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m
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kg thermal conductivity of gaseous phase

LPC | low pressure compressor

M absolute Mach number

Ma assumed value of Mach number

M. relative Mach number

Mc calculated viaue of Mach number

m mass flow rate

mfi]m mass flow rate of water film formed on blade surface
mw molecular weight

N rotor'rotational speed

Ng number of droplet

Nu Nusselt number

‘POI total pressure at rotor ih]et

Po2 total.pressure at rotor outlet
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xii
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total temperature
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temperature ratio

blade tip speed

blade speed

axial velocity

absolute velocity

tangential component of absolute yelocity
velocity of film formed on blade surface

relative yelocity

xiii



W tangential component of relative velocity

We Weber number
xg mass fraction of gas phase
Xy mass fraction of liquid phase

Greek Letters

a absolute flow angle

B relative flow angle

8 bypass ratio

Y. specific heat ratio

n aidabatic efficiency

AHV latent heat of vapokization
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ATO rise in total temperature

ATg rise in overall temperatrue of_gaseous phase

(A‘_rg)ht drop in temperature of gaseous phase due to heat transfer
(ATg)wk rise in temperature of gaseous phase due to work done

AT. rise in overall temperature of droplet

(ATw)ht rise in temperature of droplet due to heat transfer

(8T, ), rise in temperature of droplet due to work done

8 deviation angle

5 boundary layer displacement thickness
§ corrected pressure (8=p/p o)

¢ -boundary}]ayer momentum thickness

) corrected temperature (6=T/Tref)

B viscosity

p density
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surface tension of droplet

solidity

particulate liquid volume fraction

equivalent temperature ratio

flow coefficient

equivalent pressure ratio

rotor angular velocity

total pressure 10ss

phase

coefficient

“total pressure loss coefficient across rotor due to gas

total pressure loss coefficient across stator due to gas

phase

total pressure loss coefficient due to the increase of
momentum thickness because of the eixstence of small droplets
in the boundary layer over a rotor blade surface

total pressure loss coefficient due to the increase of
momentum thickness because of the existence of small droplets
in the boundary layer over a stator blade surface

total pressure loss coefficient due to the momentum gained by
thick water film moving over a rotor blade surface

total pressure loss coefficient due to the momentum gained by
thick water film moving over a stator blade surface

total pressure loss
ture over the rough

total pressure loss
ture over the rough

total pressure loss

coefficient due
film surface of

coefficient due
film surface of

coefficient due

droplets in rotor passage

total pressure loss

coefficient due

droplets in stator passage
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to turbulent flow of mix-
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to turbulent flow of mix-
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Subscripts

a pertaining to assumed value
c pertaining to calculated value
D pertaining‘tp design point
g pertaining to gas phase
i pertaining to ideal process
] pertaining to liquid phase
m pértajning to mixture
r ' pertaining to relative value with respect to rotor
ref pertaining to reference value
R pertaining to rofor
.S pertaining to stator
W pertaining to water droplet
0 pertaining to stagnation value
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SUMMARY

A model for predicting the performance of a multi-spool axial-flow
compressor with a fan during operation with water ingestion has been
developed incorporating several two-phase fluid flow effects as follows:
(i) ingestion of water, (ii) droplet interaction with blades and result-
ing changes in blade characteristics, (iii) redistribution of water and
water vapor due to centrifugal action, (iv) heat and mass transfer pro-
cesses and (v) droplet size adjustment due to mass transfer and mechani-
cal stability considerations. A computer program, called the PURDU-WINCOF
code, has been generated based on the model utilizing a one-dimensional
formulation. An illustrative case serves to show the manner in which
the code can be utilized and the nature of the results obtained.
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CHAPTER 1
INTRODUCTION

Water ingestion into axial flow compressors that have been designed
originally for operation with air flow causes considerable changes in
performance compared with the performance obtained with air flow (Ref-
erences 1-8). These changes affect the performance, operation and
control of an aircraft gas turbine engine when the compressor is part
of such an engine (Reference 9). B '

A model for the prediction of performance of axial-flow compressors
“has been generated (References 3 and 4) which 1ncorporates the fo]]ow1ng
two-phase flow-associated processes:
(1) ingestion of water;
(ii) droplet interaction with blades and kesu]ting changes in blade
characteristics
(iii) redistribution of water and water vapor due to centrifugal
action;
(iv) heat and mass transfer processes; and
(v) droplet size adjustment due to mass transfer and mechan1ca1
stability considerations. '
A numer1ca1 -computational program for prediction of compressor performance
has been generated, called the PURDU-WICSTK program (Reference 4). It is
applicable to a (single spool) compressor with a constant mass flow be-
tween the inlet and outlet sections of the unit.

It is of interest to generate a similar numeriqa]-computationa] pro-
cedure for use in the case of a multi-spool compressor with a fan. In
this case, the spools generally operate at different speeds and the mass
flow in the compressor stages (low pressure compressor, the LPC, and
high pressure compressor, the HPC) differs from the mass flow at inlet
to the fan depending upbn the bypass ratio employed. A computer code
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has been designed for this purpose, namely the PURDU-WINCOF code, and
the current report is devoted to a description of that code.

1.1 Compressor Utilized for Illustrating the Use of the PURDU-WINCOF
Code

In order to illustrate the manner in which the PURDU-WINCOF code
can be utilized, a typical fan-compressor unit has been chosen. Details
regarding the unit are provided in Appendix 1 to this report.

1.2 Outline of the Report

A brief description of the PURDU-WINCOF program is provided in
Chapter II. The subroutines and external functions of the code are
Tisted in Chapter III. Chapters IV and V provide the details of the
input data and the output, respectively. The method of calculation and
the nature of the results are illustrated by means of a test case in
Chapter VI. '



CHAPTER II
OVERALL PROGRAM DESCRIPTION

The PURDU-WINCOF program for the prediction of performance of a
fan-compressor unit with water injestion is based on the PURDU-WICSTK
program (Reference 4) generated for use with a (single spool) constant
(mixture) mass flow compressor.

Following a brief description of'the PURDU-WICSTK program (Section
2.1), the major modifications introduced in the PURDU-WINCOF program are
presented (Section 2.2).

2.1 The PURDU-WICSTK Code

The one-dimensional flow equations for two phase flow in axial com-
bressors have been derived in detail and presented in Reference 3. 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 calculated using those
equations.

The PURDU-WICSTK code 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 abosrbing work input but introducing drag losses.



Currently one ban 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 10 um; large droplets may be assigned a mean size
of about 1,000 um in diameter. In a general two-phase mixture that may .
become the working fluid in a compressor, the proportion of various con-
'stituents, namely; different gases (e.q. air and water vapor) and two
t&pes of droplets may be chosen as desired in the initial conditions
assumed for a calculation. Thus, to considef humid air carrying large
droplets, the content of small droplets 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:
(i) model for the calculation of stage performance with respect
~ to the gaseous phase and water droplets;
(ii) model for droplet motion across a blade row from a chosen
| upstream location to a designated downstream location;
(ii1) model for centrifuging of water droplets;
(iv) model for heat and mass transfer processes between the
_ ~ two phases’; and -
(v) model for droplet break-up and equilibrium with respect to
size.
The foregoing five models have been described in detail in References
3 and 4. A further description is included in Appendix 2 of this report
regarding the models for the calculation of stage performance with respect
to gaseous phase and the air-water droplet mixture.

The performance of a stage is calculated for given initial and
operating conditions including the state of the air-water droplet mix-
ture. Regarding droplets, any fraction of their total number may be
taken into account depending upon assumptions relating to droplet im-
pingement and rebound processes. Then, at the exit of a blade row, the
three major processes, namely (i) centrifugal action on droplets, (ii)
heat and mass transfer processes between the two phases and (iii) drop-
let size adjustment, are taken into account. When the stage performance
parameters are "corrected" for the afore-mentioned three processes, one
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obtains the final outlet conditions from a.stage. The outlet conditions
from a stage are modified to account for the 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 pfedict

the design point performance as well as off-design performance of a multi-
stage compressor. '

2.2 Modifications Introduced in the PURDU-WINCOF Code

In the fan-compressor unit, with two spools operating at speeds N]
and N2 and with a bypass ratio of g the five streamtubes illustrated in
Figure 2.1, represent the five typical streamtubes along which it is of
interest to establish the fan-compressor performance.

In the one-dimensional formulation adopted in the PURDU-WICSTK and
also the PURDU-WINCOF codes, the streamtubes along which the calculations
are desired to be performed have to be pre-located in the unit; and their
area changes along the flow path have also to be specified on an appro-
priate basis. Regarding the latter, in most cases, the variation of
anhu]us area of the machine is known at least corresponding to the
design point conditions and this variation of area along the flow path
may have to be assumed as applicable under off-design conditions. The
extent of the resulting errors that arise on account of such assumptions
depends upon the nature of the stage aerodynamic characteristics.

The major modifications introduced in the PURDU-WINCOF code consist
of the following changes from one stage to the next:
(i) modification for speed changes and
(1) modification for mass flow changés.

2.2.1 Modification for Speed

The operational speeds can be specified by the following input
parameters: A

FND: rotor rotational speed in Fan

FNDLPC: rotor rotational speed in LPC

FNDHPC: Rotor rotational speed in HPC

5



_NSF: number of stages in Fan
NSLPC:  number ‘of stages in LPC
NSHPC:  number of stages in HPC |
Utilizing those parameters, the operational speed can be set at the de-
sired value for the next stage as follows: '
(i) Rotor speed = FND when
1 £ stage s NSF
(ii)‘ Rotor speed = FNDLPC when
| (NSF + 1) < stage s (NSF + NSLPC)
- (ii1) Rotor speed = FNDHPC when |
(NSF + NSLPC + 1) ¢ stage < (NSF + NSLPC + NSHPC)

2.2.2 Modification for Mass Flow Change

The mass flow rate can be altered at the entry to the next stage.
In particular at the entry to the low pressure compressor following the
fan stages,- the mass flow into the low pressure compressor can be ad-
justed by utilizing the specified value of bypass ratio, 8, as follows:
m, = mg/(1 fe)
where ﬁc and hFlrepresent the mass flow rate in the fan part and compres-
sor part, respectively.



CHAPTER 111
SUBROUTINES AND EXTERNAL FUNCTIONS
There are 22 subroutines and 13 external functions in this program.
The following is the list of subroutines and external functions. Only
brief descriptions of these subprograms are given here. A more detailed

description of each subprogram is presented in Appendix 3. .

Subroutine WICSPB: calculation of stage performance based on the

analytical/correlation method for small droplet.
Subroutine WICSPC: calculation of stage performance based on the

analytical/correlation method for large droplet.
Subroutine WICSPD: ca]cuTation of design point performance.
Subroutine WICGSL: calculationof single-phase (gas) flow loss.
Subroutine WICSDL: calculation of lToss for small droplets on account
of the change in momentum thicknes§ of boundary layer due to the

presence of such droplets. |
Subroutine WICSTL: calculation of 1655 due to Stokesian drag of drop-

lets 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.

Subroutine WICRSL:  calculation of loss due to the rough surface when
large droplets are present either by themselves or along with
small droplets.

Subroutine WICCEN: calculation of swanwise replacement of droplets due

to centrifugal action. _
Subroutine WICDMS: calculation of amount of small droplets which is
centrifuged. '




Subroutine WICDML:

centrifuged.
Subroutine WICDRG:
Subroutine WICMAC:
Function WICASD:
Function WICED: .
Function WICMIK:
Function WICLOS:
Subroutine WICIRS:

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 WICMIR:
Function WICPWB:
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.

calculation
calculation

calculation

calculation
calculation
calculation

calculation
calculation
calculation
calculation
calculation
calculation

calculation

calculation

of

of
of
of
of
of
of
of

of

of

of

of

of

of
of

of
of

of
of
of
of
of
of

of

of

amount of large droplets which is

drag force on droplet.
Mach number.

-acoustics speed intwo phase flow.
equivalent diffusion.
dimensionless momentum thickness.
total pressure loss coefficient.
droplet impingement and rebound in

droplet impingement and rebound in
droplet impingemeht and rebound in
droplet impingement and rebound in

water reingestion into wake.
heat transfer between gaseous phase

mass transfer between gaseous phase

mass transfer rate.
vapor pressure.
new trial value in the iterative

the vaTue 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



CHAPTER IV

INPUT ' DATA

A1l input data that are needed to utilize the PURDU-WINCOF computer

code are described in this section.
same sequence as they are used in the program.

must be in Ehg]ish units unless noted otherwise:

The input data are presented in the
Presently all input data

The following is a listing of the input data as they read in MAIN.
Figures 4.1 and 4.2 show the geometry of a compressor stage and angles
associated with a typical rotor blade element.

Card Input

No. - Data

[ NS
1 NSF
1 NSLPC

| 1. NSHPC
2 RRHUB(I)
3 RC(I)
4 RBLADE(I)
5 STAGER(I)

Comment

number of stages

number of fan stages

“number of low pressure compressor

stages

number of high pressure
compressor stages

hub rad1us at Ith stage rotor
inlet. "I =1 A NS
Unit: inch

chord length of Ith stage rotor
I =1AANS
Unit: idnch

humber of blades for Ith stage
rotor. I =1 NS

stager angle for Ith stage rotor..

I =1~NS
Unit: degree

Format

12

I2
I2. -

12

F5.3

F5.3

F5.2

F5.2



Card Input
No. Data
6 SRHUB(1)
7 sc(1)
8  SBLADE(I)
9 STAGES (1)
10 SIGUMR(I)
11 SIGUMS(I)
12 BET25S (1)
13 FNF
14 XDIN
14 ICENT
14 XDDIN

~ Comment

hub radius at Ith stage stator inlet.
I =1~ANS, I=NS+1 for IGV

“Unit: inch

chord length of Ith stage stator.
I =1T~NS, T=NS+1 forlIGV
Unit: inch

‘number of blades for Ith stage stator.

I =1~NS,I=NS+1 for IGY

stager angle for Ithistage stator.
I=1~NS, I =NS+1 for IGY
Unit: degree o

solidity of Ith stage rotor

solidity of Ith stage stator
[ =1~NS, TI=NS+1 for IGV

stator outlet absolute flowangle
at design pt. for Ith stage.
I =1~NS,1I=NS+1 for IGY

Unit: degree

fraction of design corrected rotor
speed for a particular speed

initial water content (mass fraction)
of small droplets.

index for centrifugal calculation of
small droplets.

ICENT = 1 when XDIN = 0.0

otherwise ICENT = 2

ICENT = 3: no heat and mass transfer

ICENT = 4: no centrifugal action

ICENT = 5: no heat and mass transfer
and no centrifugal action

ICENT = 6: no mass transfer

ICENT = 7: no mass transfer and

no centrifugal action

initial water content (mass fraction)

of large droplets.

10

Format

F5.3
F5.3

F5.2
F5.2
F5.3
F5.3

F5.2

F8.2
F5.3

I

F5.3



Card Input
No. Data
14 TICENT
14 ICENTV
15 TOG

15 TOW

15 PO

16 DIN

16 ~ DDIN
17 FND

17 TO1D
17 PO1D
17 FNDLPC

Comment

index for centrifugal calculation
of large droplets.

IICENT = 1 when XDDIN = 0.0
otherwise IICENT = 2

IICENT = 3: no heat and mass transfer

IICENT = 4: no centrifugal action

IICENT = 5: no heat and mass transfer
and no centrifugal action

IICENT = 6: no mass transfer

IICENT = 7: no mass transfer and

no centrifugal action

index for centrifugal calculation

of water vapor

ICENTV = 0: vapor is centrifuged
ICENTV = 1: vapor is not centrifuged

total temperature of gas phase
at compressor inlet
Unit: Rankine

temperature of drop]et at compressor
inlet.
Unit: Rankine

total pressure at compressor inlet.
Unit: 1bf/ft2

initial diameter of small droplets.
Unit: um

initial diameter of ]arge droplets.
Unit: um

rotor corrected speed at design pt.
Unit: RPM

compressor inlet temperature at
design pt.

- Unit: Rankine

compressor inlet pressure at
design pt.
Unit: 1bf/in?

rotor corrected speed of LPC at
design pt.

Unit: RPM

o

Format

I

I

F7.2
F7.2

F7.2
F6.1
F6.1
F7.1

F7.2
F7.2

F7.1



Card Input
No. Data
17 FNDHPC
18 . XCH4
18 * RHUMID
19 FMWA
19 FMWV -
19 FMWC
20 PREB
20 DLIMT
21 GAPR(I)
22 GAPS(I)
23 RRTIP(I)
24 SRTIP(I)
25 IRAD

Comment

rotor corrected speed of HPC at
design pt. =
Unit: RPM

initial methane content (mass fraction)

-initial relative humidity

Unit: percent

molecular weight of air

- molecular weight of steam

mo]ecg]ar weight of methane

percent of water droplets that
rebound after 1mp1ngement on blade

surface

maximum diameter for small droplets

Unit: um

gap between Ith stage rotor and

(I - 1)th stage stator.

T=1AANS
Unit: 1inch

gap between rotor blade and stator

"blade for Ith stage

I=1aNS
Unit: dnch

blade tip radius at Ith stage
rotor inlet.

I=1aANS

Unit: inch

blade tip radius at Ith stage
stator inlet.

I =1A~NS, 1 =N+1 for IGV
Unit: 1inch

index for radius at which calculation
is carried out.

IRAD = 1: performance at fan tip
IRAD = 2:" performance at HPC mean
IRAD = 3: performance at hub
IRAD = 4: performance at tip

~of HPC and LPC

12

Format

F7.1

F5.3
F10.5

F7.3

F7.3

F7.3
F5.1

F7.1

F7.5
F7.5
F6.3
F6.3

I
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Card Input
No. Data
26 RT(1)
27 RM(1)
28 RH(1)
ST(I)
30 SM(I)
31 SH(I)
32 BLOCK(T)
33 BLOCKS(I)
34 IDESIN

Comment

rotor inlet radius at which tip

performance calculation is carried out.

I =1aNS

Unit: inch

rotor inlet radius at which mean line -
performance calculation is carried out.

I =1aNS
Unit: inch

rotor inlet radius at which hub

performance calculation is carried out.

I =1~NS
Unit; inch

stator inlet radius at which tip

performance calculation is carried out.

I =1a~NS
Unit: inch

stator inlet radius at which mean line

performance calculation is carried out.

I=1nNS
Unit: inch

stator inlet radius at which hub

performance calculation is carried out.

I =1aNS
Unit: 1dinch

blockage factor for Ith stage rotor.
0 < BLOCK(I) < 1
I =1aNS

blockage factor for Ith stage stator

0 < BLOCKS(I) <1
I =T1TAaNS,I=NS+1 for IGV.

index- for output.

‘IDESIN = 1: both stdge and overall

performance printed out
IDESIN = 2: only overall performance
is printed out ' :

13

Format

F5.3

F5.3

F5.3

F5.3

F5.3

F5.3 "

F5.3

F5.3

n



Card

.34

Input
No. Data
JCENT
35 BETIMR(I)
.36 BET2MR(1)
37 BETIMS(I)
38 BET2MS(I)
39 DSMASS
39 BYPASS
40 PR12D(I)
Iy PR13D(1)
42 ETARD(I)

Comment

index for centrifugal calculation.

JCENT = 1: large droplets in rotor free
stream are centrifuged in same manner

as small droplets.
JCENT = 2 (or any other integer):

droplets are taken to have random motion

blade metal angle at Ith stage rotor

inlet.
I=1aANS
Unit: degree

blade metal ‘angle at Ith stage
rotor outlet.

I =14ANS

Unit: degree

blade metal angle at Ith stage

stator inlet. -
I =1~ANS, I=NS+T1 forIGV
Unit: degree

blade metal angle at Ith stage
stator outlet.
I =1TaNS,I=NS+T1 for IGV
Unit: degree

streamtube design mass flow for fan.

Unit: 1bm/s
bypass ratio at design pt.

total pressure ratio for the Ith
stage rotor at design pt.
I =1aNS

total pressure ratio for Ith stage
at design pt.
I=1aANS '

'adiabatic efficiency for Ith stage

rotor.
I=1A~NS

14
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In

F5.2

F5.2

F5.2

F5.2

F10.6

F10.6
F5.3

F5.3

F5.3



Card Input

No. Data

43 SAREA(I)
44 SAREAS(I)
45 FAI

Comment

stream tube area for Ith stage
rotor inlet.

I=1~NS

Unit: ft2

stream tube area for Ith stage
stator inlet. - :
I=1ANS,I=NS+1 for IGV

Unit: ft2

initial flow coefficient. The user

can input as many FAI as one wants.

However, each card must contain only
one' FAI and the last card must be

9.99999.
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CHAPTER V

ouTPUT

There are two kinds of output in this program code: regular output
and diagnostic outhut. The regular output consists of four parts as
follows: ' ' o '

(1) output of the inputed data;

{2) output of design point performance;

(3) output of stage performance; and

(4) output.of overall performance.

" The user can choose the output by setting the value of the input data
IDESIN to 1 or 2. By setting IDESIN equal to 1, the detailed output
(output of (i) inputed data, (ii) design point performahce, (iii) stage
performance and (iv) overall performance) can be obtained. On the other
hand, the user can obtain the simple output (output of (i) inputed data
and (ii) overall performance) by setting IDESIN equal to 2.

5.1 Output of Inputed Data

A11 of the data inputed can be printed out at the beginning of out-
put. '

5.2 Qutput of Design Point Performance

5.2.1' Compressor Inlet jDesign'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)
(2) total pressure at compressor inlet: '(1bf/ft2)
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(3) static temperature at compressor inlet: (R)

(4) static pressure at compressor in]et:_(]bf/ftz)

(5) static density at compressor inlet: (1bm/ft3) .

(6) acoustic speed at compressor inlet: (ft/s)

(7) axial velocity at compressof inlet: (ft/s)

(8) Mach number at compressor inlet

(9) stream tube area at compressor inlet: (ftz)
~(10) 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) total temperature: (R)

(2) total pressure: (1bf/ft2)- .

(3) static temperature: (R)

(4) static pressure: (1bf/ft2)

(5) static density: (1bm/ft3)‘

(6) axial velocity: (ft/s)

(7) absolute velocity: (ft/s)

(8) relative velocity: (ft/s) .

(9) tangential component of absolute velocity: (ft/s)
(10) tangential component of relative velocity: (ft/s)
(11) rotor wheel speed: (ft/s) '

(12) absolute Mach number

(13) relative Mach number

(14) total temperature based on relative Mach number: (R)
(15) total pressure based on relative Mach number: (1bf/ft2)
(16) absolute flow angle: (degree) '

(17) relative flow.angle: (degree)

(18) stream tube area: (ft2) ‘

(19) radius at which calculation is carried out: (ft)
(20) flow coefficient

(21) stage total pressure ratio

(22) stage adiabatic efficiency

18



(23) rotor total pressure ratio
(24) rotor adiabatic efficiency
(25) stage total temperature ratio

5.2.3 Overall Performance (Deéign Point Performance)

After all of stage performance is printed out, the following

porperties can be printed out:

(1) compressor inlet total temperature: (R)

(2) compressor inlet total pressure: ,(1bf/ft2)

(3) corrected mass flow rate: (1bm/s)

(4) overall total pressure ratio

(5) overall total temperature ratio

(6) overall adiabatic efficienéy

(7) overall temperature rise: (F) »

(8) relative flow angle at rotor inlet: BETISR(I) (degree)
(9) relative flow angle at rotor outlet: BET2SR(I) (degree)
(10) incidence for rotor: AINCSR(I) (degree)
(11) deviation for rotor: ADEVSR(I) (degree)

(12) absolute flow angle for stator inlet: BET1SS(I) (degree)
(13) absolute flow angle for stator outlet: BET2SS(I) (degree) -
(14) incidence for stator: AINCSS(I) (degree)

(15) deviation for stator: ADEVSS(I) (degree)

(16) stage inlet temperature: TD(I) (R)

(17) total pressure loss coefficient for stator: OMEGS(I)
(18) total pressure loss coefficient for rotor: OMEGR(I)

(19) momentum thickness for rotor: SITADR(I)

(20) momentum thickness for stator: SITADS(I)

(21) equivalent diffusion ratio for rotor: DEQR(I)

(22) equivalent diffusion ratio for stator: DEQS(I)

5.3 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 avb1ade row, the four major processes associated
with two phase flow, namely (a) droplet impingement process; (b) centrifugal
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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 performancelpérametersAare corrected for the afore-men-
tioned four processes, then one obtains the outlet conditions 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)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
~(21)
(22)
(23)
(24)
(25)
(26)

(27)

stage total pressure ratio
stage total temperature ratio
stage adiabatic efficiency

stage flow coefficient

axial velocity: (ft/sec)

rotor speed: (ft/sec)

total pressuré: (1bf/ft2)

static pressure: (1bf/ft2)

total temperature of gas phase: (R)
static temperature of gas phase: (R)
static density of gas phase: (]bh/ft3)
static density of mixture: (]bm/ft3)
axial velocity: (ft/s) '

absolute velocity: (ft/s)

relative velocity: (ft/s)

blade wheel speed: (ft/s)

tangential component of absolute velocity:
tangential component of relative velocity:

acoustic speed: (ft/sec)
absolute Mach number

-relative Mach number

flow coefficient

stream tube area: (ft?)
absolute flow angle: (degree)
relative flow angle: (degree)
incidence: (degree)
deviation: (degree)
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equivalent diffusion ratio

momentum thickness

pressure loss coefficient of gas only calculation
total pressure loss coefficient

After the stage parameters are corrected for the afore—mentiohed'

four processes, the following second parts'of output of stage performance

can be printed out.

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

(10)

(1)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

stage total pressure ratio

stage total temperature ratio

stage adiabatic efficiency

water vapor content: XV

water confent of small dorplet: XW

water content of large droplet: XWW

total water content: XWT.

mass fraction of dry air: XAIR

mass fraction of methane: XMETAN

mass fraction of gaseous phase: XGAS

mass flow rate of small droplet: WMASS(lbm/s)
mass flow rate of large droplet: WWMASS(1bm/s)
total mass flow rate of droplet: WTMASS(1bm/s)
mass flow rate of dry air: AMASS(1bm/s)

mass flow rate of methane: CHMASS(1bm/s)

mass flow rate of water vapor: VMASS(1bm/s)
mass flow rate of gaseous phase: GMASS(1bm/s)
mass flow rate of mixture: TMASS(1bm/s)
specific humidity: WS '

density of air: RHOA(1bm/ft3)

density of mixture: RHOM(1bm/ft3)

density of gaseous phase: RHOG(1bm/ft3)
temperature of gaseous phase: TG (R)
temperature of small droplet: TW (R)
temperature of large droplet: TWW (R)
pressure: P(]bf/ftz)

boiling point: TB (R)

dew point: TDEW (R)
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5.4 Qutput of Overall Performance -

At the end of compressor, the overall performance can be printed
out according to the inputed value of IDESIN. If IDESIN=1, the properties
to be printed out are as follows: ' ’ |
(1) initial flow coefficient
(2) corrected speed of compressor and ‘fraction of design corrected
speed N
(3) initial water content of small droplet
(4) 1initial water content of large dfop]et
(5) initial total water content
(6) dnitial relative humidity
~ (7) initial methane content
(8) compressor inlet total témperature: (R)
(9) compressor inlet total pressure: (1bf/ft2)
(10) corrected mass flow rate of mixture: (1bm/s)
(1]) corrected mass flow- rate of gaseous phase: (lbm/s)
(12) overall total pressure ratio
(13) overall total temperature ratio
(14) overall adiabatic efficiency

After the foregoingfovera]] performance is printed out, the perfor-
mance of (1) fan, (i) Tow pressure compressor (LPC) and (iii) high
pressure compressor (HPC) can be printed out and provide the following:

(1) gas phase corrected mass flow; '

(2) total pressure ratio;

(3) total temperature ratio; and

(4) adiabatic efficiency.

If IDESIN=2 the above is printed along with the following:
(1) flow coefficient of stage: FAIQ
(2) stage
(3) total pressure ratio of stage: PRATIO
- (4) total temperature ratio of stage: TRATIO
(5) adiabatic efficiency of stage: ETA
(6) water vapor content of stage: XV
(7) water content of small droplet: XW
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(8) water content of large droplet: XWW
(9) total water content: XWT
(10) temperature of gaseous phase: TG (R)
(11) temperature of water droplet: TW (R)

5.5 Diagnostic Printout

At the inlet of each stage, the flow coefficient is calculated. If
the flow coefficient gives the value of equivalent pressure ratio which
is less than 1.0 or the value of stage adiabatic efficiency which is
less than 0.0, the following message will appear: “FAI IS TOO BIG OR
TOO SMALL AT STAGE=." I[f this message appears, the computation for the
particular initial flow coefficient will be terminated and the next ini-
tial flow coefficient will be read. '

The iterative procedure is used to determine the Mach number. If
the desired accuracy can not be obtained after 50 times of iteration,
the following message will appear: "M DOES NOT CONVERGE AT STAGE=."
If this message appears, the final value of Mach number will be used
and computation will be continued.

When the axial velocity becomes either higher than local acoustic
épeed or negative, the following message will éppear: "VyZ IS TOO HIGH
OF TOO LOW." If this message appears, the computation for the particu-’
lar initial flow coefficient will be terminated and the next initial
flow coefficient will be read. | ’ '
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CHAPTER VI
" TEST CASE

An illustrative example of the use of the PURDU-WINCOF code is
presented in this chapter. The fan-compressor unit employed is described
in Appendix 1. The operating conditions under which the pérformance
calculation has been carried out are presented in Table 6.1. The outputs

obtained from calculations performed along the‘streamtube no. 4 in Figure
2.1 are presented in Appendix 5.

25



Table 6.1

Operating Conditions for I]]ustrative Examples

Parameter

' Values

Corrected Speed

Inlet Temperature

Inlet Pressure '
Initia} Droplet Diameter
Humidity

Water Content

Flow Coefficient

100% Design Speed
518.7 R

14.7 psi

20 uym, 600 um
0.00

0.000 for Test Case No. 1
0.010 for Test Case No. 2
0.010 for Test Case No. 3

but, neglecting mass transfer
and only printing overall
compressor performance.

0.350 for Test Case Nos. 1, 2

0.340 for Test Case No. 3
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Direction of Flow

Di'recﬁon of Rdtaﬁon

BI' BZ : Flow Angle

B/ BS : Blade Angle
y : Stager
i : Incidence
Wy Bo— 8 : Deviation

Fig. 42 Angles Associated with a Typical Rotor
Blade Element
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APPENDIX 1

Fan-Compressor Unit

A fan-compfessor unit with a fan, a low pressure compressor and a
high pressure compressor has been chosen for the purpose of demonstrating
the application of the PURDU-WINCOF Code. The overall design features
fo the unit are as follows.

Number of stages: 3 (Fan); 6 (LPC); and 7 (HPC)
Design speed: 9492.1 RPM (Fan and LPC)
14095.5 RPM (HPC)
Design mass flow: ' 255.0 1bm/sec
Design pressure ratio: 2.1948 &Fang; 2.6365 (LPC); and
_2.9823 HPC

The basic design data are provided in Tables A.I.1 and A.I.2.
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Table A.I1.1

Fan-Compressor Unit Design Data

Stators

~ The values given pertain to the mean section of the LPC and the HPC.

FAN
Stage Hub Number Design absolute ~  Design absolute
Radjus of .Blades inlet flowangle (aﬁ) outlet flowangle (a§)
IV  6.220 60 000 . 6.69
1 6.650 60 37.07 | - 6.21.
2 6.965 60 ' 36.40 h : -1.49
3 7.025 60 217 0.3

Note: r in inches and o in degrees
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Table A.I.1 (continued)

LPC
Stage Hub Number Design Absolute Design Absolute
Radius of Blades inlet flowangle (a§) outlet flowangle (ag)
4 7.025 60 26.78 8.86
5 7.025 60 26.38 1.41
6 7.025 60 32.68 6.55
7 7.025 60 - 28.41 5.24
8 7.025 60 37.70 16.23
9 7.130 60 36.82 16.50

Note: r 1in inches and a in degrees
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Table A.I.1 (concluded)

HPC
Stage Hub Number Design absolute Design absolute .
Radius  of Blades inlet flowangle (o3)- -outlet flowangle (a%)

10 7.449 60 36.41 22.78

N 7.674 60 41.62 | - 24.28

12 7.873 60 42.63 - 25.79 .

13 8.053 60 41.94 23.93

14 8.201 60 44.03 20.90

15 8.31 60 | 38.84 16.87

16 8.378 60  40.40 | 2303

Note: r in inches and a in degrees
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Table A.1.2

Fan-Compressor Unit Design Data

Rotors

The values given pertain to the mean section of the LPC and the HPC.
FAN

Stage Hub Number Design relative Design relative
Radius . of Blades inlet flowangle (BT) outlet flowangle (35)

] 6. 300 60 . 52.88 40. 40
2 6.830 60 ' 55. 61 42.36
3 7.020 60 56.07 37.73

Note: r in-inches and g in degrees
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Table A.I.2 (continued)

LPC
Stage Hub | Number . Design relative Desfgn relative
Radius _ of Blades inlet flowangle (Bf) . outlet flowangle (35)
4 7.025 60 45.92 - 29.71
5 7.017 60 39.94 : 26.76
6 7.037 60 45.69 25.64
7 7.025 60 43.01 | 24.73
8 7.025 60 42.23 - 15.25
9 7.025 60 35.14 : 16.06

Note: r in. inches and 8. in degrees
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Table A.I.2 (concluded)

we
Stage Hub Number =~ ° Design relative Design relative
Radius of Blades inlet flowangle (Bﬁ) outlet flowangle (85)

10 7.308 60' 49.52_ 37.92

11 7.553 60 48.02 | 33.59

12 7.757 60 48.34 o 33.90

13 7.956 60 47.78 36.39

14 ' 8.123 60 50.02 36.92

15 - 8.258 60 54.16 ' 45.10

16  8.351" 60 56.34 45.48

Note: r in -inches and g8 in degrees
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APPENDIX 2

'STAGE_PERFORMANCE CALCULATION

In the PURDU-WINCOF code, the calculation of stage performance is
carried out through the estimation of work done and losses in a stage
based on an analytical model. The stage performance calculation being
discussed here pertains only to establishing the stage work done, and
the consequent temperature and pressure rise, and the stage losses as
they occur between the leading and trailing edges of a biade. The
final exit conditions from a stage are established after ocrrecting the
stage outlet conditions for various two phase flow effects.

In calculating the stage performance, it is necessary to take into
account the presence of drop]ets'in the fluid, and their motion, partic-
ularly their impact on the blades, Such impaction leads to the formation
of a film on the blade surface, composed of water from unrebounded drop-
lets, and a change in the boundary layer and separation characteristics.
Thus, the Stage.characteristics become different for a droplet-laden gas
flow from those for'a single phase gas. The change in‘stage characteris-
tics arises through modification of (a) momentum thickness of boundary
layer, (b) diffusion factor and (c) deviation angle.

It may be stated at the outset than no correlations of compressor,
cascade or even single airfoil performance data are available for two
phase flow. It is therefore necessary to model -compressor flow.based on
a number of approximations, in turn related to physical process models.

In order to account. for various drop sizes that may arise in a spray,
it has been suggested that two classes of droplets be identified, one re-
ferred to as "small" and the other as "large." In adjusting droplet sizes
for any reasoh, it is assumed that samll droplets may only remain small,
while large droplets may become small enough to belong to the small -
droplet class. From the point of view of blade passage flow, the '

41



principal distinction between small and large droplets is, as has been
mentioned earlier, that small droplets are sufficiently small and follow
the gas phase streamlines/ but large droplets, which are in order of
about 100 um in -diameter, are assumed to have equal probability of motion
in all directions in the forward'sectof. In addition, it is assumed

that only small droplets may absorb part of the work input. Other dis-
tinctions between the two classes of droplets arise from the foregoing
and are taken into account in developing compressor flow models for the
two classes of droplets.

In order to simp]ify calculations of stage losses, three procedures
have been developed as follows: _ '
(1) procedure when the compressor operates with a single (gas)
phase; :
(2) procedure when only small droplets are present; and
(3) procedure when large droplets are present either by themselves
or along with small droplets.
Typical velocity diagram for an axial compressor stage is presented in
Fig. A.2.1.

A.2.1 Procedure of Gas Phase QOperation
The stage performance calculation for gas phase operation is carried
out using the analytical/correlation method based on References 10 and

11 as follows:
(1) From given inlet conditons or the previous stage exit conditions,
the total temperature, TO]’ and total pressure, PO]’ are
obtained. .
(2) Calculate specific heat ratio corresponding to the temperature.
(3) Calculate the stagnation density.

o1 = Po1/RTpy

(4) Assume a value for Mach number, Ma' _
(5) Calculate the static density and temperature.

-1/(y-1)
Py = {1 + (Y-1)M§/%} N
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Fig. A.2.1 Typical Velocity Diagram for a Compressor Stage
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- -1
T = {‘ + (Y'])Mg/éi To1

(6)- -Calculate the acoustic speed.

0.5

(7) . Calculate the axial velocity.
Vo1 = Wy A

(8) Calculate the absolute velocity.
Vy = Vpy/cos o

(9) Calculate the Mach number, M_.
Mc - Vzl/al

(10) Compare the assumed value of Mach number, Ma’ with the calcu-
lated one, MC. If M, agrees within prescribed limits with MC,
proceed to the next step. Otherwise, steps (4) to (9) must be
repeated.

