (RHOG, V, DWAKE, DWAKEM)

SUBROUTINE WICHET

(1)

Description:

Subroutine WICHET is called at end of stage to perform the
heat transfer calculation between water droplet and gaseous
phase. The heat transfer rate can be determined from the
following equation:

dh _
at hhA (Tg - TW)

where hh is the heat transfer coefficient, A, the droplet
surface area, TW, the droplet surface temperature, and Tg,
the temperature of the surrounding gas. The heat transfer

coefficient can be expressed as follows:
k

a
= + Nu
h Dd

h

where ka is the thermal conductivity of air, and Nu, the
Nusselt Number. The Nusselt number can be expressed in terms
of the dimensionless groups as follows:

Nu= 2.0+ 0.6 (Re)? 3%(pr)0-33

where Re is the Reynolds number based on the relative velocity
between the droplet and the surrounding air, and Pr js Prandt]

number.

After calculating the temperature rise of the water and gas
phase due to the work done by the rotor, the heat transfer
calculation is carried out as follows:
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e B

(i)
(i1)

(ii1)
(iv)
(v)
(vi)

(vii)

(viii)

(ix)

Calculate the average droplet diameter, Dd'
Calculate the number of droplets, Nd'

m, Az

Y

Ng = =2,
owgﬂ(Dd/Z) 2

d

where mw is the mass flow rate of water phase, O
the density of water, Vz’ the axial direction veloc-
ity, and Az, the axial length of one stage.
Calculate the droplet surface area, A.

Calculate the Nusselt number, Nu.

Calculate the heat transfer coefficient, hh'
Calculate the stage outlet temperature for droplet

and gas without heat transfer, that is

T =T +

g g1 (ATg)wk

Twz B Twl ¥ (ATw)wk

where (ATg)wk and (ATW)wk are the temperature rise of

gas and water due to work done by rotor.
Calculate the amount of heat transferred from the gas
to the droplet.

AR = hhA (Tg2 - Twz)

Calculate the temperature rise of the droplet and the
temperature drop of the surrounding gas.

(AHg)ht

AH/mgCS
(AHW)ht = AH/mew

where Cw is the specific heat for water and Cs is the
humid heat for air-water mixture.
Calculate the stage outlet temperature for droplet

and gas.
ng = Tgl + (ATg)wk - (ATg)ht
Twz N Tw1 * (ATw)wk * (ATw)ht
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(x)

Using the temperature calculated in step (ix), repeat
the steps (vii) to (ix) until a desired accuracy is
obtained.

(2) Input Variables:

TG1
TG3
TW1
TW3
DAVEN2
DAVEN
DELZI
vz
WMASS1
VMASST
AMASS
CHMASS
DPG
CPW

RE

temperature of gaseous phase at stage inlet
temperature of gaseous phase at stage outlet
temperature of droplet at stage inlet
temperature of droplet at stage outlet
droplet nominal diameter at stage inlet

dr
length of stage

axial velocity

mass flow rate of water

mass flow rate of water vapor

mass Tlow rate of dry air

mass flow rate of methane

specific heat constant pressure to gaseous phase
specific heat of water

Reynolds number based on relative velocity

between droplet and gaseous phase

(3) Output Variables:

DELIGH

DELTWH

(4) Usage:

temperature drop in gaseous phase due to heat
transfer between water droplet and gaseous phase
temperature rise in droplet due to heat transfer
between water droplet and gaseous phase

CALL WICHET (TG1, TG3, TW3, DAVEN2, DAVEN, DELZI, VZ, WMASST,

SUBROUTINE WICHMAS

(1) Description:

VMASST, AMASS, CHMASS, CPG, CPW, DELIGH, DELTWH,
RE)

Subroutine WICMAS 1is called at end of stage to perform the

mass transfer calculation between water droplet and gas phases.
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o

The mass transfer rate can be calculated by the following

equation:

[=

m: -—
dt hmA (Cwb Cw)

where hm is the mass transfer coefficient, A, the droplet

surface area, C the water vapor concentration at droplet

wb?
surface, and CW, the water vapor concentration in fluid flow

around droplet.

Since the density represents the mass concentration, and the
vapor 1s almost a perfect gas, the mass transfer rate can be

expressed in terms of vapor pressure as follows:

dm _
dt = hmA <pwb TPy
or
/ i
am _ oo (wb _ Pwl 1
dt m T T R
wb w v

where Rv is the gas constant for water vapor, P the vapor

wb’
pressure at droplet surface, Pw, the vapor pressure in fluid

flowing around droplet, T the vapor temperature at droplet

wb’
surface, and TW, the vapor temperature in fluid flowing

around droplet.

The surface area, A, for the droplet cloud is given by the

relation,
- 2
A ﬂDde

where Dd is the average droplet diameter, and Nd’ the number
of droplets.

The mass transfer coefficient, hm, is expressed as follows:
D

=V,
hm = Dy Sh
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A semi-empirical equa¥ion for the diffusion coefficient in
gases is given by the following: (Reference 11)
T3/2 ( 1/2
D, = 435.7 ; . %_.+ L
p(VAl 3 + VBl 3)2 A B

where Dv is in square centimeters per second, T is in degree
Kelvin, p is the total system pressure in newtons per square
meter, and VA and VB are the molecular volumes of constituents
A and B as calculated from the atomic volumes. MA and MB are
given as follows:

1
=

|
j—
(o]
o

v

1

1
-—
co
oo

water =~ '°° MB ~ Twater

g =
When the relative velocity between a single droplet and the
surrounding fluid approaches zero, the following relationship

is used to determine the mass transfer rate:
Sh = 2.0.

Mass transfer rates increase with increase in relative veloc-
ity between the droplet and the surrounding air due to the
additional mass transfer caused by the convection in the
boundary layer around the droplet. The mass transfer coeffi-
cient from a spherical droplet can be expressed in terms of
dimensionless groups as follows:

Sh = 2.0 + k (Re)*(sc)Y

where Re is the Reynolds number based on relative velocity,
which expresses the ratio of inertial force to viscous force,
and Sc is the Schmidt number, which expressed the ratio of
kinetic viscosity to molecular diffusivity.

There is much discussion over the values of x, y, and k. The
form most widely applied is the Ranz and Marshall equation
which is

Sh = 2.0+ 0.6 (Re)?"3%%(Sc)0-33
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The procedure for determining the mass transfer rate is as

follows:
(1)
(i1)
(iii)
(iv)

(v)

(vi)

(vii)

(viii)
(ix)
(x)

(xi)

(xii)

(xiii)
(xiv)

Calculate the Sherwood number, Sh.

Calculate the diffusion coefficient, Dv'

Calculate the average droplet size, Dd.

Calculate the mass transfer coefficient, hm.
Calculate the total number of droplets, Nd'
Calculate the total surface area for all droplets.
Calculate the water vapor pressure at droplet surface,
wa, based on the droplet surface temperature, TS.
Assume the vapor pressure, p, ., andd;et Py = (pw)a'
Calculate the mass transfer rate, at

Calculate the new value of water mass flow rate.

_ dm
My = My = dqt
Calculate the new value of vapor mass flow rate.

dm

m, =Myt aE

Calculate the specific humidity, W.

W= mv/ma

where m, is the air mass flow rate.
Calculate the vapor pressure.

) ., with the assumed

Compare the calculated value, (p ).

value (p,),-

If (p,)c
value (pw)c proceed to step (xv). Otherwise, steps
(viii) to (xiv) should be repeated.

Using the determined Py’ the mass transfer rate is
calculated. Also, the specific humidity can be

determined by the following equation:

agrees reasonably well with the assumed

p
W=0.6219 -
P-P,
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(2) Input Variables:

(4)

HW1 specific humidity at stage inlet -

TW1 temperature of droplet at stage inlet

TW2 temperature of droplet at stage outlet

PP1 pressure of gaseous phase at stage inlet

PP2 pressure of gaseous phase at stage outlet

TG1 temperature of gaseous phase at stage inlet

TG2 temperature of gaseous phase at stage outlet

DZ length of stage

vZ axial velocity

DDAVE1 droplet nominal diameter at stage inlet

DDAVE2 droplet nominal diameter at stage outlet

AMASS mass flow rate of air

RE Reynolds number based on relative velocity
between droplet and gaseous phase

VMASS1 mass flow rate of water vapor at stage inlet

WMASST mass flow rate of water droplet at stage outlet

Qutput Variables:

HW2 specific humidity at stage outlet

VMASS2 mass flow rate of water vapor at stage outlet

WMASS?2 mass flow rate of water droplet at stage outlet

DMDTAV average mass transfer rate across stage

Usage:

CALL WICMAS (HW1, TW1, TW2, PP1, PP2, TG1, TG2, DZ, PUBT1,
PWB2, PW1, PW2, VZ, DDAVET, DDAVEZ, HW2, VMASS1,
VMASS2, WMASS1, WMASS2, DMDTAV, AMASS, RE)

FUNCTION WICMTR

(1)

(2)

Description:
Function WICMTR js called in Subroutine WICMIR and calculates

the mass transfer rate.

Input Variables:
TG temperature of gaseous phase
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(4)

TTW temperature of water droplet

PPP pressure of gaseous phase

DAVW droplet nominal diameter

VA axial velocity

DZ length of stage

MMASS mass flow rate of mixture

PW vapor pressure

RE Reynolds number based on relative velocity

between droplet and gaseous phase

Usage:
WICMTR (TTG, TTW, PPP, DAVE, VZ, DZ, MMASS, PW, RE)

FUNCTION WICPWB

(1)

(3)

(4)

Description:
Function WICPWB calculates the saturation pressure for water

vapor as a function of temperature as follows:

1oglgps = A - B/T

where units are (Kg/cm?) for P and (K) for T. The values of
constant A and B are given as follows:

A = 5.97780, B = 2224.4 when 20°C < T < 100°¢C
A = 5.64850, B = 2101.1 when 100°C < T < 200°¢C
A = 5.45142, B = 2010.8 when 200°C < T < 350°C

Input Variable:
TWB temperature of gaseous phase

Output Variable:
WICPWB saturation pressure for water vapor

Usage:
WICPWB (TWB)
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FUNCTION

WICNEW

(1)

Description:
Function WICNEW is used to estimate the new trial value in

the iteration procedure.

(2) 1Input Variables:
X1 first trial value
\a! calculated value corresponds to X1
X2 second trial value
Y2 calculated value corresponds to X2

(3) Output Variable:
WICNEW new trial value

(4) Usage:
WICNEW (X1, Y1, X2, Y2)

FUNCTION WICTAN

(1) Description:
Function WICTAN(X) is used to obtain the ratio of SINE(X) to
COSINE(X), that is, TAN(X).

(2) Input Variable:
X angle

(3) Output Variable:
WICTAN value of TAN(X)

(4) Usage:
WICTAN(X)

FUNCTION WICBPT
(1) Description:

(2)

Function WICBPT calculates the temperature at boiling point.

Input Variables:
TSTAG temperature
PSTAGE pressure
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(3)

(4)

Output Variable:
WICBPT temperature at boiling point

Usage:
WICBPT (TSTAG, PSTAG)

FUNCTION WICSH

(1)

(2)

(3)

(4)

Description:
Function WICSH calculates the specific humidity.

Input Variables:

TSTAGE temperature

PSTAG pressure

OQutput Variable:

WICSH specific humidity
Usage:

WICSH (TSTAG, PSTAG)

SUBROUTINE WICSIZ

(1)

Description

Subroutine WICSIZ is called at outlet of rotor and stator to
determine the nominal droplet sizes. It is assumed that two
kinds of droplets exist at inlet of compressor; namely, small
droplet and large droplet. However, at trailing edge of edch
blade, the new droplets are re-entrained into blade wake.

The droplets which are larger than DLIMIT are treated as large
droplets and droplets which are smaller than DLIMIT are
treated as small droplets. Each droplet size weighted based
on its mass fraction in determining the nominal droplet size.
Therefore, at outlet of each blade row, Subroutine WICSIZ
gives two nominal diameters; one for small droplet and one
for large droplet. It may be noted that only two classes of
droplets are recognized in the model.

Input Variables:
WMASSL mass flow rate of large droplet
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WMASSS mass flow rate of small droplet

AMINGT  amount of water which is to be re-entrained into
wake, originally small droplet

AMINGZ amount of water which is to be re-entrained into
wake, originally large droplet and upper part

AMING3 amount of water which is to be re-entrained into
wake, originally large droplet and lower part

DL droplet nominal size for large droplet before
impingement

DS droplet nominal size for small droplet before
impingement

D1 droplet size associated with AMINGI

D2 droplet size associated with AMING?Z

D3 droplet size associated with AMING3

DLIMIT largest droplet diameter which can be treated as

small droplet

Qutput Variables:

AMSLL mass flow rate of small droplet after re-
entrainment

AMLGE mass flow rate of large droplet after re-
entrainment

DSLL droplet nominal size for small droplet

DLGE droplet nominal size for Targe droplet

Usage:

CALL WICSIZ (WMASSL, WMASSS, AMINGT, AMINGZ2, AMING3, DL, DS,
D1, D2, D3, DLIMIT, AMSLL, AMLGE, DSLL, DLGE)

SUBROUTINE WICPRP

(1)

Description
Subroutine WICPRP determines the flow properties such as gas
constant specific heat ratio, and specific heat at constant
pressure for the gaseous mixture. The working equations are
as follows:

=Xyt Ra X, ot RV + X, * R

mix C
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(2)

(4)

Ymix =

where

>
[o1]
1

>
n

o B~ B o R v B
T3 O < 99 om0 <
Qe

kel

<

T T
0O <

pmix

S 0. 0O o0 0
i

mix

R .
(1.0 - X )=

pmix

mass fraction of air in gaseous mixture

mass fraction of water vapor in gaseous mixture
mass fraction of methane in gaseous mixture

+ X, = 1

gas constant of air

gas constant of water vapor

gas constant of methane

gas constant of mixture

specific heat constant pressure for air
specific heat constant pressure for water vapor
specific heat at constant pressure for methane

specific heat at constant pressure for mixture

= specific heat ratio for mixture

Input Variables:

XAIR
XH20
XCH4
T

mass fraction of air in gaseous mixture

mass fraction of water vapor in gaseous mixture
mass fraction of methane in gaseous mixture
temperature of gaseous mixture

Output Variables:

RMIX
CPMIX

GAMMA
G1
G2
G3

Usage:

gas constant of gaseous mixture

specific heat constant pressure for gaseous
mixture

specific heat ratio of gaseous mixture
value for GAMMA/(GAMMA - 1.0)

value for (GAMMA - 1.0)/2.0

value for -1.0/(GAMMA - 1.0)

CALL WICPRP (XAIR, XH20, XCH4, T, RMIX, CPMIX, GAMMA, G1, G2,

G3)
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FUNCTION WICCPA
(1) Description:
Function WICCPA calculates the specific heat at constant
pressure for air as a function of temperature as follows:

(Reference 11)
c, = (a + aT = cT?2 + dt3 + eT*)R

where units are (J/kg-K) for cp, (K) for T, and (J/kg-K) for
R. The values of coefficients a, b, ¢, d, and e are as

follows:

a = 3.65359

b =-1.33736 x 107 '°
c = 3.29421 x 10°°®

d = -1.91142 x 10°°
e = 0.275462 x 10 12

(2) Input Variable:
T temperature

(3) Output Variable:
WICCPH specific heat constant pressure

(4) Usage:
WICCPH(T)

FUNCTION WICCPH
(1) Description:
Function WICCPH calculates the specific heat at constant
pressure for water vapor as a function of temperature as

follows: (Reference 11)

cp = (a+ bT + cT? + dT® + eT*)R

where units are (J/kg-K) for cp, (K) for T, and (J/kg-K) for
R. The values of coefficients a, b, ¢, d, and e are as

follows:

4.07013
-1.10845 x 1073
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(2)

(3)

(4)

d = -2.96374 x
e X

it
o
00}
o
~
o
N
—

Input Variable:

T temperature

Qutput Variable:
WICCPH specific heat at constant pressure

Usage:
WICCPH(T)

- FUNCTION WICCPC

(1)

Description:
Function WICCPC calculates the specific heat at constant

pressure for methane as a function of temperature as follows:

(Reference 12)
cp = (a + bT + cT? + dT? + eT*)R

where units are (J/kg-k) for cp, (K) for T, and (J/kg-K) for
R. The values of coefficients a, b, ¢, d, and e are as

follows:

a = 3.82619

b= -3.97946 x 1073
c = 24.5583 x 10°°©
d =-22.7329 x 10 °
e = 6.92760 x 10712

Input Variable:
T temperature

Output Variable:
WICCPC specific heat constant pressure

Usage:
WICCPC(T)
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SUBROUTINE NASA

(1)

Description:

The subroutine NASA corresponds to MAIN program of NASA-STGSTK
program. NASA calls all of the major subroutines in NASAj
STGSTK program. NASA first calculates the fiow area at inlet
and outlet of each stage. It next calls the subroutine

CSPREF to calculate reference velocity diagrams at the speci-
fied radius for each stage. Then NASA calls CSETA to calcu-
late efficiency if it is not inputed. The pressure coeffi-
cient is also calculated by calling CSPI. These computed
characteristics for stage can be printed out in this sub-

routine.

Input Variables:
A1l input variables are specified in Common blocks.

Output Variables:
A1l output variables are specified in Common blocks.

Usage:
CALL HASA

SUBROUTINE CSINPT

(1)

Description:

The primary purpose of subroutine CSINPT is to read and write
the input data which the program requires. For input of
design stage performance, there is an option of either of the
following input: (i) stage pressure ratio and adiabatic
efficiency, or (ii) stage characteristics which consists of
pressure coefficient versus flow coefficient and adiabatic
efficiency versus flow coefficient. When either of the two
above input options are used as input, the input parameters
for the option not used are input as zero values. An example
of input data is given in Chapter IV.

Input Variables:
A1l input variables are specified in Common blocks.
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(4)

Qutput Variables:
A1l output variables are specified in Common blocks.

Usage:
CALL CSINPT

SUBROUTINE CSPREF

(1)

(2)

(4)

Description:

At design speed and flow, the subroutine CSPREF is coded to
calculate: (i) velocity diagram at the specified radius for
each stage inlet and outlet, and (ii) selected performance
parameter for each stage. Basically CSPREF perform a one-
dimensional compressible invicid flow calculation at each
rotor inlet and outlet to obtain the velocity diagram for
design input conditions.

Input Variables:
A1l dinput variables are specified in Common blocks.

Output Variables:
A1l output variables are specified in Common blocks.

Usage:
CALL CSPREF

FUNCTION CPFM

(1)

Description:

The subroutine CPFM is used to obtain values of the specific
heat at constant pressure, Cp, and ratio of specific heats,
a, as a function of static temperature, t. CPFM calculates
the value of the specific heat at constant pressure, Cp, from
a fifth degree polynomial of static temperature, t, expressed
by

5 i
C =1 Cit
Pj=1 1

where the polynomial coefficients, Ci’ are input data read by
CSINPT. The value of the ratio of specific heats, v, is then
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(4)

calculated from the following relations:
=C/(C.-R

Y p/( D )

where R is gas constant.

Input Variable:
TS static temperature for which the specific heat
at constant pressure is determined

Output Variable:
CPFM specific heat at constant pressure

Usage:
CPRM(TS)

SUBROUTINE CSETA

(1)

(4)

Description:

The subroutine CSETA is called by the subroutine NASA when
values of stage adiabatic efficiency versus flow coefficient
at design speed are not usable input (i.e. values of 0.0 for
adiabatic efficiency are inputed). CSETA obtains values of
adiabatic efficiency for each stage at the various input flow
coefficient for the stage.

Input Variables:
A1l input variables are specified in Common blocks.

Output Variables:
A11 output variables are specified in Common blocks.

Usage:
CALL CSETA

SUBROUTINE CSPSI

(1)

Description:

The subroutine CSPSI is called by the subroutine NASA when
values of stage pressure coefficient versus flow coefficient
at design speed are not usable input (i.e. input values for
stage pressure coefficient equal 0.0). The subroutine CSPSI
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(3)

(4)

obtains values of stage pressure coefficient at the various
input flow coefficient for the stage.

Input Variables:

XWN water content

LORS index to specify calculation scheme
LORS=1 for small droplet calculation
LORS=2 for large droplet calculation

Output Variables:
A1l output variables are specified in Common blocks.

Usage:
CALL CSPSI(XWN, LORS)

SUBROUTINE CSDEVS

(1)

(2)

(4)

Description:

The subroutine CSDEVS calculates the value of stator diffusion
constant, K, for small droplet calculation. After determining
the value of K, the deviation, &8, can be determined by the
following:

§ = &% + K {(Va/V3) - (Vo/V3)*}

Input Variables:

XW water content

VZM absolute velocity at stator inlet

V3M absolute velocity at stator outlet

V2V3S ratio of absolute velocity at stator inlet and
absolute velocity at stator oulet at the design
point

I stage

Output Variable:

FK diffusion constant

Usage:

CALL CSDEVS(XW, Vv2M, V3M, v2Vv3s, I, FK)
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SUBROUTINE CDEVSL

(1)

(4)

Description:

The subroutine CDEVSL calculates the value of stator diffu-
sion constant, K, for large droplet calculation. After
determining the value of K, the deviation, &, can be deter-
mined by the following:

8§ = &% + K {(Vo/Vs) - (Vo/V3)*}

Input Variables:

XW water content

VZM absolute velocity at stator inlet

V3M absolute velocity at stator oulet

V2V3S ratio of absolute velocity at stator inlet and

absolute velocity at stator oulet at the design
point
1 stage

Output Variable:
FK diffusion constant

Usage:
CALL CDEVSL(XW, V2M, V3M, V2V3S, I, FK)

>UBROUTINE CSDEV

(1)

Description:

The subroutine CSDEV calculates the value of rotor diffusion
angle, K, for small droplet calculation. After determining
the value of K, the deviation, &, can be determined by the
following:

§ = 8% + K {(Wy/W3) - (Wp/W3)*}

Input Variables:

SPEEDF rotor speed

XW water content

V3MR relative velocity at rotor outlet
VZMR relative velocity at rotor inlet
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(3)

(4)

V3DV2 ratio of relative velocity at rotor inlet and
relative velocity at rotor outlet at the design

point
I stage
Output Variable:
FK diffusion constant
Usage:

CALL CSDEV(SPEEDF, XW, V3MR, V2MR, V3DV2, I, FK)

SUBROUTINE CSDEVL

(1)

(2)

(3)

(4)

Description:

The subroutine CSDEVL calculates the value of rotor diffusion

constant for large droplet calculation. After determining the
value of K, the deviation, §, can be determined by the follow-
ing:

§ = &% + K {(Ha/W3) - (Wa/W3)*}

Input Variables:

SPEEDF rotor speed

XW water content

V3MR relative velocity at rotor outlet

VZ2MR relative velocity at rotor inlet

V3Dv2 ratio of relative velocity at rotor inlet and
relative velocity at rotor outlet and the design
noint

1 stage

Qutput Variable:

FK diffusion constant

Usage:

CALL CSDEVL(SPEED, XW, V3MR, V2MR, V3DV2, I, FK)
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FUNCTION DELK70Q
(1) Description:
The function DELK70 ca]cu]ates the difference between diffu-
sion constant at S0 per cent rotor speed and diffusion con-
stant at 70 per cent rotor speed.
(2) 1Input Variables:
I stage
Tl (Wz/w3) - (Hz/wa)*
(3) Output Variable:
DELK70 difference between diffusion constant at 90 per
cent rotor speed and diffusion constant at 70
per cent rotor speed
(4) Usage:
DELK70(I, T1)
FUNCTION DELK80
(1) Description:
The function DELK80 calculates the difference between diffu-
sion constant at 90 per cent rotor speed and diffusion con-
stant at 80 per cent rotor speed.
(2) Input Variables:
I stage
T] (WZ/Na) - (NZ/N3)*
(3) Output Variable:
DELK80 difference between diffusion constant at 90 per
cent rotor speed and diffusijon constant at 80
per cent rotor speed
(4) Usage:

DELK80(I, T1)
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FUNCTION

DELK10

(1)

(3)

(4)

FUNCTION

Description:

The function DELK10 calculates the difference between diffu-
sijon constant at 90 per cent rotor speed and diffusion con-
stant at 100 per cent rotor speed.

Input Variables:
I stage
T (Wa/W3) - (Ha/M3)*

Output Variable:

DELK1OQ difference between diffusion constant at 90 per
cent rotor speed and diffusion constant at 100
per cent rotor speed

Usage:
DELK1O(I, T1)

DPHI

(1)

(2)

(4)

Description:
When the efficiency-flow coefficient curve is input at ref-
erence speed, the function DPHI alters the curve for off-

reference speed.

Input Variables:
I stage
ISPD rotor speed in per cent

Output Variable:
DPHI amount of flow coefficient which is shifted for
all-reference speed

Usage:
DPHI(I, ISPD)

SUBROUTINE CSETA1

(M

Description:
The subroutine CSETA1 corrects the stage efficiency for the
presence of water in the small droplet calculation.
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(2)

(4)

Input Variables:

I stage

J index for speed

K index for point on a particular speed

Xl water content

PHID flow coefficient at design point

PHIR flow coefficient

ETAD stage efficiency before correction for the

presence of water

Output Variable:
ETAD stage efficiency after correction for the pres-

ence of water

Usage:
CALL CSETAI(I, J, K, XW, PHID, PHIR, ETAD)

SUBROUTINE CSETAL

(1)

(2)

(3)

Description:
The subroutine CSETAL corrects the stage efficiency for the
presence of water in the large droplet calculation.

Input Variables:

I stage

J index for speed

K index for point on a particular speed

X water content

PHID flow coefficient at design point

PHIR flow coefficient

ETAD stage efficiency before correction for the pres-

ence of water
ETADD stage efficiency at design point

OQutput Variable:
ETAD stage efficiency after correction for the pres-

ence of water
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(4) Usage:
CALL CSETAL(I, J, K, XW, PHID, PHIR, ETAD, ETADD)

SUBROUTINE CSPSD
(1) Description:

The subroutine CSPSD alters the pressure coefficient for off
design speeds. This subroutine is the same as one used in
NASA-STGSTK program.

(2) Input Variables:
A1l input variables are specified in Common blocks.

(3) Output Variables:
A1l output variables are specified in Common blocks.

(4) Usage:
CALL CSPSD

SUBROUTINE CSPAN
(1) Description:

The subroutine CSPAN alters flow coefficient and pressure
coefficient for blade reset. This subroutine is the same as
one used in NASA-STGSTK program.

(2) Input Variables:
A1l input variables are specified in Common blocks.

(3) Output Variables:
A11 output variables are specified in Common blocks.

(4) Usage:
CALL CSPAN

SUBROUTINE CSOQUPT
(1) Description:

The subroutine CSOUPT calculates the stage performance and
prints them out in the small droplet calculation.
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(2) Input Variables:

FAIO initial flow coefficient

ISTAGE stage

FLOW1 mass flow rate

ALFA1 absolute flow angle at rotor inlet

BETAT relative flow angle at rotor outlet
(3) Output Variables:

BETAZ relative flow angle at rotor outlet

VZ axial velocity

ALFA2 absolute flow angle at rotor outlet

ALFA3 absolute flow angle at stator outlet

DELTG rise in stagnation temperature of gas phase

DELTW temperature rise of water

W1 relative velocity at rotor inlet

W2 relative velocity at rotor outlet

V1 absolute velocity at stator inlet

Ve absolute velocity at stator outlet
(4) Usage:

CALL CSOUPT(FAIOQ, ISTAGE, FLOW1, ALFAT, BETAl, BETAZ, VZ,
ALFA2, ALFA3, DELTG, DELTW, W1, W2, V1, V2)

SUBROUTINE CSOUPT2
(1) Description:
The subroutine CSOUPT2 calculates the stage performance and

prints them out in the small droplet calculation.

(2) Input Variables:

FAIOQ initial flow coefficient

ISTAGE stage

FLOWT mass flow rate

ALFA1 absolute flow angle at rotor inlet
BETA1 relative flow angle at rotor outlet
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(3) Output Variables:

BETA2 relative flow angle at rotor outlet

VZ axial velocity

ALFA2 absolute flow angle at rotor outlet

ALFA3 absolute flow angle at stator outlet

DELTG rise in stagnation temperature of gas phase

DELTW temperature rise of water

Wl relative velocity at rotor inlet

W2 relative velocity at rotor oQt]et

V1 absolute velocity at stator inlet

V2 absolute velocity at stator outlet
(4) Usage:

CALL CSOUPT(FAIO, ISTAGE, FLOW1, ALFA1, BETAl, BETA2, VZ,
ALFA2, ALFA3, DELTG, DELTW, W1, W2, Vi, V2)
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APPENDIX 3

ILLUSTRATIVE TEST CASES FOR
THE NASA-WISGSK CODE

Two illustrative test cases for the calculation of the Test
Compressor performance utilizing the NASA-WISGSK Code are presented
as follows.
1) Test Case No. 1: Operation with air flow at 100 percent

of design speed at the meanline
section of the compessor.
2) Test Case No. 2: Operation with air-water mixture

containing large droplets (with a mass
fraction of 0.04 of water) at 100
percent of design speed at the meanline
section of the compressor.
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Test Case No. 1
HRDRCRRINTRI RN NN w R e w100 E%SE INPUT DATA o0 m i N s N N X N NN N S LR R XN RTn
NS(NUMBER OF STAGE)= B

IPERFM=I
PERFORMANCE AT MEAN

1 2 3 4 S 6
RRHUB(I) .770 1,035 1,232 1.378 1.483 1.572
RC(I) .605 .554¢ .534 .510 .483 .456

RBLADE(I) 16.00 20.00 20.00 25.00 28.00 32.00
STAGER(I) 34.25 29.S6 2¢.37 28.30 29.17 29.75
STAGES(I) 23.67 25.62 26.94 28.41 29.82 38.99
SRHUB(I) -923 1.145 1.311 1.445 1.538 1.530 .774
SCcI 442 412 .412 .412 .412 .412

SELADE(I) 14.00 26.00 28.00 32.00 36.00 30,00
SIGUMR(IY 1.052 1.120 1.037 1.182 1.211 1.283
SIGUMS(I) .B40 1.061 1.093 1.199 1.311 1.087
FAISTL(I) I I I I I I
GAFR(I) .125 .125 185 .125 .125 .125
CAPS(I) -125 .125 .185 .125 .185 .1285
RRTIP(I) 2.16 2.16 2.16 2.16 2.1 2.16
SRTIPCID 2.16 2.1 2.18 2.1 2.16 2.16 2.16
RT(I) 2.143 2,151 2,148 2.149 2.149 2.147
RM(I) 1.426 1.575 1.E42 1.722 1.789 1.836
RHCT) .7E1 1,056 1.252 1.411 1.533 1.621
SHCID 2.147 2.138 2.127 2.123 2.118 2.100
SM(I) 1,502 1.5¢73 1.637 1.712 1.7EE 1.784
SH(I) <934 1,152 1.318 1.453 1,548 1.592
BLOCK(I) .583 L,9¢v6 .8B7 .848 .923 .902
ELOCKS (1) .978 LGEG  .S45  ,823 .S08 .8B23
BETIMR(I) 42.72 42.74 41.E2 42,85 44.00 45.07
EETEMR(I) 25.79 17.17 13.12 13.76 14.332 14.43
EETIMS(I) 35.15 40.11 43,36 45.00 4£.31 48.71 0
BETE2MS(I) 12.19 11.13 10.51 11,81 13.Z2 29.28 21.99

PR12D(I) 1.154 1.165 1.221 1.237 1.230 1.215
PRI3D(I) 1,152 1,159 1.213 1.228 1.221 1.208

ET&RD(ID .866 .88 .88E .EB5 .82 .554
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SIS MR AN ST TR 2020 2 582 203036 TNPUT DBATA 30502s et iR NN R0 XN X XL AR
FNF(FRACTION OF DESIGN CCRRECTED SPEED)=1.000
XDINCINITIAL WATER COMTENT DOF SMALL BROPLET)= 0
KUBINCINITIAL WATER CONTENT OF LAREE DROPLET)= 0
RHDMID(IMITIAL RELATIVUZ HJMIDITY)= .00 FER CENT
ACHACINITIAL METHANE CONTENT)= 0
TOG(COMPRESSOR INLET TOTAL TEMFRATURE OF CAS)= 518.70
TCW(COMPRESSOR INLET TEMPERATURE OF BRGPLRET)= 513.70
PO(COMFRESSOR INLET TOTRi FRESSURE)=£116.80

DINCIMITIIL DROPLET DIANMETER OF SMALL DROFLETI= 20.0
DOINCINITIAL DROPLET DIAMETER OF LARCGE DROPLET)= 500.0

FND(DESIGMN ROTATIONAL SPEEDI=51120.0

DSMASS(LESIGN MASS FLOW RATED= . 3755

COMPREZSSOR INLET TATAL TEMPERATURE(GAS PHASE) 518.70 R

COMPRESSOR INLET TOTAL PRESSURE=211€.80 LB/FT#x2

PREB(PERCENT OF WATER THAT REEGUND AFTER IMPINGE MENT)= 50.0 PERCENT

ROTOR SPEED=51120.0 RFi

CORRECTED ROTCGR SPEED= 5ii20.0 RPM(  100.0PER CENT OF DESIGN CORRECTED SPEED)
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AT

rxnsaesexngsaste DESIGHN POINT INFORMATION sesesrdseirststses St

#% COMPRESSOR INLET wsxes
TOTAL TEMPERATURE AT CONPRESSOR INLET= 518.70000
TOTAL PRESSURE AT COMPRESSOR INLET=  2116.80
STATIC TEMPERATURE AT COMPRESSOR INLET= 4SG.28109
STATIC PRESSURE AT COMPRESSOR INLET=  1813.73
STATIC DENSITY AT COMFRESSOR INLET=  .06850

ACOUSTIC SPEED AT COMPRESSGR INLET=1i032.253914
ARIAL UVELOCITY AT COMPRESSOR INLET= 518.81873

MACH NUMBER AT COMPRESSOR INLET= .4¢500
STREAMTUBE AREA AT COMPRESZIOR INLET= .01037
FLOW COEFFICIENT AT COMPRESSOR INLET= 53817
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TOTAL
TENr

INLET
QUTLET 541,148

518.700
AXIAL
UELEBCITY

INLET S38.7ES3
CUTLET 525.97% 05

ROTGR
SPEED
INLET 35,1 7
BUTLET Er0.051
£35S FLOW
ANGLE
INLET 15.681000
QUTLET 33.19714

TOTAL PRES

SURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESESURE RATIO
ADTAEATIC EFFICIENCY
TOTAL TEMPERATURE RATIO AT

% DESIGN POINT INFORWMATION =ezes

TOTAL STATIC STATIC
PRESSURE TENP PRESSURE
21i6.800 4S2.637 1767.5739
2442. 787 508.269 1851.576
ABSOLUTE RELATIVE TAN COMP
UVELOCITY UELOCITY OF ABS UEL
S559.35E828 725,3223338 150.52v34
B28. 55662 £18.75530 344.14338
RES MACH REL MACH REL TOTAL
MUMBEER NUIMBER TEMP
Slid .B6Y 536.454
<EE9 . 560 540.141

REL FLCAH STREAMTURE

FNGLE FREA RADIUS
42,03015 .01026 1.42600
31.78225 . 00337 1.50200
AT LESICN POINT= 1.15200

AT TESICN POINT= .953383

AT LESICH POXNT= 1.15400

AT DeSIGN POYINT= .S5600

DESIGH FOINT= 1.04323
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STATIC
DENSITY

. 667
.072

TAN COMP
OF REL UEL

485.62003
325.90306

REL TGTRL
PRESSURE

2331.210
5091.750

FLOL
COEFFICIENT

. SSBEE
« 54559



33333 %% k%% %% DESTIGN POINT INFORMATIDON %#3£35%65%5% %58 %38 3%

I I I 363

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STACGE
ROTOR
ROTOR
ROTOR

STAGE= 2 *xiewx

TOTAL
TEMP
INLET 541.148
OUTLET 566.141
AXIAL
UVELOCITY
INLET 548.21239%
OUTLET 581.16447
ROTOR
SPEED
INLET 702.617
OUTLET 701.725
ABS FLOW
ANGLE
INLET 21.83000
OUTLET 36.815869

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY

TOTAL
PRESSURE

2438.554
2340.915

ABSOLUTE
UVELOCITY

591.88727
725.54045

ABS MARCH
NUMBER

. 034
.648

REL FLOW
ANCGLE

41.26765
24.65154

AT DESIGN FPOINT=
AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN PBINT=

STATIC

STATIC
TEMP PRESSURE
S511.984 2008.852
522.316 2142.334
RELATIVE TAN COMP
UELOCITY OF ABS VEL
730.68951 220.67986
£639.44211 435.014564
REL MACH REL TOTAL
NUMBER TEMP
.659 555.431
.571 556.331
STREAMTUBE
AREA RADIUS
. 00930 1.57500
.00841 1.57300
1.15800
.93231
1.16500
.96600
1.04618

TOTAL TEMPERATURE RATIO AT DESIGN POINT=
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STATIC
DENSITY

.074
077

TAN COMP
OF REL VEL

481.94E32
266.71034

REL TOTAL
PRESSURE

2688.136
5751.007

FLOW
COEFFICIENT

56370
.60285



xxuee STAGE= 3 s
TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET 556.141 2826.284 535.362 2323.868 .081
ROTOR QUTLET 600.462 3456.882 543,786 2533.043 . 086
AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY UVELOCITY VELOCITY OF ABS UVEL OF REL VEL
ROTOR INLET 574.81563 608.266E3 784.23006 188.93541 533.57083
ROTOR OUTLET E14.43880 781.11343 £62.59507 4382.28950 247 .98627
ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET 732.506 .536 682 585.533 3189.070
ROTOR OUTLET 730.276 .680 577 586.2563 6929.751
AES FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANCGLE ARERA RADIUS COEFFICIENT
ROTOR INLET 19.09000 42.86682 .00803 1.84200 586526
ROTOR OUTLET 38.12932 21.97880 .00708 1.63700 .63736
STAGE TOTAL PRESSURE RATIO AT DESICN POINT= 1.21300
STARCE ADIABATIC EFFICIENCY AT DESICN POINT= .33464
ROTOR TOTAL PRESSURE RATIO AT DZSIGN PROINT= 1.22100
ROTOR ADIABATIC EFFICIENCY AT LEZICGN PQINT= . 96800
ROTOR TOTAL TEMPERATURE RATIO AT DESIGMN POINT= 1.0B6062
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rexxnreeeeexrnn DESTICN POINT INFORMATION #sxkstoe®itien X%

nuxsnx STAGE= 4 xxxus
TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET 600.462 3428.282 569.063 2839.3988 .084
ROTOR QUTLET 6339.381 4240.783 585.841 3118.553 .100
ARIAL RESOLUTE RELATIVE TAN COMP TAN COMP
VELCGCITY VELOCITY VELQCITY 0OF ABS UVEL OF REL VEL
ROTOR INLET 580.04580 614.69778 8038.54747 203.47020 564.72458
ROTOR OUTLET 613.633965 803.61317¢ 668.93304 511.70446 252.02926
ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET 768.155 .526 .B32 623.519 3912.431
ROTOR OQUTLET 7E3.734 .678 .064 622.951 8231.914
ABS FLOW REL FLCKW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT
ROTCR INLET 19.33000 44.23321 . 00692 1.72200 .60163
ROTOR OUTLET 39.55025 22.13332 . 00607 1.71200 .64276
STAGE TOTAL PRESSURE RATIO AT DESICGN POINT= 1.,22500
STAGE ADIABATIC EFFICIENCY AT DESICN POINT= .33002
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.23700
ROTOR ADIABATIC EFFICIENCY AT DESICGN POINT= . 86500
ROTOR TOTAL TEMPERATURE RATID AT LDESIGN POINT= 1.068481
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FRFTIITT

ROTOR
RCTOR

INLET
QUTLET

INLET
QUTLET

INLET
OUTLET

INLET
OUTLET

TOTAL PRESSURE RATIO AT
ADIABATIC EFFICIENCY AT
FESSURE RATIO AT
ADIABATIC EFFICIENCY AT
TOTAL TEMPERATURE RATIO

TOTAL F

IR

B73S.732
AXIAL
VELACITY

SE86.84149
B17.08EE8

ROTOR
SPEED

753,084

787.823

AS5 FLOW
ANCGLE

20.18600
40.53784

TOTAL
FRESSURE

4209,330
S51v8.R214

ABSOLUTE
UELOCITY

625.22167
811.58444

ABS MACH
NUMBER

.518
.663

REL FLOW
FNGLE

44.76240
22.85308

DESIGN POINT=
DESIEN POINT=
BESICGN POINT=
BESIGN PDINT=
AT DESIGN POINT=

STATIC STATIC
TEMP PRzSSURE
606,962 3506.735
B25.197 3857.244

RELATIVE TAN COMP
UVELOCITY OF ABS UEL
826.78513 215.68308
669.65381 527.75042
REL MACH REL TOTAL

NUMBER TEMP

.635 663.653
.347 662.302
STREAMTUBE
AREA RADBIUS
. 00531 1.78300
.00326 1.76600
1.22100
. 92580
1.23000
. 395200
1.06311
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STATIC
DENSITY

.108
.1186

TAN COMP
OF REL UVEL

982.40082
260.07304

REL TOTAL
PRESSURE

4798.526
9691.778

FLOW
COEFFICIENT

.60873
.E4011



-

P

R INLET

: STAGE= £ sirdesen

TaTAL
TEMP

679.732
LET 720,254

KIAL
VELOCITY

INLET 587.18574
QUTLET E03.35773

ROTOR
SPEED

519,051
OUTLET 795,853
ASS FLOW
ANGLE

INLET 21.15000
OUTLET 41.932c8

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY AT
TOTAL PRESSURE RATIO AT
ADIAREATIC EFFICIENCY AT
TOTAL TEMPERATURE RATIO

TOTAL
PRESSURE

5140.325

6245.4S5

AESOLUTE
VELDCITY

EcY.EGBER
£11.05678

AES M&CH
NUMEER

- 506
B4R

REL FLOW
ANGLE

45.22772
22.8144

AT DESICN POINT=

DESICN POINT=
CESIGN POINT=
DESIEN POINT=
AT DESIGN POINT=
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e snensNie DESTICN POINT INFORMETION 2mssronsess 2%

STATIC STATIC
TEMP PRESSURE
646.333 4318.954
E65.389 4736.281

RELATIUE TAN COMP
UELGCTITY OF ABS VEL
§23.74045 227. 16830
554.61323 542.02320
REL MACH REL TOTAL
NUMBER TEMP
.G659 704.443
.918 701.350
STREAMTUBE
AREA RADIUS
.00511 1,83600
. 00467 1.78400
1.20300
.8236
1.21300
. 95400
1.053382

STATIC
DENSITY

.125
.133

TAN COMP
OF REL VEL

531.851598
£253.83017

REL TOTAL
PRESSURE

5829.034
10370.182

FLOW
COEFFICIENT

.6C310

.Bz551



wxnaxwrerxewx®t DESICN POINT INFORMATION %%3sese®tansst %%
wxxxnxxxxe QUERALL PERFORMANCE AT DESIGN POINT #sssx 3R R
COMPRESSOR INLET TOTAL TEMPERATURE= 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE= 3.168

OVERALL TOTAL PRESSURE RATIO=2.39334

OVERALL TOTAL TEMPERATURE RATIO=1.38E86

QUERALL ADIABATIC EFFICIENCY= .9223

OUERALL TEMPERATURE RISE= 201.558

1 2 3 4 5 3] IGV
BETISR(I) 42.03 41.27 42.87 44.23 44.78 45.23
BET2SR(I) 31.78 24.65 21.98 22.13 22.85 22.81
AINCSR(I) -.68 -1.47 1.25 1.38 .78 .16
ADEUSR(I) 5.939 r.48 8.86 8.37 8.52 8.38
BET1SS(I) 33.20 35.82 38.13 39.55 40.54 41.393
BET25S(I) 21.89 19.0S 15.33 20.18 21.15 34.86 15.61
AINCSS(I) -1.S5 -3.29 -5.23 -5.45 -5.77 -6.78
ADEUSS(I3} 8.70 r.95 8.82 B8.37 7.83 5.58
TD(ID 518.7 541.1 5E6.1 B00.5 €39.4 6738.7
OMEGS(I) .009 ,021 .025 .028 .023 .024
OMEGR(I) .113 .018 .018 .016 .004 .036
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saxsxzrepzsenzzsexee  INITIAL FLOW COEFFICIENT= 500 (STAGE= 1 ) ERERKEXCXENKERXXRXX

STAGE TOTAL PRESSURE RATIO= 1.16875
STAGE TOTAL TEMPERATURE RATIO= 1.04756
STAGE ADIABATIC EFFICIENCY= .94581

STAGE FLOW COEFFICIENT= .501
AXIAL UVELBCITY= 480.05
ROTOR SPEED= 958.E68

#ROTOR INLET® *ROTOR OUTLET: #*STATOR QUTLET:*

TOTAL PRESSURE 2116.8000 24639.7801 2469.73801
STATIC PRESSURE 1835.8585 2047.8523

TOTAL TEMPERATURE (GAS) 518.7000 543.3687 543.3687
STATIC TEMPERATURE(GAS) 498.0506 515.0967

STATIC DENSITY(GAS) . 0631 .0745

AXIAL VELDCITY 480.0486 467 .4542

ABSOLUTE UVELOCITY 488.4330 583.2886

RELATIVE VELOCITY £94.6048 567.1588

BLADE SPEED 63B6.1474 670.0514 702.6172
TANG. COMP. OF ABS. UEL. 134.1223 348.8v27v

TANG. COMP. OF REL. VUEL. 502.0251 321.1737

ACOUSTIC SPEED 1093.5459 1112.1022

ABSOLUTE MACH NUMBER . 45358 .5245

RELATIVE MACH NUMEER .B352 .5100

FLOW COEFFICIENT .5007 .4831

FLOW AREA .0104 .0083

ABSOLUTE FLOW ANGLE 15.6100 36.7343 21.8300
RELATIVE FLOW ANCLE 46.2819 34.4922

INCIDBENCE 3.5618 1,5348

BEVIATION 8.7422
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FRBRRARRR

INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 1

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

XU=

XW=
K=
RWT=
RAIR=
XMETAN=
XGAS
WMASS=
HHMASS
WTMASS
AMARSS=
CHMASS
UMASS=
GMASS=
TMASS=
HS=
RRCA=
RHOM=
RHOG=
TG=
TH=
THUY
P=
TB=

TDEY=

#=STAGE INLET==

.00000
0
0
0
1.00000

1.00000
0
0
0
+ 34491
g
.00000
034491
- 34491
.000600
. 07E4Y
. 06204
.06310
518.706000
513.70000
513.700C0
2116.80000
E71.40E56
271.5550E

1.1B675
1.04756
94773

#uSTAGE OUTLET s
(BEEFORE INTER-
STACE ADJIUST-
MENT)
.80000
0
0
0
1.00009

1.00000

0

0
«34481

0

. 00000
«34431
.34431
.06000
. 07444
.07444
. 07444
543.368E74
0

24€9.v8012

0
273.23823

138

23%STAGE OUTLET*
(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
0]
0
0
1.00000

1.00000
0
0
0
.344391
0

.00000

.34491

.34491
.00000

. 073856

. 07856

. 07856
543.35874
o
513.700600

2469.75012

6v9.03308

2r3.23828

)
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6323 HETE 3498 K 3L 38330 636 I M INITIAL FLOW COEFFICIENT= .500 (STAGE= 2 }  %%3%E%5%% %1% 33K X%

STAGE TOTAL PRESSURE RATID= 1.18107
STAGE TOTAL TEMPERATURE RATIO= 1.05518
STAGE ADIABATIC EFFICIENCY= .92667

STAGE FLOW COEFFICIENT= .S5S03
AXIAL UELCOCITY= 482.20
ROTOR SPEED= 853.57

#ROTOR INLET* *ROTOR OUTLET* #*STATOR OUTLET*

TOTAL PRESSURE 2469.7801 2941.6925 2941.83825
STATIC PRESSURE 2130.2503 2311,9417

TOTAL TEMPERATURE(GAS) 543.3687 573.3511 573.3511
STATIC TEMPERATURE(GAS) 520.3302 535.2941

STATIC DENSITY(GARS) 0767 .0810

AXIAL VELOCITY 482.2002 504.5504

ABSOLUTE UVELOCITY 519.6676 676.87393

RELATIVE UVELOCITY 701.0474 563.3171

BLADE SPEED 702.6172 701.7250 732.5063
TANG. COMP. OF ABS. VEL. 193.7455 451.2154

TANG. COMP. OF REL. VUEL. 5068.8717 250.5086

ACOUSTIC SPEED 1118.2902 1133.6031

ABSOLUTE MACH NUMEBER . 4647 .5971

RELATIVE MACH NUMBER .6269 .4969

FLOW COEFFICIENT .5025 .5290

FLOW AREA .0083 .0084

ABSOLUTE FLOW ANGLE 21.83800 41.8060 19.0900
RELATIVE FLOW ANGLE 46.5416 26.4044

INCIDENCE 3.8016 1.6960

DEVIATION 9.2344
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X F 6 3 3 3 36 W

INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 2

STAGE PERFORMANCE AFTER INTER~-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

XU=

Xh=
XHU=
KWT=
XAIR=
XMETAN=
XGAS
HWMASS=
WWMASS=
WTMASS=
AMASS=
CHMARSS=
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=

TH=
THH=

P=

TB=
TDEMW=

*%STAGE INLET%

.00000
0
0

0
1.060006
0
1.00000
0
0
0
«344391
0

.00000
.34431
.34431
.00000
.08518
. 06304
.07EBE6
543.36874
0
513.70000
2469.78012
679.03308
273.23829

l.18107
1.05518
.52822

*#STAGE OUTLET*#=
(BEFORE INTER-
STAGE ADJUST-
MENT>
.00000
0
0

o
1.0060G0
0
l1.00000
0
]
0
«34491

0
.00000

.344381

.34491
+00000

. 08076

.08076

. 08076
573.35113
0

0
2941.69246
0
274.66167
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#*#STAGE OUTLET**

(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000
0

1.00000
0
0
0
«34491
0

.00000
. 34491
.34481
.00000
.09103
.09103
.09103
573.35113
0
513.70000
2941.69246
687.839220
274.66167

d
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P31 TN I INITIAL FLOW COEFFICIENT= .S00 (STRGE= 3 )

STAGE TOTAL PRESSURE RATIO= 1.23327
STAGE TOTAL TEMPERATURE RATIO= 1.06653
STAGE ADIABATIC EFFICIENCY= .892335

STAGE FLOW COEFFICIENT= .514
AXIAL VELOCITY= 492.32
ROTOR SPEED= 958.24

*ROTOR INLET* %*ROTOR OUTLET* *STATOR QUTLET#*

TOTAL PRESSURE 2841.8325 3627.8878 3627.8878
STATIC PRESSURE 2555.6014 2821.5666

TOTAL TEMPERATURE(GAS) 573.3511 611.5863 611.5863
STATIC TEMPERATURE(GAS) 550.8154 569.3302

STATIC DENSITY(GAS) . 0870 .0823

AXIAL VELOCITY 492.3213 522.1031

ABSOLUTE VELOCITY 520.8716 713.58391

RELATIVE UVELQGCITY 747 .2351 576.2383

BLADE SPEED 732.5063 730.2758 768.1348
TANG. COMP. OF ABS. VEL. 170.3853 486.4338

TaNG. COMP. OF REL. VEL. 562.1210 243.8420

ACOUSTIC SPEED 1148.6896 1168.88627

ABSOLUTE MACH NUMBER .4531 .6105

RELATIVE MACH NUMBER .6493 .4330

FLOW COEFFICIENT .5138 .5502

FLOW AREA . 0080 .0071

ABSOLUTE FLOW ANGLE 19.03800 42,9744 19.3300
RELATIUE FLOW ANGLE 48.7872 25.0344

INCIDENCE 7.1672 -.3856

DEVIATION 11.9144
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P I I X2 I X 6 K FE 5 T35 H 5K

INITIAL FLOW COEFFICIENT=

.500 (ISTAGE=

STARGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAlL. TEMPERATURE RATIC=
STARGE ADIABATIC EFFICIENCY=

XU=
K=
AR
XKUT=
XAIR=
XMETAN=
XGAS
WMASS=
HWWMASS=
WTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=

TH=
THW=

P=

TB=
TDEW=

#xSTAGE INLETses=

.00000
0
0
0
1.00000

1.00000
0
o
0
+ 34491
0
.00000
« 39491
. 34491
.000090
.0S617
. 063904
. 086398
573.35113
g
513.70000

2941 .63246

£87.892R0
2r4.66167

1.23327
1.06669
.92441

#%5TRGE OUTLET:s:
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0
0
1.00000

1.00000
0
0
0
. 34431
0
. 00000
+34431
. 34491
.00000
. 09264
. 03264
. 039254
E11.58634
0

0
3627.88¢778

0
276.38807
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(AFTER INTER-
STAGE ADJUST
MENT)
.00000
0