(11) Calculate the components of velocity from the velocity diagram
at rotor inlet as follows:

V] = VZ]/cos a
Ve] = VZ]tan oy

Wor = Uy = Vg
0.5
22
Wy = (Vg + Wgy)
4
By = tan (Wg /V,q)

(12) Calculate relative Mach number at rotor inlet .

Mr] = w]/a]
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(13) Calculate static pressure at rotor inlet.
-y (y-1)
P ={(T0]/T]) + P

(14) cCalculate total pressure at rotor inlet based on the relative

Mach number, Mr‘

v/(y~1)
P

2
Porp = 1+ (y-1)M5/2

01,r 1

(15) Assume sz to calculate the total pressure loss coefficient
across. rotor and rotor outlet flow angle.

(16) Calculate the components of velocity at rotor outlet as
follows:

Wap = Vyotan 8,

where 82 is an input value at the design point, or is calculated
according to the procedure given in Appendix 3, Subroutine WICGSL.

V,=U,-W

82 2 82
) 0.5
w2 - (VZZ ¥ wez)
0.5
_ 2 2
Vo = (V5 + Vi)

ay = tan_](Vezlvzz)

(17) Calculate the total temperature at rotor outlet.
Toz = Tor + (UgVgp = UyVgy)/cpacd

(18) Calculate static temperature at rotor outlet.
Ty = Top - Va/2c,9.d

(19) Ccalculate acoustic speed at rotor outlet.

0.5
a, = (YRT,g.)
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(20) Calculate absolute and relative Mach number at rotor outlet.

M2 ='V2/a2
Mg = Wyl |
(21) Calculate total pressure loss factor across rotor.
Poz,r _Pozri - f; . Pur
Por,r  Por,r R Porur
where ‘
_IT
—
Poz,ri _{Toz,r
PO],r T01,r
2 ‘ 1
2 Rigrr \r

(22) Calculate total pressure ratio across rotor, and total and
static pressure at rotor outlet.

—— ]
SRR 2 B : -
P_02_= IQ.Z_, . Pozsr . P02’r1
o1 Ton, Pot,r _P_O‘],r
TR
P = i p
02 LPO], 01
-v/(y-1)
v I .
P, [1 + X MZ] Po

(23) Calculate density at rotor outlet.
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(24) Calculate the axial velocity at rotor outlet.
V22 = Mook,

(25) Compare the calculated value of V22 in (24) with the assumed
sz in (15). Iterate steps (15) to (24) until a desired
accuracy is obtained.

(26) Calculate total pressure at rotor outlet.
v/ {y-1)

Pop = 1+ (v - 1)/ P,

(27) Calcu]ate the total pressure loss coefficient across stator,
s’ and stator outlet angle %5 in a similar fash1on as in
the rotor case.

(28) Calculate total pressure loss factor across stator.

I
P ¥y

——-02

Pn')
N ey

(29) Calculate the total pressure ratio and total temperature
ratio across the stage.

- :

1 Y™ 1~

_Poz {To3 Po2,rl (P02,ri Po3

PRE=3 1721 Ip 1P " 1P
01 01 ot,r] {Po1,r 02

TR

Toa/To
(30) Obtain total pressure and temperature at stator outlet.

Poa = PO3 . p
03 = [p,,| " Foz

Toz = To2
(31) Calculate the average value of specific heat ratio.
(32) Calculate the stage efficiency.

CprlrD2y
T TTTIR ST
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A.2.2

Procedure when.Small Droplets are Present -

When all of the droplets present at entry to a stage can be cate-
gorized as small droplets, the following assumptions are introduced.

(1)
(2)

(3)

(5)

(6)

(7)

Droplets follow gas phase streamlines.

"A fraction of the droplets impacting the blades undergo

rebound. The balance of impacting dropiets move over the
blade surface in the form of a thin film. The momentum of
the thin film is negligible.

The development of the'boundary layer over the blade surface
can be based on Reference 12. The following assumptions are

“‘made in that Reference: (i) droplets do not interact with

one another; (ii) a two phase boundary layer exists; and

' (ii1) the momentum thickness for the two phases can be super-

posed after they are obtained in two parts.
The deviation angle remains the same in two phase flow as in
single phase flow. The reasoning is that diffusion and trans-

“port of particles can be neglected as being small and, in any

case, as balancing each other.

The loss coefficient for two phase flow is thus the sum of the
loss coefficient for each pahse. The loss coefficient for the
liquid phase may also be added in an appropriate form to the
stage efficiency for a stage obtained during operation with
air in order to obtain the stage efficiency for two phase flow.
Considering a blade passage flow, between two neighboring
blades, away from solid boundaries, the drag due to droplets
can be calculated assuming Stokes drag relation. The number
of droplets suffering such drag is the sum of the number of

non-impacting droplets and the number of rebound droplets.

The overall loss is obtained by adding the losses described
under (5) and (6).

In using the analytical/correlation method for the flow of a mixture

with small droplets, the basic procedure is the same as the'procedure
utilized in gas phase operation (Section A.2.1). The pressure rise for

the gas phase and the temperature rise of water are determined from the
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mixture turning angle over a blade. The losées are established based
on (a) the relation between the loss coefficient and the pressure loss;
the loss coefficient in turn related to the momentum thicknesses of the
blade boundary layer due to the 9as phase and the droplets; and (b) the
Stokesian drag of droplets in the free stream. The latter, of course,
is zero for small drop]ets, by definition.

The stage performance calculation for a mixture with small droplets
is carried out using the analytical/correlation method as follows:

(1) From the given inlet condition or the previous stage
properties, the gas phase total temperature, TO],g’ and
total pressure, PO],gare obtained.

(2) Calculate the gas constant, Rg, specific heat constant .
pressure, cpg and specific heat ratio of gas phase, vy.

(3) Calculate the Stagnation density of gas phase.

P01,9 = P01/Rg To1,g

(4) Assume a value for Mach number, M,
(5) Calculate the static density and temperature of gas phase.

: -1/{y-1)
[E iy - ])”gz/éI " 01,9

Pg]=
Too= 1+ (v - 2] .1
T A a 01,9
(6) Calculate the acoustic speed in the gas phase ag].
- 0.5

(7) Calculate the acoustic speed in the mixture, a1» as shown in
Appendix 3, Function WICASD.
(8) Calculate the density of the mixture.

Dg Pw

-1
o Y
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(9)
(10)
»(11)

(12)

(13)

(14)

(15)

(16)

Calculate the axial velocity.

V1 = Mley Ay

Calculate thé absolute velocity.
V] = VZ]/cos o
Calculate thé Mach number, Mc'

Me

Compare the assumed Mach number, Ma’ with the calculated one,

Mee If M, agrees within prescribed Timits with Mc» proceed
to the next step. .Otherwise, steps (4) to (11) must be
repeated. ’

Calculate the components of velocity at rotor inlet as follows:

V] = VZ]/cos;a]

Ve] = VZ]/tan. oy

Wer = Uy - Vg ,
e O
8y = tan™ (W /V )

Calculate relative Mach number at rotor inlet.

M. = w]/a]

ri
Calculate static pressure at rotor inlet.

2 Y -v/(y-1)
P1 = {To1,¢/Tq1) - P

Calculate total pressure at rotor inlet based on the relative

01

Mach number, Mr]'
-5 v/ (y-1)
PO],r {E * Ay - ])Mrl/%j Py
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(17)

(18)

(19)

(20)

(21)

(22)

(23)

Assume sz to calculate the total pressure loss coefficient
across rotor due to gas phase,'mg’R, and rotor outlet aqgle
Bos where By is calculated according to the prqcedure given

in Appendix 3, Subroutine WICGSL. .

Obtain the total pressure loss coefficient due to the increase
of momentum thickness because of the existence of small drop-
lets in the boundary layer over a rotor blade surface BQ,R’
as shown in Appendix 3, Subroutine WICSDL.

Obtain the total pressure loss across rotor due to the Stokesian
drag of water droplets outside boundary layer BQ,R’ as shown in
Appendix 3, Subroutine WICSTL.

Calculate the components of velocity at rotor outlet as

follows:

Wgp = Vpotan 8y

Vop = Uz - Wy
0.5
S 2 s 2
Hy = (Vg * Wgp)
0.5
s a2
Vp = (Vg * Vo)

-1
Ca]culate‘the work input.
My = (UpVgp = UpVgy)/gcd
Apportion work input to the mixture constituents as described

in item (14) of A.2.2.1 of Reference (4).
Calculate static temperature of gas phase at rotor outlet.

= 2

Calculate acoustic speed in gas phase.
- 0.5
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(25) Assume pgé = Pg1 and calculate the acoustic speed in the
mixture, a,, as shown in Appendix 3, Function WICASD.
(26) Calculate absolute and relative Mach numbers at rotor outlet.
M2 = V2/a2
My = Hy/a,

(27) Calculate total pressuke loss factor across rotor.

Poz,r _ Poz,ri

Por,r  Porur

- ‘ P
- - _ 1
(w + w + w ). i1 -

g,R 8,R s,R P01,r

(28) Calculate total pressure ratic across rotor, and total and
static pressures at rotor outlet.

T ]
o ]
Poz _ [Toz,a]"  [Pozr| [Poz,ri]
Po1 Tol,g Pot,r) { Pot,r |
P = .P.L..Z_]P
02 = Py, For
-Y

_ y=1,27"

Py = [] T Mz] Po2

(29) calculate static density at rotor outlet.

(30) Compare the calculated value of Pq2 in (29) with the assumed
value of Pg2 in (25).  Iterate steps (25) to (29) until a
desired accuracy is obtained.

(31) Calculate the density of mixture at rotor outlet.

-1
(% AN
Pm2 sz + E;]
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(32)

(35)

(36)

(38)

(39)

Calculate the axial velocity at rotor outlet.

V72 = My/omph
Compare the ca]cu]ated value of sz in (32) with the assumed
value of V.o in (17). ‘Iterate steps (17) to (32) until a

desired accuracy is obtained.
Calculate total pressure at rotor outlet.

Poé i [j - :] v/ (y- 1)

Calculate the total pressure loss coefficient across stator
due to gas phase, Eé S’ and stator outlet angle, a3, as shown
in Appendix 3, Subroutine WICGSL.

Obtain the total pressure loss coefficient due to the increase
of momentum thickness because of the existence of small drop-
lets in the boundary layer on a stator blade surface, Eé;s,

as shown in Appendix 3, Subroutine WICSDL.

Obtain the total pressure loss across stator due to the

Stokesian drag of water droplets in the free stream outside

boundary layer w ,§3 s shown in Appendix 3, Subroutine WICSTL,
it may be noted that Stokesian drag is zero in the case of

small droplets by definition.’
Calculate total pressure loss factor across stator.

Calculate the total pressure ratio and gas phase total
temperature ratio across stage.

o ¥ ' ]

Y™ . -

_Poz |To3,g Po2,rl{Po2.ri] (P03

PR=52 = | ol ! |52
01 01,9 0l,r 0l,r 02

TR=T

03,¢/To1.g
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(40)

(41)
(42)

A.2.3

Obtain total pressure dnd gas phase total temperature at

stator outlet.

P = E.(E P i
03 P02 02
T03,9 = To2,g
Calculate the average value of specific heat ratio.

Calculate -the stage efficiency.

i} pri¥-1/Y _
N TR -1

Procedure when Large or Large and Small Droplets are Present

It is postulated that when large droplets are present, they always

play the more dominant role.

The following assumptions are introduced.

(1)

(2)

(3)

(4)

Droplets move with equal probability in all directions in

the forward sector.

A fraction of the droplets impacting the droplets undergo
rebound. The balance of impacting droplets move over the
blade surface in the form of a thick film. The momentum of
the thick film is appreciable and represents a loss of mixture
momentum. '
The development of the boundary layer can be estimated based
on the following reasoning: (a) the thick film presents a
continuous rough surface; (b) the roughness is at most of the
order of droplet thickness; and (c) the boundary layer is
fully turbulent and extends over the chord length. A coeffi-

cient of friction for the flow can then be based on Reference

13.
The deviation angle remains the same as in the case of single
phase flow.
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(5) Considering a blade passage flow, between two neighboring
blades, away from solid boundaries, the drag due to droplets
can be calculated assuming Stokes drag relation. The number
of droplets suffering such drag is the sum of the number of
non-impacting droplets and the number of rebound drop]ets;

(6) The overall loss is therefore obtained by adding the losses
described under (2), (3) and (5).

The stage performance, when large droplets are present, with or
without small droplets, is carried out as follows. It may be pointed
out that the determination of stage pressure ratio follows the same
procedure as in the case of a mixture with small droplets only, Appendix
Section A.2.2. The determination of the loss coefficient when large
droplets are present is wholly different.

(1) From given initial conditions or from the previous stage

properties the gas phase total temperature, TO] and total

9
pressure, PO]’ are obtained.

(2) Calculate the gas constant, R_, specific heat at constant

g

pressure, ¢__, and specific heat ratio, vy.

P9
(3) Calculate the stagnation density of gas phase.

01,9 ~ P01/Rg To1,g

(4) Assume a value for Mach number, M.
(5) Calculate the static density, and temperature of gas phase,
as follows:

- -1/(y-1)
P~ [} + (y - ])M§2/2] ‘DO]"g

o -1
) 2
Tgr © E'* (v - ”Maz/?J To1.g

(6) Calculate the acoustic speed in the gas phaSe,'ag].

- 0.5
(7) Calculate the acoustic speed in the mixture, a;, as shown in
Appendix 3, Function WICASD.
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(8)

(10)

(11)

(12)

(13)

Calculate the density of the mixture.

‘ -1
-

Pg Py
Calculate the axial velocity.

Vz] - mm/pmA
Calculate the absolute velocity.
V] = Vz]/cos a

Calculate the Mach number, Mc'

Mo = Vy/2y

Compare the assumed Mach number, Ma, with the calculated one,

Mc, If Ma agrees within prescribed limits with MC, proceed
to the next step. Otherwise steps (4) to (11) must be repeated.

Calculate the components of velocity at rotor inlet as follows:

V] = Vz]/cos o

Ve] = Vz]tan aq

Wor = Uy = Vg

Wi = (V) + “31)1/2
By = tan” (W /V,q)

(14) Calculate relative Mach number at rotor inlet.

Mo = Wy/e,
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(15)

- (16)

(17)

(18)

(19)

(20)

(21)

Calculate static pressure at rotor inlet.

) -y/(y-1)
Py = (Tol,g/Tg] | *Poy

Calculate the total pressure at rotor inlet based on Mr'

| v/ (y-1)
Por,r = E tly-1 Mr]/2] Py

Assume sz to calculate the total pressure loss due to gas
phase, Wg,R? and rotor outlet angle Bos aS shown in Appendix 3,
Subroutine WICGSL.

Calculate the total pressure loss coefficient due to the momen-
tum gained by thick water film moving over the rotor blade
surface Ef,R’ as shown in Appendix 3, Subroutine WICFML.
Calculate the total pressure loss coefficient due to turbulent
flow of mixture over the rough film surface of rotor blade,
B},R’ as shown in Appendix 3, Subroutine WICRSL.

Calcualte the total pressure loss coefficient due to the
Stokesian drag of water droplets in rotor passage, EE,R’

as shown in Appendix 3, Subroutine WICSTL.

Calculate the components of velocity diagram at rotor outlets
as follows: ' |

Weo = Vptan g,

Voo = Up = Wgp
_ (42 2 10.5.
W = [VZZ ¥ weZ]
0.5
N Y 217
Yy = {sz * Vez]

-] '
ap = tan (Vgp/Vzp)
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(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

Calculate the work input. 
Mg = (UpVgp - UpVgy)/a )

Apportion the enérgy inpuf in the mixture as described in item
(15) of A.2.2.1, of Reference (4).
Calculate static temperatrue of gas phase at rotor outlet.

- 2

Calculate the acoustic speed in gas phase.

0.5
agz = (v Rg ng_gc)

Assume pg2 = pgi and calculate the acoustic speed in the
mixture a,, as'shown in Appendix 3, Function WICASD.
Calculate absolute and relative Mach number at rotor outlet.

M2 = V2/a2
Mpp = Wy/a,
Calculate total pressure loss factor across rotor.

p P

. ' P
02,r 02,ri —~ — - - 1.
= - |w tw + w + w 1-5——
PO],r PO],r [ g,R f,R r,R S,R][ PO],F]

Calculate total pressure ratio across rotor, and total static
pressure at rotor outlet.

T 1
X ]
Poz _ {Toz,g Poz,r| (Poz,ri)
Por  {Tot,g Por,r) | Pot1,r]

o - [Foz] ,

02 {7y, For
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(30)

(31)

(32)

(33)

(34)

(35)

(36)
(37)

(38)

- y - 1.2 Y-

02

Calculate static density at rotor outlet.

Pg2 = Dz/Rng2
Compare the calculated Pg2 in (27) with the assumed‘p92 in (23).
Iterate steps (23) to (27) until a desired accuracy is obtained.
Calculate the density of mixture.

X X, -1
P2 = [‘éq * T]

Calculate the axial velocity at rotor outlet. -
V2 = Muloghs

Compare the calculated V., in (33) with the assumed V,, in
(34). Iterate steps (17) to (33) until the desired accuracy
is obtained.

Calculate total pressure at rotor outlet.

o (-1
Pop E £ (y - 1) Mg/Z:[ P,

Calculate the total pressure loss coefficient across stator

due to gas phase, EQ,S, and stator outlet angle, a3, as shown
in Appendix 3, Subroutine WICGSL. _

Calculate the total pressure loss coefficient due to the momen-
tum gained by thick water film on the stator blade surface,"

wg g» as shown in Appendix 3, Subroutine WICFML.

Calculate the total pressure loss coefficient due to turbulent
friction over a rough film surface over the stator blade,
B}’S,»as shown in Appendix 3, Subroutine WICRSL.

59



(39)

(40)

(41)

(42)

(43)
(44)

Obtain the total pressure loss across stator due to Stokesian
drag of large water droplets in the free stream outside bound-
ary layer, E; g» as shown in Appendix 3, Subroutine WICSTL.
Calculate total pressure loss factor across the stator.

P P

03 — — — — 2
5—=1-lo +w +w + w 1-5—
P02 { g,S f,S r,S s,S] [ POZ}

Calculate the total pressure ratio and gas phase total
temperature ratio across stage.

xX_

-1 -1
(T U (p Pro i P
PR = p03/P0] = TO_-?’_,Q POZsr‘ _POZ,N P03

01,9 O0l,rj{ 0O1,r 02

TR = To3,4/T01,g

Obtain total pressure and gas phase total temperature at
stator outlet.

P = -l.>.0_3_ P ‘
03 P02 02

T03,9 ~ To2,g

Calculate the average value of the specific heat ratio.
Calculate the stage efficiency.

- PR(Y-] )/Y -1
N TR -1
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APPENDIX 3

- DETAILED DESCRIPTION OF SUBROUTINES
AND EXTERNAL FUNCTIONS

There are 22 subroutines and 13 external functions in this program.
Brief descriptions of these subprograms are presented in Chapter III. A
more detailed description of each subprogram is presented here. Each
of the subroutines and external functions is presented as follows:

(1) Description, (2) Input variables, (3) Output variables, and (4) Usage.

SUBROUTINE WICSPB

(1) Description:
The subroutine WICSPB is used for the calculation of stage
performance based on the analytical/correlation method for
small droplet. A detailed description of calculation
procedure is presented in Appendix 2.

(2) Input Variables:

FAIO initial flow coefficient
ISTAGE stage at which performance calculation is
' carried out ,
MMASS mass flow rate of mixture
ALFA1 absolute flow angle at outlet of the previous
S stage stator
DAV ~ nominal diameter of small droplets
DELV X -relative velocity between gas phase and large
.. droplets
WMAS : mass flow rate of small droplets
N ‘ station number
AK1 ~ constant in Eq. (A.3.6)"
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(3)

AK2
AK3

constant in Eq. (A.3.7)' and (A.3.8)'
constant in Eq. (A.3.1)' and (A.3.2)'

Output Variables:

OMEGA1

OMEGA2

OMEGA3

OMEGA4

OMEGAS

OMEGA6

OMEGAT
BETA1
BETA2
VZ
ALFA2
ALFA3
DELTG

DELTW

W1
W2

Vi

total pressure loss coefficient due to single-
phase (gas) flow profile loss in rotor

total pressure loss coefficient due to loss for
small droplets on account of the change in
momentum thickness of boundary layer due to the
presence of such droplets in rotor

total pressure loss coefficient due to Stokesian
drag of small droplets in the free stream of
blade passage in rotor

total pressure loss coefficient due to single-
phase (gas) flow profile loss in stator

total pressure loss coefficient due to loss

for small droplets on account of the change in
momentum thickness of boudnary layer due to the
presence of such droplets in stator

total pressure loss coefficient due to Stokesian
drag of small droplets in the free stream of
blade passage in stator 4

sum of total pressure loss coefficients
relative flow angle at rotor inlet

relative flow angle at rotor outlet

axial velocity

absolute flow angle at stator inlet

absolute flow angle at stator outlet

rise in total temperature of gas phase across

a stage

rise in temperature of small droplet across

a stage

relative velocity at rotor inlet

relative velocity at rotor outlet

absolute velocity at rotor inlet
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Ve absolute velocity at stator inlet
V3 absolute velocity at stator outlet

(4) Usage: ' . A
CALL WICSPB (FAIO, ISTAGE, MMASS, ALFAT, WKDONE, DAV, DELV,
WMAS, N, OMEGAY1, OMEGAZ, OMEGA3, 0MEGA4, OMEGAS,
OMEGA6, OMEGAT, BETA1, BETA2, VZ, ALFA2, ALFA3,
DELTG, DELTW, W1, W2, V1, v2, V3, AKl, AK2, AK3)

SUBROUTINE WICSPC

(1) Description: _ .
The subroutine WICSPC is used for the calculation of stage
performance based on the analytical/correlation method for
large droplet. A detailed description of calculation pro-
cedure is presented in Appendix 2.

(2) Input Variables:

FAIQ initial flow coefficient
ISTAGE stage at which performance calculation is
carried out
MMASS mass flow rate of mixture
ALFA1 absolute flow angle at outlet of the
previous stage stator
WKDONE work done factor
DAV nominal diameter of large droplets
DELV relative velocity between gas phase and °
large droplets
WWMAS mass flow rate of large droplets
N ' station number (Fig. 5.1)
REAVE : average Reynolds number
DELVU2 relative velocity between gas phase and droplet
DELVL?2 _ relative velocity between gas phase and droplet
AK1 constant in Eq. (A.3.6)' .
AK2 constant in Eq. (A.3.7)' and (A.3.8)'

AK3 constant in Eq. (A.3.1)' and (A.3.2)'
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(3)

(4)

Qutput Variables:

OMEGAI1

© OMEGA2

OMEGA3

OMEGA4

OMEGAS

OMEGA6

OMEGAT
BETA1
BETA2
vz
ALFA2
ALFA3
DELTG

DELTW

W1
W2
V1
V2
V3

Usage:

total pressure loss qoefficient due to the

mixture boundary layer formed over rough film

surface in rotor

total pressure loss coefficient due to film
formed on rotor blade surface

total pressure loss coefficient due to Stokesian
drag of large droplets in the free stream of
blade passage in rotor

total pressure loss coefficient due to the
mixture boundary 1ayef formed over rough film
surface in stator

total pressure loss coefficient due to film
formed on stator biade surface

total pressure loss coefficient due to Stokesian
drag of large droplets in the free stream of
blade passage in stator

sum of total pressure loss coefficient
relative flow angle at rotor inlet

relative flow angle at rotor outlet

axial velocity

absolute flow angle at stator inlet

absolute flow angle at stator outlet

rise in total temperature of gas phase across
a stage

rise in temperature of small droplet across

a stage

~relative velocity at rotor inlet

relative velocity at rotor outlet
absolute velocity at rotor inlet
absolute velocity at stator inlet
absolute velocity at stator outlet

CALL WICSPC (FAIO, ISTAGE, MMASS, ALFA1, WKDONE, DAV, DELV,

WMAS, WWMAS, N, OMEGAl, OMEGA2, OMEGA3, OMEGA4,

64



OMEGA5, OMEGA6, OMEGAT, BETA1, BETA2, VZ, ALFA2,
ALFA3, DELTG, DELTW, W1, W2,-V1, V2, V3, REAVE,
- DELVUZ2, DELVL2, AK1, AK2, AK3)

SUBROUTINE 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) Input 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 WICGSL

(1) Description:
The subroutine WICGSL is used for the calculation of single-
phase (gas) flow loss. In the current model, the concept of
the-equivalent diffusion ratio by Lieblein (Ref. 10) and Swan's
correlation (Ref. 11) have been employed in order to estimate
the blade outlet flow angle and loss due ‘to turbulent flow of
gaseous phase over the rigid blade surface. In the event
that a different model is to be employed, for the estimation
of the blade outlet angles of the gaseous phase, subroutine
WICGSL, function WICED, and if needed subroutine WICSPD should
be modified to incorporate the new correlation. .

Lieblein has shown that the design point loading factor, the
Diffusion Factor, does not represent a suitable criterion for
loading at off-design conditions, except possibly at other
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minimum loss points. This is due to the fact that the basic
derivation of the Diffusion Factor has been based on a flow
model which corresponds to operation at or near minimum loss.
He has therefore suggested a generalized loading parameter.
This parameter, the Equivalent Diffusion Ratio, is based on
the fatio of the maximum suction surface velocity and trailing
edge velocity for a given section cascade.  Lieblein has deduced

" an expression which apprdximates this velocity ratio in terms
of measured overall performance. The Equivalent Diffusion
Ratio is suitable for correlation of low speed data. For the
general case where the axial velocity ratio may be 1arge,'such
as in a rotor or stator cascade, the Equivalent Diffusion

Ratio, D has been defined as follows:

eq’
COSBZVZ] 1.43 cos 8 :] :
= ————— 1% * —_——— .
Deg = S5557 E.]2+k(1 in)1434 0. 61— C(A.3)
1 z,

r sz wry rg

where K—tam]-;Tv;—-tmmz-V;— 1-;5

1 1 1

' and k = 0.0117 for the NACA 65 (A]O) blades and k = 0.007 for
the C4 circular-arc blades. The Equivalent Diffusion Ratio

at minimum loss, D__*, is obtained by dropping the term repre-

eq
senting the incidence angle effects, that is as follows:
COSBZVZ] { COSZB] }
* = o .
Deq cosB]VZ 1.12+0.61 p (A.3.2)

2

| The wake momentum thickness can be expressed nondimensionally
as follows:

_ 5 |
wCOSB., [cosB ,
(g)= 20 : (cossf} g : (A.3.3)

where c is the chord length of the blades.
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At minimum loss, Eq. (A.3.3) yields

o\, Z*COSBZ cosBy*|2 _
QE) - 20 cosg* (A.3.4)

Also, form Eq. (A;3.3), the total pressure loss coefficient w, can be
expressed as follows:

2
L o5 |08
c’ cosg, |cos,

(A.3.5)

From the cascade test data, the deviation angle, &, and the non-dimension-

al wake momentum thickness, (%), are expressed in terms of the D eq’ Deq*’
(%)*, and inlet Mach number, M, as follows (see Swan Ref. 11):

= &% +[6 40 - 9.45(M;-0.60)] (Dgg-Dyo*)+ AKI (A.3.6)
(—3—)= (D)* + (0.827M, - 2.692M$ - 2.675M?) (Deq Deq*)2 - Ak2 (A.3.7)
for Deq >_Deq*
(2)- D=+ (‘2.89[\114 - 871 + 9.36M)) (g - Dgg*)? - AK2 (A.3.8)

for Deq < Deq*
Using these empirical expressions, the air angle at blade odtlet and .
total pressure loss coefficient at an off-design point can be determined
as follows:

(i) Calculate the inlet angle, B1> and the inlet Mach number, M].
(i) Ca]cu]ate the Equivalent Diffusion ratio at minimum loss, Deq*'
(ii1) Calculate the nond1mens1ona] wake momentum th1ckness at

minimum loss, ( )*

(iv) Assume the fluid outlet angle, (sz)a.
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(v)
(vi)
(vii)
(vii)

(ix)

(X_)
(xi)

Calculate the incidence ang]e,.i,‘i=3] - 3]* + 9%,

Calculate the Equivalent Diffusion Ratio Deq'

Calculate the deviation angle, .

Calculate the fluid outlet ang]e,.(sz)c, (32)C= Bo* - 8% +8.

Compare the assumed value of fluid outlet angle, (sz)a;
with the calculated value of that, (82)C to check if
[(By), - (By), |<e where ¢ is the desired accuracy.
Iterate step (iv) to step (ix) until satisfactory accuracy
is obtained.

Calculate the nondimensional wake momentum thickness, (%).

Calculate the total pressure loss coefficient w.

Figure (A.3.1) shows the flow chart of the calculation procedure to pre-
dict the outlet angle and total pressure loss coefficient.

The program also includes a provision for modifying the equations given
in Ref. 10 and 11. Equations (A.3.1), (A.3.2), (A.3.6), (A.3.7), and
(A.3.8) can be modified by introducing constants AK1, AK2, and AK3 as

follows.

cosg, V
D .= i —El 1 ]24-k(i-i*)]’43+0 61 EEE—El K| -AK3 (A.3.1)'
eq cosB, V22 T ’ o . o

COsB, Vz] _cosze] ' |

* = v . . ) !
Deq Cos8; Vz 1.12+0.61 S AK3 (A.3.2)
' 2

§ = &% + Es.40 - 9.45 (M] - 0.60)] (Deq -D

8y _ (8 : _
(2) = (Q)* +(0.827M; - 2.692M

eq*) « AK1 . (A.3.6)

2

: 2. a2 (A.3.7)

3
- 2.675M]) (Deq - Deq

for De >D_ *

q eq
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Calculate M] and B]

L)
Calculate Deq* and (C)*

—

ASsume_(sz)a

Calculate D and &

Calculate (8,)

JCalculate (%)

Calculate w

Fig. A.3.1 Procedure for Prediction of Total Pressure Loss

Coefficient and Blade Outlet Flow Angle
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C

for De

(2)

(3)

o o ;
(2) = (c)* + (2.8QM] - 8.71M] + 9.36M]) (Deq - De

D

Input Variables
~solidity

SIGUMA

. BET1S

BET2S
AINCIS

 ADEVIS

AMACH1
BET1
DEQS
SITACS

AK1
AK2
AK3
VZ1
VZ2

 UR1

R1
R2

q<eq.

2 q*)Z-AKZ (A.3.8)"

blade inlet flow angle at design point
blade outlet flow angle at design point
incidence at desing point

deviation at design point

blade inlet Mach number

. blade inlet flow angle

equivalent diffusion ratio at design point, Deq*
dimensionless momentum thickness at design point,
(o) |

Mach number below which the effect of Mach
number disappears in estimating deviation angle.

The value of 0.6 is recommended by Swan (Ref. 11).

constant in Eq. (A.3.6)'

constant in Eq. (A.3.7)' and (A.3.8)'
constant in Eq. (A.3.1)' and (A.3.2)'
axial velocity at blade inlet

axial velocity at blade outlet

rotor blade speed at blade inlet

radius at blade inlet

radius at blade outlet

Output Variables:

DEQN
SITACN.
BET2N
OMEGAN

equivalent diffusion ratio, Deq
dimensionless momentum thickness, (g)
blade outlet angle

total pressure loss coefficient
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(4)

Usage:

CALL WICGSL (SIGUMA, BET1S, BET2S, AINCIS, ADEVIS, AMACH1,
BET1, DEQS, DEQN, SITACS, SITACN, BET2N, OMEGAN,
X, AK1, AK2, AK3, VZ1, VZ2, UR1, R1, R2)

SUBROUTINE WICSDL

(1)

Description:

The subroutine WICSDL is used for the calculation of loss for
small droplets on account of the change in momentum thickness
of the boundary layer due to the presence of such.droplets.

In order to estimate the loss pertaining to the increase of
momentum thickness due to the existence of small droplets in
the boundary layer, Soo's boundary layer analysis for a'gas-
solids suspension is introduced (Ref. 12). In an isothermal
incompressible system, Soo has derived the following equation
for suspended particles under the aSsumption that the number
of collisions among particles is negligible when compared to
that with the wall,

a ; @) (& - EQE.(§93/4 + ﬁé_.(§)]/2 _ ﬂéﬁ.(§)1/4
b’/ ‘x 3b2 X 3b3 X b X
5 — 1/4 ,
4a” b (s .
+ 5 In lj +5 Q) :l . (A.3.9)
where
m 1/4
0.0225 Ua(_)}
a =
P
Po
0.1402[ _—f} + 0.0972
Po- .
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: p-po Upw_ <Upw2 >

_ Neglecting shear due to impact of so]idlparticles, Soo derived
the follewing equation. '

/(0 + ].442pp‘/p0)0'8 | (A.3.10)
0

The boundary layer thickness, &, can be obtained from Egs. (A.3.9)-
or (A.3.10), In the present model, Eq.' (A.3.10) was used.

"The_momentum;thickness, due to. liquid phase, p, is given by

8 o2
Y% - UPW} m ) 7
| o J(1+Mam4m) ot 1
‘+
2 1 T
gr(ﬁ} P erfa+ 1) r(z+1)-r(atl)
: r(%+a+2.:) r(%+a+2) (A.3.10) .

whereaq and m are constants associated with distribution of
velocity and density of liquid phase in the boundary layer
namely

1/m

. = Ll 8 - F y X.- ‘
uy = Ut (U - UL ()
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o
= - - _l
pp ppw (ppO ppw) (1 6)

For the case of solid, spherical particles of 100 and 200 um
in diameter in air moving at room conditions with a velocity
of 50 to 100 fps, Soo has obtained the following values for

the various quantities.

n=7,m=1.25, a = 2.30,

u - U p
PP - 0812, P = 1u4m
p Po

"Utilizing the above values, Eq. (A.3.10) becomes

8

—GP- = 0.1402

Following the procedure of Lieblein, the total pressure loss
coefficient due to the increase of momentum thickness, ep,R’
because of the existence of small droplets in the boundary
layer over rotor blade surface, aé;R’ can be expressed as

follows:

2
L e.r| 2o coss1]
8,R C | COSB, cosszJ
Similarly, the total pressure loss coefficient due to the
increase of momentum thickness, ep > because of the existence
of small droplets in the boundary layer on stator blade surface

56 ¢» can be expressed as follows:
]

: 2
) EP,S 2 o cosa,
®o,s ¢ | cosa; |cosa,
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The stagnation pressure losses corresponding to Zé v and

9.s Can be written as follows.
L]

AP

12—
o,R -~ 2 P1¥7 95

1 2,2 —
APe,s =70 V3 Yo,s

Thus, the total pressure loss across a stage due to the in-
crease of momentum thickness because of the existence of
small droplets in a boundary layer is given by

APe = APe,R + APB,S

(2) Input Variables

- CHORD chord length
SIGUMA solidity
BETAT blade inlet flow angle
BETA2 blade outlet flow angle
UG average flow velocity
RHOG density
AMASSW mass flow rate
AREA flow area
VZ axial velocity

(3) Output variables: .
OMEGAP total pressure loss coefficient

(4) Usage:
CALL WICSDL (CHORD, SIGUMA, BETA1, BETA2, UG, RHOG, AMASSW,
AREA, VZ, OMEGAP)

SUBROUTINE WICSTL

(1) Description:
The. subroutine WICSTL is used for the calculation of loss
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due to Stokesian drag of droplets in the free stream of
blade passage.

In view of the assumption pertaining to motion of small drop-
lets (with zero relative velocity with respect to gas phase),
the total pressure loss due to Stokesian drag becomes zero
for small droplets. »

For large droplets, the mode] introduced is described below.

The large droplets move with substantial relative velocity with
respect to the gas phase and have equal probability of motion
in all directions. However, regarding the latter aspect, the
droplets are divided into two subclasses with a direction of
motion for each c]éss, specified with respect to the gas phase
velocity vector. The number of droplets impacting on the blade
surface is then proportional to the blade surface area projec-
tion normal to the velocity vectors for the two subclasses of
dropiets.

Referring to Fig. A.3.2, the two subclasses are shown as (1)
“and (2) which have direction of motion given by L and Yo
relative to the gas phase velocity vector. The total number

of droplets in subclass (1) is proportional to angle ZY] and
those in subclass (2) is proportional to angle ZY] (180 - ZY]).
The relative velocity between the gas phase and droplets of
subciass (1) is given by the difference between Vgp and the
component of Vp (the velocity of droplets in sub¢lass (1) in
the direction of Vg]). Similarly the relative velocity be-
tween the gas phase and the droplets of subclass (2) is given
by the difference between Vg] and the component of sz in the
direction of Vg]. Thus for droplets of subclass (1) the rela-
tive velocity is given by the relation,

v

=V . cos Yq

gl pl

and for droplets of subclass (2), the relative velocity is
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[~ —

Fig. A.3.2 Model for Motion of Large Droplet
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given by the reTation,

V.=V cos Yp

gl pl

In Fig. A.3.2, the blade outlet conditions are .also shown. As

at the blade inlet section the relative velocities between the

gas phase and droplets of subclasses (1) and (2) may be written
as follows:

ng - Vp] cos & for subclass (1), and

Vg2 - Vo2 cos‘cs'2 for subclass (2).
where 6] is the inclination of the mean velocity vector for
subclass (1) and 8y the inclination of the mean velocity
vector at outlet, designated ng. Once again, at the outlet
section, the number of droplets in subclass (1) is proportional
to angle 26, and the number of droplets in subclass (2) is
proportional to angle 28,5 OF (180 - 26]).' It is clear that
the total number of droplets is divided into two new subclasses
at the outlet, based on the directions of motion of droplets:
relative to the gas phase velocity. The two subclasses at the
ou;]et are the output from the blade row for the given initial
and operating conditions. Based on the foregoing model of mo-
tion of large droplets the total pressure loss coefficient due
to the Stokesian drag of large water droplets in a rotor pass-
age, BQ,R’ can be estimated as follows:

The Stokesian drag of water droplets across a rotor blade is
given by

- 1 '
D=cpze (wgl

2
gl )

A Nd,r

Np] p

where W g1 and wp] are relative ve]oc1t1es of gaseous phase and

drop]ets at rotor inlet, A , the prOJect area of a droplet,

P
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and Nd e the number of droplets that éxist in rotor passage.
Referring to Fig. A.3.3, the Stokesian drag, D, can also be
written as

D = (Poy,pr = Poz,r) AR
where Py; i and Poo.p 8re total pressure at station (1) and (2)
in rotor coordinate system, and AR is the average flow area in
a rotor blade passage.