0
0
1.00000

1.00000
0

3

#xSTAGE OUTLET*x*

0
0

. 34491
0

.00000
+34491
.34481
.00000
.10713
.10713
.10713
611.58634
0
513.70000
362v.88778
6538.32458
276.38307

)
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F XXM RSN N RPN LR IR RN INITIAL FLOW COEFFICIENT= .500 (STAGE= 4 3 %3363 3653 3 % 3 3 9 3 3¢ 36 % 3%

STAGE TOTAL PRESSURE RATIO= 1.24vv7
STAGE TOTAL TEMPERATURE RATIO= 1.07115
STAGE ADIABATIC EFFICIENCY= .91401

STAGE FLOW COEFFICIENT= .512
AXIAL VELOCITY= 491.04
ROTOR SPEED= 358.68

*ROTOR INLET* =ROTOR DUTLET* *STATOR OUTLET#*

TOTAL PRESSURE 3627 .8878 4526.7581 4526.7581
STATIC PRESSURE 3181.1072 3530.5184

TOTAL TEMPERATURE(GAS) 511.5863 655.1013 655.1013
STATIC TEMPERATURE(GAS) 583.1312 610.3337

STATIC DENSITY(GAS) .1012 .1084

ARIAL UVELOCITY 491.0360 521.6561

ABSOLUTE UVELOCITY 520.3705 734.5837

RELATIVE UELOCITY 772.1853 576.9815

BLADE SPEED 7EB.1848 763.7337 798.0839
TANG. COMP. OF ABS. UEL. 172.2471 517.13825

TANG. COMP. OF REL. UEL. 595.8473 246.5412

RCOUSTIC SPEED 1188.6369 1209.8S65

ABSOLUTE MACH NUMEER .4378 .6071

RELATIVE MACH NUMEER .5486 .4763

FLOW COEFFICIENT .5122 .5508

FLCY AREA .0063 .00E1

ABEDLUTE FLOW ANGLE 19.3300 44.7538 20.1800
RELATIVE FLOW ANGLE 50.512%8 25.238690

INCIDENCE 7.6629 -.2452

DEVIATION 11.5360

143



PR AF TR RTRRIFARNN

INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 4

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STRCE ADIABATIC EFFICIENCY=

XU=
K=
RWH=
RUT=
XAIR=
XMETAN=
XGAS
HMASS=
WWHMASS
WTHMASS
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
HS=
RHCAR=
RHOM=
RHOG=
TG=

TH=
THK=

P=

TB=
TDEW=

##GTAGE INLETs:

. 00000
0
0

1
1.60000
o
1.00000
0
0
0
« 34431
0
.000G0o
34491
. 34491
.00000
.11118
. 06904
.10123
611.58634
0
513.70000

3627.88778

€58.82458
276.38307

l.24777
.91452

*%STACE OUTLET=#

(BEFGRE INTER-
STAGE ADJUST-
MENTD
.03000
0
0
0
1.606060

0
1.00000
0
0
0
« 34491
0
.00000
«34491
.344391
.GG000
.10816
.10816

.10816
£55.10123
0

0
4525.75812
0
278.23445
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1.07115

#:GTAGE OUTLET#»

(AFTER INTER-
STAGE ADJUST-
MENT)
. 00000
0

0

0
1.00000
0
1.00000

0
0
. 344391
0
.00400
. 34491
.34481
.00000
.12629
. 12623

.12629
£55.10123
0

513.70000
4526.75812
710.75001
273.23445

)
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ERARLEXREDLXRERLRLRAXS INITIAL FLOW COEFFICIENT=
STACE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIEMNCY=

1.24015
1.06357
.S0502

+500 (STAGE= 5 )

STAGE FLOW COEFFICI

ENT= .E13

AXIAL VELDOCITY= 491.33

ROTOR SPEED= S558.68

TOTAL PRESSURE 4526.7581 5613.3784
STATIC PRESSURE 3938.¢r09 4431.6060
TOTAL TEMPERATURE(GAS) B55.1013 700.7430
STATIC TEMPERATURE(GAS) 632.4225 ES3.2672
STATIC DENSITY(CARS) .1185 . 1268
AXIAL UELOCITY 421.3271 515.3133
ABSOLUTE VELOCITY 523.4605 741.7059
RELATIVE VELOCITY r89.1231 574.6752
BLADE SPEED 7S8.08359 7’87 .8235
TANG. COMP. OF ABS. UEL. 180.5785 533.4582
TANG. COMP. OF REL. UEL. B17.5054 254.3852
ACOUSTIC SPEED 1230.8834 12533.0193
ABSOLUTE MACH NUMEER . 4252 .5919
RELATIVE MACH NUMEER B411 . 4566
FLOW COEFFICIENT 25125 . 5454
FLOW AREA . 0033 .0053
ABSOLUTE FLOW ANGLE 20.1800 45,9311
RELATIUE FLOW ANGLE 51.4920 ec.2r14
INCIDENCE 7.4920 -.3189
EVIATION 11.9414

EWFHEIHFRXFHTITRRIERR

*ROTOR INLET® =ROTOR CGUTLET® #STATOR QUTLET*
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5613.8784

700.7430

813.0509

21.1500



BETE I 366 T6 36 I I6 I - 3 X696 - I 96 I M

INITIAL FLOW COEFFICIENT=

«500 (ISTAGE=

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

XU=
KW=
KHU=
XHT=
XARIR=
XMETAN=
XGAS
HMASS=
HHWMASS=
WTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
HS=
RHOA=
RHOM=
RHOG=
TG=

TH=
THH=

P=

TB=
TDEW=

*%STAGE INLET*»

.00000
0
0
0
1.00000

1.00000
0
0
0
.34431
0
.00000
.34431
.34431
.00000
.12952
. 06804
.11854
655.10129
0
S513.70000

4526.75812

710.75001
2v8.23445

1.24015
1.06967
.904383

*xSTAGE OUTLET*%
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000

1.00000
0
0
0
« 344391
0
.00000
34431
.34431
.00000
.12654
. 12654
. 12654
700.74303
0

5613.87838
0
270.76654

146

(AFTER INTER-

STAGE ADJUST-

MENT)
.00000
0
0

0
1.00000

5

*%*STAGE OUTLET*x*

0
1.00000
0

0
o

. 34431
0

.00000

. 34431

. 34491
.00000

.14756

. 14756

.14756
700.74303
0

513.70000
5613.87838
725.82464
270.76654

)

3363636 36 3 I 336 6 6 96 363636 36 3 3¢



I3 369 363690696 96362 383636 6 INITIAL FLOW COEFFICIENT= .500 (STAGE= B J  %3%3¥%3X%3E%%I6HEIEHHINX%H

STAGE TOTAL PRESSURE RATIO= 1.22479
STAGE TOTAL TEMPERATURE RATIO= 1.06583
STAGE ADIABATIC EFFICIENCY= .89838

STAGE FLOW COEFFICIENT= .508
ARIAL VELOCITY= 487.17
ROTOR SPEED= 857.79

*ROTOR INLET* *ROTOR OUTLET* ®*STATOR OUTLET=

TOTAL PRESSURE 5613.8784 6875.8088 6875.8088
STATIC PRESSURE 5002.4852 5515.2473

TOTAL TEMPERATURE(GAS) 700.7430 746.8730 746.8730
STATIC TEMPERATURE(GAS? 678.2178 701.7038

STATIC DENSITY(GAS) .1383 .1473

AXIAL UVELOCITY 487.1682 500.2128

ABSOLUTE UELDCITY 522.3545 740.2563

RELATIVE VELOCITY 736.84€E1 558.2843

BLADE SPEED 819.0509 795.8534 .5000
TANG. COMP. OF ABS. UEL. 188.4712 545.6800

TANG. COMP. OF REL. VEL. B30.5797 250.1734

ACOUSTIC SPEED 1274.0547 1295.9266

ABSOLUTE MACH NUMBER .4100 .5712

RELATIVE MACH NUMBER .6254 .4316

FLOW COEFFICIENT .5086 .5339

FLOW AREA . 0051 .0047

ABSOLUTE FLOW ANGLE 21.1500 47.4832 0
RELATIVE FLOW ANGLE 52.3113 26.5712

INCIDENCE 7.2413 -1.2208

DEVIATION 12.1412
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W2 RHHRNE

3EIEXERR

INITIAL FLOW COEFFICIENT=

«500 (ISTAGE= B ) ®¥EEHEXIFRZAAERRXERRIE

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT ( JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

XU=

K=
KW=
XWT=
XAIR=
XMETAN=
KGAS
HMASS=
HWMASS
HTMASS
AMASS=
CHMASS
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=
TH=
THH=
P=

TE=
TDEU=

#=GTAGE INLET=s

.00000
0
0

0
1.00000

1.00000
0
0
0
+ 34431
0

.00000
«34431
. 34431
.00000
.15016
. 06304
. 13328

700.74303

0

513.70000
56813.87838
725.82464
270.76654

1.22479
1.06583
.89v87

#xSTAGE OUTLETs=
(BEFORE INTER-
STRGE ADJUST-
MENT)
.00000
0

0
0
1.00000
0

1.00000
0
0
0
. 344391
0
.00000
.344391
.34491
.00000
.14714
.14714
. 14714
746.8v237
0

0
6875.80878
0
2r2.48445
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##STAGE OUTLET*x*

(AFTER INTER-
STACE ADJUST-
MENT)

.00000
0
0

0
1.00000

1.00000
0
0
0
. 34431
0
.00000
. 34431
.34431
.00000
17073
.17073
17073
746.37297
0
513.70000
€375.80878
738.30219
272.48445



wannnann® QUERALL PERFORMANCE #3333 % 3% %
INITIAL FLOW COEFFICIENT= .50

CORRECTED SPEED=51120.0 1.000 FRACTION OF DEIGN CORRECTED SPEED
INITIAL WATER CONTENT(SMALL DROPLET)= 0

INITIAL WATER CONTENT(LARGE DROPLET)= o

INITIAL WATER CONTENT(TOTAL)= 0

INITIAL RELATIVE HUMIDITY= .0 PER CENT

INITIAL METHANE CONTENT= o

COMPRESSOR INLET TOTAL TEMPERATURE= 518.70
COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE OF MIXKTURE= .345( 2.910)
CORRECTED MASS FLOW RATE OF GAS PHASE +345¢ 2.910)
OUERALL TOTAL PRESSURE RATIN=3.2482

OUERALL TOTAL TEMPERATURE RATIO=1.43389

OVERALL ADIABATIC EFFICIENCY= .S046

OVERALL TEMPERATURE RISE OF GAS PHASE= 228.173
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Test Case No. 2

2503t ITNPUT DATA 20502058 %5038 0836 % S R0 XM ERSTH IR /R AR XA RAF

NS(NUMBER OF STRGE)= B

IPERFM=I
PERFORMANCE AT MEAN

1 2 3 < S 6
RREUEC(ID 770 1,055 1.232 1.378 1.489 1.572
RC(I) E05 .554  .534 510 .4B3 .456
RELABE(Y) 16.0C 26.00 20.00 25.00 25.00 32.00
STACER(I) 34.25 £25.56 27.37 20.30 29.17 29.75
STRGES(I) 23.67 25.E2 25.54 26.41 28.82 38.99
ERHUB(I) 823 1.145 1.311 1.445 1.538 1.580 .774

SC(I) JA4e 412 W41 W4l 412 .412

SELADZ(I) 14,00 25.00 28.00 32.00 36.00 30.00
SICUMR(I) 1,032 1.120 1.037 1.1E2 1.211 1.283
SIGUNMS(I) .40 1.061 1.093 1.1S5 1.311 1.087
FAISTL(I) I T I I I I
CAPR(ID L1125 125 125 125 .125 L1285
GARPS(I) 125 JiE5  .1z5  .izs . iR5 L 1e5
RRTIP(I) 2.16 2.16 2.ic 2.16 2.16 2.16
SRTIPCID 2.6 2.16 2.16 2.i6 2.16 2.16 2.16
RTCI) 2,149 2,151 2.148 2.145 2.149 2.147
RMCTID 1.426 1.573 1.642 1.722 1.789 1.855
RHCI) 781 1.0656 1.252 1.411 1,535 1.621
SHIID 2.147 2.138 2.127 2.123 2.118 2.100
SM(T) 1.502 1.573 1.637 1.712 1.765 1.784
SH(I) .,S34 1.152 1,318 1.453 1.548 1.532
BLOCK(I) .E83 .9r6 .S57 .848 .S23 .902
BLOZKS(I) .78 .S66 .E45 .925 .908 .GG63
EETIMR(I) 42,72 42.74 41.682 42.85 44,00 45.07
BET2NR(I) 25.79 17.17 13.12 13.76 14.33 14.43
BET1MS(I) 35.15 40.11 43.368 45.00 46.31 48.71 0
)

BETEMS (I 12.19 11.13 10.51 11.81 13.32 29.28 21.88
PRIZDCID 1,184 1,165 1.221 1.237 1.220 1.215
PR13DCI) 1,152 1.159 1.213 1.228 1.221 1.208

ETERDCID 886 .85 .SBE8 .EB6S .8G2 .854
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RRFHXWBFHRSHERRERLXXEX3X%1228%% TNPUT DATA 9% %525 3636 56 753626 6.3 6 36 36 3 76 96 3636 3636 3656 1636 3%

FNF(FRACTION OF DESIGN CORRECTED SPEED)=1.000
XKDINCINITIAL WATER CONTENT OF SMALL BROPLET)= 0
XDDINCINITIAL WATER CONTENMT OF LARCGE DROPLET)= .040
RHUMIDCINITIAL RELATIVE HUMIDITY)= .00 PER CENT
XCH4(INITIAL METHANE CONTENT)= ]

TOG(COMPRESSOR INLET TOTAL TEMPRATURE OF GAS)= 518.70
TOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)= 513.70
PO(COMPRESSOR INLET TOTAL PRESSURE)=2116.80

DINCINITIIL DROPLET DIAMETER OF SMALL DROPLET)= 20.0
DDINCINITIAL DROPLET DIAMETER OF LARGE DROPLET)= 600.0

FND(DESIGN ROTATIONAL SPEED)=51120.0

DSMASS(DESIGN MASS FLOW RATE)= 3755

COMPRESSOR INLET TATAL TEMPERATURE(GAS PHASE) 518.70 R

COMPRESSOR INLET TOTAL PRESSURE=2P116.80 LB/FT#*x2

PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGE  MENT)= 50.0 PERCENT

ROTOR SPEED=51120.0 RPM

CORRECTED ROTOR SPEED= S1120.0 RPM( 100.0PER CENT OF DESIGN CORRECTED SPEED)
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FERpRneanndt DESTIEN POINT INFORMATION se#sessestsexssese %36%

wzzxx COMPRESSOR INLET swssx

TOTAL TEMPERATURE AT COMPRESSOR INLET= 518.70000
TOTAL PRESSURE AT COMPREESSOR INLET=  2116.80
STATIC TEMPERATURE AT COMFRESSOR INLET= 436.28108
STATIC PRESSURE AT COMPRESSOR INLET= 1813.73
STATIC DENSITY AT COMPRESSOR INLET= . 06850

RCOUSTIC SPEED AT COMPRESZSOR INLET=10S2.25314
AXIAL UELOCITY AT COMFRESSOR INLET= 518.81873

MACH NUMBER AT COMPRESSOR IMLET= . 47300
STREAMTUBE AREA AT COMPRESSOR INLET= .01057
FLOW COEFFICIENT AT CCHPRESSCR INLET= .53817
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SEpHREFwansener JESICN POINT INFORMATION 2263336383636 63363 %43

RN

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTGR

ROTOR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

STAGE=

INLET
OUTLET

INLET
OUTLET

INLET
BUTLET

INLET
CUTLET

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY

1 seewsesta

TOTAL
TEMP

518.700
541.148

AIal
UELOCITY

538.76531
S25.97105

ROTOR
SPEED

636.147
670.051

ABS FLOW
ANGLE

15.81000
33.19714

TOTAL
PRESSURE

2116.800
2442.787¢

ABSOLUTE
UELDCITY

552. 35638
B28. 55662

ABS MACH
NUMEER
514

.SES

REL FLOW
FANGLE

42.03015
31.783525

AT DESICN POINT=
AT DZSICN POINT=
AT DESIGHN POINT=
AT DBESICGH FPOINT=

STATIC STATIC
TEMP PRESSURE
492.637 1767.578
508.269 1961.576

RELATIVE TAN COMP

VELOCITY OF ABS VEL
725.323383 150.52734
518.75550 344.14338
REL MACH REL TOTAL
NUMBER TEMP
667 536.454
.550 540.141
STREAMTUBE
AREA RADIUS
.01036 1.42500
. 00987 1.50200
1.15200
.85383
1.15430
.S5500
1.04328

TOTAL TEMPERATURE RATIO AT LEZSIGN POINT=

153

STATIC
DENSITY

. 067
.072

TAN COMP
OF REL UVEL

485.62003
325.80306

REL TOTAL
PRESSURE

2381.210
5081.780

FLOW
COEFFICIENT

. 55886
- 54559



eI ERewenezner DESIGN POINT INFORMATION %3502 8 %%3%  %3E%

vvvvvv

ROTOR
ROTOR

ROTOR
ROTCR

ROTOR
ROTOR

ROTCR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

STAGE= 2 #*sxxx

T0TAL TOTAL STATIC STATIC
TEMP PRESSURE TEMP PRESSURE
INLET 541.148 2438.554 511.984 . 2008.852
QUTLET 566.141 2840.3815 522.316 2142.334
AXIAL ABSOLUTE RELATIVE TAN COMP
VELGCITY UVELOCITY VELOCITY OF ABS VEL
INLET 549.21283 591.88727 730.68951 220.670386
OUTLET S581.1E447 725.84045 6339.44211 435.01454
ROTOR AES MACH REL MACH REL TOTAL
SPEED NUMBER NUMBER TEMP
INLET 702.617 .534 .659 556.421
OUTLET 701.725 .648 571 556.331
ABS FLOW REL FLOW STREARMTUBE
AHGLE ENGLE AREA RADIUS
INLET 21,85000 41.2E765 .00930 1.57500
OUTLET 35B.81563 24.85154 .00841 1.57300
TOTAL FRESSURE RATIO AT DESIGN PO:NT= 1.13300
PDIAEATIC EFFICIENCY AT DESICN POINT= .93231
TOTAL PRESSURE RATIO AT DESIGHN POINT= 1.16500
ADIABATIC EFFICIENCY AT DBESICN POINT= .S6600
TOTAL TEMPERATURE RATIO AT DESICH POINT= 1.04613

154

STATIC
DENSITY

.074
077

TAN COMP
OF REL VEL

481.84632
266.71034

REL TOTAL
PRESSURE

2688.136
5751.007

FLOW
COEFFICIENT

«56S70
.60285



SN T AR N

sredeedrEesnisit DESIGN FPOINT INFORMATIGON srseiesecsiesesssessss FE%

ROTCOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STRGE
STAGE
ROTOR
ROTOR
ROTOR

STRGE= 3
T07TAL TOTAL STATIC STATIC
TEMP PRESSURE TENP PRESSURE
INLET S565. 141 2826.284 535,362 2323.868
CUTLET £00.462 3450.852 548.786 2333.0483
ARIAL AESOLUTE RELATIVE TAN COMP
VELGCITY UELOCITY UELOCITY OF ABS LEL
INLET 574.81563 B0E.2E563 784.29006 193,83341
CUTLET Gi4.43880 781.113243 B62.59507 432.23950
ROTOR ABS MATCH REL HMACH - REL TOTAL
SFEED NUMEER NUMBER TEMP
INLET 732.506 353 .6392 536.533
OUTLET 720.276 .E50 577 588.253
ABS FLOW REL FLOW STREAMTUBE
ANGLE FNGLE AREA RADIUS
INLET 19.080006 42.E6882 .00303 1.64200
OUTLET 38.12332 21.97850 . 00708 1.63700
TOTAL PRESSURE RATID AT DESIGN POINT= 1.21300
ADIABATIC EFFICIENCY AT DESIGN POINT= . 93464
TUTAL PRESSURE RATIO AT DESICN POINT= 1.221080
ADIABATIC EFFICIENCY AT DESIGN POINT= .S6800
TOTAL TEMPERATURE RATIO AT DESIGN FOINT= 1.06062
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STARTIC
DENSITY

.081
. 086

TAN COMP
OF REL VEL

533.5708S
247 .58827

REL TOTAL
PRESSURE

3193.070
6923.731

FLOW
COEFFICIENT

.5E626
63736



pexexnegwexetrx DESIGN POINT INFORMATION stir23ese0%383 S0

#xu® STAGE= 4 xeswsex

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STACE
STAGE
ROTOR
ROTOR
ROTOR

TOTAL
TEMP
INLET 600.462
OUTLET 639.381
AXIAL
UVELOCITY
INLET 580.04530
OUTLET B13.63865
ROTOR
SPEED
INLET 768.185
CUTLET 7E3.734
ABS FLOW
ANGLE
INLET 19.33000
OUTLET 39.55025
TOTAL PRESSURE RATIO

ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIAEATIC EFFICIENCY

TOTAL -
PRESSURE

3408.282
4240.785

ABSOLUTE
UVELBOCITY

614.68778
803.613517

ABS MACH
NUMEER

« 526
.678

REL FLOW
ANGLE

44.23321
c2.13332

AT DESICN FOINT=
AT DESICGN POINT=
AT BESICGN POINT=
AT DESICN POINT=

STATIC STATIC
TEMP PRESSURE
569.063 2839.838
585.841 3118.858

RELATIVE TAN COMP
VELGCITY OF ABS VEL
8039.54747 203.47020
E58.93304 511.70448
REL MACH REL TOTAL
NUMBER TEMP
.B82 623.518
. 564 622.951
STREGMTUBE
AREA RADIUS
.00682 1.72200
. 00607 1.71200
1.22800
.93002
1.23700
.S5500
1.06431

TOTAL TEMPERATURE RATIO AT DESICGN FOINT=
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STATIC
DENSITY

.094
.100

TAN COMP
0F REL UVEL

o64.72458
252.02826

REL TOTAL
PRESSURE

3912.431
8231.814

FLOW
COZFFICIENT

.60163
.64275



B

exxeeensrnennx® DESIGN POINT INFORMATION SoaXiesiesdsss %%

)

ROTOR
ROTOR

ROTOR
ROTOR

STAGE= 5 e

TOTAL
TEMP
INLET £39.381
OUTLET 679.732
ARIAL
VELOCITY
INLET 586.E84149
BUTLET B17.0E8E8
ROTOR
SPEED
INLET 798,084
OUTLET 87 .B23
ABS FLOUW
FAMGLE
INLET 20.18000
CUTLET 40.337S4
TOTAL FRESSURE RATID
ﬁDIﬂBﬂTIC EFFICIENCY
TOTAL FRESSURE RATIO
ﬁDIﬂDHITC EFFICIENCY
TOTRL TEMPERATURE RA

TOTAL STATIC STATIC
PRESSURE TEMP PRESSURE
4208.930 E606.962 3508.755
5i78.214 625.197 3857 .244
AESOLUTE RELATIVE TAN COMP
UELOCITY UVELOCITY OF ABS VEL
625.221E7 826.78513 215.63308
B11.58444 669.685381 527.75042
ABS MACH REL MACH REL TOTAL
NUMEER NUMBER TEMP
.518 -585 663.653
.BE3 . 547 662.302

REL FLOU STREAMTUBE

ANGLE AREA RADIUS
44,78240 .00591 1.72300
22.85308 . 00526 1.78800
AT DESIGN PCINT 1.22100

AT DESTCHN FdIHT .92530

GT DESICGN FOINT= 1.23000

T DZSIGN POINT= . 952090
TI0 AT DESIGHN FOINT= 1.08311
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STATIC
DENSITY

.108
.116

TAN COMP
OF REL UEL

582.40082
260.07304

REL TOTAL
PRESSURE

4798.526
5681.778

FLOW
COEFFICIENT

.B0873
.64011



Fexsesreseseeesennenx DESICN POINT INFORMATION 28325050 2me i %34%
st STAGE= B seaesesess
TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET 678.732 5140.325 646.933 4318.854 .125
ROTOR OUTLET 720,233 E245.4855 665.983 . 4736.291 .133
ARIAL ABSCOLUTE RELATIVE TAN COMP TAN COMP
ZLOCITY UELOCITY VELOCITY OF ABS VEL OF REL VEL
ROTOR INLET 5E7.19574 629.506E6 833.74045 227. 16830 581.88193
ROTOR GUTLET £03.38773 811.0S676 654.61329 542.02320 253.83017
ROTOR ABES MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET 819,051 .506 .663 704.448 5823.034
ROTOR OUTLET rS5.853 .B4ae .518 701.350 10870.182
RES FLOW REL FLOW STREAMTUBE _ FLOW
FMELE ANGLE AREA RADIUS COEFFICIENT
ROTOR IMLET £1.15000 45.e2cre .00511 1.83600 .60810
FUTOR OUTLET 41.83528% 22.81454 . 00467 1.78400 .62591
STACE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.20800
STAGE ADIREATIC EFFICIENCY AT DESICGN POINT= . 92365
ROTOR TCYRL PRESSHRE RATIC AT DESIGN POINT= 1.21500
ROTOR ADIAEATIC EFFICIENCY AT BESICN POINT= . 35400
ROTOR TOTAL TEMFEZRATURE RATIOD AT DESIGN POINT= 1.053982
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wanrrxsegerensr DESIGN POINT INFORMATION 3#%%36€5% %855 2%
®uumxxxcrc QUERALL PERFORMANCE AT DESIGN POINT st IR WX
COMPRESSOR INLET TOTAL TEMPERATURE= 518.70

COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE= 3.1E8

OVERALL TOTAL PRESSURE RATIO=2.S5334

OUERALL TOTAL TEMPERATURE RATIO=1.3E8E6

OVERALL ADIABATIC EFFICIENCY= .5223

OUERALL TEMPERATURE RISE= 201.559

1 2 3 4 S 8 gV
BETISR(I) 42.03 41.27 42.87 44.23 44.78 45.23
BET2SR(I) 31.78 24.65 21.88 22.13 22.85 22.81
AINCSR(I) -.69 ~1.47 1.25 1.36 .78 .16
ABEUSR(I) 5.99 7.48 8.86 8.37 8.52 8.33
BET1SS(I) 33.20 36.52 38.13 39.55 40.54 41.893
EET2SS(I) 21.89 19.09 19.33 20.18 21.15 34.86 15.61
AINCSS(I) -1.95 -3.29 -5.23 -5.45 -5.77 -6.78
ADZUSS(I) 9.70 7.S6 8.82 B8.3¥ r.83 5.583
TDC(I) 518.7 541.1 Se6.1 B00.5 639.4 679.7

OMEGS(I) .009 .021 .025 .02% .029 .024

OMEGR(I) .113 .018 .018 .016 .004 .036
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wrsmRmsnn s INITIAL FLOW COZFFICIENT= .500 (S5TAGE= 1 )
STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEPPEPJILFE RATID=
STAGE ADIABATIC EFFICIEMCY=

STAGE FLOW CCGEFFICIENT= .4S8
RIAL VZLOCITY= 477.45
ROTOR SPEED= S58.E68

C1|-fl1

572
. 0430
€c250

#ROTOR INLET: #ROTOR OUTLET: #«5TATOR DUTLET=

TOTAL PRESSURE 2116.E000 24438, 5450 2443.5450
STATIC PRESSURE 183&.7412 £026., 0431

TOTAL TEMPERATUREC(CAS) 518.7000 543.6271 543.6271
STATIC TEMPERATURE(GAS) 458.27356 515.0375

STATIC BENSITY(GAS) .0E32 0737

ARIAL UVELBCITY 477 .4456 478.3117

ABSALUTE UELOCITY 495,7345 555,5545

RELATIVE UVELOCITY 693.3375 568.5979

ELADE SPEED 656, 1474 670.0514 702.6172
TANG. COMP. OF ABS. UEL. 133.3S82 350.5041

TANG., COMP. OF REL. UEL. S02.7512 319.5474

ACCOUSTIC SPEED IOJQ.FJOS 1112.0353

ABSOLUTE MACH NUMBER 1552 . 5275

RELATIVE MACH NUMBER .6339 .5113

FLOGW COEFFICIENT pastaiy .4310

FLOW AREA .0104 . 0033

ABSOLUTE FLOW ANGLE 15.6100 35,6957 21.3300
RELATIVUE FLOW ANGLE 46.47€EB 24.1337

INCIDENCE 3.75€EE 1.3457

BEVIATION 8.4437
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INITIAL FLOW COEFFICIENT=

«500 (ISTAGE= 1

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=3)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

**STAGE INLET**

XU= .00000

XH= 0
XHH= .04000
XHT= .04000
XAIR= » 36000
XMETAN= 0
XGAS .96000
HWMASS= 0
WWMASS= .01431
HTMASS= .01431
AMASS= « 34340
CHMASS= 0
UMASS= .00000
GMASS= « 34340
TMASS= .35771
WS= .00000
RHOA= . 07649
RHOM= .07160
RHOG= . 06318
TG6= 518.70000
ThH= 513.70000
THW= 513.70000

= 2116.80000

TB= 671.40656
TDEW= 271.338506

1.15672
1.04806
. 88429

*#STAGE OUTLET**
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
.04000
.04000
.86000

0
86000
0

.01431
.01431
. 34340
o
.00000
«34340
.35771
.00000
. 07304
.07608
.07304
543.62714
0

2448.54498
0
273.16838
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#*%STAGE OUTLET»%*
(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
o

. 04000
. 04000
. 396000

0
.86000
0

.01431
.01431
. 34340
0
.00000
.34340
.35771
.U0000
.071086
. 08067
. 07745
543.62714
513.70000
S513.70001
2448.54498
E78.60149
307.24761

)

33636 JIE I 3 IE 3366 I 6 I6 I I 6 I I



xxxxzesperxxzsnazxsx  INITIAL FLOW COEFFICIENT= .500 (STAGE= 2 )

STAGE TOTAL PRESSURE RATIO= 1.17978
STRAGE TOTAL TEMPERATURE RATIO= 1.05521
STAGE ADIABATIC EFFICIENCY= 87441 -

STAGE FLOW COEFFICIENT= .505
AXIAL UELOCITY= 485.01
ROTOR SPEED= 8959.57

*ROTOR INLET® #ROTOR OUTLET#* *STATOR OUTLET*

TOTAL PRESSURE 2448.35450 2888.7433 2838. 7433
STATIC PRESSURE 2108.3389 2257 .6036

TOTAL TEMPERATURE(GAS) 243.6271 573.6432 573.6432
STATIC TEMPERATURE (GAS) 520.9261 534.7038

STATIC DENSITY(GAS) .0759 .0792

AXIAL UELOCITY 485.0120 513.6592

ABSOLUTE VELOCITY 522.6978 684.6335

RELATIVUE UELBCITY 702.1670 570.8637

BLADE SPEED v02.6172 v01.7250 732.5063
TANG. COMP. OF AES. UEL. 1S94.8752 452.6337

TaNG. COMP. OF REL. UEL. 507.7420 248.0812

ACOUSTIC SPEED 1118.2885 1132.3858

ABSOLUTE MACH NUMEER .4674 .6043

RELATIVE MACH NUMBER .B273 .5039

FLOW COEFFICIENT .5054 5336

FLOW AREA .0083 .0084

ABSOLUTE FLOW ANGLE 21.8900 41,3863 19.03900
RELATIVE FLOW ANGLE 46.3116 25.8704

INCIBENCE 3.5716 1.2763

BEVIATION 8.7004
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INITIAL FLOW COEFFICIENT=

»500 (ISTAGE= 2

STAGE PERFORMANCE AFTER INTER=STAGE ADJUSTMENT(JPERFM=3)

STARGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

RU=

XK=
XHH=
XUWT=
XAIR=
XMETAN=
XGAS
HMASS=
WHMASS=
HTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
LS=
Rri0A=
RHOM=
RHOG=
TCG=

TH=
THH=

P=

TE=
TDEM=

#=GTAGE INLET:=x

.00000
0
. 04000
. 04000
.86008

. 96000

.01431
.01431
« 34340
0
.00000
« 34340
.35771
.00000
. 08442
.07160
. 07588
S543.62714
513.70000
513.70001
2448.544858
Er8.60143
307.24761

1.17978
1.05521
873586

##STAGE OQUTLET=#*
(EEFORE INTER-
STRGE ADJUST-
MENT)
.00000
0
. 04000
. 04000
.S6000

.S6000

.01431
.01431
. 34340
0
.00000
.34340
.35771
.00000
-0¢732
.08116
.0F7S2
573.64319
0
0
28E8.74326

0
308.94365
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##GTAGE QUTLET*x
(AFTER INTER-
STAGE ADJUST-
MZNT?
.00000
0
.04000
.04000
+96000

. 96000

.01431
.01431
. 34340
0
.00000
. 34340
.35771
.00000

s VCS38 .

573.64319
513.70000
513.70002
2883.74328
£36.96120
321.39371

)
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3696926303696 96 209036 3636 36 363 36 3 36 % INITIAL FLOW COEFFICIENT=

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

STAGE FLOW COEFFICIENT= .523
AxIAL VELDCITY= 501.06
ROTOR SPEED= S958.24

1.22015
1.085395
.88472

+500 (STAGE= 3 ) 3635533695 96 36 363696 36 3 3 % 3

*ROTOR INLET* *ROTOR OUTLET: *STATOR OUTLET*

TOTAL PRESSURE 2888.7433
STATIC PRESSURE 2456.9126
TOTAL TEMPERATURE{CAS) 573.6432
STATIC TEMPERATURE (GAS) 550.3001
STATIC DENSITY(GAS) .0851
AXIAL UVELBCITY 501.0583
ABSOLUTE UVELOCITY 530.2182
RELATIUE UVELOCITY 7v50.7661
BLADE SFEED 732.5063

TANG. COMP. OF ABS. UEL. 173.4094
TANG. COMP. OF REL. VEL. 55S.0S63

ACOLSTIC SPEED 1148.1717
ABSOLUTE MACH NUMBER .4E14
RELATIUE MACH NUMBER .6533
FLOW CCEFFICIENT 5229
FLOW RREA . 0080
ABSOLUTE FLOW ANGLE 18.0S00
RELATIUE FLOW ANGLE 48.1335
INCIDENCE 6.513
BEVIATION

3524.7140
2718.3592

611.4751

567.8526
. 0837

537.7831
724.9365
580.6081
730.2758
486.12398
244.1460
1167.3652
.6210
.5059

. 5668
.0071

42.1120
24.4174

-1.2480

11.2974
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3524.7140
611.4751

763.1948

13.3300
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INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 3 3

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=3)

STAGE TOTAL PRESSURE RATID=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

#=GTAGE INLETss

xU= .00000

XK= 0
KW= .04000
RHT= .04000
XAIR= .96000
XMETAN= 0
XGAS .86000
WMRSS= 8
WHMASS= .01431
WTMASS= .01431
AMASS= . 34340
CHMASS= 0
UMASS= .00000
GMASS= .34340
TMASS= .35771
WS= .00060
RHOA= . 034323
RHOM= .07160
RHOG= . 08306
TG= 573.84319

TH= 513.70000
THH= 513.700072

P= 2888.74326

TB= BEB.S6120
TDEW= 321.38671

1.22015
1.06595
.E8573

5#STAGE OUTLET#*
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
.04000
.04000
. 96000
0
.96000
N

.01431
.01431
« 34340
0
.00000
. 34340
.35771
.00000
.08818
.039185
.08818
Bil.4r514
0

0
3524.71402
0
323.84370
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#3#STAGE OUTLET**
(AFTER INTER-
STAGE ADJUST-
MENT)

.00000
0
.04000
.04000
.96000

0
.85000
0

.01431
.01431
. 34340
0
.00000
. 34340
.35771
.00000
.03354
.10802
. 10370
611.47514
513.70000
513.70004
3524.71402
€97 .23935
332.71852

F6 6 I H 579590 36 3 3 T3 6 36 I 3+ 36 3



TRRIEINRIENT

STAGE
STAGE
STARGE

STAGE
AXIAL
ROTOR

TOTAL PRESSURE
STATIC PRESSURE

WRRERRTRRTRN

TOTAL PRESSURE RATIO=
TOTAL TEMPERATURE RATIO=
ADIAEATIC EFFICIENCY=

FLOW COEFFICIENT= .528
UVELOCITY= 505.84
SPEED= 358.E8

=ROTOR INLET=

3524.7140
3065.3014

TOTAL TEMPERATURE(CGAS) 611.4751
STATIC TEMPERATURE (GAS) S87.E443
STATIC DENSITY(CAS) .0978

RIAL UVELOCITY

ABSOLUTE UVELOCITY
RELATIVE UELOCITY

BLADE SFEED

TANG. COMP. OF ABS. VEL.
TANG. COMP. OF REL. UEL.
ACOUSTIC SPEED

ABSOLUTE MACH NUMEBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT

FLCW AREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE

INCIDENCE
BEUIATION

505.8407
536.0586
’07.7311
7EE. 1948
177.4403
5S0.7345
1187. 15389
.4515

. «B551

. 0276
. 0063

19,3200
49.4278
. 3778

INITIAL FLOW COEFFICIENT=

1.24003
1.,06975
.90543

.500 (STAGE= 4 )

IE T T30 362X 2 I I 30 WX I NN

#*ROTOR OUTLETs: #STATOR OUTLET*

4370.7663
3378.40E6

654.1230

607.9245
. 1042

540. 1630
746.6944
584.4566
763.7337
515.5351
248. 13836
1207.4712

6184

. 4923

5703
. 0061
43.6636
24.6782

-1.3364

18,9182
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4370.7663

654.1230

733.0839

20.13800
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INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 4

STRGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=3)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STRGE ADIABATIC EFFICIENCY=

XU=

XH=
K=
RKWT=
XAIR=
XMETAN=
RGAS
WMASS=
WHMASS=
WTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=

TH=
THH=

P=

TB=
TDEW=

#%GTAGE INLET#=

611.47514
S513.70000
513.70004
3524.71402
637 .25364
332.71852

1.24003
1.06975
.90526

#%5TAGE OUTLET ==
(EEFORE INTER-
STRGE ADJUST-
MENT)
.00000
0
.04000
.04000
.96000

. 10243

. 10668
102473

s LUCHS

654.12304
0

0
4370.76630
0
335.32202

167

*%STAGE OUTLET**
(AFTER INTER-
STAGE ADJUST-
MEMNT)

.00000
0
.04000
.04000
.95000
0
86000
0
.01431
. 01431
. 34340
0
.00000
. 34340
.35771
.00000
.11841
. 12684

1217Q

e LT O

B854.12303
513.70000
513.70008
4370.76530
708.83363
342.89517

)
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P P I INITIAL FLOW COEFFICIENT= .S00 (STAGE= 5 ) 353356556 55K 6 % X % %%

STAGE TOTAL PRESSURE RATIO= 1.23254
STAGE TOTAL TEMPERATURE RATIO= 1.06806
STAGE ADIABATIC EFFICIENCY= «&§9828

STAGE FLOW COEFFICIENT= .531
ARIAL VELOCITY= 503.08
ROTOR SPEED= 958.€8

*ROTOR INLETs #ROTOR OUTLETs #STATOR OUTLET*

TOTAL PRESSURE 4370.7663 5387.1456 5387.1456
STATIC PRESSURE 3624.4632 4211.8618

TOTAL TEMPERATURE(GAS) 654.1230 698.6417 6398.6417
STATIC TEMPERATURE(CGARS) 623.77c9 651.5103

STATIC DENSITY(GAS) . 113 .1212

AXIAL VELOCITY 508.0775 536.3520

ABSOLUTE UELOCITY 542.3718 755.0108

RELATIVE VELOCITY 785.2r25 534.5041

BLADE SPEED 798.08339 787.8235 819.0509
TANG. COMP. OF ABS. VEL. 187.1C23 531.3831

TANG. COMP. OF REL. UEL. 610.96816 256.4404

ACOUSTIC SFPEED 1228.4506 1248.4716

ABSOLUTE MACH NUMBER .4415 .6043

RELATIVE MACH NUMEER .6474 4758

FLOW COEFFICIENT .5310 « 3677

FLOW RRERA . 0059 . 0053

ABSOLUTE FLOW ANGLE 20.1800 44.7334 21,1500
RELATIVE FLOW ANGLE 50.1885 25.5534

INCIBENCE 6.19e5 -1.5766

DEUIATION 11.2234
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INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 5

STRAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=3)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

Ru=

K=
K=
XHT=
KAIR=
AMETAN=
XGAS
HWiMASS=
WHMASS
WTMASS
AMASS=
CHMASS
UrASsS=
GMASS=
TMFRSS=
WS=
RHOA=
RHOM=
RHOG=
TG=
TH=
THH=
P=

TB=
TBEW=

[

##STAGE INLET##*

.00000
0
. 04000
.04000
.56000

.9E6000

U
.01431
.01431

. 34342

. 00000
. 34340

35771

.00000

. 12524

.07160

» 11585
B54.12303
513.70000

513.70008
4370.7EB30
708.83369

342.89517

1.23254
1.068806
.89922

##STAGE OUTLET:%

(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
.04000
. 04000
.396000
0
.86000
0
.01431
.01431
. 34342
0
.00000
. 34340
35771
.00000
.11837
. 12434
. 11337
ESB.B4174
0

o
5387.14558
0
335.97580
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*%#STAGE OUTLET»#*
(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000
]
1.00000
0
0
0
. 34342
0

.00000
. 34342
.34342
.00000
.14183
.14183
.14183
698.64174
0
513.70008
5387.14558
723.33815
335.97580

)
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STAGE TOTAL PRESSURE R
STAGE TOTAL TEMPERATURE R

INITIA

L
ATI0=
£ RATIO=

STAGE ADIABATIC EFFICIENCY=

STAGE FLOW CCEFFICIENT= .S5Z0

®IAL VELOCITY= 567.49
ROTOR SFPEED= 857.79

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(EAS)
STATIC TEMPERATURE(GRS)
STATIC DENSITY(GAS)

ARIAL UELBCITY
ABSOLUTE UELBCITY
RELATIUE UELOCITY
BLATE SPEED

TANG. COMP.
TANG. COMP,

FLOW COEFFICIENT

FLOW AREA

ABESOLUTE FLOW AMGLE
RELATIUVE FLOW ANCLE

INCIBENCE
BEUIATION

OF ABS. UEL.
OF REL. UEL.
ACOUSTIC SPEED

ABSOLUTE MACH NUMEER
RELATIVE MACH NUMEER

EcE.6417
674. 1326
- 1321

507 . 48E5
544.1403
€03.31S82
819.0508
1856.3317

Ece.7LE2

1e70.3492

. 4283
.B324

. 5258
. 0051

21,1500
50.8216
S5.75i6

FLLOW COEFFICIENT= .500 (STAGE= B ) ®XXx%XEXXXXXRIALEER

#ROTOR INLET= =ROTOR OUTLET® =3TATOR JUTLET*
S3E7. 1456
4750.8882

6582.38080 6582.8080
5234.7740
743.3358 743.3358
BS6.7068

.1403

520.7245
752.4057
573.823
785.38334 .5000
543.i026
252.7503
1291.3853
.5826
L4482

. 5558
. 0647

46.2051 0
25.8911

-2.5043

11.4€11
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INITIAL FLOW COEFFICIENT=

.500 (ISTAGE= 6

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTHENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIRBATIC EFFICIENCY=

%%STAGE INLET##

XyU= .00000
K= G
KW= 0
XUT= 0
XAIR= 1.00000
RMETAN=

XCGAS 1.00000
WMASS=

HWWMASS=

WTHMASS=

AMASS= . 34342
CHMASS=

UMASS= .00000
GMASS= . 34342
THMASS= .34342
WS= .00000
RHOA= . 14453
RHGOM= .071€E0
RHOG= .13211
TG= BSE.64174
TH= 0
THH= 513.70008
P= 5387.14558

TE= 723.33915
TDEW= 335.3r580

1.22195
1,06404
.91223

#5STAGE QUTLET==

(BEEFORE INTER-
STAGE ADJUST-
MENT)
.00000
o

0
0
1.00000
0
1.00000
]

0
0
.34342
0
.00000
34342
.34342
.00000
. 14061
.14061
.14061
743.38580
0
0
E5E62.80801
0
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#3STAGE OUTLET==*

(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000
1.00000

.00000
. 34342
. 34342
.00000
. 16408
.16408
. 15408
743.38580
0

513.70008
6582.80801
735.58638
338.53428

)
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sesestnstes: QUERGLL PERFORNMANCE seserieseesis
IMITIAL FLOW COEFFICIENT= .50

CORRECTED SPEED=51120.0 1.000 FRACTION OF DEZICN CORRzCTED SPz&D
INITIAL WATER CONMTENT(SHMALL DROFLETI= 0

INITIAL WATER COMTENT(LARGE DROPLET)= .040

INITIAL WATER CONTENT(TOTAL)= .040

INITIAL RELATIUE HUMIDITY= .0 PER CENT

INITIAL METHANE CONTENT= 0

COMPRESSOR INLET TOTAL TEMPERATURE= 518.70
COMPRESSOR INLET TOTAL PRESSURE= 2116.80

CORRECTED MASS FLOW RATE OF MIXTURE= .358( 3.018)
CORRECTED MASS FLOW RATE OF GAS PHAST .343C 2.897)
OUERALL TOTAL PRESSURE RATIO0=3.10S3

QUERALL TOTAL TEMPERATURE RATIO=1.4332

QUERALL ADIARBATIC EFFICIENCY= .E7S0

OQUERALL TEMPERATURE RISE OF CAS PHASE= 224.686
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APPENDIX 4

PROGRAM  SOURCE LIST

PROGRAM MAIN (INPUT,BUTPUT, TAPES=INPUTs TAPEE=0UTPUT)

[ Rt o I S e e S

C PROGRAM NASA-WISGSK
O R R N A AR E S o e

glvivlvivioivivinieXy)

ABSTRACT:
THIS PROGRAM CODE HAS BEEN PRODUCED FOR THE STUDY OF THE AXIAL FLOW

COMPRESGOR PERFORMANCE FOR THE GAS- WATER DROPLET MIXTURE FLOW.

LU T NI OuiN CrORirmiiLe T Wi e g™ wn el ORw

THE MIXTURE CONSISTS OF TWO TYPES OF DROPLET SIZES AND THREE
KINDS OF CASEOQUS PHASES.THIS PROGRAM CODE IS WRITTEN ESPECIALLY
FOR AIR+HATER UAPOR-+METHANE+EMALL DROPLET+LARGE DROPLET.

THIS FORTRAN COMPUTER CODE CAN PREDICT THE DESIGN AND OFF-DESIGN

PERFORMANCE OF AXIAL FLOW COMPRESSOR. STAGE AND QUERALL PERFORMANCE
ARFE OBTAINED BY A STAGE-BY-STAGE CALCULATION.