From the above equations, the total pressure loss across a
rotor blade due to the Stokesian drag, AP_ . becomes

- 1 W2 -
Ps,R= 07 Pqr (Hgy - Wpp)™ ANg p/Ap = DAAR

By definition, the total pressure loss coefficient across a
rotor blade due to Stokesian drag, Bg Re can be obtained as
follows:

D/A

—  _ %R | 2 2 R
W, o= 2= e (W - W) AN, /NEA, =
s,R ]/2°1W§1 D' gl pl p d,R""g1"R 1/291”51

Similarly, the total pressure loss across a stator blade due
to Stokesian drag, APS S becomes

S R S
8Ps s = Sp 7 Pg2 (ng Vp2) ApNg,s/As

and the total pressure loss coefficient across a stator blade

" due to the Stokesian drag, wg g» Can be obtained as follows:
AP

= 55 (V2 v ) AN, /A
2o 0 oz o2 e

¥s,S

Thus, the total pressure loss across a stage due to Stokesian
drag is given by
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Fig. A.3.3 Control Volume across a Blade
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(2)

(3)

AP_ = AP_ _ + AP

S s,R )

Input Variables:

ISTAGE stage at which performance calculation is carried
out

IROTOR index for rotor or stator

DAV nominal droplet diameter

W1 relative velocity at rotor inlet

W2 | . relative velocity at rotor outlet

DELV " relative velocity between gas phase and droplet

V2 absoTute velocity at stator inlet

V3 absolute velocity at stator outlet

WMASS mass flow rate of droplet

vz axial ve]oéity '

N station number (Fig. 5.1)

BETAI1 relative flow angle at rotor inlet

BETA2 relative flow angle at rotor outlet

ALFA2 abso]ute flow angle at stator inlet

ALFA3 absolute flow angle at stator outlet

Output Variables:

DELVU2 relative velocity between gas phase and large
droplet in subclass (1) at blade outlet

DELVL2 relative velocity between gas phase and large

' droplet in subclass (2) at blade outlet

OMEGRU total pressure loss coefficient across rotor
due to Stokesian drag in subclass (1)

OMEGRL total pressure loss coefficient across rotor
due to Stokesian drag in subclass (2)

OMEGSU total pressure loss coefficien across stator
due to Stokesian drag in subclass (1) '

OMEGSL total pressure loss coefficient across stator
due to Stokesian drag in subclass (2)

DRAGRU drag force due to large droplet in subclass (1)

DRAGRL drag force due to large droplet in subclass (2)
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(4)

DRAGSU ~drag force due to small droplet in subclass (1)

DRAGSL drag force due to small droplet in subclass (2)
REAVE average Reynolds number
Usage:

CALL WICSTL (ISTAGE, IROTOR, DAV, W1, W2, DELV, V2, V3, WMASS,
VZ, N, BETA1, BETA2, ALFA2, ALFA3, DELVU2, DELVL2,
OMEGRU, OMEGRL, OMEGSU, OMEGSL, DRAGRU, DRAGRL,
DRAGSU, DRAGSL, REAVE)

SUBROUTINE WICFML

(1)

Description: _ ‘

The subroutine WICFML is used for the calculation of loss
due to film formed on blade surface when large droplets are
present either by themselves or along with small droplets.

The momentum gained by the thick water film on the rotor blade
surface is given by ﬁfi]mvfilm per unit blade length, where
ﬁfi]m is the mass flow rate of water film on the rotor blade

per unit blade length and Vfi]m is the mean velocity of

water film.

Considering the difference in viscosity between the two phases,
the velocity of water film can be estimated as follows:

1w Yg
Veim = 2 g Wy

where Wé is the mean velocity of gaseous phase, and p_ and M

g .
are the viscosities of gaseous and liquid phases, respectively.
The foregoing momentum can be'transformed into an equivalent
drag coefficient as follows.

72

_ 1
°D = "ritm Vritn /7 Pg1 ¥ ©

where p gl is b]ade inlet dens1ty of gaseous phase, and c is
the chord length of the blade.
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(2)

(3)

(4)

The drag coefficient can then be expressed in the form of a

total pressure loss coefficient as follows:

T 2 | |
ch E‘pg] wg] c = APf * S+ COs B,

where s is the blade pitch and By is mean flow angle. Noting

that VZ = W_ cos By One obtains the relation, namely

g

1 2 _ e 1
Pel 7o V2" %, B
m

Since Wé]
to the momentum gained by the thick film on the rotor blade

= Vz/cos Bys the total pressure loss coefficient due

surface can be written as follows:

o = AP [ % » wfﬂ = ¢ (S m
f ‘s cos3 8
m
Input Variables:
WG1 flow velocity at blade inlet
WG2 flow velocity at blade outlet
FMASS mass flow rate of water film on blade surface
per unit blade length
RHOGT . density
CHORD chord length
SIGUMA solidity
BETA1 blade inlet flow angle
BETA2 blade outlet flow angle
Qutput Variables:
CDF drag coefficient
OMEGAF total pressure loss coefficient

Usage:
CALL WICFML (WG1, WG2, FMASS, RHOG1, CHORD, SIGUMA, BETA1,
BETA2, CDF, -OMEGAF)
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SUBROUTINE WICRSL

(1) Description:
The subroutine WICRSL is used for the calculation of loss due
to the rough surface when large droplets are presented either
by themselves or along with small droplets.

Using the experimental results. on pipes roughened with sand,
L. Prandtl and H. Schlichting carried out-a correlation to
‘obtain the friction coefficient on a rough plate (Ref. 13).
The correlation was based on the logarithmic vélbcity distri-
bution law for rough pipes in the form, namely . '

W =2.5In() +B

where v* is frictfon velocity; k is roughness of surface, and
B is a.roughness function which depends on the roughness pa-
rameter, v*k/r.

In the completely rough regime, they obtained the following
relation for the drag coefficient for a plate.

L ' -2.5
= . X

. In the preseht_case, x is replaced by the chord length, ¢, and
“the surface roughness k is' assumed to be the same as the order
of mean diameter of large droplets.

Thus, the total pressure loss coefficient due to turbulent
friction over a rough film surface on a rotor becomes the
following. ’

_ cos2 By

C
w, = C (—) —
r Dr ‘s Cos3 Bm

(2) Input Variables::
SIGUMA : solidity
BETA1 - blade inlet flow angle
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BETA2 blade outlet flow angle

CHORD chord length
DL - droplet diameter
(3) Output Variables: _
" CDR drag coefficient
OMEGAR total pressure loss coefficient
(4) Usage:

CALL WICRSL (SIGUMA, BETA1, BETA2, CHORD, DL, CDR, OMEGAR)

SUBROUTINE WICCEN

(1) Description: .
The subroutine WICCEN js 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 centrifugal
forces; (2) the buoyancy force, which acts parallel to the
esternal force, but in the opposite direction; and (3) the
drag force, which appears whenever there is relative motion
between the droplet and the fluid, and actslparalle] to the
direction of motion but in the opposite direction. In the
present case, the direction of motion of a droplet relative
to the fluid is not parallel to the directioﬁ of the external
and buoyant forces, and therefore the drag force makes an
angle with the other two forces. However, under the one-di-
mensional 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:

du _
It F - F - FD

n
g, dt e b

where Fe; Fb and FD are the external, buoyancy and drag
forces respectively.
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The external force can be expressed as the product of mass
and acceleration, CA of the droplet due to this force, and
therefore

= M
Fe g e
In the present case, because of the large rotor speeds, the

centrifugal acceleration is far larger than the gravitational
acceleration. Thus

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

_ vl
= Ve/r

where Ve is the circumferential velocity of the droplet. For
‘droplets passing through a rotor blade passage, the circumfer-
ential component of the relative velocity, we, should be used
in place of V When there is a large change in whirl ve]ocity
~between the 1n]et and outlet of a blade row, a mean value of
velocity may be more app]1cab]e

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 dis-
placed is (m/pw)pg, where Py is the density of water and Pg is
the density of the surrounding fluid. The buoyancy force is

then given

The drag force is expressed by the relation,
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where <p is the drag coefficient and Ap is the projected area
of the droplet measured in a plane perpendicular to the direc-
tion of motion of the~drop1et.' The drag coefficient cp can be
expressed in a general form as follows:

._ n

where Re is the Reynolds number based on relative velocity be-
tween gas and droplet. The constants by and n are as follows.

bl =24.0, n =1.0when Re < 1.9 _
b] = 18.5, n = 0.6 when 1.9 < Re < 500
b] = 0.44, n = when 500 < Re < 200,000.

The equation of droplet motion then becomes the following:

A= ()2

8’/ ave ¢ (‘I - pg/pw)a

(on)
n

3 u" by pg]-n/4pw 1" and

D being the average droplet diameter. Over a small time inter-
val, the equation of motion can be wirtten as follows:

su= (A/r - B u2-n) At

This equation can be used to determine the radial location of
a droplet in a stage as follows: '
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(1) Select the initial values for Uy and ry-

(it) Calculate the Reynolds number to determine the
values of b] and n.

(ii1) Calculate A and B.

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

(v) Calculate the new velocity u,.

U, = uy + Au
(vi) Calculate the change in location of droplet in
terms of Ar.

Ar = (u] + u2) /[ 2.0 - At

(vii) Calculate the new radial location.
r2'=r']+Ar

(viii) Repeat the calculation for new value of Uy and
rs 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 3, the length between the leading
and trailing edges of a blade is divided into ten steps.
The time interval At is then given by the relation, namely

_ chord 1
At = V Xm"

where V is the velocity of mixture in the blade passage.

(2) Input Variables: _
RZERO " droplet spanwise location at rotor inlet

VZERO droplet spanwise velocity at rotor inlet
DD droplet diameter
VZ axial velocity
DELZZ axial length of a stage
~ ALFAAV average flow angle
FN ~ rotor blade rotational speed
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IRS * index for rotor or statdr

RHOGAS ~ °  .density -

RHUB radius at hub’

XG -mass fraction of gas phase

XA mass fraction of dry air

Xwv mass fraction of vapor

XCH4 mass fraction of methane

RTIPIN radius at blade tip

IPRINT index for printout
(3) Output Variables:

R2 droplet spanwise location blade but]et

u2 ' droplet spanwise velocity at blade outlet

- ITIP index for droplet spanwise location

VZTIME time in which flow pass through a stage

(4) Usage: '

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

SUBROUTINE WICDMS

(1) Description: o
The subroutine WICDMS is used for the calcualtion of amount of
small droplets which is centrifuged.

(2) Input Variables:

IPRINT “index for printout

IRAD index for spanwise location

AMASW1 mass flow rate of water at rotor inlet
AMASHT mass' flow rate of droplet

AMASHW 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) Output Variables:

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

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

AMASW?2 mass fraction of water at rotor outlet after
correction for centrifugal action

DELMAS net amount of water that is centrifuged

(4) Usage: ‘

CALL WISDMS (IPRINT, IRAD, AMASW1, AMASWT, AMASW, R1, R2,
STAREA, RSTAVE, RTIP, DMIN, DMOUT, AMASW2, DELMAS)

SUBROUTINE WICDML

(1) Description:
The'subroutjne WICDML is used for the calculation of amount
of large droplets which is centrifuged.

(2) Input Variables: ‘
IPRINT index for printout

IRAD index for spanwise location

AMASWT . 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

(3) Output variables:

DMIN . . amount of water taht is centrifuged and enters
into a streamtube ‘

DMouT amount of water that is centrifuged and left
from a streamtube

AMASW2 mass fraction of water at rotor outlet after
correction for centrifugal action
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(4)

 DELMAS ~ net amount of water that is centrifuged

CALL WICDML (IPRiNT,'IRAD, AMASW], AMASWT, AMASW, R1, R2,
STAREA, RSTAVE, RTIP, DMIN, DMOUT, AMASW2, DELMAS)

SUBROUTINE WICDRG

(1)

(2)

(3)

(4)

Desqription: _ .
The subroutine WICDRG is used for the calculation of drag
force on droplet.

Input Variables:

- D ’ droplet nominal diameter

DELV1 relative velocity between droplet and gas phase
at blade inlet '

RHGAS1 density of gés phase at blade inlet

RHGAS?2 density of gas phase at blade outlet

Output Variables: '

CD2 drag coefficient

DEVL2 A relative velocity between droplet and gas phase
at blade outlet

DRAG1 drag force

RE ' Reynolds number

Usage: |

CALL WICDRG (D, DELV1, RHGAS1, RHGAS2, CD2, DELV2, DRAG1, RE)

SUBROUTINE WICMAC

(1)

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) Assume Mach number and calculate static tempera-
ture and density.

) .
t= et 7
2 01
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(i)

(ii1).

(iv)

(v)

p = [] =-x;;l-M

Po1/RTo

2] /(1)
2

Calculate acoustic speed in gaseous phase

S 0.5
ag = (v Rtg,)

Calculate the axial velocity

VZ = m/pA

Calculate absolute velocity

V] ='V2/COS o

Calculate Mach number

M] = V]/ag |

Compare the calculated 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-laden gas flow.

(2) Input Variables:

ISTAGE
AMASSM
T016
PRES
X1
ALFA
RMIX

CPMIX

AREAT

stage number

mixture mass flow rate

total temperature of gaseous phase

total pressure

total water content

stator outlet angle of the previous stage

gas content of gaseous phase

specific heat at constant pressure for gaseous
phase '

streamtube area of IGV outlet

(3) Output Variables:

M

Mach number
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(4)

VZ ' axial yé]ocity

C : acoustic speed in mixture

Usage: _
CALL WICMAC (ISTAGE, AMASSM, TO1G, PRES, M, VZ, C, XW1l,
ALFA, RMIX, CPMIX, AREA1)

FUNCTION WICASD

A1)

(2)

(3)

(4)

Description:

'Function WICASD calculates the acoustic speed in droplet-laden
gas flow. The following equation is used (Ref. 14).

-1/2
1-0 o
a = [{(1-o0,)p, +o .0 R
v viw a 2
{ g _pg g pwaw
where
ag = acoustic speed in gaseous phase
a, = acoustic speed in water
Pg = density Qf gaseous phase
Py = density of water
o, = particulate liquid volume fraction
Xy = particu]até-]iquid mass fraction
oy = Xupg / (pw - %, (o, - pg)
Input Variables:
XW total water content
RHOG density of gas phase
CG acoustic speed of gaseous phase
Output Variable: _
WICASD acoustic speed in gas-water droplet mixture

Usage:
WICASD (XW, RHOG, CG)
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FUNCTION WICED

(1)

(2)

(3)

(4)

Description: :
Function WICED is called in Subroutine WICGSL. The equivalent
diffusion ratio is obtained from the following equation.

v
COSB z - cosB
_ sk 1y s i 1.43 COSBy b
Deq = cosE, Vz 1.12 +k (1 - 1%) + 0.61 = K[ « AK3
2

where

K = tane] -?—V—tans] v 1 -
1z 21 "

and where k = 0.0117 for NACA 65 (A]O) blades and k = 0.007
for the C4 airfoils.

Input Variables:

AK3 constant, normally one

74! axial velocity at blade inlet
VZ2 axial velocity at blade outlet
URT rotor blade speed at rotor inlet
R1 radius at blade inlet

R2 radius at blade outlet

BET1 blade inlet flow angle

"‘BET2 blade outlet flow angle

SIGUMA solidity _

AINCIS incidence at design point
AINCI incidence

Output Variable:

WICED equivalent diffusion ratio

Usage: |

WICED (AK3, VZ1, VZ2, UR1, R1, R2, BET1, BET2, SIGUMA, AINCIS,
AINCI)
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FUNCTION WICMTK

(1)

(2)

(3)

(4)

Description:

Function WICMTK is called in Subroutine WICGSL. The ratio of
wake momentum thickness and chord are obtained from the follow-
ing equations.

8 = (&« 2 3 ) 2.
() = (D* + (0.827 My - 2.692 My + 2.675 M) (D, - Dyg*)"+AK2

*
for Deq > Deq

8 0 2 kN . .
(=) = (E)* + (2.80.M] - 8.71 M] + 9.36 M]) (Deq Deq)* AK?2

c

for Deq < Deq*

Input Variables:

AK2 constant, normally one

SITACS ratio or wake momentum thickness to chord at
design point :

AMACH1 blade inlet Mach number

DELDEQ difference between equivalent diffusion ratio
and equiva]eﬁt diffusion ratio at design point

Output Variables:
WICMTK ratio of wake momentum thickness to chord

Usage:
WICMTK (SITACS, AMACH1, DELDEQ, AK2)

FUNCTION WICLOS

(1)

Description:
Function WICLOS is called in Subroutine WICGSL and calculates
the total pressure loss coefficient from the following equation:

2
20 (coss]]
cosB, {cosB,

v =@

94



(2)

(3)

(4)

Input Variables:

BET1 blade inlet flow angle

BET2 blade outlet flow angle

SIGUMA solidity

SITA ratio of momentum thickness to chord

Output Variable:
WICLOS total pressure loss coefficient

Usage: _
WICLOS (BET1, BET2, SIGUMA, SITA)

SUBROUTINE WICIRS

(1)

(3).

(4)

Description: ‘

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

Input Variables:

ISTAGE stage number

R blade radius of streamline

XW1 mass fraction of small droplet

XG mass fraction of gaseous phase

RHOG] density of gaseous phase

BETA1 | rotor inlet relative flow angle
Wi rotor inlet relative velocity:

Output Variables:

WW1 amount of water that 1mpatts stagnation-

WW2 amount of water that impact aft of blade

W total amount of water that impact blade

Usage:

CALL WICIRS (ISTAGE, R, XW1,.XG, RHOG1, BETAl, W1, WW1, WW2,
' WW) -
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SUBROUTINE WICIRL

(1) Description: .
Subroutine WICIRL is called at outlet of rotor and performs
the calculation of droplet impingement and rebound in rotor
passage for lakge droplet. '

(2) Input Variables: ,
ISTAGE stage number

R blade radius of streamline

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

BETA1 rotor inlet relative flow angle

W1 rotor inlet relative velocity -

(3) Output Variables:

WW1 amount of water that impacts upper surface of
blade |

WW2 amount of water that impact lower surface of
blade

WW total amount of water that impact blade surface

(4) Usage: .
CALL WICIRL (ISTAGE, R, XW1, XG, RHOG1, BETA1, W1, Ww1,
WW2, WW)

SUBROUTINE WICISS

(1) Description:
Subroutine WICISS is claled outlet of stator and performs the
calculation of droplet impingement and rebound in stator pas-
sage for small droplet. '

(2) Input'Variables: :
ISTAGE stage number

R blade radius at streamline

XW mass fraction of small droplet
X6 mass fraction of gaseous phase
RHOGI ~ density of gaseous phase
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(3)

(4)

ALFA2 stator inlet absolute flow angle
W1 - stator inlet absolute velocity

Output Variables:

WW1 amount of water that impact stagnation region
of blade | '

WW2 ' amount of water that impact off of blade

WW , total amount of water that impact the blade

Usage: '

CALL WICISS (ISTAGE, R, XW, XG, RHOG1, ALFA2, W1, WW1, WW2,

SUBROUTINE WICISL

(1)

(3)

Description: .
Subqutine WICISL is called at outlet of stator and performs '
the calculation of droplet impingement and rebound . in stétor
passage for large droplet.

Input Variables:

ISTAGE stage number

R blade radius at streamline

XW - mass fraction of iarge droplet
XG mass fraction of gaseous phase
RHOG1 density of gaseous phase

ALFA2 stator inlet absolute flow angle
Wl , stator inlet absolute velocity

Output Variables:

WW1 amount of water that impact upper surface of
blade ’ .

WWz2 amount of water that impact lower surface of
blade . . o

WW ' total amount of water that impact on blade
surface '
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(4) Usage: . : TR
CALL WICISL (ISTAGE, R, XW, XG, RHOGI, ALFA2, W1, WW1, WW2,
i) . ‘

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 b]a@es.

The size of droplet which is re-entrained into the wake at the
blade trailing edge is calculated as follows:

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

- 2 ;
SN = Mg / pgcdgc.
(ii1) Calculate the critical Weber number

_ 4 0.36
Wy = 12 (1 + (SN) ]

(iv) Calculate the largest stable droplet diameter

i < 9%
max 2
v
9 Y
(v) Compare the assumed droplet diameter with the

calculated one. Iterate entire steps until the
satisfactory agreement is obtained.

(2) 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 (ft3)

DWAKEM droplet size that re-entrained at trailing edge
in (ym) '

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 _ :
where hh is the heat transfer coefficient, A, the droplet sur-
face area, Tw, the droplet surface temperature, and Tg, the
temperature of the surrounding gas. The heat transfer coeffi-

" cient can be expressed as follows:

h, = =& . Nu
h = Dy

. where ka is the thermal conductivity of air, and Nu, the

Nusselt number. The Nusselt number can be expressed in terms
of the dimensioniess groups as follows (Ref; 16):

Nu = 2.0 + 0.6 (Re)0-50 (pr)0-33

where Re is the Reynolds number based on the relative velocity
between the droplet and the surrounding air, and Pr is the
Prandt1 number. '

After éalcu]ating the temperature rise of the water and gas
phase due to the work done by the rotor, the heat transfer
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calculation is carried out as follows: -

(i) : - Calculate the average droplet diameter, Dd'
(i1) - Calculate the number of droplets, Ny.
N W AZ
d : ' 3 "V
. Py %"W(Dd/Z) VZ

" where ﬁw is the mass flow rate of water phase,
pw; the density of water, Vz, the axial direction
velocity, and Az, the axial length of one stage.

(iii) Calculate the droplet surface area, A.

(iv) Calculate the Nusselt number, Nu.

(v) Calculate the heat transfer coefficient, hh',
(vi) Calculate the stage outlet temperature for drop-

let and gas without heat transfer, that is

—
1]

+
9 Tg] (ATg)wk

-
n.
-

Wy "w] + (ATw)wk

where (ATg)wk and (ATW)wk are the temperature
rise of gas and water due to work done by rotor.

(vii) Calculate the amount of heat tfansferred from
the gas to the droplet.

(viii) . Calculate the temperatures rise of the droplet
and the temperature drop of the surrounding gas.

'(AHg)ht = H/mgCS
" (AHw)ht-= H/m,Cy -

~ where Cw is the specific heat for water and Cs,
is the,humid.heat for air-water mixture.
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(2)

(3)

(ix)

(x)

TG1
T63
W]
TH3

. DAVEN2
~ DAVEN

DELZI
vz
WMASS 1
VMASS1
AMASS
CHMASS
CPG

CPW

RE

Calculate the.stage outlet temperature for
droplet and gas.

ng = Tg] + (ATg)wk - (ATg)ht

Tw2 Tw] + (ATw)wk +'(ATw)ht

Using the temperature calculated in stép (ix),
repeat the steps (vii) to (ix) until a desired

_accuracy is obtained.

Input Variables:

temperature of gaseous phase at stage inlet
température of gaseous phase at stage outlet
temperature of droplet at stagé inlet
temperature of droplet at stage outlet
droplet nominal diameter at stage iﬁ]et
droplet nominal diameter at stage outlet
length of stage.

axial velocity ,

mass flow rate of water

mass flow rate of vabor

mass flow 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

Output Variables:

DELIGH

DELTWH

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
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(4)

Usage: B . 3., L . :
CALL WICHET (TG1, TG3, TW3, DAVEN2, DAVEN, DELZI, VZ, WMASS1,
VMASS1, AMASS, CHMASS, CPG, CPW, DELIGH, DELTWH,

SUBROUTINE WICMAS

(1)

Description: -
Subroutine WICMAS is called at end of stage to perform the
mass transfer calculation between water droplet and gas phases.

The mass transfer rate can be calculated by the following

equation:
dm _
Tt h A (C wb™ C )

where hm.is the mass transfer coefficient, A, the droplet sur-

. face area, Cwb’ the water vapor concentration at droplet surface,

and<Cw, the water vapor concentration in fluid flow around drop-
let. V

Since the density represents. the mass conéentration, and the
vapor is. almost a perfect gas, the mass transfer rate can be
expressed in terms of vapor pressure as follows:

dm.
@ - A (Pyp = Py)

or
_d—m = h A PWb —F-,ﬂ . 1
dt wa Tw . RV'

where;Rv is the. gas constant.for water vapor,.?wb, the vapor
pressure at drop]et surface, P > the vapor preséure in fluid
flowing around droplet, T wh? the vapor temperature at droplet

~ surface, and T . the vapor temperature in fluid f]ow1ng around

dron]et

The surface area, A, for the droplet cloud is given by the
relation,,
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_ ne
A" Tl'Dd Nd

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

The mass transfer coefficient, hm is expressed as follows:

D

0
hn = i) Sh

(=8

A semi-empirical equation for the diffusion coefficient,in
gases is given by the following (Ref. 15):

| 13/2 L 1/2
D, = 435.7 J

(4,13 + VV1/3)2 "y Mg

wheré Dv is in square centimeters per éecond;'T is in degree
Kelvin, p is the total system pressure in Newtons per square
meter, and VA and VB are the moiecular volumes of constituents
A and B as calculated from the atomic volumes. MA and MB are
the molecular weights of constituents A and B. For water-air
Systems, the‘numerical values of VA; VB’ MA’ and MB are given
as follows:

v

A Vair = 29.9 MA Mair = 28.9 .

v

B Mwater = 18.8 MB MWater - 18.0

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 velocity
between the droplet and the surrounding air due to the additional
mass transfer caused by the convectibn in the boundary layer
around the droplet. The mass transfer coefficient from a spher-
" ical droplet can be expressed in terms of dimensionless groups
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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 .
(Ref. 16) which is:

Sh = 2.0 + 0.6 (Re)?"%0 (5¢)0-33

The procedure for determining the mass transfer rate is as -

follows.

(i) Calculate the Sherwood number, Sh.

(i) Calculate the diffusion coefficient, D, .

(iii) . Calculate the average droplet size, Dg.

(iv) Calculate the mass transfer coefficient, h.

(v) . Calculate the total number of droplets, Nd'

(vi) Calculate the total surface area for all droplets.

(vii) Calculate the water vapor pressure at droplet
surface, wa, based on the droplet surface
temperature, TS.

(viii) Assume the vapor pressure, p,, and set pw==(pw)a.

- (ix) Calculate the mass transfer rate, %%—.

(x) Calculate the new value of water mass flow rate.
My = My = %%

(xi) Calculate the new value of vapor mass flow rate.
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(2)

(xii)

(xiii)
(xiv)

(xv)

Calculate the specific humidity, W.
W= mV/ma

where ma is the air mass flow rate.
Calculate the vapor pressure.

Compare the calculated value, (pw)c’ with the

assumed value (pw)a‘ If (pw)c agrees reasonably

well with the assumed value (pw)c proceed to step

'(xv). Otherwise, steps (viii) to (xiv) should be

repeated.- .
Using the determined P> the mass transfer rate
is calculated. Also, the specific humidity can
be determined by the following equation:

P
W= 0.6219 p—_—ww

Input Variables:

HW1
TW1
TW2
PP1
PP2
TGl
TG2

Dz

Vi
DDAVET
DDAVE?2
AMASS
RE

VMASS1
WMASS1

specific humidity at'stage inlet

temperature of droplet at stage inlet
temperature of droplet at stage outlet e
pressure of gaseous phase stage inlet
pressure of gaseous phase at stage outlet
temperature of gaseous phase at stage inlet
temperature of gaseous phase at stage outlet
length of stage

axial velocity

droplet nominal diameter at stage inlet
droplet nominal diamefer‘at stage outlet
mass flow rate of air

Reynolds number based on relative velocity
between droplet and gaseous phase

mass flow rate of water vapor at stage inlet
mass flow rate of water droplet at stage outlet
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(3)

(4)

Output Variables:

HW2 ‘ . specific humidity at stage outlet

VMASS2 ' mass flow rate of water vapor at stage outlet
WMASS2 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, PWB1,
PWB2, PW1, PW2, VZ, DDAVET, DDAVEZ, HW2, VMASS1,
VMASS2, WMASS1, WMASS2, DMDTAV, AMASS, RE)

FUNCTION WICMTR

_.<1) 

(2)

(3)

(4)

Description: . v
Function WICMTR is called in Subroutine WICMIR and calculates
the mass transfer rate. "

Input Variables:

TTG ' temperature of gaseous phase

TTH temperature of water droplet

PPP ) pressure of gaseous phase

DAVW droplet nominal diameter

vz : 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

Qutput Variable: .

DMDT mass transfer rate

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

(1) Description:
Function WICPWB calculates the saturation pressure for water
vapor is a function at temperature as follows:

log]O P = A‘- B/T

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

5.97780, B

A= = 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

(2) Input Variable:
- TWB temperature of ‘gaseous phase

(3) Output Variable:
WICPWB saturation pressure for water vapor

(4) Usage:
WICPWB (TWB)

FUNCTION WICNEW

(1) Description:
Function WICNEW is used to est1mate the new trial value in
the iteration procedure

(2) Input Variables:

X1 first trial value
Y1 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)
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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: _
Function WICBPT calculates the témperature at boiling point.

(2) Input variables:

TSTAG temperature
~ PSTAG pressure
(3) Output variable:
WICBPT temperature at boiling point
(4) Usage: A

WICBPT (TSTAG, PSTAG)

FUNCTION WICSH

(1) Description: _
Function WICSH calculates the specific humidity.

(2) Input Variables:
TSTAG temperature
PSTAG pressure

(3) Output variable:
WICSH specifi; humidity
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(4)

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 each
blade, thebnew droplets are re-entrained into blade wake. The
droplets which are larger than DLIMIT are treated as large
droplets and drop]ets 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. There-

fore, 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
WMASSS mass flow rate of small droplet
AMING1 . amount of water which is to be re-entrained
into wake, originally small droplet
AMING2 amount of water which is to be re-entrained
into wake, origina11y large droplet and upper
part '
AMING3 amount of water which is to be re-entrained
into wake, originally 1afge droplet and lower
-part A ,
DL droplet nominal size for large droplet before
~impingement '
DS droplet nominal size for small droplet before
| impingement | |
D1 ' - droplet size associated with AMINGI]
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D2 droplet size associated with AMING2

D3 " droplet size associated with AMING3

DLIMIT largest droplet diameter which can be treated
as small droplet - -

(3) Output Variables:

AMSLL mass flow rate of small droplet after re-entrain-
A ment '
“AMLGE mass flow rate of large droplet after re-entrain-
. _ ment '
DSLL droplet nominal size for small droplet
DLGE droplet nominal size for large droplet
(4) Usage: |

CALL WICSIZ (WMASSL, WMASSS, AMINGT, AMING2, 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:

. - Y + - + -c
lex xa Ra xV RV xC RC

. = Y + Y + .
Comix T Xa"%pa T Xv'Cpv T X¢"Cpc

- i |
Ymix 1.0.- ¢ J

pmix
where
X, = mass fraction of air in gaseous mixture
X, = mass fraction of water vapor in gaseous mixture
X, = mass fraction of methane in gaseous mixture
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+ + =
xa‘ X, * X 1

Ra = gas constant of air

RV = gas constant of water vapor

Rc = gas constant of methane

Rmix = gas constant of mixture

cpa = specific heat constant pressure for air

cpv = specific heat constant pressure for water vapor
cpc = specific heat at constant pressure for methane
cpmix = specific heat at constant pressure for mixture
Yimix = specific heat ratio for mixture

(2) Input Variables:

XAIR mass fraction of air in gaseous mixture

XH20 mass fraction of water vapor in gaseous mixture
XCH4 - - mass fraction of methane in gaseous mixture

T temperature of géseous mixture

(3) Output Variables:

RMIX gas constant of gaseous mixture
CPMIX : specific heat constant pressure for gaseous
mi xture
GAMMA specific heat ratio of gaseous mixture
G1 value for GAMMA/(GAMMA - 1.0)
G2 value for (GAMMA - 1.0)/2.0
G3 value for -1.0/(GAMMA - 1.0)
(4) Usage: : _
CALL WICPRP (XAIR, XH20, XCH4, T, RMIX, CPMIX, GAMMA, G1, G2,
G3)

FUNCTION WICCPA

(1) Description:
- Function WICCPA calculates the specific heat-at constant pres-
sure for air as a function of temperature as. follows (Ref. 17):
c, = (a+al-= 12 + 13 + eTHR
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where units are (J/kg - K) for Cpo (K) for T, and (J/kg - K)
. for R. The values of coefficients a, b, c, d, and e are as

follows:

a = 3.65359

b = -1.33736 x 1073
c = 3.20421 x 1070
d=-1.91142 x 1070
e = 0.275462 x 107 '2.

(2) Input Variable:
T temperature

(3) .Ouﬁput Variable:
“WICCPA specific heat constant pressure

(4) Usage:
‘ WICCPA (T) -

FUNCTION WICCPH

(1) Description:
Function WICCPH calculates the specific heat at constant
pressure for water vapor as a function of temperature as
follows (Ref. 17):

2 3

c.=(a+blT +cT™+d7T”° + eT4)R

P

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

follows:

a = 4.07013

b = -1.10845 x 1072

c = 4.15212 x 1078

d = -2.96374 x 1077

e = 0.807021 x 10712
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(2)

(3)

(4)

Input Variable:
T temperature

Qutput Variable:
WICCPH " specific heat at constant pressure

Usage:
WICCPH (T)

FUNCTION WICCPC

(1)

(2)
(3)

(4)

Description:
Function WICCPC calculates the specific heat at constant

‘pressure for methane as a function of temperature as follows

(Ref. 17):

2 3

c, = (a+bT +cT? +.d1%+ eTHR

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

' follows:
a = 3.82619
b = -3.97946 x 10°°
¢ = 24.5583 x 107°
d = -22.7329 x 107°
e = 6.92760 x 10712
Input variable:
T ‘ temperature
Output Variab]e:
WICCPC specific heat constant pressure
Usage:
WICCPC (T)
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PROGR
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UNIVERSITY COF MINNESOTA FORTRAN COMPILER (VERSION 5.3 - 03/21/80) ON PURDUE MACE éYSTEH

1.

2.
3.
4.