B RO B R T R S A T A LT S L T S b o A M o T b ok ol o
B b 2 o b o D e o b b o A 8 o b o 1 o o 20 s ot oo ot o o

REAL ND.,NU, KA, M, MMASS, MMASS1

REAL MMASSO

CoMMON /PERDUE-Z JPERFM» RHOG(3), RERUPs RERLOW, RESUPs RESLOW
®» PREB,RRTIP(8),SRTIP(8),AAAL, ARAZs ARAS, SAREA(B) s SARERS(Y)

Ky P37+ TG(3) s XA RU(3) s XCHA» XH(3) 5 KWW(3) s XKWT(3)5s TH(3) s THH(3)
X, OMEGS(7),0OMEGR(B),GAPR(6), GAPS(E)

X» RRHUB(B) , RC(B) > RBLADE(E) » STAGER(E)

Xs SRHUB(7?) » SC(7) » SBLADE(?) » STAGES(7)

{» SIGUMR(B) » BET1SR(B) , BET2SR(B) » AINCSR(B) » ADEUSR(E)
Xy SIGUMS(?7) » BET1SS(?) , BETESS(7) » AINCSS(?Y) s RDEUSS(?)
Xs UTIPG(B),UTIP(B),UTIPD(B),UCU(B)Y»UMEAN(E)s UHUB(B)sU(B)sFAL

{s» AREA(B), AREAS(7)sUU2(B),UTIPR2(B), UMEAN2(B)s UHUB2(G)s IFRINT
Xs ICEMT, IICENT,FMR1(B),»FMA2(E)s IRAD, FAID
Xs NS»NS1,RT(63,RM(B),RH(B)»ST(6)SM(B) s SHIEB)

X» DSMASSs ARREA(7)s ARREAS(7)s PR12D(6),PR13D(B),ETARD(B)
¥, DR(B),DS(B),DEQR(B)» DEAS(6), BLOCK(6), BLOCKS(7)
®s BETIMR(B),BET2MR(B), BETIMS(¥), BET2MS(7), RADIL(B),RADI2(6)

COMMON ~VECTOR~- CPCO(B)s TITLEC(12)s RT2(12)s, RH2(12), RT3(12),
XRH3(12), PHIREF(12}, PSIREF(12)s ETAREF(12), PHIDES(12,9,83,
xPSIDES(12,9,8),» ETADES(12,9,8), PHI(12,9,8), PSI(12,3,8)s ETA(l2,9
X»8), DPHIAC12), DPSIA(12), BETA(12)s NSTAGE(12)s PCTSPD(S),
XBE72M(12,9), BLEEDC(12,9), TT(13), PT(13), PR(12), TRC12), PROC1Z2),
XTRO(12), ETADC12)s BET3MR(12,93), UZ2M(12+9)» UZ3M(12,9)s AREAZ2(12)
X» AREA3(12), RM2(12), RM3(12), UT2(i2), UT3(12), UM2(i2), UM3(12)
®» BAT2MR (12, 9), DPSIS(12,8),RSOLM(12), RK2M(12), CB2r(12)s CB2MR(
¥X12)s CB3MR(12)s RIMCM(12)s RDFM(12)» SK2M(12)s SINCM(12), BET3M(1iZ2
®,9), PHIFIX(12), BPHIF(12),CPREF(12)s GFIREF(12),ETAINP(12)

%y FLOCAL(12,9)s ETARAT(S), DB2M(12,9), DB2MR(12,9),DB3M(12,3), DB3MR
X(12,9), B2MB3R(12,9)» SPEEDF s FLOWIN, U3DU2R(12)5,U2U3(12), DB3MRG(12)
X» BB3MRN(12,9), DB3MRP(12,8),CPCM(B),CPCS(B)

*, RK3M(12), RBEU(12) s RBEF(12), GMREF (12)
%,PSID1(12,2,8),P5ID2(12,2,8),PSID3(12,258)»PSID4(12,2,8),

% PSID5(12,2,8),PSI1(12,2,8),PSI2(12,2,8),PSI3(12,2,8)

#, PSI4(12,2,8)sPSIS(125258)
*,PSIDIL(12,2,8),PSIDRL(12,2,8),PSID3L(12,258)

*, PSID4L(12,2,8),PSIDSL(12,258),PSI1L(12,2,8)

*, PSI2L(12,2,8),PSI3L(12,2,8),PS5I4L(12,2,8),PSI5L(12,2,8)

COMMON ~/SCALER/ RUs, PI, G» AJds RAD, RG, DCP, GJs G2J,» RPMRADs NSTA
¥» NSPE, NPTS, PO, TO, DESRPM, DESFLOs UNITS
% CPs GAMMAs GM1» GF 1, GF2, GF 3, SPDPSI, SPOPHI» DRDEUG, DRDEUN, DRDEUP
Xs XAR» XMET» XSTM
X» STAGEN» SFEEDN», CHAPTSs WTMOLE

DIMENSION D(20,3) » XD(20,3) s XXD(2053),

+ WS (3), HMASS(3) » UMASS(3)» RHOA(3)» RHOM(3)» TB(33

DIMENSION TD(B),DELZ(B),ETARA(B)

DIMENSION XXA(3),»XXU(3)s DRVE(R0)

DIMENSION TDEW(3)

DIMENSION DDAVE(20)s WWMASS(3) s HTHASS(3)

DIMENSION TMASS(3),GMASS(3)5,®AIR(3), XMETAN(3)» XGAS(3)»FAISTLIE)

DIMENSION XBLEED(B)

DATA NSTAGE-1,253s4,5:6,758,9,10,11,12/, RU/1545.44/, PI/3.141592
177y G/32.1740/, AJ/778.127 RAD/S?.29578/

o R L o o T
CCCCCCCCCCCCCCCeLceeeeeLcoeeeeteeteceeecceccececccceecececececececeeeeeceeeteec
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c
C INPUT DATA
c

C
CCCCCCCTCCcCcCCCcrCcccececcecCccCcCceteoeeceeeceeececececccecececeeeeoereecceeeeeeeec

NS
RRHUB(I)
RC(I)
RBLADEC(I)
STAGER(I)
SRHUB(I)
SC(ID
SBLADE(I)
SIGUMRCID
FNF

XDIN
XDDIN
ICENT

IICENT
TOG
TOW

PO

DIN
DBIN
FND
TO1D

PO1D

XCH4
RHUMID
FMHA
FMWU
FMWC
PREB
DLIMIT
STAGES(I)
GAPRCI)

GAPS(I)

XBLEED(I)
RRTIPC(I)
SRTIP(I)
IRAD

RTCI)
RMCID
RHCI)
ST(ID)
SMCI)
SH(I3

BLOCK(I)
BLOCKS(I)
BETIMR(ID
BET2MR(I)
BETIMS(I)
BET2MS(I)
DSMASS
PR12D(I)
PR13D(I)

00000000000 O0O000OO0000000N0OnNO000O0OONO0O0O00NOOO00OO000000000ROO00

NUMBER OF STAGE
ROTOR INLET RUDIUS AT HUB FOR I-TH STAGE IN INCH
ROTOR CHORD FOR I-TH STAGE IN INCH
NUMBER OF ROTOR BLADE FOR I-TH STAGE
ROTOR STAGER ANGLE FOR I-TH STAGE IN DEGREE.
STATOR INLET RUDIUS AT HUB FOR I-TH STAGE IN INCH
STATOR CHORD FOR I-TH STAGE IN INCH{I=NS+1, IGU)
NUMBER OF STATOR BLADE FOR I-TH STAGE (I=NS+1, IGU)
SOLIDITY OF ROTOR FOR I-TH STAGE
FRACTION OF DESIGN CORRECTED ROTOR SPEED FOR A PARTICULAR
SPEED :
INITIAL WATER CONTENT (MASS FRACTION) OF SMALL DROPLET
INITIAL WATER CONTENT (MASS FRACTION) OF DARGE DROPLET
INDEX FOR CENTRIFUGAL CALCULATION C(ICENT=1 WHEN XDIN=0
OTHERWISE ICENT=2)
SAME AS ICENT
TOTAL TEMPERATURE AT COMPRESSR INLET IN RANKIN
WATER DROPLET TEMPERATURE AT COMPRESSOR INLET IN RANKIN
TOTAL PRESSURE AT COMPRESSOR INLET IN LB/FT*x%2
INITIAL WATER DROPLET DIAMETER IN MICRON(SMALL DROLLET)
INITIAL WATER DROPLET DIAMETER IN MICRONCLARGE DROPLET)
ROTOR ROTATIONAL SPEED AT DESIGN SPEED IN RPM
DESIGN UALUE FOR COMPRESSOR INLET TOTAL TEMPERATURE
IN RANKIN
DESICGN VALUE FOR COMPRESSOR INLET TOTAL PRESSURE
IN LB/FT*x2
INITIAL METHANE CONTENT(MASS FRACTION)
INITIAL RELATIVE HUMIDITY(PER CENT)
MOLECOLAR WEIGHT OF AIR
MOLECULAR WEIGHT OF WATER UAPOR
MOLECULAR WEIGHT OF METHANE
PERCENT OF WATER THAT REBOUND AFTER IMPINGEMENT
MAX. DIAMETER FOR SMALL DROPLET IN MICRON
STATOR STAGER ANGLE FOR I-TH STAGE IN DEGREE
GAP BETWEEN I TH STAGE ROTOR AND I-1 TH STARGE STATOR
IN INCH
GAP BETWEEN I TH STAGE STATOR AND I-1 TH STAGE ROTOR
IN INCH
AMOUNT OF BLEED AT I-TH STAGE OUTLET
ROTOR INLET TIP RADIUS FOR I-TH STAGE IN INCH
STATOR INLET TIP RADIUS FOR I-TH STAGE IN INCH
INDEX FOR RADIUS AT WHICH CALCULATION IS CARRIED OUT
IRAD=1: TIP
IRAD=2: MEAN
IRAD=3: HUB
RADIUS AT ROTOR INLET WHERE PERFORMANCE CALCULATION
IS CARRIED OUT WHEN IRAD=1,IN INCH
RADIUS AT ROTOR INLET WHERE PERFORMANCE CALCULATION
IS CARRIED OUT WHEN IRAD=2, IN INCH
RADIUS AT ROTOR INLET WHERE PERFORMANCE CALCULATION
IS CARRIED OUT WHEN IRAD=3, IN INCH
RADIUS AT ROTOR OUTLET WHERE PERFORMANCE CALCULATION
IS CARRIED OUT WHEN IRAD=1,IN INCH
RADIUS AT ROTOR OUTLET WHERE PERFORMANCE CALCULATION
IS CARRIED OUT WHEN IRAD=2, IN INCH
RADIUS AT ROTOR OUTLET WHERE PERFORMANCE CALCULATION
IS CARRIED OUT WHEN IRAD=3, IN INCH
BLOCKAGE FACTOR FOR ROTOR
BLOCKAGE FACTOR FOR STATOR
BLADE METAL ANGLE AT ROTOR INLET FOR I-TH STAGE IN DEG
BLADE METAL ANGLE AT ROTOR OUTLET FOR I-TH STAGE IN DEG
BLADE METAL ANGLE AT STATOR INLET FOR I-TH STAGE IN DEG
BLADE METAL ANGLE AT STATOR OUTLET FOR I-TH STAGE IN DEG
DESIGN MASS FLOW RATE(LB/SEC)
DESIGN TOTAL PRESSURE RATIO FOR I-TH STAGE ROTOR
DESIGN TOTAL PRESSURE RATIO FOR I-TH STAGE
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C ETARDC(I) DESIGN ADIAEATIC EFFICIENCY FOR I-TH STAGE ROTOR MAIN 141
C SAREA(I) STREAM TUEBE AREA AT I-TH STAGE ROTOR INLET IN FT#x2 MAIN 142
C SAREAS(I) STREAM TUBE AREA AT I-TH STAGE STATOR INLET IN FT=sx2 MAIN 143
c CALCULATION MAIN 144
C XBLEED(I) ELEED(MASS FRACTION} MAIN 145
S R b b S e 0 o 2 0 L U A o O A o NNV SRR MAIN 148
CCCCCCCCCCCCeoecrceeLeereeoeecteeeceerceeereeeereeeeeeoeeeceeeceeeeeeece MAIN 147
c C MAIN 148
C READ INPUT DATA C MAIN 148
C C MAIN 150
00 00 0 0 5 1 o o o i o o o T2 B 151
READ(5,93) NS MAIN 152

S9 FORMATC(IL) MAIN 153
N51=NS+1 MAIN 154
READ(S, 100) (RRHUB(I),I=1,NS) MAIN 155

100 FORMAT (BF5.3) MATIN 156
READ(S5, 111)Y(RC(IJ, I=1,NS) MAIN 157

111 FORMAT(BEFS.3) MAIN 158
READ(S, 112) (RBLADE(I)»I=1,NS) MAIN 159

112 FORMAT(BF5.2) MAIN 160
READ(S, 113) (STAGERCI) ,I=1,NS) MAIN 161

113 FORMAT(EFS.2) MAIN 162
READ(S, 114) (SRHUB(I), I=1,7) MAIN 163

114 FORMAT(7FS.3) MAIN 164
READ(S,115) (SC(I)»I=1,7) MAIN 165

115 FORMAT(7F5.3) MAIN 166
READ(S, 1163 (SBLADEC(I), I=1,7) MAIN 167

116 FORMAT(7FS.2) MAIN 168
READ(5, 117)(SIGUMR(I), I=1,NS} MAIN 163

117 FORIMAT(BFS.3) MAIN 170
READ(5, 122) (SIGUMS(I) ,I=1,NS1) MAIN 171

122 FORMAT(7FS.3) MAIN 172
READ(S, 124) (BET2SS(I1), I=1,NS1) MAIN 173

124 FORMAT(7F5.2) MAIN 174
READ(S, 127) FNF MAIN 175

127 FORMAT(F8.2) MAIN 178
REAT(S, 128) XDIN, ICENT.XDDIN, IICENT MAIN 177

128 FORMAT(FS5.3511,F5.3,11) MAIN 178
READ(S, 123) TOG, TOW, PO MAIN 179

123 FORMAT(3F7.2) MAIN 180
READ(S, 130) DIN,DDIN MAIN 181

130 FCRMAT(2FB.1) MAIN 182
READ(S, 132) FND,TO1D,P0LD MAIN 183

132 FORMAT(F7.1,2F7.23 MAIN 184
READ(S, 133) XCH4,RHUMID MAIN 185

133 FORMAT(F5.3,F10.5) MAIN 186
READ(S, 134) FMWA, FMWU, FMWC MAIN 187

134 FORMAT(3F7.3) MAIN 188
READ(5, 135) PREB, DLIMIT MAIN 183

135 FORMAT(FS.1,Fr.1) MAIN 190
READ(5, 140) (STAGES(I),I=1,NS1) MAIN 191

140 FORMAT(7FS.2) MAIN 192
READ(S, 141) (GAPR(I),I=1,NS) MAIN 193

141 FORMAT(BF7.5) MAIN 184
READ(S,s 142) (GAPS(I),I1=1,NS) MAIN 195

142 FORMAT(BF7.5) MAIN 186
READ(S, 145) (RRTIP(I}, I=1,NS)} MAIN 197

148 FORMAT(BFB.3) MAIN 198
READ(Ss 147) (SRTIP(I),I=1,NS1) MAIN 189

147 FORMAT(7FB.3) MAIN 200
READ(S, 1491) IRAD MAIN 201

1491 FORMAT(I1) MAIN 202
READ(S, 1492) (RT(I), I=1,NS) MAIN 203

1492 FORMAT(BFS.3) MAIN 204
READ(S, 1493) (RM(I), I=1,NS) MAIN 205

1493 FORMAT(BF5.3) MATIN 208
READ(S, 1494) (RH(I), I=1,NS) MAIN 207

1494 FORMAT(BFS.3) MAIN 208
READ(S, 1485) (ST(I), I=1,NS) MAIN 203

1495 FORMAT(BF5.3) MAIN 210
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1496
1487
1498
1489
1502
1503
1504
1505
1506
1507
1508
1508
1511
1512
1513

Tl N R E b o s e R e et S it

READ(5s 1436) (SM(I)sI=1,NS)
FORMAT (EFS.3)

READ(5, 1497) (SH(IJ}s I=1,NS)
FORMAT (6F5.3)

READ(S, 1488) (BLOCK(I),I=1,NS)
FORMAT(BFS.3)

READ(5, 1493) (BLOCKS(I),I=1sNS1)
FORMAT (7FS.3)

READ(S, 1502) (BET1MR(I)sI=1,NS)
FORMAT(BF5.2)

READ(S5, 1503) (BET2MR(I)sI=1,NS)
FORMAT (6F5.2)

READ(S, 1504) (BETIMS(I),I=1,NS1)
FORMAT(7FS.2)

READ(5, 1505) (BET2MS(I),I=1,NS1)
FORMAT(7FS.2)

READ(S, 15060 DSMASS
FORMAT(F10.6)

READ(5, 1507) (PR12D(I}»I=1,NS)
FORMAT (BF5.3)

READ(S, 1508) (PR13D(IJ,»I=1,sNS)
FORMAT(BFS5.3)

READ(S, 1509) (ETARD(IJsI=1,NS)
FORMAT (BFS.3)

READ(S, 1511) (SAREA(I}s I=1,NS)
FORMAT(BF10.7)

READ(S, 1512) (SARREAS(I)sI=1,NS1)
FORMAT(7F10.7)

READ(S, 1513) (XBLEED(I), I=1,NS)
FORMAT(EF5.2)

C OTHER INPUT DATA

1530

150

152

FNFN=FNF*100.0

WKDONE=1.0

IPRINT=1

DO 1530 I=1,NS

FMR1(I)=0.6

FMA2(I)=0.6

CONTINUE

AK1=1.0

AK2=0.0

AK3=0.0

ARAARIGU=5AREAR(1)

RU=1545.3

RHOW=62.54

CPW=1.0

RA=RU/FMHA

RU=RU-/FMWY

RCH=RU/FMWC

DELU=0.0

DELUU2=10.0

DELUL2=10.0

REAUE=0.0

GC=32.174

AJ=778.16

PAI=3.1415326

DO 150 I=1,NS
AAREA(I)=PAI*((RRTIP(I)/12.0)**2-(RRHUB(I)/12,0)%x2)*BLOCK(I)
ARREAS(I)=PAI*(SRTIP(I)**2-SRHUB(I)**2)/144,0%BLOCKS(I)
DELZ2(I)=(RCC(I)+SC(I))-12.0
CONTINUE

NS1=NS+1
AARREAS(NS1)=PAI*(SRTIP(NS1)»#2-SRHUB(NS1)#x2)/144,0%BLOCKS(NS1)
AAARIT=AAREA(1)

DO 152 I=1,NS
AREA(I)=SAREA(I)
AREAS(I)=SAREAS(I>
CONTINUE
AREAS (NS1)=SAREAS(NS1)
FN=FND#FNF#SQRT(T0G/518.7)
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OTO1G=TOG MAIN 281
OT01D=TOW MAIN 282
oPQ1=PO MAIN 283
CRPM=FNF#*FND MAIN 284

DO 151 I=1,NS MAIN 285
UTIP(I)=RT(I) 12.0%2.0%PAI*FND-60.0 MAIN 286
UTIPG(I)=RRTIP(I)-12.0%2.0%PAI*FND/60.0 MAIN 287
UTIP2(I)=ST(I)/12.0%2,0%PAI*FND/60.0 MAIN 288
UTIPD(I)=RT(I)~12.0%2.0=PAI*FND-60.0 MAIN 289
UOUCI)=C(UTIPCIX UTIPDC(I) 3% MAIN 230
UMEANCI)=RM(I}/12.0%2.0=PAI*FND/E0.0 MAIN 291
UMEAN2(I)=SM(I)/12.0=2.0=PAI*FND/60.0 MAIN 292
UHUB(I)=RH(I)12.0%2.0=PAI=*FND/60.0 MAIN 293
UHUB2¢(I)=SH(I)~/12.0%2,0=PAI=FND/60.0 MAIN 294
IF(IRAD.EQ. 1) UCTI=UTIP(I) MAIN 295
IFC(IRAD.EQ@.2) UCI)=UMEANCI) MAIN 296
IFC(IRAD.EQ.3) U(CIY=UHUBC(I) MAIN 23r
IF(IRAD.EQ. 1) UU2C¢I)=UTIP2(I) MAIN 298
IF(IRAD.EQ.2) UU2¢I)=UMERN2(I) MAIN 2399
IF(IRAD.EQ.3) UU2(I)=UHUB2C(I) MAIN 300
IF(IRAD.EQ.1) RADI1C(I)=RTC(I) MAIN 301
IFC(IRAD.EGQ.1) RADI2(I)=ST(I) MAIN 302
IF(IRAD.EQ.2) RADI1C(I)=RM(I) MAIN 303
IF(IRAD.EQ.2) RADIZ(I)=SM(I) MAIN 304
IF(IRAD.EQ.3) RADIL(II=RH(I) MAIN 305
IF(IRAD.EQ.3) RADIZ(IN=SH(I) MAIN 3086

151 CONTINUE MAIN 307
C +++++++++4++++t+ b+t bbb bR bbb R MAIN 308
ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC MAIN 309
C MARIN 310

C PRINT OUT OF INPUT DATA MAIN 311
C C MaAIN 312
CCCCCCCCCCCCCcCCeCCecereececeeceeeeeeeoceceeeeeeeceeeecececeeeceocceeeceeereececeecce MAIN 313
WRITE(B, 1600) MAIN 314

1500 FORMATCIHI » Oy 7263835305036 36 3636 3¢ 38 56 3032 30 36 36 % ¢ 36 % 3696 % 3636 % TNPUT DATA *%x%xxxxxx  MAIN 315
P H KRR R IR H ) MAIN 316
WRITE(GE,1610) NS MAIN 317

1610 FORMAT(1HO, 1X, ZNS(NUMBER OF STAGE)=#,12) MAIN 318
IFCIUNIT.EQ.1) WRITE(B, 1601) MAIN 319

1801 FORMATC(1IH 51X, #UNIT=ENGLISH UNIT#) MAIN 320
IFCIUNIT.EQ.2) WRITE(G, 1602) MAIN 321

16802 FORMATC(IH 51Xy #UNIT=METRIC UNIT#) MAIN 322
WRITE(B, 1603) IPERFM MAIN 323

1603 FORMATC(IH 51Xy #IPERFM=#,11) MAIN 324
IF(IRAD.EQ.1) WRITE(Ss 1604) MAIN 325

1604 FORMAT(1H » 1X, #PERFORMANCE AT TIP#) MAIN 326
IF(IRAD.EQ.2) WRITE(B, 1605) MAIN 327

1605 FORMAT(1H , 1X, #PERFGRMANCE AT MEAN=) MAIN 328
IF(IRAD.ER.3) WRITE(G, 1606) MAIN 328

1606 FORMATC(1H » 1X, #PERFORMANCE AT HUB=) MAIN 330
WRITE(B, 1620) MAIN 331

1620 FORMAT(1HO, 14K, 217, 5K Z25s 5X» £33, 5Ky #d#s 5Xy Z57# s 5Xs #6#) MAIN 332
WRITE(B, 1630) (RRHUB(I),I=1,NS) MAIN 333

1630 FORMATC(1H »1X, ZRRHUB(I)#,3XsB(F5.351X)) MAIN 334
WRITE(BG, 1640) (RC(I),I=1,NS) MAIN 335

1640 FORMATC(1IH » 1Xs #RC(I)#sEXs 5(F5.35 1X)) MAIN 336
WRITE(B, 1650) (RBLADEC(I),I=1,NS) MAIN 337

1650 FORMAT(1H »1X, #RBLADE(I}#,2XsB(F5.25 1X)) MAIN 338
WRITE(E, 16603 (STAGER(I)» I=1,NS) MAIN 339

1660 FORMAT(1H » 1K, #STAGER(I)#,2X,B(F5.25 1X)) MAIN 340
WRITE(B, 1661) (STAGES(I),I=1,NS) MAIN 341

1661 FORMATC(1H » 1X, #STAGES(I)#s2XsB6(F5.25 1X)) MaIN 342
WRITE(By 1670) (SRHUB(I), I=1,NS1) MAIN 343

1670 FORMATC(IH » 1K, #SRHUB(I)5, 3Xs 7(F5.3s 1X)) MAIN 344
WRITE(B, 1680) (SC(IJ»I=1,NS) MAIN 345

1680 FORMAT(IH »1X, #SC(I)ZyBXsB(F5.351%)) . MAIN 3486
WRITE(E, 1690) (SBLADE(I)s I=1,NS) MAIN 347

1890 FORMATC(IH s 1X, #SBLANEC(I)#, 2XsB(F5.25 1X)) MAIN 348
WRITE(B, 1700} (SIGUMR(I)»I=1,NS) MAIN 343

1700 FORMAT(1H s 1X, #SIGUMRCII#, 2%, B6(F5.3,1X)) MAIN 350
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WRITE(B» 1750) (SIGUMS(I)sI=1,NS)
1750 FORMAT(1H , 1X,#SIGUMS(I)#,2X,6(F5.3,1X))
WRITE(B, 1¥92) (FAISTL(I)»I=1,NS)
1792 FORMAT (1H ,1X, #FAISTL(I)#,2X,6(F5.3,1X))
WRITE(B, 1795) (GAPR(I},I=1,NS)
1795 FORMATC(IH » 1%, ZGAPR(I)#, 4%, 6(F5.35 1X))
WRITE(B, 1736) (GAPS(I)»I=1,NS)
1796 FORMATC(1H » 1Xs#ZGAPS(TI)#, 4%, 6(F5.3s 1X))
WRITE(Bs 1¥38) (RRTIP(I)»I=i,NS)
1758 FORMATUIH , IXs#RRTIP(I)=»3X,6(F5.25 1X3)
WRITE(B, 1738) (SRTIP(I),I=1,NS1)
17538 FORMAT(1IH , 1X,#SRTIP(I)#, 33X, 7(F5.251X))
WRITE(E,»1801) (RT(I),I=1,NS)
1801 FORMATC(IH 51Xy #RT(I3#,BXsB(F5.351X))
WRITE(B, 1802) (RM(I),I=1,NS)
1802 FORMATC(IH »1X, #RM(I)Z,BX>,B6(F5.3,1X))
WRITE(B51803) (RH(I)»I=1,NS)
1803 FORMATC(IH , 1X, #RH(I)#, BX»B6(F5.35 1X))
WRITE(G, 1804) (ST(I),I=1,NS)
1804 FORMATC(IH 4 1X,#SH(I)#»BX>B6(F5:.351K))
WRITE(B, 1805) (SM(I),I=1,NS)
1805 FORMATC(IH » 1X,#SM(I)#,B6XsB(F5.3» 1X))
WRITE(Bs 1B0G) (SH(I),I=1,NS)
1806 FORMATC(IH ,1X, #SH(I)=,6X,B6(F5.3,1%X))
WRITE(Bs 1807) (BLOCK(I)sI=1,NS)
1807 FORMATC(IH 5 1X,#BLOCK(I)#»3X,6(F5.3s1%K))
WRITE(E, 1808) (BLOCKS(I)sI=1,NS)
1808 FORMATC(1H , 1X, #BLOCKS(I)#,2X,B(F5.35 1X))
WRITE(E»1811) (BETIMR(I),I=1,NS)
1811 FORMATC(IH 1%, #BETIMR(I)#, 2%, E6(F5.251X))
WRITE(B, 1812) (BET2MR(I}» I=1,NS)
1812 FORMATC(1H » 1Xs #ZBETEMR(I)#s2X»B(F5.2,51X))
WRITE(Bs 1513) (BETIMS(I}sI=1,NS1)
1813 FORMATC(1H , 1X, #BET1IMS(I}#, 2%, 7(F5.251X))
WRITE(B,1814) (BET2MS(I)s I=1,NS1)
1814 FORMATC(LH 5 1%, #BET2MS(I)#»2Xs 7(F5.25 1X))
WRITE(B, 1815) (PR12D(I)sI=1,NS)
1815 FORMAT(1H » 1X,#PR12D(I)#,» 3K, 6(F5.3s 1X))
HWRITE(B, 1816) (PR13D(I)»I=1,NS)
1816 FCRMATC(IH ,1X,#PR13D(I)#,3X,E6(F5.3: 1X))
HRITE(B, 1817r) (ETARD(I), I=1,NS)}
1817 FORMATC(IH , 1X, #ETARD(I)#,3X,65(F5.35 1X))
IF(IAREA.EQ.2)Y WRITE(GE,1821) (SAREA(I)»I=1,NS)
1821 FORMATC(IH »1X, #SAREACIIF; 3X,6(F10.7,1X))
IF(IAREAR.EQ.2) WRITE(G, 1822) (SAREARS(IN,I=1,NS1)J
1822 FORMATC(IH , 1Xs #SAREAS(IIZ» 2Ky 7(F10.7, 1X))
WRITE(E,1818)
1818 FORMATCIHL, 5xy Faexsisese st e staese e sesesestnse s nsess INPUT DATA 6% %363 3% 3% %% %
PR B RN TRITRRRE)
WRITE(Bs 18003 FNF
1860 FORMAT(1HO, 1X, #FNF(FRACTION OF DESIGN CORRECTED SPEED)=#,F5.3)
WRITE(6-1810) XDIN, XDDINs RHUMIDs XCH4
1810 FORMATC(1HO, 1X, #XBINCINITIAL WATER CONTENT OF SMALL DROPLET)=#,F5.3
$s /52Xy #XODINCINITIAL WATER CONTENT OF LARGE DROPLET)=#,F5.3,7,
52X #RHUMIDCINITIAL RELATIVE HUMIDITY)=#,FB.2, 1X,#PER CENT# /s
$2KXs =XCH4 (INITIAL METHAME CONTENT)=#,F5.3)
WRITE(G,1820) TOG» TOW,PO
1820 FORMAT(1HO, 1X, #TOG(COMPRESSOR INLET TOTAL TEMPRATURE OF GAS)=#,
$F7.25 722X, FTOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)=#:F7.2s~»
$2X, #P0 (COMPRESSOR INLET TOTAL PRESSURE)=F,F7.23
WRITE(6,1830) DIN,DDIN
1830 FORMAT(1HOs 1X, #DINCINITIIL DROPLET DIAMETER OF SMALL DROPLET)=#,
$FB.1,7y2X, #DDINCINITIAL DROPLET DIAMETER OF LARGE DROPLET)=#,F6.1)
WRITE(B51850) FND
1850 FORMAT (1HOs 1X, #ZFND(DESIGN ROTATIONAL SPEED)=#,F7.1)
LWRITE(B, 1851) DSMASS
1851 FORMATC(IHO, 18, #ZDSMASS(DESIGN MASS FLOW RATE)=#,F10.4)
WRITE(Bs 1860) TOG
1880 FORMATC(1iHO, 1%, #COMPRESSOR INLET TATAL TEMPERATURE(GAS PHASE)}# ,
SF7 .25 1Xs #R#)

178

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MARIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MARIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
368
370
371
3re
373
374
375
376
377
378
3739
380
381
382
383
384
385
386
387
388
383
390
331
392
383
384
395
336
337
398
333
400
401
402
403
404
405
406
407
408
408
410
411
412
413
414
415
416
417
418
413
420



WRITE(G, 1870 PO
1870 FORMATC(1HO, 1X, #COMPRESSOR INLET TOTAL PRESSURE=#sF7.2s 1Xs #LB/FT*%2
$7)
WRITE(E, 1880) PREB
1880 FORMAT{(1HO, 1X, »PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGE
SMENT)=#, F5. 1, 1X, #PERCENT#)
WRITE(B, 1900) FN
1300 FORMAT(1HO, 1X, #ROTOR SPEED=#,F7.1s 1X, #RPM=)
WRITE(E,1910) CRPMsFNFN
1910 FORMAT (1HO, 1X, #2CORRECTED ROTOR SPEED= #,F7.1, 1X,#RPM#, #(#:2X,F5. 1,
$#PER CENT OF DESIGN CORRECTED SPEED)#)
TG(1)=TOo1D
P(1)=P01D
CALL WICSPD(DSMASSs ISTAGE)
SPEEDF=FNF
CALL CSINPT
XW(1)=0.0
CALL NASA
TR o T T B L T e s
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c

C ROTER SPEED AND RADIUS C
C

C
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DO 153 I=1,NS

UTIP(I)=RT(I)/12.0%2.0*PAI*FN-/60.0

UTIPG(I)=RRTIP(I)~12.0%2.0%PAl#FN/60.0

UTIP2(I1)=ST(I)/12.0%2.0*PAI*FN-/60.0

UTIPD(I)=RT(I)/12.0%2.0*PAI*FND-E60.0

UOUCI)=C(UTIP(I)-UTIPD(I))*x=p2

UMEANCI)=RM(I)/12.0%2.0%PAI*FN/60.0

UMEAN2(I)=SM(I)/12.0%2.0%#PAI*FN-60.0

URUB(I)=RH(I)-12.0%2.0%PAI=FMN/60.0

UHUB2(I)>=SH(I)/12.0%2.0%PAI*FN/60.0

IF(IRAD.EQ. 1)
IF(IRAD.EQ.2)
IF(IRAD.ER.3)
IF(IRAD.EQ. 1)
IF(IRAD.EQ.2)
IF(IRAD.EG. 3)
IF(IRAD.EQ. 1)
IF(IRAD.EQ.1)
IF(IRAD.EQ.2)
IFC(IRAD.ED.2)
IF(IRAD.EQ.3)
IF(IRAD.EQ.3)

U(Id=UTIP(I)
UCI)=UMEANCTI)
UCI)=UHUB(I)
Uu2(1)=UTIP2(I)
Uua2(I)=UMEAN2(I)
uu2<Ii=UHuB2(I)
RADI1(II=RTC(I)
RADIZ(1I)=5T(1)
RADBIL(I3=RM(I)
RADI2(I)=SM(I)
RADILC(ID=RK(I)
RADIR(I)=SH(I)

153 CONTINUE
D R R e o L L L o o e
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C c
C MASS FLOE RATE
C c
9408 0 ] 1 O o o o 1 o o o o o 0 X
ISTAGE = 0
N=1

901 READ(S,200) FAI
200 FORMAT(F7.5)
IF(FRI.GT.1.0) GO TO 998
IF(IPRINT.EG.2) WRITE(E>197) FAI
197 FORMAT(1HL,2X,#FAI=#,F7.5)
FAIO=FAI
UZ=UTIPG(1)=FAI
TG(1)=0TO01G
UZERD=0.0
UUZERO=0.0
RZERO=RRHUB(1)
RRZERO=RRHUB(1)
ITIP=0
IITIP=0
DAVE(N)=0.0
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5558

DBAVE(N)=0.0

TW(1)=07T01D

THW(1)=0T01D

IF(XDIN.GT.0.0) DAVE(N)=DIN
IF(XDDIN.GT.0.0) DDAVE(N)=DDIN
IF(XDIN.GT.CG.0) TW(1)=0T0lD .
IF(XDDIN.GT.0.0) THW(1)=0T01D

P(1)=0FP01

TB(1) = HWICBPT(TG(1), P(1))

WS(1) = WICSH(TG(1) » P(1) )=RHUMID~100.0
PH=WS(1)=P(1)-(WS(1)+0.6219)
TDEW(1)=HICBPT(TG (1), PH)

XHC1)=XDIN

XWH(1)=XDDIN

KATCLD)=XHN (L) +HKHHCLD

PWTO=KHT (1)

XUCL)=WS (1) /(1. 0+WS(1))=(1.0-XHT(1)=-XCH4)
RA=1, 0=RHT (1)U (13 -XCH4

RG=rA+XUCL ) +XCHE

XAIN=XA

XCHAIN=XCH4

ISTAGE=1

CALL WICPRP(XAsXU(1), XCH4y TG(1),RMIX, CPMIX, GAMMA, G1562»G3)
GAMMATI=CAMMA

RHOG(13=P(1)/RMIX/TG(1)
RHOA(1I=P(1)/RA/TG(1)

AMASSHM=~1.0

ARA2=ARRAIGU

ARAS=ARAICU

CALL HICMAC(ISTAGEs AMASSMs TG(13sP(12,MyUZsCs XWT (135 BET2S5(NS1),

SRITIR, CPMIXs RAA3)

RROG(1)=(1.0+CR=M»%2)=#=G3%*RROG(1)
RROM(1)=1.0/C((1.0-XWT(1))/RHEG(1)+XHT(1)/RHOW)
MMASS = RHOM(1L)=FAI=UTIPG(1)=RAA3
MiASSa=MMASS

HiMASSO=MMASSO#*»DIN
WWAMASD=MMASSC=XDOIN
IFCIPRINT.EQ.2) WRITE(G,55586) MMASSO, XDINs WMASSOs MMASS
FORMAT (1HO» 2X: 4(F10.552%8))
DAMY=0T01G~/518.7
DaMyY2=0P01/(14.7%144.0)
CHASS=MMASS=SERT (DAMY ) /DAMY2
AMASS = XA = MMASS
WiMASS(1)=XW (1) =[MMASS
WWMASS (1) =X (1) =MMASS

WTMASS (1)=XUT (1) =MMASS
URASS(L)=XU (1) ={1MASS
CHMGSS=XCH4#MMASS
GMASS(1)=MMASS~HTMASS(1)
CHMASS2=GMASS (1) =SERT(BAMY) ~DAMY2
AMD=AMASS

UMO=UMASS (1)

CMD=CHMASS

CGMO=CMASS(1)

WMB=WMASS (1)

HWMO=WHMASS (1)

WTMO=WTMASS (1)

TLMO=GMO+UWTI0
THMAS=WMASSO=ARARR LT ARAICY
THHMAS=HWMASD=RARRLIT/AARAIGY
WRASTL=TWMAS+TWWMAS

CCCCCCCCCCCCCCeeeeeeeeeeeereceeeeeteeLeeecceecceccecceceececeeeeeeeeeeeeeeeeee

C

C INITIAL VALUES
C c
CCCCCCCCCCCCCCCCCCCCCCeCeeeCeCeCeCeLeteeCecCeeeeCeeeeeeeeereeeeeeceeecececee

TG(3)=TG(1)
TH(3)=TH(L)
THUH(3)=THH(L)
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P(3)=P(1)
TB(3)=TB(1)
HS(3)=HS(1)
TDEW(3)=TDEW(1)
XU(3)=KXU(1)
XG=XA+XU(3)+XCH4
KW(3I=XH(1)
SWUH(3)=XHH(1)
UMASST 3)=UMASS(1)
WMASS(3)=HMARSS (1)
HWHUMASS (3)=WHMASS (132
WCENT=HWMASSD
WWCENT=WHWMASO

o B L L e o
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C c
c IGV c
c c
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C IGY IMPINGEMENT
CALL WICISS(?7,RADI1(1)s XH(1) » XG s RHEG(1)50.05UZs HH1s HH2s HW)
AMIMPS=WLH
AMWAKS = AMIMPS » (1.0-PREB)
AMREBS=AMIMPS#*PREB
(o A m e B e R S R R R R e T
C IGV WAKE
N=2
DAVE(2)=DAVE(1)
DDAVE(2)=DDAVE(1)
ALFA3=BET25S(NS1)*(FRID/FAI)=x(1.0-/7.0)
DWAKEM=0.0
IF(XDIN.GT.0.0.0R.XDBIN.GT.0.0) GO TO 628
GO TO 6239
628 CALL WICHAK(RHOG(1)sUZ, DHAKE, DWHAKEM)
629 CONTINUE
[ e e 2 5
C IGU OUTLET
HWMASS(3) = WMASS(1)
XH(3) = XW(1)
PRATIO=1.0
TRATIO=1.0
EFF=1.0
AMIMPR=0.0
AMREBR=0.0
AMWAKR=0.0
DELTGH=0.0
DELTDW=0.0
DELTGH=0.0
DELTDH=0.0
DELT=0.0
DELP=0.0
DMDTAU=0.0
KU(3)=XU(1)
XH(3)=XH(1)
KHW(3)=XHHW(1)
HMASS(3) = WMASS(1)
HWMASS (3)=WWMASS (1)
UMASS(3) = UMASS(1)
HWS(3) = HWS(1)
TDEW(3)=TDEW(1}
RHOA(3) = RHOA(1)
RHOM(3) = RHOM(1)
RHOG(3) = RHOG(1)

TG(3) = TG(1)
TH(3) = TH(1)
TUW(3)=THW(1)
P(3) = P(1)
TB(3) = TB(1)
xu(23=0.0
XW(2) = 0.0
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XWW(2)=0.0

WMASS(2) = 0.0
WWMASS(2)=0.0
UMASS(2) = 0.0

WS(2) = 0.0
RHOA(23=0.0
RHOM(2) = 0.0
RHOG(2)= 0.0
T6(2)=0.0
TH(2) =0.0
THH(2)=0.0
P(2) = 0.0
TB(2) = 0.0

TDEH(2)=0.0
GAMMAG=GAMMA

C +ddttdtddtdrtttrt bbbt s bbb bbb bbb bbbt b bbb bbb bbbt bR

C IGU
300
301
302

303

304
305
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307
308
308
310
311
312
313
314
315
316
321

OUTLET

IFCIPRINT.EQ.2) WRITE(B,300) ISTAGE

FORMAT (1HO, 5Xs #ISTAGE=+>5 I1, 2X, #(IGUI#)

IF(IPRINT.E@.2) WRITE(B,301) PRATIO, TRATIO,EFF

FORMAT (1HO,5X, 3(F12.355K))

IFC(IPRINT.EQ.2) WRITE(B,302) FAI, UZ, XA

FORMAT (1HO» 5%y 3(F12.555X))

IF(IPRINT.EQ@.2) WRITE(E,303) MMASS, AMASS, AMIMPS, AMREBS: AMHAKS,

1AMIMPR, AMREBR, AMWAKR

FORMAT (1H0,5X, 8(F12.5,2X))
IF(IPRINT.EQ.2) WRITE(E,304) DELTCW, DELTDWs DELTGH, DELTDHs DMDTAU,

$DELT, BELP

FORMAT (1H0, 5K, 7 (F12.5:2X) 3

IFCIPRINT.EQ.2) WRITE(E>305) XU(1l), XU(2)y XU(3)

FORMAT (1HO0» 5Xs #XU=#, 3(F20.10,5X))

IFCIPRINT.EQ.2) WRITE(B,306) XW(1)s XH(Z2) » XW(3)

FORMAT (1HOs 5Ky #RW=5, 3(F20.1055X))

IF(IPRINT.EQ.2) WRITE(G,307) WMASS{1), WMASS(2) » HMASS(3)
FORMAT ( 1HO» SX» #HMASS=#, 3(F20. 105 5X3)

IF(IPRINT.EQ.2) WRITE(B,308) UMASS(1) » UMASS(2) » UMASS(3)
FORMAT (1HO» 5Xs 2ZUMASS=#, 3(F20. 105 5X) )

IFCIPRINT.EQ.2) WRITE(E,309) WS(1) », WS(2) » WS(3)
FORMAT (1HO, SX, #HS=#, 3(F20.105s35X))

IF(IPRINT.EQ@.2) WRITE(B,310) RHOAC1) » RHOAR(2) » RHOA(S3)
FORMAT (1HO0» 5X5 #RHOA=s 3(F20.1055X))

IF(IPRINT.EQ.2) WRITE(B,311) RHOM(1), RHOM(2),RHOM(3)
FORMAT (1HO,» SX» #RHOM=7, 3(F20. 1055X))

IF(IPRINT.EQ.2) WRITE(B,312) RHOG(1),RHOG(2),RHOG(3)
FORMAT (1HO, 5X, #RHOG=55 3(F20.10,5X))

IFCIPRINT.EQ.2) WRITE(6,313) TG(1)»TG(2),TG(3)

FORMAT (1HO» SXs #TG=7, 3(F20.1055X3)

IFCIPRINT.EQ.2) WRITE(E,314) TW(1),TH(2), TH(3)

FORMAT (1HO0, 5Ky #TH=+, 3(F20.1055X))

IFCIPRINT.EQ.2) WRITE(Bs315) P(1),P(2),P(3)

FORMAT (1HOs 5Xs #P=#, 3(F20.1055X))

IFCIPRINT.EQ.2) WRITE(B,316) TB(1),TB(2),TB(3)

FORMAT (1HO, SX, #TB=#, 3(F20.10,5%))

TF(IPRINT.EQ.2) WRITE(Bs321) TDEW(1), TDEW(2)s TDEW(3)
FORMAT (1HO, SXs #TDEW=753(F20.1055%))

RHOG(2)=RHOG(1)
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c
C ROTER INLET

c
900
8001

C

C
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ISTAGE=ISTAGE+1
IF(IPRINT.EQ.2) WRITE(B,80013 FAIOs ISTRGE
FORMATC1HL s 13, Sausesinimsnnsieiesss =, 1%,

SEINITIAL FLOW COEFFICIENT=#s 1XsF5.3, 1Ky #(ISTAGE= #, 12y 1Xs

B )y PR p ST RN R RN )

TG(1)=TG(3)
TH(1)=TW(3)
THACLI=THH(3)
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P(1)=P(3)

TB(1)=TB(3)

RHOA(1)=P(1)/RA/TG(1)

WS(1)=HS(3)

TDEW(1)=TDEW(3)

KUC1H)=XU(3)

XCH4=CHMASS-MMASS

XA=AMASS-MMASS

XG=XA+XU(1)+XCH4

XAIR(1)=XA

XMETANC13=XCH4

XGAS(1)=XG

XHC1)=XH(3)

KA (1) =KHH(3)

KUT(1)=XNC(1)+XHWC(1)

UMASS(1)=UMARSS(3)

HWMASS (1) =WMASS(3)

HWHMASS (1)=WHMASS (33

HWTHMASS (1)=WMASS (1) +WWMASS (1)

MMASS=AMASS+CHMASS+UMASS (1 3+WTMASS(1)

TMASS(1)=MMASS

GMASS(1)=TMASS(1)-WTMASS(1)

ALFAl=ALFA3

CALL HICPRP (XA, XUC1)s XCH4, TG(1) s RMIXs CPMIX, GAMMA, G1s G25G3)

GAMMAS=GAMMA

RARAL=ARA3
O i e e X T R e R e
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C

C
C STAGE PERFORMAMNCE CALCULATION
C

c

CCCCCCCCCCCCCCCCCtLiCiCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeteCeeee
JPERFH=2
DAMY=0. 0

IFCUTMASS(1).GT. 1, 0E-4)
$DAMY=HWMASS (1) 7/WTMASS (1)
IF(DAMY.GT.0.20) JPERFM=3
IF(IPRINT.ER.2) WRITE(E,8000) JPERFM
8000 FORMAT(1HO,= STAGE PERFORMANCE CALCULATION (JPERFM=#,I2,# )#)
IF(JPERFM.EB.2) GO TO 1301
IF(JPERFM.EQ.3) GO TO 1302
1301 CALL CSCUPT(FAI0. ISTAGE,HMMASS, ALFALs BETAL, BETAR, UZ, ALFA2s ALFA3,
XDELTGe ELTWs Wi, W2, UL5,U2)
GO TO 1303
1302 CALL CCUPT2(FAIO, ISTAGE, GMASS(1),ALFAL, BETAl, BETAZ2, UZ» ALFAZ,
SALFA3s GELTGs DELTWs W1s W2, UL, U2)
1303 CONTINUE
DELTGl=DELTG
DELTW1=DELTH
IF(UZ2.LT.0.0.0R.UZ2.GT.1000.0) WRITE(GE, 1304) UZ
1304 FORMAT(1HO, 1%, #AXIAL UELOCITY IS TOO HIGH OR TOO LOW#, =UZ=s,
$F10.5)
IF(UZ.LT.0.0.0R.UZ.GT.1000.0) GO TO 3901
O i e T T e o S R EEE R o e S
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C

C ROTOR IMPINGEMENT C
C

C
CCCCCCECCLCCCCCCCLCCCELCCLCCCECtCCCtCCCCCCCCLLCCCCCCCCCCCLeieeeerereeeee
C ROTCR IMPINGEMENT(SMALL DROPLET)

IF(IPRINT.EQ.2) WRITE(E.8010}

8010 FORMAT(IH1,# ROTOR IMPINGEMENT(SMALL DROPLET)=)

CALL HICIRS(ISTAGE,RADILI(ISTAGE)»XW(1)»XGsyRHOG(1) s BETALs W1sWH1,
SN2, WD

AMIMPR=WW

IF(AMIMPR.LT.0.0) AMINMPR=0.0

IF(AMINPR.GT.HMASS(1)) AMIMPR=WMASS(1)
AMREER=AMINPR=PREE/100.0

AMWAKR=AMIMPNR= (1. C~PRZE-1006.0)

AIRNOIR=WIASS (1) -AMIFMPR
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608

XUNOIR=AMNCIR/MMASS

XWREBR=AMREBR/MMASS

XHHAKR=AMHWAKRMMASS

IFC(IPRINT.EQ.2) WRITE(E,B09) AMIMPRs AMREBRs AMWAKR, AMNOIR,
$XWNOIR» XWREBR»s XWWAKR

FORMAT(1H »7(F12.551X))

C +++++++++++rt bttt bbbt bbb R R R
C ROTOR IMPINGEMENT(LARGE DROPLET)

8020

6030
C +++
cccce
c
C ROT
c

IFC(IPRINT.EQ.2) WRITE(E,8020)

FORMAT(1HO,# ROTOR IMPINGEMENT(LARGE DROPLET#)

CALL WICIRLC(ISTAGE,RADI1C(ISTAGE)»XWH(1)sXGsRHOG(1)s BETALs W1lsHW1s WKW
$25 HHD

BMIMPR=WW

IF(BMIMPR.LT.0.0) BMIMPR=0.0

IF(BMIMPR.GT.HWMASS (1)) BMIMPR=WWMASS(1)}

BMREBR=BMIMPR*PREB~-100.0

BMWAKR=BMIMPR*(1.0—-PREB-100.0)

BMNOIR=WWMASS(1)~BMIMPR

XWWB=0.0

IF(HWMASS(1).6T.1.0E-68) XWWB=BMWAKR/WWMASS(1)

XHHNOR=BMNOIR/MMASS

XWHRER=BMREBRMMASS

KHWWAR=BMHAKR/MMASS

IFCIPRINT.EQ.2) WRITE(B,B090) BMIMPR, BMREBRs BMNAKRs BMNOIRs XWWNOR»
$RHNRER » XHWWWAR

FORMAT(1IH »7(F12.5,1X))
S o L e o O e
CCCCCCCECCCcCccecoecteecececceeeeeecereccecceececeeecececeeeeeecceceeeeeecceeeec
C

OR WAKE

CCLCL

8030

630
631

6310
6311

6312
6313

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCeceetCCectecceccceceececcececoeececoeceeoeeeec

IFC(IPRINT.EQ.2) WRITE(E,8030)

FORMAT(1HO,# ROTOR HWAKE#)

N=N+1

ALFA=BETA2

DWAKEM=0.0

IF (AMWAKR.GT.0.0) GO TO 630

GO TO 631

CALL WICHAK(RHOG(1),H2s DHAKE» DWAKEM)

D1=DWAKEM

IF(D1.LT.0.0) D1=0.0

IF(D1.GT.DIN) D1=DIN

AMING1=AMHAKR

ALFA=BETA2

RDELV1=DELUU2

DWAKEM=0.0

IF(BMHAKR.GT.0.0) GO TO 6310

GO TO 6311

CALL KWICWAK(RHOG(1),RDELU1, DWAKEs DHAKEM)

D2=DWAKEM

IF(D2.LT.0.0) D2=0.0

IF(D2.GT.DDIN) D2=DDIN

RUP2=(80.0-BETA2)~180.0

AMINGE2=BMHAKR*RUP2

RDELV2=DELUL2

DHAKEM=0.0

IF (BMHAKR.GT.0.0) GO TO 6312

GO TO 6313

CALL WICHAK(RHOG(1),RDELUZ, DHAKEs DNAKEM)

D3=DHAKEM

IF(D3.LT.0.0) D3=0.0

IF(D3.GT.DDIN) D3=DDIN

RLOWR2=(90.0+BETA2)/180.0

AMING3=BMWAKR*RLOW2

HMASSS=HMASS (1) -AMWAKR

HMASSL=WWMASS (1)-BMWAKR

CALL WICSIZ(WMASSL»sHMASSS, AMING1» AMING2s AMING3s DDAVE(L
$),DAVE(1),D1, D2, D3, DLIMITs AMSLLs AMLGEs DSLL,s DLGE)

HHWMASS (2)=AMLGE
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HMASS(2)=AMSLL

IF(WMASS(2).LT.0.0) HMASS(2)=0.0

IF (WWMASS(2).LT.0.08) WWMASS(2)=0.0

WTMASS (2)=HWMASS (2)+WMASS(2)

UMASS(2)=UMASS(1}

MMASS=AMASS+CHMASS+UMASS (2)+HTMASS(2)

TMASS (2) =MMASS

GMASS(2)=TMASS (2)-HTMASS (2>

DARUVE(N)=DSLL

DDAVE(N)=DLGE .