000000B

" 002131B

0021318
002131B

002131B

002131B
002131B
002131B
002131B
002131B
002131B
002131B

MNFFTN(E=3)

PROGRAM MAINCINPUT, OUTPUT, TRPES=INPUT, TAPEG=0UTPUT)
B L m s B O R R a ot s o RS S e o TR S S
€ PROGRAM PURDU-WINCOF
c+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
ABSTRACT:
€ THIS PROGRAM CODE HAS BEEN PRODUCED FOR THE STUDY OF AN AXIAL FLOW
C FAN-COMPRESSCR PERFORMANCE DURING A GAS-WATER DROPLET MIXTURE FLOW.
€ THE MIXTURE MAY CONSIST OF TWO TYPES OF DROPLET SIZES AND THREE
C KINDS OF GASEOUS PHASES.THIS PROGRAM CODE IS WRITTEN ESPECIALLY
€ FOR AIR+WATER-UAPOR+METHANE+SMALL DROPLET+LARGE DROPLET.
C THIS FORTRAN COMPUTER CODE CAN PREDICT THE DESIGN AND OFF-DESIGN
C PERFORMANCE UTILIZING A STAGE-BY-STAGE CALCULATION.
C THIS COMPUTER PROGRAM CODE HARS BEEN DEVELOPED AT PURDUE UNIUERSITY,
C
c
C
C
C
C

o]

THERMAL SCIENCE AND PROPULSION CENTER, WEST LAFAYETTE, INDIANA 47306.
THE AUTHOR OF THIS PROGRAM CODE IS TOSHIAKI TSUCHIYA,
PURDUE UNIUVERSITY » DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS,
GRADUATE INSTRUCTOR IN RESEARCH.
R N s 2 L
g o T L AR p S R SRR S S e &
RERL 4D, NUs KAs M, MMASS, MMASS1
REAL MMASSO
COMMON JPERFM, RHOG(3), RERUP, RERLOW, RESUP, RESLCHW .
~» PREBs RRTIP (201, SRTIP(203,ARAL, ARAZ2, RRA3» SAREA(20)» SAREAS(20)
~yP(3)5 TG(3)» XAs XU(3) » XCHA» KU(3) 5 XUW(3)» XHT (35 TH(3)» THW(3)
~» OMEGS(2C)» OMEGR(20), GAPR (20), GAPS(20)
~»RRHUB(20) » RC(20) , RBLADE(20) , STAGER(20)
~y SRHUB(20) , SC(20) » SBLADE(20),STAGES(20)
~s SIGUMR(20) s BET1SR(20) , BET2SR(20) » AINCSR(20) , ADEUSR(20)
~ySIGUMS(20) , BET1SS(20) , BET25S(20) » AINCSS(20) . ADEUSS(20)
~yUTIPG(20),UTIP(20),UTIPL(20),UBU(20),UMEAN(20) s UHUB(20),U(20),FAI
~»AREA(20), AREAS(20), UU2(20),UTIP2(20), UMEAN2(20), UHJBE(EO).IPRIHT
~y ICENT, IICENT,FMR1(20), FMA2(20),» IDESIN, FAID
~s NSy NSF, NSLPCs BYPASS, NS1,RT(20),RM(20),RH(20),ST(20), SM(20), SH(20)
~9 DSIMASS, AAREA(20) » ARREAS(20), PR12D(20), PR13D(20), ETARD(20)
~yDR(20),DS(20) DEGR(20), BEQS(20) » BLOCK (20) » BLOCKS(20)
~y» BETIMR(20), BET2MR(20), BET1MS(20), BET2MS(20),RADI1(20),RADI2(20)
~yFAIRIN(20), FAIOUT(20),ETASG(20), PSID(20), TRUD(EO)'SITHDP(EO)
-~y SITADS(20) 5 WWD(20), UUD(20)
DIMENSION D(20,3) , XD(20,3) » XXD(20,3),
» WS(3) 5 WMASS(3)» UMASS(3)» RHOA(3) s RHOM(3)» TB(3)
DIMENSION TD(20),DELZ(20),ETAA(20)
DIMENSION XXA(3), XXU(3), DRVE(20)
DIMENSION TDEW(3)
DIMENSION DBAVE(20),WWMASS(3), HTMASS(3)
DIMENSION TMASS(3),GMASS(3)»XAIR(3), XMETAN(3), XGAS(3),FAISTL(20)
DIMENSION XBLEED(20)
DIMENSION PRREF(20), TRREF(20), ETRREF(20)

C ++++t+ttt+++it+tttttttitttttttrtttttttttt bttt bbb bbbt bbbt
C INPUT DATA

C NS - NUMBER QF STARGE (TOTAL)

C NSF NUMBER OF STAGE(FAN)

€ NSLPC NUMBER OF STAGE ( LOW PRESSURE COMPRESSOR )

C NSHPC NUMBER OF STAGE ( HIGH PRESSURE COMPRESSOR )

€ RRHUB(I) ROTOR INLET RUBIUS AT HUB FOR I-TH STAGE IN INCH

C RC(I) ROTOR CHORD FOR I-TH STAGE IN INCH

C RBLADE(I) NUMBER OF ROTOR ELADE FOR I-TH STAGE
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STAGER(I) ROTOR STAGER ANGLE FOR I-TH STAGE IN DEGREE.
SRHUB(I) STATOR INLET RUDIUS AT HUB FOR I-TH STAGE IN INCH
sc(D) STATOR CHORD FOR I-TH STAGE IN INCH(I=NS+1, IGU)
SBLADE(I)  NUMBER OF STATOR BLADE FOR I-TH STAGE (I=NS+1 FOR IGU)
STAGES(I) STATOR STAGER ANGLE FOR I-TH STAGE IN DEGREE (I=NS+1 FOR
- IGU)
SIGUMRCI) SOLIDITY OF ROTOR FOR I-TH STAGE
SIGUMSC(I) SOLIDITY OF STATOR FOR I-TH STAGE
BET2SS(I)- STATOR OUTLET ABSOLUTE FLOW ANGLE AT DESIGN POINT FOR I-TH
STAGE IN DEGREE

FNF FRACTION OF DESIGN CORRECTED ROTOR SPEED FOR A PARTICULAR
SPEED

XDIN INITIAL WATER CONTEMT (MASS FRACTION) OF SMALL DROPLET

XDDIN INITIAL WATER CONTENT (MASS FRACTION) OF DARGE DROPLET

ICENT INDEX FOR CENTRIFUGAL CﬁLCULﬂTIDN (ICENT=1 WHEN XDIN=0
OTHERWISE ICENT=2)

TICENT SAME AS ICENT

ICENT=3, IICENT=3: NO HEAT AND MASS TRANSFER

ICENT=4, IICENT=4: NO CENTRIFUGAL ACTION

ICENT=5, IICENT=5: NO HEAT AND MASS TRANSFER:AND
NO CENTRIFUGAL ACTION

ICENT=B6, IICENT=6: NO MASS TRANSFER

- ICENT=7, IICENT=7: NO MASS TRANSFER:AND

NO CENTRIFUGAL ACTION
ICENTV INDEX FOR CENTRIFUGAL ACTION OF UAPOR
: ICENTU=0: UAPOR IS CENTRIFUGED
ICENTU=1% UAPOR IS NOT CENTRIFUGED

T0G TOTAL TEMPERATURE AT COMPRESSR INLET IN RANKIN
TOW WATER DROPLET TEMPERATURE AT COMPRESSOR INLET IN RANKIN
PO TOTAL PRESSURE AT COMPRESSOR INLET IN LB/FT#u2
DIN INITIAL WATER DROPLET DIAMETER IN MICRON(SMALL DROLLET)
DDIN INITIAL WATER DROPLET DIAMETER IN MICRON(LARGE DROPLET)
FND ROTOR ROTATIONAL SPEED AT DESIGN SPEED IN RPM
(FAN AND LOW PRESSURE COMPRESSOR )
FNDLPC ROTOR ROTATIONAL SPEED AT DESIGN SPEED IN RPM
' ( LOW PRESSURE COMPRESSOR )
FNDHPC --ROTOR ROTATIONAL SPEED AT DESIGN SPEED IN RPM
‘ ( HIGH PRESSURE COMPRESSOR )
TO1D DESIGN UALUE FOR COMPRESSOR INLET TOTAL TEﬂPERﬁTURE
PO1D "DESIGN VALUE FOR COMPRESSOR INLET TOTAL PRESSURE
xCH4 INITIAL METHANE CONTENT
RHUMID INITIAL RELATIVE HUMIDITY
FMWA MOLECOLAR WEIGHT OF AIR
FMHY MOLECULAR WEIGHT OF WATER UAPOR
FMWC MOLECULAR WEIGHT OF METHANE
PREB PERCENT OF WATER THAT REBOUND AFTER IMPINGEMENT
DLIMIT MAX. DIAMETER FOR SMALL DROPLET
GAPR(I) GAP BETWEEN I TH STAGE ROTOR AND I-1 TH STAGE STATOR
GAPS(I) CAP BETHEEN I TH STAGE STATOR AND I-1 TH STAGE ROTOR
RRTIP(I) ROTOR INLET TIP RADIUS FOR I-TH STAGE
SRTIP(I) STATOR INLET TIP RADIUS FOR I-TH STAGE
IRAD INDEX FOR RADIUS AT WHICH CALCULATION IS CARRIED OUT
IRAD=1: TIP :
IRAD=2: MEANM
IRAD=3: HUB
IRAD=4:! MEAN FOR FAN AND TIP FOR LPCsHPC
RTCI) ROTOR INLET RADIUS AT WHICH TIP PERFORMANCE CALCULATION
. IS CARRIED OUT.
RMCI) ROTOR INLET RADIUS AT NHICH MEAN LINE PERFORMANCE

CALCULATION IS CARRIED OUT
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RHC(I) ROTOR INLET RADIUS AT WHICH HUB PERFORMANCE CALCULATION

c
C " IS CARRIED QUT.
ST(I) STATOR INLET RADIUS AT WHICH TIP PERFORMANCE CALCULATION
IS CARRIED QUT.
SMCI) STATOR INLET RADIUS AT WHICH MEAN LINE PERFORMANCE
CALCULATION IS CARRIED OUT.
SH(I) STATOR INLET RADIUS AT-WHICH HUB PERFORMANCE CALCULATION

IS CARRIED OUT.
BLOCK(I) BLOCKAGE FACTOR FOR I-TH STAGE ROTOR
BLOCKS(I) BLOCKAGE FACTOR FOR I-TH STAGE STATOR
IDESIN INDEX FOR OUTPUT
. JIDESIN=1: BOTH STAGE AND GUERALL PERFORMANCE MAY BE
PRINTED OUT
IDESIN=2: ONLY OUVERALL PERFORMANCE MAY BE PRINTED OUT
JCENT INDEX FOR CENTRIFUGAL CALCULATION OF LARGE DROPLET
JCENT=0: LARGE DROPLETS IN ROTOR FREE STREAM ARE NOT
CENTRIFUGED.
JCENT=1: LARGE DROPLETS IN ROTOR FREE STREAM ARE
CENTRIFUGED.
BETIMR(I) BLADE METAL ANGLE AT ROTOR INLET FOR I-TH STAGE
BET2MR(I) BLADE METAL ANGLE AT ROTOR OUTLET FOR I-TH STAGE"
BETIMS(ID BLADE METAL ANGLE AT STATOR INLET FOR I-TH STAGE
BET2MS(I) BLADE METAL ANGLE AT STATOR OUTLET FOR I-TH STAGE
DSMASS BESIGN MASS FLOW RATE FOR FAN PART (STREAMTUBE)
BYPASS BYPASS .RATIO
PR12DC(I) DESICGN TOTAL PRESSURE RATIO FOR I-TH STAGE ROTOR
PR13DCI) DESIGN TOTAL PRESSURE RATIO FOR I-TH STAGE
ETARD(I) DESIGN ADIABATIC EFFICIENCY FOR I-TH STAGE ROTOR
SAREA(T) FLOW AREA AT I-TH STAGE ROTOR INLET (STREAMTUBE)
SAREAS(I) FLOW AREA AT I-TH STAGE STATOR INLET (STREAMTUBE)
B B I o B o e mmamn s R oS

pivivivivivivivisivcipivivivivivicivivivivivivivivicinin]y]

13. 002131B READ(3,88) NS » NSF, NSLPC, NSHPC
- 14, 003023B 939 FORMAT(412)

15. 003023B IF(NSF.EQ.0) NS1=NS+1

16. 0030268 IF(NSF.GT.0) NS1=NSF+NSLPC+NSHKPC+1

i7v. 003032B IF(NSF.GT.0) NS=NSF+NSLPC+NSHPC

18. 003036B -READ(S, 100) (RRHUB(I), I=1,NS)

18. 0030468 100 FORMAT (16F5.3)

20. 0030468 READ(Ss 111)(RC(I)» I=1,NS)

21. 0030568 111 FORMATC(16FS.3)

2. 0030568 READ(Ss 112) (RBLABE(I), I=1,NS)

23. 0030668 112 FORMAT(16FS5.2)

24. 0030668 READ(S, 1133 (STACER(I) ,»I=1,NS)

25. 003076B 113 FORMAT(16F5.2)

e6. 003076B READ(Ss 114) (SRHUB(I), I=1,NS1)

27. 003106B 114 FORMAT(1EF5.3)

28. 003106B READ(S,115) (SC(I),1I=1,NS1)

a2s. 003116B 115 FORMAT(16FS.3)

30. 003116B READ(S,s 116) (SBLADE(I), I=1,NS1)

31. 0031268 116 FORMATC(16F5.2)

32. 003126B READ(S, 140) (STAGES(I), I=1,NS1)

33. 003136B 140 FORMAT(16F5.2)

34. 003136B READ(S, 117) (SIGUMR(1I}, I=1,NS)

35. 0031468 117 FORMAT(16F5.3)

36. 0031468 READ(S, 122) (SIGUMS(I) ,I=1,NS1)

37. 003156B 122 FORMAT(1EFS.3)

38. 0031568 READ(S, 124) (BET25S5(1), I=1,NS1)

3S. 0031668 124 FORMAT(16FS.2)

40. 003166B READ(S, 127) FNF

41. 003172B 127 FORMAT(FB.2)
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42.
43.
a4,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

- 72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
30.
at.
g2.

93. -

94.
gs.
96.
9.
g8.
g3.
100.
101.

003172B
003202B
0032028
003210B
003210B
003215B
003215B
003225B
003225B
003232B
0032328
003240B
0032408

0032458

0032458
0032558
0032558
0032658
0032658
0032758
00327SB

0033058 -

003305SB
0033118
003311B
0033218
0033218
003331B
003331B
003341B
003341B
0033518
003351B
0033618
003361B
003371B
003371B
003401B
003401B
003411B
003411B
003416B
003416B
003426B
0034268
0034368
0034368
0034468
0034468
0034568
0034568
003463B
003463B

003473B -

003473B
003503B
003503B
003513B
003513B
0035238

128
123
130
132
133
134
135
141
142
148
147

1431

1493
1494
1435
1495

‘1497

1498
1433
1500
1502
1503
1504
1505
1506
1507
1508
1508

1511

RERD(S, 128) XDIN, ICENT,XDDIN, IICENT, ICENTU
FORMAT(F5.3,11,F5.3,11,11)
READ(S, 123) TOGs TOW, PO

FORMAT (3F7.2)

READ(S, 130) DIN, DDIN
FORMAT(2F6.1)

READ(S,132) FNB,T01D,P01Ds FNDLPCs FNDHPC
FORMAT(F7.1,2F7.2, 2F7.1)
READ(S, 133) XCH4, RHUMID
FORMAT(FS.3,F10.5)

READ(S, 134) FMNQ,FMNU,FMNC
FORMART(3F7.3)

READ(S, 135) PREB, DLIMIT
FORMAT(FS5.1,F7.1)

READ(S, 141) (GAPR(I), I=1,NS)
FORMAT(11F7.5)

READ(Ss 142) (GAPS(I), I= lpHS)
FORMAT(11F7.5)

READ(S, 146) (RRTIP(I), I=1,NS}
FORMAT(13F6.3)

READ(S, 147) (SRTIP(I), I=1,NS1)
FORMATC(13F6.3)

READ(S5, 1491) IRAD

FORMAT(I1)

READ(S, 1492) (RT(I), I=1,NS)
FORMAT (16F5.3)

READ(S, 1493) (RM(I3, I=1,NS)
FORMAT (16F5.3)

READ(S, 1484) (RH(IJ,I=1,NS)
FORMAT(16F5.3)

READ(S, 14953 (ST(I), I=1,NS)
FORMAT (16FS.3)

READ(S,s 1486) (SM(1),I=1,NS)
FORMAT (16F5.3)

READ(S, 1497) (SH(I), I= 1 HS)
FORMAT (16F5.3)

READ(S, 1438) (BLOCK(I) I 1,NS)
FORMAT (16F5.3)

READ(S, 14839) (BLOCKS(I)’I—lyNSI)

FORMAT (16F5.3)

READ(S, 1500) IDESIN: JCENT
FORMAT(2I1)

READ(S, 1502) (BETIMR(I),I=1,NS)
FORMAT(16FS5.2) )

READ(S, 1503) (BET2MR(IJ), I=1,NS)
FORMAT (16FS5.2)

READ(S, 1504) (BETIMS(I), I=1,NS1)
FORMAT(16F5.2)

READ(S, 1505) (BET2MS(I),s I=1,NS1)
FORMAT(16F5.2)

RERD(5, 1506) D3MASS, BYPASS
FORMAT(2F10.6) '
READ(S, 1507) (PR12D(I),I=1,NS)
FORMAT(16F5.3)

READ(S5, 1508) (PR13D(I),I= 1,NS)
FORMAT (1EFS.3)

READ(S, 1509) (ETARD(I), I=1,NS)
FORMAT (16F5.3)

READ(S, 15113 (SQPEQ(I) I 1 NS)
FORMAT(8F10.7) .
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102.
103.

104.
105.
106.
107.
108.
108.
110.
111.
112,
113.
114,
115.
116.
117.
118.
118.
120.
121,
122,
123.
124.
125.
126.
127.
128.
128.
130.
131.
132.
133.
134,
135.
136.
137.
138.
138.
140.
141.
142,
143.
144,
145,
146,
147.
148.
148,
150.
151.
152,
153.
154.
155.
156.
157.
158.
159.

0035238
0035338

003533B
0035368
0035368
0035378
003541B
003542B
003543B
0035458
003546B
0035478
0035508
0035528
0035528
0035538
0035558
0035568
0035608
003561B
003563B
0035648
0035658
0035658
0035678
0035708
003572B
003574B
003601B
0036068
0036118
003613B
003614B
003621B

‘0036238

0036258
0036258
0036278
0036318
003632B
003641B
003642B
003543B
0036448
0036458
003647B
0036508
0036518
0036538
0036628
0036568
003671B
003575B
003701B
003705B
0037078
003713B
003717B

1512

READ(S, 1512) (SAREAS(I), I=1,NS1)
FORMAT(8F10.7)

C HHtttiititititbbrbttbbbbbtbrt bbb bbb bbb bbb bbb bbb bR R
C OTHER INPUT DATA

153

150

152

IF (RHUMID.LT.1.0E-5) RHUMID=1.0E-S
IPRINT=1
RU=1545.3
RHOW=62.54
CPW=1.000
WKDONE=1.0
AARIGU=SAREAS (NS1)
AK1=1.0
AK2=1.0
AK3=1.0
DO 153 I=1,NS
FMR1(I1)=0.6
FMA2(1)=0.6
CONTINUE
FNFN=FNF#100.0
RA=RU/FMHA
RU=RU/FMWU
RCH=RU~/FMWC
DELU=0.0
DELUU2=10.0
DELUL2=10.0
GC=32.0
AJ=778.16
PAI=3.1415326
DO 150 I=1,NS
ARREA(T)=PATI*( (RRTIP(I)/12.0)**2~(RRHUB(I)/12. 0)**2)*BLOCK(I)
AAREAS (I)=PAT*(SRTIP(I)##2-SRHUB(I)**2)/144.0*BLOCKS(I)
DELZ(I)=(RC(I)+SC(I))/12.0
CONTINUE
NS1=NS+1
AAREAS (NS1)=PAI*(SRTIP(NS1)**2-SRHUB(NS1 ) ##2) /144, 0*BLOCKS (NS1)
AARARIT=RAREA(1)
D0 152 I=1,NS
AREA(I)=SAREA(I)
AREAS (1)=SAREAS(I)
CONTINUE
AREAS(NS1)=SAREAS(NS1)
FN=FND#FNF%SORT(T0G/518.7)
PO1FAN=PO
TO1FAN=TOG
0T01G=T0G
0T01D=TOW
OP01=P0
CRPM=FNF=FND
FNDFAN=FND
DO 151 I=1,NS N
IF (I.GT.NSF.AND.I.LE.(NSF+NSLPC)) FND=FNDLPC
IF (I.GT.(NSF+NSLPC)) FND=FNDHPC °
UTIP(I)=RT(I)~12.0%2.0%PAI*FND/60.0
UTIPG(I)=RRTIP(I)/12.0%2, 0*PAI=FND/60.0
UTIP2(I)=ST(I)/12.0%2.0%PAI*FND/60,0
UTIPD(I)=RT(I)/12.0%2.0+PAI*FND/60.0
UOUCT)=CUTIP(I) UTIPDCI))*x2
UMEANCI)=RM(I)~12.0%2,0*PAT=FND/60. 0
UMEAN2(I)=SM(I)-12.0%2. 0#PAI*FND/60.0
UHUB(I)=RH(I)~12.0%2.0+#PAI*FND 60,0
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160. 003723B UHUB2(I)=SH(I)~/12.0=2,0#PAI*FND/60.0

161. 003727B IF(IRAD.EQ. 1) UCI)=UTIP(I)

162. 0037348 IFC(IRAD.EQ.2) UCI)=UMEANCI)

163. 003740B IF(IRAD.EQ.3) UCI)=UHUB(I)

164. 003743B IF(IRAD.EQ.4.AND.I.LE.NSF) UCI)=UMEANC(I)
165, 0037508 IFC(IRAD.EQ.4.AND.I.GT.NSF) UCI)=UTIP(I)
166. 0037568 IF(IRAD.EQ. 1) UU2(I3=UTIP2(I)

167. 0037628 IF(IRAD.EQ.2) UU2(I)=UMEAN2(I)

168. 003765B IF(IRAD.EQ.3) UU2(I)=UHUB2(I)

169. 003770B IF(IRAD.EQ.4.AND.I.LE.NSF) UU2(I)=UMEAN2(I)
170. 003775B IF(IRAD.EQ.4.AND.I.GT.NSF) UU2(I)=UTIP2C(I)
171. 004003B IF(IRAD.EQ.1) RADILI(IDI=RT(I)

ira, 004006B IF(IRAD.EQ. 1) RABI(IN=ST(I)

173.. 004011B IF(IRAD.EQ.2) RADIL1(I)=RM(I)

174. 004014B IFC(IRAD.EQ.2) RADBI2(I)=SM(I)

175. 004017B IF(IRAD.EQ.3) RADI1(I)=RH(I)

176. 0040228 IF(IRAD.EQ.3) RADIZ(I)=SH(I)

177v. 004025B IF(IRAD.EQ.4.AND.I.LE.NSF)> RADI1(I)=RM(I)
178. 004032B IF(IRAD.EQ.4.AMD.I.LE.NSF) RADI2(I)=SM(I)
178. 004040B IF(IRAD.EQG.4.AND. I.GT.NSF) RADI1(I)=RT(I)
180. 0040458B IF(IRAD.EQ.4.AND. I.GT.NSF) RADI2(I)=ST(I)

181. 004053B 151 CONTINUE ‘
C ++++t++++t++tbtt -ttt + -+t bR
182. 0040558 FND=FNDFAN
C PRINT OUT OF INPUT DATA
183. 0040568 WRITE(B, 1600)
184. 004062B 1800 FORMAT(1H1,5¥X, #emirnsrnesmentnsninnmtnnnnitir INPUT DATA swsesestsrmsensn

3630383 5 I ISR 200 30 S R M AIEH RN A NFE)

185. 004062B WRITE(Bs 1610) NS

188B. 0040668 1610 FORMAT(1HO, 1X, #NS(NUMBER OF STAGE)=#,12)

187. 004066B IF(IRAD.EQ. 1) WRITE(GE, 1604)

188. 004073B 1604 FORMAT(1H »1X, #PERFORMANCE AT TIP#)

189. 0040673B IF(IRAD.EQ.2) WRITE(G, 1605)

190. 004100B 1605 FORMATC(1H »1X,#PERFORMANCE AT MEARN#)

191. 004100B IF(IRAD.EQ.3) WRITE(Bs 1606)

192. 004105B 1606 FORMAT(1H »1X, #PERFORMANCE AT HUB#)

193. 0CG410SB IF(IRAD.EQ.4) WRITE(6, 16133

194, 004112B 1613 FORMATC(1H » 1X, *PERFORMANCE AT MEAN FOR FAN AND AT TIP FOR LFPC,
~HPL#)

195. 004112B IFCICENT.EQ. 3. QND ITICENT.EQ.3) WRITE(E, 1607)

196. 004121B 1607 FORMAT (1HO» 1X, #NO CENTRIFUGAL ACTION=Z)

197. 004121B IF (ICENT.EQ.6.AND.IICENT.EQ.6) WRITE(E, 1615)

188. 004130B 1615 FORMAT(1HO, 1X, #NO MASS TRANSFER#)

193. 004130B IF(ICENT.EQ.7.AND.IICENT.EQ.7) WRITE(B,1614)

200. 004137B 1614 FORMAT (1KH05 1X, #ND MASS TRANSFER AND NO CENTRIFUGAL ACTION#)

201. 004137B IF(ICENT.EQ.4.AND. IICENT.EQ.4) KWRITE(E, 1608)

202, 00414GB 1608 FORMAT (1HO» 1X, #NO CENTRIFUGAL ACTION=)

203. 004146B IF (ICENT.EQ.5.AND. IICENT.EQ.S) WRITE(B, 1609}

204. 004155B 1608 FORMAT (1HO» 1Xs#NO HEAT AND MASS .TRANCEFER; QND NO CENTRIFUGAL

: $ ACTION#):

205, 004155B IF (JCENT.EQ.1) HRITE(E,1B12)

206. 004162B 1612 FORMAT(1HOs 1X, #LARGE DROFPLETS IN- ROTOR FREE STREAM ARE CENTRIFUG
$ED#)

207, 004162B IF(JCENT.NE.1) WRITE(B,1B511)

208. 0041678 1611 FORMAT(1HO» 1Xs #LARGE DROPLETS IN ROTOR FREE STREHN ARE NOT CENTRIF
$UGED#)

203. 004167B HWRITE(B, 1620)

210, 004172B 1620 FORMAT(LHN, 14X, #1#, 5X, 8r95X9¢3¢;5X0w4¢ 5Xy #5#y SXs #6867y
$ SX» #7#, OXy =87 SX» #35, SX» r-10¢’4x’¢11¢94X;¢12¢94X!¢13¢v
$ 4Xs %147, 4X, #15%, 4X, £16#)
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211,
cla.
213.
214.
215.
216.
217,
218.
219.
220.
c22l.
cea.
223.
224,
225.
226,
227.
228.
229,
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242,
243.
244.
245.
246.
247.
248.
243.
250.
251.
252.
253.
254.
255.
256.
257.
258.
258.
260.
261,
2ba2.
263.
c64.
265.
2E6.
c67.
c68.
268.
2r0.

0041728
0042028
0042028
0042128
0042128
004222B
0042228
0042328
0042328
0042428
0042428
0042528
0042528
0042628
0042628
0042728
0042728
0043028
0043028
0043128
0043128
0043228
0043228
0043328
0043328
0043428
0043428
0043528
004352B
004362B
0043628
0043728
0043728
004402B
004402B
004412B
004412B
0044228
0044228
0044328
004432B
004443B
0044428
0044528
0044528
0044628

.004462B

004472B
004472B
004502B
0045028
004512B
004512B
0045228
0045228
004532B
004532B

- 00454¢2B

0045428
0045528

1630
1840
1650
1660
1661
1670
1680
1630
1700
1750
1770

. 1795

1736
1738
17938
1801
1802
1803
1804

1805

18086
1807
1808
1811
1812
1813

1814
1815

1816
1817

HWRITE(E, 1630)
FORMATC(1H » 1X,
HRITE(6s 1640)
FORMATC1H 51X,
HRITE(E, 1650)
FORMATC(1IH 51X,
WRITE(BE, 1660)
FORMATC(1H » 1X,
HWRITE(B, 1661)
FORMATC(1H » 1X,
HRITE(B, 1670)
FORMATC(1H » 1X,
WRITE(6, 1680)
FORMAT(1H » 1X,
HWRITE(6, 1630)
FORMAT(1H » 1X,
HRITE(B, 1700)
FORMAT(1H » 1X,
WRITE(B, 1730)
FORMATC(1H » 1X,
WRITE(B, 1770)
FORMAT(1H »1X,
HWRITE(B, 1795)
FORMART (1H 51X,
WRITE(B, 1796)
FORMART(1H » 1X,
HRITE(G, 1798)
FORMATC(1H » 1X,
WRITE(B, 1799)
FORMATC(LH 41X,
WRITE(6,1801)
FORMAT(1H » 1X,
HWRITE(6E, 1802)
FORMATC(1H » 1X,
WRITE(6, 1803)
FORMATC(LIH 51X,
WRITE(B, 1804)
FORMAT(1H »1X,
WRITE(B, 1805)
FORMATC(1H » 1X,
WRITE(B, 1806)
FORMAT(1H » 1X,
WRITE(G6, 1807)
FORMAT(1H » 1X,
WRITE(6, 1808)
FORMATC(1H 51X,
WRITE(6,1811)
FORMAT(1H » 1X,
HWRITE(G, 1812)
FORMATC(1H » 1X,
HWRITE(6,1813)
FORMAT(1H , 1 X,
HRITE(B, 1814)
FORMAT(1H , 1X,
WRITE(6,1815)
FORMAT(1H » 1X,
WRITE(6,1816)
FORMAT(1H 51X,
WRITE(G, 1817)
FORMATC(LIH » 1%,

(RRHUB(I)s I=1sNS)
#RRHUB(I)#s 3K+ 20(F5.3:1X) )}
(RC(I)s I=1,NS)
#RC(I)#,6Xs20(F5.351X))
(RBLADE(I), I=1,NS)

#RBLADE (I)#,2Xs 20(F5. E,IX))
(STAGER(I), I=1,NS)
#STAGER (1), 2%, 20(F5.2, 1X))
(STAGES(I), I=1,NS)
#STAGES(I)#,2X, 20(F5.2, 1X))
(SRHUB(I),I=1,NS1)
#SRHUB(1)# 3%y 20(F5.351X))
(SC(I), I=1,NS) .
#SC(I)#,6X,20(FS.3y1X))
(SBLADE(I), I=1,NS)
#SBLADE(I)#»2X,20(F5.2,1%))
(SIGUMRC(I)» I=1,NS)
#SIGUMR(I)5%» 2%y 20(FS5.3y 1X))
(SIGUNMS(I), I=1,NS)
#SIGUMS(I)#, 2%y 20(F5.3,1X))
(BET255(1), I=1,NS1)
#BET2SS(I)#,2%»20(F5.251%))
(GAPR(I), I=1,NS)

#GAPR(I)#» 4X,20(FS5.35 1X))
(GAPS(1), I=1,NS)
#GAPS(1)#y4X»20(FS.35 1X))
(RRTIP(I),I=1,NS)
“RRTIP(I)#» 3%, 20(F5.251X))
(SRTIP(I)» I=1,NS1)
#SRTIP(I)#, 3X,20(F5.2+1X))
(RT(I)s I=1,NS) .
#RT(1)#s 6%y 20(F5.25 1X))
(RM(I), I=1,NS) _
#RM(I)#, BXs 20(F5.251X))
(RH(I), I=1,NS)

#RH(IJ#yBXs 20(F5.251X))
(ST(I),I=1,NS)
#8T(1)#,6X,20(FS5.25 1X))
(SM(I), I=1,NS)

#SM(I)#, EXs 20(FS. 2;1X))
(SH(I); I=1,NS)

#SH(I)#,6Xs 20(F5.25 1X))
(BLOCK(I),I=1,NS)
#BLOCK(I)#,3X,20(F5.351X))
(BLOCKS(I), I=1,NS1)
#BLOCKS(I)#:2Xs20(F5.351%X))
(BETIMR(I), I=1,NS)
ZBETIMR(I)#,2X520(F5.2,1X))
(BET2MR(I)» I=1,NS)
#BET2MR (1 )5, 2X» 20 (F5.2, 1X))
(BETIMS(I),I=1,NS1)
#BETIMS(I1)#,2X,20(FS,.2,1X))
(BET2MS(I), I=1,NS1)
#BET2MS(I)#,2X»20(FS.251X))
(PR12D(1), I=1,NS)
#PR12D(I)#, 3X,20(F5.35 1X))
(PR13B(I), I=1,NS)
#PR13D(I)#s 3X» 20(FS.35 1X))
(ETARD(I), I=1,NS)
ETARD(I)=, 3X» 20(F5.35 1X))
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arl.
ara.

a2r3.
2’4,
27S.
2re.

2.
o78.

c2r9.
280.

c8l.
c8c.
283,

- 284.

c85.
286.
c87.
288.

289.
230.

281.
292.

2393.
294.
235.
286,

297.
298.
2399.

300.
301.
302.

303.
304.
305.
306.
307.
308.
308.
310.
311.
312.
313.
314,
315.
216.
317.

0045528
004555B

0045558
0045618
0045618
0045708

004570B
004576B

0045768
004603B

004603B
004607B
004607B
004613B
004613B
004617B
004617B
004623B

004623B
0046278

0046278
0046338

005633B
0046378
0046378
0046448

004644B
0046448
0046468

004651B
0046553B
004665B

004701B
004713B
004717B
0047258
004730B
004733B
004740B
004745B
004751B
004753B
004757B
0047648
004771B
0047768
0050038

WRITE(G, 1818)
1818 FORMAT(1H1 » SXy 7255382430 23836363630 3¢ 23 36 36 3030 303030 3030 3636 3¢ 36 36 6% INPUT DATER 39336330306 6%
B 36 30 SE I I SE 3T WAL ARXRE) :
WRITE(B, 1800) FNF
1800 FORMRT(lHO.lx,rFNF(FRHCTION DF DESIGN CURRECTED SPEED)—#,FS 3.
WRITE(G6,1810) XDIN, XDDIN, RHUMID, XCH4
1810 FORMAT(1HO, 1X, #XDINCINITIAL WATER CONTENT OF SMALL DRDPLET) =#,F5.3
$r 792Xy ZXDDINCINITIAL WATER CONTENT OF LARGE DROPLET)=#,FS5.3»/»
$2X, #RHUMIDCINITIAL RELATIVE HUMIDITY)=#,FB6.2, 1X, #PER CEHT¢,/.
$2Xs #XCH4 (INITIAL METHANE CONTENT)=#,F5.3)
HWRITE(E, 1820) TOG, TOW,s PO
1820 FORMAT(1HO, 1X, #ZTOG(COMPRESSOR INLET TOTAL TEMPRATURE OF GAS)=#,
$F7.2» 752X, #TON(COMPRESSOR INLET TEMPERATURE OF DROPLRET)=#sF7.2s/»
$2X, #PO(COMPRESSOR INLET TOTAL PRESSURE)=#,F7.2)
WRITE(6,1830) DIN,DDIN
1830 FORMAT(1HO, 1X, #=DINCINITIIL DROPLET DIAMETER OF SMALL DROPLET)=#,
$FB6.1,7,2X, #DDINCINITIAL DROPLET DIAMETER OF LARGE DROPLET)=#,FE6.1)
WRITE(B,1850) FND -
1850 FORMAT(1HO, 1Xs #FND(DESIGN ROTQTIONRL SPEED)=#,F7.1)
WRITE(6, 1851) DSMASS
1851 FORMAT(1HO, 1X, #DSMASS(DESIGN MASS FLOW RHTE) =#,F10.4)
WRITE(6, 1852)BYPASS |
1852 FORMAT(1HO, 1X, #BYPASS RATIO = #,F10.4)
WRITE(E,1860) TOG
1860 FORMAT(1HO, 1X, ZCOMPRESSOR INLET TOTAL TEMPERQTURE(GHS PHHSE)# ’
$F7.25 1Xs #ZR#)
WRITE(6, 1870) PO
1870 FORMAT(1HO, 1X, #COMPRESSOR INLET TOTAL PRESSURE=#,F7.2s 1Xs ZLB/FT3#2
$#)
WRITE(G, 1880) PREB
- 1880 FORMAT(1HO, 1X, #PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGEMEN
$T)=#,F5.15 1X, #PERCENT#)
WRITE(E,1800) FN
1800 FORMAT(1HO, 1X, #ROTOR SPEED=#,F7.1s 1Xs ¥RPM=)
WRITE(G, 1810) CRPMsFNFN
1910 FORMAT(1HO, 1X, #CORRECTED ROTOR SPEED- ZyF7 .1y 1Xy #RPM#=s Z2(Zy 2Xy FS. 1y
$#PER CENT OF DESIGN CORRECTED SPEED)#)
TG(1)=T01D
P(1)=P0O1D
CALL WICSPD(DSMASS, ISTAGE)
Cc +++++++++ AR AR R R
DO 1533 I=1,NS
IF (I.LE.NSF) FN=FNDFAN#=#FNF#SGRT(T0G/518.7)
IF (I.GT.NSF.AND.I.LE.(NSF+NSLPC))}
$ FN=FNBLFPC=FNF#SART(T0G/518.7)
IFC(I.GT.(NSF+NSLPC)) FN= FNDHPC*FNF*SGRT(TOG/SIS 7)
IF(I.LE.NSF) FND=FNDFAN
IF(I.GT.NSF.AND.I.LE.(NSF+NSLPC)) FND=FNDLPC
IF(I.GT. (NSF+NSLPC)) FND=FNDHPC
UTIP(I)=RT(I)/12.0%2,0%PAI*FN/50.0
UTIPG(I)=RRTIP(I)/12.0%2.0*PAI=*FN/60.0
UTIP2(I)=ST(I)/12.0=2,0%#PAI+FN/60.0
UTIPD(I)=RT(I) 12.0%2.0=%PAI*FND/60.0
UDUCII=(UTIP(I)/UTIPD(I) ) ==2
UMEAN(I)=RM(I)-12.0%2,0%PAI*FN/60.0
UMEAN2(I)=SM(I)/12.0%2,.0%#PAI*FN/60.0
UHUB(I)=RH(I)/12.0%2.0%PAI*FN-60.0
UHUB2(I)=SH(I)/12.0%2,0%PAI*FN/60.0
IF(IRAD.EQ. 1) UCII=UTIPC(I)
IF(IRAD.EG.2) UCI)=UMEAN(T)
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318. 005007B IF(IRAD.EQ.3) U(I)=UHUB(I}

318. 0035013B IF(IRAD.EQ.4.AND. I.LE.NSF) UCI) UMEQN(I)
320. 005021B IF(IRAD.EQ.4.AND. I.GT.NSF) UCI)=UTIP(I)
321. 005027B IFCIRAD.EQL1) UU2(I)=UTIF2(I)
322. 005033B - IFCIRAD.E@.2) UU2(I)=UMEAN2(I)
323. 0050378 IF(IRAD.EQ.3) UU2(I)=UHUBZ2(I)
324. 005043B . IFCIRAD.E@.4.AND. I.LE.NSF) UU2(I)=UMEAN2(I)
325. | 005051B - " IFCIRAD:ER.4.AND.I.GT.NSF) UU2(I)= UTIPE(I)
326.° 005060B IFC(IRAD.EQ.1) RADIL(I)=RT(I)
327. 005063B IFCIRAD.EQ. 1) RADI2(I)=ST(I)
328. " 005066B - IFCIRAD.EQ.2) RADIIC(II=RM(I)
328. 005072B - . IFC(IRAD.EQ.2) RADI2(I)=SM(I)-
330. 005076B IF(IRAD.EQ.3) RADI1(I)=RH(I)
331. 005102B IF(IRAD.EQ.3) RADIZ(I)=SH(I) )
332. 005106B - ' IFCIRAD.ED.4.AND. I.LE.NSF) RABIL1C(I)=RM(I)
333. 005114B . .- IFCIRAD.EQ.4.AND. I.LE.NSF) RADI2(I)=5M(I}
334.. 005123B IFCIRAD.EQ.4.AND.I.GT.NSF) RABI1IC(I)=RT(I)
335. 005131B IFCIRAD.ER.4.AND. I.GT.NSF) RADI2(I)=8T(I)
336. 0051408 1533 CONTINUE
"337. 005142B UTIPG(NS+1)=UTIPG(NS)

C MASS FLOWRATE
338. 005143B NNPHI = 1

338. 005144B 901 READ(5,200) FAI
340. 005151B 200 FORMAT(F7.5) -

341. 0051518 ISTAGE=0

342. 0051518 N=1

343. 0051528 . . IF(FAI.GT.1.0) GO TO 3838

344. 0051558 IF(IPRINT.EQ.2) HRITE(Bs137) FAI
345. 005163B 137 FORMAT(1H1,2X,#FAl=#,F7.5)
346. 005163B - FAIO=FAI

347. 0051638 UZ=UTIPG(1)=#FAI

348. 0051658 TG(1)=0T01G

348. 0051668 UZERD=0.0

350. 005167B UUZERD=0.0

331. 005170B UUZERD=0.0

352. 005171B URZERO=RRTIP(1)

353. 0051728 RZERO=RRHUB(1)

354. 005173B RRZ2ERO=RRHUB(1)

355. 005174B ITIP=0

356. 005175B IITIP=0

357. 005176B DAVE(N)=0.0

358. 005177B DBAVE(N)=0.0

358. 0052008 TH(1)=0T01D

360. 005201B THH(1)=0T01D

361, 005202B IF(XDIN.GT.0.0)  DAVE(N)=DIN
362. 005207B IF(XDDIN.GT.0.0) DDAUVE(N)=DDIN
363. 005213B IF(XDIN.GT.0.0) TW(1)=0T01D
364. 0052178 IF(XPDIN.GT.0.0) TWW(1)=0T01D
365. 005223B P(1)=0P01

366. 005223B TB(1) = WICBPT(TG(1)y P(1))
367. 0052268 WS(1) = WICSH(TG(Y) » P(1) )#*RHUMID-100.0
368. 005231B PH=HS(1)=P(1)/(NS(1)+0,.6213)
368. 0052358 TDEWC(1)=MICBPT(TG(1), PH)

370. 0052408 XH(1)=XDIN

371. 0052418 XHH(1)=XDDIN

372. 0052428 | KHT (1) =XHC(LI+XHHCL)

373. 0052448 XKHTO=XHT (1)

374. 0052458 XUCD=HS5(1)/(1.0+WS(1)3%#(1.0-XWT(1)-XCH4)
375. 005252B XA=1.0-XUT(1)-KU(1)-XCH4

3r6. 0052568 XG=XA+XU(1)+XCH4
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377.
378.
373.
380.
381.
382.
383.
384.