XW(2)=HMASS (2) /MMASS

KWW (2)=HWMASS(2) 7MMASS

XWT (2)=HTMASS (2)/MMASS

XKU(2)=KU(1)

¥CH4=CHMASS/MMASS

XA=AMASS/MMASS

XG=XA+XU(2)+XCH4

XARIR(2)=KXA

XMETAN(2)=XCH4

XGAS(2)=XG

WS (2)=UMASS (23 /7AMASS

PU=HS(2)*P(2)/(HS(2)+0.6219)

TDEW(2)=WICBPT(TG(2),PW)

RHOA(2)=P(2)/RA/TG(2)

CALL WICPRP (XA, xXU(2)»XCH4> TG(2)» RMIX, CPMIXs GAMMAS G1, G2y 53D

RHOG(2)=P(2)/RMIX/TG(2)

IF (JPERFM.NE.3) BMASS=MMASS

IF (JPERFM.EQ.3) BMASS=GMASS(2)

CALL WICMAC(ISTAGE, BMASS, TG(2)sP(2)sMs U2y Cs XHT(2)» ALFAZ,
$RMIXs CPMIX,> AAAZ)

RHOG(23=(1.0+G2=Mx*x2)*=G3#RHOG(2)

RHOM(2)=1.0/((1.0-XWHT(2))/RHOG(2)+XHT(2)/RHOW)

RHOA(2)=(1.0+G2xM=x2)*xG3*RHDA(2)

IF(IPRINT.EQ.2) WRITE(B,B14) UZsALFA,D1, D25 D3 WWMASS(2),
$LMASS (2), UMASS (21, XH(2), XU(2)

B14 FORMAT(1H ,10(F12.5,1X))

615
6150
C +++
ccccc
c
C CEN
c

cccce
€ CEN

8040

IFC(IPRINT.EQ.2) WRITE(B,»E15)HS(2), DAVE(N)» DDAVE(N) » RHOM{(2)» RHOA
$(2),RHOM(2), RHOG(2)

FORMAT(1H »7(F12.5y1X))

IF(U2.LT.0.0.0R.UZ.GT.1500.0) WRITE(6,6150)

FORMAT (1HO,#UZ IS TOO HIGH OR TOO LOW: UZ=#,F10.4)
B T o B o s
CCCCCCCCCCeeeeecereeeeerreeeeeeeceeeeeeeceeeceeeeeeceececceceeceeceeeeecce

c

TRIFUGAL ACTICN IN ROTOR [

C
CCCCCCCCCcCeCctecececcececeteeeeereceeccecececececececceerereeeceeeeceeeceeeee
TRIFUGAL EFFECT IN ROTOR(SMALL DROPLET)

IF(IPRINT.EQ.2) WRITE(E,B040)

FORMAT(1HO, #CENTRIFUGAL ACTION IN ROTOR (SMALL DROPLET)#)
DELMW=0.0

DELMAS=0.0

RW=0.0

RWW=0.0

IF(WTMASS(1).GT.1.0E-6) RW=WMASS(1)/HTMASS(1)
IF(UTMASS(1).GT.1.0E-6) RWH=WWMASS(1)/HTMASS(1)
AMASH=(WMASTL-HCENT-WHCENT) =Rl

BMASH= (WMASTL—HCENT—HWCENT ) *RWW#XWWB
IF(DAVE(N-1).LT.1.0E-6) GO TO SS6

DD=DAVE (N-1)

DELZZ2=RC(ISTAGE)/12.0

ALFAAU=(BETA1+BETAR2) 2.0

IRS=2

RHOGAS=RHOG(2)

RHUB=RRHUB(ISTACE)

CALL WICCEN(RZERO,UZERO, DD»UZ, DELZZs ALFAAU »FN»s IRS, RHOGASs
1RHUB, R2s U2s ITIPs UZTIMEs XCs XQ» XU(2)» XCH45s RRTIP(ISTAGE) )
CALL WICDMSCIPRINTs IRADs WMASS(1)sAMASKH, AMASH, RZERD R2s ARREA(ISTA
$GE)»RADI1 (ISTAGE)» RRTIP(ISTAGE)» BMIN, DMOUT» AMASH2, DELMAS)
WCENT=DELMAS
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RZERO=R2
UZERD=U2
996 DELMW=DELMAS
o N i e 1 0 L R S WS
C CENTRIFUGAL EFFECT IN ROTOR(LARGE DROPLET)
IFC(IPRINT.EQ.2) WRITE(E,8050)
8050 FORMAT(1HO»# CENTRIFUGAL ACTION IN ROTCR (LHRGE DROPLET)#)
DELMAS=0.0
DELMWW=0.0
IF(DDAVE(N-1).LT.1.0E-6) GO TO 93996
DO=DDAVE (N-1)
DELZZ=RC(ISTAGE} /12.0
ALFAAU=0.0
IIRS=2
RHDOGAS=RHOG(2)
RHUB=RRHUB(ISTAGE)
CALL HICCEN(RRZEROsUUZERO, DDsVUZs DELZZs ALFAAY »FN» IIRS, RHOGAS,
1RHUB»R2, U2s IITIP, UZTIME, XG» XAs XU(23» XCH4, RRTIP(ISTAGE))
CALL WICDMLCIPRINT, IRAD, WWMASS (1), BMASHs BMASH, RRZERD, R2, AAREA(IS
$TAGE)» RABI1 (ISTARGE) s RRTIP(ISTAGE), DMIN», DMOUTs AMASKHZ2s DELMAS)
RRZERD=R2
UUZERO=U2
9996 DELMWW=DELMAS
WM=HMASS (2)
WHM=WHMASS(2)
WMASS(2)=HMASS(2) +DELMW
HWMASS (2)=WHMASS (2) +DELMHN
WTMASS (2)=HMASS(2) +HWMASS(2)
IFC(HTMASS(2) .GT.WMASTL) TT=WTMASS(2)/WMASTL
IF(WTHMASS(2) .GT.WMASTL)Y WMASS(2)=WMASS(2)/TT
IFCHTMASS(2).GT.WMARSTL Y WWMASS(2)=WWMASS(23/TT
DELMW=HMASS (2)-WM
DEL MWW=HWMASS (2) -KWWM
HTMASS (2)=WMASS (2) +HHMASS (2)
DELMAS=HTMASS(2)-WTMASS(1)
MMASS=MMASS+DELMAS
XH(2)=HMASS(2)/MMASS
KWW (2)=HHMASS(2) /MMASS
XU(2)=UMASS(2)/MMASS
XA=AMASS/MMASS
XCH4=CHMASS~MMASS
XG=XA+XU(2)+XCH4
DELUUM=RHOG (2} /RHOW*DELMAS
AMASS=AMASS~DELUUM=* (AMASS CMASS(2))
UMASS (2)=UMASS (2)~-DELUUM= (UMASS (2) /GMASS(2) )
CHMASS=CHMASS-DELUUM* (CHMASS/GMASS(2) )
MMASS=RMASS+UMASS (2) +CHMASS+HTMASS (2)
HS(2)=UMASS(2)/MMASS
HWCENT=WCENT+DELMW
WHCENT=HWCENT+DELMWW
IF(WMASS(2).LT.1.0E-6) DAVE(N)=0.0
IF(WWMASS(2) . L.T.1.0E-B) DDAVE(N)=0.0
o N i s s T o o e S e e
CCCCCCCCCCCCCCCCCcecccLCceCcCcCCCcCCLCceECecELceLeeereeeceeceececeeeecceeceeeceeccee
C

C
C STATOR IMPINGEMENT C
c C
CCCCCCCCCCCCCCCCCteeeeeeeececereCeeeeeeeeeeeLececeeececececeereeceeeeeeccecececece
C STATOR IMPINGEMENT(SMALL. DROPLET)
IF(IPRINT.EQ.2) WRITE(B,80E0)
8060 FORMAT(1HO,# STATOR IMPINGEMENT (SMALL DROPLETJ#)
CALL HICISS(ISTAGE,RADI2(ISTAGE),XHW(2),XGs RHOG(2)sALFAZs U2,
$HHLy WHZ s WD
AMIMPS=WW
IF(AMIMPS.GT.HWMASS(2)) AMIMPS=WMASS(2)
IF(AMIMPS.LT.0.0) AMIMPS=0.0
AMREBS=AMIMPS*PREB-100.0
AMWAKS=AMIMPS=(1.0-PREB-100.0)
IF(IPRINT.EQ.2) WRITE(B,B17) XW(2},XGs RHOG(2)sU2s HHs AMIMPSs AMRE
$BS, AMHAKS

186

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MARIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MARIN
MAIN
MARIN
MAIN

911
912
913
914
815
816
17
918
919
920
821
922
923
924
925
826
927
928
929
930
931
832
3833
8934
935
936
937
938
939
840
841
942
943
944
945
946
947
948
9439
950
551
952
853
954
855
956
957
858
959
960
961
962
863
964
965
S6E
867
968
969
S70
ar1
g72
973
9r4
875
876
Srdd
gr8
grs
980



617 FORMAT(1H »8(F12.5,1XJ) MAIN 981

(o R I e i b Xt e S MAIN 982
C STATOR IMPINGEMENT(LARGE DROPLET) MAIN 883
IF(IPRINT.EQ.2) WRITE(S,3070) MAIN 934

8070 FORMAT(1HO,# STATOR IMPINGEMENT (LARGE DROPLET)#) MAIN 985
CALL HICISL(ISTAGEsRADIZ(ISTAGE), XWH(2), XG> RHOG(2)s ALFAZ, U2y W1 MAIN 986

$s HW2s WHD MAIN 887
BMIMPS=WW MAIN 988
IF(BMIMPS.LT.0.0) BMIMPS=0.0 MAIN 988
IF(BMIMPS.GT.HHWMASS(2)) BMIMPS=HWMASS(2) MAIN 8390
BMREBS=BMIMPS*PREB-100.0 MAIN 931
BMWAKS=BMIMPS*(1.0-PREB~100.0) MAIN 832
IF(IPRINT.EQ.2) WRITE(GsBB17) XWW(2),XAs RHOA(Z2)sUZy WWs BMIMPS, BM MAIN Sa3
$REBSs BMWAKS MAIN 994

6617 FORMAT(1H »8(F12.5,1X)) MAIN 835
[ I O bt o o e MAIN 996
CCCCCCCCCCcCCCcecceeeeeceeeoeeoeccocecceerceeoeceeeoeeceeeeeceeeeoccecececeececcet . MaIN 997
C C MAIN 938
C STATOR WAKE MAIN 938
[ €C MAIN 1000
CCCCCCCCCCCcCCeCecceeceeeceLecceeeeceeeeceececececeecereceececeeeceeoeceeeecececceceee MAIN 1001
IF(IPRINT.EQ.2) WRITE(G,B080) MAIN 1002

8080 FORMAT(1HO,# STATOR WAKE#) MAIN 1003
N=N+1 MAIN 1004
ALFA=ALFA3 MAIN 1005
DHAKEM=0.0 MAIN 1006
IF(AMWAKS.GT.0.0) GO TO 632 MAIN 1007

GO TO B33 MAIN 1008

632 CALL WICHWAK(RHOG(2),U2, DUAKE, DHAKEM) MAIN 1009
€33 D1=DWAKEM MAIN 1010
IF(D1.LT.0.0) D1=0.0 MAIN 1011
IF(D1.GT.DIN) D1=DIN MAIN 1012
AMING1=AMHAKS MAIN 1013
ALFA=ALFA3 MAIN 1014
SDELU1=DELUUZ2 MAIN 1015
BUAKEM=0.0 MAIN 1016

IF (BMWAKS.GT.0.0) GO TO 6330 MAIN 1017

GO TO 6331 MAIN 1018

£330 CALL WICWAK(RHOG(2),SDELU1, DHAKE, DWAKEM) MAIN 1018
6331 D2=DWAKEM MAIN 1020
IF(D2.LT.0.0) D2=0.0 MAIN 1021
IF(D2.GT.DDIN) D2=DDIN MAIN 1022
SUP2=(80.0-ALFA3)/180.0 MAIN 1023
AMING2=BMWAKS*5UP2 MAIN 1024
SDELU2=DELULZ MAIN 1025
DWAKEM=0.0 MARIN 1026
IF(BMWAKS.GT.0.0) GO TO 6332 MAIN 1027

GO TO 6333 MAIN 1028

6332 CALL WICWAK(RHOG(2)sSDELU2, DWAKEs DWAKEM) MATIN 1023
6333 D3=DBWAKEM MAIN 1030
IF(D3.LT.0.0) D3=0.0 MAIN 1031
IF(D3.GT.DDIN) D3=DDIN MARIN 1032
SLOW2=(90.0+ALFA3)~180.0 MAIN 1033
AMING3=BMWAKS*SLOW2 MAIN 1034
HMASSS=WMASS (2) -AMWAKS ' MAIN 1035
WMASSL=KWWMASS (2) -BMHAKS MAIN 1036
IF(HMASSS.LT.0.0) WMASSS=0.0 MAIN 1637
IF(HMASSL.LT.0.0) WMASSL=0.0 MAIN 1038

CALL HWICSIZ(WMASSLsWMASSSs AMINGLs AMINGZ2, AMING3s DDAVE(2) » DAVE ( MAIN 1039
$2),01,D2, D3, BLIMITs AMSLLs AMLGE» BSLL» DLGE) MAIN 1040
WHMASS (3)=AMLGE MAIN 1041
WMASS(3)=AMSLL MAIN 1042
IFC(WMASS(3).LT.0.0) WMASS(3)=0.0 MAIN 1043

IF (WWMASS(3).LT.0.0) WHIMASS(3)=0.0 MAIN 1044
WTMASS (3)=WWMASS(2)+HMASS(2) MAIN 1045
UMASS(3)=UMASS(2) MAIN 1046
MMASS=AMASS+CHMASS+UMASS (3)+HTMASS(3) MAIN 104v¢
TMASS (3)=MMASS MAIN 1048
GMASS(3)=TMASS(3)-WHTMASS(3) MAIN 1049
DAVE(N)=DSLL MAIN 1050
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g13
620

951
C +++
CCCCC

c
C CENTRIFUGAL EFFECTC(IN STATOR)
c

DDAVE (N)=DLGE

XH(3)=UMASS (3) 7MMASS

XWH(3)=HHUMASS (3) /MMASS

XHT(3)=WTMASS (3)/MMASS

KU(3)=XU(2)

XA=AMASS/MMASS

XCH4=CHMARSS - MMASS

KG=KA+XU(3)+KCH4

KAIR(3)=XA

XMETAN(3)=XCH4

XGAS(3)=XG

IF(KWMASSO.LT.1.0E-B) WMASSO=HMASS(3)

IF(HWMASO.LT.1.0E-6) WWMASO=WHMASS(3)

IF(HTMASS(3).GT.0.0) RW=WMASS(33/HWTMASS(3)
IF(HTMASS(3).GT.0.0) RWH=WWMASS(3)/HTMASS(3)

TG(3)=TG(2)

TH(3)=TH(2)

IF(IPRINT.EQ.2) WRITE(E,E139) RHOA(2),UZ,ALFA, D1, D2, WHMASS(3)
$s WMASS (3)» UMASS(3) 5 XW(3), XU(3)

FORMATCIH » 10(F12.5,1K))

IF(IPRINT.EQ.2) WRITE(BE,B20) DAVEC(N)» TG(3)» TH(3)

FORMATC(1IH »3(F12.5,1X))

IF(HMARSS(2).GT.0.0.AND. WHWMASS(2).GT.0.0) GO TO 951
IF(WMASS(2).GT.0.0) GO TC 951

IF(UHMASS(2) .6T.0.0) GO TO 951

WS (3)=HS(2)

TB(3)=TB(2)

TDEW(3)=TDEW(2)

DELTG2=0.0

DELTG3=0.0

DELTW2=0.0

TRATIO=TG(3)/TG(1)

DAVE(N)=0.0

RHOA(3)=P(3)/RA/TG(3)

CALL WICPRP(XAsXU(3), XCH4, TG(3)s RMIXs CPMIX, GCAMMAs Gl G2+ G3)
RHOG(3)=P(3)/RMIX/TG(3)

IF(JPERFM.NE.3) BMASS=MMASS

IF(JPERFM.EQ.3) EMASS=GMASS(3)

CALL WICMAC(ISTAGE, BMASS, TG(3)»P(3)sMsUZ,CHy XHT (3D, ALFA3,
SRMIKs CPMIXs ARAZ)

RHOG(3)=(1,0+Ca=M==2) *=G3%=RHOG(3)
RHOM(3)=1.0-/C(1,0-RNT(3))/RROG(3)+XHT (3) 7RHOW)
RHOA(3)=(1.,0+C2=M»=2}=#=G3%RHOA(3)

GO TO 3950

CONTINUE
B R T RN R R L LS E SR R e S S
CCCCCCCCCCCrecCLceteCLeeoeoeeeeoeeeeeececeeeceeeeeeeeeccceeeeceececececeeee
C

C
CCCCCCCeCcECeeeeeeeeereeeeeeerceeeereeeeeeeeceeeececeocreeeoeereececececececc

8090

GO TO 708

IFCIPRINT.EQ.2) WRITE(BE,8030)

FORMAT(1HO, # CENTRIFUGAL ACTION IN STATOR#)
IF(BAVE(N-1).LT.1.0E-B) CO TO 708

BD=DAVE (N-13

BEL2Z2=SC(ISTRGE)~12.0

ALFAAVU=(ALFA2+ALFA3) 2.0

IRS=1

RHOCAS=RHOG(2)

RHUB=SRHUB(ISTAGE)

CALL WICCEN(RZERG>UZERDO, BD,UZs DELZZs ALFAAUs FNs IRS, RHOGAS,
1RHUB, R2, U2, ITIPs UZTIME, XGs XA> XU(2) s XCH4s SRTIP(ISTAGE) 3
THMAS=KWMASS (2) =AREAS(ISTAGE) /ARAZ
TUWMAS=WWMASS (2) *AREAS (ISTAGE ) 7ARAZ

TT=TWMAS+THWMAS

IF(TT.GT.0.0) TWUMRS=THMAS=WMASTL/TT

IF(TT.GT.0.0) TWHMAS=THWMAS=WMASTL/TT

AMASKW=WMASSO

CALL WICDMSCIPRINT, IRAD, WMASS(2), THMASs AMASHs RZERDs R2s ARAIGUs
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C +++
cccco
c

C HEA
C

cccce
C HEA

8120

8121

8122

C +++

C HEA

8123

8124

627
C++4+

$RADI2(ISTAGE)» SRTIP(ISTAGE), DMIN, DMOUT, AMASWZ2, DELMAS)

HMASS (3)=AMASH2

IF (HMASS(3).LT.0.0) HWMASS5(3)=0.0

IF (WMASS(3).GT.THMAS) WMASS(3)=THWMAS

MMASS=MMASS+DELMAS

RH(3I=HMASS(3)/MMASS

KHH (3)=WHMASS (3)-MMASS

XU(3)=UMASS(3)/MMASS

XA=AMASS/MMASS

XCH4=CHMASS-MMASS

KG=XA+XU(3)+XCH4

WS (3)=UMASS(3)/MMASS

RZERD=R2

UZERO=U2

CONTINUE

HWTMASS (3)=HMASS (3)+WHMASS(3)
T B i T i s T o
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

T TRANSFER E
] 1508 0 2 1 0 1 i o e I S O I B 0 1 I S e B Y B B S
T-TRANSFER (SMALL DROPLET)

IF(IPRINT.EB.2) WRITE(E,B120)

FORMAT(1HO» * HEAT TRANSFER#)

DELTGH=0.0

DELTWH=0.0

IF(DAVE(N-2).GT.0.0.AND.DAVE(N).GT.0.0) GO TO 8121

GO TO 8122

RE=0.0

XU1=(XU(1)+XU(3))/2.0

KH1=(XW(1)+XW(3))72.0

WMASS1=(WMASS (1)+HMASS(3) ) /2.0

UMASS1=(UMASS(1)+UMASS(3))/2.0
CPG1=XAsHICCPACTG (1) 3+XVU (L) =HNICCPH(TG (1) )+XCHA4=NICCPC(TG(1))
CPG3=XA=WNICCPA(TG(3) )+XU(II=NICCPH(TG(3) ) +XCHA=*WICCPC(TG(3))
CPG=(CPG1+CPG3)-2.0

CALL WICHET(TG(1)»TG(3)»TW(1)s TH(3), DAUE(N-2)» DAUE(N)
$s BELZ(ISTAGE) s UZ» UMASS1» UMASS1 s AMASS» CHMARSS s CPGs CPW» DELTGH
$» BELTWH, RE)

DELTG2=DELTGH

DEL TW2=BELTWH
T o T B A L S B o
T TRANSFER(LARGE DBROPLET)

DELTGH=0.0

DELTWH=0.0

IF(BDAVE(N-2).GT.0.0.AND.BDAVE(N).GT.0.0) GO TO 8123

GO TO Bl24

RE=0.0

IF(DBAVE(N-1).GT.0.0) RE=RERVE

XUL=(RU(L1I)+XU(3))s2.0

KNI=(KHW (L) +RWH(3)) 2.0

WMASS1=(WWMASS (1) +WWMASS(3)) /2.0
UMASSI=(UMASS(1)+UMASS(3))/2.0
CPG1=KA=WICCPA(TG(1))+XU(1)#HICCPH(TG (1) )+XCH4*WICCPC(TG(1))
CPG3=XA=WICCPACTG (1)) +XU(3)=WICCPHITG (3} ) +XCH4=#WICCPC(TG(3))
CPG=(CPG1+CPG3)/2.0

CALL WICHET(TG(1)»TG(3)» THWC(1) s TWW(3)s DDAVE (N-2), BDAVE(N)
$» BELZ(ISTAGE) » UZ, WMASS 1, UMASS L, AMASS, CHMASS» CPG»s CPW, DELTGH
$s DELTHH, RE)

DELTG3=BELTCH

BELTW3=DELTWH

TG(3)=TG(1)+DELTG1-DELTC2~DELTC3

TH(3)=TH(L)+DELTW1+DELTWZ

THH(3)=THUW(1)+DELTH3

TRATIO=TG(3)/TG(1)

IF(IPRINT.EQ.2) WRITE(E,627) DELTG2, DELTW2, DELTG3, DELTH3, TG(3),
STW(3) THH(3)» TRATIO

FORMAT(1H s8(F15.8, 1X))

B T B i 2 s A o o
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8130

IF(IPRINT.EQ.2) WRITE(E,8130)

FORMAT (1HOs = MASS TRANSFER=)

DAVEN2=DAVE (N-2)

DAUEN=DAVE (N)

DZ=DELZ(ISTAGE)

RE=0.0

DMOTAV=0.0

IF(BAVE(N-2) .GT.0.0.AND. BRUE(N).GT.0.0) GO TO 636
GO TO B37

636 CALL HICMASCWSC(1)s TW(1)s TH(3)sP(13,P(3), TG(1), TG(3)5 D2, PWBL,PWB2

S PH1s P2, UZ> DAUEN2> BAUEN, HWZ UMASS (1), UMASS2, HMASS (1) s HMASSR,
$OMDTAVU, AMASS, RE )

637 DMDTAl=DMDTAU

IF(OMDTAL.LT.0.0) DMBDTA1=0.0

DARUEN2=DDAVE (M-2)

DAVEN=DDAVE (N)

DZ2=DELZ(ISTAGE)

RE=0.0

DMDTAVU=0.0

IF (BDAVE(N~1).GT.0.0.AND. DBAVE(N) .GT.0.0) RE=REAVE
IF(DDAVE(N-2).GT.0.0.AND.DBAVE(N).GT.0.0) GO TO 65380
GO TO 6370

6360 CALL HWICMASIWS(L1)y THH (1), TWH(3)»P(1)sP(3)» TG(1), TG(3)5 DZs PWB1s PUB2

%5 PH1, P2, U2, DAUENZ2s DAVEN, HWR, UMASS (1) UMASSEs HWMASS (1), WMASS2S
SDMDTAYUs AMASS, RE)

6370 DMDTA2=DMDTAY

IF(DMDTAZ.LT.0.0) DMDTA2=0.0
HiMASS(3)=HMASS (3> -DBriDTAL

HWMASS (3)=WMASS (3)-DMDTA2
WHMASTL=WMASTL-(DMDTAL+BMDTAR) *ARREAS (ISTAGE ) /AAAZ
IF(HMASTL.LT.0.0) WMASTL=0.0

TF(WMASS(3).LT.0.0) WMASS(3)=0.0

IF (HWMASS(3).LT.0.0) WWMASS(3)=0.0
WTMASS(3)=HMASS (3) +WWMASS (3)
UMASS{3)=UMASS(3)+DMDTAL1+DMDBTAZ
MMASS=AMASS+CHMASS+UMASS (33 +WTMASS(3)
THASS(33=MMASS

GHMASS(3)=THMASS(3)-WTMASS(3)

XU (3)=HIPSS(3) 7MMASS

HHH(3) =HHMASS (3) /MIMASS

KWT(3)=HTMASS(3)  MMASS

RU(3)=UMASS(3) /MMASS

XA=RMASS/MMASS

XCHA=CHIMASS/MMASS

RG=RKA+HU(3)+XCH4S

XAIR(3)=XA

KMETAN(3)=¥xCH4

XEAS(33=XG

HS(3)=UMAS5(3)/AMASS

PH=WS(33=P(3)/(US(3)+0.6219)
TBEW(3)=WICBPT(TG(3),PW)

RHOA(3)=P(3)/RA/TG(3)

CALL WICPRP (XA, XU(3),XCH4» TG(3)s RMIX, CPMIX, GAMMA, G1,G2,G3)
RHOG{(3)=P(32>/RMIX/TG(3)

IF(JPERFM.NE.3) BMASS=MMASS

IF(JPERFM.EQ.3) EMASS=GMASS(3)

CALL HICMAC(ISTAGEs BMASS, TG(3)»P(3)5MsUZsCs XWTL(3)» ALFA3,
$RIMIX CPMIX, AAA3)

RHOG(3)=(1.0+C2xM=»%2) »=2G3%*RHOG(3)
RHOM(33=1.0/((1.0-XWT(3))/RHBG(3)+XWT (3)RHOW)
RHOA(2)=(1.0+C2xM=#2) #=E3%RH0G(3)
TB(3)=HICBPT(TG(3),P(3))

IFCIPRINT.EQ.2) HRITE(B,624) WWMASS(3)s¥WH(3), DDAVE(N) » WMASS(3),
SUMASS(3) 5 XH(3) 5, XU(3), HS(3), DAUE (N}

624 FORMAT(IH »9(F12.5,1X))
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IFCIPRINT.EQ.2) WRITE(B,E25) RHOA(3),RHOM(3),RHOG(3),DMBTALl, OMD
$TAZ2, P2, TH(3)» TG(3)
625 FORMAT(1H »8(F12.5,1X))
950 DELTGW=DELTG1
DELTDH=DEL TW1
DELTGH=-DELTG2-DELTG3
DELTDH=DELTH2
DELP=P(3)-P(1)
GAMMAC=GAMMA
TB(3)=WNICBPT(TG(3)sP(3))
[ S ot o T o o
CCCCCCCCCCCCCECCeeeCccCCeCceLeceeCceCceeeeeecreceeeeeeeeceecececceeceececeecccee
c

C
C OUTPUT(STAGE PERFORMANCE) c
c
CCCCCCCCCCCCLCCCeeeceeeecceooeeeoecrerceoeeceecceeeoceceoecececeoecececceccececceece
WRITE(E,400) FAIOs ISTAGE
400 FORMATCLIHL» 1 Xy 33532363 1 E XXX %% £y 1K,
$#INITIAL FLOW COEFFICIENT=#, 1XsF5.3s 1%, #(ISTAGE= #, I2s1X»
BEI Ty 2R g AW IIEIE W I I I3 I I3 63636 336 7 )
PRATIO=P(3)/P(1)
TRATIO=TG(3)/TG(1)
GAMMAU=(GAMMAS+CGAMMAD) /2.0
G4=(GAMMAU-1.0)/CAMMAU
ETARCISTAGE)=(PRATIO**G4~1,0)/(TRATIO-1.0)
HWRITE(B,402) JPERFM
402 FORMAT(1HO0,SX, #STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT,
$#(JPERFM=#, I1, #)#)
WRITE(B,401) PRATIO, TRATIO,ETAACISTAGE)
401 FORMAT(1HO,5X, ZSTAGE TOTAL PRESSURE RATIO=#,F12.5,/,
$EX, #STAGE TOTAL TEMPERATURE RATIO=#,F12.5s/,
$6X, #STAGE ADIABATIC EFFICIENCY=#,F12.5)
HRITE(E. 4025)
4025 FORMAT(1HO, 12X, #**STAGE INLET¥**=, 4X, #x%xSTAGE OQUTLET **x,
$4X» #%xSTAGE OUTLET*%%)

HWRITE(BE,4028)

4026 FORMAT(1H ,33X»#(BEFORE INTER-#,6X,#(AFTER INTER-#)
WRITE(B,4027)

4027 FORMATC(1H » 34X, #STAGE ADJUST-#, 7X» #STAGE ADJUST-#)
WRITE(BE, 4028)

4028 FORMAT(1H » 34X, #MENT)#, 15X, ZMENT)#)
HRITE(B5405) XU(1), XU{1l), XU(3)
405 FORMAT(1H »5X,#XU=#, 3(F15.5,5K))
HRITE(B,408) RXKW(1), XW(1) , XW(3)
406 FORMATC(1H »5Xs #XW=#s 3(F15.5,5X))
WRITE(E,4060) XWWC(1)sXWH(1)s XWH(3)
4080 FORMATC(1H »5SXs #XWW=#, 3(F15.5s5X))
HRITE(BE,4061) XUT(1)s XWT (1) XHT(3)
4061 FORMAT(1H »5Xs#XWT=#,3(F15.5,5X))
WRITE(B,4062) XAIR(1),XARIR(1),XAIR(3)
4062 FORMAT(1H »SX,#XAIR=#, 3(F15.5,5X))
HRITE(B,4063) XMETAN(C1), XMETANC(1)s XMETAN(3)
4063 FORMAT(1H 5SX, #XMETAN=#, 3(F15.5,5X))
HRITE(B,4084) KGAS(1),XGAS(1), XGAS(3)
4064 FORMAT(1H »5X,#XGAS#s 3(F15.5,5X))
HRITE(E,407) HMASS(1)» WMASS(1l) » WMASS(3)
407 FORMAT(1H »SX, #HMASS=#, 3(F15.5,5X))
WRITE(6,4070) HWMASS(1),HHMASS(1), HHMASS(3)
4070 FORMAT(1H s5X, #HWMASS=#, 3(F15.5,5X3)
WRITE(6,4071) WTMASS(1),WTMASS(1),UTMASS(3)
4071 FORMATC(1H »SX, #HTMASS=#, 3(F15.5,5X))
HRITE(6,4072) AMASS, AMASS, AMASS
4072 FORMAT(1H »SXs#AMASS=#, 3(F15.5,58))
HWRITE(B»4073) CHMASS, CHMASS, CHMASS
4073 FORMAT(1H »SXs #CHMASS=#, 3(F15.555X))
HWRITE(B,408) UMASS(1) , UMASS(1) , UMASS(3)
408 FORMAT(1H ,5X,#UMASS=#, 3(F15.5,5X}}
WRITE(E,4080) GMASS(13,GMASS(1), GMASS(3)
4080 FORMAT(1H »5Xs#GMASS=#, 3(F15.5s5X))
HRITE(B,4081) TMASS(1), TMASS(1), TMASS(3)
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4081 FORMAT(1H »5Xs#TMASS=#, 3(F15.5,5X))
HRITE(B»403) HS(1) » WS(1} » WS(3)
4089 FORMAT(1H »5X, #HS=#s 3(F15.555X))
WRITE(6,410) RHOA(1) » RHOA(2) » RHOA(3)
410 FORMAT(1H »5X,#RHOA=#,» 3(F15.5,5X))
. WRITE(B»411) RHOM(1)» RHOM(2),RHOM(3)
411 FORMAT(IH »5X, #RHOM=#, 3(F15.5,5X))
HWRITE(Bs412) RHOG(1),RHOG(2),RHOG(3)
412 FORMAT(1H »5X, #RHOG=#5 3(F15.5,5X))
HRITE(Bs413) TG(1),TG(2),TG(3)
413 FORMATC(1H »5X, #TG=7, 3(F15.5,5%))
HRITE(B»414) TH(13, TH(2), TH(3)
414 FORMATC(IH »5X, #TH=#, 3(F15.555K))
HWRITE(B54140) THH(1), THH(2)s THW(3)
4140 FORMATC(1H »5X, #TWW=#, 3(F15.5,5X))
WRITE(E5415) P(13,P(2),P(3)
415 FORMAT(1H ,5X,#P=#, 3(F15.5,5X))
WRITE(E,416) TB(1),TB(2), TB(3)
416 FORMAT(1H ,»5X%, #TB=#, 3(F15.5,5X))
WRITE(E,422) TDEW(1), TDEW(2), TDEW(3)
422 FORMAT(1H »5X, #TDEW=#, 3(F15.555X))
(D e Rt i
[ ¢ € D 5 ¢ ¢ o ¢ o X 1 ¢

c c
C BOILING
C C
[ 5 ¢ 1 ¢ ¢ I 0 ¢ 0 ¢ 2 B B Y B B B
GO TO 450
IF(XDIN.GT.0.0) GO TO 460
GO TO 450

460 IFC(TW(3).LT.TB(3}) GO TO 450
HU=1115.3272-0.6840309*%(TB(3)-460.0)
DAMY=CPG/HU*(TG(3)-TB(3)3}
XE=DAMY~ (DAMY+1.0)
IF(XE.GT.XH(3)) GO TO 451
XEUAPO=XE
TH(3)=TB(3)
TG(3)=TB(3)
XH(3)=XH(3)-XEUAPO
XU(3)=XU(3)+XEUAPO
GO TO 452
451 XEUAPO=XW(3)
TH(3)=0.0
TG(3)=TG(3)-XN(3)/(1.0-KH(3)I*HU/CPG
XW(3)=0.0
XU(3)=XU(3)+xXEUAPO
452 WMASS(3)=XW(3)*MMASS
UMARSS(3)=XVU(3)*MMASS
GMASS(3)=UMASS(3)+AMASS
IF(IPRINT.EQ.2) WRITE(B,s453)
453 FORMAT(1HO, #BOILING#)
IFCIPRINT.EQ.2) WRITE(B,454) HU, XEUAPO, TH(3)s TG(3)s XH(3)s XU(3)
%, WMASS(3), GMASSs UMASS (31, MMASS
454 FORMAT(1HO,10(F10.5,2X))
450 CONTINUE
B0 i me s o T o o I amtta ety
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

c
C BLEED

c c
oo ¢ 1 ¢ 0 ¢ B e 1
IF(XBLEED(ISTACE).GT.0.0) GO TO 456
GO TO 455
456 CONTINUE
XB=1.0-XBLEED(ISTAGE)
AMASS=AMASS*XB
CHMASS=CHMASS*XB
UMASS(3)=UMASS(3)*XB
MMASS=AMASS+CHMASS+UMASS (3) +HTMASS(3)
TMASS(33)=MMASS
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GMASS(3)=TMASS (3)~WTMASS(3)
RH(3)=HMASS(3)/MMASS
XHW(3)=HWMASS (3)/MMASS
XKWT(3)=HTMASS(3) 7MMASS
KU(3)=UMASS (3)/MMASS
XA=AMASS/MMASS
XCH4=CHMASS/MIMASS
XG=XA+XU(3)+XCH4
XAIR(3)=XA
XMETAN(3)=XCH4
XGAS(3)=XG
455 CONTINUE
O R i o i o T R AR BN
ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C
C REPEAT

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
IF(ISTAGE.EQ.NS) GO TO 902
GO0 TO 300
902 OUALPR=P(3)-0P01
OUALTR=TG(3)-0T016G
GAMMAU= (GAMMAI+GAMMAD) /2. 0
G4=(GAMMAU-1. 0) /GAMMAU
OUALEF=(0UALPR*%G4-1,0)/(OUALTR-1.0)
ODELTG=TG(3)-0T01G
OBELTW=0.0
DELTWW=0.0
DELMT=0.0
DELMWT=0.0
DELMG=0.0
IF(XDIN.GT.0.0) ODELTW=TW(3)-0TO01D
IF(XDDIN.GT.0.0) DELTWW=TWW(3)-0TO01D
DELMT=(MMASS-TLMO) ~TLMO
IF(HTMD.GT.0.0) DELMWT=(WTMASS(3)-WTMO)/WTMO
DELMG=(GMASS(3)-GMO)/GMD
I B i I I I Inah c  R  I
{00 0 O O o o o o e O B S B o B S Y B B e B D B S B i B 0 B B i Y
C C

C OUTPUT (OUVERALL PERFORMANCE)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
HWRITE(B,421)
421 FORMAT (1H1, #w#xssenexx® QUERALL PERFORMANCE #%%%%xx%x2)
WRITE(Bs4220) FAIO
4220 FORMATC(1HO, 1X, #INITIAL FLOW COEFFICIENT=#,F5.2)
WRITE(B,»423) CRPM, FNF
423 FORMAT(1HO, 1 X, 2CORRECTED SPEED=#,F7.1s5%,F5.3, 1%,
$ZFRACTION OF DEIGN CORRECTED SPEED#)
WRITE(B5424)XDINs XDDINs XWTOs RHUMIDs XCH4IN
424 FORMAT (1HO, 1X, #ZINITIAL WATER CONTENT(SMALL DROPLET)=#,F5.3s/»
$2X» #FINITIAL WATER CONTENT(LARGE DROPLET)=#sF5.3s/»
$2X, ZINITIAL WATER CONTENT(TOTAL)=#,F5.3,/»
$2X» ZINITIAL RELATIVE HUMIBITY=#,F5.1,5 1Xs#PER CENT#, /s
$2X, ZINITIAL METHANE CONTENT=#,F5.3)
WRITE(B,425) TOG
425 FORMAT (1HO, 1X, #COMPRESSOR INLET TOTAL TEMPERATURE=#,F8.2)
WRITE(E,4268) PO
426 FORMAT (1HO, 1X, #COMPRESSOR INLET TOTAL PRESSURE=#,F8.2)
CCMASS=CMASS*AARR1T/AAAIGU
C2MASS=CMASS2*ARAR1 T/ARAAIGU
HRITE(B,427) CMASS, CCMASS
427 FORMAT(1HO,s 1X, #CORRECTED MASS FLOW RATE OF MIXTURE=#,FB5.3s
£ (ZsFB.3s %) %)
WRITE(B,428) CMASS2,C2MASS
428 FORMAT(1HO, 1X, ZCORRECTED MASS FLOW RATE OF GAS PHASE #,FB6.3s
$Z(#,FB. 3 #)#)
WRITE(E»423) OUALPR
428 FORMAT (1HO, 1X, #OUERALL TOTAL PRESSURE RATIO=#,FB6.4)
WRITE(B5430) OUALTR
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430 FORMAT(IHO» 1Xs #OVERALL TOTAL TEMPERATURE RATIO=#,FE.4)
HRITE(By431) QUALEF
431 FORMATC(1HO, 1X, #OUERALL ADIABATIC EFFICIENCY=#,FE.4)
HRITE(E,432) ODELTG
432 FORMAT(1HO, 1Xs #OUERALL TEMPERATURE RISE OF GAS PHASE=#,F8.3)
GO TO 901
898 STOP
END
B R i e Rt i o
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C SUBROUTINE WICSPC C
C

c
CCCCcccCccocecccooececeerecececeeceeceeeteecceeeeeeececcoeeceeeeccecccccceececeeeceeecee

SUBROUTINE WICSPC(FAIO, ISTAGE,MMASS,ALFAL, UKDONE, DAUs DELUs WMAS,
$HWMAS, Ny
$OMEGAL, OMEGAZ, OMECGA3» OMEGA4 s OMEGAS» OMEGAEs OMEGAT »
$BETAl, BETAZ2, U2, ALFAZ, ALFA3, DELTGs DELTH, W1, H2s U1, U2, U3s REAVE s
$DELUUZ, DELUL2s AK1 s AK2s AK3)

REAL MsMMASS

COMMON ~/PERBUE/ JPERFMs RHOG(3)s RERUPs RERLOWs RESUPs RESLOW
Rs PREBsRRTIP(8),SRTIP(8),ARAL,ARAZ, ARA3s SARER(E)» SAREAS(TY)
RKs P(3)sTG(3)sXAs XU(3)» XCHA» XH{3) s XHH(3) 5 RHT(3)5 TH(3) 5 THW(3)
®s OMEGS(7)»OMEGR(B)>GAPR(B), GAPS(B)
Xs RRHUB(B) s RC(B) > RBLADE(E) > STAGER(B)
Xs SRHUB(Y) » SC(7) , SBLADE(?Y) » STAGES(7)
Xs SIGUMR(B) » BETISR(B) , BET2SR(B) , AINCSR(B) » ADEUSR(B)
Xs SIGUMS(Y) » BET1SS(7) , BET2SS(7) » AINCSS(?Y) » ADEUSS(?)
Xs UTIPG(B),UTIP(6),UTIPD(B),UBU(B),UMEAN(B) s UHUB(B),U(E),FAI
X» AREA(B)Ys AREAS(7),UU2(6),UTIP2(6),UMEAN2(E)» UHUB2(B)s IPRINT
Xs ICENT, IICENT,FMR1(B)>FMA2(B)s IRAD,FAID
Xy NSsNS1,RT(B)»RM(B)sRH(B)»ST(B)»SM(B),SH(B)
Xs DSMASS, ARREA(7)» ARREAS(7)s PR12D(B)» PR13D(6), ETARD(E)
Xs DR(B),DS(6), DEQR(E)s DEQAS(E), BLOCK(E)» BLOCKS(7)
Xs BETIMR(6), BETEMR(B)» BETIMS(7), BETEMS(7)>RADI1(E)sRADI2Z(6)
DIMENSION RHOM(3),ETAA(B)

IPRINT=1

CPW=1.0

RHOW=62.3

GC=32.174

AJ=778.26

PAI=3.1415926 .

CALL HICPRP(XAsXUC1)s XCH45 TG(1)s RMIX, CPMIXs GAMMAs G1s 625 G3)
RHOG(1)=P(1)/RMIX/TG{1)

BMASS=MMASS—WMAS-HIWMAS

ARA2=AREAS (ISTAGE)

ARA3=AREA(ISTAGE+13

CALL WICMAC(ISTAGE»BMASS, TG(13sP(1),MsUZyCs XWTC(1)sALFAL,
$RMIX, CPMIX, ARAL)

ASPEED=C

ASPED1=ASPEED

RHOG(1)=(1.0+G2*]M %x2)%*xC3*RHOG(1)
RHOM(1)=1.0/C(1.0=XWHT (1)) /RHOG(1)+XWT (1) /RHOWND

VzZ1=uz

uzz=uz

FAI1=UZ1-UTIPG(ISTAGE)

ALFAIR = ALFAl = PAI ~ 180.0

Ul =UZ » COS ( ALFALIR )

US1 = UZ = TAN ( ALFAIR )

WS1 = UCISTAGE)- USIL

T = WS1 » U2

BETAIR = ATAN ( T)

BETA1 = BETAIR = 180.0 - PAI

TT = UZ =x2 + [IS1 =2

Wl = SERT ¢ TT )

AMACHL = W1 ~ ASPEED

AMAC1=U1/ASPEED

TS1=TG(1)/(1,0+G2*AMAC1*%x2)

PS1=(TG(1)/TS1)*=(-G1)*P(1)

PREL1=(1.0+G2*AMACH1 %2 ) »=G1%PS1
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L

2000

2001

2002

6090

6031

TREL1=(1.0+G2*AMACH1%%2)*TS1

TG(2)=T6(1)

P(2)=P(13

ALFA2=BET1SS(ISTAGE}

Jdd=1

UZ2AS=UZ

CALL WICGSL(OMEGR(ISTAGE), SIGUMR(ISTAGE)» BET1SR(ISTAGE)s BET25R(
$ISTAGE) s AINCSR(ISTAGE Y » ADEUSR(ISTAGE) s AMACH1, BETALs DEGQSs DEQNS
$SITACS, SITACN, BET2N, OMEGAN, FMR1 (ISTAGE )s IDESIN» AK1, AK2s AK3, UZ1,
$UZ2AS, UCISTAGE ) » RADI1(1ISTAGE)Y» RADIZ(ISTAGE) )

OMEGA7=0MEGAN

BETA2=BET2N

BETA1R=BETAl*PAI~180.0

BETAZR=BETA2=PA1/180.0

BETAUE=(BETAIR+BETA2R) /2.0

TANGT=WICTANC(BETAIR)-WICTANCBETAZR)

CSAU=COS(BETAVE)

CS1=COS(BETARLR)

CL=2.0/SIGUMR(ISTAGE }®*TANGT*CSAY

CDS=0.018#(CL#*%2)

OMEGSE=CDS*SIGUMR(ISTAGE) % (CS1x*%2)/(CSAU**3)
H=RRTIP(ISTAGE)-RRHUB(ISTAGE)

SHR=RC (ISTAGE)/H/SIGUMR(ISTACE)

CDA=0.020#SHR

OMEGAN=CDA*SIGUMR(ISTAGE) % (CS1%%x2)/ (CSAU*%3)

IF(IPRINT.EQ.2) WRITE(E,2001) DOMEGSE,OMECAN, OMEGA?,CDS,CDA
FORMAT (1HO0,SF10.6)

OMES1=0MEGSE

OMEA1=0MECAN

AINCIR=BETA1-BETiMR(ISTAGE)

ADEUVIR=BET2N-BET2MR(ISTAGE)

BETA2R=BETA2%PAI/180.0

HW2=UZ-/COS(BETAZR)

UG=(Wi+l2) 2.0

CALL HICRSL(SIGUMRC(ISTAGE),BETAl, BETA2, RC(ISTAGE)» DAUs CORs OMECARY
OMEGA1=0MEGAR=2.0

DELP1=0MEGA1*0.5*RHOG (1) /GC#* (H1%%2)

IF(IPRINT.EQ.2) WRITE(E,2002) OMEGAl,DELP1

FORMAT (1H , 1X, #OMECAL1=#,2F10.5)

XG=1.0-RHT (1)

CALL WICIRL(ISTAGEsRRTIP(ISTAGE) s XWW(1)sXGsyRHOG(1)s BETALs H1lsWH1sHH
$25 HHD

BMIMPR=WW

IF (CBMIMPR.GT.WHMAS) BMIMPR=WWMAS

BMREBR=BMIMPR*PREB~100.0

BMWAKR=BMIMPR*(1.0-PREB~100.0)

BMNOIR=UHWMAS-BMIMPR

XWWNOR=BMMOIR/MMASS

XHWRER=BMREBR/MMASS

RKHHWAR=BMWAKRMMASS

IF(IPRINT.EQ.2) WRITE(BE,B50390) BMIMPRsBMREBRs BMWAKRs BMNOIRs XHWNORS
SXWHRER » XWWWAR

FORMAT(1IH »7(F12.5,1X))
RST1=RADI1(ISTAGE)**2-AAA1*144.0/2.0/PAI

RST1=SART(RST1)

RST2=2.0%RADI1 (ISTAGE ) **2—-RST1%*%2

RST2=SART(RST2)

DELR=(RST2-RST1)-12.0

FMASSR=BMWAKR~DELR

CALL WICFML(W1,W2,FMASSRs RHOG(1)sRC(ISTAGE)» SIGUMR(ISTAGE) s BETAL,
$BETAZ2s COF » OMEGAF )

OMEGAZ=0MEGAF

DELP2=0MEGA2%0.5%RHOG (1) /GC* (W1*x2)

IF(IPRINT.EQ.2) WRITE(B,B0391) OMEGAZ2,DELPZ2

FORMAT(1H » 1X, #OMEGAR2=#,2F10.5)

ug=0.0

U3=0.0

ALFA=0.0

ALFA3=0.0

CALL WICSTL(ISTAGE, 1, DAV, W1, W2, DELY, U2, U3s HWMAS, UZs Ny BETAL, BETAZS
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$ALFA2, ALFA3, BMASS, DELUUZ, DELUL 2, OMEGRU, OMEGRL » GMEGSU, OMEGSL »
$DRAGRU» DRAGRL » DRAGSUs DRAGSL » REAVE)

DMEGA3=0OMEGRU+OMEGRL.

DELP3=0MEGA3%0.5*RHOG( 1) /GC* (W1%%2)

IF(IPRINT.EQ.2) WRITE(E»E092) OMEGA3sDELP3

6032 FORMAT(1H , 1X, #OMEGA3=#,2F10.5)

200

REAUE 1=REAVE

BETAR2R = BETA2 * PAI ~ 180.0
JJd=1

UZAS=UZ

WS2 = UZ # TAN ( BETAZR J
us2 = UUR(ISTAGE) - WS2
TTT=US2/UZ

ALFAZR = ATAN ( TTT )

ALFA2 = ALFAZR * 180.0 - PAI
TTTT = UZ #*% 2 + LS2 == 2

W2 = SORT C TTTT )

TTITTT = UZ »*% 2 + US2 »x* 2
U2 = SART ( TTTTT D
DELH=WKDONE*(UUR(ISTAGE ) *US2-U(ISTACGE ) *US1)-/CC/AJ

CALL WICIRS(ISTAGEsRRTIP(ISTAGE) s XH(1),XGsRHOG(13sBETALsH1sHH1,

SHW2s WD

AMIMPR=WNW

IF(AMIMPR.GT.WMAS) AMIMPR=WMAS
PREB=50.0
AMREBR=AMIMPR*PREB~100.0
AMHAKR=AMIMPR*(1.0-PREB-100.0)
AMNOIR=HMAS-AMIMPR

XW1=0.0

XHW2=0.0

XHW3=0.0

IF(WMAS.GT.0.0) XW1=AMNOIR-/WMAS
IF(WMAS.GT.0.0) XH2=AMWAKR/WMAS
IF(HMAS.GT.0.0) XHW3=AMREBR/WMAS
DELTG=DELH/CPMIX

DEL TH1=DELH/CPHW

DELTH2=DELH-CPW

DELTW3=0.0

DEL TH=XW1*DELTH1+RXW2*DEL TW2+XW3*DELTH3
DETHWH1=0.0

DETHW2=0.0

DETWW3=0.0

DELTHW=0.0

TH(R)=TH(1)+DELTH
THH(2)=THR(1)+DELTHW
TG(2)=TG(1)+DELTG
T52=TG(2)-U2x*x2/ (2, 0%CPMIX*GC*AJ)
AG2=(GAMMA*RMIX*TS2*GC) *#0.5
ASPEED=WICASD(XWT(1)sRHOG(1),AG2)
ASPED2=ASPEED

AMAC2=U2/ASPEED

AMACH2=W2/ASPEED
PP1=GAMMA*RMIX*TREL 1 #GC
PP2=(UUR(ISTAGE) ~UCISTAGE) )**2~1.0
PP3=1.0+GC2*U(ISTAGE ) **x2/PP1*PP2
PP=PP3%*xG1
PRREL=PP-(OMEGA7+0MEGA1+0MEGA2+0MECA3) *(1.0-PS1/PREL1)
PR12=(TG(2)/TG(1) ) *x*G1*PRREL
P(2)=PR12*P(1)
PS2=(1.0+G2*AMAC2x%%2) %% (~G1)*P(2)
RHOG2=PS2/RMIX/TS2

RHOG (2)=RHOG2
RHOM2=1.0/(XG/RHOG2+XWT (1)/RHCW)
UZ=BMASS/RHOG2/RAA2

Uze=uz

EPS=1.0E-4

IF(JJ.EQ.2) GO TO 201

IF(JJ.GT.2) GO TO 202

X1=UZAS

Yi=Uz2
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201

203

202

204

300

20210

2030

2020

2040

3000

3001

uz=uze

JJd=JdJ+1

IF(UZ.LT.0.0.0R.UZ.GT.ASPEED) GO TO 993
GO TO 200

X2=UzZAS

ya2=uza

UZ=WICNEHW(X1s Y1y X2s ¥Y2)

IF(IPRINT.EQ.2) WRITE(B,203) JJsU2
FORMATCL1H » 1Xs I152X, #UZ2=#,F10.5)
Jd=Jd+1

IF(UZ.LT.0.0.0R.UZ.GT.ASPEED) GO TO 3898
GO TO 200
IF(RBS((UZAS-UZ2)/UZAS) .LT.EPS) GO TO 300
Xl=x2

Yi=vY2

X2=UZAS

Ya=Uze

UZ=WICNEW(X1s Y1y XR2s¥Y2)

IF(IPRINT.EQ@.2) HRITE(E,204) JJ,UZ
FORMAT(1HO» 1Xs I1, 2K, #UZ2=#,F10.53
Jd=JJ+1

IF(UZ.LT.0.0.0R.UZ.GT.ASPEED) GO TO 9393
IF(JJ.EQ.20) GO TO 939

GO TO 200

Uza2CL =2z

IF(JJJ.EQ.2) GO TO 2010

IF(JJJ.GT.2) GO TO 2020

XX1=UzZ2AS

YY1=Uz2CL

Jdd=JddJ+1

GO TO 2000

xX2=U22AS

Yy2=Uz2CL

UZ=WICNEH (XK1, YY1, XX2, YY2)
IFCIPRINT.EQ.2) HRITE(E,2030) JJJ,UZ
FORMATCLIH » 1X, I2, #UZ222=%,F10.5)
JJd=JdJ+1

GO TO 2000

IF(RBS ( (UZ2AS-UZ2CL ) UZ2AS).LT.EPS) GO TO 3000
XX1=XX2

Yyi=vyvye

XX2=UZ2AS

Yya2=UzaCL

UZ=HICNEW(XX1, YY1, XX2, YY2)
IFCIPRINT.EQ.2) WRITE(B,2040) JJJsUZ
FORMAT(1H » 1X, I2,#U222=#,F10.5)
Jdd=dJdJ+1

IF(JJJ.EQG.20) GO TO 3000

GO TO 2000

Uz2=yzaCL

FAI2=UzZ2-UTIPG(ISTACGE)
P(2)=(1,0+G2*AMAC2**2) **x1*PS2

JJdd=1

UZ3AS=U2

CALL WICGSL(OMEGS(ISTAGE), SIGUMS(ISTAGE), BET1SS(ISTAGE)s BET2SS
$(ISTAGE) » AINCSS (ISTAGE) » ADEUSS(ISTAGE ) » AMAC2s ALFAZ2s DEQS, DEGN,
$SITACSs SITACNs BET2Ns OMEGANs FMA2 (ISTAGE ) s IDESINs AK1s AK2s AK3, UZ2s
$UZ3AS, 0.0, RADI2(ISTAGE) » RADI1 (ISTAGE+1) )
OMEGA8=0MEGAN

ALFA3=BET2N

ALFALR=ALFA2%PAI/180.0
ALFAZR=ALFA3%PAI/180.0
ALFAAVU=(ALFALR+ALFAZR) /2.0
TANGT=HICTAN(ALFAIR)I-WICTANCALFAZR)
CSARU=COS (ALFAAV)

CS1=COS(ALFAIR)
CL=2.0-/SICUMS(ISTAGE)*TANGT*CSAV
CDS=0.018#(Cl.xx%2)
OMEGSE=CDS*SIGUMS(ISTAGE ) # (CS1%%2)/ (CSAU#*3)
H=SRTIP(ISTAGE)-SRHUB(ISTAGE)
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SHR=SC (ISTAGE ) /H/SICUMR(ISTAGE)

CDA=0.020%5SHR

OMEGAN=CBA*SICUMS(ISTAGE ) *(CS1#%23)/(CSAU*%3)

IFCIPRINT.EQ.2) WRITE(G,3002)
$0MEGSE s OMEGAN, BMEGAS» CDS, CDA

3002 FORMAT(1HO0,5F10.5)

OMES2=0MEGSE

OMEA2=0MEGAN

AINCIS=ALFA2-BETIMS(ISTAGE)

ADEVIS=BET2N-BETEMS(ISTAGE)

ALFA3R=ALFA3%PAI~/180.0

U3=UZ/COS(ALFA3R}

CALL WICRSL (SIGUMSC(ISTAGE)sALFAZ2s ALFA3s SC(ISTAGE)s DAY, CDR, BMEGAR)

OMEGA4=0MEGAR*2.0

DELP4=0MEGA4%0.,5#RHOG (2} /GC* (U2%*2)

IFC(IPRINT.EQ.2) WRITE(B,3003) OMEGA4,DELP4

3003 FORMAT(1H , 1X, #OMEGA4=#,2F10.5)

CALL WICISL(ISTAGEsSRTIPCISTAGE)sXWW(2),XGsRHOG(2) s ALFAR, U2, W1
$s WH2s HHD

BMIMPS=WHW

IF(BMIMPS.GT.HWMAS) BMIMPS=WWMAS

BMREBS=BMIMPS*PREB~100.0

BMWAKS=BMIMPS#*(1.0-PREB/100.0)

IF(IPRINT.EQ.2) WRITE(E,BE616)

6616 FORMAT(1H , 1X, ZIMPINS#)

IFC(IPRINT.EQ.2) WRITE(B,B617) XWW(2),XAs RHOG(2),UZ, U, BMIMPS, BM

$REBS» BMHAKS
6617 FORMAT(1H »8(F12.5,1X))

RST1=RADI2(ISTAGE)**2-AAA2*144,0/2.0-PAL

RST1=SART(RST1)

RST2=2.0*RADI2(ISTAGE ) #*2—-RST 1%#2

RST2=SART(RST2)

DELR=(RST2-RST1)-12.0

FMASSS=BMWAKS/DELR

CALL HICFML (U2, U3, FMASSS, RHOG2, SCCISTAGE ), SIGUMS(ISTAGE)s BETAL,
$BETA2s CDF » OMEGAF)

OMEGAS=0MEGAF

DELLPS=0MEGAS*0 . 5#*RHOG (2 /GC* (U2*%2)

IF(IPRINT.EQ.2) WRITE(E,E6618) OMEGAS, DELPS

6618 FORMAT(IH »1X,#OMEGAS=#,2F10.5)

CALL WICSTL(ISTAGE,2sDAU, W1, W2, DELU, U2, U35 WWMAS, UZ, N» BETAL, BETAZ,
$ALFAZ2, ALFA35 BMASS, DELUUR, DELUL2, OMEGRU, OMEGRL » OMEGSU» OMEGSL »
$DRAGRUs DRAGRL » BRAGSU, DRAGSL » REAVE )

OMEGARB=0MEGSU+0OMEGSL

DELPBE=0MEGAE*0.5*RHOG(2) #GC* (U2*x2)

IFCIPRINT.EQ.2) WRITE(E,E6139) OMEGAG, DELPE

B6139 FORMAT(1H » 1X, #ZOMEGAB=#,2F10.5)

REAUVER=REAVE

REAUVE=(REAVE1+REAVE2)*0,5

PR23=1. 0-(OMEGAB+0OMEGA4+0MEGAS+OMEGAB )Y * (1. 0-PS2/P(2))

PR13=(TG(2) /TG(1))*=G1*PRREL *PR23

PR13I=(TG(2)/TG(1) ) *xG1

P(3)=PR13%P(1)

TG(3)=TG(2)

TS3=TG(3)-U3x*x2/ (2. 0*CPMIX*GC*A)

AG3=(GAMMA*RMIX=TS3#GC) *#0.5

ASPEED=HICASD(XWT(1),RHBG(2),AG3)

ASPED3=ASPEED

AMAC3=U3-ASPEED

PS3=(1.0+GR*AMAC3%x2) #= (~G1)*P(3)

RHOG3=PS3/RMIX/TS3

RHOG(3)=RHOG3

RHOM3=1.0/(XG/RHOG3+XWT (1) /RHOW)