385.
386.
387.

388.
389.
3390.
391.

352.

333.
334.
385.
396.
397.
338.
398.
400.
401.
402.
403.
404.
405.
406.

407,

408.
403.
410.
411.
412.
413.

414,

415.
416.
417.
418.
418.

420.
421.

422.

423.
424,
425,
426.
427 .
428.
423.
430.
431.
432.
433.

005257B
0052608
0052628
0052638

0052668 .

0052668
005271B
005273B

005274B
0052768
005277B

0053038
C005S311B

~ 0053168

0053218
0053228
005323B
0053258
0053378
005337B
0053408
0053428
0053468
005350B
005351B
0053538
005354B
0053568
005357B
005361B
0053658
005367B
005370B
005372B

- 005373B

005374B
005375B
0053778
0054018
005403B
005405B
005407B
005411B

005413B
005414B
005415B
005417B
0054208
005422B
0054238
0054258
0054268
005431B
0054328
005434B
0054358
0054368

C ARA

5558

C INI

XAIN=XA
XCH4 IN=XCH4

ISTAGE=1

CALL WICPRP (XA, XU 1), XCH4» TG( 1), RMIX, CPMIX, canna.cl,ca.c3)
CAMMAI=GAMMA .
RHOG(13=P(1)/RMIX/TG(1)
RHOAC1)=P(1)/RA-/TGC(1)

AMASSM=-1.0
IGU=STREAM TUBE AREA AT IGU OUTLET
ARAR=AAARIGU

AAA3=AARAIGY

CALL WICMAC(ISTAGE,AMASSMs TGC1)»PC1)sMyUZs Cr XWT (1) BETRSSCNS1)s
$RMIX» CPMIX» ARA3)
RHOG(1)=(1.,0+C2xMe22) #%G3*RHOG(1)
RHOM(1)=1.0/((1.0-XHT (1)) /RHOG(1)+XHT (1) RHOW)
MMASS = RHOM(1)#FAI=UTIPG(1)*AAA3
MMASSO=MIASS

WMASSO=MMASSO*XDIN
HHMASO=MMASSO*XDDIN

IF (IPRINT.EQ.2) WRITE(B,5558) MMASSO» XDIN, HMASSDs MMASS
FORMAT (1HO, 2%, 4(F10.5,2X))
DAMY=0T01G/518.7
DAMY2=0P01/(14.7%144.0)
CMASS=MMASS=*SART (BAMY ) /BAMY2
AMASS = XA * MMASS

WMASS (1)=XH(1)%MMASS
WWMASS (1 )=XWW (1) *MMASS
WTMASS ( 1)=XUT (1) =MMASS
UMASS(1)=XU(1)=MMASS
CHMASS=XCH4=MMASS
GMASS(1)=MMASS-HTMASS (1)

CMASS2=GMASS (1) *SART (DAMY ) /DAMY2
AMO=AMASS

UMO=UMASS (1)

CMO=CHMASS

GMO=GMASS(1)

KMO=WMASS (1)

WHMO=HWMASS (1)

WTMO=HTMASS (1)

TLMO=GMO+WTMD

THUMAS=WMASSO=ARARL T/ARAIGY
THWMAS=WHMASO=AARAR 1 T/ARRIGY
HMASTL=TWMAS+TUHMAS
UMASTL=UMO=ARAR L T/RAATGU+WMASTL
UMASTT=UMO=ARAR1T/ARAIGUY
TIAL UALUES

TG(3)=TG(1)

TH(3)=TH(1)

THH(3)=THH(1)

P(3)=P(1)

TB(3)=TB(1)

HS(3)=WS(1)

TDEN(3)=TDEW(1)

XU(3)=RU(1)

XG=XA+XU(3) +XCH4

XU(3)=XW(1)

XU (3)=XWH (1)

UMASS(3)=UMASS(1)
WMASS(3)=HMASS(1)

WWMASS (3)=WHMASS (1)
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434.
435.
436.
437.
438.

433.
440.
441,
442.

443.
444,
445.
446.
447 .
448.
449.

450.

451.

452.
453.
454.
455.
456.
457.
458.
458.

460.

461.
482.
463.
464.
465.
465.
467.
468.
489.
470.
471.
472.
473.
474.
475.
476,
477.
478.
479.
480.
481.
482.
483.
484.
485.
486.
487.

0054378
005441B
003442B
005443B
005444B

0054458
0054478
005447B
0054528

005453B
0054548
0054558
0054578
005465B
0054668
003472B
005472B
0054758

005475B
005476B
0054778
005501B
005502B
005503B
005504B
005504B
0055058
005506B
0055068
0055078
005507B
005510B
005510B
005511B
005511B
0055128
005513B
005515B
0055168
005520B
005521B
0055238
0053524B
0055268
0055278
005531B
005532B
005534B
005535B
005537B
0055408
005541B
005542B

0055438

WCENT=WMASS0

HHCENT=HWMASO

UCENT=0.0

DMDTA1=0.0

DMDTAR2=0,0
B B & e L S e n s LTS B S e
IGU IMPINGEMENT )

CALL WICISS(7,RABI1(1)s XWH(1} 5 XG » RHOG(1),0.0,UZ;HWNL, W2y WH)

AMIMPS=WU .

AMWAKS = AMIMPS # (1.0-PREB)

AMREBS=AMIMPS*PREB
o  mm m g a
IGVU WAKE

N=2

DAVE(2)=DAVE (1)

DDAVE (2)=DDARVE (1)

ALFA3=BET2SS(NS1)#(FARID/FAI)%x%(1,0/7.0) -

DUAKEM=0.0 .

IF(XDIN.GT.0.0.0R.XDDIN.GT.0.0) GO TO 628

GO 70 629 .
628 CALL WICHAK(RHOG(1),VU2Z, DHAKE, DWAKEM) )
623 CONTINUE
e  r  n T A o b 3
IGY OUTLET

IFC(IDESIN.EQ.2) GO TO 322

HMASS(3) = WMASS(1)

XH(3) = XKU(1)

PRATIC=1.0

TRATIO=1.0

EFF=1.0

AMIMPR=0.0

AMREBR=0.0

- AMWAKR=0.0

DELTEW=0.0

BELTDW=0.0

DELTGH=0.0

DELTDH=0.0

DELT=0.0

DELP=0.0

DMDTAU=0.0

XU (3)=XU(1)

RKH(3)=XUH(1)

XKHW(3)=XHW (1)

WMASS(3) = HMASS(1)

HWHMASS(3)=WHMASS(1)

UMASS(3) = UMASS(1)

WS(3) = HS(1) .

TDEW(3)=TDEW(L)

RHOA(3) = RHOA(1)

RHOM(3) = RHOM(1)

RHOG(3) = RHOG(1)

TG(3) = TG(1)

TH(3) = TH(1)

THH(3)=TH(L)

P(3) = P(1)
TB(3) = TB(1)
xu(23)=0.0
XW(2) = 0.0
XWW(2)=0.0

HMASS(2) = 0.0
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488.
4883.
490.

491. .

482 .
433.
4384.
4385,
486.
457.
438.
493,
S00.

501,
s02.
503.
504.
505,
506.
507.

508.
509.

510.

S1t. -

Sle.
513.
514.
515,
516.
‘517,
518.
518,
520.
Sel.
Se2.
523.
Se4.
Sas.
526.
527.
528,
5e23.
530.
S31.
532,

533.°

534.
535.
S3E.
537.

538.
533.
540.
S41.

0055438
005544B
0055448
005545B
005545SB
005546B
0055468
005547B
0055478
005550B
005S50B
005551B
005551B

0055528
005562B
0055628
0055728
005572B
005602B
005602B

005617B
005617B

0056338
005633B
005643B
005643B
005653B
005653B
0056638
005663B
005673B
005673B
0057038
005703B
0057138
005713B
005723B
005723B
005733B
005733B
005r43B
005743B
0057538
0057538
005763B
0057638
005773B
005773B
006003B
0050038

005003B
00650068
005007B
00G010B

HWHMASS(23=0.0
UMASS(2) = 0.0
WS(2) = 0.0
RHOA(2)=0.0
RHOM(2) = 0.0
RHOG(2)= 0.0

TG(2)=0.0
TH(2) =0.0
THH(2)=0.0
P(2) = 0.0
TB(2) = 0.0

TDEW(2)=0.0
GAMMAO=GAMMA

o N a2 o e B

C IGU
300
301
302

303

304
305
306
307
308
308
310
311
312
313
314
315
316

321
3ee

OUTLET

IF(IFRINT.EQ.2) WRITE(B,300) ISTARGE

FORMAT (1HO» SX,» #ISTAGE=#, I 1, 2X, #(IGU)#) ]

IF(IPRINT.EQ.2) WRITE(B,301) PRATIO, TRATIO, EFF

FORMAT (1H05 SXs 3(F12.555X))

IFC(IPRINT.EQ.2) WRITE(6,302) FAI, UZ, XA

FORMAT (1HO» 5X» 3(F12.555X)) i
IFC(IPRINT.EQ.2) WRITE(B,303) MMASS, AMQSS: AMIMPS, AMREBSs AMWAKS,

1AMIMPR, AMREBR, AMWAKR

FORMAT (1HO0, 5%, 8(F12.5,2X))
IF(IPRINT.EQ.2) WRITE(E,304) DELTGN,DELTDN.DELTGH;DELTDH.DMDTRU,

$DELT, DELP

FORMAT (1HO» SX» 7 (F12.5s2X) ) o
IF(IPRINT.EQ.2) HRITE(B,305) XU(1), XU(2)s XKU(3I)

FORMAT (1HO, 5X, #XU=#, 3(F20. 10, 5X)) : :
IF(IPRINT.EQ.2) HWRITE(B,30B6) XW(1), XW(2) , XW(3)

FORMAT (1HD, 5Xy #XH=#, 3(F20.10,5X))

IF(IPRINT.EQ.2) WRITE(GE,307) WMASS(1)s HMASS(2) » HWMASS(3)
FORMAT (1HO» SX» #HMASS=7, 3(F20. 105 5X}) '
IFC(IPRINT.EQ.2) WRITE(E,308) UMASS(1) » UHQSS(E) s UMASS(3)
FORMAT (1HO» 55 #UMASS=#, 3(F20. 10, 5X))

IF(IPRINT.EQ.2) WRITE(E,303) LS(1) » WS(2) , NS(3)

FORMAT ( 1HO, 5X, #HS=+, 3(F20.10,5X) )

IF(IPRINT.EQ.2) WRITE(G,310) RHOACL) » RHOA(2) » RHOA(3)
FORMAT (1HO» SXs #RHOA=#, 3(F20.10,3X)) -

IF(IPRINT.EQ.2) WRITE(E,311) RHOM(1)s RHOM(2), RHOM(3)
FORMAT (1HO» 5X, *RHOM=#, 3(F20.10,5X))

IFCIPRINT.EG.2) WRITE(B,312) KHOG(1),RHOG(2),RHOG(3)
FORMAT (1HG» SX» #RHOG=#, 3(F20. 10, 5X))

IF(IPRINT.EQ.2) WRITE(B,313) TC(1),TG(2)TG(3)

FORMAT (1HO»5 5X» #TG=#» 3(F20.10,5X))

IFC(IPRINT.EQ.2) WRITE(B+314) TW(1)s TH(2)yTH(3)

FORMAT (1HO» 5Xs #TW=#, 3(F20.10,5X))

IF(IPRINT.EQ.2) WRITE(E,315) P(1),P(2)sP(3)

FORMAT ( 1HOs SX, #P=# 3(F20. 105 5X))

IF(IPRINT.EQ.2) WRITE(6,318) TB(1),TB(2),TB(3)

FORMAT (1HO» SXs #TB=+: 3(F20.10,5X))

IF (IPRINT.EQ.2) WRITE(G,321) TDEW(1),TDEN(2), TDEW(3)
FORMAT (1HOs SXs #TDEW=#, 3(F20.10,5X))

RHOG(2)=RHOG(1)

c +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
C ROTOR INLET

300

ISTAGE=ISTAGE+1
TG(1)=TG(3)
THCL)=TH(3)
THHCL=TUWC3)
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542.
543.
544,
545,
546.
547.
548.
549.
550.
551.
552.
553.
554,
555.
556.
557.
558.
559.
560.
551.
562.
563.
564.
565.
566.
567.
558.
559.
570.
571.
s72.
573.
574.
575.
576.
577.
578.
579.
580.
581.

582.
583.
584.

585.
566,
587.
588.

589.
590.

591.

0060118
0066138
005014B
006017B
0080218
00G5022B
006024B
0050268
008027B
006032B
0060338
0050358
005036B
006040B
005041B
005043B
006044B
006046B
0060478
008051B
0050538
005054B
6080568
006057B
0060618
00E0B3B
0080658
0080668
008067B

- 00B8073B

008073B
008075B
0081018
0051058
0061128
0061128
0081158
008115B
006117B
006125B

005133B
0061338
006134B

0051408
0061438
0061448
006146B

0061528
005152B

0051568

P(1)=P(3)
TB(1)=TB(3)
RHOAC1)=P(1)/RA/TG(1)
WS(1)=US(3)
TDEW(1)=TDEN(3)
XU(1)=XU(3)
XCH4=CHMASS/MMASS
XA=AMASS/MMASS
XG=XA+XU( 1) +XCH4
XAIR(1)=XA
XMETAN( 1) =XCH4
XGAS(1)=XG
RH(1)=XH(3)
XHH(1)=XUH(3)
KT (1) =XW (1 +XUNCL)
UMASS(1)=UMASS(3) .
WMASS (1) =HMASS(3)
HIMASS (1) =WHMASS (3)
NSF 1=NSF+1
IF(ISTAGE.EQ.NSF1) GO TO 948
GO TO 949 _
948 AMASS=AMASS/(1.0+BYPASS)
CHMASS=CHIMASS~ (1. 0+BYPASS)
UMASS(1)=UMASS(1)/(1.0+BYPASS)
WMASS(1)=WMASS (1)~ (1.0+BYPASS)
WHMASS (1) =WWMASS (1) /(L. 0+BYPASS)
849 CONTINUE
WTMASS (1)=WMASS( 1) +HWMASS (1)
MMASS=AMASS+CHMASS+UMASS (1) +HTMASS (1)
TMASS(1)=MMASS
GMASS (1)=TMASS(1)-HTMASS(1)
IF(ISTAGE.EQ.1) AMFAN=GMASS(1)
IF (ISTAGE.EQ. (NSF+1)) AMLPC=GMASS(1)
IF (ISTAGE.EQ. (NSF+NSLPC+1)) AMHPC=GMASS(1)
ALFA1=ALFA3
CALL WICPRP(XA»XU(1),XCH4s TGC1)» RMIXs CPMIXs GAMMAs G1s G2, G3)
GAMMAS=GAMMA
AAA1=ARA3
IF (NSF.NE.O.AND. ISTAGE.EQ. (NSF+1)) AAA1=AREACISTAGE) ,
IF (NSF.NE.0.AND. ISTRGE.EQ. (NSF+NSLPC+1)) AAA1=AREA(ISTAGE)
C +++++++4+++++++++4+H+++++++++ bbb bbb bR bR
C STAGE PERFORMANCE CALCULATION
JPERFM=2
DAMY=0.0
IF (WTMASS(1).GT.1.0E~4)
$SDAMY=WUMASS (1) /UTMASS (1)
IF (DAMY.GT.0.20) JPERFM=3
IF (JPERFM.EQ.2) GO TO 1301
IF (JPERFM.EQ.3) GO TO 1302

1301 CALL WICSPB(FAIO, ISTAGE, MMASSs ALFAL, HKDONE,» DAVE(N)» DELU, WMASS (1)
$, N, OMEGA1L » :
$SOMRGA2, OMEGA3, OMEGA4,» OMEGAS, DMEGAS, DMEGAT» BETAL, BETA2, UZ, ALFAZ,
$ALFA3, DELTGs DELTW, W1, W2, UL, U2, U3, AK1, AK2s AK3)

GO TO 1303 _

1302 CALL WICSPC(FAIO, ISTAGE,MMASS» ALFAL, WKDONE, DDAVE (N)» DELU, WMASS
$1)5 WHMASS (1) N» OMEGAL , _
$, OMEGA2, OMEGA3, OMEGA4» OMEGAS » OMEGAS, OMEGAT» BETAL, BETA2, UZ, ALFAZ,
$ALFA3» DELTG, DELTH, W1, W25 U1, U2, U3, REAVE, DELUU2, DELUL2, AK 1, AK2,
$AK3)

1303 CONTINUE
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592,
593.
594.
595.

S36.
597.
588.
588.

600.
601.
602.

603.
604.
605.
606.
607.
608.
608.
610.
61i1.
612,

613.

614.
615.
616.

617.
618.
619.
620.
621.
622.
623.

624. -

625.
626.
627.
628.

€29.

630.
631.
632.
633.

- 634.

635.
636.
637.
638.
633.
640.

0061568
005156B
0051608
006171B

006171B
006174B
006175B
006177B

006203B
006210B
0062108

006213B

006213B
006217B
0062228
0062238
0052268
0062308
0062318
006232B
0062348

0062518

006251B
0062568
0062568

006261B
006261B
0062658
0062708
0062718
0062748
0052768
0062768
00630283
0063038
006304B
006306B

0053238

0063238
005330B
006330B
006331B
006332B
0063328
0063358
005336B
006340B
006340B
0063448

1304

C +++
C ROT

8010

DELTG1=DELTG

DELTW1=DELTW

IF(UZ.LT.0.0.0R.UZ.GT.1000.0) WRITE(E,1304) UZ

FORMAT (1HO, 1%, #AXIAL VELOCITY IS TOO HIGH OR TOO LOM#,#UZ=#,
$F10.5)

IF(UZ.LT.0.0.0R.UZ.GT.1000.0) GO TO 901

AAR2=AREAS ( ISTAGE)

ARA3=AREA( ISTAGE+1)

IF(ISTAGE.EQ.NS) AAA3=AARAR
+++++++++++++++++++ AR bbb bbb bbb bbb bR
OR IMPINGEMENT(SMALL DROPLET) :

IF (IPRINT.EQ.2) WRITE(S,8010)

FORMAT (1H1,# ROTOR IMPINGEMENT(SMALL DROPLET)=)

CALL WICIRS(ISTAGE,RADI1CISTAGE)s XU(1) s XGyRHOGC1Y» BETAL, WL, WML,
SR, W)

AMIMPR=WW _

IF (AMIMPR.LT.0.0) AMIMPR=0.0

IF (AMIMPR.GT.WMASS(1)) AMIMPR=WMASS(1)

AMREBR=AMIMPR*PREB/100. 0

AMWAKR=AMIMPR3 (1, 0-PREB~100.0)

AMNOIR=WMASS (1) -AMIMPR

XHNDIR=AMNOIR/MMASS

YHREBR=AMREBR/MMASS

XHWAKR=ANWAKR /MMASS

IF(IPRINT.EQ.2) WRITE(G,609) RNIMPR.QMREBR,RMNHKR,QMHOIR,
$XWNOIR» XHREBR, XHWAKR

609 FORMAT(LH ,7(F12.5,1X))
C ++++tiditttrtrrttrtttrtdtttrrtrttdrbdbt bttt bbb bbbt bbbttt bbbt bbb+

C ROTOR IMPINGEMENT(LARGE DROPLET)

8020

6030
C +++

C ROT
8030

630
631

IF(IPRINT.EQ.2) WRITE(E,8020)

FORMAT(1HO,# ROTOR IMPINGEMENT(LARGE DROPLET)#)
CALL WICIRLC(ISTAGE,RADILCISTAGE),XWW(1),XGyRHOG(1)» BETAL, W1, W1, WU
$25 WW)

BMIMPR=WW

IF(BMIMPR.LT.0.0) BMIMPR=0.0
IF(BMIMPR.GT.WWMASS(1)) BMIMPR=WWMASS(1)
BMREBR=BMIMPR*PREB~100.0
BMWAKR=BMIMPR:(1.0-PREB/100.0)
BMNOIR=WWMASS(1)-BMIMPR

XWWB=0.0

IF (WHMASS(1),.GT. 1, 0E-6) XWWB=BMWAKR/WWMASS(1)
XWWNOR=BMNOIR/MMASS

XWWRER=BMREBR/M1ASS

XHWNAR=BMWAKR/MMASS

IF(IPRINT.EQ.2) WRITE(E,5090) BMIMPR, BHREBRs BMWAKR, BMNDIRs XWHWNCR,
SXWHRER s XWHWAR

FORMAT(1H ,7(F12.551X))
B B R e AR s
OR WAKE

IF(IPRINT.EQ.2) WRITE(B,5030)

FORMAT(1HOs # ROTOR WAKEX)

N=N+1

ALFA=BETA2

DWAKEM=0.0

IF (AMWAKR.GT.0.0) GO TO B30

GO TO 631!

CALL WICHAK(RHOG(1)sH2s DUAKEs DNAKEM)

D1=DHAKEM

IF(D1.LT.0.0) D1=0.0

IF(D1.GT.DIN) B1=DIN
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B41.
642.
643.
644,
B645.
€46.
647.
648.
649.
B50.
651.
652.
653.
654.
B55.
656.
B657.
658.
653.

_B60.

661.
es2.
663.
664.
B65.

666.
667.
668.
669.
670.
671.
672.
673.
g74.
675.
676.
677,
678.
679.
680.
681.
682.
683.
684.
685.
686.
687.
688.
689.
690.
691-
892.
693.
694.
695.
696.

£97.
£98.

006347B
00563478
0063518
006352B
0063538
0063568
0053578
006361B
006361B
0053658
0063708
00683728
0063738
0053758
00G376B
0064008
0064008
005403B
0064038
0064078
0064128
0084148
0064158
005420B
0064228

005424B
00E424B
006426B

006431B’

00654338
0054348
006435B
006441B
0054428
0054438
005444B
006446B
006450B
0064518
006452B
0064538
0064558
0054578
006462B

005463B |

0064648
0054658
006467B
0064738
005476B
0065008
006502B
0065058
0055078
0055138
0065168

0065208
0065268

6310
6311

6312
6313

AMING1=AMNAKR
ALFA=BETA2

RDELU1=DELUUR

DWAKEM=0. 0

IF (BHHAKR.GT.0.0) GO TO 6310

- GO TO 6311

CALL WICWAK(RHOG(1),RDELU1, DNQKE,DNHKEM)

D2=DHAKEM

IF(D2.LT.0.0) D2=0.0

IF (D2.GT.DDIN) De=DDIN

RUP2=(90. 0-BETA2)/130.0

AMING2=BMWAKR=RUP2

RDELU2=DELUL2

DWAKEM=0.0

IF (BMWAKR.GT.0.0) GO TO 6312

GO TO 6313 _ N

CALL WICWAK (RHOG( 1), RDELU2, DHAKE» DWAKEM)

D3=DWAKEM ,

IF(D3.LT.0.0) D3=0.0 -

IF(D3.GT.DDIN) D3=DDIN

RLOW2=(90.0+BETA2)/180.0

AMING3=BMHAKR=RLOW2

WMASSS=HMASS( 1) -AMHAKR

WMASSL=WLIMASS ( 1 )-BMHAKR o , ,
CALL WICSIZ(HMASSL,WMASSS, AMINGL»AMING2, AMING3, DDAVE(L

$), DAVE(1), D1, D2, D3, BLIMIT, AMSLL ,AMLGE, DSLL» DLGE )

WWMASS (2) =AMLGE
WMASS(2)=AMSLL

IF (WMASS(2).LT.0.0). WMASS(2)=0.0

IF (WWMASS(2) . LT.0.0) WWMASS(2)=0.0

WTMASS (2)=WUMASS(2) +WMASS (2)

UMASS(2)=UMASS (1) o
MMASS=AMASS+CHIMASS+UMASS (2) +WTMASS(2)

THMASS (2) =MMASS _

GMASS(2)=TMASS(2)-WTMASS(2)

DAVE (N)=DSLL

DDAUVE (N)=DLGE

XW(2)=WMASS (2) /MMASS

XHW(2) =WWHMASS (2) /MMASS

RWT (2)=WTHMASS(2)/MMASS

XU(2)=XU(1)

XCHA=CHMASS/MMASS

XA=AMASS/MMASS

XG=XA+XU(2)+XCH4

XAIR(2)=XA

KXMETAN(2)=XCH4

XGAS(2)=X A

WS (2)=UMASS (2) /AMASS

PU=WS(2)#P(2) 7 (WS (2)+0.6218)

IF(PW.LT.1.0E-8) PW=1,0E=8

TOEW(2)=WICBPT(TG(2),PH)

RHOA(2)=P(2) /RA/TG(R) L N
CALL WICPRP (XA, XU(2),XCH4, TG(2), RMIX, CPMIX» GAMMA, G1, G2, G3)
RHOG(2)=P (2) /RMIX/TG(2)

IF (JPERFM.NE.3) BMASS=MMASS

IF (JPERFM.EQ.3) BMASS=GMASS(2)

CALL WICMACC(ISTAGE» BMASS: TG(2),P(2),MsUZ: Cs XWTI2)» ALFAZS
$RMIXs CPMIX, ARAZ)

RHOG(2)=(1.0+C2xM%#2)#%G3RHOG(2) ) ,
RHOM(2)=1.0/((1.0-XUT(2) 3/RHOG(2) +XHT(2)7RHOW)
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699.
700.

701,
702.

703.
704.
705.

706.
707.
708.
709.
710.
71,
ri2.
713.
714,
715.
7’16,
’iv.

718.
719.
720.
721,

722.
723.
724,
725.
728.
7e7.
728.

.723.
730.
731.

732.

733.

734.
735.
736.
737.
738.
- 739.

740.

741,
742.
743.
744.
r45.
746.
47,
748,
743,
750.

006533B
006542B

006562B
0065628

0066008
00E6600B
0066078

0066078
005614B
006614B
0066148
0066148
0066208
006621B
0066238
0066268
0056278
0066308
00656328

006636B
006636B
0066458
006652B

006656B
00EESEB
0066628
0066638
0CE663B
005665B
005667B
006670B
00E6673B
0066748
00667SB
005677B

006702B
006710B
006710B
0057 10B
006710B

006711B

005712B
006716B
0067218
0057248
005736B
006741B
0067458
0067478
0067528
0067548
006755B

614

615
6150

RHOA(2)=(1.0+G2#M=*#2) #=*G3#RHOA(2)

IFC(IPRINT.EQ.2) WRITE(G,614) UZ,ALFA,D1, D2, D35 WWMASS(2)»
$UMASS(2), UMASS(2) s XW(2)» XU(2)

FORMAT(1H »10(F12.5+1X))

IFC(IPRINT.EQ.2) WRITE(B,E615)HS(2), BAVE(N)» DDAVE(N) ,RHOM(2)» RHOA
$(2) RHOM(2)» RHOG(2) '

FORMAT(1IH »,7(F12.5,1X))

IF(UZ2.L7.0.0.C0R.VZ2.6T.1500.0) WRITE(B,86150)

FORMAT(1HO,#UZ IS TOO HIGH OR TOO LOW: UZ=#,F10.4)

o e R g S S L T E TS s
C CENTRIFUGAL EFFECT IN (UAPOR)

8041

.8042

C +++
C CEN

8040

IF(IPRINT.EQ.2) WRITE(6,8041)

FORMAT(1HO, =CENTRIFUGAL ACTION IN ROTOR (UAPOR)#)
DELMU=0.0

DELMAS=0.0

AMASU=UMASTT+DMDTA1+DMDTAR2

IFCICENTU.NE.Q) GO TO 8042

DELZZ=RC(ISTACE) - 12.0

ALFARU=(BETA1+BETA2) 2.0

IRS=3

RHOGAS=RHOG(2)

RHUB=RRHUB(ISTAGE)

CALL WICCEN(URZERO,UUZERDs 10.0,UZ, DELZ22s ALFAAU, FN» IRS, RHOGASs RHUB,
$R2, U2, ITIP» UZTIME, XKG» XAs» XU(2) s XCH4, RRTIP(ISTAGE), IPRINT)
IRARDD=IRAD . .
IF(IRAD.EQ.4.AND.ISTAGE.LE.NSF) IRAD=2
IF(IRAD.EQ.4.AND.ISTAGE.GT.NSF) IRAD=1

CALL WICDMUCIPRINTs IRADs UMRSS (1), UMASTL» UMASTL» URZERD, R2»
$AAREA(ISTAGE ) » RADI1 (ISTAGE) > DELMAS)

IRAD=IRALD

UCENT=VUCENT+ABS(DELMAS)

URZERQ=R2 ’

VUZERDO=0.0

DELMU=DELMAS

UM=UMASS(2)

UMASS (2)=UMASS (2)+DELMAS

IF(UMASS(2).LT.1.0E-8) UMASS(2)=1.0E-8

DELMAS=UMASS (2)-UM

DEL UUM=28.96418.043*DELMAS

.AMASS=AMASS-DELUUM

MMASS=MMASS-DELVUM+DELMAS
b o T o S R N ko & T T SRS ST
TRIFUGAL. EFFECT IN ROTOR(SMALL DROPLET)

IF(IPRINT.EQ.2) WRITE(E,8040)

FORMAT (1HO, #ZCENTRIFUGAL 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(WTMASS(1).GT. 1. 0E-6) RWW=HWMASS(1)-/HTMASS(1)
AMASH=(WMASTL-HCENT-WHCENT ) #RW

IF(JCENT.EQ. 1) AMASKH=(UMASTL-WCENT-WHCENT ) * (RW+RWN= (1, 0-XWUB) )
BMASW=(HWMASTL-HCENT-WWCENT ) #RWW#XWWB . .
IF(ICENT.EQ.4.0R.ICENT.EQ.5) CO TO S386

IF(ICENT.EQ.7)GO TO 896

IF(DAVE(N-1).LT.1.0E-6) GO TO 38396

IF(WMASS(2).LT.1.0E-B) GO TO 3886

DD=DAVE(N-1)

DELZZ=RC(ISTAGE) 12.0
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751.
7’52,
753.
754.
755,

756.
7S7.
758,
r33.

760,
761,
762.
763.
764.
76S.
7E66.
767.
768.

763,
770.
7L,
2.
773,
774.

779,

776.
777,
778.
778.
" 780.

781.-

782.
783.

784,
785,
786,
787.

788.
788.
790,
7381.
732.
793,
794.
795,
7S6.
797.
798.
739.
§00,
g01.
goe,
803,
&04.

0057608
006763B
0067648
0067658
0067678

005773B
006773B
007002B
007007B

007014B
007014B
007016B
007017B
007021B
0070228
007027B
007033B
007040B

007044B
007051B
0070S1B
007051B
0070518
007055B
007057B
007062B
0070648
007065B
007070B
007071B
007072B
007073B
007074B

0071008
007v100B
007107B’
0071148

007121B
0071218
007123B"
007124B
007126B
007133B
0071338
007135B
007137B
007140B,
007141B
0071458
007150B
007154B
007155B
007157B
007160B

836

CH+++
C CEN

8050

93ss

ALFARAVU=(BETA1+BETA2)/2.0

IRS=2

RHOGAS=RHOG(2)

RHUB=RRHUB(ISTAGE)

CALL WICCEN(RZERQO,UZERQ, DD, UZ, DEL2Z,ALFAAY » FN, IRS, RHOGAS,
1RHUB, R25 U2s ITIP, UZTIME, XGs XAs XU(2) » XCH4, RRTIP(ISTAGE), IPRINT)
IRADD=IRAD

IF (IRAD.EG.4.AND. ISTAGE.LE.NSF) IRAD=2

IF(IRAD.EQ.4.AND. ISTAGE.GT.NSF) IRAD=1

CALL WICDMSC(IPRINT, IRADs WMASS (1), AMASW, AMASH, RZERD, R2, RAARERCISTA
$GE)sRADI1(ISTAGE) s RRTIP(ISTAGE Y » DMIN, DMOUT, AMASHZs DELMAS)
IRAD=IRADD

HCENT=DELMAS

RZERO=R2

UZERQO=U2

DELMW=DELMAS

RURWN=RW+RWW: (1, 0~XWWB)

IF(JCENT.EQ.1) DELMW=0.0 ) .

IF(JCENT.EQ. ! .AND.RKRWW.CT.1.0E-6) DELMU=DELMAS*RH/RWRWW
IF(JCENT.EQ. 1) DELMHW=DELMAS-DELMW
R e n s s o T o s
TRIFUGAL EFFECT IN ROTOR(LARGE DROPLET)

IF(IPRINT.EQ.2) WRITE(B,E050)

FORMAT (1HQ, = CENTRI UGAL ACTION IN ROTOR (LARGE DROPLET)#)
DELMAS=0.0 )
DELMWW=0.0

IFC(IICENT.EQ.4.0R.IICENT.EQ.S5) GO TO 9996

IF(IICENT.EQ.7)GD TO 99396

IF(DDAVE(N-1).LT.1.0E-6) GO TO 383836

IF (HUMASS(2).LT.1.0E-B) GO TO 3336

DD=BBAVE(N-1)

DELZ2Z=RC(ISTAGE} 12.0

ALFAARU=0.0

IIRS=2

RHOSAS=RHOG(2)

RHUB=RRHUB(ISTAGE)

CALL NICCEN(REZERD,UUZERO,DD.UZ;DELZZ,QLFRQU » FNs IIRS, RHOGAS,
1RHUB,R2, U2, IITIP, UZTIME, XGs XA, XU(2)y XCH4, RRTIP(ISTACE) s IPRINT)
IRADD=IRAD

IF(IRAD.EQ.4.AND.ISTAGE.LE.NSF) IRAD=2

IF(IRAD.EQ.4.AND. ISTAGE.GT.NSF) IRAD=1

CALL WICDML C(IPRINT, IRAD,s WIMRSS(1) s BMASH,s BMASLH, RRZERD, R2s RAREACIS
$TQGE),RﬂDIl(ISTﬂGE).RRTIP(ISTﬂuE),DNIN,DMUUT,FMQSHE;DELMRS)
IRAD=IRADD

RRZERQ=R2

UUZERO=U2

DELMWW=DELMAS

IF(JCENT.EQ.1) DELMWW=DELMWW+DELMAS

WM=WMASS(2)

WWM=WWMASS(2) . .