UZ=BMASS/RHOC3/ARA3

UZ3CL=VZ

IF(JJJJ.EQ.2) GO TO 3010

IF(JJJJ.GT.2) GO TO 3020

XXX1=UZ3AS

YYY1=UzZ3CL

JIddd=JdJJdd+1
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3010

3030

3020

3040

4000

404

401

402

403 FORMAT(1H »5X,#STAGE TOTAL PRESSURE RATIO(ACTUAL)=#,F12.5,/s

405
406
407
408
403
410
411

GO TO 3001

XXX2=UZ3AS

YYya=Uz3CL
UZ=UICNEH(XXX1, YYY1, XXX2, YYY2)
IFCIPRINT.EQ.2) WRITE(S,3030) JJJJd»UZ
FORMATC1H » 1X, I2,2X, #UZ33=#,F10.5)
JJdd=dJJd+1

GO TO 3001
IF(ABS((UZ3AS-UZ3CL ) UZ3AS).L.T.EPS) GO TO 4000
XXX 1=KKK2

YYYl=yvya

XRX2=UZ3AS

YYye2=Uz3CL
UZ=HICNEH (XXX 1 YYY1s XXX2s YYY2)
IF(IPRINT.EQ.2) WRITE(B,3040) JJJJryU2Z
FORMATC(LH » 1%, I2,#UZ233=#,F10.5)
JIdI=dJJJ+1

IF(JJJJ.EQ.20) GO TO 4000

GO TG 3001

UZ3=UZ3CL

FAI3=UZ3/UTIPG(ISTAGE+1)
TH(3)=TH(2)

THH(3)=TH(2)
OMEGTR=0MEGA1+0MEGA2+0OMEGA3+0MEGA?
OMEGTS=0MEGA4+0MEGAS+DMEGAB+OMEGAB
POMEG1=0MEGA1/0MEGTR*100.0
POMEG2=0MEGA2/0MEGTR%*100.0
POMEG3=0MECA3/0MEGTR*100.0
POMEG4=0MEGAR4-0OMEGTS*100.0
POMEGS5=0MEGAS~/0OMEGTS#*100.0
POMEG6=0OMEGAB/OMEGTS*100,0
POMEG?=0MEGA?/OMEGTR#100.0
POMEGB=0MEGAS-/0MEGTS*100.0
PRATIO=P(3)/P(1)
TRATIO=TG(3)/TG(1)

CALL WICPRP (XA, XU(3),XCH4s TG(3)»RMIX, CPMIX, GAMMA, G1, G2, G3)

C4=1.0-G1
ETAACISTAGE)=(PRATIO**G4~1.0)/(TRATIO~1.0)
HRITE(B»404) FAIO, ISTAGE
FORMAT C1HL » 1 Xy #5563t 2% XXX MR HNX AN, (X,
$ZINITIAL FLOW COEFFICIENT-#s 1XsF5.35 1Xs=(STAGE=+, I25 1X»
)y PRy FER IR 3256 5002 3 NI )
WRITE(Bs401) PRATIO, TRATIOs ETAACISTAGE)
FORMAT (1HO» 5X, #STAGE TOTAL PRESSURE RATIO=#,F12.5,/»
$6Xs #STAGE TOTAL TEMPERATURE RATIO=#,F12.5:/)
$6X» #STAGE ADIABATIC EFFICIENCY=#,F12.5)
WRITE(6,402) FAI1,VUZ1,UTIPGCISTAGE)
FORMAT (1HO0, SXs #2STAGE FLOW COEFFICIENT=#sF5.3s/s
$6X, #ARIAL UVELOCITY=#sF7.2s /s
$6X» ZROTOR SPEED=FsF7.25 /)
WRITE(B»403) PR13,PR13I,PRREL,PR23

$6X» #STAGE TOTAL PRESSURE RATIO(IDEAL)=#,F12.5,/,
$6X, #LOSS FACTOR IN ROTOR=#,F12.5,/»

$6X, #L0SS FACTOR IN STATOR=#,F12.5,/)
WRITE(6,405)

FORMAT (1HO» 24X, ##ROTOR INLET* %ROTOR OUTLET* #STATOR OUTLET#*#)

HWRITE(B,408) P(1),P(2),P(3}

FORMATC(1H , 1X, #TOTAL PRESSURE#, 10Xy 3(F10.4,5X))
WRITE(B»407) PS1,PS2,PS3

FORMATC(1H » 1X, #STATIC PRESSURE#»9X»3(F10.4,5%))
WRITE(B,408) TG(1),»TG(2)»TG(3)

FORMATC(1H » 1X, #TOTAL TEMPERATURE(GAS)» 3X»3(F10.4,5X))
WRITE(B,409) TS1,TS2,TS3

FORMATC(LH » 1X, #STATIC TEMPERATURE(GAS)#s 1Xs 3(F10.4,5X))
WRITE(B,410) RHOG(1),RHOG2,RHOG3

FORMAT(1H » 1Xs #STATIC DENSITY(GAS)#»5Xs3(F10.455%))
WRITE(B,411) RHOM(1),RHOM2, RHOM3

FORMATC1H » 1X, #STATIC DENSITY(MIXTURE)#, 1X,3(F10.455X))
HWRITE(B,412) UZ1,UZ28,UZ3
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412 FORMAT(1HO, 1K, #AXIAL UVELOCITY#» 10X, 3(F10.455X)3
WRITE(B,413) U1,U2,U3

413 FORMAT(1H , 1X, #ABSOLUTE UELOCITY#s 7Xs 3(F10.455X))
WRITE(B>414) H1l,WH2

414 FORMAT(IH »1X, #RELATIVE UELOCITY#s7X»2(F10.455X))
WRITE(B,415) UCISTAGE),UURC(ISTAGE)» U(ISTAGE+1)

415 FORMAT(1H » 1X, #BLADE SPEED#, 13X» 3(F10.455X))
HWRITE(B,41B) US1,US2

416 FORMAT(1H ,1X,#TANG. COMP. OF ABS. UEL.#»2(F10.455X))
WRITE(Bs417) WS1,UHS2

417 FORMAT(1H ,1X,#TANG. COMP. OF REL. UEL.#»2(F10.4,5X))
WRITE(E»418) ASPED1, ASPED2, ASPED3

418 FORMATC(IH » 1X,#ACOUSTIC SPEED#, 10X, 3(F10.4,5X))
WRITE(B,413) AMACL,AMAC2, AMALCS

419 FORMAT(1H , 1X,#ABSOLUTE MACH NUMBER#,4Xs3(F10.4,5X))
WRITE(B+4203 AMACHI1, AMACHZ

420 FORMAT(1H ,1X, ZRELATIVE MACH NUMBER#»4Xs2(F10.4,5X))
WRITE(Bs421) FAILl,FAIG,FAI3

421 FORMAT(1HO, 1X, #FLOW COEFFICIENT#»8X»3(F10.455X))
HRITE(65422) RAAL, ARAZ, ARAS

422 FORMATC(1H , 1X,#FLOWN AREA#, 15X 3(F10.45s5X))
WRITE(EB,423) ALFALl,ALFA2, ALFA3

423 FORMATC(1HO, 1X, #ABSOLUTE FLOK ANGLE#sSXs3(F10.455%))
WRITE(B>424) BETALl,BETAZ

424 FORMAT(1H » 1X,#RELATIVE FLOW ANGLE#»S5SXs3(F10.455X))
WRITE(E>425) AINCIR, AINCIS

425 FORMAT(1H , 1X, #INCIDENCE#, 16%s2(F10.455X))
WRITE(E>426) ADEVIR, ADEUIS

426 FORMAT(1H » 1Xs #DEUIATION#s 30Xs2(F10.455X3)

999 RETURN
END
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c C
€ SUBROUTINE WICMAC C
c c

5 {4 0 1 1 ] I i 00 O O ¢ ¢ ¢ e i o e e e e B B ]
SUBROUTINE WICMACCISTACE, AMASSM, TO1Gs PRES,Ms UZs Cs XH1s» ALFAS
$RMIX, CPMIX, AREAL)
REAL 1 »MAL,MCTI1,MAZsMC2s MANEWs MCNEW
COMMON ~PERBUE/ JPERFM, RHOG(3), RERUPs RERLOW, RESUPs RESLOW
¥s PREB,RRTIF(8),SRTIP(8),AAAL, ARAZ, AAA3, SAREAR(E)» SAREARS(Y)
Xy P(3),TG(3)5»KAs XU(I3) s XCHA» XH(3) > XWH(3) s XWT(3)5 TH(3)» THH(3)
Xs OMEGS(7J),OMEGR(B)sGAPR(B)s GAPS(B)
X» RRHUB(B) » RC(B) », RBLADE(E) » STAGER(BE)
Xs SRHUB(Y) , SC(Y) , SBLADE(Y) » STAGES(7?)
®X» SIGUMR(B) » BET1SR(EB) , BETESR(B) , AINCSR(B) » ADEUSR(E)
®s SIGUMS(?) , BET1SS(?) » BET25S(7¥) » AINCSS(7) » ADEUSS(?)
®s UTIPG(B),UTIP(E),UTIPD(E),UBUCE), UMEAN(B),UHUB(B),U(BE),FAI
¥y AREA(B), AREAS(7), UUR(B),UTIP2(6), UMEANZ2(6) 5 UHUB2(B)s IPRINT
X» ICENT, IICENT,FMR1(8),FMA2(E), IRAD, FAID
X»> NS>NS1,RT(B)»RM(B)»RH(B)Y»ST(B)sSM(B)» SHIE)
X» DSMASS. ARREA(7) > ARREAS(7)sPR12D(E),PR13D(E)s ETARD(E)
¥s DR(B),DS(6), DEBR(B), DEAS(E), BLOCK(E)» BLOCKS(7)
®Xs BET1MR(6),BETE2MR(B), BETIMS(7), BET2MS(7),»RADIL(E),RADIZ(E)
GAMMA=1.0-(1.0-RMIX/CPMIX/778.0)
G2=(GAMMA-1.0)/2.0
G3=-1.0/(GAMMA-1.0)
MA1=0.5
RHOG1=PRES/RMIX-/TO1G
RHOGS=(1.0+G2#MAl*%2)**G3*RHOG1
RHOW=62.4
RHOMS=1.0-¢(1,0-XW1)/RHOGS+XII1/RHOW?
TS=TO1G/ (1.0+G2*MAl*%2)
A=SART (CAMMA*RMIX*TS*32.174)
C=HICASD(XW1,RHOGSsA)
IF(JPERFM.NE.3) UZ=AMASSM/RHOMS/AREARL
IF(JPERFM.EQ.33 UZ=AMASSM/RHOCS- AREAL
IF(AMASSM.LT.0.001) UZ=UTIPG(ISTAGE)*FAI
ALFAR=ALFA*3.1415927,180.0
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MC1=U2/C/COS(ALFAR)
MA2=0.8
RHOGS=(1.0+G2*MA2*%2) xxC3*RHOG1
RHOMS=1.0-((1.0-XH1 ) RHOGS+XW1/RHOW)
TS=T01G/(1.0+G2xMA2*%x2)
A=SART (GAMMAXRMIX*TS*32.174)
C=WICASD(XWIisRHOGSsA)
IF CJPERFM.NE.3) UZ=AMASSM/RHOMS-AREA]L
IF(JPERFM.EQ.3) UZ=AMASSM-/RHOGS/AREAL
IF(AMASSM.LT.0.001) UZ=UTIPG(ISTAGE)*FAI
MC2=UZ/C/COS(ALFAR)
J=1
300 MANEW=WICNEW(MAl,MC1,HMAZ2sMC2)
RHOGS=(1.0+G2*MANEW*%2 3 %*G3%RHOG1
RHOMS=1.0-((1,0-XH1)/RHOGS+XWH1/RHOW)
TS=T01G/ (1. 0+G2*MANEW**2)
A=SORT (GAMMA*RMIX*TS*32,174)
C=WICASD(XH1,RHOGS,A)
IF (JPERFM.NE.3) UZ=AMASSM/RHOMS/AREAL
IF (JPERFM.EQ.3) UZ=AMASSM-/RHOGS/AREAL
IF(AMASSM.LT.0.001) UZ=UTIPG(ISTAGE}*FAI
MCNEW=UZ2-C-COS(ALFAR)
ERROR=ABS (MANEW—-MCNEW)
ERROR=ERROR~MANEW
EPS=1.0E-8
IF(ERROR.LT.EPS} GO TO 200
MAl1=MAZ
MC1=MC2
MAZ2=MANEW
MC2=MCNEW
J=Jd+1
IF(J.LT.S50) GO TO 300
WRITE(6,403) ISTAGE
403 FORMAT(1HO,#MZ DOES NOT CONUERGE AT STAGE=#,1I1)
GO TO 998
200 M=MANEW
IF(AMASSM.LT.0.001) ISTAGE=0
998 RETURN
END
T B e T o T o e S
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c

C FUNCTION WICASD C

c c
[ ) 0 ¢ O ¢ B o e X X S B I S B B B S B
FUNCTION WICASD ¢ XW » RHOG » CG )
RHOW=62.2567
CW = 4356.04
SIGUMA = ( XW * RHOG ) ~ ( RHOW - XW * ( RHOW — RHOG ))

Al = ( 1.0-SIGUMA ) * RHOG + SIGUMA * RHOW
A2 = ( 1.0- SIGUMA ) ~ ( RHOG * CG* CG )
A3 = SIGUMA ~ ( RHOW * CW= CW)

A4 = ALl * ( A2 + A3)

WICASD = 1.0~ SGRT ( A4 )

RETURN

END

o L e o B T e  m s o S
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c . C
C SUBROUTINE WICBOA C
c C

CCCCCeCCeeeeceeeceeeccceeeecececeeccececcececccececececececcececececececcceccccccccececceecoceeeeeo
SUBROUTINE WICBOR(OMEGAS, SIGUMAs BET1Ss BET2S, AINCIS, ADEVIS, AMACHL,
1BET1, DEQS, DEQN, SITACS» SITACN», BET2Ns Xs AK1, AK35s UZ21,UZ2, UR1,R1,R2)
CALL WICEDD(AK3,UZ1,UZ2,UR1,R1,R2s BET1S, BET2S, SIGUMAs OMEGAS,
$DEQS, SITACS)
AINCI=BET1+AINCIS~BET1S
BET2AR=BET2S
X1=BET2A
DELDEQ=WICED(AK3,UZ21,UZ2,UR1,R1,R2s BET1s X1 SIGUMAs AINCIS, AINCI)
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$-DEQS
ADEVI=ADEUIS+(6.40-9.45*AMACH1+3.45%X) *DELDEA*AK1
IF(AMACH1.LT.X) ADEVUI=ADEVIS+E.40=*DELDEA*AK1
BET2C=BET25-ADEVIS+ADEVI
Y1=BET2C
N=1
12 IF(N.GT.1) GO TO 10
BET2A=BET2S*1.1
10 X2=BET2A
DEGN=NICED(AK3,UZ1,UZ2,URL,R1,R2, BET1» X2s SICUMAs AINCIS, AINCI)
DELDEG=DEQGN-DEQS
ADEUI=ADEVIS+(6.40-3.45*AMACH1+3.45%X) *DELDEG*AK]
IF(AMACH1.LT.X) ANDEUI=ADEVIS+6.40*DEL DEQ*AK1
BET2C=BET25-ADEVIS+ADEVI
¥Y2=BET2C
DELBET=ABS{ (X2-Y2)/X2)
EPS=1.0E-6
IF(DELBET.LE.EPS) GO TO 11
BET2A=WICNEW(X1,s Y1, X2, Y2
Xl=xe
Yi=Y2
N=N+1
IF(N.GT.50) GO TO 13
GO 70 12
11 BETEN=Xe
GO TO 15
13 WRITE(E>201)
201 FORMAT(1HO,=D0 NOT CONUERGE#)
15 RETURN
END
C +++++++++++++++++++ R R R AR
0 1 1 1 0 I 0 o o ¢ O O 2 B
C C
C SUBROUTINE WICEDD c
c C
[ 1 I 1 I ¢ ¢ o I ¢ 4 1 ¢ S B e B B B B
SUBROUTINE WICEDD(AK3,UZ21,UZ2,UR1,R1,R2,BET1S, BET2S, SIGUMA,
$0MEGAS» DEQS» SITACS)
C1=180.0-3.1415926
BET1SR=BET1S-C1
BET2SR=BET25-C1
CSB1=COS(BET1SR)
CSB2=COS(BET2SR)
CSCS=CSB2-/CSB1=(VUz21,UzZ2)
CSCSS=CsB2-CSB1
TNB1=HICTANCBETISR)
TNB2=WICTAN(BET2SR)*(UZ2,/U21)*(R2/R1)
TNTN=TNB1-TNB2- (UR1-UZ1)*(1.0-(R2/R1)*%2)
DEQS=1.12%CSCS+0,61%(CSB1%#2)/SIGUMAR*TNTN*CSCS
DEQS=AK3=DEQRS
SITACS=0MEGAS*CSB2/2.0/SIGUMA% (CSCSS**2)
RETURN
END
o R e o 2 R e Rt o S
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C

c
C FUNCTION WICED c

c C
CCCereeeceececeeeeceeeeececceeceeccceececeecccccccceecccecccecccecccccccccccecececeecee
FUNCTION WICED(AK3,UZ1,U22,URL1,R1,R2,BET1,BET2s SIGUMAs AINCIS,

$AINCI)
C1=180.0-3.1415926
BET1R=BET1-/C1
BET2R=BET2/C1
CSB1=COS(BETIR)
CSB2=COS(BETZR)
CSCS=CSB2/CSB1%(Uz1,UZ2)
TNB1=WICTAN(BET1R)
TNB2=HICTAN(BET2R)*(UZ2-UZ21)*(R2/R1)
TNTN=TNB1-TNB2-(UR1-UZ1)*(1.0-(R2/R1)*%2)
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DEQ1=1.12%CSCS

AAR=ABS(AINCI-AINCIS)

DEG@2=0.0117%(AAA%*1 . 43)*CSCS

DEG3=0.51%(CSB1*%2) /SIGUMA*TNTN*CSCS

WICED=DEQ1+BEQ2+DEG3

WICED=AK3%WICED

RETURN

END _
C+++++F++++++++++++++ 4+ + 4R R R R
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c C
C FUNCTION WICMTK c

C c
CCCCCCCCceecccceceeeeeceeeeeeeceoceeeeeeeceecceceoeeeeecceceeceeerececeoeceececee

FUNCTION WICMTK(SITACS, AMACH1, DELDEQ, AK2)

IF(DELDEQ.LT.0.0> GO 7O 10

Al=0.827*AMACH1

A2=2.692% (AMACH1%%2)

A3=2.8675S* (AMACH1*%3)

A=A1-A2+A3

WICHMTK=SITACS+A* (DELDEQ@**2)*AK2

GO 10 11

10 B1=2.80*AMACH1

B2=8.71*(AMACH1*%2)

B3=9.36%(AMACH1*%3)

B=B1-B2+B3

WICMTK=SITACS+B* (DELDEQ**2)*AK2

11 RETURN

END
(00 e b N e e s
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C FUNCTION WICLOS C

C c
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FUNCTION WICLOS(BET1,BET2,SIGUMAsSITA3

Cl=180.0-3.1415926

BETIR=BET1-C1

BET2R=BET2/C1

CSB1=COS(BETLIR)

CSB2=COS(BET2R)

CSCS=CSB1-CSB2

WICLOS=SITAx*2.0*SIGUMA/CSB2* (CSCS**2)

RETURN

END
CH+++++++++++++++++++ 4+ 4+ 4+t bbb R AR
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C SUEBROUTINE WICIRS c
c

c
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SUBROUTINE WICIRS(ISTAGE»sR»XH1,XGsRHOGL,BETAL> W1,
IHHL 5 HHW2 » WW D
REAL LWC _
COMMON -PERDUE/ JPERFM,RHOG(3)sRERUP, RERLOWs RESUP, RESLOW
X» PREB,RRTIP(8)>SRTIP(8)>AAAL AAAZ, ARA3, SAREA(B) » SAREARS(T)
Xy PL3)sTG(3)s XAs RU(3) s XCHA s KN (35 XHH(3) s XUT(3)» TH(3)s THH(3)
X» OMEGS(?),0OMEGR(B)sGAPR(B), GAPS(B)
Xs RRHUB(B) s RC(B) » RBLABE(B) » STAGER(E)
X» SRHUB(?) » SC(7) s SBLADE(?7) , STAGES(?)
X, SIGUMR(B) » BET1SR(B) », BET2SR(B) » AINCSR(6) » ADEUSR(E)
Xs SIGUMS(?) s BET1SS(?) s BET2SS(7) s AINCSS(?) » ADEUSS(7)
Xs UTIPG(B),UTIP(B),UTIPD(BE),UDU(E)» UMEAN(B) UHUB(B)>U(B),FAI
X» AREA(B)s AREAS(7),UUR2(B),UTIP2(E)» UMEAN2(BE) s UHUB2(B)» IPRINT
Xs ICENT» IICENT,FMR1(B),FMA2(E), IRAD, FAID
Xs NS»NS1,RT(8),RM(B6)sRH(B)»ST(B)»SM(E),SH(B)
®s DSMASS, ARREA(7)s ARREAS(7),» PR12D(E), PR13D(B) s ETARD(E)
¥X» DR(B),DS(B), BERR(B), DEAS(E), BLOCK(6)» BLOCKS(7)
X& BET1IMR(B)» BETEMR (63, BETIMS(7)» BET2MS(73sRADI1(B)sRADI2(E)
= ISTAGE
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PAI = 3.14153826
Bl = 1.0
B2R = ( 80.0 - BETAl + STAGER ( N J)) * PAI ~ 180.0
B2 =C0S ( B2R )
LHC=XW1/XG*RHOG1
DS1=0.07=RC(N)
BETAIR = BETAl* PAI ~ 180.0
BS2 = 2.0 * PAI # R ~» RBLADE(N) = COS (BETALR} ~/
$COS(B2R)
IF(DS2.GE.RC(NY) DS2=RC(MN)
H=(ARA1%144.0)/(2.0%PAI*R)
A1=DS1=H=RBLADE(N)~144.0
A2=DS2=H=RBLADE(N)~144.0
WH1 = LUC = W1 % Bl = Al
W2 = LHC = W1 * B2 # AR
WW o= HH1 + WW2
RETURN
END
(B0 T e o LN L SR e e L PR s
CCCCCCCCrereeeeeceeeceeeeeeceeeceececeeeeecceeeeeececececeecceeceeccececeecccecece
' c

cC
C SUBROUTINE WICIRL C

C c
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SUBROUTINE WICIRL(ISTAGE,RsXW1sXGsRHOGL1s BETALs W1,
IHHL » WKW2 5 WW ) '

REAL LWC

COMMON' /PERDUE/  JPERFM» RHOG(3) s RERUPs RERLOW, RESUP, RESLOW
X» PREBsRRTIP(8),SRTIP(8)sRAALs ARAR» AAA3s SAREA(E) » SAREAS(7)
Xs P(3)sTG(3)5s XA» XU(3) 5 XCHA» X3 s XWH(3) s XHUT (35 TH(3)» THH(33
X» OMEGS(7),0MEGR(B),GAPR(B)s CAFS(B)
Xs RRHUB(B) » RC(B) > RBLADE(G) s STAGER(B)
Xs SRHUB(?) s SC(7¢) , SBLADE(Y) s STAGES(7)
Xs SIGUMR(B) » BET1ISR(E) », BET2SR(B) s AINCSR(E) » ADEUSR(B)
X» SIGUMS(Y) » BET15S(7) , BET2SS(Y) » AINCSS(7) » ABEUSS(Y)
Xs UTIPG(B),UTIP(B),UTIPD(E),UBUCEB), UMEAN(E)»UHUB(B),U(6)FAT
Xs AREA(B)» AREAS(7),UU2(E), UTIP2(6), UMEANZ(B), UHUB2(B)s IPRINT
Xs ICENTs IICENT»FMR1(B)sFMAZ(B)s IRADs FAID
Xy NSsNS1,RT(B)»RM(E)»RH(B)»ST(8),SM(B)»SH(B)
Xs DSMASS, ARREA(Y) » ARREAS(7) s PR12D(6)s PR13D(6)» ETARD(E)
X> DR(B),DS(5), DEGR(B)» DEQAS(6)> BLOCK(B)» BLOCKS(7)
¥y BETIMR(B)» BET2MR(B)» BET1IMS(7)s BETEMS(F)sRADI1(E),RADIZ(B)
N = ISTACE

PAI = 3.1415926

LWC=XH1/XG/RHOG1

ALFA=(80.0-BETA1)/2.0%PAI~180.0
BETA=(90.0+BETA1)2.0%PAI1~/180.0

B1=SINCALFA)

B2=SIN(BETA)

U1=H1=C0OS(ALFA)J

Ua=W1=COS(BETA)

S=2.0%PAI=RRTIP(ISTAGE)/RBLADE(ISTAGE) 2.0
GSI=BETA1+(80.0-BETA1)/2.0

GSIR=GSI=#PAI~180.0

STAGR=STAGER(ISTAGE)*PAI~180.0
Y2=GAPR(ISTAGE) /2. 0= (WICTAN(STAGRI-HICTAN(GSIR) )+5
DAMY1=(80.0-GSI1)*PAI/180.0

Y1=Y2=SIN(DAMY1)

BAMY2=(GSI-STAGER(ISTACE) )*PAI/180.0

DS1=Y1-/8IN(DAMY2)

IF(DS1.GT.RC(ISTAGE}> DS1=RCC(ISTAGE)
BAMY3=(80.-(90.0+BETA1)-2.0)*PAI/180.0
DAMY4=STACGER(ISTAGE)*PAI/180C.0

DAMYS=BETA1*PAI~180.0
DAMYE=S-GAPR(ISTAGE) 72. 0% (WICTAN(BAMYS)-WICTANCDAMY3))
DAMY7=COS(DAMY4) =WICTAN(DAMY3) +SIN(DAMY4)

DS2=DAMYE/DAMY?

IF(DS2.GT.RC(ISTAGE)) DS2=RC(ISTAGE)
H=(ARA1=144.0) /(2. 0=*PAI%R)

A1=DS1=H=RBLADE(N)/144.0
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A2=DS2=H=RELADE(N)~144.0

WW1L = LHC = Ul = Bl = Al

HW2 = LHC « U2 = B2 =% A2

W = WHL + HW2

RETURN

END
(B R R kS i o ot o o
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C C
C SUBROUTINE WICISS C
C c

00 1 1 1 1 0 O 1 0 0 0 1 I
SUBROUTINE WICISS( ISTAGE »R sxWl, XG » RHOGAS sALFAR2,U1 »
SHHL s HHZs WWD
REAL LWC
COMIMON ~PERDUE/ JPERFM»,RHOG(3) s RERUPs RERLDWs RESUP» RESLOW
X» PREBsRRTIP(8)sSRTIP(8),AAALs AARAR, ARA3y SAREA(B) » SAREAS(7)
Xs P33, TG(3), KA XU(3)» XCHA» KW(3) s RWH(3) » XHT (375 TH(3)5 THH(3)
Xs OMEGS(7),0MECR(6),GAPR(B)s CAPS(B)
®s RRHUB(BE) s RC(B) s RBLADE(B) » STAGER(E}
X SRHUB(?) , SC(Y) » SBLADE(?Y) , STAGES(7?)
Xs SIGUMR(B) » BETISR(B) » BET2SR(B) » AINCSR(B) » ADEUSR(B)
Xs SIGUMS(7) » BETISS(?Y) , BET2SS(?) » AINCSS(?) » ADEUSS(7)
Xs UTIPG(B),UTIP(B),UTIPD(B),UBU(E), UMEAN(E), UHUB(B),U(B),FAIL
33 ARER(B)s AREAS(7)» UU2¢(B3»UTIP2(B3, UMEAN2(B)» UHUB2(B) s IPRINT
vs ICENTs IICENTsFMR1(B)s FMAR2(E)» IRADs FAID
Xy NS> NS1,RT(B)»RM(B) s RH(B)»ST(B)»SM(B)»SH(B)
X, DSMASS, ARREA(T? ) ARREAS(7)» PR12D(6),PR13D(6)» ETARD(B)
X DR(B),DS(6),DEQR(B), DEAS(E)s BLOCK(B) s BLOCKS(7)
Xs BETIMR(B)Y, BET2MR(B)s BET1MS(7), BET2MS(7¥)»RADIL (E)sRADIZ(B)
LWC = XWl-s XG = RHOGAS
DS1=( 0.06 * SC ( ISTAGE ) ) - 12.0
PAI=3. 1415326
Bi=1.0
B2R=(90.0~-ALFAZ2+STAGES(ISTAGE) )*PAI/180.0
B2=C0S (E2R)
ALFAZR=ALFAZ=PAI~180.0
DS2=2.0=PAI*R/SBL.ADE(ISTACE)*COS(ALFA2R) ~COS(B2R)
IF(DS2.GT.SC(ISTAGE)) BS2=SC(ISTAGE)
H=(AAAR2%144.0) /(2. 0=PAI*R)
Al=DS1=H*SBLADE(ISTAGE)/144.0
AR=DS2#H*SBLADE (ISTAGE)7144.0
WH1=L HC=U1*B1xAl
WW2=I HC=U] =B2*A2
WH=HW1 -+
RETURN
END
CH+++++t+rttt+rtdttt bbb bbbttt bbb R b R b R
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C c
C SUBROUTINE WICISL c
c C

CCCCCCCCCCCCCCCCCcCcCcCceCeeeLceeeeereeececeeeceecreececeeececceceecceeceececececeeeecceceo
CCCCCCCcLecCcooecececceceeeeeeeeeceeeeLeerecceceeceeeeeeeeeeecececeeeceecceeeeeccecee
SUBRDELENE WICISLC(ISTACEs Ry XW1ls XGs RHOGLs ALFAZs H1s WW1s WH2s W)

REAL

COMMON ~PERDUE- JPERFM»>RHCG(3)sRERUPs RERLOW, RESUPs RESLOW

X» PREB,RRTIP(8),SRTIP(8),AAALsARA2, ARA3, SAREA(E) » SAREAS(7)
Xy P(3}5TG(3) 5 XAs XU(3) 5 XKCHGs XN(3) 5 XKHW(3Y s XUT (375 TH(3)» THH(3)
X, OMEGS(7),OMEGR(E),GAPR(B) » GAPS(B)

X» RRHUB(B) , RC(B) » RBLADE(E) , STAGER(B)

Xs SRHUB(?) » SC(?7) , SBLADE(?) , STAGES(7)

X» SIGUMR(B) » BETISR(B) » BET2SR(B) » AINCSR(B) » ADEUSR(E)
X» SIGUMS(Y) » BETISS(?) , BET255(7) » AINCSS(?) » ADEUSS(?)
X» UTIPG(E),UTIP(B),UTIPD(B),UOU(E)» UMEAN(B)» UHUB(E),U(B),FAI
®s» AREA(B), AREAS(7),UUR(B)»UTIP2(6)» UMEAN2(B) > UHUB2(6), IPRINT
Xs» ICENT,IICENT,FMR1(B),FMAZ2(6), IRAD,FAID

Xs NS»,NS1,RT(BJsRM(B)»RH(B)»ST(B)»SM(BE)»SH(B)

Xs DSMASS, ARREA(7)» RAREAS(7)» PR12D(6),PR13D(6)s ETARD(E)

Xy DR(B)»DS(6)s DEGR(E)s DEAS(E)» BLOCK(E), BLOCKS(7)
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Xs BET1MR(B)s BET2MR(E)s BET1IMS(?)» BET2MS(7J)sRADI1(6),RADIZ(B)
PAI=3.1415826

LHC = XWl/ XG # RHOGI
ALFA=(90.0-ALFA2)/2.0%PAI/180.0
BETA=(380.0+ALFA2)/2.0%PARI/180.0
B1=SIN(ALFR)

B2=SIN(BETA)

U1=tl1#COS(ALFA)

U2=K1=COS(BETA)
S=2.0%PAI*SRTIP(ISTAGE)/SBLADE(ISTAGE) /2.0
GSI=ALFA2+(90.0~-ALFAR2) 2.0
GSIR=GSI*PAI~-180.0
STAGR=STAGES(ISTAGE)*PAI~180.0

¥2=GAPS (ISTAGE) /2. 0% (HICTAN(STAGRI-WICTAN(GSIR})+S
DAMY1=(90.0-GSI)*PAI-180.0
Y1=Y2*SIN(DAMYL)

DAMY2=(GSI-STAGES(ISTAGE} )*PAI~180.0
DS1=Y1-SIN(DAMY2)

IF(DS1.6GT.SC(ISTAGE)) DBS1=SC(ISTAGE)
DAMY3=(90.-(90.0+ALFA2)/2.0)*PRI/180.0
DAMY4=STAGES(ISTAGE)*PAI~180.0
DAMYS=ALFA2*PAI/180.0
DAMYE=S-GAPS(ISTAGE ) /2. 0*# (WICTAN(DAMYSI-HICTAN(DAMY3))
DAMY7=COS (DAMY4) *WICTAN (DAMY3)+SIN{DAMY4)
DS2=DAMYB~DAMY?

IF(BS2.GT.SC(ISTAGE)) DS2=SC(ISTAGE)
H=(AAAZ*144.0) /(2. 0%PAI*R)

Al=DS1*H*SBLADE (ISTAGE)~144.0
A2=DS2*H*SBLADE (ISTAGE)~144.0
HH1=LHC*U1=Bi=Al

HH2=LHC*U2xB2*A2

WH=HH1+HK2

RETURN

END
o s B L S T L L o I B B e o R RS
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c
g SUBROUTINE HICHAK c
C
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SUBROUTINE WICWAK ( RHOG s V s DWAKE s DWAKEM )
UISCOF=1.20E-3
SIGUMA = 4.6534E-3
GC = 32.174
HWE=21.0
DHAKEL = ( WE * SIGUMA * GC ) » RHOG ~ U *x 2
SN=UISCOF *%2/ (RHOG*SIGUMA*DHAKE 1 *GC )
HWELIMT=12.0%(1.0+SN*%0,36)
D1=WEL IMT*SIGUMA*GC/ (RHOG*Uxx2)
WE=22.0
DHAKER2=(HE*SIGUMA*GC) /RHOG Uxx2
SN=UISCOF **2/ (RHOG*SIGUMA*DHAKER2*GC )
HELIMT=12.0%(1.0+SN**0.36)
De=HEL TMT*SIGUMA*GC/ (RHOG*U%*2)
RXXX=HICNEW(DWAKEL, D1, DUAKEZ> D2)
SN=UISCOF **2/ (RHOG*SIGUMAXXKKXK*GC )
HELIMT=12.0%(1l.0+SN*%0.36)
DHAKE=HEL IMT*SIGUMA*GC/ (RHOG*Ux%2)
DHAKEM = DWAKE ~ 3.2802 »* 1.0EB
RETURN

END
Lo e o o 2 R A G R S E R AR e m s o S S
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C

c
C SUBROUTINE HWICHET C
c

C
CCCCCcCecocececeeocerececeeeeccceeeeeeceeeccceecceececececceecceeeeeeceeeeeeeeeee
SUBROUTINE WICHETC(TG1s TG3s TH1s TW3» DAUEN2s DAVEN,
$DELZ2I, UZ, HMASS1s UMASS1, AMASSs CHMASSs CPGy CPHs DELTGH» DEL TWHs RE)
DIMENSION DELHET(S1)
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REAL ND » KA s NU , MMASS,NU
DELTGH=0.0

DELTHH=0.0
IF(WMASS1.LT.1.0E-8) GO TO 11
PAI = 3.1415927
DAVEAU=(DAVEN2+DAVEN) /2. D%*1. 0E-BE%3.2802
IF(DAVEAU.LT.1.0E-6) GO TO 11
RHOH = 62.54

ND = HMASS1

KA = 0.015 ~ 3600.0

PR=0.7

NU=2,0+0.6#SERT (RE) *PR**0,33
HCONUE = KA ~ DAUEAU * NU

J=1

10 DELT=((TGL-TH1I+(TG3-TW3))-2.0
DELHH = HCONUVE #* 4,0 * PAI * ( DAVEAU ~ 2 0 ) #*x2xDELT »
$ND*DELZI/U2Z
GMASS1=UMASS1-+AMASS+CHMASS
DEL TGH=DELHH/ (GMASS1*CPG)
DEL TWH=DELHH (HMASS 1 *CPW)
TG3=TG3~DELTGH
TH3=TH3+DEL TWH
DELHET (J)=DELHH

J=J+1

IF(J.EQ.2) GO TO 10
EROR=ABS(DELHET (J-1)-DELHET(J-2))
EPS=0.0001

IF(J.GT.50) GO TO 11
IF(EROR.GT.EPS) GO TO 10

11 RETURN
END

D R  Em m m i R e R S

7/ ( RHOW * 4,0 ~» 3.0 # PAI * ( DAVERV ~/ 2.0 ) »x 3)
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c

C SUBROUTINE WICMAS
C

c
c
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SUBROUTINE WICMAS( HW1 » THL ,
1 PWBl » PWB2 , PW1l , PW2 4, UZ ,

PUB1 =
PWB2 =
FHLl =

DMDT2 = WICMTRC TG 8 » TH 2 »

WICPUB(TH1)#144.0

WICPWB( TWE )*144.0
( HH1 = PP! ) ~ ( HW1 + 0.6219 )
DMDT1 = WICMTR( TGl » TWL » PP1 , DDAVEL , UZ »
1IPH1 »RE)
PH2AS1 = PU1

1PH2AS1 sRE)

DMDTAU
UMASSE2
WMASS2

( DMDT1 + DMDTR ) - 2.0
UMASS! + DMDTAU
HMASS!1 - DMDTAU

HW2=UMASS2-AMASS

PW2CL1

( Hi2 * PP2 ) ~» ( HWR2 + 0.62139 )

PH2AS2 = PW1 * 1.05
DMDT2 = WICMTR( TG2 » TW2 » PP2 » DDAVE2 » UZ » D2 » HMASSZ2 »
s RE)

1PH2ARS2
DMDTAY
UMASS2
HMASS2

( DMDT1 + DMDT2 > ~ 2.0
UMASSL + DMDTAU
HWMASS1 - DMDTAU

HHW2 = UMASS2 -~ AMASS

PW2CLR2
2 PW2ASHN
PHEAS1
PW2CL1
PH2AS2

DMDT2 = WICMTRC TG2 » TWR2 » PP2 ,» DDAVE2 » U2 » DZ s WMASS2 » PH

mnnan

( Hi2 = PP2 ) ~» ( HW2 + 0.6219 )

TH2 » PP1 , PP2 » TGl » TG2 » DZ »

DDAVELl s DDAUEZ2 » HW2 » UMASSI »
1 UMASS2 » WMASS1 » WMASSZ2 » DMDTAU » RAMASS

s RE)

DZ s WMASSL »

PP2 » DDAUVE2 ,» UZ » DZ 5 WMASSL »

HWICNEW ¢ PH2AS1 s PW2CL1 » PH2ASZ2 » PH2CLZ )

PH2AS2
PWaCL2
PH2ASN

12AS2 »RE)

DMDTAU
UMASS2
HWMASS2

( DMDT1 + DMDT2 ) ~ 2.0
UMASSL + BMDTAU
HMASS1 ~ DMDTAY
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HW2 = UMASS2 / AMASS

PUECLE2 = ( HH2 * PP2 ) ~ ( HW2 + 0.6219 )

ERROR = ABS ( PW2AS2 - PW2CL2 )

EPS = 0.01

IF ( ERROR . GT . EPS 3 GO T0 2

P2 = PH2AS2

RETURN

END
[ R A L L B L i o A
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C C
C FUNCTION HWICMTR C

c C
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FUNCTION WICMTR(TTG, TTW, PPP, DAVE,UZ, D2, MMASSs PHs RE)

REARL KG s ND s MMASS

IF(DAVE.LT.1.0E-6) WICMTR=0.0

IF(DAVE.LT.1.0E-6) GO TO 10

DDB=DAVE=*1.0E-6%3.2802

T=CTIG + TTH > ~» 2.0

PAI = 3.1415926

RHOW = B2.2567

RR = DD - 2.0
TT =T * 5.0 ~ 9.0
PP = PPP % 47.880258

DU=4.24028E-3*(TT**1.5)/PP

SCT=0.60

SH=2.0+0.60*SART(RE ) *SCT*%0.33

KG = DU ~» DD * SH

HU=1115.3279-0.6840909*(TTW-460.0)

PWBB=PH+29.0-18.0%0.45/HU*PPP%(TTG-TTH)

R = 85.78

ND = MMASS ~ ( RHOW * 4,0 » 3.0 * PAI * RR ** 3 )

WICMTR = KG * 4.0 * PAL * RR **x 2 * ( PUBB » TTH = PH ~» TTG ) » R

1 % ND = B2 ~ U2

10 RETURN

END
T T 2k o T
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C c
C FUNCTION WICPWB ' c

C c
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FUNCTION WICPWB(THB)
TSTAG=THB
TSTAGC=(TSTAG-492.0}/1.8
IF(TSTAGC.LT.100.0) GO TO 40
IF(TSTAGC.GE.100.0.AND.TSTAGC.LT.200.0) GO TO 41
A=5.45142
B=2010.8
GO TO 42
40 A=5.9778
B=2224.4
GO 70 42
41 A=5.6485
B=2101.1
42 AA=A-B/(TSTAGC+2r3.0)
PS=10.0%*AA
PS=PS-4.88247E-4
WICPHB=PS-144.0
RETURN
END
C +++++++++t+Htttttrtdbd bbb bbbttt bbb b bbb b R R
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C FUNCTION WICNEW C
C c
[ 1 ¢ o I 0 Y O 1 Y

FUNCTION WICNEW(X1,Y1sX2sY2)
T=ABS((X2-X1)X1)
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IF(T.LT«1.0E-6) WICNEH=(Y1+Y2)-2.0

IF(T.LT.1.0E-B) GO TO 100

A=(Y2-Y1) /7 (K2-K1)

B=Y1-A%*X1

WICNEW=B-(1.0-A)

100 RETURN

END
C ++++++++++++HH bbb R
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c

€ FUNCTIDN WICBPT C
c

C
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FUNCTION WICBPT(TSTAGsPSTAG)
TSTAGC=(TSTAG—-492.0)-1.8
IF(TSTAGC.LT.100.0) GO TO 20
IF(TSTAGC.GE.100.0.AND.TSTAGC.LT.200.0) GO TO 21
A=5.45142
B=2010.8
GO TO 22
20 A=5.9778
B=2224.4
GO TO 22
21 A=5.6485
B=2101.1
22 PS=PSTAG*4.88247E-4
TBOILK=B/(A-ALOGI10C(PS))
WICBPT=TBOILK%1.8
RETURN

END

(=t P
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c C
€ FUNCTION WICSH C
c C
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FUNCTION WICSH(TSTAG, PSTAG)
TSTAGC=(TSTAG-4S2.0)-1.8
IF(TSTAGC.LT.100.0) GO TO 40
IF(TSTAGC.GE.100.0.AND. TSTRGC.LT.200.0> GO TO 41
A=5.45142
B=2010.8
GO TO 42

40 A=5.3778
B=2224.4
GO TO 42

41 A=5.6485
B=2101.1

42 AA=R-B/ (TSTAGC+2r3.0)
PS=10.0=**RA
PS=PSs4.8824rE-4
WICSH=0.6218847*PS/ (PSTAG-PS)
RETURN
END

C ++++++++++++++++ 4+t F bR bR R R
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C C
C FUNCTION WICTAN _ C
C c
CCCCCCCECCLECCCCCECCCCCCCCCCeCeCCCCCCCCCtCCCCCCeCCCCCECCCCCCCCCCCCCCLeee

FUNCTION WICTAN(X)

A=COS(X)

B=SIN(X)

WICTAN=B/A

RETURN

END

I T T L N N e
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C C
C SUBROUTINE WICCEN c
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C

C
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SUBROUTINE WICCEN(RZEROs UZEROs DDsUZ, DELZZs ALFAAUs FNs IRSs RHOGASS
1RHUB, R2, U2s ITIP, UZTIME, XGs XAs XUU» XCH4 s RTIPIN)

C IRS=1:STATOR

€ IRS=

11

101

12

I e L

=2:ROTOR

REAL N

PARI=3.1415326
ALFAAR=ALFAAU=PAI/180.0
IF(DD.LT.1.0E-B) GO TO 12
D=D0=1.,0E-6%3.2802
RH0A=RIHOGAS

RHOD=62.37

KRAA=XA/KG

XRUU=KUU/XG
RRACC=XCH4XG

UISCO=(XXAA%0,. 057 15+XKUU*0.03293+KKCC*0.035)3600.0

ENDTIM=DELZZ/U2

JJ=10
BELTIM=ENDTIM/FLOAT(JJ)
R1=RZERO

U1=UZERO

TIME=0.0

JJJ=1

RE=D=U1-UISCO

Bi=0.44

N=0.0

IF(RE.LT.1.8) Bi=24.0
IF(RE.LT.1.9) N=1.0

IF(RE.GT.1.5.AND.RE.LT.500.0) B1=18.5

IF(RE.GT.1.9.AND.RE.LT.500.0) N=0.85

B=((VISCO=*N)=B1=PAIx(RHOA®%(1.0-N))*6.0)/(8.0*RHOD*PAI)

C=B-(D#x(1.0+NJ))
Ul1=R1-/12.0%2,0=PAI=FN/B0.0

IF(R1.GT.RTIPIN) UWI=RTIPIN-12.0%2.0%PAI*FN/E0.0

UH2=UZ=ICTAN(ALFARR)
IF(ALFRAVU.LT.1.0) Ul=UU1
IF(ALFAAU.GT.1.0) UW=UW1-2.0
A=UW=UW= (1. 0-RHOA/RKOD)

DELU=(AsR1=12.0-CxUl*x(2.0-N))*DELTIM

U2=U1+DELU
UAVE=U1+DELU 2.0
DELR=URUE*DELTIM=12.0
R2=R1+DELR
TIME=TIME+DELTIM
JPRINT=1
IF(IPRINT.EQ.2)

SWRITE(B,101) R1,UHsAsUlsDELU, U2+ UAVE, DELRs R2s TIME
FORMAT(1H »7(F11.4,2X),E10.4,2X,F10.4,2X,E10.4)

ul=U2

R1=R2

JJI=d4J+1
UZTIME=UZ%TIME®12.0
IFCTIME.GT.ENDTIM) GO TG 12
IF(JJJ.EQ.JJY GO TO 12

GO TO 11

RETURN

END

CCCCCCCCCCCCCCCceCLeLCeeeeceeeLeeeeereoreeceeeereceeceeeeeoeceeecceecceececec

C
C SUB

ROUTINE WICDMS

C
C

C C
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SUBROUTINE WICBMS(IPRINT», IRADs AMASHL AMASKHTs AMASHs R1s R2s STARERS

$RSTAVE, RTIP, BMIN»> DMOUT, AMASWZ2, DELMAS)

AMASH1:MASS FLOW RATE OF WATER IN A STREAM TUBE IN INTEREST
AMASWT: TOTAL MASS FLOW RATE OF WATER WHICH ENTER THE COMPRESSOR
AMASH: TOTAL MASS FLOW RATE OF WATER WHICH IS SUBJECT TO

CENTRIFUGAL FORCE
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IRAD=1:TIP
IRAD=2:MEAN
IRAD=3:HUB
PAI=3.1415926
RST1=RSTAVE
A1=STAREA
A2=PAI* (R2**x2-R1#x2)./144,0
A2=A2*0.5
DMCENT=RA2/A1*AMASK
120 IF(DMCENT.LT.0.0) DMCENT=0.0
IF (DMCENT.GT.AMASHT) DMCENT=AMASHT
IF(R1.GT.RST1) GO TO 110
R1.LT.RST1
DMIN=DMCENT
DMOUT=DMCENT
GO TO 100
110 CONTINUE
R1.GT.RST1
DMIN=0.0
DMOUT=DMCENT
100 IF(IRAD.EQ.1) DMOUT=0.0
IF(IRAD.EQ.3) DMIN=0.0
AMASH2=AMASW1+DMIN-DMOUT
IF(AMASH2.[.T.0.0) AMASH2=0.0
IF(AMASHZ.GT.AMASHT) AMASH2=AMASWT
DELMAS=AMASWZ2-AMASKH1
IF(IPRINT.EQ.2) WRITE(G,200) AMASW2, AMASW1, DMIN, DMOUT, DMCENT,
$AMASHT s AMASW, DELMAS
200 FORMAT(1HO,8(F10.5,3X))
RETURN
END

SUBROUTINE WICDML

SUBROUTINE WICDMLCIPRINT, IRAD, AMASWL, AMASWT, AMASH, R1,R2, STAREA,
$RSTAVE, RTIP> DMIN, BMOUT» AMASW2, DELMAS)
AMASW1:MASS FLOW RATE OF WATER IN A STREAM TUBE IN INTEREST
AMASHT: TOTAL MASS FLOW RATE OF WATER WHICH ENTER THE COMPRESSOR
AMASH: TOTAL MASS FLOW RATE OF WATER WHICH IS SUBJECT TO
CENTRIFUGAL FORCE
IRAD=1:TIP
IRAD=2:MEAN
IRAD=3:HUB
PAI=3.1415926
RST1=RSTAVE
Al=STAREA
A2=PAI* (R2**2-R1x%2)/144,.0
A2=A2*0.5
DMCENT=A2/A1*AMASH
120 IF(DMCENT.LT.0.0) DMCENT=0.0
IF (DMCENT.GT.AMASHT) DMCENT=AMASWT
IF(R1.GT.RST1) GO TO 110
DMIN=DMCENT
DMOUT=DMCENT
GO TO 100
110 CONTINUE
DMIN=0.0
DMOUT=DMCENT
100 IF(IRAD.EG.1) DMOUT=0.0
IF(IRAD.EG.3) DMIN=0.0
AMASW2=AMASW1+DMIN-DMOUT
IF(AMASH2.LT.0.0) AMASWR=0.0
IF (AMASW2.GT.AMASHT ) AMASH2=AMASHT
DELMAS=AMASHZ-AMASI1
IF(IPRINT.EQ.2) WRITE(B,200) AMASWE,AMASH1» DMIN, DMOUT» DMCENT,
$AMASHT s AMASH, DELMAS
200 FORMAT(1HO0,8(F10.5,3%X))
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C SUBROUTINE WICDRG : C
c C
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SUBROUTINE WICDRG(D,DELVU1,RHGAS1, RHGASR, CD2, DELU2, DRAG1,RE)
REAL NsN1
GC=32.174
IPRINT=1
UISCOG=12.0E-B
PAI=3.1415927
IF(D.GT.0.0) GO TO 300
CD2=0.0
DELU2=0.0
DRAG1=0.0
RE=0.0
GO TO 301
300 RE1=(RHGAS1*D*DELU1)-UISCOG
RE=RE1
B11=0.44
N1=0.0
IF(RE.LT.1.8) Bi1=24.0
IF(RE.LT.1.9) Ni=1.0
IF(RE.GT.1.9.AND.RE.LT.500.0) B11=18.5
IF(RE.GT.1.9.AND.RE.LT.500.0) N1=0.86
CD1=B11/(RE1%%N1)
DRAG1=0.5%RHGAS1# (DELU1%x2) % (PAI*D*%2)*CD1
$/GC
DAMY=DRAG1*GC/ (CD1%0 . 5%RHGAS2* (PAI *D*x*2) )
IF(IPRINT.EQ.2) WRITE(BE,200) D,DELUL,RHGAS1,RHGARS2sRE1,B11,N1,
$CD1,s DRAG1, DAMY
200 FORMAT(1HO,10(F10.5,2X))
DELU2=SQART (DAMY )
RE2=RHGAS2*D*DELUR-UISCOG
B1=0.44
N=0.0
IF(RER2.LT.1.9) Bi=24.0
IF(RE2.LT.1.33 N=1.0
IF(RE2.GT.1.8.AND.RE2.LT.500.0} Bl=18.5
IF(RE2.GT.1.8.AND.RE2.LT.500.0) N=0.6
CD2=B1/ (RE2#x=N)
IF(IPRINT.EG.2) WRITE(BE,101) RE1,B11,Ni,CD1,DELV1,RE2sBlsN,CD2,s
$DELUZ2
101 FORMAT(1HO»2X, 10(F10.552X))
RE=(RE1+RE2)/2.0
IPRINT=2
301 RETURN
END
(B L T L R Rt S L S e ey
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C
C SUBROUTINE WICSIZ E
c
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SUBROUTINE WICSIZ(WMASSL,WMASSS, AMINGL, AMINGZs AMING3, DLs DSs D1, D2,
$D3, DLIMIT, AMSLL» AMLGE, DSLL » DLGE )
TMASS1=WMASSL+HWMASSS+AMING1+AMING2+AMING3

AML=0.0

AMS=0.0

IF(BL.GT.BLIMIT) AML=AML+lMASSL

IFCDL.LT.DLIMIT) AMS=AMS+HMASSL

IF(DS.GT.DLIMIT) AML=AML+HMASSS

IF(DS.LT.DLIMIT) AMS=AMS+WMASSS

IF(D1.GT.DLIMIT) AML=AML+AMING1

IF(D1.LT.DLIMIT) AMS=AMS+AMING1

IF(D2.GT.DLIMIT) AML=AML+AMING2

IF(D2.LT.DLIMIT) AMS=AMS+AMING2

212

WICDML
WICDML
WICDRG
WICDRG
HICDRG
HICDRG
HWICDRG
HWICDRG
HICIRG
HICDRG

- HICDRG

HICDRG
WICDRG
WICDRG
WICDRG
HICDRG
HICDRG
HICDRG
HICDRG
WICDRG
HICDRG
WICDRG
WICDRG
HICDRG
WICDRG
HICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
WICDRG
HWICDRG
WICDRG
WICDRG
WICDRG
WICDRG
HWICDRG
WICDRG
HICDRG

WICDRG.

WICDRG
HICDRG
HICDRG
WICDRG
WICSIZ
HICSIZ
WICSIZ
HICSIZ
WICSIZ
HIECSIZ
HICSIZ
WICSIZ
HWICSIZ
WICSIZ
WICSIZ
WICSIZ
WICSIZ
WICSIZ
HICSIZ

- WICSIZ

WICSIZ
WICSIZ
WICSIZ

AN
-0

WVONOUID W=

Ll ) Py Sry RN
WONAOUTAWNFRFOWONOUNAWMRLE—



IF(D3.GT.DLIMIT) AML=AML+AMING3
IF(D3.LT.DLIMIT) AMS=AMS+AMING3
TMASSZ2=AML+AMS
ERROR=ABS (TMASS1-TMASS2)
IF(ERROR.LT.1.0E-6) GO TO 100
IF(TMASS2.LT.1.0E-6) GO TO 100
TT=TMASS1.-TMASS2
IF(TT.LT.1.0} AML=AML/TT
IFCTT.LT.1.0) AMS=AMS-/TT
IF(TT.GT.1.0) AML=AML*TT
IF(TT.GT.1.0) AMS=AMS*TT
100 AMLGE=AML
AMSLL=AMS
ADL=0.0
ADS=0.0
IF(DL.GT.DLIMIT.AND.AML.GT.0.0) ADL=ADL+DIL*(HMASSL/AML)
IF(DL.LT.DLIMIT.AND.AMS.GT.0.0) ADS=ADS+DL*(HMASSL/AMS)
IF(DS.GT.DLIMIT.AND.AML.GT.0.0) ADL=ADL+DS*(WMASSS/AML)
IF(DS.LT.DLIMIT.AND.AMS.GT.0.0) ADS=ANS+DS*(UMASSS/AMS)
IF(D1.GT.DLIMIT.AND.AML.GT.0.03 ADL=ARDL+D1*(AMINGl/AML)
IF(D1.LT.DBLIMIT.AND.AMS.GT.0.0) ADS=ADS+D1*(AMING1/AMS)
IF(D2.GT.DLIMIT.AND.AML.GT.0.0) ADL=ADL+D2% (AMING2/AML)
IF(D2.LT.DLIMIT.AND.,AMS.GT.0.0) ADS=ADS+D2* (AMING2/AMS)
IF(D3.GT.DLIMIT.AND.AML.GT.0.0) ABL=ADL+D3*(AMING3-AML)
IF(D3.LT.DLIMIT.AND.AMS.GT.0.0) ADS=ADS+D3* (AMING3/AMS)
DLGE=ADL
DSLL=ADS
IF(DL.GT.0.0.AND.DLGE.GT.DL) DLGE=DL
IF(DS.GT.0.0.AND.DSLL.GT.DS) DSLL=DS
RETURN
END
[ o T O o s T
{0 0d 0 n{ 0{ o i i 5 0 {1 5 ¢ I 0 O ¢ 1 O o 0 1 4 &
c C
C SUBROUTINE WICPRP c
C C
{7 I 1 1 1 I ¢ 4 o ¢ o I ¢ 1 4 B2 D
SUBROUTINE WICPRP(XAIR, XH20s XCH4» Ts RMIXs CPMIR, GAMMA,GL, G2, G3)
CTINR
C CPMIX IN BTU/LBM-R
C RMIX IN LBF-FT/LBM-R
RAIR=1545.3-28.964
RH20=1545.3-18.016
RCH4=1545.3-/16.043
XXAIR=XAIR/ (XAIR+XH20+XCH43
XXH20=XH20/ (XAIR+XH20+XCH4)
XXCH4=XCH4~ (XAIR+XH20+XCH4)
RMIX=KXAIR*RAIR+XXH20%RH20+XXCH4*RCH4
CPMIX=XXAIR*WICCPA(T)+XXHR0*HICCPH(T)+XXCH4*NICCPC(T)
GAMMA=1.0-(1.0-RMIX/CPMIX/778.0)
G1=GAMMA/ (GAMMA-1.0)
Ge=(GAMMA-1.0) 2.0
G3=-1.0-(GAMMA-1.0)
RETURN
END
[ R o I T o LA i i
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C FUNCTION WICCPA C
C

: c
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FUNCTION HICCPA(T) '
CTINR
C CPAIR IN BTU/LBM-R
TK=5.0/8.0%T
A=3.65359
=-1.33736E-3
C=3.29421E-B
D=-1.91142E-8
E=0.275462E~12
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R=8314.3-28.364

CP=(A+B*TK+C* TK2x%2+D#TK %% 3+E%TK*#4 ) %R

WICCPA=CP*2.3885E-4

RETURN

END
IO R R T e
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c
C FUNCTION HICCPH c
c

C
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FUNCTION WICCPH(T)
CTINR
C CPH20 IN BTU/LBM-R
TK=5.0/9,0%T
A=4.07013
B=-1.10845E~3
C=4.15212E-6
D=-2.96374E-S
E=0.807021E-12
R=8314.3-18.016
CP=(A+B*TK+C*TK*%2+D*TK%#3+E*TK*%4 )} *R
WICCPH=CP=2.3885E-4
RETURN
END
O b B s i o & B S AU S R BT A S S e e
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c
C FUNCTION HWICCPC C
C C
I 1 ¢ I 0 O 1 O
FUNCTION WICCPC(T)
CTINR '
C CPCH4 IN BTU-/LBM-R

TK=5.0-9.0x*T

A=3.82613

B=-3.97946E-3

€=24.5583E-6

=-22.7329E-9

E=6.96270E-12

R=8314,3/16.043

CP=(A+B*TK+CxTK %12+ D% TK %% 3+E*TK %4 ) *R

WICCPC=CP*2.3885E-4

RETURN

END
(B b B
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c C
C SUBROUTINE WICGSL C
C

c
1 4 0 O O o 4 0 o ¢ 0 A 0 X D 0 1
SUBROUTINE WICGSL (OMEGASs SIGUMA.,BETLS, BET2S, AINCIS, ADEVIS, AMACHL,
1BET1, DEQS, DEQN, SITACSs SITACN» BET2Ns OMEGAN, X, IDESIN, AKLs AK2s AK3
2,UZ21,UZ2,UR1,R1,R2)
CALL HICEDD(RK3,UZ1,UZ2sUR1sR1,R2, BET1S, BET2S, SIGUMA, OMEGAS,
$DEQS, SITACS)
AINCI=BET1-BET1S+AINCIS
BET2A=BET2S
x1=BET2A
DELDEG=WICED(AK3,UZ1,UZ2, UR1,R1,R2, BET1, X1, SIGUMA, AINCIS, AINCI)
$-DEAS
ADEVI=ADEVIS+(6.40-9.45*AMACH1+9.45%X ) *DELDEQ+=AK 1
IF (AMACHL.LT.X) ADEVI=ADEVIS+E.40+DELDEQ#AK1
BET2C=BET25-ADEVIS+ADEVI
Y1=BET2C
N=1
12 JF(N.GT.1) CC TO 10
BET2A=BETaS*1.1
10 X2=BET2A
DEGN=NICED(RK3,UZ1,UZ2»UR1sR1,R2, BET1» X2, SIGUMA, AINCIS, AINCI)
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DELDEQ@=DEQGN-DEGS
ADEVI=ANEVIS+(6.40-3.,45*AMACH1+39.45%X ) *DEL DEG*AK1
IF(AMACHL .LT.X) ADEVI=ABEVIS+6.40%*DELDEQ*AK]
BET2C=BET25-ADEVIS+ADEVI
Y2=BET2C
DELBET=ABS((X2-Y2)X2)
EPS=1.0E-6
IF(DELBET.LE.EPS) GO TO 11
BET2AR=WICNEH(X1, Y1, X2, Y2)
Ki=x2
Yl=¥Y2
N=N-+1
IF(N.GT.50) GO TO 13
GD TO 12
11 BET2N=X2
GO 70 14
13 HRITE(E,201)
201 FORMATC(1HO,=DO NOT CONUVERGE#)
GO TO 15
14 SITACN=WICMTK(SITACS,» AMACH1, DELDEQ, AK2)
OMEGAN=WICLOS(BET1, BET2N, SIGUMA> SITACN)
SSS=SITACN-SITACS
15 RETURN
END
[0 R N I AR E bttt St
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C SUBROUTINE WICSDL C
C C
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SUBROUTINE WICSDL (CHORD, SIGUMAs BETALl, BETA2, UG, RHOG,
$AMASSH» AREAs UZ» IPRINTs OMEGAP )
PAI=3.1415826
RHOGO=RHOG
RHOPO=AMASSW/AREAUZ
RR=RHOP0-RHOCO
UISCOG=0.128E-4
C=CHORD-12.0
RE=UG*C*RHOGO0-UISCOG
BELC=0.37/(RE#*%0.2)/(1.0+1.442*RR)*%0.8
DELP=0.1402*DELC
BETA1R=BETA1*PAI~-180.0
BETAZR=BETA2*PAI1~/180.0
OMEGAP=DELP=2.0x%SIGUMA/COS(BETAZR)* (COS(BETARIR) /COS(BETAZR) ) #x2
RETURN
END
SR i o o T o o I St
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c C
C SUBROUTINE WICSTL C
C

C
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SUBROUTINE WICSTL(ISTAGE, IROTOR, DAV, W1, W2, DELU, U2, U3, HMASS, UZs N
$s BETALl, BETA2s ALFA2, ALFA3, MMASS, DELUUZ2, DELUL2)
$0MEGRU, OMEGRL s BMEGSUs OMEGSL s BRAGRUs DRAGRL s BRAGSU s DRAGSL s REAVE)
C IROTOR=1 ROTOR
C IROTOR=2 STATOR
REAL M, MMASS
COMMON ~PERDUE-/ JPERFMsRHOG(3)s RERUPs RERLOWs RESUPs RESLOW
X» PREBsRRTIP(8),SRTIP(8),AAAL, AAAR» ARA3s SAREA(B) s SAREAS(T)
Xy P(3)s TG(3)s XAs XUL3) s XCHA» XH(3) s XHH(3) s XWT (35 TH(3)» THH(3)
Xs OMEGS(7),0MEGR(B)s GAPR(B)s GAPS(B)
Xs» RRHUB(E) » RC(B) s RBLADE(E) » STAGER(B)
Xs SRHUB(?) » SC(7) s SBLADE(7) s STAGES(7)
Xy SIGUMR(B) ,» BETISR(B) , BET2SR(B) » AINCSR(B) » ADEUSR(BE)
Xs SIGUMS(73 » BET1SS(7¥) » BET255(Y¥) » AINCSS(7) » ADEUSS(?)
Xs UTIPG(B),UTIP(B),UTIPD(B),UBU(B) s UMEAN(B) UHUB(B),U(B)s FAI
Xs AREA(B)» AREAS(7), UUR(B),»UTIP2(B) s UMEAN2(B)s UHUB2(B)s IPRINT
Xy ICENT, IICENT»FMR1(B)sFMA2(E)s IRAD, FAID
Xs NS,NS1,RT(8),RM(E3»RH(E)»S5T(B)»SM(6)»SH(B}
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Xs DSMASS» ARREA(7)s ARREAS(?)s PR12D(E)»,PR13D(E) » ETARD(E)
®s DR(8),DS(6), DEAR(E)s DEAS(E)s BLOCK(B)» BLOCKS(7)
¥s BETIMR(B),BET2MR(E),BET1MS(7), BET2MS(7)>RADI1(E),RADI2(6)
PAI=3.1415827
GC=32.174
RHOW=62.3
IF{IROTOR.EG.2) GO TO 100

C DROPLET DRAG IN ROTOR

2000
2001

4000

4001

2002

DD=DAU#*1,0E-E%*3.28

UG1=WH1 )

UP1=UG1-DELV
A1=HMASS*RC(ISTARGE)/12.0-UZ
A2=RHOW*4.0/3.0*PAI*(DD/2.0)%x3

TN=0.0

IF(WMASS.GT.0.0) GO TO 2000

GO TO 2001

TN=Al-A2

VAVE=(KW1+H2)/2.0

GMU1=(380.0-BETA1)/2.0%PA1~180.0

DELUU1=UG1-UP1*COS(GMUL)

IF(N.GT.23 DELUUl=DELUUZ2

TNU=TN#*(180.0-BETA1-BETA2)/360.0

KHH(2)=XWH (1)

XUT(2)=XHT (1)

CALL WICPRP (XA» XU(2)s XKCH4» TG(23s RMIX» CPMIX, GAMMAs G1s G2s G3)
IF(IPRINT.EQ.2) WRITE(B,4000)

FORMAT (1HO, #*DROPLET DRAG IN ROTOR (UPPER PART)#)

CAlLL WICDRG(DD, DELUU1,RHOG(1),RHOG(2)sCD2s BELUZs DRAGL,RE)
DELUUR=DEL VU2

CDRU=CD2

RERUP=RE

DRAGRU=DRAG1*TNU
AREA1=PAI*(RRTIP(ISTAGE)*#*2~RRHUB(ISTAGE)*»23/144.0,10.0
DELPRU=DRAGRU-AREAL

OMEGRU=DELPRU~/(0.5*%RHOG (1) /GC*H1%%2)
CDRUU=CDRU*DELUU2**2%PAI /4. 0*DD**2x TNU/UAVE**2/RC(ISTAGE) *12.0
GML1=(390.0+BETAl)~ 2.0%PAI/180.0

DELUL1=UGL1-UP1*COS(GML1)

IF(N.GT.2) DELUL1=DELUL2

TNL=TN*(180.0+BETA1+BETA2)/360.0

IF(IPRINT.EQ.2) WRITE(B,4001)

FORMAT( 1HO,» #DROPLET DRAG IN ROTOR (LOWER PART)#)

CALL WICDRG(DD,DELUL1,RHOG(1),RHOG(2)sCD2, DELU2, DRAGL,RE)
DELUL2=DELU2

CDRL=CD2

RERLOW=RE

DRAGRL=DRAG1*TNU

DELPRL=DRAGRL 7AREA1

OMEGRL=DELPRL~(0.5%RHOG(1)/GC*L1%%2)

CDRLL=CDRL *DELUL2x%*#2xPATI/4.0*DDx*2x% TNL/UAVE**2/RC(ISTAGE)*#12.0
IF(IPRINT.EQ.2) HWRITE(E,2002)

FORMAT(1HO, #DROPLET DRAG SUMMARY:)

IFCIPRINT.EQ.2) WRITE(E,720)DELUUL, DELUUZs DELUL1, DELUL2, CDRU, CD

$RUUs CDRL.» CDRLL
$» BRAGRU»s DRAGRL.

a0

2010

FORMAT(1HO» 10(F10.5,2X))

RUP1=(80.0-BETA1)-180.0

RLOW1=(90.0+BETA1)~180.0

RUP2=(80.0-BETA2)-180.0

RLOW2=(80.0+BETA23~180.0
REAVE=RERUP*(RUP1+RUP2)*0 . 5S+RERLOW* (RLOW1+RLOW2) *0.5
IFC(IPRINT.EQ.2) WRITE(S,2010) RUP1,RUP2sRLOWLsRLOWZ
FORMAT(1HO,4(F10.552%3)

GO TO 200

C DROPLET DRAG IN STATOR

100

DD=DAU*1.0E-E%3.28

UG1=K1

UP1=UG1-DELV
A1=WMASS*SC(ISTAGE)/12.0,U2
A2=RHOW*4.0/3.0*PAI*(DD/2.0) **x3
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TN=0.0
IF(WMASS.GT.0.0) GO TO 5002
GO TO 5003
5002 TN=Al/A2
5003 VAUE=(U3+U2)/2.0
DELUU1=DEL UU2
TNU=TN%*(180.0-ALFA2-ALFA3)~360.0
IF(IPRINT.EQ.2) WRITE(S,2005)
2005 FORMAT(1HOs #DROPLET DRAG IN STATOR (UPPER PART)#)
CALL WICDRG(DD,DELUU1,RHOG(2)>RHOG(2),CD2s DELU2, DRAG1s RE)
DELUU2=DELUR2
CDSU=CD2
RESUP=RE
DRAGSU=DRAG1*TNU
AREA2=PAI*(SRTIP(ISTAGE ) **2-SRHUB(ISTAGE)*%2)./144.0-10.0
DELPSU=DRAGSU-/AREAR
OMEGSU=DELPSU/ (0.5*RHOG(2)/GCxU2**2)
CDSUU=CDSU*DELUU2xx2*PAI/4.0xDD*»*2x TNU/UAUE**2/SC(ISTAGE)*12.0
DELUL1=DELULZ2
TNL=TN*(180.0+ALFA2+ALFA3)/360.0
IF(IPRINT.EQ.2) WRITE(B,20086)
2006 FORMAT(1HO,#DROPLET DRAG IN STATOR (LOWER PART)#)
CALL WICDRG(DD,DELUL1,RHOG(2),RHOG(2),CD2, DELUZ2, DRAG1,RE)
DELUL2=DELU2
CDSL=CB2
RESLON=RE
DRAGSL=DRAG1*TNL
DELPSL=DRAGSL/AREAZ2
OMEGSL=DEL.PSL/(0.5%RHOG(2) /GC*U2x*x2)
CDSLL=CDSL*DELULR**2%PAI 4.0*DD*x2%TNL-UAVE**2/SC(ISTAGE)*#12.0
IFCIPRINT.EQ.2) WRITE(BE,2007)
2007 FORMAT(1HO,#DROPLET DRAG IN STATOR (SUMMARY)#)
IFC(IPRINT.EQ.2)WRITE(S, 721) DELUU1, DELUU2, DELULL, DELUL2,CDSU,CD
$SUU, CDSL, CDSLL
~s DRAGSUs DRAGSL
721 FORMAT(1HO, 10(F10.5,2X))
SUP1=(80.0-ALFA2)-180.0
SLOW1=(90.0+ALFA2)~180.0
SUP2=(390.0-ALFA3)/180.0
SLOW2=(390.0+ALFA3)~180.0
REAVE=RESUP* (SUP1+SUP2)*0 . 5+RESLOW* (SLOW1+SLOW2)*#0.5
IF(IPRINT.EQ.2) WRITE(E,2011) SUP1,SUP2,SL0OW1,SLOWR
2011 FORMAT(1HO,4(F10.5,2X))
200 RETURN
END
O e T i O i s e
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE
c

C SUBROUTINE WICFML C
c

c
CCCCCCCCCCCCCereoeeecereeerereceoeccteeoecreeoeeeereccerereeeeeeeeereeeececee

SUBROUTINE WICFML(WG1,WG2, FMASS, RHOG1, CHORD, SIGUMA, BETALl, BETAZ,
$CDF > OMEGAF )

PAI=3.1415328

UISCOG=0.128E-4

UISCOL=6.500E-4

C=CHORD-12.0

HGAUE=0.5%* (LUG1+WG2)

UFILM=0.5*HlGAVE*UISCOG/UISCOL
CDF=FMASS*UFILM/(0.5%*RHOGL*HG1*lG1%C)

BETAIR=BETA1*PAI/180.0

BETA2R=BETA2#PAI~180.0

BETA3R=0.5*(BETA1R+BETAZR)

CS1=COS(BETALR)%x»2

CS2=COS (BETA3R) **3

OMEGAF=CDF*SIGUMA*CS1-CS2

RETURN

END
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c c
C SUBROUTINE WICRSL c
c C

c

1 0 1 1 0 ] 0 O e D e

10

SUBROUTINE WICRSL (SIGUMA, BETAl, BETA2, CHORD, DL, CDR, OMEGAR)
PAI=3. 1415926
IF(DL.LT.1.0E-B) CDR=0.0
IF(DL.LT.1.0E-6) OMEGAR=0.0
IF(DL.L.T.1.0E-B) GO TO 10
BETAIR=BETA1*PAI/180.0
BETA2R=BETA2*PAI/180.0
BETA3R=0.5%(BETAIR+BETAZ2R)
CS1=COS(BETALR)*%2

CS2=COS (BETA3R) %3
C=CHORD#*2.54%0.01%1,0EB
A=C~DL

IF(A.LT.100.0) A=100.0
CDR=1.83+1.62%AL0OG10(A)
CDR=1.0-/CDR*%2.5
OMEGAR=CDR=SIGUMAx*CS1/CS2
RETURN

END
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€ SUB
C
ccccc

ROUTINE HWICUT C

C

101 ] ] I 1 O ¢ o o Y o o B X D o B o X & D i A
SUBROUTINE WICUT(ISTAGEs ASPEED, ALFALl,UZ, U1,

1US1 » WS1 » BETAls W1 , BETAZ2 » WS2 » US2 » ALFA2 » W2 » U2
1ALFA3 »U3,AK1, AK3)

COMMON ~/PERDUE/ JPERFMsRHOG(3)s RERUPs RERLOWs RESUP» RESLOW
X» PREBsRRTIP(8),SRTIP(8),AAAL, AAR2s ARA3s SAREA(B) » SAREAS(7)
Xy P(3)sTG(3)s XA»XU(3) » XCHEs XN (335 XWN(3)» KHT (325 TH(3)» THW(3)
Xs OMEGS(7),0OMEGR(B), GAPR(B)» GAPS(BE)
Xs RRHUB(B) » RC(B) » RBLADE(B) , STAGER(B)
Xs SRHUB(?) s SC(7) » SBLADE(7) , STAGES(7)
®» SIGUMR(B) » BET1SR(B6) » BET2SR(B) » AINCSR(B) » ADEUSR(B)
X» SIGUMS(Y) » BET1SS(?) » BET25S(¥> » AINCSS(Y) » ADEUSS(?)
Xy UTIPG(E)sUTIP(E)sUTIPD(B),UBU(B)» UMEANC(B)» UHUB(B), U(B),FAL
Xs AREA(B)> AREAS(7),UUR(6)» UTIP2(E) s UMEAN2(B), UHUB2(6), IPRINT
X, ICENT, IICENT,FMRL(B),FMA2(B), IRAD,FAID
Xs NS»NS1,RT(B)»RM(B)»RH(B)»ST(E)»SM(B)s SH(B)
X» DSMASS, ARREA(7) s ARREAS(7 ), PR12D(6),PR13D(E) ETARD(B)
Xs DR(B)»DS(6), DEAR(B), DEAS(E)s BLOCK (6), BLOCKS(7)

Xy BETIMR(B),BET2MR(B)s BETIMS(¥), BET2MS(7)sRADI1(E),RADI2(E)
PRI = 3.1415927

ALFAIR = ALFAL = PAI ~ 180.0

Ul = U2 » COS ( ALFAIR )

US1 = UZ * TAN ( ALFAIR )

HWS1 = U(ISTACGE)- US1

= W51 ~» UZ

BETAIR = ATAN ( T)

BETA1l = BETAIR = 180.0 - PAI

TT = UZ #*x%2 + LS1 *x2

H1 = S@RT ¢ 1T )

AMACHL = W1 ~ ASPEED

CALL WICBOA (OMEGRCISTRGE)s SIGUMR C ISTAGE ) » BETISR ( ISTAGE
1), BET2SR(ISTAGE)»

1 AINCSR ( ISTAGE ) s ADEUSR ( ISTAGE ) »

1AMACHL1 » BETAl , DEQS,DEGN.SITACS, SITACN»BETZN »FMR1CISTAGED,
1AK1, AK3,UZ, UZ, UCISTAGE) » RADI1 (ISTAGE) s RADI2(ISTAGE))

BETA2 = BET2N

BETA2R = BETA2 * PAI ~ 180.0

HS2 = UZ » TAN ( BETAZSR 3

Us2 = UCISTAGE) - WS2

TTT=US2-U2

ALFAER = ATAN C TTT )

ALFA2 = ALFAZR * 180.0 ~ PAIL

TTTT = UZ *x 2 + HS2 #= 2
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W2 = SART ( TTTT )

TTTTT = UZ #% 2 + US2 *» 2
U2 = SART ¢ TTTTIT )

AMACHR = U2 ~ ASPEED

CALL HICBOA (OMEGS(ISTAGE)s SIGUMSC(ISTAGE) s BETISS(ISTAGE) »

1BET25S ( ISTAGE ) » AINCSS ( ISTAGE ) » ADEUSS ( ISTAGE ),
1aMACH2 s ALFAZ2 s DEQS» DEGN» SITACSs SITACN, BET2Ns FMA2(ISTAGE),
1AK1,RK3,UZy»UZ, 0.0, RADI2C(ISTAGE)» RADI1 (ISTAGE+1))

ALFA3 = BET2N

ALFA3R=ALFA3*PAI 180.0

U3=UZ/C0S (ALLFA3R)

RETURN

END

01 4 B 0 O 0 0 O 4 4 O 4
C C

C SUB
c

ROUTINE WICSPD

c
c

CCCCCCCCCeeeeereceeeeeeeeeecececcceeeecocecececeeeceeceeececeeeeeccocececeeeeceecee

C IGU

SUBROUTINE WICSPD(AMASSs ISTAGE)

REAL. Ms MINsM1,M2s M1REL, M2REL

COMMON ~PERBUE~ JPERFM»RHOG(33» RERUP, RERLOW, RESUP, RESLOW
Xs PREBsRRTIP(8),SRTIP(8),AAAL, ARAR2, ARA3, SAREA(E) » SAREAS(7)
Ky P(3)sTG(3) s XAs XUC3) s XCHA» XH(3) » XHH (335 XWT(3)5 TH(3), THH(3)
Xs BMEGS(?7),0MEGR(E)s GAPR(E) s GAPS(6)
Xs RRHUB(B),RC(B), RBLADE(BE)» STAGER(E)
Xs SRHUB(?7)»SC(7),SBLADE(7), STAGES(7)
X» SIGUMR(B)»BET1SR(6)s BET2SR(E)s AINCSR(E) s ADEUSR(B)
Xy SIGUMS(7),BET1SS(7), BET2SS(7)» AINCSS(7 ), ABEVUSS(7)
Xs UTIPG(B)»UTIP(B),»UTIPD(E)>UDU(E)» UMEAN(B), UHUB(B)s U(B),FAI
X» AREA(B), AREAS(7)»UU2(B)»UTIP2(B) UMEAN2(B)s UHUB2(6)> IPRINT
Xs ICENT, IICENT»FMR1(B),FMA2(B), IRAD, FAID
Xs NS»NS1,RT(B)»RM(B)>RH(B)»ST(B)»SM(B),SH(B)
X» DSMASS, ARREA(7)s ARREAS(7), PR12D(6),PR13D(B), ETARD(E)
Xs DR(E),DS(6), DEGR(EB)» DEAS(5), BLOCK(E), BLOCKS(7)
Xy BETIMR(B)sBET2MR(B)»BET1MS(?7), BET2MS(7?),RADI1(6),RADI2(BE)
DIMENSION TD(8)

AJ=778.26

IUNIT=1

CFT=1.0-1.8

CFP=47.880258

CFD=16.018463

CFU=0.3048

CFA=0.09250304

CFL=2.54

CFM=0.45353237

PAI=3.1415926

GC=32.174

TREF=518.70

PREF=14.7%144.0

ARAR1IT=PAI* (RRTIP(1)**2-RRHUB(1)#%2)/144,0%BLOCK(1)
CMASS=AMASS*SART(TG (1) /TREF )/ (P(1)/PREF)*AAARIT/SAREA(1)
INLET

ISTAGE=NS1

CAaLL WICPRFP(1.0,0.0,0.0,TG(13}»RMIXsCPMIXsGAMMA, Gl,s G2y G3)

CALL WICMACCISTAGE, AMASSs TG(1)sP(1)sMsUZ»C» 0.0 0.0sRMIX, CPMIXs ARE

$AS(NS1))
UzZInN=uz
AIN=C
MIN=M
TOIN=TG(1)
POIN=P(1)
PSIN=P(1)-/(1.0+GEexM*x2)xxG1
TSIN=TG(1)/(1.0+C2xMx%*2)
RHOGIN=PSIN/RMIX/TSIN
FAIIN=UZIN/UTIPG(1)
FAID=FAIIN
GAMAIN=GAMMA
TOIN=TG(1)
POIN=P(1)
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C IGU INLET PRINTOUT
IFC(IUNIT.EQ.2) THEN
TOIN=TOIN%*CFT
POIN=POIN%CFP
TSIN=TSIN®*CFT
PSIN=PSIN*CFP
RHOGIN=RHOGIN*CFD
AIN=AIN*CFU
UZIN=UZIN®CFU
AREAS(NS1)=AREAS(NS1I*CFA
ENDIF
WRITE(E, 1000)
1000$FURMHT(1H1.¢*************** DESIGN POINT INFORMATION %% %% %% %%
WRITE(B, 1010)
1010 FORMAT(1HOs 1%, #xsx%x%x COMPRESSOR INLET %*%%%%xz)
WRITE(B,1020) TOIN,POINs TSIN, PSIN, RHOGIN
1020 FORMAT(1HO, 1%, #TOTAL TEMPERATURE AT COMPRESSOR INLET=#,F10.5,/,
$2%, #*TOTAL PRESSURE AT COMPRESSOR INLET=#,F10.2s /5
$2X%» #STATIC TEMPERATURE AT COMPRESSOR INLET=%,F10.5s /s
$2X, #STATIC PRESSURE AT COMPRESSOR INLET=#,F10.2s/»
$2Xs ZSTATIC BENSITY AT COMPRESSOR INLET=#,F10.5)
WRITE(E51030) AINsUZIN,MINs AREAS(NS1),FAIIN
1030 FORMAT(1HO, 1%, #ACOUSTIC SPEED AT COMPRESSOR INLET=#,F10.5s/»
$2Xy #AXIAL UELOCITY AT COMPRESSOR INLET=#,F10.5,/,
$2X, #MACH NUMBER AT COMPRESSOR INLET=#,F10.5s/,
$2K, #STREAMTUBE AREA AT COMPRESSOR INLET=#,F10.5,/»
$2K%, #FLOW COEFFICIENT AT COMPRESSOR INLET=#,F10.5)
IFCIUNIT.EQ.2) THEN
TOGIN=TOIN/CFT
POIN=POIN/CFP
TSIN=TSIN/CFT
PSIN=PSIN/CFP
RHOGIN=RHDOGIN/CFD
AIN=AIN/CFU
UZIN=UZIN/CFU
AREAS(NS1)=AREAS(NSL1)-/CFA
ENDIF
C ROTOR INLET
ISTAGE=1
100 I=ISTAGE-1
IF(I.EB.0) I=NS1
ALFAL1=BET2SS(I)
ADEUSS(I)=ALFA1-BET2MS(I)
CALL WICMAC(ISTAGE, AMASS, TG(1)sP(1)yMsUZ,Cy 0.0, ALFAL,RMIX,
$CPMIX, AREACISTAGE) )
CPMIX1=CPMIX
GAMMAL1=GAMMA
uz1=Uz
Al=C
Mi=M
PS1=P(1)/(1.0+C2*MLl%x2)%%G1
TS1=TG(1)/(1.0+G2%M1x%2)
RHOGS1=PS1/RMIX-/TS1
FAIRIN=UZ1/UTIPG(ISTAGE)
ALFARLR=ALFAL*PAI/180.0
U1=UZ1-/COS(ALFALIRD
US1=UzZ1=WICTANCALFALR)
WS1=U(ISTAGE)-VUS1
WU=lS1/UZ1
BETAIR=ATAN(WU)
BETA1=BETALR*180.0/PAI
BET1SR(ISTAGE)=BETAL
AINCSR(ISTACGE)=BETA1-BET1MR(ISTAGE)
W1=UZ1/COS(BETALR)
MIREL=H1/AL
TREL1=(1,0+GC2%*M1REL *%2)*TS1
PREL1=(1.0+C2*MIREL*%2)»#G1%PS1
IFC(ISTAGE.GE.2) DS(ISTAGE-1)=1.0-Ul/U2+ABS(US2-US1)- 2.0/
$SIGUMS(ISTAGE-1) U2

220

WICSPD
WICSPD
WICSPD
HICSPD
WICSPD
WICSPD
HICSPD
WICSPD
HICSPD
HWICSPD
WICSPD
WICSPD
HICSPD
WICSPB
WICSPD
HWICSPD
WICSPD
WICSPD
HWICSPD
WICSPD
HICSPD
WICSPD
HICSPD
HWICSPD
WICSPD
HWICSPD
HICSPD
WICSPD
WICSPD
HICSPD
HWICSPD
HICSPD
WICSPD
WICSPD
HWICSFD
WICSPD
WICSPD
WICSPD
WICSPD
HICSPD
WICSPD
WICSPD
WICSPD
WICSPD
WICSPD
WICSPD
HWICSPD
WICSPD
WICSPD
HICSPD
WICSPD
WICSPD
WICSPD
WICSPD
WICSPD
HICSPD
HICSPD
HICSPD
HWICSPD
HICSPD
WICSPD
HWICSPD
HWICSPD
WICSPD
WICSPD
WICSPD
WICSPD
WICSPD
HWICSPD
HICSPD

ley



IFC(ISTAGE.GE.2) DEQS(ISTAGE-1)=COS(ALFAIR)/COS(ALFAER)*

$(1.12+0.61%COS(ALFAZR) *#%2/SIGUMS(ISTAGE-1)* (WICTAN(ALFAZR)~-

$HICTANCALFALIR) )]
IF(ISTAGE.GT.NS) GO TO 101

€ ROTOR OUTLET

P(2)=PR12D(ISTAGE)*P(1)
TR12=(PR12B(ISTARGE)**(1.0,G1)~1.0)/ETARD(ISTARGE)+1.0
TG(2)=TR12*TG(1)

CALL WICPRP(1.050.050.0s TG(2)sRMIXs CPMIXsGAMMAsGl,G2sG3)

GAMMAR=GAMMA

CPMIX2=CPMIX

GAMMAU=(CAMMA1+CAMMA2) /2.0
CPMIXU=(CPMIX1+CPMIX2)-2.0

G1AU=GAMMAU~ (GAMMAU-1.0)

G2AU=(GAMMAY-1.0)2.0

PR13I=(TG(2)/TG{1))**xG1AY

DELT=TG(2)-TG(1)
US2=C(U(ISTRGE )} *US1+DELT*CPMIXU*GC*AJ) 7UUR( ISTAGE)
JJ=1

UzeAas=uz1

200 Us2UzZ2=US2/UZ2AS

201

202

300

ALFA2R=ATAN(US2UZ2)
ALFA2=ALFAZ2R*180.0-PAI
BET1SS(ISTAGE ) =ALFA2
AINCSS(ISTAGE)=ALFA2-BET1IMS(ISTAGE)
HWS2=UU2 (ISTAGE)-US2

HWS2UzZ2=HS2/UZ2AS

BETAZ2R=ATAN(WS2UZ2)
BETA2=BETA2R*180.0/PAI

BET2SR(ISTAGE Y=BETA2

ABEVSR (ISTAGE )=BETA2—-BET2MR(ISTAGE)
Up=UZ2AS-COS(ALFASR)
W2=UZ2RS/COS(BETAZR)
TS2=TG(2)-U2%%2/ (2. 0*CPMIX2*GCC*AJ)
A2=SART (GAMMA2*RMIX*TS2*GC)

M2=Uz2-A2

PS2=P(2)/(1.0+G2*M2%%2) %xG]
RHOGS2=PS2/RMIX/TS2

M2REL=W2/R2

TREL2=(1.0+GC2*M2REL **2)»TS52
PREL2=(1.0+M2REL*x2)%xG1%PS2
UZ2CL=AMASS/ (RHOGS2*AREAS (ISTAGE) )
EPS=1.0E-B

IF(JJ.EQ.2) GO TO 201

IF(JJ.GT.2) GO TO 202

X1=Uz2ASs

Y1=UZ2CL

Uz2AaS=yzaCL

JJ=JdJ+1

GO TO 200

X2=UZ2AS

Ya=UzaCL

UZ2AS=HICNEHN(X1s Y1, X2s Y2)

JJ=JdJd+1

GO TO 200
IF((ABS(UZ2AS-UZ2CL ) UZ2AS).LT.EPS) GO TO 300
X1=X2

Yi=vY2

X2=UZ2AS

Ye=Uzz2CL

UZ2AS=HICNEH(X1, Y1, X2, Y2}

JJ=JJd+1

GO TO 200

Uz2=Uz2CL

FAIOUT=UZ2-UTIPG(ISTAGE)
DRCISTAGE)=1.0~W2/H1+ABS(WS1-HS2)/2,0-SIGUMR(ISTAGE) /W1
DEQR(ISTAGE)=COS(BETARR)/COS(BETALR)*
$(1.12+0.61*COS(BETALR ) **x2/SIGUMR(ISTAGE) *
$(WICTAN(BETAIR)-NICTAN(BETA2R)))
PLOSSR=PR12D(ISTAGE) 7 (TG(2)}/TG(1) )*xG1AU
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PRRELI=(1,0+C2AU*UCISTAGE ) *%x2/ (GAMMAU*RMIX*TREL 1%*GC) WICSPD 198

$#( (UU2(ISTAGE) ~UCISTAGE) )%¥%2-1.0) }**C1AV WICSPD 199
IF(PRRELI.LT.PLOSSR) PRRELI=1.0 . WICSPD 200
OMEGR(ISTAGE)=(PRRELI-PLOSSR)/(1.0-PS1/PREL1) HICSPD 201

C STATOR OUTLET WICSPD 202
PLOSSS=PR13D(ISTAGE) /PR12D(ISTAGE) WICSPD 203
PR13=(TG(2)-TG(1))*xG51AU*PLOSSR*PLOSSS . HICSPD 204
DOMEGS(ISTAGE)=(1.0~PLOSSS)~(1.0-PS2/P(2)3 WICSPD 205

© ETASG=(PR13*%(1.0-/G1AUV)-1.03/(TR12-1.0) HICSPD 206
P(3)=PR13%P(1) WICSPD 207
TG(3)=TG(2) WICSPD 208
TDCISTAGE)=TG(1) WICSPD 203

C PRINTOUT OF STAGE PERFORMANCE WICSPD 210
IFC(IUNIT.EQ.2) THEN HICSPD 211
TG(1)=TG(1)=CFT WICSPD 212
TG(2)=TG(2)*CFT HWICSPD 213
P(1)=P(1)%CFP WICSPD 214
P(2)=P(2)%CFP WICSPD 215
TS1=TS1=CFT WICSPD 216
TS2=TS2*CFT HICSPD 217
PS1=PS1%CFP HICSPD 218
PS2=PS2*CFP WICSPD 213
RHOGS1=RHOGS1%*CFD WICSPD 220
RHOGS2=RHOGS2%CFD HICSPD 22l
Uz1=UZ21*CFy WICSPD 222
uza2=Uze=*CFy WICSPD 223
U1=U1%CFU HICSPD 224
U=U2=CFU WICSPD 225
H1=W1*CFU HICSPD 226
He=KH2*CFU WICSPD [=I=1g
US1=US1%CFU WICSPD 228
US2=USe=*CFU HICSPD 229
HS1=HS1%CFU HWICSPD 230
HWS2=HS2*CFU HWICSPD 231
UCISTAGE)=UC(ISTAGE)*CFV HWICSPD 232
UU2(ISTAGE)=UU2(ISTAGE)*CFU WICSPD 233
TRELI=TREL1=CFT WICSPD 234
PREL 1=PREL 1*CFP ‘WICSPD 235
TREL2=TREL2x*CFT HICSPD 236
PREL2=PREL2*CFP WICSFD 237
AREA(ISTACGE)=AREA(ISTAGE ) *CFA HWICSPD 238
AREAS(ISTAGE)=AREAS(ISTAGE)*CFA HICSPD 239
RADI1(ISTAGE)=RADI1 (ISTAGE)*CFL WICSPD 240
RADI2(ISTAGE)=RADI2(ISTAGE)*CFL HICSPD 241
ENDIF HWICSPD 242
HRITE(B, 1000) WICSPD 243
HWRITE(B51100) ISTAGE HICSPD 244

1100 FORMAT(1HO, 1Ky #x%xx% STAGE=#, I2,# *%%xx%xz) WICSPD 245
WRITE(B51101) WICSPD 246
1101 FORMAT(1HO, 16X #TOTAL#, 8Xs ZTOTAL#s 7Xs ZSTATICH, 7Xs ZSTATICHEs 7% WICSPD 247

$ESTATICH, /5 17X ZTEMP#, 7Xs #PRESSURE#s 7Xs #TEMP#, 7Xs #PRESSURE#» BX» HICSPD 248

$ZDENSITY#) HWICSPD 243
WRITE(B,1110) TG(1),P(1),TS1,PS1,RHOGS1 WICSPD 250

1110 FORMAT(1HO, 1Xs #ROTOR INLET#, 1XsS(F10.3,»3X)) HICSPD 291
WRITE(B, 11202 TG(2),P(2),TS2, P52, RHOGS2 WICSPD 252
1120 FORMAT(1H ,»1X,#ROTOR OUTLET#,S5(F10.3,3%)) WICSPD 253
HRITE(B,1111) HICSPD 254
1111 FORMAT(1HOs 16Xs #AXIAL#, EXs #ABSOLUTE#» SX» #RELATIVE#s SXs #TAN COMP#» WICSPD 255

$5Ks #TAN COMP#s /s 15X, ZUELOCITY#, SXs #UELOCITY#s SXs #UELOCITY#s 4X, HICSPD 256

$#0F ABS UEL#, 3X,#0F REL UEL#) WICSPD 257
HRITE(B,1130) UZ1,U1,H15,US1,S1 HICSPD 258

1130 FORMAT(1HO, 1Xs #ROTOR INLET#, 1K, 5(F10.5,3K)) WICSPD 2538
HWRITE(B,1140) UZ2, U2, W2, US2, HS2 HICSPD 260
1140 FORMAT(1H , 1Xs #ROTOR OUTLET#,S5(F10.5,3XK)) WICSPD 261
WRITE(B,1141) WICSPD 262
1141 FORMAT(1HO, 15X, #ROTOR#, 7Xs #ABS MACH=, SX, #REL. MACH#, SX, #REL TOTAL#» WICSPD 263

$4Xs ZREL TOTAL#» /» 16X #SPEED#, 8X, #ZNUMBER#» 7Xs #NUMBER#, 7Xs #TEMP#, 8Xs» WICSPD 264

$#PRESSURE#=) WICSPD 265
HRITE(B,1150) UCISTAGE)sM1,»MIREL, TREL1,PREL1 HWICSPD 266

1150 FORMATC(1HOs 1Xs #ROTOR INLET#» 1X»S(F10.3s3X)) HICSPD 267
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WRITE(B, 1160) UU2(ISTAGE),M2, MEREL, TRELZ, PRELZ2

1160 FORMAT(1H »1X,#ROTOR OUTLET#,S5(F10.3,3X)J
I=ISTAGE
IF(ISTAGE.EQ.1) I=8
WRITE(E,1161)

1161 FORMAT(1HO, 14X, #ABS FLOW#,5X»#REL FLOW#, 4Xs #*STREAMTUBE#, 18Xs.
$#FLOW#s /» 16X #ANGLE#, 8X» ZANGLE, 8X»s #AREA#5 IXs #RADIUSHs SX»

$#COEFFICIENT#)

WRITE(B,1170) BETRSS(I-1),BET1SR(ISTAGE)s AREACISTAGE),s

$RADI1(ISTAGE) s FRIRIN
1170 FORMATC(1HO, 1X, #ROTOR INLET#y 1X,5(F10.5,3%3)

HRITE(B, 1180) BET1SS(ISTAGE)» BET2SR(ISTAGE}» AREASC(ISTAGE),

$RADI2(ISTAGE ), FAIOUT
1180 FORMATC(1H , 1X, #ROTOR OUTLET#,S(F10.5,3X))

HRITE(BE»1190) PR13,ETASG, PR12D(ISTAGE), ETARB(IST,*5E)s TR12
11390 FORMAT(1HO, 1X, #STAGE TOTAL PRESSURE RATIO AT DESIGN POINT=#,F10.5,
$/,2Xs #STAGE ADIABATIC EFFICIENCY AT DESIGN PUINT=#,F10.5,/s2X,
$#ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT=#,F10.5s/,2X,
$#ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT=#,F10.5s/52Xs
$=ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT=#,F10.35)

IFCIUNIT.EQ.2) THEN
TG(L=TG(L)/CFT
TG6(2)=TG(2)/CFT
P(1)=P(1)/CFP
P(2)=P(2)/CFP
TS1=TS1/CFT
TS2=TS2/CFT
PS1=PS1-/CFP
PS2=PS2/CFP
RHOGS1=RHOGS1/CFD
RHOGS2=RHOGS2/CFD
Uz1=uz1-,CFV
uze=yza2/CFy
Ul=U1-CFU
U2=U2-CFy
Wi=W1-CFU
HWe=W2/CFU
US1=US1-/CFU
Us2=ysa2-CFuy
WS1=WS1/CFU
HS2=WS2/CFU
UCISTAGE)=U(ISTAGE)/CFU
UU2 (ISTAGE)=UU2(ISTARGE)#CFU
TREL1=TREL1-CFT
PREL1=PREL 1-CFP
TREL2=TREL2/CFT
PREL2=PREL2-CFP
AREA(ISTAGE)=AREA(ISTAGE)/CFA
AREAS(ISTAGE)=AREAS(ISTAGE)/CFA
RADI2(ISTAGE)=RADI2(ISTAGE) CFL
ENDIF

C REPEAT
TG(1)=TG(3)
P(1)=P(3)

IF(ISTAGE.EQ.NS) ADEUSS(NS)=BET2SS(NS)-BET2MS(NS)

ISTAGE=ISTAGE+1
IF(ISTAGE.EQ.NS1) GO TO 101
GO TO 100
C OVERALL PERFORMANCE AT DESIGN POINT

101 CUALPR=P(3)-POIN
CUALTR=TG(3)/TOIN
GAMMAU=(GAMAIN+GAMMA) 72.0
G1AU=GAMMAU/ (GAMMAU-1.0)

OUALEF=(DUALPR%*%(1.0-G1AV)-1.03/(0VALTR=1.0)

OUALDT=TG(3)-TOIN
C PRINTOUT OF OUVERALL PERFORMANCE AT DESIGN POINT
IF(IUNIT.EQ.2) THEN
TOIN=TOIN=CFT
POIN=POIN*CFP
CMASS=CMASS*CFM
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421 FORMAT (1HO, ##xxxxxxxxx QUERALL PERFORMANCE AT DESIGN POINT ®®%x*

OUALDT=0UALDT=CFT
DO 422 I=1,NS
TD(I)=TDC(I)*CFT
CONTINUE

ENDIF
WRITE(B,1000)
WRITE(E,421)

B WIIEREFE)

425
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423
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C == STGSTK - A COMPUTER CODE FOR PREDICTING MULTISTAGE AXIAL FLOW
COMPRESSOR PERFORMANCE USING A& MEANLINE STAGE STACKING METHOD.

c
c

C
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Xy
X

WRITE(B, 4253 TOIN

FORMAT(1HO, 1Xs #COMPRESSOR INLET TOTAL TEMPERATURE=#,F8.2)
WRITE(B,426) POIN

FORMAT (1HO5 1X, #COMPRESSOR INLET TOTAL PRESSURE=#,F10.2)
HRITE(BE,427) CMASS

FORMAT (1HOs 1Xs #CORRECTED MASS FLOW RATE=#,F6.3J
HRITE(E,429) OUALPR

FORMAT (1HO, 1X, #OVERALL TOTAL PRESSURE RATIO=#,FG6.4)
WRITE(E,430) QUALTR

FORMAT (1HO» 1X, #OUERALL TOTAL TEMPERATURE RATIO=#,F6.4)
WRITE(B,431) OUALEF

FORMAT (1HO» 1X, #OUERALL ADIABATIC EFFICIENCY=#,FE.4)
HRITE(B,432) 0UALDT

FORMAT C1HO, 1Xs #OUERALL TEMPERATURE RISE=#,F8.3)
HRITE(Gs 1621)

FORMAT (1HO» 14X, #1575 5%y #2%s SXs 3% SXs Z4# s 5K #5055, 5Xy ZB#y 4Xs #IGU#)

WRITE(B, 17103 (BET1ISR(I),I=1,NS)
FORMATC(1H » 1Xy #BET1ISR(I}#,2X,6(F5.251X))
WRITE(By 1720) (BET2SR(I)s I=1,NS)
FORMAT(1H 5 1Xs #BET2SR(I)#s 2Xs B(F5.25 1X))
WRITE(B»>1730) (AINCSR(I)»I=1,NS)
FORMATC(1H » 1Xs #AINCSR(I)#, 2Xs B(F5.25 1X))
HWRITE(B,1740) (ADEUSR(I), I=1,NS)
FORMATC1H » 1Xs #ADEUSR(I)#,2X5 6(F5.25 1X))
WRITE(E», 1760) (BET1SS(I),I=1,NS)
FORMATC(1H 51X, #BET1SS(I)#,2X,B(F5.251X))
WRITE(B, 1770) (BET2SS(I)»I=1,N51)
FORMAT(1H » 1X, #BET2SS(I)#,2X, 7(F5.25 1X))
WRITE(B,1780) (AINCSS(I)»I=1,NS)

FORMAT (1H » 1X, #AINCSS(I)#, 2K, B(F5.25 1X))
HWRITE(B,1790) (ADEUSS(I), I=1,NS)
FORMAT(1H » 1X, #ABEUSS(I)#, 2K, B(F5.2, 1X))
WRITE(E,1731) (TD(I),I=1,NS)

FORMAT(1IH » 1X, #TD(I)#,BX,6(F5.1,1K))
WRITE(B, 1793} (OMEGS(I),sI=1,NS)

FORMAT (1H » 1Xs #OMEGS (1), 3X, B(F5.35 1X})
WRITE(E,1794) (OMECGR(I),I=1,NS)

FORMAT (1H » 1Xs ZOMEGR(I)#, 3%, B({F5.35 1X))
IFC(IUNIT.EQ.2) THEN

TOIN=TOIN/CFT

POIN=FOIN-/CFP

CMASS=CMASS/CFM

OUALDT=0UALDT-CFT

DO 423 I=1,NS

TDCIX=TDC(IX*CFT

CONTINUE

ENDIF

RETURN

END

DOCUMENTATION NASA TP-XXXX, XKXX» 13980, BY R. J. STEINKE

SUBROUTINE NASA

COMMON ~PERDUE, JPERFM»RHOG(3)s RERUPs RERLOWs RESUPs RESLOW
PREBs RRTIP(8),SRTIP(8)sARAL, AAR2, AAA3, SAREAR(B) s SARERS(7)
P(3)5TG(3)9KAs KU(3)» XCHA» KW (3) s XHLH(3) s XHT(3)5 TH(3)» THH(3)
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C %%

20

100

Xs OMEGS(7)»OMECGR(B),GAPR(E)s GAPS(B)
Xs RRHUB(B) , RC(B) , RBLADE(B) , STAGER(B)
X» SRHUB(?) », SC(?) » SBLADE(?} , STAGES(?)
X» SIGUMR(B) s BETISR(B) » BET2SR(6) s AINCSR(E) s ADEUSR(B)
Xs SIGUMS(Y) » BET1SS(7) » BET255(¢) » AINCSS(7) » ADEUSS(7)
X» UTIPG(B)UTIP(B),»UTIPD(E),UBUCE),UMEAN(E) UHUB(B),U(B)sFAI
X» AREA(B),AREAS(7),UU2(B),UTIP2(E), UMEAN2(B), UHUB2(E)» IPRINT
Xs ICENT, IICENT,FMR1(B)»FMA2(B)5 IRAD, FAID
X> NS, NS1,RT(6),RM(B),RH(BE),ST(B),SM(B)»SH(B)
®» DSMASS, AAREA(Y)» RRREAS(7), PR12D(E),PR13D(E)»ETARD(E)
X» DR{(B),DS(E),» DEQR(6), DEUS(6), BLOCK(E)», BLOCKS(?)
X» BETIMR(B), BET2MR(8), BETIMS(7)» BET2M3(7)»RADBI1(B),RADBIZ(B)
COMMON ~UECTOR/ CPCO(B), TITLE(12), RT2(12), RH2(12), RT3(12)s
®RH3(12), PHIREF(12)s PSIREF(12)s ETAREF(12)s PHIDES(12,39,81,
XPSIDES(12,9,8), ETADES(12,9,8), PHI(12,9,8)s PSI(12,9,8), ETA(12,9
{»B)s DPHIA(12)s, LFSIAC12)s DETA(12)s NSTAGE(12)s PCTSPD(9),
XBET2M(12,93, BLEED(iZ2»3), TT(1i3), PT(i3), PR(1Z2),» TR(i2)s PRO(iZ2),
XTRO(12), ETAO(12), BET3MR(12,9), Uz2M(12,9), UZ3M(12,9), AREA2(12)
X» AREA3(12), RM2(12), RM3(12), UT2(12), UT3(12), UM2(12), UM3(12)
Xs BAT2IMR(12»3J, DPSIS(12,9)s RSOLM(12)s RK2M(12), CB2M(12)s CB2MR(
X12), CB3MR(12), RINCM(12), RDFiM1(12), SK2M(12)», SINCM(12), BET3M(1l2
X»9)s PHIFIX(12), DPHIF(12),CPREF(12), CGF1REF(12),ETAINP(12)
X»FLOCAL(12,9)s ETARAT(9), DB2M(12,9)» DB2MR(12,3),DB3M(12, 33}, DB3MR
X(12,9),B2MB3R (12,383, SPEEDF» FLOWIN, U3DU2R(12),U2U3(12), DB3MRG(12)
X» DB3MRN(12,9), DB3MRP(12:8),CPLM(6),CPCS(6)
%5, RKEM(12), RBEU(12),, ROEF (120, GMREF (12)
*,PSIDI(12,2,8),PSID2(12,2,83,PSID3(12,2,8),P5IN4(12,2,8)
%, PSID5(12,2,8),PSI1(12,2,8),PS12(12,25,8),PSI3(12,258)
#, PS14(12,2,8)»PSIS(12,258)
%, PSIDIL (12,2,8),PSID2L(12,2,8),PSID3L(12,258)
*#,PSIB4L(125258),PSIDSL(12,2,8)»,PSI1L (12,2, 8)
#, PSI2L(12,258),PSI3L(12,2,8),PSI4L(12,2,8),PSI5L(12,2,8)