HWMASS(2)=WMASS(2)+DELMW

HWMASS (2) =WHMASS (2)+BELMWH

WTMASS (2)=WMASS(2) +HHMASS(2)

IF (UTMASS(2).GCT.WMASTL) TT=WTMASS(2)/WMASTL

IF (HTMASS(2) .CT.HMASTL) WMASS(2)=WMASS(2)/TT
IF(HTMASS(2).GT.UMASTL) HWMASS(2)= NNNQSS(E)/TT

DELMW=WMASS (2)-lWM

DELMWH=WNMASS (2) -HWM

HTMASS(2)=HMASS(2) +HHWMASS(2)

DELMAS=HTMASS (2)-HTHMARSS(1)

132



805.
806.
807.
808.
808.
810.
811.
8l1a.
813.
814.
815.
816.
8lv.
818.
819.
820.
8al.

8ea.
823.
824.

825.
826.
827,
828.
ges.
830.

831.

832.
833.
834.

835.
836.
837.
838.
833.
840.

841.

842.
843.
844.
845.
846.
847.
848.
848.
850.
851.
852.
853.
854.

007162B
007163B
0071648
007165B
007167B
007170B
007172B
007174B
007177B
0072028
0072058
007211B
0072148
007215B
0072178
0072218
0072268

007231B

0072368

007236B

007241B
007241B
007245B
0072508
007251B
007254B

007272B

007272B
007277B
0072778

0073028
0073028
007306B
00v311B
007312B
007315B

007334B

007334B
007341B
007341B
007342B
007343B
007343B
0073468
007347B
00v351B
0073518
007355B
007360B
007360B

C +++
C STA

8060

617
C++++

C STA
8070

6617
CH++++

C STA
8080

632
633

MMASS=MMASS+DEL.MAS

XH(2)=HMASS (2) /MMASS

XHW(2)=HHUMASS (2) /MMASS

XU(2)=UMASS (2) MMASS

XA=AMASS  MMASS

XCH4=CHMASS/MMASS

KG=KA+XU(2)+XCHY

DEL VUM=RHOG (2) /RHOW=DELMAS

AMASS=AMASS-DELUUM= (AMASS/GMASS (2))

UMASS (2)=UMASS(2)-DELUUM=* (UMASS(2) /GMASS(2))
CHMASS=CHMASS-DELUUM: (CHMARSS-/GMASS(2))

MMASS= QMQSS+UMQSS(2)+CHNR:S+NTMQSS(E)

WS (2)=UMASS (2) 7MMASS

WCENT=WCENT+DELMW

WHCENT=UUCENT+DELMWU

IF (WMASS(2).LT.1.0E-6) DAVE(N)=0.0

IF (WMASS(2) .LT.1.0E-6) DDAVE(N)=0.0
FHE R R R R R R b
TOR IMPINGEMENT(SMALL BROPLET)

IF(IPRINT.EQ.2) WRITE(6,8080)

FORMAT(1HOs# STATOR IMPINGEMENT (SMALL DROPLET)#) -

CALL WICISS(ISTAGEsRADIZ2(ISTACGE)s XH(2)s XG» RHOG(2)» ALFA2, U2y
SHWL s HW2y HWD

AMIMPS=WW

IF(AMIMPS,.GT.WMASS(2)) AMIMPS=WMASS(2)

IF(AMIMPS.LT.0.0) AMIMPS=0.0

AMREBS=AMIMPS=FPREB-/100.0

AMWAKS=AMIMFS#(1.0-PREB/100,0)

IFC(IPRINT.EQ.2) WRITE(Es617) XW(2)sXG»RHOG(2) U2y WH» AMIMPS, AMRE
$BSs AMWAKS

FORMAT(1H »8(F12.5,1X))
e R E L EnE S B s s S SRS R
TOR IMPINGEMENT(LARGE DROPLET)

IF(IPRINT.EQ.2) WRITE(6,8070)

FORMAT(1HO, # STATOR IMPINGEMENT (LARGE DROPLET3}#) .

CALL WICISL(ISTAGE,RADIZ2(ISTAGE) s XWH(2), XG» RHDG(2)s ALFAZ, U2y W1
$s WH2y HHD

BMIMPS=WH

IF(BMIMPS.LT.0.0) BMIMPS=0.0

IF(BMIMPS.GT.HHMASS(2) ) BMIMPS=HWMASS(2)
BMREBS=BMIMPS*PREB~100.0

BMWAKS=BMIMPS#*(1.0-PREB-100.0)

IF(IPRINT.EQ.2) WRITE(B,B6G17) XWW(2)s XAs RHOA(2)» U2y WHs BMIMPS, BM
$REBS» BMWAKS

FORMAT(1IH »,8(F12.5,1X))
e T SR R R e ey
TOR HAKE

IF(IPRINT.EQ.2) WRITE(6,8080)

FORMAT(1HO, # STATOR WAKE)

N=N+1

ALFA=ALFA3

DHAKEM=0.0

IF (AMWAKS.GT.0.0) GO TO B32

GO 70 B33

CALL WICHAK(RHOG(2), U3, DWAKEs DHAKEM)

D1=DHAKEM

IF(D1.LT.0.0) D1=0.0

IF(D1.GT.DIN) D1=DIN

AMING1=AMWAKS

ALFA=ALFAN3

133



855,
856.
857.
858.
853.
8690.
g861.
862.
863.
864.
863.
866.
g67.
868.
853.
870.
871.
gve.
873.
874.
875.
8r6.
8r7v.
878.

878..

880.
88l.
g88a2.
883.
884.
885.
8866.

887 .

888.
889.
830.
891.
8s2.
893.
834.
885.
896.
839r.
898.
899.
3900.
3901.
g0e.
903.
804.
S05S.
906.
307.

908.
9083.
810.
S11.
a1a.

007362B
007363B
0073648
007367B
007370B
0073728
00737¢cB
007376B
007401B
007403B
007404B
007406B
007407B
007411B
007411B
007414B
007414B
007420B
007423B
007425B
0074268
007431B
007433B
007436B
0074408

0074428
007442B
007444B
007447B
007451B
0074528
8074538
007457B
0074608
00r461B
007462B
007464B
0074668
0074678
007470B
007472B
007474B
007475SB
0075008
007500B
0075028
007503B
007510B
007513B
007517B
007522B
007522B
0075248

007544B

007544B ~

007555B
007555B
00rS61B

6330
6331

6332
6333

SDELU1=BELUU2

DUAKEM=0.0

IF(EMHAKS.CGT.0.0) GO TO 6330

GO TO 6331

cALL NICNQK(RHOG(E),SDELUI,DNQKE,DNHKEH)
D2=DLAKEM

IF(D2.LT.0.0) D2=0.0

IF(D2.GT.DDIN} D2=DDIN
SUP2=(380.0-ALFA3)-180.0
AMING2=BMWAKS=SUP2

SDELVU2=DELUL2

DHAKEM=0.0

IF(EMWAKS.GT.0.0) GO TO 6332

GO TO 6333

CALL WICWAK(RHOG(2)sSDELU2, DWAKE, DHAKEM).
D3=DWARKEM

IF(D3.LT.0.0) D3=0.0

IF¢D3.GT.DDIN) D3=DDBIN
SLOW2=(90.0+ALFA3)/180.0
AMING3=BMWAKS=SLOW2

© WMASSS=HMASS (2)-AMHAKS

6139
620

WMASSL =HHMASS (2)~BMHAKS

IF(KWMASSS.LT.0.0) WMASSS=0.0

IF(WMASSL.LT.0.0) WMASSL=0.0

CALL WICSIZ(WMASSLsHMASSSs AMINGL s AMING2s AMING3s DBAUE(2) s BAVE(

$2),D1,D2, D3, DLIMIT, AMSLL » AMLGE» DSLL, DLGE)

HWHMASS (3)=AMLGE

WMASS (3)=AMSLL

IF (WMASS(3).LT.0.0) WMASS(3)=0.0

IF (WHMASS(3) .LT.0.0) WWMASS(3)=0.0

HTMASS (3)=HIHMASS(2) +HWMAS5(2)

UMASS (3)=UMASS(2)
MMASS=AMASS+CHMASS+UMASS(3) +HTMASS(3)
TMASS (3)=MMASS
GMASS(3)=TMASS(3)-HTMASS(3)

DAVE(N)=DSLL

DDAVE (N}=DLGE

XH(3)=HIMASS(3) /MMASS
XHH(3)=HWMASS (3) 7MMASS

XHT(33=HTMASS (3)/MMASS

XU(3)=XU(2)

XA=AMASS/MMASS

XCH4=CHMASS/MMASS

RG=XA+XU(3) +XCH4

XAIR(3)=XA

XMETAN(3)=XCH4

XGAS(3)=XE6

IFC(WMASSO.LT.1.0E-B3 HWMASSO=WMASS(3)
IFCWHMASO.LT. 1.0E-6) WHMASO=WWMASS(3)

IF (HTMASS(3).CGT.0.0) RW=WMASS(3)/WHTMASS(3)
IF(HTMASS(33.CT.0.0) RUN=WWIMASS(3)1/UTMASS(3)
TG(3)=TG(2) :

TH(3)=TH(2)

IFC(IPRINT.EGQ.2) WRITE(6,619) RHOA(2),YZ,ALFA, D1, D2, HHMASS(3)

$5 HMASS (33, UMASS(3)» KH(3) 5 XU(I)

FORMAT(1H »10(F12.5,1X))

IF(IPRINT.EQ.2) HWRITE(6,E20) DQUE(H)'TG(3)-TH(3)
FORMAT(1H »3(F12.551X))

IF (WHMASS(2).6T7.0.0.AND.HHMASS(2).GT.0.0) GO TO 951
IF(HMASS(2).G6T7.0.0) GO TC 3851

134



913. 007563B IF (WWMASS(2) .6GT.0.0) GO TO 951

914. 07565B HS(3)=HS(2)

915. 07565B TB(3)=TB(2)

g16. 0075678 TDEW(3)=TDEW(2)

alv. 007570B DELTG2=0.0

gis. 007571B DELTG3=0.0

918.  007572B DELTW2=0.0

ga0. 007573B TRATIO=TG(3),TG(1)

3821, 007574B DAUE(N)=0.0

922, 007575B RHOA(3)=P(3)/RA/TG(3)

923. 007600B CALL WICPRP(XAsXU(3), XCH4;TG(3),RMIXyCPMIXoGHMNQ,Gl G2»G3)

S24. 007603B RHOG(3)=P(3)/RMIX/TG(3)

925, 007605B IF (JPERFM.NE.3) BMASS=MMASS

926. 007611B IF (JPERFM.ERQ.3) BMASS=GMARSS(3)

ger. 00v614B CALL WICMAC(ISTAGE,s BMASS, TG(3), P(3),M,UZ,C’XNT(S);HLF93,
$RMIXs CPMIX, AAR3)

928, 007616B RHOG (3)=(1.0+G2#M%%2) #2G3%RHOG(3)

928. 0076248 RHOM(3)=1.0/((1.0-XWT(3))/RHOG(3)+XWT (3)/RHOW)

930. 0076318 RHOA(3)=(1,0+CG2*Mx#2)##G3*RHOA(I)

931. 0076408 GO TO 950

832. 007640B 3851 CONTINUE

833. ~ 00r642B WTMASS (3)=HMASS (3) +WHMASS(3)

CHtttttttttttttttbbtttbrttttbtttittttrttttttttttbtttttrtrttb bbbttt bt
C HEAT-TRANSFER (SMALL DROPLET)

934. 007643B IF(IPRINT.EQ.2) WRITE(B,8120)
935. 007651B 8120 FORMAT(1HO,# KEAT TRANSFER#)
S36. ~ 007ES1B DELTGH=0.0
837. 007651B DELTHWH=0.0
938, 007651B IF(ICENT.EQ.3.0R.ICENT.EQ.5) GO 70 8122
838. 007655B IF(DBAVE(N-2).GT.0.0.AND.DAVE(N).GT.0.0) GO TO 8121
840. 007662B GO TO 8122
941. 007662B 8121 RE=0.0
342. 007663B XY1=(XU(1)+XU(3))/2.0
943. 0076668 XH1=(XW(1)+XH(3)) 2.0
944, 007671B WMASS1=C(HMASS (1 )+WMASS(3))-2.0
945. 007674B UMASS1=(UMASS(1)+UMnRSS(3))/2.0 . ‘
946. 00v677B CPG1=XAsNICCPA(TG(1))+XU(1)*WICCPH(TG(1) )+XCH4*WICCPC(TG(1))
947. 007712B CPG3=XA=WICCPA(TG(3)>+XVU(3)={ICCPH(TG(3) )+XCH4*NICCPC(TG(3))
948. 0077258 CPG=(CPG1+CPG3) 2.0
9483. 00v730B CALL WICHET(TGC(1)»TG(3)s TH(1)s TW(3)» DBAUE(N-2)» DAVE(N)
$s DELZCISTAGE) » UZ5 HMASS1,5 UMASS1, AMASSs CHMASSs CPGs CPWs DELTGH
: $» DELTWH, RE)
950. 007737B 8122 DELTG2=DELTGH
851. 0077378 DELTW2=DEL TWH

C +++++++tttttdtttttttrttittttttttbtbtbttttt bbbttt bttt bt bbbt bbb+
C HEAT TRANSFER(LARGE DROPLET)

852, 007741B DELTGH=0.0

953. 007742B DELTHH=0.0

954. 00rv42B IF(IICENT.EQ.3.0R.IICENT.EQ.S5) GO TO 8124

855. 007745B IF (DDAVE(N-2).GT.0.0.AND.DAVE(N).GT.0.0) GO TO 8123

956. 007753B GO TO 8124

g57. 007753B 8123 RE=0.0

958. 007754B IF(DDAVE(N-1).GT.0.0) RE=REAUVE

958. 007761B XUL=(XU(1)+XU(3)) 2.0 -

8960. 007763B XH1=(XHWW (1) +XKW(3))72.0 -

g6l. 0077668 HWMASS 1= (WHWMASS (1) +HIMASS(3) ) 72.0

362. 007771B UMASS1=(UMASS(1)+UMARSS(3))/2.0

3863. 007774B CPG1=XA=WICCPA(TG(1))+XU(1)*HICCPH(TG(1))+XCH4*WICCPC(TG(1))
964. -+ 010007B CPG3=XAsWICCPA(TG(1))+XU(3)*HICCPH(TG(3) )+XCH4*WICCPC(TG(3))
865. 010022B CPG=(CPG1+CPG3) /2.0
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966.

S67.
968.
968.
970.
97l.
gre.
973.

gra.

975.
gr6.
gr7.
978.
878.
980.
g81.
982.
983.
984.
985.
986.

987.
588.
988.
930.
931.
9s2.
9383.
S94.
9ss.
936.
897.
3958.
89s.

1000.
1001.
1002.
1003.
1004.
1005.
1006.
1007.
1008.
1008.
1010.
1011.
1012.
1013.
1014.
1015.
-1016.

010025B

010034B
010034B
010036B
010042B
010045B
010047B
010051B

0100678

010067B
010074B
010074B
010075E

010076B-

010100B
010101B
010102B
010106B
010111B
010116E
0101168

' 010121R

0101218
0101258
010126EB
0101278
010131R
0101328
010133B
0101378
0101428
010151B
0101548
0101548

0101578
0101578
010163B
010164B
01016EB
0i10172B
010175SB
010177EB
010201B
0102028
0102058
0102108

010211B.

0102128
010213B
0102148

0102168 -

CALL NICHET(TG(l),TG(3),TNN(1):TNN(3);DDRUE(N-E).DDHUE(N)
$» DELZCISTAGE), UZ, WMASS1, UMASS 1, AMASS» CHMASSs CPGy CPWs DELTGH
$s DELTWHs RE)

8124 DELTG3=DELTGH

DELTW3=DELTWH

TG(3)=TG(1)+DELTG1-BELTC2-DELTG3

TH(3)=TH(1)+DELTW1+DELTHZ

THH(3)=THH(1)+DELTW3

TRATIO=TG(3)/TG(1)

IF(IPRINT.EQ.2) WRITE(Bs627) DELTGE;DELTNE,DELTG3,DELTNB,TG(3)9
$TH(3), THH(3), TRATIO

627 FORMAT(1H ,8(F15.6,1X))
o S m R L S R S R aaaaE

C MASS-TRANSFER

8130

IF(IPRINT.EQ.2) WRITE(6,8130)

FORMAT (1HO, # MASS TRANSFER=)
DAVENZ=DAUE (N-2)

DAVEN=DAVE (N)

DZ=DELZ(ISTAGE)

RE=0.0

DMDTAU=0.0
IF(ICENT.EQ.3.0R.ICENT.EQ.5) GO TO 637
IF(ICENT.EQ.6.0R. ICENT.EB.7) GO TO 837
IF(BAVE(N-2).GT.0.0.AND.BDAVE(N) .GT.0.0) GO TO 636
GO TO 637

636 CALL WICMAS(WS(1), TH(1)» TH(3),P(1)sP(3),TG(1),TG(3),D2Zs PHBl, PUB2

$5 PH1, P25, UZ, BAUEN2, DAVEN, HW2, UMASS (1), UMASS2, WMASS (1) » HMASS2,
$DMDTAVs AMASS, RE)

637 DMDTAL1=DMDTAUV

6360

6370

IF(DMDTAL.LT.0.0) DMDTA1=0.0

DARUEN2=DDAVE (N-2)

DAVEN=DDAVE (N)

DZ=DELZ(ISTAGE)

RE=0.0

DMDTAU=0.0

IF(IICENT.EQ.3.0R.IICENT.EG.5) GO TO 6370
IF(IICENT.EQ.6.0R.IICENT.EQ.7) GO TO 6370

IF (DDAVE(N-1).GT.0.0.AND.DDAVE(N).GT.0.0) RE=REAUE
IF (DDAVE(N-2).GT.0.0.AND.DDAVE(N}.GT.0.0) GO TO 6360
GO TO 6376

CALL WICMASCWS(1)s THUC(1)» THW(3),P(1),P(3),TG(1), TG(3),»DZs PHBLs PUB2
$s PW1, PH2s UZ, DAUENZ2, DAVENs HW2, UMASS (1) 5 UMASS2, HHMASS (1) s HMASSZ,
$DMDTAV, AMASS, RE)

DMDTAZ2=DMDTAV

IF(DMDTAZ2.LT.0.0) DMDTA2=0.0
HWMASS(3)=HMASES(3)-DMDTAL

WWMASS (3) =WWMASS (3)-BMDTAZ2
WMASTL=HMASTL-(DMDTA1+DMDTA2) =*AARREAS (ISTAGE ) 7AAR2
IF(WMASTL.LT.0.0) WMASTL=0.0

IF(WMASS(3).LT.0.0) WMARSS(3)=0.0

IF QMASS(3) . LT. 0.0 WHMASS(3)=0.0

WTMASS (3)=HMASS(3) +WHWMASS (3)
UMASS(3)=UMASS(3)+BMDTAL+DMDTA2
MMASS=AMASS+CHMASS+UMASS (3)+HTMASS(3)

TMASS (3)=MMASS

GMASS(3)=TMASS(3)-HTMASS(3)

XH(31=WMASS(3)/MMASS

XHW(3)=HHMASS(3) /MMASS

. XHT(3)=HTMASS(3) /MMASS

XU(3)=UMASS(3)/MMASS
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1017.
1018.
1018.
1020.
i02l.
1022.
1023.
1024.
1025.
10e6.
1027.
'1028.
1029.
1030.
1031.
1032.

1033.
1034.
1035.
1036.
1037.

1038.
1039.

1040.
1041.
1042.
1043.
1044.
1045,
1046.
1047.

1048.
1048.
1050.

. 1051.
1052.
1053.
1054.
1055.
1056.
1057.
1058.
10583.

1060.
10861.
1062.
1063.

1084.
1065.

010217B
016221B
010222B
0102258
010225B
010227B
010230B
010232B
0102368
010241B
010243B
010245B
0102508
010252B
010256B
010261B

010263B
010271B

0102768

010305B
010310B

010331B
010331B

0103468
010346B
0103468
010350B
010353B
0103548
0103568
010357B

0103628
0103648
0103veB

010372B
010372B
010373B
010375B
010400B
010402B

,010410B

010413B
010420B

010420B
010427B
010427B
010432B

010432B
010435B

®A=AMASS/MMASS
XCH4=CHMASS/MMASS
XG=XA+XU(3)+XCH4
XAIR(3)=XA
XMETAN(3)=XCH4
XGAS(3)=XG ’
WS (3)=UMASS(3) 7AMASS
PH=WS(3)#P(3)/(HS(3)+0.6219)
IF(PW.LT.1.0E-8) PW=1.0E-8.
TDEH(3)=HICBPT(TG(3),PU)
RHOA(3)=P(3)/7RA/TG(3)
CALL WICPRP(XAs ¥U(3),XCH4, TG(3), RMIX, CPMIX,» GAMMA>G1, G2» G3)
RHOCG(3)=P(3)/RMIX/TG(3)
IF (JPERFM.NE.3) BMASS=MMASS
IF (JPERFM.EQ.2) BMASS=GMASS(3)
CALL WICHACC(ISTAGE, BMASS, TG(3),P(3)sMsUZ,Cr XHT(3)s ALFAS3,
$RMIX, CPMIX, ARAZ)
RHOG(3)=(1. 0+GE»M*=E)“*GJ*RHUG(3)
RHOM(3)=1,0-((1,0-XNT(3)I/RHOG(3)+XWHT(3) /RHOW)
RHOA(3)=(1,0+G2xMxx2)#xC3%RHOC(3)
TB(3)=WICBPT(TG(3),P(3))
IF(IPRINT.EQ.2) WRITE(6,624) WHWMASS(3)s XWH(3)» DDAVE(N) » HMASS(3),
SUMRSS(3) 9 XW(37XU(3I s HS(3)» DAVE ()
624 FORMAT(1IH »,9(F12.5,1X))
IFCIPRINT.EQ.2) WRITE(6,625) RHOA(3),RHOM(3), RHOG(3), DMDTAL, DMD
$TAZ, PH2, TH(3), TG(3)
625 FORMAT(1H ,8(F12.551X))
850 DELTCGW=DELTG1
DEL TBH=DELTWH1
DELTGH=-DELTG=—-DELTG3
DELTDH=BELTH2
DELP=P(3)-P(1)
GAMMAO=GAMMA
TB(3)=WICBPT(TG(3)sP(3))
C++++++++-L++++++++++++++++w—+++++++++++++++++++++++++++++++++++++++++++++
C OUTPUT(STAGE FERFORMANCE)
IF(IDESIN.EQ.2) GO TO 475
WRITE(G,400) FAIOs ISTAGE ]
400 FORMATCLIHL, 1 Xy &ttt et xnsten £, 1X,
#INITIAL FLOW COEFFICIENT=#, 1X»F5.3y 1Xs Z(ISTAGE= #, 12, 1X,
B2 Y5t s Ry FIEIE 56 I3 203 5E R WA U WX )
475 CONTINUE
PRATIO=P(3)/P(1)
TRATIOD=TG(3)/TG(1)
GAMMAU=(GAMMAS+GAMMAD) #2.0
G4=(GAMMAU~1.0) /GAMMRU
ETRACISTAGE)=(PRATIO*#G4-1.0)/(TRATIO~-1.0)
IF(IDESIN.EQ.2) GO TO 470
WRITE(B6,402) JPERFM
402 FORMAT(1HO, SX5 #STAGE PERFORMQNCE AFTER INTER-STAGE ADJUSTMENT#,
$£(JPERFM=%, 11, #)#)
WRITE(E,401) PRATIOs TRATIO,ETARACISTAGE)
401 FORMAT(1HO,SX, #STAGE TOTAL PRESSURE RATIO=#,F12.5s/5 .
$6Ks *STAGE TOTAL TEMPERATURE RATIO=#,F12.5,7, .
$6X%s #STAGE ADIABATIC EFFICIENCY=#,F12.5)
WRITE(E,4025)
4025 FORMAT(1HO, 12X, =##STAGE INLET=::,4X, ##xSTAGE OQUTLET:xZ,
$4X, ##2STAGE OUTLET#:#)
WRITE(6s4026) :
4026 FORMAT(1H ,33X,=(BEFORE INTER-,6Xs=#(AFTER INTER-#)
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1068. 0104358 HWRITE(B,»4027)
1067. 010440B 4027 FORMAT(1H , 34X, #STAGE ADJUST~=, X, *STAGE ADJUST-#)

1068. 010440B HWRITE(6,4028)

1068. 010443B 4028 FORMAT(1H » 34X, #MENT )=, 15X, =MENT)#)
1070. 010443B WRITE(B,405) XU(1), XU(1)s XU(3)
1071. 010451B 403 FORMATC(1H »5X, #XU=#,3(F15.5,5X))
1072, 010451B WRITE(B,406) XW(1)s XH(1) » XH(3) -

1073. 0104578 408 FORMATC(1H ,5X, #XW=7,3(F15.5,5X))
1074. 010457B ~ HRITE(B,4060) XHW(L1)s XHH(1), KHH(3)
1075. 010465B 4060 FORMAT(1H »5X, #XHW==, 3(F15.5,5X))

1076. 010465B HRITE(B,4081) XHTC(1),XHT(1),XWT(3)
1077v. 010473B 4061 FORMAT(1H ,SX,#XHT=#»3(F15.55,5X))
1078. 010473B WRITE(B,4062) XAIR(1),XAIR(1),XAIR(3)
1073. 0105018 4062 FORMAT(IH ,SX,#®AIR=#,3(F15.5,5X))
1080. 0105018 HRITE(B,4063) XMETAN(1) s XMETAN(1), XMETAN(3)
1081. 010507B . 4083 FORMAT(1H , SX, #ZXMETAN=#, 3(F15.5,5X))
108e. 0105078 HWRITE(B,4064) XGAS(1),XGAS(1)s XGCAS(3)
1083. 010515B 4084 FORMAT(1H ,5X, #XGASs 3(F15.5,5X))
1084. 010515B HRITE(B»407) WMASS(1), WMARSS(1) » WMASS(3)
1085. 010523B- 407 FORMATC(1H ,SX, #WMASS=#, 3(F15.5,5X))
1086. 010523B HWRITE(B,4070) WHMASS(1), HHWMASS(1), HWMASS(3)
1087. 010S31B 4070 FORMAT(1H ,5X, #HIMASS=#, 3(F15.5,5X)) |
1088. 010531B HRITE(Bs4071) WTMASS(1)s HTMASS(1), HTMASS(3)
1088S. 010537B 4071 FORMAT(1H ,5X,#WUTMASS=#, 3(F15.5,3X))
1080. 010537B HWRITE(E,4072) AMASSs AMASSs AMASS
1091. 010545B 4072 FORMAT(1H »SX, #AMAS5=#, 3(F15.5,5X))
1082. 010545B HWRITE(6,4073) CHMASS, CHMASSs CHMASS
1083. 010553B 4073 FORMAT(1H ,SX, #CHMASS=#, 3(F15.5,5X))
1094. 0165338 WRITE(B,408) UMASS(1) » UMAS5(1) » UMASS(3)
1085. 010561B 408 FORMATC(1H ,5X, #UMASS=#, 3(F15.5,5X))
10s6. 010561B WRITE(6,4080) GMASS(1),GMASS(1),GMASS(3)
1097. 010567B 4080 FORMAT(1H ,5X,#CMASS=#, 3(F15.5,5%))
1098. 0105678 WRITE(B,4081) TMASS(1),TMASS(1), TMASS(3)
10S83. 010575B 4081 FORMAT(1H ,5X,=#TMASS=#, 3(F15.5s5X))
1100. 0105758 HRITE(B»409) WS(1) » WS(1) , HS(3)
1101. 010503B 409 FORMATC(LH ,5X,#W5=#,3(F15.5,5X))
1102. 010603B WRITE(B»410) RHOA(1) » RROA(2) » RHOAR(3)
1103. 010511B 410 FORMAT(1H ,5X, #RHOA=#,3(F15.5,5X))
1104. 010611B HRITE(B,»411) RHOM(1), RHOM(2),RHOM(3)
- 1105. 010617B 411 FORMATC(IH ,SX,s#RHOM=, 3(F15.5,5X))
1106. 010617B WRITE(B,412) RHOG(1),RHOG(2),RH0G(3)
1107. 0106258 412 FORMATC(1H ,5X, #RHOG=# 3(F15.5,5X))
1108. 0106258B. HRITE(B»413) TG(1),TG(2)sTG(3)
1108. 010633B 413 FORMATC(1H +5X, #TG=# 3(F15.5,5X))
1110. 010633B HRITE(B,414) TH(1),TH(2), TH(I)
1113, 010641B 414 FORMAT(1H 55X, #TH=#,3(F15.5,5X))
1112, 010641B HRITE(E,4140) THW(1)s THH(2)s THH(3)
1113. 010647B 4140 FORMAT(1H »SX,=#THH=» 3(F15.5,5X))
1114. 0106478 HRITE(B,415) P(1),P(2),P(3)
1115, 010655B 415 FORMATC(1H »5X, #P=#s3(F15.5,5X))
1116. 010655B HRITE(6,4186) TB(1),TB(2), TB(3)
1117, 0106563B 416 FORIMAT(1H ,SX, #TB=#» 3(F15.5,5X))
1118. 010663B HWRITE(6,422) TDEW(1), TDEK(2), TDEH(3)

1119. 010671B 422 FORMAT(1H ,5X, #TDEH=#, 3(F15.5,5X))
1120. 010671B 470 CONTINUE '

1121. 010671B IF(IDESIN.EQ.2.AND.ISTAGE.EQ.1) WRITE(B,474)
T 11e2. 0107v00B 474 FORMAT (1H1,# sssssssxsnsxsesss STAGE PERFORMANCE st#iissexitsansienn)
1123. 0107v00B IF(IDESIN.EQ.2.AND.ISTAGE.EQ.1) WRITE(6,471)

1124. 010707B 471 FORMAT(1HOs 1X, 2FARIO, 2Xs =STAGE=, 2X» #PRAT IO, 1X, #TRATIOZ,
$3Ks FETAH, 5X s ZXUZ s 5Ky ZXW=y SXy ZXHHF» 4K ZXUT s 4Xs #TG#s 5Ky #THH)
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1125. 010707B IF(IDESIN.EQ.2) WRITE(B,472) FAIOQ, ISTAGEs PRATIO, TRATIO,
SETARCISTAGE) s XU(1) s XW( 1) XUWC1) s XWT (1) TG(1) TH( L)
1126. 010730B 472 FORMATC(IHO,FB.3+s2Xs 12y 3% PF7.452XsF7.2:2%X,F7.2)
(B0 R L R N R N e aaacs s SRR R SRS

C REPEAT
1127. 0107308 IF(NSF.EQ.0) CO TO 457
11e8. 010731B IF(ISTAGE.EQ.NSF) TO2FAN=TG(3)
1128. 0107358 IFCISTAGE.EQ.NSF)  PO2FAN=P(3)
1130. 010740B IFC(ISTAGE.EQ.NSF) TOILPC=TO2FAN
1131, 010743B IF(ISTAGE.EQ.NSF) POLLPC=PO2FAN
1132, 0107468 NSFLPC=NSF+NSLPC
1133. 0107468 IFCISTACE.EQ.NSFLPC) TO2LPC=TG(3)
1134, 0107528 IFC(ISTAGE.EQ.NSFLPC) P02LPC=P(3)
1135, 0107558 IFC(ISTAGE.EQ.NSFLPC) TO1HPC=T02LPC
1136. 01C7G0B IF (ISTAGE.EQ.NSFLPC) PO!HPC=P02LPC
1137. 010763B IFCISTAGE.EQ.NS) TO2HPC=TG(3)
1138. 010767B IFC(ISTAGE.EQ.NS) PO2HPC=P(3)
11383. 010772B 457 CONTINUE '
1140. 010772B IF(ISTAGE.EQ.NS) GO TGO 302
1141. 010773B GO TO 300
1142. 010774B 802 OQUALPR=P(3)-0P01
1143. 0107768 CUALTR=TG(3)-0T01G
1144. 011000B GAMMAU=(GAMMAT+GAMMAD) /2.0
1145. 011003B : G4=(GAMMAU~-1, 0) /GAMMAY
1146. 011005B OUALEF =(DVALPRs3#G4~1.0)/(0UALTR-1,0)
1147. 011013B ODELTG=TG(3)-0TO01G
1148. 0110168 ODELTW=0.0
1143, 0110168 DELTWW=0.0
1150. 011017B DELMT=0.0
1151, 011020B DELMWT=0.0
1152, 011020B DELMG=0.0
1153. 011021B IF(XDIN.GT.0.0) ODELTH=TW(3)-0TO1D
1154, 011026B IF(XDDIN.GT.0.0) DELTHW=THW(3)~-0T01D
1155. 011032B - DELMT=(MMASS-TLMO) /TLMO
1156. 011033B IF(HTMO.GT.0.0) DELMWT=(WTMASS(3)-WTMO) 7KTMO
1157. 011041B DELMG=(GMASS(3)-GMO)/CMO
1158. 011042B IF(NSF.EQ.0) GO TO 458
1159. 011044B PRFAN=POZF AN/PO1FAN
1160. 011045B TRFAN=TOZ2FAN/TO1FAN
1161. 011047B PRLPC=P02LPC/FO01LPC
1162. 011051B TRLPC=TO0ZLPC/TOLLPC
1163. 011053B PRHPC=P02HPC/PO1HPC
1164. 011055B TRHPC=TO=HPC/TO1HPC
1165, 011057B PTREF=2116.80-50RT(518.7) .
1166. 011062B CMFAN=AMFAN:=SERT(TO1FAN) ~PO1FAN*PTREF
1167. 011067E CMLPC=AMLPC#SART(TOL1LPC)/POLLFC*PTREF
11€8. 011074B CMHPC=AMHPC*=SERT(TO1HPC) /PO1HPC*PTREF
11683. 011101B CMFANT=CMF AN=ARARLIT RRAIGU
1170. 0111048 CHMLPCT=CMLPC#AAARLT/ARAAIGY
1171, 011107B CMHPCT=CMHPC=AAAR 1 T/AARIGY
1172, 011110B EFFAN=(PRFAN##G4-1.0)/(TRFAN-1.0)
1173. 0111168 EFLPC=(PRLPC#%G4-1.0)/(TRLPC-1.0)
1174. 011124B EFHPC=(PRHPC#%G4-1.0)/(TRHPC-1.0)

117¢5. 011132B 458 CONTINUE :
C+++++t4++tttrtitbttrrtttttbrt bbbt dbrbrbbrbtdd bbbt dbtdtrt bt ttrtttrttt

C CUTPUT (QUERALL PERFORMANCE)

1176. 011134B IFC(IDESIN.NE.2) WRITE(B,421)
11ve. 011141B 421 FORMATC(LHLy #Zssaestsensns QUERALL PERFORMANCE  tesstseststst sty )
1178, 011141B IF(IDESIN.EQ.2) WRITE(E,473)

11739. 0111468 473 FORMAT (1H1s #ssesinnnennr QUERALL PERFORMANCE *st#itwsss)
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1180.
1181.
1182.
1183.

1184.
1185.

1186.
1187.
1188.
1188.
1190.
1191,
1192,
1193.
1184.
1195.
1185,
1187.
1188.
1198.
1200.
1201.
1202.
1203.
1204.
1205.
1206.
1207.
1208.
1209.
1210.
1211.
1212.
1213.
1214.
1215.
1216.
1217.
1218.
1219.
iea0.

011146B
011152B
0111528
011157B

0111578
011167B

011167B
011173B
011173B
0111778
011177B
011201B
011202B
011207B
011207B
011213B
011213B
011217B
011217B
011223B
011223B
011227B
0112278
011230B
011233B
011233B
011236B
011236B
011241B
011241B
011244B
011244B
011253B
011262B
011271B
01i271B
011271B
011271B
011271B
01i271B
011273B

000000B

000000B
000000B

HWRITE(B, 42203 FAIO
4220 FORMATC(1HO, 1X, “INITIAL FLOW COEFFICIENT=#,FS.3)
WRITE(6,423) CRPM, FNF
423 FORMAT(1HD, 1X, #CORRECTED SPEED=#,F7.1,5XsF5.3s 1%,
$#FRACTION OF DEIGN CORRECTED SPEED®)
WRITE (65 424)XDINs XDDINs» XHT0s RHUMIDs XCH4IN )
424 FORMAT(1HO, 1X, #INITIAL WATER CONTENT(SMALL DROPLET)=#,F5.3s/»
$2X, #INITIAL WATER CONTENT{(LARCE DROPLET)=#,FS.3s/»
$2X, ZINITIAL WATER CONTENT(TOTAL)=#,FS5.3s/,
$2X,#INITIAL RELATIVE HUMIDITY=#,FS5.1s1Xs#PER CENT#»/,
$2Xs #INITIAL METHANE CONTENT=#,F5.3)
WRITE(B,425) TOG
425 FORMAT(1hO, 1X, #COMPRESSOR INLET TOTAL TEMPERATURE=#,F8.2)
HWRITE(6E,426) PO
426 FORMAT(L1HOs 1X,COMPRESSOR INLET TOTAL PRESSURE=#,F8.2)
CCMASS=CMASS=ARARRLT/RAARICUY
C2MASS=CMASS2=AAARI T/ARARAIGV
WRITE(E,427) CCMASS
427 FORMAT(1HO, 1X, #CORRECTED MASS FLOW RATE OF MIXTURE=#,F7.3)
WRITE(6,428) C2MASS
-~ 428 FORMAT(1HO0, 1X, #CORRECTED MASS FLOW RATE OF GAS PHASE #,F7.3)
WRITE(6,423) OUALPR
429 FORMATC(1HO, 1X,=#0UVERALL TOTAL PRESSURE RATIO=#,F7.4)
WRITE(E6,430) QUALTR .
430 FORMAT(1HO, 1X, #OVERALL TOTAL TEMPERATURE RATIO=#,FG6.4)
HRITE(B,431) OBUALEF
431 FORMAT(1HO, 1X,=0VERALL ADIABATIC EFFICIENCY=#,F6.4)
IF(NSF.EQ.0) GO 70 453
HRITE (6 445)
445 FORMAT(1HQ, zexsunnsensse PERFORMANCE OF FAN, LPC,HPC ®#sxstsst®n)
HRITE(E»446) )
446 FORMAT(1HO, 7X, #GAS PHASE STAGNATION STAGNATION  ADIABATICH)
HRITE(By447)
447 FORMAT(1HO, 7X, *CORRECTED PRESSURE TEMPERATURE EFFICIENCY#)
HWRITE(6,448)
448 FORMAT (1HO, 7X» #MASS FLOW RATIO RATIO™)
WRITE(Bs442) CMFANT,PRFANs TRFAN, EFFAN
WRITE(6»443) CMLPCT,PRLPC, TRLPC,EFLPC
WRITE(Bs444) CMHPCT,PRHPC, TRHPC, EFHPC
442 FORMAT (1HO» 1R, #FAN#, 2X;4(F10.45,2X))
443 FORMAT (1HO0, 1X, #LPC#,2Xs4(F10.4,2X))
444 FORMATC(1HO, 1Xs #HPC#,2X,4(F10.4,2X))
4539 CONTINUE
GO TO S01%
9398 STOP
END
C ++++++++++++v+t bttt b+ bbb R

SUBROUTINE WICSPB(FAIO, ISTAGE, MMASS, ALFALs WKDONEs DAV, DELUs HMASs Ny
$OMECGA1, OMEGAZ, OMEGA3, OMECA4, BMZGAS, OMEGABs OMECGAT
$BETA1, BETA2,UZ, ALFA2: ALFA3, DELTG, DELTW, W1, W2, U1, U2, U3, AK1, AKZ,
$AK3) ’

REAL M, MMASS

COMMON JPERFM,RHOG(3), RERUP, RERLOW, RESUP, RESLOW
~y PREB,RRTIP(20),SRTIP(20),AAA1, ARAZs ARA3, SAREA(20)» SAREAS(20)
~sP(3)sTE(3)5XAs XU(3) 5 XCHG» XH(3) s XHW(3) s XHTC(3)s TH(3)» THW(3)
~s OMEGS(20), OMEGR (20, GAPR (20 » GAPS(20)
~»RRHUB(2G) , RC(20) » RBLADE(20) » STAGER(20)
~ySRHUB(20) , SC(20) » SBLADE(20),STAGES(20)

~»SIGUMR(20) », BET1SR(20) » BET2SR(20) » AINCSR(20) » ADEUSR(20)
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4.

6.
7.

10.
11,
12.
13.
14,
15.
16.
17.
18.
19.

20.
cl.
2.
23.
24.
25.
cb.
27,
28.
c3.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
a2,
43.

4a4.

as.
46,

000000B
000000B
00C030B
0000328
600033B
000035B
000036B
000041B
000041B
0000448
00004EB
000050B
000051B
00005EB
000063B
000066B

000073B
000073B
000074B
00C103B
000110B
000111B
000113B
000116B
000121B
0001248
000127B
0001278
000132B
000134B
000136B
000141B
00C142B
000143B
0001478
000156B
000165B
000171B
000173B
000174B

000217B

0002528
0002528

~ySIGUMS(26) , BET1S5(20) , BET2SS(29) , AINCSS(20) , ADEUSS(20)
~»UTIPG(20),UTIP(20),UTIPD(20),U0U(20),UMEAN(20), UHUB(20),U(20),FAI
~»AREA(20), ARERS (201, UU2(20), UTIPE(EO):UMEHHE(:O),UHUBE(EO)yIPPINT
~» ICENT, TICENT,FMR1(20),FHA2(20), IDESIN,FAID

~3»NS» NSF» NSLPC, BYPASSs NS1,RT(20), RM(20)sRH(20), ST (20, SM(20), SH(20)
~, DSMASS,s ARREA (20) s ARREARS(20), PR12D(203, PR13D(20), ETARD(20)

~, DR(20),DS(20), DEGR(20), DERS(20), BLOCK(20), BLOCKS(20)

~, BETIMR(20), BET2MR(20), BET1MS(20), BET2MS(20), RADI1(20)» RADI2(20)
~, FRIRIN(20),FRICUT (203, ETASG(20),PSID(20), TAUD(20), SITARDR(20)

~s SITADS(20) > WD (20),UUD(20)

DIMENSION RHOM(3),ETAAC20)

AJ=778.26

PAI=3.1415926

CPW=1.0

RHOW=62.3

GC=32.174

CALL WICPRP(XA,XU(1),XCH4, TG(1),RMIXsCPMIX,s GAMMA, G1,G2s G3)

GAMMAL=GAMMA

RHOG(1)=P(1)/RMIX/TG(1)

BMASS=MMASS

ARAC=AREAS (ISTAGE)

ARAS=AREA(ISTAGE+1)

IF (NSF.NE.0.AND. ISTAGE.EQ.NSF) ARA3=ARAZ

IF(NSF.NE.O.AND. ISTAGE.EQ. (NSF+NSLPC)) AAAR3=ARA2

IF(ISTACGE.EQ.NS) RAR3=AARZ2

CALL WICMAC(ISTAGE,BMASS, TG(1),P(1)5MsUZ,Cr XWT(1)sALFALS
$RMIX, CPMIXs AAALD

ASPEED=C

ASPED1=ASPEED

RHOG(1)=(1.,0+G2=M #»2)#=xG3*RHOG(1)

RHGM(1)=1.0/((1.0-XKWT(1))/RHOG(1)+XWT(1)/RHON)

Uz1=uz

FRI1=UZ1/UTIPG(ISTAGE)

ALFAIR = ALFAl = PAI ~ 180.0

Ul = U2 ~» COS ( ALFRIR )

US1 = Uz # TaN ( ALFALR )

WS1 = UCISTAGE)~- US1

T = WSl » V2

BETAIR = ATAN ( T)

BETA1 = BETAIR = 180.0 - PAI

TT = UZ =P + HS1 #22

Wl = SORT C TT )

AMACH1 = W1 ~ ASPEED

AMAC1=VU1/ASPEED

TS1=TG(1)/(1.0+GCa=ANACL %s:2)

PS1=(TG(1)/TS1)==(~GL)=P(1)

PREL1=(1.0+G2#AMACH1%#2)%=G1%PS]

TREL1=(1.0+G2=#AMACH1 #%2)#TS1

JJJ=1

2000 UZ2AS=UZ

CALL WICGSL (SIGUMR(ISTAGE), BET1SR(ISTAGE),» BET2SR(IST
$AGEY » AINCSR(ISTAGE ) s ABEVUSR (ISTAGE) » AMACHL» BETAL,
$PEGR(ISTAGE) s DEGN, SITADR(ISTAGE)»
$SITACN, BET2N, OMEGAN, FMR1 (ISTAGE ), AK1» AK2» AK3 UZ1s UZ2AS
$UCISTAGE)» RADI1 (ISTAGE) s RADIZ(ISTAGE))

IF(IPRINT.EQ.2) WRITE(G, 190) OMEGR(ISTAGE),»SIGUMR(ISTAGE),
$BET1SR(ISTAGE)» BET2SR(ISTAGE) » AINCSR(ISTAGE ) » ADEUSR(ISTAGE)
$AMACHL, BETAL, DEGR(ISTAGE) : DEGN, SITADR(ISTAGE) » SITACN, BET2N, OMEGAN

190 FORMATC(1HOs 1X, 14(F7.352X))

DEQRR=DEGN
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47.
48.
43,
50.

51,
S2.
S3.
54.

35..

56.
57,
S8.

58.
60.
61.
62.
63.
64.
65.
66.
67.
68.
68.
0.
71.
2.
73.
74.
7’3.
6.
‘7.
78.
79.
80.
81.
82.
83.
84.
8S.

86.

87.
88.
89.

0.

91.
s2.
93.
94.
85.
96.
9’.
g8.
99.
100.
101.
102.

000252B
0002548
000257B
000261B

000275B
000275B
000275B
000277B
000301B
000304B
000307B
000310B

000323B
0003238
000324B
0003258
000330B
000331B
000332B
0013358
000340B
0003428
000343B
0003468
000350B
000352B
0003558
000357B
0003628
000370B
000372B

000401B
000401B
000405B

000405B.

000410B
000412B
000413B

000414B-

000416B
000417B

0004208~

000421B
000422B

000426B-

000431B
0004348
000435B

0004368,

000437B
000440B
0004468

006450B-

000452B
000457B
0004658

SITACR=SITACN
AINCIR=BETAl-BETIMR(ISTACGE)

- ADEVIR=BET2N-BETZ2MR(ISTACE)

191

200

IF(IPRINT.EQ.2) WRITE(G,191) AINCIR,AINCSR(ISTAGE),ABEVIR,
$ADZUSR (ISTARGE)

FORMAT (1H0, 1Xs4(F7.3,2X))

OMEGA1=0MEGAN

BETR2=BET2N

BETARZR=BETAZ2*PAI/130.0

HWe=UzZ/COS(BETAZR)

UG=(H1+l2) /2.0

OMEGRP=0.0

IF(XH(1).GT.0.0)

$CQLL WICSDL (RCCISTAGE)» SIGUMR(ISTAGE), BETQI,BETQE,UGyRHUG(l)»

$HMAS» AAAL, UZ, CMEGAP)
OMEGAZ=0MEGAP

OMECAR3=0.0

DELP3=0.0

BETAZR = BETAZ # PAI - 180.0
JJ=1

UZAS=U2

HWS2 = UZ = TAN ( BETAZ2R )
use = UUE(ISTHGEJ - WS2
IF(US2.LT.0.0) GO TO 39389
TTT=US2,U2

ALFAZR = ATAN C TTT )

ALFA2 = ALFAZR # 180.0 -~ PAI
TTTT = U2 == 2 + HS2 #x 2
W2 = SORT ¢ TTTT )

TTTTIT = UZ =% 2 + USR == 2
U2 = SART ¢ TTTTT )
DELH=WKDONE = (UU2 (ISTAGE ) +US2-U(ISTAGE ) #US1)/GC/AJ
XG=1.0-XHT(1)

CALL WICIRS(ISTAGE,RRTIP(ISTAGE),»XW(1)sXG»RHOG(1)s BETAL, H1sWHLs

SHH2, WK
AMIMPR=WV!

IF (AMIMPR.GT.HMAS) AMIMPR=WMAS
PREB=50.0

AMREBR=AMIMPR=PREB~100. 0 :
AMWAKR=AMIMPR=(1.0-PREB/100.0)
AMNOIR=WMAS~AMIMPR
XWNOIR=AMNOIR/MMASS
XWREBR=AMREBR/MMASS
KHWAKR=AMWAKRMMASS

XW1=0.0

XW2=0.0

XH3=0.0

IF (MMAS.GT.0.0) XW1=AMNOIR/WMAS
IF (WMAS.GT.0.0) XW2=AMUAKR/WMAS
IF (WMAS.GT.0.0) XW3=AMREBR/WMAS
DELTG=DELH/CPMIX
DELTW1=DELH/CPU

DELTW2=DELH~CPW

DELTW3=0.0

- DEL TW=XMW3=DEL TW1+XW2#DEL THR2+XW3*DELTH3
TH(2)=TH(1)+DELTU
TG(2)=TG(1)+DELTG
TS2=TG(2)-U2=22/ (2. 0%CPMIX*GC*AL)
AG2=(GAMMA=RMIX=TS255C) #10.5
ASPEED=WICASD(XWT (1), RHOG(1),AG2)
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103. 000467B AMAC2=U2/ASPEED

104. 000470B AMACH2=WZ2/ASPEED
105. 000471B PP1=GAMMA*RMIX=TREL 1»GC
106. 000475B PP2=(UU2(ISTAGE ) /U(TISTARGE) )#=2~-1,0
107. 000501B . PP3=1.0+C2=U(ISTAGE ) ##2/PP1=PP2
108. 0005958 PP=PP3%x(G1
108. 000510B PRREL=PP-(OMEGA1+CMEGA2+OMEGA3)*(1,0-PS1/PREL1)
110. 000517B PR12=(TG(2)/TG(1))#x=G1=PRREL/PP
111, 000525B P(2)=PR12=P (1}
- 112. 000527B PS2=(1.0+G2#ANAC2**2) 2% (-G1)%P(2)
113. 000537B RHOG2=PS2/RMIX/TS2
114. 000542B RHOG (2)=RHOG2
(115, 0005428 RHOM2=1. 0/ (XG/RHOG2+XWT (1)/RHOW)
116. 000547B UZ=BMASS- RHOM2/AARA2
117. 000551B Uz2=yz
118. 000551B EPS=1.0E-4
118. 0005528 IF(JJ.EQ.2) GO TO 201
120. 0005558 IF(JJ.CT.2) GO TO 202
iel. 000557B X1=UZAS
122. 000560B Y1=Uz2
123. 0005618B uz=uze
124, 000562B JJ=JJ+1
125. 000564B GO TO 200
126. 0005658 201 X2=UZAS
127. 0005668 Ye=uze
128. 000570B UZ=WICNEW (X1, Y1, X2, Y2)
128.- 000573B IFC(IPRINT.EQ.2) WRITE(G,203) JJ»VUZ
130. 000603B 203 FORMAT(1H ,1X,T1,2X,rUZE—»,F10 )
131. 000603B o Jdd=dd+)
132, 0006504B IF(UZ.LT.0.0.0R.VUZ.GT.ASPEED) GO TQ 3893
133. 000610B GO TO 200
134. 000610B 202 IF(RBS((UZAS-UZ2)/UZARS).LT.EPS) GO TO 300
135, 000615B x1=Xe
136. 000615SB Yl=¥e
137. 0066178 x2=UZAS
138. 000620B ye=yze
138. 000622B UZ=HICNEW(RX1s Y1, X2s ¥Y2) .
140. 000624B IF(IPRINT.EQ.2) WRITE(6,204) JJ,UZ
141. 000634B 204 FORMAT(1HO, 1X,11,2%X,#UZ2=,F10.5)
142, 000634B JJ=JJ+1
143, 0006358 JIF(UZ,LT.0.0.CR.UZ.GT.ASPEED) GO TO 993
144, 0006418 IF(JJ.EQ.20) GO TO 300
145, 000642B GO TO 200
146. 000643B 300 UZ2CL=UZ
147, 000544B IF(JJJ.EQ.2) CO TO. 2010
148. 0006478 IF(JJJ.GT.2) GO TO 2020
149, 000651B xX1=UZ2AS
150, 0066528 Y¥Y1=U22CL
151. 000653B JJdJ=JJJ+1
152. = 000655B GO TO 2000
153. 000B855B 2010 XX2=UZ2AS
154. 000657B Yy2=UzaCL
155. 0006618 UZ=HICNEW(XX1, YY1y XX2y YY)
156. 000664B IF(IPRINT.EQ.2) HRITE(8,2030) JJJsUZ
157. 000674B 2030 FORMAT(1H ,1X,I2=UZ22=7,F10.5)
158, 000674B Jdd=JJJd+1
158. 000675B GO T0O 2000

160. 000675B 2020 IF (ABS((UZRAS-UZ2CL)I-UZ2AS).LT.EPS) GO TO 3000
161. 006702B XKX1=xXe2
162. 000702B Yyl=yye

143



163.
164.
165.
166.
167,
168.
168.
170.
171.
172,
173.
174.
17S.
ive.
irr.

178.
179.
180.
181.
182.
183.
184.

185..

186.
187.
188.
189.
190.
191.
192,
193.

184,
185,
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
2l1.
a2la.
213.
214.
21s.

0007048
0007058
0007078
000711B
000721B
000721B
0007228
000723E
0007248
0007248
0007268
0007353
0007378
0007408
0007458

0007658
00076358
0007E7B
000770B
000772B
0007748
000777B
001001B

001015B
001015B
001015B
001017B
001021B
001024B
001027B
001030B

0010433
001043B
001044B
001054B
00i0B3B
0010658
0010668
00107v4B

0011028

001104B
001104B
001106B
001116B
001121B
001121B
0011268
001130B
001130B
001132B
0011348
0011358
0011378

2040

3000

3001

XX2=Uz22Aas

Yye=UzzCL

UZ=HICNEH(XX1, YY1y X¥2s YY2)

IF(IPRINT.EQ.2) WRITE(G,2040) JJJ,VUZ
FORMATC(1H ,1X, I2,=UZ22=#,F10.5)

JJdd=dJdJ+1

IF(JJJ.EQ.20) GO TO 3000

GO TO 2000 ’

UzZe=uz2CL :

FAI2=UZ2-UTIPG(ISTAGE)

P(2)=(1.0+G2=AMAC2%*%2) #=G1%PS2

JJdJJ=1

UZ3R5=UZ

IF(ISTAGE.EQ.NS) RABI1(ISTAGE+1)=RADI2Z(ISTAGE)
CALL WICGSL(SIGUMS(ISTAGE), BET1SS(ISTAGE),
$BETZSS(ISTACE) s AINCSS(ISTAGE ) s ADEUSS(ISTAGE) » AMAC2s ALFAZ,
$DEQS(ISTAGE)» DEANs SITADS(ISTAGE) »
$SITACNs BET2N, OMEGAN, FMA2(ISTAGE) » AKL, AK2)y AK3»
$UZ2,U23RS55 0.0, RADI2(ISTAGE)» RADIL (ISTAGE+1))
ASPED2=ARSPEED

DEQSS=DEGN

SITPCS=SITACH

DEGT=DEQFR+DEGSS

SITACT=SITACR+SITACS
AINCIS=ALFA2-ELTIMS(ISTAGE)
ADEVIS=BET2N-BET2MS(ISTAGE)

IF(IPRINT.EQ.2) WRITE(6,302) AINCIS, HIHCSS(ISTRGE),QDEUIS,
$ADEYSS(ISTAGE)

302 FORMAT(1HO,1X,4(F7.3,2X))

CMECA4=0MEGAN
ALFA3=BET2N
ALFA3R=ALFA3*FAT/180.0
U3=UZ2-COS(ALFA3R)
G=(U2+U3)/2.0
OMECAP=0.0
IF(XW(1).GT.0.0)
$CALL WICSDL(SC(ISTAGE)s SIGUMS(ISTAGE) s ALFA2, ALFA3s UG, RHOG(2)
$5 WMAS» ARAZ, UZ, CMEGARP) :
OMEGAS=0MEGAP
OMECGAG=0.0
PR23=1.0- (OMECA4+0OMEGRS+OMEGAB ) #(1.0~-PS2/P(2))
PR13=(TG(2}/TG(1))*#:G1=PRREL*PR23/PP
P(33)=PR13%=P(1)
TG(3)=TG(2)
TS3=TG(3)-U3sx2/ (2. 0%CPMIX*GC*ARJ)
AG3=(GAMITA=RMIX#TS3=GL)*#0.5
ASPEED=WICASD(XWT (1),RHOG(2),»AG3)
ASPED3=ASPEED
AMAC3=U3-ASPEED
PS3=(1.0+G2=AMAC3=#2) #= (-G1)=P(3)
RHOG3=PS3/RMIX/TS3
RHOG (3)=RH0G3
RHOM3=1. 0/ (XG/RHOG3+XHT (1) /RHOW)
Uz= BﬂﬂSS/PhDM3/QHﬁB
UzZ3CL=UZ
IF(JJJJ.EQ.2) GO TO 3010
IF(JJJJ.GT.2) &0 TO 3020
XXX1=UZ23AS
YYY1=U2Z3CL
Jddd=ddJdi+1
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216.
217,
218.
218.
220.
221.
222,
223.
224,
223.
erb.
a27.
228,
ca29.
230.
231.
232.
233.
234.
235.
236.
237.
238.
238.
240.
e4l.
242,
243,
244,
243.
246.
247.
248.
243.
250.

251,
252.

253.
254.

255.
256.

257.

238.
258.
260.
261,
262.
263.
264,
265,
cEb.
267.
268.
263.

001140B
001141B
001142B

"001144B

001147B
001157B
001157¢B
001160B
001160B
001165B
0011658
001167B
001170B
001172B
0011748
001204B
001204B
0012058
001206B
0012078
001207B
001211B
001213B
001216B
001221B
001223B
0012258
001230B
001230B
001233B
0012358
001243B
0012548
001257B
001265B

001265B
001274B

001274B

. 001303B

001303B
001306B
001306B
001314B
001314B
001322B
0013228
001330B
0013308
0013368
001336B
0013448
001344B
001352B
001352B

GO TO 3001
3010 XXX2=UzZ3aS
YYyYe=UZ3CL
UZ=HICNEWN(XXX1, YYY1s XXX2s YYYR)
IFC(IPRINT.EQ.2) WRITE(6,3030) JJJJrUZ
3030 FORMATC(IH »1X, 12,2X,#UZ33=%,F10.5)
JJdJdd=Jdddd+1
GO TO 3001
3020 IF(ABS((UZ3AS-UZ3CL1I-UZ3ARS).LT.EPSY GO TO 4000
KXK1=KKX2
yyvi=yvyya
KXKZ=UZ3AS
Yyvye=uz3cL
UZ=HICNEH(XXX1, YYY1, XXX2s YYY2) -
IFCIPRINT.EQ.2) WRITE(E,3040) JJJJrVU2Z
3040 FORMATC(LIH »1X, 12, #UZ33=#,F10.5)
Jddd=JdJdJdJ+1
IF(JJJJ.EQ.20) GO TO 8393
GO TO 3001
4000 UZ3=UZ3CL
FAIZ=UZ3-UTIPG(ISTAGE+1)
TH(3)=TH(2)
OMEGTR=0MEGA1+0OMEGAR2+OMEGA3
OMEGTS=0MEGAR4+0OMEGAS+OMEGAB
PRATIO=P(3)/P(1)
TRATIO=TG(3)/TG(1)
CALL WICPRP (XA, XU(3)s KCH4» TG(3)»RMIX, CPMIX, GAMMA, G1,62,63)
GAMMA2=GAMMA
GAMMAU=(GCAMMAL+CAMMAZ) /2.0
G4=(GAMMAU-1.0) /GAMMAY
ETAACISTAGE)=(PRATIO®**G4-1.0)/(TRATIO-1.0) .
PSI=GC#AJ#*LCPMIX*ETAACISTAGE)#(TG(2)-TG(1))/(UTIPG(ISTAGE )**2)
IF(IDESIN.EQ.2) GO TO 39399
WRITE(6,404) FAID, ISTAGE

404 FORMATC(LHL, LX) Fasesesiesnsestiennmnntur &, 11X,
$2INITIAL FLOW COEFFICIENT=#, 1X,F5.3, 1%, #(STAGE=#, Iy 1X»
BE Iy Oy i38558 30363030 TSR %%)

WRITE(6:-401) PRATIO, TRATIO, ETHQ(ISTHGE)

401 FORMAT(1HO,5X,=STAGE TOTAL PRESSURE RATIO=#,F12.5s/s
$6Xs #STAGE TOTAL TEMPERATURE RATIO=#,F12.5,/s
$6Xs #STAGE. ADIRBATIC EFFICIENCY=#,F12.5)

WRITE(E, 402) FAIL1,UZ1,UTIPG(ISTAGE)

402 FORMATC(LHO,s 5Xs #STAGE FLOW COEFFICIENT=#,F5.3s/»
$6X, #AXIAL UVELOCITY=#,F7.2s />
$SX,VROTOP SPEED=#,F7.2,/)

WRITE(Bs 405)

405 FORMAT(1HOs 24X, #=ROTOR INLET* s=ROTOR OUTLET# *STHTDR CUTLET##)

WRITE(6,408) P(1),P(2)sP(3)

405 FORMATC(IH 51X, #TOTAL PRESSURE#, 10X, 3(F10. 4v5X))
WRITE(6,407) PS1,PS2,FS3

407 FORMAT(1H »1X,=STATIC PRESSURE,3X,3(F10.4,5X))
WRITE(B,408) TG(1),TG(2),TC(3)

408 FORMAT(1H , 1X, #TOTAL TEMPERATURE(GAS)#» 3¥s 3(F10. 4!JX))
HWRITE(6,403) TS1,7TS52,TS3

409 FORMATC(IH , 1X, #STATIC TEMPERATURE(GAS)#s 1Xs 3(F10.455X))
WRITE(6,410) RHOG(12},RHOG2, RHOG3

410 FORMAT(1H 41X, #STATIC DENSITY(GAS)#»5%s3(F10.4,5X))
WRITE(E,411) RHOM(1),RHOMZ, RHOM3

411 FORMATCLH. » 1X, #STATIC DENSITY(MIXTURE)#, 1%, 3(F10.4,5X))
WRITE(E,412) UZ1,U22,UZ23
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270.
271,
ara.
273,
274.

ars.
276.
277.

278.

279. .

280.

281..

282.
283,
284.
285.
286.
287.
288.
283,
290.
29l.
292.
293.
234.
295.
296.
297,
298.
293.
300.
301.
302.
303.
304.
305.
306.
307.

308.

001360B
001360B
001366B
001366B
001373B
001373B
001404B
001404B
001411B
001411B
001416B
001416B
0014248
001424B
001432B
001432B
0014378
001437B
001445B
0014458
001453B
001453B
0014618
0014618
0014668
001466B
001473B
001473B
001500B
001500B
0015058
0015058
001512B
001512B
001517B
001517B
0015248
0015248

0015268

000000B

0000008

000000B

429
9383

+4+

FORMAT(1HOs 1X, #AXIAL UELOCITY#, 10X, 3(F10.4,5%))
WRITE(B,413) U1,U2,U3

FORMAT(1H » 1X, #ABSOLUTE bELOCITY# 7%y 3(F10.4,5X3)
HRITE(BE,414) Wi, W2

FORMAT(1H » 1X, #RELATIVE UELOCITY#,7X,2(F10.4,5%))
HWRITE(B,»415) UCISTAGE),ULU2(ISTAGE), UCISTAGE+1)
FORMAT (1H » 1X, #BLADE -SPEED#, 13X, 3(F10.4,5X))
WRITE(B, 416) US1,Us2 .

FORMAT(1H » 1X, #TANG. COMP. OF ABS. UEL.#y2(F10.4,5X))
WRITE(B,417) WS1,WS2

FORMATC(1H » 1X,#TANG., COMP. OF REL. UEL.#,2(F10.4,5X))
HRITE(E,418) ASPED1,ASPELR2, ASPED3

FORMAT(1H » 1X, #ACOUSTIC SPEEDs, 10X,3(F10.4,5%X))
WRITE(B,419) AMACL, AMAC2, AMAC3 :

FORMAT(1H » 1Xs #ABSOLUTE MACH NUMBER#, 4X,3(F10.4,5X))
WRITE(B,420) AMACH1,AMACH2 :

FORMAT(1H s 1Xs #RELATIVE MACH hUMBERrs4Xs2(F10 4,5X))
WRITE(6,421) FAIl,FAI2,FARI3

FORMAT (1HO» 1X, #FLOW COEFFICIENT=, 8X,3(F10.4,5X))
HRITE(B,422) AAALsAARAZ, ARA3

FORMAT(1H » 1 X, #FLOW AREAs 15X, 3(F10.4,5X))
WRITE(B,423) ALFALl,ALFA2: ALFA3
FORMAT (1HO» 1X, #ABSOLUTE FLOW ANGLE#,5X,»3(F10.4,5X))
HWRITE(B,424) BETAL,BETA2

FORIAT(1H » 1X, RELATIVE FLOW ANGLE=,5X,3(F10.4,5%)) -
WRITE(B,425) AINCIR,AINCIS

FORMAT(1H » 1X, #INCIDENCEs» 16X, 2(F10.4,5X))

WRITE(B, 426) ADEVIR, ADEVIS

FORMATC(1H » 1X, #DEVIATIONs 31X, 2(F10.4,5X))
WRITE(6,430) DEQRR, DEASS

FORMART(1H » 1X, #*DIFFUSION RATIO#, 25X,2(F10.4,5%))
HRITE(B, 427) SITACR.SITACS

FORMATC(1H » 1X, #MOMENTUM THICKNESS#,21X»2(F10.4,5%))
WRITE(E,428) OMEGA1,(OMEGA4

FORMAT(1H » 1X,#OMEGA (GAS)#, 31X, 2(F10,.5,5X))
WRITE(Bs4239) OMEGTR,OMEZGTS

FORMATC(1H » 1X,#0OMEGA (TOTAL)#Z, 30X, 2(F10.5,5X))
RETURN

END
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

SUBROUTINE WICSPC(FAIDs ISTAGE,MMASS,ALFAL, WKDONEs DAV, DELU, UMAS,
SWHMASs Ny

$OMEGAL» OHCGQE,UMEGQ3,0MEG94¢OM¢GQ5,OMEGHS,UMEGQT.

$BETAL, BETAZ,UZ, ALFA2, ALFA3, DELTG, DELTW, W1, W2, U1, U2s U3, REAVE,
$DELUUZ, DELUL 25 AK1s AKZ25 AK3)

REAL M, MMASS

COMMON JPERFM, RHOG(3)» RERUP, RERLOW, RESUP, RESLONW

~s PREBs RRTIP(20),SRTIP(20),RAAL, ARAZ, ARR3, SAREA(20)» SAREARS(20)
~sP(3)5 TG(3)» XA, XU(3) 5 XCHA» XH (335 KHW(3) 5 XHT(3)5 TH(3)» THH(3)

~» OMEGS(20) 5 OMEGR(20), GRPR (20) , GAPS(20)

~»RRAUB(20) » RC(20) , RBLADE(Z0) » STAGER(20)

~s SRHUB(20) » SC(20) , SBLADE(20),STRGES(20).

~ySIGUMR(20) » BET1SR(20) , EET2SR(20) » AINCSR(20) » ADEUSR(Z20)
~»SIGUMS(20) s BET1SS(20) , BET255(20) » AINCSS(20) » ADEUSS(20)

~s UTIPG(20),UTIP(20),UTIPL(20),UBU(20), UMEAN(203, UHUB(203,U(20),FAI
~yAREA(20)5 AREARS(20) s UU2(20), UTIP2(20) s UMEAN2(20), UHUB2(20) s IPRINT
~y ICENT, ITCENT, FMR1(20)5 FMR2(20), IDESIN, FAID

~s NS» NSFs NSLPC» BYPASS, NS1, RT(20),RM(20),RH(20),ST(20),SM(20), SH(20)
~» DSMASSs ARREA(20) s RAREAS(20), FR12D(20) » PR13D(20), ETARD(20)
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16.
17,
18.
19.

20.
2l.
c22.
3.
4.
25.
25.
7.
c8.
23.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.
44,
45.
46.
47.

48.
43.
50.
51.
52,
53.
54.

000000B
000000B
000030B
000032B
000033B
0000353
0000368
000041B
000041B
0000448
000050B
0000S1B
000033B
000057B
000084B
0000€E7B

000074B
0000748
000075B
0001048
000111B
00011g2B
000113B
000115B
000120B
0001238
0001268
000131B
000131B
000134B
0001368
000140B
0C0143B
000144B
0001438

0001518

000160B
C00167B
000173B

0001758

000176B
0602008

. 000202B

000203B

0002268
0002268
000230B
000231B
000233B
000236B
000237B

2000

~»DR(20),DS(20), DEAR(20), DEQS(20)» BLOCK(20) 5 BLOCKS (20)
~» BET1MR(20), BET2MR(20), BET1MS(20), BET2MS(20), RADI1(20), RADI2Z(20)
~sFAIRIN(20),FAIOUT(Z0),ETASG(20),PSID(20), TAUD(20), SITADR(20)
~s SITADS(20), WWD(20),UUD(20)

DIMENSION RHOM(3),ETARAR(20)

CPH=1.0

RHOW=62.3

GC=32.174

AJ=778.26

PAI=3.1415926 '

CALL WICPRP(XAsXU(1)sXCH4» TG(1)5RMIK, CPMIX, GQHMQ.GlyGE.GS)
GAMMAL=GAMMA

RHOG(1)=P(1)/RMIX/TG(1)

BMASS=MMASS-WMAS-WHIMAS

ARAZ=AREAS(ISTAGE)

AAA3=AREACISTAGE+1)

IF(NSF.NE.0.AMND.ISTAGE.EQ.NSF) AARA3=AARAZ

IF (NSF.NE.O.AND.ISTAGE.EQ. (NSF+NSLPC)) AAR3= QQQE
IF(ISTAGE.EQ.NS) ARAR3=AAA2

CALL WICMACC(ISTAGE, EMASS, TC(1),P(1)sMyUZ, Cy XHT(1)>ALFAL,
$RMIKs CPMIXs ARAL)

ASPEED=C

ASPED1=ASPEED

RHOG(1)=(1,0+C2*M #=#=2)#2G3*RHOG(1)
RHOM(1)=1.0/((1.0-XWNT(1))/RHOG(1)+XHT(1>/RHOW)
uz1=y2

Uzz=y2

FAIl=UZ1/UTIPG(ISTAGE)

ALFAIR = ALFAl = PAI ~ 180.0

Ul = Uz ~» COS ( ALFALIR )

US1 = UZ = TAN ( ALFALR )

WS1 = UCISTAGE)- US1

T =HWS1 » UZ

BETAIR = ATAN ( T)

BETALl = BETAIR * 180.0 7 PAI

TT = UZ =52 + WS s=ug

W1 = SQRT C TT )

AMACHL1 = W1 ~ ASPEED

AMAC1=U1/ASPEED

TS1=TG(1)/(1.0+C2*AMACL *=2)
PS1=(TG(1)/TS1)#x(-G1)*P(1) ~
PREL1=(1.0+G2=AMACH1#=2)%=G1%#PS1
TREL1=(1.0+G2*AMACH1#=2)%TS1

TG(2)=TG(1)

P(2)=P(1>

ALFA2=BET1SS (ISTAGE)

JJJ=1

UZ2AS=U2

caLL NICGSL(SICJMR(ISTQGE);BETlSR(ISTﬂGE),BETESR(
$ISTAGE) s SINCSR(ISTACE) s ABEUSR(ISTAGE ), AMACHL, BETAL,
$DEQRC(ISTAGE) s DEAN, SITADRCISTAGED »
$SITACNs BET2N, OMEGAN, FMR1 (ISTAGE) » AK1, AK2s AK3» UZ1 s
$UZEQS;U(IbTﬂGE),RHDII(ISTGGE),RQDIE(ISTQGE))
DEQRR=DEQN

SITACR=SITACN

OMEGA7=0MEGAN

BETR2=BET2N

BETALR=BETA1=PAI/180.0

BETR2R=BETAZ=FAI180.0

BETARUE=(BETA1R+BETAZR) /2.0
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55.
55.
57.
58.
59.
60.
6l.
62.
63.
© B4,
6S.
66,
67.
68.
69.
70.
7i.
72.
73.
74.
75.
76.
7.
78.
7S.

80.
81.
82.
83.
84.
85.
86.
87.
88.

83.
90.
91.
oe.
93.
94.
95.
6.

97.
as.
g9.
100.
10%.
102.
103.
104.
105.

106.
107.
108.
109.

000241B
000247B
000251B
000253B
0002568
0062608
000265B
000270B
000271B
000273B
000300B
000315B
000315B
000315B
0003208
000323B
000325B
000330B

000333F’

000343B
0003438
000351B
000351B
0003618
0003628

000371B
000371B
00037SB
000377B
000401B
000402B
000403B

000405B .

0004068

0004248
0004248
000430B
000433B
000435B
0004408
000442B
000443B

0004558

000455B
000463B
000473B
000473B
000473B
000473B
000474B
0004758

0005208
0005218
0005268
0005368

2001

2002

6080

6081

TANGT=WICTAN(BETALR)-HICTAN(BETAZ2R)

CSAU=COS(BETAUE)

CS1=COS(BETAIR)

CL=2.0/SIGUMR(ISTAGE}=*TANGT=CSAY

CDS=0.018:=(CL=%2)

OMEGSE=CDS#SIGUMR(ISTAGE ) (CS1%%2) /(CSAU%%3)
H=RRTIP(ISTACE)-RRAUB(ISTAGE)

SHR=RC(ISTAGE) /H/SIGUMR(ISTAGE)

CDA=0.020:5HR

OMEGAN=CDA*SICUMR(ISTAGE ) # (CS1#x%2)/ (CSAU%%3)

IF(IPRINT.EQ,2). HRITE(E,2001) OMEGQI,OMEGSE,UMEGRN'UNEGQ?,CDS;CDQ
FORMAT (1HO, BF 10.6)

CMEAR1=0MEGAN

AINCIR=BETA1-EETiMR(ISTAGE)

ADEVIR=BET2N-EET2MR(ISTAGE)

BETA2R=BETA2%FAI/180.0

W2=U2-C0S(BETAZ2R)

UG=(H1+H2) /2.0

CALL NIC&SL(SIGUMR(ISTQGE),BETﬁlpBETHEyRC(ISTﬂGE) DﬂU CDRs OMEGAR)
OMEGA1=0MEGAR

DELP1=0MEGA1%0,5%RHOG (1) /GC3# (W1+x*2)

IF(IPRINT.EQ.2) WRITE(E,2002) OMEGAL,DELP1

FORMAT (1H » 1X, #OMEGAL1=#,2F10.5)

X6=1.0-XWT(1)

CALL WICTRL(ISTAGE,RRTIP(ISTAGE)»XWH(1),»XGsRHOG(13» BETALs W1y WH1sHH
$25 WW)

BMIMPR=WW

IF (BMIMPR.GT.WHWMAS) BMIMPR=WWMAS

BMREBR=BMIMPR=PREB-/100.0

BMWAKR=BMIMPR=(1.0-PREB-100.0)

BMNOIR=WWMAS~BMIMPR .