CoMMON ~SCALER- RUs, PIs Gs» RAJ» RAD, RGs DCPs CGJs G2Js RPMRAD, NSTA
Xs NSPE, NPTS, PO, TO, DESRPM», DESFLO, UNITS
X CP» GAMMAs GM1, GF 1, GF 2, GF 35 SPDPSI» SPDPHI» DRDEUGs DRDEUN, DRDEUP
Xs XARs XMETs XSTM
Xs STAGEN, SPEEDNs CHAPTSs WTMOLE

CALCULATE FIXED PARAMETERS

PO = PD*144.0

DO 20 1I=1,NSTA

AREAZ2(I)= (RT2(I)+RH2(I1))*(RT2(I)-RH2(1))*PI1-,144.0

AREA3(I)= (RT3(IJ+RH3(I)I*(RT3(I)~-RH3(IJI=*PI/144.0

IFC(IRAD.EQ.1) RM2(I)=RT2(I)

IF(IRARD.EGQ.1) RM3(IJ)=RT3(I)

IF(IRARD.EQ.2) RM2(I)=RM(I)

IF(IRAD.E@.2) RM3(I)=SM(I)

IF(IRAD.EQ.3) RM2(I)=RH2(I)

IF(IRAD.EQ.3) RM3(I)=RH3(I)

AREA2(I)=SAREA(I)

AREA3(I)=SAREAS(I)

UM2(I)= RM2(I)=DESRPM*RPMRAD

UM3(I)= RM3(I)#DESRPM*RPMRAD

BET2M(I»1) = BET2M(I» 1)/RAD

RK2M(I) = RK2M(I) + CB2MR(I)

SK2M(I} = SK2M(I) + CB2M(I)

CB2M(1I)= CB2M(I)/RAD

CB2MR(I)= CB2MR(I)/RAD

CB3MR(I)= CB3MR(I)/RRD

CONTINUE

CALL CSPREF

IF(ETADES(1s1,1) .EQ. 0.0) CALL CSETA

CALL CSPSI(0.0051)

DO 100 I=1,NSTA

DO 160 K=1,NPTS

PSID1(Is1,K)=PSIDES(Is15K)

CONTINUE

CALL CSPSI(0.025,1)

D0 101 I=1,NSTA

DO 101 K=1,NPTS

PSID2(I,1,K)=PSIDES(Iy1,K>
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101 CONTINUE

CALL CSPSI(0.075s1)

D0 102 I=1,NSTA

DO 102 K=1,NPTS
PSID3(I,1,K)=PSIDES(I»1,K)

102 CONTINUE

CALL CSPSI(0.125,1)

DO 103 I=1,NSTA

D0 103 K=1,NPTS _
PSID4(I,1,K)=PSIDES(I,s1,K)

103 CONTINUE

CALL CSPSI(0.150,13

DO 104 I=1,NSTA

DO 104 K=1,NPTS
PSIDS(I,1,K)=PSIDES(Is1,K)

104 CONTINUE

200

201

202

203

204

800

51

C %%x

300

310
2051

CALL CSPSI(0.00s2)

Do 200 I=1,NSTA

DO 200 K=1,NPTS
PSIDIL(I,1,K)=PSIDES(I»1,KJ
CONTINUE

CALL CSPSI(0.025,2)

DO 201 I=1,NSTA

DO 201 K=1,NPTS

PSID2L (I, 1,K)=PSIDES(I,1,K)
CONTINUE

CALL CSPSI(0.07Ss2)

DO 202 I=1,NSTA

DO 202 K=1,NPTS
PSID3L(I,1,K)=PSIDES(Is1,K>
CONTINUE

CALL CSPSI(0.123,2)

D0 203 I=1,NSTA

DO 203 K=1,NPTS

PSID4L(I, 1,K)=PSIDES(I, 1K)
CONTINUE

CALL CSPSI(0.150,2)

B0 204 I=1,NSTA

DO 204 K=1,NPTS
PSIDSL(I,1,K)=PSIDES(I,1,K3}
CONTINUE

DO 800 I=1,12

DO 800 J=1,NSPE
DPSIS(I,J4)=0.0

CONTINUE

IF (SPDPSI.EQ.1.0) CALL CSPSD

CALL CSPAN
DD 51 I=1,NSTA

BET2M(I,1) = BET2M(I, 1) * RAD

BET3MR(I,1) = BET3MR(I,1) * RAD

WRITE INTERMEBIATE GQUTPUT
WRITE (6,2120)
IF(UNITS.EQ.1.0) THEN

DO 300 I=1,NSTA

FLOCAL (I, 1)=FLOCALC(I,1)%*0.453532

CONTINUE
ENDIF

WRITE (68,2051} (NSTAGE(I),PHIREF(I),PSIREF(I),ETAREF(I),CPREF(I),

XGMREF (I),FLOCALC(Is 1),
X

BET2M(I»1)s BET3MR(I» 1), RINCM(I)>ROFM(I)s SINCM(I),

XI=1,NSTA
IF(UNITS.EQ.1.0) THEN
DO 310 I=1,NSTA

FLOCAL(I,1)=FLOCAL(I,1)/0.453592

CONTINUE
ENDIF
FORMAT (110H STAGE PHIREF
¥ GMREF FLOCAL BET2M BET3MR

PSIREF

KINCM/~ (5%, 15,5F10.4,4F10.2,F10.4,F10.2))

WRITE(G, 3474)
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3474 FORMAT(1H-# STAGE uzam UZ3M=)

nn 177 I=1.NQTA

pOIE N | L=4Fiidin

WRITE(B,3473) I,U22M(I,1),UZ3M(I,1)
3473 FORMAT(4X, I2,F14.2,F11.2)
177 CONTINUE
DO S2 I=1,NSTA
BET2M(I»1) = BET2M(I,1) - RAD
52 BET3MR(I», 1) = BET3MR(I»1) / RAD
WRITE (6,2120)
HRITE (6,2052) (NSTAGE(I),I=1,12)s (PCTSPD(J), (DPSIS(I,»J), I=1,12
1), I=1.NSPE)
2052 FORMAT (20X,27H DPSIS(STAGE, PCT SPD) TABLE/-40%, 13H STAGE NUMBER~/
18H PCT SPD, 12(I5,3X)~/(13F8.4))
DD 60 I=1,NSTA
DO 60 J=1,NSPE
DD 60 K=1,NPTS
PHI(I,JsK)=PHIDES(IsJsK)
IF (SPDPHI.EQ.1.0) PHI(I»JsK) = PHI(I,JsK3#(1,0 + ((PHI(I,J>K)/PHI
XREF(I))%%#(1.0-SPEEDF) — 1.0)%1,0*ABS(1.0 — SPEEDF))
C »x» OPTION TO ALTER FLOW COEFICIENT FOR OFF DESIGN SPEEDS
PSI1(IsJsK)=PSID1(I,1,K)
PSI2(I, JyK)=PSID2(I,1,K)
PSI3(I,JsK)=PSID3(I»1,K)
PSI4(I,J,K)=PSID4(Is1,K)
PSIS(I, J,K)=PSIDS(I, 1,K)
PSI(I»JsKI)=PSIL(I»1,K)
PSI1L.(I,J,K)=PSIDIL(I,1,K)
PSI2L(I,JdsK)=PSID2L(I,1,K)
PSI3L(I»JdsK)=PSID3L(I,1,K)
PSI4L(I,Jd,K)=PSIDAL(I,1,K)
PSISL(I»Js KI=PSIDSL(I,1,K)
ETA(I»JsK) = ETADES(I,1,K)*ETARAT(J) + DETACI)
60 CONTINUE
DO 70 I=1,NSTA
WRITE (6,2120)
WRITE(B,2080) NSTAGE(I)s ((PHI(I»J>»K)sPSIC(I»JsK)»
1ETACIs JsKI» J=1, 1), K=1, NPTS)
IF(NSPE.LT.4) GO TGO 70
WRITE (6,2120)
WRITE(B,2080) NSTAGE(I)s ((PHI(I,JsKI»PSICIsJsK)>s
1ETACTI, JsK)» J=4,6),K=1,NPTS)
IF(NSPE.LT.7) GO TO 70
WRITE (6,2120)
WRITE(Bs2080) NSTAGE(I)s ((PHI(I,J>K)»PSIC(I»JsK)»
LETACIs JsK)» J=75» 31, K=1,NPTS)
70 CONTINUE
2060 FORMAT (20X,3SH COMPUTED CHPRACTERISTICS FOR STAGE NO.s I3~/

13(30H PHI PSI ETA )/ (SF1
20.4))
2120 FORMAT (1HO0~////7)
RETURN
END
D R e
SUBROUTINE CSINPT
C ==x SUBROUTINE CSINPT READS AND WRITES THE INPUT DATA
C =s* ALL INPUT DATA MUST BE ENGLISH UNIT
C ==x UALUE OF INPUT DATA =SPEEDN# MUST ALWAYS BE 1.0
C ==x UALUE OF INPUT DATA =UNITS# MUST ALWAYS BE 0.0

COMMON ~UECTOR- CPCOC(B), TITLE(12), RT2(12), RH2(12), RT3(123,
XRA3(12), PHIREF(12)s PSIREF(12), ETAREF(12), PHIDES(12,9:8),
KPSIDES(12,9,8), ETADES(12,9,8), PHI(12,9,8), PSI(12,9,8), ETA(12,9
X»8), DPHIAC12), DPSIA(C12)s DETAC12), NSTAGE(12), PCTSPD(3),
XBET2M(12,9)s BLEED(12,9), TT(13)» PT(13)» PR(12), TR(12), PROC(12),
XTROC(12), ETAD(12)s, BET3MR(12,93), UZ2M(12,38), U23M(12,9)s AREA2(12)
X» AREA3(12), RM2(12), RM3(12), UT2(12), UT3(12), UM2(12), UM3(12)
X» BATE2MR(12,9), DPS1IS(12,9),R50LM(12), RK2M(12), CB2M(12), CB2MR(
X12)» CB3MR(12), RINCM(12)s RDFM(12)s SKaM(12), SINCM(12)s BET3M(12
Xs9)» PHIFIX(12), DPHIF(123»CPREF(12), GFI1REF(12),ETAINP(12)

X+ FLOCAL(12,9)s ETARAT(S), DB2M(12,39), DB2MR(12,93),DB3M(12,9),» DB3MR
X(1259), B2MB3R(12, 3),» SPEEDF» FLOWIN, U3DUER(123,U2U3(12), DB3MRG(12)
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¥s DB3MRN(12,9)» DB3MRP(12,8),CPCM(B),CPCS(B)
*, RK3M(12), ROEUC(12), RDEF(12) > GMREF(12)
*,PSID1(C12,2,8),PSID2(125-2:83,PSID3(12,258),PSID4(12,2,8)
*, PSIDS5(12,2+8)sPSI1(12,2:83,PSI2(12,2,8),P513(12,258) :
#,PSI4(12,2,8),PSI5(12,2,8)
*, PSID1L(12,2,8),PSID2L(12,25,8),PSID3L(12,2,8)
*, PSID4L(12,258),PSIDSL(12+2,8),PSI1L(12,2,8) .
*,PSI2L(12,2,8),PSI3L(12,2,8),PSI4L(12,2,8),PSISL(12,2,8)
COMMON ~SCALER- RUs PI, G» AJs RAD, RG» DCP,» GJs G2J, RPMRAD, NSTA
Xs NSPEs NPTS, PO, TO» DESRPM, DESFLOs UNITS
Xs CPs GAMMA, GML1» GF 1» GF2, GF 3, SPDPSI» SPDPHI» DROEUG, DRDEUN, DRDEUP
®s XAR» XMET» XSTM
®» STAGEN, SPEEDN, CHAPTS, WTMOLE
DIMENSION PHIINP(C10)
READ(S, 1000) (TITLEC(I),I=1,12)
WRITE(E,2000) (TITLE(I),I=1,12)
1000 FORMAT (12A6)
2000 FORMAT (1Hl-///720X,30H %% STAGE STACKING PROGRAM %% ////20X,
112A6/777)
READ (5,4444) STAGEN, SPEEDN, CHAPTS »PO, TO, DESRPM, DESFLO
4444 FORMAT(7F10.0)
WRITE(E,2010) STAGEN» SPEEDNs, CHAPTS PO, TO, DESRPM, BESFLO
READ(S5, 10083 WTHMOLAs HNTMOLM: WTMOLS» XARs XMET» XSTM
1008 FORMAT(GF10.0)
RGAIR=RU-WNTMOLA
RGMET=RU-/WTMOLM
RGSTM=RU-/WTMOLS
RG=RCAIR=XAR+RCGMET*XMET+RGSTM*XSTM
WTMOLE=RU/RG
WRITE(B, 1006)WTMOLAS WTMOLM» WTMOLS, WTMOLE
1006 FORMATC(LIH-,SX; #MWd AIR=#,F7 .45 3%, =MW METHANE=#,F7.4, 33X, ZMW STEAM=#,
®F7 .4, 3R #MN MIXTURE=#,F7.4)
WRITE(E, 1004) XARs XMETs XSTM
1004 FORMAT (1H—; 5%, #MASS FRACTION AIR=#,FG.4s5X,#MASS FRACTION METHANE=
#2yFB.4, 5%, #MASS FRACTION STEAM=#,FE.4)

BCP = RG/AJ
GJd = G=Ad
Ged = GJ%2.0

RPMRAD = PI/360.0
1010 FORMAT (8F10.0)
2010 FORMAT (reH STAGES SPEEDS POINTS PG IN 70 IN DES
* RPM DES FLOW//(7F10.3)//7/)
READ (5,1010) SPDPSIs SPDPHI, DRDEUGs DRDEUN, DRDEUPs UNITS
WRITE (6,2011) SPDPSIs SPDPHI,BRDEUGs DRDEUNs DRDEUPs UNITS
2011 FORMAT (BOH SPDOPSI SFDPHI DRDEUG ORDEUN DRDEUP
XUNITS//(EBF10.1),r77)
READ (5-1020) (CPCO(I), I=1,6)
WRITE(BE,20620) (CPCO(I),I=1,6)
1020 FORMAT (3E20.8)
READ(S, 10203 (CPCM(I),I=1,6)
WRITE(Bs2021) (CPCM(I3},I=1,63
READ(S5, 10202 (CPCS(I),I=1,6)
HRITE(Bs2022) (CPCS(I},I=1,6)

2020 FORMAT (0v2H CPCO(1) CPCO(2) CPCO(3) CPCO(4) c
1PCO(S) CPCO(B) 77 (BE12.5)/777)

2021 FORMAT (072H CPCM(1) CPCM(2) CPCM(3) CPCM(4) c
1PCM(3) CPCM(B) 7~/ (BE12.5)///7)

2022 FORMAT (072H CPCS(1) CPCS(2) CPCS(3) CPCS(4) C
1PCS(3) CPCS(B)77(BE12.3)/7//)

NSTA = STAGEN

NSPE= SPEEDN

NPTS = CHAPTS

READ (5,1010) (RT2(I), I=1,NSTA)
READ (5,1010) (RH2(IJ,I=1,NSTA)
READ (5,1010) (RT3(IJ,I=1,NSTA)
READ (55 1010> (RH3(IJ,I=1,NSTA)
READ (5,1010) (BET2M(I,1)5I=1,NSTA)
READ (5,1010) (CB2M(I)» I=1,NSTA)
READ (5,1010) (CB2MR(I), I=1,NSTA)
READ (5,1010) (CB3MR(I)» I=1,NSTA)
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READ (S5,1010) (RK2M (I), I=1,NSTAR)
READ(5, 1010} (RK3M(IJ),I=1,NSTA)
READ (5,1010) (RSOLMC(I)s I=1,NSTAR)
READ (5,1010) (SK2M(I)»I=1,NSTAR)
READ (5,1010) (PR(I),I=1,NSTA)
READ(S, 10102 (ETARINP(I),» I=1,NSTA)
READ(5,1010) (PHIINP(I}, I=1,NSTR)
WRITE(B,20303 (NSTAGE(I)»,RT2(I)»RH2(I}»RT3(I),RH3(I),BET2M(I, 1),
XCB2M(I), CB2MR(I)» CB3MR(I)s RK2M(I)» RSOLM(IY»SK2M(I)s I=1,NSTA)
2030 FORMAT (110H STAGE RT2 RH2 RT3 RH3
X BET2M CB2M CB2MR CB3MR RK2M RSOLM, LOH
XSK2M/ /(5% I15+4F10.4,5F10.2,F10.4,F10.2))
WRITE (6,2120)
WRITE (6,2031) (NSTAGE(I)» PR(I), ETAINP(I)» I=1,NSTA)
2031 FORMAT (30H STAGE PR ETAINP//(5Xs I5,2F10.4))
READ(S5, 10103 (PCTSPD(J)s J=1,NSPE)
PCTSPD(1)=1.0
2120 FORMAT (iHO/ /773
READ (5,10610) (ETARAT(J)»J=1,NSPE)
WRITE (5,2120)
WRITE (B,2121) (PCTSPD(JI>ETARAT(J), J=1,NSPE)
2121 FORMAT (20H PCTSPD ETARAT-/7(2F10.4))
DO 21 I=1,NSTA
READ (S,1010) (BLEEDC(I,»J)»J=1,NSPE)
21 CONTINUE
WRITE (B6,2120)
WRITE (6,2041) (NSTAGE(I)sI=1,12), (PCTSPD(J), (BLEED(I»J), -I=1,12
1)9J=1’NSPE)
2041 FORMAT (20X,27H BLEED(STAGE,PCT SPD) TABLE-/~40X, 13H STAGE NUMBER~
18H PCT SPD, 12C15,3X)/7(13F8.3))
00 30 I=1,NSTA
READ (5,1011) (PHIDES(Is1,K)sK=1,NPTS)
READ (5,1012) (PSIDES(I»15K)sK=1,NPTS)
READ (5,1013) (ETADES(I,1sK)>K=1,NFPTS)
30 CONTINUE
DO 300 I=1,NSTA
DO 301 K=1,NPTS
PHIPHI=PHIDESC(I» 1,K)-PHIINPC(I)
ISPD=IFIX(SPEEDFs100.02
DELPHI=DPHI(I, ISPD)
PHIPHI=PHIPHI+DELPHI
PHIDES(I, 1,K)=PHIPHI*PHIINPC(I)
301 CONTINUE
300 CONTINUE
10i1 FORMAT(8F10.0)
1012 FORMAT(EF10.0)
1013 FORMAT(8F10.0)
DD 50 1I=1,NSTA
WRITE (6,2120)
WRITE(E,2050) NSTAGE(CI)s ((PHIDES(I,»J»K),PSIDES(I
1, J5sK)»ETADES(Is JsK) sy =15 1), K=1,NPTS)
IF(NSPE.LT.4) GO TO 50
WRITE (6,2120)
WRITE(B,2050) NSTAGE(I)s ((PHIDES(I»JsK),PSIDES(I
1, e KIS ETABES(Is JsK) s J=45,B),K=1,NPTS)
IF(NSPE.LT.7) GO TO 50
WRITE (8,2120)
WRITE(B,2050) NSTAGE(I)s ((PHIDES(I»J»K),PSIDES(I
1, LK) ETADES(Is S K) s J=7s ) K=1,NPTS)
50 CONTINUE
2050 FORMAT (20%>41H INPUT DESIGM CHARACTERISTICS FOR STAGE——s I3~/
13(30H PHIDES PSIDES ETADES)/(SF1
20.43)
C == CHANGE METRIC INPUT INTO ENGLISH UNITS
IF (UNITS.NE.1.0) CO TO 53
PO = P0O-0.683476
TO = T0*¥9.0-5.0
DESFLO = DESFLO-0.4535392
DG 51 I=1,NSTA
RT2(I) = RT2(1)/2.54
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RH2(I) = RH2(I)/2.54
RT3(1) = RT3(I)r2.54
RH3(I) = RH3(I) 2.54

DO 52 J = 1,NSPE
52 BLEED(I,J) = BLEED(I,J)~0.453592
51 CONTINUE
53 RETURN

END

SUBROUTINE CSPREF

C === SUBROUTINE CSPREF CALCULATES PARAMETERS AT DESIGN SPEED AND FILOW

c

CONDITIGNS
COMMON ~UECTOR- CPCO(B)» TITLE(12), RT2(12), RH2(12), RT3(12),
XRH3(12), PHIREF(12), PSIREF(12}, ETAREF(12), PHIDES(12,3,8),

XPSIDES(12,3,8)» ETADES(12,9,8), PHI(12,9,8), P3I(12,9,8), ETA(12,9

Xs8)s DPHIA(12), DPSIAC12)s DETAC12), NSTAGE(12), PCTSPD(3),

®BET2M(12,9), BLEED(12,9), TT(13), PT(13), PR(12), TR(12), PRO(12),
XTRO(12), ETRO(12)s BET3MR(12-8), UZ2M(12,8), UZ3M(12,9), AREA2(12)

®» AREA3(12), RM2(12), RM3(12), UTR(12), UT3(12), UM2(12), UM3(12}
X, BAT2MR(12,9), DPSIS(12,9),RSOLM(12), RK2M(12), CB2M(12), CB2MR(

X12), CB3MR(12), RINCM(12)s RDFM(12), SKPM(12), SINCM(12), BET3M(12

®»3)s PHIFIX(12), DPHIF(12),CPREF(12), GFIREF(12),ETAINP(12)

X,FLOCAL(12,9), ETARAT(9), DB2M(12,9), DB2MR(12,93,DB3M(12,9),DB3MR

x(12,9), B2MB3R(1259)» SPEEDF, FLOWIN, U3DUZR(12),Y2U3(12)» DB3MRG(12)
®» DB3MRN(12,9), DB3MRP(12,8),CPCM(G)sCPCS(E)

3, RK3M(12), RDEV(12), ROEF(12), GMREF (12)
*,PSID1(12,2,8),PSID2(12,258),PSID3(12,258),PSIN4(12,2,8)
*,PSID5(12,2,8),PSI1(12,2,8),PSI12(12,2,8),PSI3(12,2:8)
#,PS5I14(12,2,8),PSI5(12,2,8)
*,PSIDIL(12,2,8),PSID2L(12,2,8),PSID3L(12,2,8)
*,PSID4L(12,2,8),PSID5L(12,2,8),PSI1L(12,2,8)

# PSI2L(12,2,8),PSI3L(12,2,8),PSI4L(12,2,8),PSISL(12:2,8)

COMMON -SCALER/ RUs PI,» G» Ads, RAD, RG. DCP, GJs, G2J» RPMRADs NSTA

Xs NSPEs NPTS, PO, TO» DESRPM, DESFLO, UNITS
Xs CPs GAMMA» GM1s GF 1, GF2» GF 3, SPDPSI, SPDPHI» DRDEUGs DRDEUNs, DRDEUP
X» XARs KMET, XSTM
X» STAGEN, SPEEDN, CHAPTS, WTMOLE
J=1
I=1
TT(I)= TO
PT(I)= PO
20 RHOT=PT(I)/(TT(I)*RG)
TS= TT(I)
RHOS= RHOT
UT2(I)= RT2(I)*DESRPM*RPMRAD
UT3(I)= RT3(I)=*DESRPM*RPMRAD

C =xx CALCULATIONS AT ROTOR INLET

30 UzZ2M(I,J) = DESFLO- (RHOS#AREA2(I))
U= UZeM(I, J)/COS(BET2M(I,»J))
CP=CPFM(TS)
RHOS= RHOT*(1.0-UzU/(G2J*CP=TT(I)))*xGF1
TS= TT(I)=(RHOS/RHOT ) #*xGM1
HCAL= RHOS*AREA2(I)*UZ2M(I,J)
IF((ABS(WCAL - DESFLO)-WCAL) .GT. 0.005) GO TO 30
CPREF(I) = CP
GMREF (I)=GAMMA
GFIREF(I) = GF1
PHIREF (I)= UzZ2M(I,J) UT2(I)
DO 40 K=2,NPTS
IF(PHIREF (I)-PHIDES(I,J,K)) 50,60,40
40 CONTINUE
K= NPTS
S0 PSIREF(I)= (PSIDES(I,J,K)-PSIDES(I,JsK—-1))*(PHIREF(IY~PHIDES(I,J,s
1K-1))~r (PHIDES(I,JsK)-PHIDES(I,J,K-1)) + PSIDES(I,JsK~1)
ETAREF (I)= (ETADES(I,» JsK)-ETADES(I, JsK~1))*(PHIREF(I)-PHIDES(I, Js
1K-1))~ (PHIDES(I, JsK)-PHIDES(I, J,K-13) + ETADES(I,JsK-1)
GO TO 70
60 PSIREF(I)= PSIDES(I,J,K)
ETAREF(I)= ETADES(I»J>K)
70 CONTINUE
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PR

IF (PSIREF(I).EQ.0.0) GO TO 7l
PR(I)= (1.0 + PSIREF(I)*UT3(I)*UTI(I)/(CI=CP*TT(I)))*%GF2

71 CONTINUE

IFCETAREF(I).EGB.0.0) ETAREF(I)= ETARINP(I)
TR(I)= 1.0 + (PR{I)**GF3-1.0)/ETAREF(I)
TT(I+1)= TTCI)*TRCI)

IF (PSIREF(I).EQ.0.0) PSIREF(I) = GJ=*CP*(TT(I+1)~TT(I))*ETAREF (I}
X/UT3CT ) ==2

PTC(I+1)= PT(I)*PR(I)

TRO(I)= TT(I+1)-T0

PROC(I)= PT(I+13}-P0

I= I+1

IF(I .LE. NSTA) GO TO 20

D0 80 I=1,NSTA

UTeM= UZ2M(I, JD*TAN(BET2M(Is J))

UT2MR= UM2(I) - UTeM

BAT2MR(I, )= ATAN2(UT2MR, UZ2M(I,J))

19= 1iLlyLTli)

RHOT= PT(I+1)/(TT(I+1)=RG)

RHOS= RHOT

C =xx CALCULATIONS AT ROTOR OUTLET

81

82

80

UZ3M(I, J)= DESFLG/(RHOS+AREA3(I))

UT3M= (CP=(TT(I+1)~-TT(I))=GJ + UMB(I)*UT2M) - UM3(I)
U= SART(UZ3M(I, J)==2 + UT3M%x2)

CP=CPFM(TS)

RHOS = RHOT*(1l.0-U#U/(CRJI#CP#TT(I+1)))=*2GF1
TS = TT(I+1)%(RHOS/RHOT )#:=CM1

HCAL= RHOS*AREA3(I)*UZ2M(I, )
IF((ABS(HCAL~DESFLO)/WCALY .GT. 0.005) GO TO 81
BET3M(I,J) = ATAN2(UT3M, UZ3M(I,J))

SINCM(I) = BET3M(I,J)=RAD - SK2M(I)

UT3MR= UM3(I) - UT3M

BET3MR(I,J)= ATAN2(UT3MR, UZ3M(I,J))
RINCM(I)= BATEMR(I,» J)*RAD — RK2M(I)

U2MR= UZ2M(I, J)/COS(BATEMR(I,J))

U3MR= UZ3M(I,J)-COS(BET3MR(I,J))

U3DU2R(I) = U3MR/UZMR

IF(I.EQ.NSTA) GO TO 82

UeM=UZ2M(I+1, J)/COS(BET2M(I+1,J))

U3M=U

U2U3(T1)=U2M U3M

CONTINUE

RDFM(I)d= 1.0 — U3MR/U2MR + (RM3(I)=UT3M - RM2(II*UT2M)/(RM3(I) +
XRM2(1))/RSOLM(I) U2MR

DB2M(I,J> = BET2M(I,J)

DB2MR(I»J) = BAT2MR(I,J)

DB3M(I,J) = BET3M(I,J)

DB3MR(I,J) = BET3MR(I,J)

BeMB3R(I,J) = BATEZMR(I,J) — BET3MR(I,J)
CONTINUE

RETURN

END

O o

FUNCTION CPFM(TS)

C =x»x SUBROUTINE CPFM(TS) CALCULATES SPECIFIC HEAT FROM STATIC
C

TEMPERATURE USING FIFTH DEGREE POLYNOMIAL

COMMON ~VECTOR~ CPCO(B), TITLE(12)» RT2(12), RH2(12), RT3(12),
XRH3(12), PHIREF(12), PSIREF(12), ETAREF(12), PHIDES(12,8,8),
XPSIDES(12,9,8), ETADES(12,9,8), PHI(12,9,8), PSI(12,3,8), ETA(12,9
X»8), DPHIA(12), DPSIA(12), DETA(12)» NSTAGE(12), PCTSPD(9),
XBET2M(12,3), BLEED(12,9)s TT(13), PTC(13), PR(12)s TR(12), PROC12),
xXTRO(12)s ETRO(12)s BET3MR(12,9), UZ2M(12,9), UZ3M(12,9), AREA2(12)
Xs» AREA3(12), RM2(12)s RM3(12), UT2(12), UT3(12), UM2(12)s, UM3C(12)
R+ BAT2MR(12,3), DPSIS(12,93,RS0OLM(12), RK2M(12)s CB2M(12), CB2MR(
X12), CB3MR(12), RINCM(12), RDFM(12), SK2M(12), SINCM(12), BET3M(12
X»3)s PHIFIX(12)s DPHIF(12),CPREF(12), GFIREF(12),ETAINP(12)

Xy FLOCAL(12,9), ETARAT(9), DB2M(12,9), DB2MR(12,9),DB3M(12,9), DB3MR
x(12,9), B2MB3R(12,9), SPEEDF» FLOWIN, U3DU2R(12),U2U3(12), DB3MRG(12)
Xs DB3MRN(12,9), DB3MRP(12,8),CPCM(B),CPCS(6E)

#, RK3M(12),RBEVU(12),RDEF(12), GMREF (12)
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CSPREF
CPFM
CPFM
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*, PSID1(C12,2,8),PSID2(12,2,8),P5ID3(12,2,8),PSID4(12,2,8)
%, PSIDS(12,2.8),PS11(12,2:8),P51I2(¢12,258),PSI3(12,2,8)
%, PSI4(12:2,8),PS1i5(12:258)
#, PSID1L (12+:258)sPSID2L(12,258),PSID3L(1E8,2:8)
*, PSID4L(12,2,8),PSINSL(12,2,8),PS11L(12:2,8)
%, PSTI2L(1252-,8),PSI3L(12:2,8)sPSI4L.(12,258),PSI5L(12,258)
COMMON ~SCALER- RU. PI» G» AJs RAD» RGs DCPs GJ» G2Js» RPMRADs NSTA
Xs NSPE. NPTSs PO, TOs DESRPM., DESFLOs UNITS
X CP» GAMMA, GM1,GF 1 GF 25 GF 35, SFDPSI» SPUPHI; DRDEVUGs DRDEUNs DRDEUP
R KARs AMET » X5TM
Xs STAGENs SPEEDN, CHAPTSs WTMOLE
TS5=T5/1.8
CPA=(CPCO( 1)+ (CPCO(2)=TS)+(CPCO(II=TS=TS)I+(CPCO(4)=TS*TS=TS)+(CPCO
#(5)=TS=TS=TS=TS) I=287.056
CPS=(CPCS (1) (CRPCS(2)=TS)+(CPCS(3)=TS=TS)+(CPCS(4)=TS=TS5%#TS)+(CPCS
= (D) =TS=TH=TS2TS) ):461.485
CPM=(CPCM(1)+(CPCM(2)#TS)+(CPCM(3)=*TS*TS)+(CPCM(4)%TS*TS*7S5)+(CPCM
(5 =TS=TS=TS#TS) 14518, 851
CRFM=((CPA=XAR ) +(CPS®KSTM I+ (CPM=XMET) ) /4177 .8

TS=TS=1.8
GAMMA=CFF i1/ (CPFM-DCP)
GM1 = GAMMA - 1.0
GFI = 1.0/CHM1

GF2 = CGAMMA-GML

GF3 = 1.0/GF2
RETURN

END

B B R o R R A S S A S

C s

C

SUBROUTINE CSETA

SUBROUTINE CSETA GEMNERATES ADIABATIC EFFICIENCY UERSUS FLOW
COEFICTIENT

COMMON ~UECTOR/ CPCO(B)s TITLEC12), RT2(12), RH2(12), RT3(12),
KRH3(12), PHIREF(i2), PSIREF(12), ETAREF(12J, PHIDES(12,3,8),
XPSIDES(125,9,8), ETADES(12,9,8), PHI(12,9,8)s PSI(12,3,8), ETA(12,8
R+ 8)s DPHIACLZ), DPSIACLIR)s DETACIZ2), NSTREE(12)s PCTSPD(9),
XBET2M(12,9), BLEED(12,3), TT(13), PT(13): PR(12), TR(12), PROC12),
XTROC12), ETACC(i2)s BET3IMR(12,9), UZEM(12,9)s UZ3M(12:39), AREA2(12)
X AREA3(12)s RM2(12), RM3(1I2), UT2(12), UT3(12), UM2(12), UM3(12)
X, BAT2MR(12,9), DPSI5(12,9),RSOLMCI2)s  RK2KH(12), CB2M(12), CB2MR(
X12)s CB3MR(12), RINCM(12), RLFM(i2), SK2M(12), SINCM(12), BET3M(12
X»9)s PHIFIX(12), DPHIF(12),CFREF(12), GFIREF(12),ETAINP(12)

X, FLOCAL(12,9), ETARAT(9), DBEM(12,9), LB2MR(12,9),DB3M(12,9),DB3MR
X(125,8) s BEMB3R (125 9), SPEEDF» FLOWIN, U3BUZR(12),U2U3(12), DB3MRG(12)

X» DB3MRN(12,9), DB3MRP(12,83,CFCM(E): CFCS(B}

*, RK3M(12), RBEV(12), RBEF (12), GMREF (123
#,PSID1(12,2,3),PSID2(i2,2,53,PSID3(12,258),PSID4(12,2,8)

%, PSID5(12:258),PSI1(12,2,8)5FSI27{12,2,8),P5SI3(12,258)

%, PSI4(12,2:8),PSI5(12,258)

#, PSIDiIL(12,2-8),PSID2L(12,2,83,PSID3L(12,2,8)

#, PSTD4L(12,2,83,PSIDSL(12,258),PST1L (12,2, 8)

*, PSI2L(12,2,8),PSIGL(12,2,8),P514L(12,258),PSISL(12,2,8)

COMMON ~SCALER” RUs PIs» Gy AJd> RAD, RGs DCP, GJs G2Js RPMRADs NSTR
Xs NSPE, NPTS, PO, TO», DESRPM. DESFLO, UNITS

X+ CP» GAMMASs GM1» GF 1s GF 25 GF 3, SPDPSI, SPOPHI» BROBEUGs DRDEUNs DRDEUP

Xs XARs KMET» XSTHM

%> STRGEN»> SPEEDN, CHAPTS, WTMOLE

J=1

C =xx TWO PARABOLAS ARE USED FROM STALL AND CHOKE TO DESIGN CONDITIGNS

D0 10 I=1,NSTA

RAM=0.76

PSMPRS= (PHIDES(IsJs1) = PHIREF(I))32
PCMPRS = (PHIDES(I,»J,NPTS) — PHIREF(I))==2
AS=-0.0S=ETAREF (1) /PSMPRS
AC=-0.20=ETAREF (1) /PCMPRS

BS= —2.0=PHIREF (I)=AS

BC= -2.0=PHIREF (I1)%AC

CS= ETAREF(I) + AS#PHIREF(I)=x2

CC= ETAREF(I) + AC=PHIREF(I):=x

D0 20 K=1,NPTS

IF(PHIDES(Is J>,K) — PHIREF(I)) 11,12,13

232

CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPrM
CPFM
CPFM
CPFIM
CPFM
CPFM
CPFM
CPFM
CPFM
CFFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CPFM
CSETR
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETH
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
LSETA
CSETA
CSETA
CSETh
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETA
CSETR
CSETA
CSETA
CSETA
CSETA



c
C
C

11

ETADES(IsJsK) = (AS=PHIDES(I,J>K) + BS)®PHIDES(I»J»K) + CS
GO T0O 20

12 ETADES(I,J>,K)= ETAREF(I)

GO TO 20

13 ETADES(I, J,K)=(RC=PHIDES(I» J> K)+BCI*PHIDES(I, J, K)+CC+((((PHIDES(I,

20
10

+++

33

10

Rds K)=PHIREF(I))%%3,0)/((PHIBES(I,Js NPTS)-PHIREF(I))#%3,0))%*,20%RAM
R=ETAREF(I)?

CONTINUE

CONTINUE

RETURN

END
RS S SRS S e
SUEROUTINZ CSPSICXWN,LORS)

SUBROUTINE CSPSI CALCULATES PRESSURE COEFICIENTS FOR INPUT FLOW
COEFICIENTS

CoMiioN ~UECTOR, CPCO(B)» TITLE(12), RT2(12)s RH2(12)s RT3(12),
XRH3(12), PHIREF(12)s, PSIREF(12), ETAREF(12), PHIDES(12,9,8),
XPSIDES(12,9,8), ETADES(12,9,8), PHI(12,9,8), P5I(12.9,8), ETA(12,9
®»8)s DPHIACIZ2), DPSIAC1I2), DETAC12), NSTAGE(12), PCTSPD(3),
XEZT2M(12,9), BLEED(1259), TT(13)», PT(13)s PR(12), TR(12), PROC12),
ATROCGi2)», ETAOCL2), BET3MR(12-9), UZ2M(12,3), UZ3M(12,9), AREAZ(12)
X» ARREA3(12)5 [RM2(12)s RM3(12), UT2(12), UT3012), UM2(12), UM3(12)
X, EATEIMR(12,3), DPSIS(12,9),RS0LM(12), RKZM(12), CB2M(i2)s CB2MR(
R12)s CBIMR(12)s, RIMCMC(12)s RDFMC12), SKE2M(12), SINCM(12), BET3M(i2
2,93, PHIFIX(12), DPHIF(12),CPREF(12), GFIREF(12),ETAINP(12)
~. FLOCAL(12,3)s ETARAT(S), DB2M(12,9), DE2MR(1i2,9),DB3M(12,3),DB3MR
#(12,9), L2MESR(1259) 5 SPEEDF FLOWINs U3DU2R(12),U2U3(12), DB3MRG(12)
#» BO3MRN(12,9), DEZMRP(12,8),CPCH(B),CPCS(B)
#, [(WKEM12), RIEV(12) s RDEF (12), GMREF (12)
%, PSIDI (12, 2+,8),P5ID2(12,2,8),PSID3(125258),PSID4(1252+8)
%, PSIDS(12>,2,8),PS11(12,2,8),PS512(12,2,8),PSI3(12,2,8)
3, P5I4Ci2,.2,8),PS15(12,258)
#, PSIDIL(12,2,8),FPSID2L(12:258):PSID3L(12,2,8)
3, PSIDAL (12,2, 8),PSIBSL(12,2-:8),PSI1L(12,2,8)
%, PSI2L(12-,2-,8),PSI3SL(12,2,8),F5I4L(12,2,8),PSI5L(12,258)

CoMMON /SCALER~ RU. PIs G, AJ, RADs RG, DCP, GJs G2J,» RPMRADs NSTA
#s NSPE» MNPTS, PO, TO, DESRPM, DESFLO, UNITS
%5 CP» GAMIMAS GM1s GF 15 GF 25 GF 3, SPLPSI+ SPDPHI, DRDEUG, DRDEUN, DRIDEUP

30 RAR KMET» ¥S5TH
X» STAGENs SPEZDN» CHAPTS, WTMOLE

J=1

OO0 100 K=1,NPTS

i=1

T7¢I) = 70

PTCIy = PO

uZe=Uzz2M (1, JI)=PHIDES(I,J>K)/PHIRCF (I}

UTR=U22=TAN(DBE2iM(I, 1))

UTER=UMz (T)-UT2

BE2MR=ATAN2(UTER, UZ2)

BZi=DB2r(I, 1)

UZ23M(Is.J) = UZ2M(T, D)=PHIBES(I, J,K)/PHIREF(I)

UehR = UZ5EI(1s J)/7COS(B2MR)

BET3MR(I»J) = DBIMR(I, 1)

uTaiM = UZ3M(I, J)=TEN(E2)

UgS = UTais=2 + UZ3MI, J)seg

RHOT = PT(II/(TT(II=RG)

RHOS = RHQT={1.0 ~ UBS/(GRJ=CPREF(II=TT(1)))*x=*GF1IREF(I)
DESFLC = RHOS=AREG2(I)=UZZM(I,J)

TS = TT(D)

ID =0

UT3M = UMS(I) - UZ3MCI, DI =TAN(BET3MR(I»J))

CP=CPFM(TS)

DT = WUM3(I)=UTSM — UM2(I)=UT2M) 7 (GJ=CP)

TRA = (DT < TT(I)IATT(I)

Pia3 = PT(I)=(1.0 + ETADES(I, J»I=(TRA - 1.0))=#=GF2
TTA3 = DT + TT(I>

RiR0T PTA3/(TTAZ=RS)

U35 = UT3M=m2 + UZSH(T, d)=sg

USM=S0RT(U35)

RFOS = RADT=(1.0 — USS5/(GC2J=CP=TTA3) ) *=GF 1
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12

C #*3xx

13

303
301

300

TS = TTA3*(RHOS/RHOT)*xGM1
HCAL = RHOS*AREA3(I)*UZ3M(TI, J)
IF (TRA.GE.1.0) GO TO 12

DT = 0.0
GO TO 13
ID=1ID + 1

UZ3M(I,J) = DESFLC/(RHOS*AREA3(I))

U3MR = UZ3M(I, J)/COS(BET3MR(I,J))

OPTION TO ALTER ROTOR DEVIATION ANGLE FOR OFF DESIGN FLOW
COEFICIENT

IF(LORS.EQ.1) CALL CSDEU(SPEEDFs XWN»s U3MR, URMRs UBDUZR(I), I,FK)
IF(LORS.EQ.2) CALL CSDEUL (SPEEDFs XWNs U3MRs U2MR, U3DU2R(I)s I FK)
IF (DRDEUP.EQ.1.0)
XDB3MRP (I,K)=-(FK/RAD)*(U3MR/U2MR-U3DU2R(I))

BET3MR(I,»J) = DB3MR(I,1) + DB3MRP(I,K)

IF ((ABS(HCAL-DESFLC3/WCALY.GT.0.005) GO TO 11
DUMY=ETADES (I, JsK)

IF(LORS.EQ. 1)
$CALL CSETAL (IsJsKsXWNs PHIDES(IsJsK)s PHIREF (I}, BUMY)
IF(LORS.EQ.2) CALL CSETAL(IsJsKsXWNs PHIREF(I)s PHIDES(IsJsK),
$DUMY, ETAREF (I3

PSIDES(I, JyK) = GJI*CP=DT*DUMY/UT3(I)%*x2

DU3bU2 = U3DUER(I)

FU3DV2 = U3MR/UZMR

IF(I.EQB.NSTA) GO TO 100

B2M=DB2M(I+1, 1)

Uz22=U23M(I,J)

U2M=Uz2-C0S (B2M)

U2MS=UgM*=2

RHOT=PTA3/(TTA3*RG)
RHOS=RHOT*(1.0~-U2MS~/ (G2J*CPREF (I+1)*TTA3) ) **GCF1REF(I+1)}
UZ2C=DESFLC~/ (RHOS*ARER2(I+1))
IF((ABS(YZ2-UzZ2C3UZ2).LT.0.005) GO TO 300
UzZ2=(Uz2+uz2C) 2.0

GO TO 301

IF(LORS.EQ.1) CALL CSDEUS(XWNsU2Ms U3Ms U2U3(I)5 I,FK)
IF(LORS.EQ.2) CALL CDEUSL (XWN,U2M,U3M, U2U3(I), I,FK)
DEVIS=-(FK/RAD)*(U2M-U3M-URU3(I))

B2MC=DB2M(I+1,s 1)+DEVIS

IF ((ABS(B2M~-B2MC)~B2M) .LT.0.0053 GO TO 302
B2M=(B2M+B2MC) /2.0

GO TO 303

302 UT2R=UM2(I+1)-UZ2*TAN(B2M)

100

200

B2MR=ATAN2 (UT2R, UZ2M)

I=I+1

IF(I.LE.NSTA) GO TOD 10

CONTINUE

RETURN

END

SUBROUTINE CSDEUS(XHsU2Ms U3M, URU3S, I,FK)
T1=U2M- U3M-U2U3S

FK=26.0+0.12/T1

RETURN

END

SUBROUTINE CDEUSL (XWsU2Ms U3M, U2U3S, I,FK)
T1=U2M U3M-U2V3S

FK=26.0+0.12/T1

RETURN

END

SUBROUTINE CSBEU(SPEEDFs Xis U3MRs URMR, U3DU2, I, FK)
T1=U3MR/U2MR-U3DU2
IF(I.EQ.1.AND.T1.LT.0.0) GO TO 200
IF(I.EQ.2.AND.71.LT.0.0) GO TO 201
IF(I.GE.3.AND.T1.L.T7.0.0) GO TO 202

IF( T1.GT7.0.0) GO TO 203

Al=-3.15

B1=-0.21

AF0=30.0

IF(T1.LT.-0.05) T1=-0.05

GO TO 204
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201

202

203

204

205

200

201

202

203

204

205

Al=-3.70

Bl=-0.11

AF0=25.0

IF(T1.LT.-0.05) T1=-0.05
GO 70 204

Al=-3.73

Bl=-0.13

AF0=30.0

IF(TL.LT.=0.05) Ti=-0.05
GO TO 204

A1=1.80

Bl=0.23

AF0=-10.0

IF(TL.GT.0.05) T1=0.05
T2=Al*XW+B1

FR=T2/T1+AFO

DK=0.0

IF (T1.GT.0.0) GO TO 205
ISPD=IFIX(SPEEDF*100.0)

IF (ISPD.EQ.70.0R.ISPD.EQ.B9)
IF (ISPD.EQ.80.0R.ISPD.EQ.79)
IF (ISPD.EQ.S0.0R.ISPD.EQ.89)
IF (ISPD.EQ.100.0R.ISPD.EQ.S9)

FK = FK=DK
RETURN
END

SUBROUTINE CSDEUL (SPEEDF» XW» UMR, U2MR», U3DUZ, I FK)

T1=U3MR-/U2MR-U3DU2

IF(I.EQ.1.AND.T1.LT.0.0) GO TO 200
IF(I.EQ.2.AND.T1.LT.0.0) GO TO 201
IF(I.GE.3.AND.T1.LT.0.0) GO TO 202

IFC T1.GT.0.0) GO TO 203
Al=-3.15

Bl=-0.21

AF0=30.0

IF(T1.LT.-0.05) T1=-0.05
GO TO 204

Al=-3.70

Bl1=-0.11

AFD=25.0

IF(TL1.LT.-0.05) T1=-0.05
GO TO 204

Al=-3.73

B1=-0.13

AF0=30.0

IF(TL1.LT.=0.05) T1=-0.05
GO TO 204

Al=1.80

Bl=0.23

AF0=-10.0

IF(TL1.GT.0.05) T1=0.05
T2=Al=XH+B1

FK=T2/T1+AF0

DK = 0.0

IF (T1.GT.0.0) GO TO 205
ISPD = IFIX(SPEEDF#*100.0)

IF (ISPD.EQ.70.0R.ISPD.EB.BS) DK
IF (ISPD.EQ.80.0R.ISPD.EQ.73) DK
IF (ISPD.EG.S0.0R.ISPD.EQ.83) DK
IF (ISPD.EQ.100.0R.ISPD.EQ.S3) DK = DELK10(I,TI1)

FK = FK = DK
RETURN

END

FUNCTION DELKrO(I,T1)
IF (I.EG.1) GO TO
IF (I.EQ.2) GO TO
IF (I.EQ.3) GO TO
IF (I.EQ.4) GO TO
IF (I.EQ.5) GD TO
IF (I.EQ.6) GO TO

ocahWONL -

D
D
0

DK=DELK?0(I,T1)
DK=DELK80(I,T1)
DK=0.0

DK=BELK10¢I,T1)

ELK70(I»T1)
ELK80(I»T1)
.0

235

CSDEU
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CSDEV
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CSDEU
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CSDEV
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CSDEV
CSDEU
CSDEUL
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CSDEUL
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CSDEUL
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CSDEUL
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CSDEUL
CSDEVL
CSDEUL.
CSDEUL
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CSDEUL
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CSDEUL
CSDEUL
CSDEUL
CSDEUL
CSDEUL
CSDEUL
CSDEUL
CSDEUL
CSDEUL
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CSDEUL
CSDEUL
CSDEUL
CSDEUL
DELK?7O
DELK?0
DELK70
DELK?O0
DELK?0
DELK7O
DELK?0
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100

-1408625.0
-262500.0
-12219.0
311.0
339.0
0 TO 100
-312500.0
-35417.0
1875.0
399.0
24.0
0 TO 100
-2369732.0
-439583.0
-21568.0
193.0
36.0
0 760 100
=-1853125.0
-377083.0
-20108.0
83.0
33.0
0 TO 100
-1953125.0
-377083.0
-20108.0
93.0
33.0
0 TO 100
-1953125.0
-377083.0
-20108.0
g93.0
33.0
DELK70=R%*T1%%4+B%T1*#%x3+CxT 1 **2+DxT1+E
RETURN
END
FUNCTION DELK8O0(IsT1)
IF (I.EQ.1) GO TO
IF (I.EQ.2) GO TO
IF (I.EQ.3) GO TO
IF (I.EQ.4) GO TO
IF (I.EQ.5) GO TO
1IF (I.EQ.B) GO TO
-1083750.0
-227083.0
~14084.0
-87.0
1.0
0 TO 100
-546875.0
-95833.0
-3703.0
150.0
15.0
0 TO 100
-859375.0
-152083.0
-6328.0
200.0
19.0
0 TO 100
-520833.0
-83333.0
~1229.0
383.0
23.0
GO TO 100

OQMUuOEIOMNMUOETOMUOONIOMUOED
nwannau nmunnnun 0ot nnuunn

Huwuunn

MooOowTOMUOmD
nuwwmwan wuonnn wunnunn n
DLW~

Moo OMOOEIIOMPEOEDIOMUOED

5 A = 572917.0
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10
11
12
13
14
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16
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19
20
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22

24
25
26
=14
28
29
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32
33
34
35

37
38
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40
41
42
43

45

LONOUTA WM +—

10
11

13
14
15
16
17
18
19

21
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23
24
25
26
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28
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32



100

100

B = 183333.0
C = 22052.0
D = 1217.0
E = 33.0
GO TO 100
A = 1953124.0
B 504167.0

= 47047.0
D = 1920.0
E = 38.0
DELKB0=A%T1%%4+B%T1#%x3+CxT1x*2+D*T1+E
RETURN
END

FUNCTION DELKlO(I,Tl)

IF

(I.EQ.1) GO TO
(I.EQ.2) GO TO
(I.EQ.3> GO TO
(I.EQ.4) GO TO
(I.EQ.5) GO 70
(I.EQ.6) GO 70
-755208.0
-188583.0
-193832.0
-1161.0

-38.0

oUW+~

GO TO 100

0

MUuOENI>OMEOWTOMNMUOEIIOMUuOWDOMOOLD

- 234375.0
-66667.0
-7881.0
-528.0
-20.0

TO 100
-1827083.0
- 487500.0
-44848.0
-1821.0
-42.0

0 TO 100

~1510417.0
-350000.0
-30865.0
-1390.0
-36.0

0 TO 100

-4473167.0
-1050000.0
-89356.0
-3420.0
-60.0

0 TO 100

-1562500.0
-393750.0
-38375.0
-1826.0
-42.0

DELK10=A»T1%%4+B%xT1%%x3+CxT1xx2+D*xT1+E
RETURN

EN

D

FUNCTION DPHIC(I,ISPD)

(I.EG.1) GO 7O 1

(I.EG.2) GO TO 2

(I.CE.3) GO TO 3
(ISPD.EQ.70.0R.ISPD.EQ.E9) DPHI=-0.0357
(ISPD.EG.80.0R.ISPD.EQ.79) DPHI=-0.0357
(ISPB.EQ.S0.0R.ISPD.EQ.E9) DBPHI=0.0
(1SPD.EQ.100.0R.ISPD.EG.S9) DPHI=0.0357
TO 100

(ISPD.EQ.70.0R.ISPD.ER.EI) LPHI = —-0.0285
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IF (ISPD.EQ.80.0R.ISPD.EG.73) DPHI -0.0286
IF (ISPD.EQ.S0.0R.ISPD.EQ.89) DPHI 0.0

IF (ISPD.EB.100.0R.ISPD.EQ.93) DPHI = 0.0286
GO TO 100

3 IF (ISPD.EQ.70.0R.ISPD.ER.69) DPHI = -0.0333
IF (ISPD.EQ.80.0R.ISPD.EQ.79) DPHI = -0.0333
IF (ISPD.EQ.S0.0R.ISPD.EQ.83) DPHI = 0.0

IF (ISPD.EQ.100.0R.ISPD.EQ.99) DPHI = 0.0333
100 RETURN
END
SUBROUTINE CSETA1(IsJsKsXWs PHIDs PHIR, ETAD)
IF(I.EQ.1.AND.XH.LT.0.04) Y=0.4575*XW
IF(I.EQ.1.AND.XH.GE.0.04) Y=0.12%XW+0.0135
T3=PHID-PHIR
IF(I.EQ.1) GO TO 304
IF(I.EQ.2.AND.T3.LT.-0.08) GO TO 300
IF(I.EQ.2.AND.T3.GE.-0.08) GO TO 301
IF(I.GE.3) GO TO 302
300 A=0.0
B=0.30%XW
IF(XW.GT.0.04) A=-0.382%Xl+0.0333
IF(XH.GT.0.04) B=0.02
GO TO 303
301 A=3.125%XH
B=0.7375%XW
IF(XH.GT.0.04) A=0.125
IF(XW.GT.0.04) B=0.09%XH+0.026
GO TO 303
302 A=5.0%XH
B=0.625%Xl
IF(XW.GT.0.04) A=0.80*XW+0.168
IF(XH.GT.0.04) B=0.1455%X+0.0192
IF(T3.LT.-0.004) T3=-0.04
303 Y=A%T3+B
304 ETAD=ETAD-Y
RETURN
END
SUBROUTINE CSETAL(I»JsKsXWsPHID, PHIRs ETAD, ETADD)
T=PHIR/PHID
IF(I.EQ.1.0R.I.EQ.2) GO TO 10
IF(I.EQ.3) GO TO 20
GO TO 30
10 IF(T.LT.0.88.AND.XH.LT.0.44) Y=1.25%Xl
IF(T.LT.0.88.AND.XWH.GE.0.04) Y=0.4364*xW+0.032544
IF(T.GE.0.88.AND.XW.LT.0.04) Y=-27.0%(T-0,934)**2+1,1392*XH+0.0787
IF(T.GE.0.88.AND.XW.GE.0.04) Y=-27.0%(T-0.934)%%2+0.5067*XW+0.1040
GO TO 40
20 IF(T.LT.0.87.AND.XW.LT.0.04) Y=1.050%XH
IF(T.LT.0.87.AND.XH.GE.0.04) Y=0.2333%xXW+0.033
IF(T.GE.0.87.AND.XW.LT.0.04) Y=-11.30%(T-0.340)*%2+1.0158*X+0.058
%3
IF(T.GE.0.87.AND.XW.GE.0.04) Y=-11,9#(T-0,94)**2+0.2733%XW+0.0880
GO TO 40
30 IF(T.LT.0.92.AND.XH.LT.0.04) Y=0.450%xXH
IF(T.LT.0.92.AND.XWH.GE.0.04) Y=0.09867*XW{+0.0142
IF(T.GE.0.92.AND. XW.LT.0.,04) Y=3.215*XN*T-2.5075%Xl
IF(T.GE.0.92.AND.XW.GE.0.04) Y=(0.440%XW+0.1110)%*T~0.3325%XH-
$0.0870
40 IF(XW.LT.0.000000001) Y=0.0
ETAD=ETAD-Y*ETADD
RETURN
END
(B o i o I o e R b o e f
SUBROUTINE CSPSD
C =xx SUBROUTINE CSPSD ALTERS PRESSURE RISE COEFICIENTS FOR OFF DESIGN
c SPEEDS
COMMON ~UECTOR/ CPCO(B)s TITLEC12), RT2(12)s RH2(12), RT3(12),
XRH3(12), PHIREF(12)s PSIREF(12)s ETAREF(12)}s PHIDES(12,9,8),
XPSIDES(12,9,8), ETADES(12,9,8)s PHI(12,9,8), PSI(12,9,8)s ETA(12,9
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¥»8), DPHIAC12), DPSIAC12)s, DETAC12), NSTAGE(12), PCTSPD(3),
XBET2M(12,9), BLEED(12,9)» TT(13), PT(13)s PR(12), TR(12), PROC12),
XTRO(12), ETAO(12), BET3MR(12,9), UZ2M(12,9), UZ3M(12,9), AREA2(12)
X» AREA3(12), RM2(12), RM3(12), UT2(12), UT3(12), UM2(12), UM3(12)
X» BATEMR(12,9), BPSIS(12,9),RSOLM(12), RK2M(12)s CB2M(12),» CB2MR(
X12)» CB3MR(12), RINCM(12), RDFM(12), SK2M(12)s SINCM(12), BET3M(12
Xs9)» PHIFIX(12)s DPHIF(12),CPREF(12)s GFIREF(12),ETAINP(12)

X, FLOCAL(12,9), ETARAT(S), DB2M(12,9), DB2MR(12,9),DB3M(12,;3), DB3MR
X(12,9), BEMB3R (12, 9), SPEEDF» FLOWIN, U3DU2R(12), U2U3(12), DB3MRG(12)
¥X» DB3MRN(12,8), DB3MRP(12,8),CPCM(6),CPCS(6)

*, RK3M(12),RBEU(12),RDEF(12), GMREF (12)
*,PSID1(12,2,8),PSID2(12,2,8),PSID3(12,258),PSID4(1252,8)

*, PSID5(12,2,8),PSI1(12,2,8),P512(12:258),PS13(12,2,8)
*,PSI4(12,2,8),PSIS(12,2,8)

*, PSID1L(12,2,8),PSID2L (12,25 8)»PSID3L (12,25 8)
*,PSID4L(12,2,8),PSIDSL(12,2,8),PSI1L(12,2,8)

*, PSIPL (12,2, 8),PSI3L(12,2,8),PSI4L(12,258)»PSISL(1252,8)

COMMON ~SCALER- RUs PI,» G» AJ> RADs RGs DCPs GJs G2Js RPMRADs NSTA
Xs NSPEs NPTS, PO, TO» DESRPM», DESFLO, UNITS
XsCP»GAMMA, GM1, GF 1, GF2, GF3, SPDPSI, SPDPHI» DRDEUG, DRDEUN, DRDEUP
X» XAR» XMET s XSTM
X» STAGEN, SPEEDN, CHAPTS» WTMOLE

DO 100 J=1,NSPE

I =1
TT(I) = TO
PT(I) = PO

10 UzZ3M(I,J) = UZ2M(I, 1)*SPEEDF

11

U2MR = UZ3M(I,J)~COS(DB2MR(I» 1))
?ET3MR(I,J) = DB3MR(Is1)
D=20
UT2M= UZ2M(I,1)*SPEEDF* TAN(DB2M(Is1))
U2S = UT2M=x2 + UZ3M(I, J)*x=2
RHOT = PT(I)/(TT(I)*RG)
RHOS = RHOT®(1.0 — U2S/(G2J*CPREF(I)*TT(I}))**GF1REF(I)
DESFLC = RHOS*AREAZ2(I)*UZ3M(I,J)
TS5 = TT(I)
UT3M = UM3(I)*SPEEDF -~ UZ3M(I,J)*TAN(BET3MR(I»J))
CP=CPFM(TS)
DT = (UM3(I)*UT3M — UM2(I)*UT2M)/(CJ*CP)*SPEEDF
TRA = (DT + TT(I))/TT(I)

PTA3 = PT(I)=(1.0 + ETAREF(ID*(TRA — 1.0))*xGF2
TTA3 = DT + TT(I)
RHOT = PTA3/(TTA3%RG)

U3S = UT3M=x2 + UZ3M(I, J)=x=2

RHOS = RHOT*(1.0 - U3S/(G2J*CP*TTA3) )*%GF 1
TS = TTA3#(RHOS/RHOT )*x%GM1

WCAL = RHOS®*AREA3(TI)*UZ3M(IsJ)

IF (I.NE.1) GO TO 12

DUZ3M = U23M(I,J)

12 CONTINUE

100

CH++++

C %3

ID = 1D + 1
UZ3M(I» J)=DESFLC/(RHOS*AREA3(I))
U3MR=UZ3M(I, J)/COS(BET3MR(I,J))
IF(DRDEVN.EQ.1.0)
XDB3MRN(I,J) = ~(10.00-/RAD)I*(U3MR-/U2MR - U3DU2R(I))
BET3MR(I,J) = DB3MR(I,1) + DB3MRN(I.,J)
IF ((ABS(HWCAL-DESFLC)/WCAL).GT.0.005) GO TO 11
DPSIS(I»J) = GJ*CP*DT*ETAREF (I)/(UT3(I)*SPEEDF)**2 — PSIREF(I)
?PS%S(I;J) = DPSIS(I,Jd) - DPSIS(I,1)
= + 1
IF (I.LE.NSTA) GO TO 10
CONTINUE
RETURN
END
o o T ST AT I A CATRPAFRISE N AU SR SO S N o S AT A A A
SUBROUTINE CSPAN
SUBROUTINE CSPAN ALTERS FLOM AND PRESSURE RISE COEFICIENTS FOR
BLADE RESET
COMMON ~UECTOR- CPCO(B)s TITLE(12)» RT2(12)s RH2(12)s RT3(12),
XRH3(12), PHIREF(12), PSIREF(12), ETAREF(12), PHIDES(12,9,8),
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90

C %%

92

C %%

XPSIDES(12,9,8)s ETADES(12,9,8)s PHI(12,9,8)s PSI(12,9,8)s ETA(12:9
Xs83s DPHIA(12), DPSIA(12)s DETAC1R2)»> NSTAGE(12), PCTSPD(3),
XBET2M(12,9)s BLEED(12,8), TT(133), PT(13)» PR(12), TR(12)s PROC(12),
XTRO(12), ETAD(12)s BET3MR(12,9), UZ2M(12,9)s UZ3M(12,38), AREAZ(12)
¥» AREAR3(12)s RM2(12)» RM3(12), UT2(12), UT3(12), UM2(12), UM3(12)
Xs BAT2MR(12,8), DPSIS(12,9),RSOLM(12)s RK2M(12)» CB2M(12), CB2MR(
®12), CB3MR(12), RINCM(12), RDFM(12), SK2M(12),» SINCM(12), BET3M(12
Xs9)s PHIFIX(12), DPHIF(12),CPREF(12)s GF1REF(12),ETAINP(12)
®»FLOCAL(12,9), ETARAT(S), DB2M(12,9), DB2MR(12,8),DB3M(12,93),DB3MR
®(12,9), BeMB3R (12, 3), SPEEDF, FLOWIN, U3DU2R(123, U2U3(12), DB3MRG(12)
¥: DB3MRN(12,9), DB3MRP(12,8),CPCM(E), CPCS(E)
%y RK3M(12)»RDEV(12) RDEF (12) s GMREF (12)
x,PSID1(12,2,8),PSID2(12,2,8),PSID3(12,2,8),PSID4(12,2,8)
*,PSID5¢(12,2,8),PSI1(12,2,8),PSI2(12,2s8)»PSI3(12,2,8)
*,PSI4(12,258)5PSIS5(125258)
*,PSID1L(12,2,8),PSID2L(12,25,8),PSID3L (12525 8)
*, PSID4L(12,2,8)»PSIDSL(12,258),PSI1L(12,2,8)
*,PSI2L(12,2,8),PSI3L(12,2,8),PSI4L(12,2,8),PSISL(12,2,8)

COMMON ~/SCALER/ RUs PI» G» AJs RAD, RG, DCP, GJ» G2J» RPMRAD, NSTA
X» NSPE, NPTS, PO, TO» DESRPM, DESFLO, UNITS
®s CPs GAMMA, GM1, GF 1, GF2, GF 35 SPDPSI, SPDPHIs DRDEUGs DRDEUN, DRDEUP
Xs XARs KMET> XSTM
¥, STAGEN, SPEEDNs CHAPTS» WTMOLE

J=1

I=1

TT(I)= TO
PT(I)= PO
TS= TT(I)
DPHIACI) = 0.0
DPSIA(I) = 0.0
DETACI) = 0.0

IFC((CB2M(I) + CB2MR(I) + CB3MR(I)).EQ.0.00> GO TO 93
BET2M(I,J)= DB2M(I,J) + CB2M(I)

BATEMR(I,J)= DB2MR(I»J) + CB2MR(I)

BET3MR(I,J) = DB3MR(I,J) + CB3MR(I)

UzaM(I, Jy= UM2CI)/(TANCBET2M(I, X))+ TANCBAT2MR(I»J)))

UEMR = UZ2M(I, J)/COS(BAT2MR(I>J))

CHANGE IN FLOW COEFICIENT FOR RESET

DPHIACIY= UZ2M(I,J)-UT2(I) - PHIREF(I)

UZ3M(I» J)= UZ22M(I,J)

uTtaM= UzaM(I, J»=TANCBET2M(I, J))

URS = UT2M*x%2 + UZ3M(I, J)*x=2

RHOT PTCI)/(TT(I)=REG)

RHOS RHOT*(1.0 = U2S/(GRJ=*CPREF(I)*TT(I)))**CFIREF(I)

DESFLC = RHOS#AREAZ2(I)*UZ3M(IsJ)

FLOCAL(I,J) = DESFLC

UT3M= UM3(I) — UZ3M(I,J) *TAN(BET3MR(I»J))>

CP=CPFM(TS)

DT= (UM3(I) * UT3M — UM2(I)=UT2M}~/(GJ*CP)

TRA = (DT + TTCINI/TT(I}

PTA3 = PT(I)%#(1.0 + ETAREF(I)*(TRA -1.0))==GF2

TTA3 = DT + TT(D)

RHOT= PTA3  /(TTA3 *RG)

U35 = UT3M=xx2 + UZ3M(I, J)x=2

RHOS = RHOT#(1.0 — U3S/(G2J%*CP*TTA3 ))=xGF1

TS = TTA3 *(RHOS/RHOT ) #%GM1

HWCAL = RHOS*AREA3(I)*UZ3M(1,sJ)

UZ3M(IsJ) = DESFLC/(RHOS#*AREA3(I))

UBMR = UZ3M(I,J) COS(BET3MR(IsJ))

OPTION TO ALTER ROTOR DEVIATION ANGLE FOR BLADE RESET

IF (DRDEVG.EQ.1.0)

¥DB3MRG(I) = —-(10.00-/RADI*(U3MR/U2MR — U3DU2R(I))

BET3MR(I,J) = DB3MR(I,J) + CB3MR(I) + DB3MRG(I)

IF ((ABS(WCAL-DESFLC)/WCAL).GT.0.005) GO TO 82

0
0

inn

C =xx CHANGE IN PRESSURE RISE COEFICIENT FOR RESET

83

DPSIACI) = GJ*CP#*DT/(UT3C(I)*UT3(I)I*ETAREF(I) — PSIREF(I)
I = 1I+1

IF (I.LE.NSTA) GO TO 90

RETURN

END
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81

82

C %x%x

SUBROUTINE CSOUPT(FAIOs ISTAGE,FLOWL1,ALFALl, BETALl, BETA2,
XUZs ALFARs ALFA3s DELTG» DELTHs W1y W2, U1, U2)

PERFORMANCE PARAMETERS

COMMON ~PERDUE- JPERFM,RHOG(3)»,RERUPs RERLOW, RESUPs RESLOW
X» PREB,RRTIP(8),»SRTIP(8),AAAL, ARAR2» ARA3, SAREA(B) s SAREAS(7)
¥y P(3),TG(3) s XA» KU(3) 5 XCHA» K (3D » XHH(3) s XHT (35 TH(3)» THH(3)
¥y OMEGS(7),0OMEGR(B)sGAPR(E)» GAPS(B)

X» RERHUB(B3 » RC(B) » RBLADE(BE) s STAGER(E)

s SRHUB(7) » SC(7?) » SBLADE(Y) » STAGES(?7)

Xs SIGUMR(E) s BETISR(BE) , BET2SR(B) » AINCSR(E) » ADEUSR(E)
X» SIGUMS(?) s BET1SS(?) » BET25S(7) » AINCSS(?) » ADEUSS(7)
X, UTIPG(B),UTIP(B),UTIPD(B),UOUCE)»UMEANC(E),UHUB(B),U(B),FAT
Xs AREA(B)s AREAS(7)sUU2(6)s UTIP2(6)s UMEAN2(E)s UHUB2(E), IPRINT
¥s ICENT, IICENT,FMR1(B),FMAZ2(E), IRAD, FAID

Xs NS»,NS1,RT(E)»RM(E)»RH(B)sST(B)»SM(B)s SH(E)

®s DSMASS, ARREA(7?)» ARREAS(7),» PR12D(E),PR13D(E)s ETARD(E)

Xs DR(6),DS(6), DEQR(E),BERS(E)»BLOCK(B)» BLOCKS(7)

Xs BETIMR(B),BET2MR(B6)»BET1IMS(¥), BET2MS(7),RADIL(6),RADI2(E)}

COMMON ~UECTOR-/ CPCO(B), TITLE(12), RT2(12)s RH2(12), RT3(12J,
¥RH3(12), PHIREF(12), PSIREF(12), ETAREF(12), PHIDES(12,3,8),
XPSIDES(12,9,8), ETADES(12,9,8)» PHI(12,9,8), PSI(12,9,8), ETA(12,3
¥X»8), DPHIA(12), DPSIA(12), DETA(12)s NSTAGE(12), PCTSPD(38),
XBET2M(12,9), BLEED(12,3), TT(13), PT(13), PR(12), TR(12), PRO(12),
XTRO(12)s ETAO(12), BET3MR(12,9), UZ2M(12,9), UZ3M(12,9), AREA2(12)
¥Xs AREA3(12), RM2(12), RM3(12), UT2(12), UT3(12), UM2(12), UM3(12)
s BATE2MR(12,9), DPSIS(12,9),RSOLM(12),» RK2M(12), CB2M(12), CBZMR(
%X12)s CB3MR(12), RINCM(12), RDFM(12), SKaM(1l2)s SINCM(12), BET3M(12
Xs9)s PHIFIX(12), DPHIF(12),CPREF(12), GFIREF(12),ETAINP(12)

Xy FLOCAL(12,9)s ETARAT(S), DB2M(12,9), DBEMR(12,93),DB3M(12,3), DB3MR
X(12,9),B2MB3R(12,9), SPEEDF, FLOWIN, UBDURR(12),U2U3(12), DB3MRG(12)
¥»DB3MRN(12,9), DB3MRP(12,8),CPCM(B),CPCS(E}

*, RK3M(12),RBEV(12), RDEF(12)s GMREF (12)
*,PSID1(12,2,8),PSID2(12,2,8),PSID3(12,258),PSID4(12,2,8)
*,PSID5(12,2,8),PSI1(12,2,8),P5I2(12,2,8),PSI3(12,2,8)

*, PSI4(12,2,8),PSIS(12,2,8)
*,PSID1L(12,2,8),PSID2L(12,2,8),PSID3L(12,258)
*,PSID4L(12,2,8),PSIDSL(12,2,8),PSIIL(12,2,8)
*,PSI2L(12,2,8),PSI3L(12,2,8),PSI4L(12,2,8),PSISL(12,2,83

COMMON ~SCALER” RU, PI,» Gs AJds RADs RG, DBCPs, GJs G2J» RPMRADs NSTA
¥» NSPEs, NPTS, PO, TO, DESRPMs DESFLOs UNITS
®s CPs GAMMA, GM1, GF 1, GF2, GF 3, SPDPSI, SPBPHI» DRDEUG, DRDEUN, DRDEUP
Xs XARs XMET» XSTM
¥» STAGEN, SPEEDN, CHAPTS, WTMOLE

FLOWIN=FLOW1

DFLOW=FLOWIN

FLOWFI=FLOWIN

IF (UNITS.NE.1.0) GO TO 81

FLOWIN = FLOWIN-0.453532

DFLOW = DFLOW-0.4535392
FLOWFI = FLOWFI~0.453532
CONTINUE
JS=1 :

DO 82 J=1,NSPE

IF (SPEEDF.EQ.PCTSPD(J)) JS=J
CONTINUE

CALCULATE THE OUTPUT

I=ISTAGE

TTCI)=TG(L)

PT(I)=P(1)

WTFLOW = FLOWIN

RHOT= PTC(I)~/(TT(I)*RG)

TS= TT(ID

RHOS= RHOT

RHOW=62.3
RHOSM=1.0-/((1.0-XHT(1))/RHOS+XWT (1) /RHOW)
WTFLOK = WTFLOW — FLOWIN*BLEED(I»JS)
U2 = UT2(I)*SPEEDF

U3 = UT3(I)*SPEEDF

UMM2 = UM2(I)*SPEEDF
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100

200

130
140

150
160

161

UMM3 = UM3(I)*SPEEDF

UZ=UTFLOW-(RHOSM*AREAZ2(I))

U= UZ-/COS(BET2M(I» 1))

CP=CPFM(TS)

RHOS= RHOT*(1.0-UxU/(GC2J*CP*TT(I))3}*=GF1

RHOSM=1.0-((1.0-XWT (1)) /RHOS+XHT (1)/RHOW)

IF ((U*U).GT.(G2J=*CP*TT(1))) GO TO 113

TS= TT(I)*(RHOS/RHOT)**GM1

RHOS1=RHOS

TS1=TS

PS1=PT(I)*(TTC(I)/TS1)%x(~GF2)

HCAL=RHOSM*UZ*AREA2 (1)

IF((ABSCWCAL-WTFLOW) #WCAL)Y .GT.0.005) GO TO 100

PHIC = Uz2/U2

IF(PHIC.GT.PHI(I,JS,NPTS)) GO TO 120

DO 200 I=1,NSTA

DO 200 J=1,NSPE

D0 200 K=1,NPTS

PSI(I»JsKI=PSI1(IsJsK)

IF(XW(1).GT.0.0.AND.XH(1).LE.0.05) PSI(I»JsK)=PSI2(IsJsK)

IF(XH(1).GT.0.05.AND. XH(1).LE.0.10)PSI(I»JsKI=PSI3(IsJ>K)

IF(XKH(1).GT.0.10.AND.XH(1).LE.0.15)PSIC(I»JyKI=PSI4(IsJsK)

IF(XH(1).GT.0.15) PSICI,JsKI=PSIS5(Isd>K)

CONTINUE

I=ISTAGE

DO 130 K=2,NPTS

IF(PHIC-PHI(I,JSsK)) 140,150,130

CONTINUE

K= NPTS

PSIC=(PSI(IsJSsK)-PSI(I,JSsK~13)%(PHIC-PHI(IsJSsK-1))/
(PHIC(I,JS,KI-PHICI,JS,K=13) + PSI(I,JS,K~1)

ETAC=(ETA(Is JSsKI—ETA(Is JSsK-13)%(PHIC-PHI(I,JSsK~-1))~
(PHIC(I»JS,K)-PHI(I,JS,K-13) + ETACI,JS,K-1)

GO TO 160

PSIC= PSI(IsJS,K)

ETAC= ETA(I»JS,K)

CONTINUE

CALL CSETAL1(IsJsKsXW(1)yPHICs PHIREF(I),ETAC)

PR(I) = (1.0 + PSIC=U3#U3~ (GJ=CP*TT(I)))=*xGF2

TAU = PSIC/ETAC

TR(I)= 1.0 + (PR(I)**GF3-1.0)/ETAC

TT(I+1)= TT(I}=TR(I)

PT(I+1)= PT(I) *PR(I}

TRO(I)= TT(I+13-70

PROCI)= PT(I+1)/P0

GF3S = GF3

GF30= (GF3 + GF35)/2.0

ETAO(I)= (PRO(I)#x%CGF30 - 1.0)-(TROCI) - 1.07

uteM = Uz * TAN(BET2M(I, 1))

UTE2MR = UMM2 - UTeM

BAT2MR(I, JS)= ATAN2(UT2MR, UZ)

RINCM(I)= BAT2MR(I,JS) * RAD - RK2M(I)

U2MR= UZ-/COS(BAT2MR(I5 JS))

RHOT= PTC(I+1)/(TTC(I+1)%RG)

TS= TT(I+1)

RHOS= RHOT

RHOSM=1.0/((1.0-XWT (1)) /RHOS+XHT(1)/RHOW}

UZ3M(I, JS)=WTFLOW/ (RHOSM*AREA3(I) )

UT3M= (CP=(TT(I+1)~-TT(I))*GJ + UMMZ *UT2M)/UMM3

US= UZ3M(I,JS)*x2 + UT3M=x2

CP=CPFM(TS)

RHOS= RHOT*(1.0-US/(G2J*CP*TT(I+1)))#**GF1

RHOSM=1.0/((1.0-XHT (1)) /RHOS+XWT (1) /RHOW)

IF((US).GT. (GRJ*CP*TT(I+1))) GO TO 113

TS= TT(I+1) * (RHOS/RHOT)=*%GM1

RHOS2=RHOS

TS2=TS

PS2=PT(I+L1)*(TT(I+1)/TS2)*%(-GF2)

HCAL=RHOSM*AREA3( I} *UZ23M(Is JS)

IF (ABS(WCAL~WTFLOW) .CT.0.005) GO TO 161
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BET3M(I»JS) = ATAN2(UT3M, UZ3M(I,JS)) CSOUPT 141

SINCM(I) = BET3M(I,JS)®RAD - SK2M(I) CSOUPT 142
UT3MR = UMM3 - UT3M CSOUPT 143
BET3MR(I, JS)= ATAN2C(UT3MR, UZ3M(I,JS)) CSOUPT 144
U3MR = UZ3M(I,JS)/COS(BET3MR(I,JS)) CSOUPT 145
RDFM(Id= 1.0 - U3MR-UEBMR + (RM3IC(I)*UT3M — RM2(I)*UT2M)/(RM3(I) + CSOUPT 146

XRM2 (13 /RSOLM(I) U2MR CSOUPT 147
IF (UNITS.EQ.1.0) WTFLOW = WTFLOW*0.453592 CSOUPT 148
RDEU(I)=BET3MR(I, JS)*RAD~-RK3M(I) CSOUPT 149
BAT2MR( I, JS)=BATEMR (I, JS)*RAD CSOUPT 150
BET3MR(I» JS)=BET3MR (I, JS)#*RAD CSOUPT 151
RDEF(I)=BATEMR(I,JS)-BET3MR(I,JS) CSOUPT i52
SDA1=SERT (CAMMA*RG=G=TS1) CSOUPT 153
S0A2=SGRT ( CAMMA*RG*=G=TS2) CSOUPT 154
AMR=U-S0A1 CSOUPT 155
AM3=SART(US)/S0A2 , CSOUPT 156
AMER=URMR/S0A1 CSOUPT 157
AM3R=U3MR-S0AR2 CSOUPT 158
PRATIO=PR(I) CSOUPT 159
TRATIO=TR(I) CSOUPT 160
FAI1=PHIC CSOUPT 161
FAI2=UZ3M(I,JS) CSOUPT 162
uz1=uz CSOUPT 163
UTIPG(I)=UZ CSOUPT 164
P(1)=PT(I) CSOUPT 165
P(2)=PT(I+1) CSOUPT 1686
P(3)=P(2) CSOuUPT 167
TGC1)=TT(I) CSOUPT 168
TG(RI=TT(I+1) CSOUPT 169
TG(3)=TG(R) CSOUPT 170
DELTG=TG(2)~-TG(1) CSOUPT 171
BELTW=(TG(2}~TG(1))I=CP CSOUPT 172
RHOG(1)=RHOS1 CSOUPT 173
RHOG (2)=RH0S2 CSOUPT i74
UzZe=uUz3M(I, JS) — _ CcsourT 175
ul=v CSOUPT 176
U2=SART(US) CSCOUPT 177
W1=UBMR CSOUPT 178
H2=U3MR CSOUPT 173
USi=UT2M CSCUPT 180
USE=UT3M CSOUPT 181
WS1=UT2MR CSOUPT 182
WS2=UT3MR CSOUPT 183
ASPED1=S0A1 CSOUPT 184
ASPED2=50A2 CSOUPT 185
AMAC1=AM2 CSOUPT 188
AMAC2=AM3 CSOouUPT 187
AMACH1=AM2R CSOUPT 188
AMACH2=AM3R CSOUPT 188
FAI1=PHIC . CSOUPT 190
FAI2=UZ3M(I, JS) U3 CSOUPT 151
AAA1=SAREACI) ' CSOUPT 182
ARRR=SAREAS(I) CSOUPT 183
ALFA1=BET2M(I, 1)*RAD CSOUPT 194
ALFAR=BET3M(I, JS)*RAD CSOUPT 195
ALFA3=0.0 CSOUPT 196
IFC(I.LT.NSTA) ALFA3=BETEM(I+1,1)*RAD CSOUPT 197
BETA1=BAT2MR(I, JS) CSOUPT 198
BETR2=BET3MR (I, JS) CSOUPT 199
AINCIR=RINCM(I) CSOUPT 200
AINCIS=SINCM(I) CSOUPT 201
ADEVIR=RDEU(I) CSOUPT 202

C »»xx WRITE THE OUTPUT CSOUPT 203
HWRITE(B,404) FAID, ISTAGE CSOUPT 204

404 FORMATCIHL, 1X, ARS8 exh ket x et 2, 1%, CSOUPT 205
$=INITIAL FLOW COEFFICIENT=#» 1XsF5.3» 1%, #(STAGE=%, I2, 1Xs CSOUPT 206
DRIy 2R AR RFNTRIEEHMRRFLNRFE) CSOUPT 207
WRITE(B,401) PRATIO, TRATIO,ETAC CSOUPT 208

401 FORMAT(1HO,5X,#STAGE TOTAL PRESSURE RATIO=#,F12.5,/, CSCUPT 209
$6%, #STAGE TOTAL TEMPERATURE RATIO=#»F12.5,/» CSOUPT 210
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402

$6X» #STAGE ADIABATIC EFFICIENCY=#,F12.5)

WRITE(E,402) FAIl,VUZ1,UTIPGC(ISTAGE) '
FORMAT (1HO, 5X» #*STAGE FLOW COEFFICIENT=#,F5.3s /s

$6Xs #FARIAL UELOCITY=#,F7.2s~»

$6X, #ROTOR SPEED=#sF7 .2, /)

405
406
407
408
409
410
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
110
2100

120
2110

111
113

112

X
)

HRITE(B»40S)

FORMAT(1HO» 24X, #%xROTOR INLET* *ROTOR OUTLET* *STATOR OUTLET*x)

WRITE(B,406) P(1),P(2),P(3)

FORMATC(1H » 1X, #*TOTAL PRESSURE#» 10Xy 3(F10.4»5X))
WRITE(E,407) PS1,PS2

FORMATC(IH » 1X, #STATIC PRESSURE#s 9Ky 2(F10.4»5X))
HRITE(S,408) TG(1)s TG(2),TG(3)

FORMATC(1H » 1X, #TOTAL TEMPERATURE(GAS)#, 3Xs 3(F10.4,5X)3
HRITE(B»409) TS1,TS2

FORMAT(1H 51X, #STATIC TEMPERATURE(GASI#s 1Xs2(F10.4,35X))

HRITE(6,410) RHOG(1),RHOG(2)

FORMAT(1H » 1X, #STATIC BDENSITY(GAS)#s5R,2(F10.455X))
HRITE(6,412) UZ21,UZ2

FORMAT(1HQO, 1X, #AXIAL UELOCITY#, 10X»2(F10.4535X3)
HRITE(6,413) U1,U2

FORMAT (1H » 1%, #ABSOLUTE UVELOCITY#, 7Xs2(F10.455%K))
WRITE(E-414) W1,l2

FORMATC(IH » 1X, #RELATIVE UELGCITY#, 7Xs2(F10.4,5X))
HRITE(B5415) UCISTAGE),UU2C(ISTAGE), UCISTAGE+1)
FORMATC(1H » 1X, #BLADE SPEED#, 13X 3(F10.4,5X))
WRITE(6,416) USI,USZ2

FORMAT(1H » 1%, #TANG. COMP. OF ABS. UVEL.#,2(F10.4,5X))}
WRITE(B,»417) WS1,WS2

FORMAT(1IH »1X,#TANG. COMP. OF REL. VEL.#,2(F10.4,5X))
WRITE(E,418) ASPED!,ASPED2

FORMAT(1H » 1X, #ACOUSTIC SPEED#, 10X,2(F10.455X))
WRITE(B+419) AMAC1, AMAC2

FORMATC(IH » 1Xs #AESOLUTE MACH NUMBERs=, 4Xs 2(F10.45S5X) )
HWRITE(B,»420) AMACHL,AMACH2

FORMAT(1H » 1X, #RELATIVE MACH NUMBER#s 4K, 2(F10.455X))
WRITE(G-,421) FAIl,FAI2

FORMAT (1HO, 1X, ZFLOW COEFFICIENT#,8X,2(F10.455X))
HRITE(B,422) AAAL,AARS

FORMAT(1H » 1Xs #FLOW AREA#s 15X, 2(F10.455K)}
WRITE(B,423) ALFAlL,ALFA2, ALFA3

FORMAT (1HO, 1Xs #ABSOLUTE FLOW ANGLE, 5K, 3(F10.455X))
WRITE(B,424) BETAl, BETA2

FORMAT(1H ,1X, #RELATIVE FLOW ANGLE#, 5X,3(F10.4,5X))
HWRITE(B,425) AINCIRsARINCIS

FORMAT(1H 41X, #INCIDENCER, 16X 2(F10.4535%X))
WRITE(B»426) ADEVIR

FORMAT(1H » 1Xs #DEUIATIONs 30Xs 1 (F10.455X))

IF (UNITS.EQ.1.0) WTFLOW = WTFLOW-0.453592

GO TO 111

WRITE(B,2100) I,PHIC

FORMAT (10H FOR STAGE,I3,18H » COMPUTED PHI 1S,F8.4,0BH STALL)

GO TO 111
WRITE(B,2110)I,PHIC

FORMAT (10H FOR STAGE,I3s18H , COMPUTED PHI ISsF8.4,06H CHOKE)

GO TO 113

FLOWIN=FLOWIN+DFLOW

IF (FLOWIN.LE.FLOWFI)Y GO TO 81
CONTINUE

DO 112 1I=1,NSTA

DO 112 J=1,NSPE

BPSIS(I,J) = 0.0

RETURNM

END

SUBROUTINE COUPT2(FAIO, ISTAGE, FLOWL:ALFALs BETAl, BETAZ,

XUZs ALFAZ2> ALFA3» BELTG> BELTW, W15 W2, Ul U2)

PERFORMANCE PARAMETERS

COMMON ~PERBUE- JPERFMsRHOG(3)s RERUPs RERLOWs RESUPs RESLOW
PREB, RRTIP(8),SRTIP(8),ARAL, ARA2s ARA3s SAREA(EB) s SAREARS(7)
P(33,TG(3)5»XAs XU(3) 5 XCHA» XH(3) s XHH(3) s XHT(3)s TH(3)» THH(3)
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IF (UNITS.EG.1.0) WTFLOW = WTFLOW*0.453532
RDEUCI)=BET3MR(I,JS)*RAD-RK3M(I)
BAT2MR (I, JS)=BAT2MR(I, JS)*RAD
BET3MR(1,JS)=BET3MR(I,JS)*RAD
RDEF (I)=BATEMR(I, JS)-BET3MR(IsJS)
S0A1=SART (GAMMA*RG*G*TS1)
S50A2=SART (CAMMA*RG*G*TS2)
AM2=UrS0A1

AM3=SART (US)50A2
AM2R=UZMR~S0A1

AM3R=U3MRS0R2

PRATIO=PR(I)

TRATIO=TR(I)

FAI1=PHIC

FAI2=UZ3M(I, JS)

UzZ1=uzZ

UTIPG(I)=U2

PC(1)=PT(I}

P(2)=PT(I+1)

P(3)=P(2)

TGC(1¥=TT(I)

TGE(2)=TT(I+1)

TG(3)=TG(2)

DELTG=TG(2)-TG(1)

DELTKW=0.0

RHOG(1)=RHOS1

RHOG (2)=RH0S2

Uza2=Uz3M(1, JS>

ul=uU

U2=SART (US)

W1=U2MR

W2=U3MR

Usi=uTaM

Us2=UT3M

WS1=UT2MR

WS2=UT3MR

ASPED1=S0A1

ASPED2=50A2

AMAC1=AMZ2

AMAC2=AM3

AMACH1=AMeR

AMACHZ2=AM3R

FRI1=PHIC

FAI2=UZ3M(I,JSI-U3
AAA1=SAREA(I)

ARAR=SAREAS(I)

ALFA1=BET2M(Is 1)*RAD
ALFA2=BET3M(I, JS)*RAD
ALFA3=0.0

IF(I.LT.NSTAY ALFA3=BET2M(I+1s 1)*RAD
BETAL1=BAT2MR(I, JS)
BETA2=BET3MR(I, JS)
AINCIR=RINCM(I)
AINCIS=SINCM(I)
ADEVIR=RDEV(I)

C »xx LRITE THE OUTPUT

WRITE(Bs404) FAID, ISTAGE
404 FORMATCLHLs 1Xs #asrs@ e st uat RER R X222 Zy 1K,
#INITIAL ELOW COEFFICIENT=#, 1XsF5,3s 1X, Z#(STAGE=#»s I2s 1X>
BRI Z e OXp FEHW KK 2K I3 K R I HHHFE )
WRITE(B,401) PRATIO, TRATIOSETAC
401 FORMAT(1HO,S5Xs#STAGE TOTAL PRESSURE RATIO=#,F12.5,/,
$6%s #STRGE TOTAL TEMPERATURE RATIO=#ZsF12.5/»
$6%s #STAGE ADIABATIC EFFICIENCY=#,F12.5)
HRITE(6,402) FAIl,VUZ1,UTIPG(ISTAGE)
402 FORMAT(1HO,SX»#STAGE FLOW COEFFICIENT=#sF5.35/»
$6X, ZAXIAL UELOCITY=#,F7.25/s
$6X» #ROTOR SPEED=#,F7.2s/)
HWRITE(G,405)
405 FORMAT(1HO, 24X, #*ROTOR IMLET* *ROTOR OUTLET* #*STATOR OUTLET#*#)
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TS= TT(I)*(RHOS/RHOT)**GM1
RHOS1=RHOS
TS1=TS
PS1=PT(I)®(TT(I)/TS1)%x(-GF2)
WCAL=RHOS*UZ*AREAZ(I)
IF((ABS(HCAL~WTFLOW} /WCAL) .GT.0.005) GO TO 100
PHIC = Uz-U2
IF(PHIC.GT.PHI(I,JSsNPTS)) GO TC 120
D0 200 I=1,NSTA
D0 200 J=1,NSPE
DO 200 K=1,NPTS
PSI(I,JsKI=PSI1L(IsJsK>
IF(XWNC1).GT.0.0.AND.XWW(1).LE.0.05) PSI(I,»JsK)=PSI2L(IsJ>K)
IF(RHHC(1) .GT. 0. 05.AND. KWW (1) LLE. 0. 10IPSICIs Js K)=PSI3L(IyJsK)
IF(XUHC1) . GT.0.10.AND.XWNC(1) JLE. 0. 1S)PSI(I»Js KI=PSI4L(IsJ5K)
IFCKUNC1).GT.0.15) PSICI,JsKI=PSISL(IsJsKJ
200 CONTINUE
I=ISTAGE
B0 130 K=2,NPTS
IF(PHIC-PHI{IyJSsK)) 140,150,130
130 CONTINUE
K= NPTS
140 PSIC=(PSI(IsJSsK)-PSI(I,JS,K-1))3%(PHIC-PHI(I,JSsK~-1)3~
1 (PHI(I,JS,K)-PHI(IsJS,K-1)) + PSI(I,JS,K-1)
ETAC=(ETA(I, JS»KI-ETACI, JSsK-1))%(PHIC-PHI(I>JS,K-13)~/
1 (PHIC(I,JS,K)-PHI(IsJSsK-13) + ETACI»JS,K-1)
GO TO 160
150 PSIC= PSI(I»JSsK)
ETAC= ETA(I»JS)K)
160 CONTINUE
CALL CSETAL(IsJsKsRUWC(1), PHIREF(I), PHIC,ETAC, ETAREF(I))
PR(I) = (1.0 + PSIC=U3%U3~ (CJ*CP=TT(I)))=#x=GF2
Tal = PSIC/ETAC
TR(I)= 1.0 + (PR(I)%xCF3-1.0)7ETAC
TT(I+1)= TT(I)*TR(I)
PT(I+1)= PT(I) =PR(I)
TRO(ID)= TT(I+1),TO
PRO(I)= PT(I+1)/PO
GF3S = GF3
GF30= (CF3 + GF3S)/2.0
ETAO(I)= (PRO(I}*=CF30 - 1.0)-(TROCI) - 1.03
UT2M = UZ % TAN(BETZM(Is 1))
UT2MR = UMM2 - UTeM
BAT2MR(I, JS)= ATANZ(UT2MR,U2)
RINCM(I)= BATEMR(I,JS) 3 RAB — RK2M(I)
U2MR= UZ/CGS{EATAMR(I»JS))
RHOT= PT(I+1)/(TT(I+1)=RG)
TS= TT(I+1)
RHOS= RHOT
RHOSM=1.0/((1.0-XWT(1))/RHOS+XWT (1) RHOW)
161 UZ3M(I, JS)=HTFLOW/ (RHOS=AREAS(I))
UT3M= (CP=(TT(I+)-TT(IN)=GJ + UMM2 =UT2M)- UMM3
US= UZ3M(I,JS)=xz2 + UT3IMxx2
CP=CPFM(TS)
RHOS= RHOT#*(1,0-US/(G28J*CP=TT(I+1))3}*=CGF1
RHOSM=1.0/((1.0-XWT (1) )/RACS+XHT (1) /RHOW)
IF((US) GT. (GRJ=CP=TT(I+1))) GO TO 113
TS= TT(I+1) * (RHOS/RHOT)#xGM1
RHOS2=RHOS
TS2=TS
PS2=PT(I+1)#(TT(I+1),/TSR)*x%(~-GF2)
WCAL=RHOS*AREA3 (I)#U2Z3M(I, JS)
IF (ABS(WCAL-WTFLUWY.GT.0.005) GO TO 161
BET3M(I, JS) = ATAN2(UT3M,UZ3M(I>JS))
SINCM(I) = BET3M(I,JS)*RAD - SK2M(I)
UT3MR = UiM3 = UT3M
BET3MR(I»JS)= ATAN2(UT3MRsUZ3M(I»JS))
U3MR = UZ3M(I1,JdS)/COS(BET3MR(I»JS))
RDFMCI)= 1,0 — U3MR/UEBMR + (RM3(I)*UT3M - RM2(I)*UT2M)/(RM3(I) +
XRM2(I))/RSOLM(I) U2MR
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81

82

C %

100

Xs OMEGS(7)»0OMEGR(E)s GAPR(B)s GAPS(E)

®» RRHUB(BY , RC(B) , RBELADE(E) » STAGER(E)

¥» SRHUB(7) » SC(7) s SBLADE(?7) s STAGES(7)

¥X» SIGUMR(B)Y » BET1SR(B) » BET2SR(B) , AINCSR(B) » ADEUSR(E)
Xs SIGUMS(?7) » BET1SS(?) , BET2SS5(¥) », AINCSS(7Y) , ADEUSS(?)
%Xs UTIPG(E),UTIP(E),UTIPDB(E),UBU(B)»UMEAN(E)s UHUB(B),U(B)sFAI
%X, AREA(B), AREAS(7),UU2(B)»UTIP2(B)» UMEAN2(B)s UHUB2(E)» IPRINT
Xs ICENT, LICENT,»FMR1(B)>FMA2(6), IRRD, FARID

Xs NSsNS1,RT(8)»RM(B)sRH(E)»ST(6)5SM(E), SH(E)

®s DSMASS, ARREAC(?) > AAREAS(7),PR12D(6),PR13D(B)» ETARD(B)

Xs DR(B),DS(6), CEQR(E)s DEAS(B)s BLOCK(6) s BLOCKS(7)

%Xy BETIMR(B),BET2MR(B)»BETLIMS(7)» BET2MS(7Y),RADI1(6)sRADIZ(6)

COMMON ~UECTOR/ CPCO(B)s TITLLEC(12), RT2(12)s RH2(12)s RT3(12J,
®¥RH3(12)» PHIREF(12), PSIREF(12), ETAREF(12), PHIDES(12,39,3),
XPSIDES(12,9,8), ETADES(12,9,8), PHI(12,9,8)s PSI(12,9,8), ETA(12,9
Xs8)s DPHIAC12), DPSIAC12), DETAC12)s NSTAGE(12), PCTSPD(S),
XBET2M(12,9), BLEED(12,38), TT(13), PT(13)s PR(12), TR(12), PROC(123,
XTRO(12), ETAO(12), BET3MR(12,8), Uzar(la,3J)s UZ3M(12,3), AREA2(12)
®s AREA3(12)» RM2C(12), RM3(12), UT2C12), UT3(12), UM2(12)s UM3(12)
¥s BAT2MR (12,93, DPSIS(12,9),RSOLM(12), RK2M(12), CB2M(12), CE2MR(
®12), CB3MR(12), RINCM(12), RDFM(12), SKEM(12), SINCM(12), BET3M(12
®9»9)» PHIFIX(12), DPHIF(12),CPREF(12)s» GFIREF(12),ETAINP(12)

%X, FLOCAL(12,9), ETARAT(S), DBB2M(12,9), DB2MR(12,3),DE3M(12,9).LB3MR
%(12,9), B2MB3R(1259), SPEEDF, FLOWIN, U3DUZR(12),U2U3(12), DB3MRG(12)
¥, DB3MRN(12+9), DBB3MRP(12,8),CPCM(B),CPCS(E)

%, RK3M(12), RDEUC(12)» RDEF (12), GNREF (12)

%, PSID1(12,2,8),PSID2(12,2,8),PSID3(i25258)5PSID4(12,2,8)

%, PSINS5(12,2,8),PSI1(12,2,8),P51I2(12,2,8),P513(125,2:83)

#; PSI4(12,2,8),PSI5(12,2,8)

%, PSID1L (12,2,8),PSID2L(12,2+,83,PSID3L(12,2,8)

%, PSID4L(12,2,8),PSIDSL(i2,2,8),PSIIL (12,22, 8)

%, PSI2L(12,2,8),PSI3L(12,2,8),PSI4L(125,25,8)5PSISL(125258)

COMMON ~/SCALER/ RUs PI, G» AJ»> RAD, RG, DCPs GJs» G2Js RPMRADs NSTA
Xs NSPE, NPTS, PO, TO, DBESRFM, DESFLO, UNITS
Xs CP» GAMMA, GM1y CF 1, GF2, GF 35 SPOPSI, SPDPHI s DRDEUG: DRBEUNs DRDEUP
s XAR, XMET s XSTM
%> STAGEN, SPEEDN, CHAPTSs WTMOLE

FLOWIN=FLOW1

DFLOW=FLOWIN

FLOWFI=FLOWIN

IF (UNITS.NE.1.0) GO TO 81

FLOWIN = FLOWIN-0.453532
DFLOW = DFLOW-0.453552
FLOWFI = FLOWFI~0.453592
CONTINUE

JS=1

DO 82 J=1,NSPE

IF (SPEEDF.EQ.PCTSPD(J)) JS=J

CONTINUE

CALCULARTE THE OUTPUT

I=ISTACE

TT{I)=TG(1)

PT(I)=P(1)

WTFLOW = FLOWIN

RHOT= PT(I)/(TTC(I)*%RG)

TS= TT(I) '

RHOS= RHOT

RHCOW=62.3
RHOSM=1.0/((1.0-XWT (1)) REOS+XHT(1)/RHOW)
WTFLOW = WTFLOW - FLOWIN%=BLEED(I,JS)

Ue = UT2(I)=SPEEDF

U3 = UT3(I)=*SPEEDF

UMM2 = UM2(I)=SPEEDF

UMM3 = UM3(I)=SPEEDF

UZ=WTFLOW/ (RHOS=AREAZ(I))

U= UZ-/COSCBET2M(I,13)

CP=CPFM(TS)

RHOS= RHOT®(1.0-UxU/(GRJ=CF*TT(I}))=xGF1
RHOSM=1.0-C(1.0=XWT (1)) RHOS+XHT (1) /RHOWD
IF ((U#U).GT.(G2J=CP+TT(I)33) GO TO 113
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WRITE(B,40B8) P(13)sP(2),P(3)
406 FORMATC(1H , 1K, #TOTAL PRESSURE#s 10X» 3(F10.4,5X))
HWRITE(B»407) PSl1,PS2
407 FORMATC(1H »1X, #STATIC PRESSURE#s39Xs2(F10.455X))
HWRITE(E,408) TG(1),TG(2),TG(3)
408 FORMAT(1H , 1X, #TOTAL TEMPERATURE(GAS)#, 3Xs 3(F10. 4’5X))
WRITE(B,409) TS1,TS2
403 FORMAT(1H » 1%, #STATIC TEMPERATURE(GAS)#, 1X,2(F10.4,5X))
WRITE(6,410) RHOG(1),RHOG(2)
410 FORMAT(1H » 1X, #STATIC DENSITY(GAS)#sSX»2(F10.4,5X))
WRITE(B,412) UZ1,VZ2
412 FORMAT(1HO, 1Xs #ZAXIAL UELOCITY#» 10X, 2(F10.455X))
WRITE(B5413) Ul,U2
413 FORMAT(1H » 1X,#ABSOLUTE VELOCITY#s7X,2(F10.4,5K))
_ WRITE(6,414) W1,UW2
414 FORMAT(1H , 1X, #RELATIVE UELOCITY#, ?X,2(F10.455X))
HWRITE(B,415) UCISTAGE),UUR(ISTAGE)» UCISTAGE+1)
415 FORMAT(1H » 1X, #BLADE SPEED#, 13X» 3(F10.4,5X))
HWRITE(B,416) US1,US2
416 FORMAT(1H »1X, #TANG. COMP. OF ABS. VEL.#=y2(F10.4,5X))
WRITE(B,417) WS1,HS2
417 FORMATC(1H »1X,#TANG. COMP. OF REL. VEL.#»2(F10.4,5X))
HWRITE(B,418) ASPED1, ASPED2
418 FORMATC(1H » 1X, #ACOUSTIC SPEED#, 10X,2(F10.4,5X))
WRITE(B,413) AMACL1, AMACE
419 FORMAT(1H ,1X, #ABSOLUTE MACH NUMBERs,4X,2(F10.4,5X))
HRITE(B6,420) AMACHL, AMACH2
420 FORMATC(1H »1X, #RELATIVE MACH NUMBER#,4Xs2(F10.455X))
WRITE(B,421) FAIl,FAIZ2
421 FORMAT(1HO0, 1X, #»FLOW COEFFICIENT#,8X,2(F10.455X))
HRITE(B,4223 AAALls ARAZ
422 FORMAT(1H , 1X,#FLOW AREA#, 15Xs2(F10.4,5X))
WRITE(Bs423) ALFAl,ALFA2, ALFA3
423 FORMAT(1HO» 1X, #ABSOLUTE FLOW ANGLE#,5X,3(F10.455X))
WRITE(Bs424) BETAl,BETA2
424 FORMAT(1H » 1X,#RELATIVE FLOW ANGLE#,SXs3(F10.455X))
HWRITE(Bs425) AINCIRsAINCIS
425 FORMAT(1H » 1Xs #INCIDENCE#, 16X,2(F10.45,5X))
HWRITE(Bs426) ADEVIR
426 FORMAT(1H , 1X, #DEVIATION®s 30Xy 1(F10.455X))
IF (UNITS.E@.1.0) WTFLOW = WTFLOW/0.453592
GO TO 111
110 WRITE(6,2100) I,PHIC
2100 FORHQTI(IOH FOR STAGE,13,18H s COMPUTED PHI ISsF8.4,06H STALL)
GO TO 111
120 WRITE(B,2110)I,PHIC
2110 FORMAT ¢(10H FOR STAGE,I3,18H » COMPUTED PHI IS,F8.4,06H CHOKE)
GO TO 113
111 FLOWIN=FLOWIN-+DFLOW
IF (FLOWIN.LE.FLOWFI)> GO 7O 81
113 CONTINUE
DO 112 I=1,NSTA
DD 112 J=1,NSPE
112 DPSIS(I,J) = 0.0
RETURN
END
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