XWANOR=BMNNOIR/MMASS

XWHRER=BMREBR/MMASS

XWWWAR=BMNWAKR/MMASS

IF(IPRINT.EQ.2) WRITE(E,E080) BMIMPR, BMREBR, BMWAKR» BMNOIRs XWWNOR»
SRHHRER » XWHIHAR

FORMAT(1H »7(F12.5,1X))

RST1=RABI1(ISTAGE)#*=*2-RAA1%144.0/2.0/PAl

RST1=SART(RST1) .
RST2=2.0:RADI1 (ISTAGE) *%2-RST1*x2

RST2=SART(RST2)

DELR=(RST2-RST1)-12.0 .

FMASSR=BMWAKR/DELR

CALL WICFML(W1,HW2sFMASSRyRHOG(1)»RC(ISTAGE)s SIGUMR(ISTAGE)s BETALS
$BETAZ2, CDF s OMECAF)

OMEGA2=0MECGAF

DELP2=0MEGAZ2%0.5#RHAOG (1) /GCsx (H1%%2)

IF(IPRINT.EQ.2) WRITE(6,5081) OMEGAZ2, DELP2

FORMAT(1H » 1X, #OMEGA2=7,2F 10.5)

u2=0.0

U3=0.0

ALFA=0.0

ALFA3=0.0

CALL WICSTLCISTAGEs 1, DAUs W1, W2, DELY, U2, U3, WWMAS, UZ, Ns BETAL, BETAZ,
$ALFAZ2s ALFA3, DELUUZ, DELULZ, OMEGRUs OMEGRL » OMEGSUs OMEGSL»
$DRAGRU» DRAGRL s BRAGSU» DRAGSL » REAUE)

OMEGA3=0MEGRU+OMEGRL

DELP3=0MEGA3%0.5%RHOG (1) /GC=(H1%x2)

IF(IPRINT.EQ.2) WRITE(B,6052) OMEGA3s DELP3

6032 FORMAT(1H » 1X, #OMEGA3=#,2F10.5)
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110.
i11.
112.
113.
114,
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.

125.
126.
127.
128,
1e3.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140,
141.
142.
143.
144.
145.
- 146.
147.
148.
143.
150.
151.
152.
153.
154.
155.
156.
157.
158.
158.
160.
161.
162.
163.
164.
165.
166.
167.
168.

0005368
000536B
000541B
000543B
0005448
000547B
000552B
0005528
000555B
000557B
000561B
000564B
0005668
0005718
000577B

000606B
000606B
000612B
006C612B
000G15B
000617B
0006208
000621B
000521B
000622B
0006268
000631B
0006348
005635SB
0066368
0005378
000640B
0006468
000647B
0006478
0006508
0006508
0006528
0006548
000656B
0006648
0006728
000674B
000674B
0006768
000677B
000703B
000707B
000713B
0007 16B
000726B
000734B
0007458
000747B
0007608
0007638
0007638
000770B
0007728

200

REAVE 1=REAUE
BETA2R = BETA2 * PAI ~ 180.0

JJ=1

UZAS=UZ

WS2 = U2 * TAN ( BETAZR )

US2 = UU2(ISTAGE) - WS2

TTT=U52/02

ALFAZR = ATAN C TTT )

ALFA2 = ALFARZR * 180.0 ~ PAI

TTTT = UZ #% 2 + US2 =% 2

W2 = SGRT  TTTT )

TTTTT = UZ % 2 + US2 w2 2

U2 = SGRT ( TTTTT ) '
DELH=HKDGNE * (UU2( ISTAGE ) #US2-U( ISTAGE ) *US1)/GC/AJ
CALL WICIRS(ISTAGE,RRTIP(ISTAGE),XH(1)sXGsRHOG(1)s BETALs N1, HNL,
$WH2, W)

AMIMPR=WU

IF (AMIMPR.GT.WMAS) AMIMPR=WMAS
PREB=50. 0

AMREBR=AHIMPR*PREB~100.0
AMWAKR=AMIMPR= (1 .0~PREB/100.0)
AMNOIR=HMAS-AMIMPR

XW1=0.0

X2=0.0

XW3=0. 0

IF (WMAS.GT.0.0) XH1=AMNDIR/WMAS

IF (WMAS.GT.0.0) XH2=AMWAKR/WMAS
IF(WMAS.GT.0.0) XW3=AMREBR/WMAS
DELTG=DELH/CPMIX

DEL TW1=DELH./CPW

DEL TW2=DELH~CFW

DELTW3=0.0

DEL TH=XW1*DEL TW1+XH2# DEL THR+XW3*DEL TW3
DETWW1=0.0

DETHW2=0. 0

DETWW3=0.0

DELTWH=0.0

TH(2)=TW(1)+DELTH
TUH(2) =TI 1) +DEL T
TG(2)=TG(1)+DELTG
TS2=TG(2)-U2#2/ (2. 6xCPMIX*GC*AJ)
AG2=( CAMMARMIX=TS24GC ) %%0,5
ASPEED=WICASD(XHT (1), RHOG (1), AG2)
ASPED2=ASPEED

AMAC2=U2/ASPEED

AMACH2=12/ASPEED

PP 1=GAMMARMIX= TREL 1%GC :
PP2=(UU2( ISTAGE) ~UCISTAGE) )##2-1,0

" PP3=1.0+G232U(ISTAGE ) ##2/FP1=PF2

PP=PP33x(G1

PRREL=PP- (OMEGG7+UMEGA1+OWEGQ2+OMEGH3)*(1 0- PSl/PRELl)
PR12=(TG(2)/TG(1))=xGl=PRREL/PP
ETAR=(PR12##(1.0/G1)-1, 0)/(TG(E)/TG(1) 1.00
P(2)=PR12=P(1)
PS2=(1.0+G2=*AMAC2*=2) #x (~G1)I*P(2) .
RHOG2=PS2/RMIX/TS2

RHOG (2)=RH0G2

RHOMR=1 .0/ (XGC/RHOG2+XWT(1)/RHOW)
UZ=EMASS/RHOG2/ARAZ

uze=uz2
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169.
i70.
irl.
172,
173.
14,
175,
176.
177,
178.
179.
180.

-181.

182.
183.
184.
185.
186.
187.
188.
183.
190.
191.
192.
193.
194.
195.
186.
197.
188.
198.
200.
201.
202.
203.
204.
205.
206.
207.
208.
£08.
210.
211.
212.
213.
214.
215.
216,
2le.
218.

218

2c0.
221,
222.
223.
224.
225,
226,
227,
c28.

000772B
000773B
000776B
001000B
001001B
001002B
001003B
001005B
001011B
00101¢2B
001012B
001014B
001017B
001027B
001027B
001030B
001034B
001034B
001041B
001041B
001043B
001044B

001046B .

001050B
001060B
001060B
001061B
001065B
0010568
001067B
001070B
001073B
001075B
001076B
0010¢7B
001101B

001102B

001103B
001105B
001110B
0011208
001120B
001121B
001121B

0011268 -

001126B
001130B
001131B
001133B:
0011358
001145B
0011458
00:146B
0011478’
001150B

0011508
0011528,

001161B
001163B
001164B

201

203

202

204

300

2010

2030

2020

2040

3000

3001

EPS=1.0E-4

IF(JJ.EQ.2) GO TO 201

IF(JJ.GT.2) GO TO 202

X1=UZAS

Y1=yze

UzZ=yze

JJ=JdJ+1

IF(UZ.LT.0.0.0R.UZ.GT.ASPEED) GO TO 989
GO TO 200

X2=UZAS

Y2=Uz2

UZ=HICNEHN(X1sY1sX2s ¥Y2)

IF(IPRINT.EQ.2) WRITE(6,203) JJ,UZ
FORMAT(1H 51X, I1,2X, #UZ2=#,F10.5)
JJ=JJ+1

IF(U2.LT.0.0.0R.VU2.GT.ASPEED)Y GO TO 939
GO 70 200

IF (ABS( (UZAS-UZ23/UZARS) .LT.EPS) GO TO 300
X1=xe

Yi=¥Ye

X2=UZAS

ya=uze

UZ=HICNEH (X1, Y1, X2» ¥Y2) .
IF(IPRINT.EQ.2) WRITE(G,204) JJ,U2Z
FORMAT(1HO, 1X5 I1,2Xs #UZ22=#,F10.5)
JJ=JJ+1

IF(UZ2.LT.0.0.0R.UZ.GT.ASPEED) GO TO 889
IF(JJ.EQ.20) GO T0 9383

GO TG 200

UZ2CL=U2

IF(JJJ.EQ.2) GO TO 2010

CIF(JJJ.GT.2) GO TO 2020

xX®1=UZ2AS
Y¥Y1=UzeCl
Jdd=Jdd+1

-GO TO 2000

XX2=UZ2AS
yy2=uzacL

UZ=WICNEH (XX 1y YY1, XX2, YY2)

IF CIPRINT.EQ.2) WRITE(B,2030) JJJ,UZ
FORMATC(1H , 1%, I2, 2UZ22=#,F10.5)

NENENARISI

GO TO 2000

IF (ABS( (UZ2AS-UZ2CL)/UZ2AS).LT.EPS) GO TO 3000
XX 1=XX2

YYi=yya

XX2=UZ2AS

yy2=uzacL

UZ=HICNEH (XX1, YY1, ¥X2, YY2)

IF (IPRINT.EQ.2) WRITE(S,2040) JJJ,UZ
FORMAT(1H » 1%, 12, #UZ82=+, F10.5)

JJJ=JJJ+1

1F (JJJ.EG.20) GO TO 3000

GO TO 2000

Uze=uzacL

FAT2=UZ2/UTIPGC(ISTAGE)

P(2)=(1.0+Ca*AMACa*#2) #=G1=PS2

JJJdJ=1

UZ3AS=UZ

IF (ISTAGE.EQ.NS) RADI1(ISTAGE+1)=RADI2(ISTAGE)
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2as.

230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
248.

250.
251.
252.
253,
254.
255.
256.
257,
258.
258.
260.
e61.
262,

263.
264,
265.
c6t.
e67.
268.
263.

270.
ect.
272,
273.
erd.
27S.
2r6.
2r7.

278.
273,
280.

001171B

001211B
001211B
001213B
001215SB
001217B
001220B
001221B
001224B
0012268

0012308 -

001236B
001240B
001242B
001245B
001247B
001254B
001257B
001261B
001263B
001270B

001305B
001305B
001305B
001307B
001312B
001314B
001317B
001321B
001332B
001332B
001340B
001350B
001350B

001356B
001356B
0013628
001364B
0013668
001374B
001374B

001411B
001411B
001415B
001420B
001422B
0014258
001427B
0014308

001442B
001442B
001450B

CALL WICGSL(SIGUMS(ISTAGE),BET1SS(ISTAGE), BET2SS
$(ISTAGE) » AINCSS(ISTARGE ) s ADEUSS(ISTAGE) » AMACEs ALF A2,
$DEQS(ISTAGE)» DEGN, SITADS(ISTAGE)
$SITACN, BET2N, OMEGANs FMAZ2 (ISTRGE) » AK 1 AK2» AK3» U223,
$UZ23ASs 0.0, RADIR(ISTAGE)s RADI1 (ISTAGE+1))

DEQSS=DEGN

SITACS=SITACN

DEQT=DEGRR+DEQSS

SITACT=SITACR+SITACS

OMEGAB=0ME.GAN

ALFA3=BET2N

ALFRIR=ALFA2%PAI~/180.0

ALFAZR=ALFA3+PARI/180.0

ALFAAU=(RALFAIR+ALFA2R) /2.0

TANGT=WICTANCALFALIR)-WICTANC(ALFAZR)

CSAU=COS(ALFARAV)

CS1=COS(ALFAIR)

CL=2,0/SIGUMS(ISTAGE I*TANGT=LSAV

CDS=0.018=(CL*x*2)

OMEGSE=CDS=SIGUMS(ISTAGE )*(CS1#%2)/(CSAU#*3)

H=SRTIP(ISTAGE)-SRHUB(ISTAGE)

SHR=SC (ISTAGE) H/SIGUMR(ISTAGE)

CDA=0.020%#SHR

OMECAN=CDA=SIGUMS ( ISTAGE ) # (CS1%*%2)./ (CSAU#*3)

IF (IPRINT.EQ.2) WRITE(G,3002)
$0MEGA4, OMEGSE » OMEGAN, OMEGAS, CDS» CDA

3002 FORMAT(1H0,6F10.5)

OMES2=0MEGSE

OMEAR2=0MEGAN

AINCIS=ALFA2-BETIMS(ISTAGE)"

ADEVIS=BETZN-EET2MS (ISTAGE)

ALFA3R=ALFA3%FAI/180.0

U3=UZ/COS(ALFA3R)

CALL WICRSL(SIGUMS(ISTARGE), ﬂLFﬁE,HLFﬁ3ySC(ISTQGE) DAV, CDR», OMEGAR)

OMEGA4=0MEGAR

DELP4=0MEGA4#0.5%RHOG (2) /GC* (U2xx2)

IF(IPRINT.EG.2) WRITE(E,3003) OMEGA4, DELP4

3003 FORMAT(1H s 1X, #OMEGAR4=~,2F10.5)

CALL WICISL(ISTAGE,SRTIP(ISTAGE), XNN(E),VG-RHUG(E),HLFQE,UE WH1
Sy HHZs HHD

BMIMPS=HW

IF (BMIMPS.GT.WWMAS) BMIMPS=WWMAS

BMREBS=BMIMPS#PREB/100.0

BMWAKS=BMIMPS=(1.0~-PREB-100.0)

IF(IPRINT.EQ.2) HRITE(6,E616)

6616 FORMATC(1H '» 1Xs #IMPINS#)

IF(IPRINT.EQ.2) NRITE(S,GSI?) KWW () s XAs RHOG(2) » UZ, WW» BMIMPS, BM

. $REBS» BMHAKS
6617 FORMAT(1H »8(F12.5,1X))

RST1=RADI2(ISTAGE) **2-AAA2*144,0/2,0-PAI

RST1=508RT(RST1)

RST2=2.05=RADI2(ISTAGE ) #=2-RST 1:%x2

RST2=SAQRT(RST2)

DELR=(RST2-RST1)/12.0

FMASSS=BMWAKS/DELR

CALL WICFML (U2, U3 FMASSS, RHOGR2y SC(ISTAGE ) SIGUMS(ISTAGE)» BETAL, |
$BETA2, CDF s CMEGAF)

-OMEGAS=0MEGAF

DELP5=0MEGAS#0.5%RHOG(2) /GCx (U2%%2)

IFC(IPRINT.EQ.2) WRITE(6,6618) OMEGAS, DELPS
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281.
262.

283.
284,
285,
286.
287.
288.
283.
290.
2sl.
232.
293.
294.
29s.
2s6.
237.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
308.
310.
311.
312.

313.

314.
315.
316.
317.
318.
318.
320.
321.
322.
323.
324.
325.
2326,
327.
328.
328.
330.
331.
332.
333.
334.
335.
336.
337.
338.

001460B
001460B

001503B
001504B
001511B
001521B
001521B
001521B
001524B
001534B
001543B

001545B

0015468
001554B
0015628
0015648
001564B

001566B.

001576B
001601B
001601B
001606B
0016108
0016108
001612B
001614B
001615B
0016178
0016208
001621B
001622B
001624B
0016278
001637B
001637B
0016408
001640B
0016458
001645B
001647B
001650B
001652B
0016548
001664B
0016648
0016658
0016668
001667B
0016E67B
001671B
001673B
001674B
001700B
0017048
00170EB

001710B"

001713B
001713B

6618

6613

3010

3030

3020

3040

4000

FORMAT (1H 41X, #OMEGAS=+#,2F10.5)

CALL WICSTL(ISTAGEs2s DAV, W1, W2, DELU,U2, U3, WWMAS, UZ, N, BETAL1» BETAZ,
$ALFA2, ALFA3, DELUU2, DELULB,GM:CRU,ONEGRLyONEGSU-UVEGSL,
$DRAGRU» DRAGRL , DRAGSU» DRAGSL s REAUE)

OMEGA6=0MEGSU+OMEGSL

BELPE=0MEGAB*0.5=RHOG(2) /GCx(Ua==2)

IFC(IPRINT.EQ.2) WRITE(B,E519) OMEGARE, DELPE

FORMATC(1H » 1X, #0OMEGAR5=#,2F10.5)

REAVE2=REAVE
. REAUE=(REAVE1+REAVEZ)*0.S

PR23=1.0- (OMEGAB+0OMEGR4+0MEGAS+OMEGAB) * (1. O—PSE/P(E))

PR13=(TG(2)/TG(1))#*G1#PRREL*PR23/PP

P(3)=PR13=P(1)

TG(3)=TG(2)

TS3=TG(3)-U3%:2/(2.0*CPMIX*CCxAJ)

AG3=(GAMMA=RMIX*TS3*GC)*#0.5
- ASPEED= NICQSD(XNT(I).RHDG(E) AG3)

ASPED3=ASPEED

AMAC3=U3/ASPEED

PS3=(1. 0+GE*QMQC3**2)**( -G1)*P(3)

RHOG3=PS3/RMIX/TS3

RHOG(3)=RHBE3

RHOM3=1.0/(XG/RHOG3+XHT (1) /RHOW)

UZ=BMASS RHOG3/AAA3

UZ3CL=VUzZ

IF(JJJJ.EQ.2) GO TO 3010

IF(JJJJ.GT.2) GO TO 3020

XXKX1=UZ3RS

YYY1=UzZ3CL

JJdd=JdJddJd+1

GO TO 3001

XXX2=UZ3RS

YyYye=uz3cL

UZ=HICNEN(XXX1, YYY1s XXX YYY2)

IFC(IPRINT.EQ.2) WRITE(6,3030) JJJJsU2Z

FORMATC1H » X, I2s2X»#UZ233=#,F10.5)

JJJdJ=JdJdJd+1

GO TO 3001

IF (ABS( (UZ3ARS-UZ3CLJI/7UZ3RS).LT.EPS) GO TO 4000

XXX 1=XXXE

YYyl=syyye

XXX2=U23AS

YYY2=Uz3CL

uz= HICHEN(XXXI,YYYI,XXXE’YYYE)

IFC(IPRINT.EQ.2) WRITE(B,3040) JJJJ,VU2

FORMAT (1H ,IX,IE.¢UZ33—r,F10.S) .

JJdJdd=JdJdd+1

IF(JJJJ.EQG.20) GO .TO 4000

GO TO 3001

UzZ3=UZ3CL

FAI3=VUZ3/UTIPG(ISTARGE+1)

TH(3)=TH(2)Y

THH(3)=TUH(2)

OMEGTR= OMECQI+0MEGH2+DMEGQ3+UMEGQ?

OMEGTS=0MEGA4+0OMEGAS+OMEGCAB+OMEGAS

PRATIO=P(3)/P(1)

TRATIO=TG(3)/TG(1)

CALL HICPRP(XA,XU(3),XCH4, TG(3),RMIX’CPMIX;GHNHHyGl’GE’G3)
- GAMMA2=GAMMA

" GAMMAU=(CAMMAL+GAMMAR) /2.0
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338.
340.
341.
342.
343.
344.
345.

346.
347,

348.
348.

350.
351.
352.
353.
354,
355.
356.
357.
358.
358.
360.
361.
362.
363.
364.
365.
366.
357.
368.
368.
370.
371,
37c.
373.
374.
375.
3r6.
37¢.
378.
378.
380.
381.
382.
383,
384,
385.
386.
387.
388.
38S.
330.
391.
332.

001716B
0017208
001726B
001737B
001740B
001743B
001751B

001751B
0017608

001760B
0017678

001767B
001772B
001772B
002000B
002000B
0020068
002006B
002014B
002014B
002022B
002022B
002030B
0020308
0020368
0020368
002044B
002044B
002052B
0020528
0020578
002057B
002070B
002070B
002075B
002075B
002102B
002102B
002110B
002110B
0021168
0021168
0021238
002123B
002131B
002131B
002137B
002137B
0021458
0021458
0021528
0021528

002157B -

002157B

G4=(GAMMAU-1.0)/GAMMARY

ETRACISTAGE )=(PRATIO#*G4~-1.0)/(TRATIO-1.0)
PSI=GCxAJ*CPMIX*ETARCISTAGE) # (TG (23~ TG(l))/(UTIPG(ISTQGE)**E)
TAU=PSI/ETAAR(ISTAGE)

IF(IDESIN.EQG.2) GO TO S99

HWRITE(6,404) FAIOs ISTAGE

'404 FORMAT CLHL s 1Xp 5256283856330 33650363038 36 26 3 303836 2, 1 X,

$ZINITIAL FLOW COEFFICIENT-#, 1X,F5.3s 1X, #(STAGE=#» I2, 1X,
FE)Ey Oy AT M RN HJRN(Z)
HRITE(6,401) PRATIOs TRATIO, ETAACISTAGE) )
401 FORMAT(1HO,S5X,#STAGE TOTAL PRESSURE RATIO=#,F12.5,,
$6X, ZSTAGE TOTAL TEMPERATURE RATIO=#,F12.5,/»
$6%X, #STAGE ADIABATIC EFFICIENCY=#,F12.5)
WRITE(B,402) FAIL,UZ1,UTIPGCISTAGE)
402 FORMAT(1HO0, SXs*STACE FLOW COEFFICIENT=#,FS5.3s/»
$6Xs #ARIAL UELOCITY=#yF7.2s/»
$6Xs #ROTOR SPEED=#,F7.2,/)
WRITE(BE, 405)
405 FORMAT(1HO, 24X, #*ROTOR INLET®* *ROTOR QUTLETs *STHTOR QUTLET=#)
HWRITE(E, 406) P(1),P(2),P(3)
406 FORMAT(1H » 1X, #TOTAL PRESSURE#, 10X, 3(F10.4,5X})
WRITE(6,407) PS1,PS2,PS53
407 FORMATC(1H » 1X, #STATIC PRESSURE#,39X,3(F10.4,5X))
WRITE(E,408) TG(1)» TG(2),TG(3)
408 FORMATC(1H ,»1X, #TOTAL TEMPERHTUPE(GHS)¢-3X 3(F10.4,5X))
WRITE(G,409) TS1,TS2,TS3
4039 FORMATC(1H » 1X,#STATIC TEMPERQTURE(GHS)#.1X.3(F10 4, 35X))
WRITE(6,4103 RHOG(1),RHOGZ2,RHOG3 .
410 FORMAT(1H , 1X, #STATIC DENSITY(GAS)#,S5%, 3(F10.455%))
WRITE(G,411) RHOM(1),RHOMZ, RHOM3
411 FORMAT(1H »1X,#=STATIC DENSITY(MIXTURE)#, 1X,3(F10.45,5%X))
WRITE(Ey412) UZ1,U22,UZ3
412 FORMAT (1HOs 1X, #AXIAL UELOCITY#, 10X, 3(F10 4,5%))
WRITE(6,4133 U1,U2,U3 :
413 FORMAT(1H » 1X, ZABSOLUTE UELOCITY?.?X,3(F10 4,5%))
WRITE(G,414) H1,W2 )
414 FORMAT(1H »1X, #RELATIVE UELOCITY#, 7Xs2(F10.4,5X3)
WRITE(E,415) UCISTAGE)}, UUR(ISTAGE) s UCISTAGE+1)
415 FORMATC(1H » 1X,#BLADE SPEED#, 13X, 3(F10.4,5X))
HRITE(6,416) US1,US2 ) )
416 FORMAT(1H ,1X,#TANG. COMP. OF ABS. UVEL.#,2(F10.455X))
WRITE(E,417) WS1,HS2 :
417 FORMATC(1H »1X,#TANG. COMP. OF REL. VEL.#,2(F10.4,5X))
WRITE(G,»418) RASPEDL,ASPEDZ, ASPED3
418 FORMATC(1H »1X, #ACOUSTIC SPEED# .10X,3(F10 4, SX))
WRITE(B, 419) AMAC1s AMAC2, AMAC3 .
419 FORMATC(1H » 1X, #ABSOLUTE ‘MACH NUMBER=, 4X, 3(F10.455X))
HWRITE (6, 420) -AMACHL » AMACH2

420 FORMATC(LH ,1X,*RELATIVE MACH NUMBER#,4X,2(F10.455X)}

. HRITE(Bs421) FARIL1,FAI2,FAI3

421 FORMAT (1HO, 1X, #FLOW COEFFICIENT#,8X,3(F10.455X))
HWRITE(B,422) AAAL, ARAZs ARA3

422 FORMAT(1H »1X,#FLOW AREA, 15X, 3(F10.4,5X))

. WRITE(B,423) ALFAl,ALFAZ2, ALFAZ

423 FORMAT (1HOs 1X, #ABSOLUTE FLOW ANGLE#,5X,3(F10.4,5X))
HRITE(6s424) BETALl,BETR2

424 FORMATC(1H ,1X,#RELATIVE FLOW ANGLE#,5Xs 3(F10.4,5X})
WRITE(6,425) AINCIRsAINCIS

425 FORMAT(1H » 1X, #INCIDENCE#s 16X,2(F10.4,5%))
WRITE(B,426) ADEVIR>ADEVIS
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393.
334.
395.

c.
3.

4.
6.

g.
10.
11.
12.
13.
14,
15.
16.

17. .

18.
19.
20.
2l.
2c.
23.
24.
25.
c6.
er.
28.
23.
30.
31.
32.
33.
34.
35.
36.
37.

38.

002164B
002164B
002166B

000000B

000000B
000000B

000000B
000011B
000013B
000015B
000016B
000020B

000027B

600031B
0000368
000041B
000047B
000052B
0000608
000064B

‘000071B

000073B
000076B
000100B
000106B
000113B
000117B

" 000125B
0001308

0001368
000142B
000147B
0001528
0001548

000157B

000165B
000172B
0001768

000204B
000207B"

00c2158

426
933

CH+++

300

FORMAT (1H » 1X, #*BEVIATION» 30X 2(F10.455X))
RETURN

END
L o o A o = O S S ST S AT SO S SRR A SR e

SUBROUTINE WICMACC(ISTAGEs AMASSM, TO1Gs PRESs Ms U2, Cs X1, ALFA,
$RMIK, CPMIXs AREAL)

REAL M »MAL,MC1,MAZ, MC2y MANEW, MCNEW

COMMON JPERFM,RHOG (3)s RERUP» RERLOWs RESUPs RESLOW
~s PREBs RRTIP(20),SRTIF(20),ARAL, AAARZ2, AAA3s SAREA(20) » SARERS (20)
~sP(3)5 TG(3) s XA XU(3) s XCHA» KH(3) » XHW(3) s XHT(3)» TH(3)» THH(3)
~s OMEGS(20), OMEGR(20) s GAPR (20 GAPS(20)
~sRRHUB(20) » RC(20) s RBLADE(20) , STAGER(20)
~»SRHUB(20) » SC(20) '» SBLADE(20), STAGES(20)
~s SIGUMR(20) » BET1ISR(20) s BET2SR(20) » AINCSR(20) , ADEUSR(20)
~ySIGUMS(20) , BET1SS(20) s BET255(20) , AINCSS(20) » ADEUSS(20)
~sUTIPG(26), UTIP(R20),UTIPD(20),U0U(20),» UMEAN(20), UHUB(20),U(20),FAI
~s AREA(20) s AREAS (203, UU2(20), UTIP2(20) s UMEAN2(20) » UHUB2(20) s IPRINT
~» ICENT, ITCENT, FMR1(20),FMA2(20), IDESIN, FAID
~sNS» NSF» NSLPC» BYPASSs NS1, RT(20),RM(20),RH(20),S5T(20), SM(20)» SH(20)
~» DSMASS, AAREA(20) s ARREAS(20), PR12D(20),PR13D(20), ETARD(Z20).
~yDR(20),DS(20),DEAR(20), DEGS(20), BLOCK(20), BLOCKS(20)
~y BETIMR(20), BET2MR (203, BET1MS(20), BETEZMS(20), RADI1 (203}, RADI2(20)
~yFAIRIN(20), FARIOUT (203, ETASG(20), PSID(20), TAUD(20) s SITADR(20)
~s SITADS(20)» WD(20),UUD(20)

GAMMA=1.0/(1.0-RMIX/CPMIX/778.0)

G2=(CAMMA-1.0)/2.0

G3=-1.0/(GAMMA-1.0)

MA1=0.5

RHOG1=PRES/RMIX/T01G

RHOGS=(1.0+CGax[1Al*#2)#*G3%RHOG]

RHOW=62.4 .

RHOMS=1.0/((1.0-XW1)/RHCGS+XW1/RHOWD

TS=T01G/(1.0+C2:MAL*x%2)

A=SORT (CAMMA=RMIX*TS*32.174)

C=WICASD(XW1,RHOGS,A)

IF (JPERFM.NE.3) UZ=AMASSM-/RHOMS/AREAL

IF (JPERFM.EQ.3) UZ=AMASSM/RHOGS/AREAL

IF(AMASSM.LT.0.001) UZ=UTIPGC(ISTAGE)#*#FAI
ALFAR=ALFA*3.1415827-180.0

MC1=UZ-C-COS(ALFAR)

MA2=0.6

RHOGS=(1. 0+G2=MA2=*2) *=xG3:RHOG1
RHOMS=1.0/((1.0~-XH1)/RHOGS+XW1/RHOW)

TS=T01G/(1.0+G2=*MA2**%2)

A=SART (GAMMA*RMIX=TS%32.174)

C=WICASD(XH1,KHOGS,sA)

IF (JPERFM.NE.3) UZ=RAMASSM-RHOMS/AREAL

IF (JPERFM.EQ.3) UZ=AMASSH/RHOGS/AREAL

IF (AMASSM.LT.0.001) UZ=UTIPG(ISTAGE)*FAI

MC2=U2/C/COS(ALFAR)

J=1

MANEW=WICNEW(MAl, MC1,sMA2, MC2)

RHOGS=(1.0+G2#MANEW»=2) ##G3#RK0OG1
RHOMS=1.0/((1.0-XW1)/RHOGS+XH1/RHOW)

TS=T01G~ (1.0+G2=MANEW:*=2)

A=SART (GCAMMA=RMIKX%TS:#32,174)

C=WICASD(XW1,RHOGS, )

IF (JPERFM.NE.3) UZ=AMASSM/RHOMS/AREAL

IF (JPERFH.EQ.3) UZ=AMASSM-/RHOGS/AREA1
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38. 0002218 IF(AMASSM.LT.0.001) UZ=UTIPG(ISTAGE}#FAL

40. 0002268 MCNEW=UZ/C/COS(ALFAR)
41. 000231B ERROR=ABS (MANEW-MCNZW)
42, 000234B ERROR=ERROR/MANEW
43. 000235SB EPS=1.0E--86
44, 0002368 IF(ERROR.LT.EPS) GO TO =200
45. 000237B MAl=MA2
46. 0002408 MC1=MCe
47. 0002428 MAZ=MANEW
48. 000243B MC2=MCNEW
439. 00C245B J=J+1
S50. 0002468 IFC(J.LT.50) GO TO 300
51. 000247B WRITE(G,403) ISTAGE
Se. 000254B 403 FORMAT(1HO,#MZ DOES NOT CONVERGE AT STQGE“#;II)
53. 000254B GO TO 988
54. 0002548 200 M=MANEW
55. 0002558 IF(AMASSM.LT.0.001) ISTAGE=0
56. 0002628 998 RETURN
57. 000264B END
C++++v++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

1. 00C000B FUNCTION WICASD ( XW » RHOG , CG )

2. 003000B RHO=62.2567

3. 000001B CH = 4856.04

4. 000003B SIGUMA = ¢ XW * RHOG ) ~ ( RHOW - XW % ( RHOW - RHOG ))
S. 000007B Al = ( 1.0~-SICUMA 2 = RHOG + SIGUMA »* RHOW

6. 000012B A2 = ( 1.0- SIGUMA ) » ( RHOG * CG* CG )

7. 000016B A3 = SIGUMA ~» ( RHOW * CWs= CW)

8. 000017B A4 = Al * ( A2 + A3)

g. 0060021B WICASD = 1.0/ SART ¢ A4 ) -

10. 000024B RETURN

11. 0000278 END

C+++++++++++++Tv+++++++++ R T S A e R R L s o o o o N STy
Ol B R T A R G X AR AT SR ST
R e o e R T S T e T

1. 000C00B FUNCTION WICED(AK3,U21,UZ2,UR1,R1,R2, BET15 BET2» SIGUMAs AINCIS,
$AINCI)
2. 000000B C1=180.0-/3.1415926
3. 000001B BETIR=BET1-C1
4. 000003B BETZR=BET2/C1
S. 000004B CSB1=COS(BETIR)
6. 00G007VB CSB2=COS(BETER)
7. 000011B CSCS=CSB2-CSB1::(U21/UZ2)
8. 000014B TNB1=WICTAN(BETIR)
S. 000017B TNB2= NICFQN(BFTER)*(UZE/U21)*(PE/RI)
10. 0000268 TNTN=TNB1-TNB2-(UR1,/UZ13}#(1.0-(R2/R1)*»2)
11. 000035B DEQ1=0.0117*(ABS(AINCI-AINCIS) )*=1,43
12. 000044B DEQ@2=0.61=(CSB1s#x2 0)/SIGUMA*TNTN
13. 000051B WICED=CSCS=AK3s(1.12+DEQL+DEG2)
14. 0000568 RETURN
15. 000060B END
C +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
1. 000000B FUNCTION HICMTV(SITHCS,HHRCHIoDELDEG;ﬁKE)
2. 000000B IF(DELDEB.LT.0.0) GO TO 10
3. 000003B Al1=0.827:AMACH]
4. 000004B A2=2.692:# (AMACH 1 #+2)
S. 000005B A3=2.675%(AMACH1%x=3)
6. 0060007B A=A1-A2+A3
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8.

9.
10.
11.
12.
13.
14.
15,

1.
2.
3.
4.
6.
7

10.

ie.

1.

000012B
0000168
000017B
000020B
000021B
000023B
0000268
0000328
000036B

000000B
000000B
000001B
000003B
000004B
000007B
000011B

0000128

000016B
000020B

000000B

000C00B
000000B

000000B
000001B
000003B
000004B
000012B
000014B
0000168
000021B
0000248

0000348
0000378

00C041B .

000044B
0000468
000052B
0000558

HICMTK=SITACS+A=(DELDEQ*#2)#AK2
GO 710 11

B1=2.80+AMACH1

B2=8.71%(AMACH1=
B3=3.36=(AMACH1 *3)

B=B1-B2+D3
WICMTK=SITACS+B=(DELDEQ=»2) *AK2
RETURN

END

C ++++++++++++T»++++++++++++++++++++++++++++++++++++++++++++++++

FUNCTION WICLOS(BET1,BETS, SIGUMA,SITA)
C1=180.0-3.1415926

BET1R=BET1,C1

BET2R=BET2/C1

CSB1=COS(BETIR)

CSB2=COS(BET2R)

CSCS=CSB1/CSB2

WICLOS=SITA*2. O*SIGUHﬂ/CSBE*(CSCS**E)
RETURN

END

[ e s T i B T S RS

SUBROUTINE WICIRS(ISTAGEsRs XW1sXGsy RHOG1s BETAls W1y

IHHT s HH2 » WH )

RERL LUWC

COMMON JPERFM»> RHOG(3), RERUP, RERLOW, RESUP, RESLCHW

~» PREB, RRTIP(20),SRTIP (20, ARAL, ARAZ, ARA3, SAREA(20), SAREAS(20)
~yP(3)s TG(3) s XAy XU(3) s XCHA» XH(3) » XHH(3) s XHT(3)s TH(3)» THH(3)

~» OMEGS(20) s OMEGR(20) s GRPR (20) » GAPS(20)

~sRRHUB(20) » RC(20) » RBLADE(20) » STAGER(20)

~sSRHUB(20) » SC(20) » SBLADE(20),STAGES(20)

~»SIGUMR(20) » BETISR(20) » BET2SR(20) » ARINCSR(20) , ABEUSR(20)
~»SIGUMS(20) » BET1SS(20) ,» BET2SS(20) » AINCSS(20) » ADEUSS(20)
~sUTIPG(20),UTIP(20),UTIPD(20),UBU(20),UMEAN(20),UHUB(20),U(20),FAI
~yAREA(20)» AREAS(203, LU2(20), UTIP2(20), UMEAN2(20), UHUB2(20) s IPRINT
~» ICENT» IICENT,FMR1(20)sFMR2(20), IDESIN, FAID
~» NS> NSF» NSLPC, BYPASS, NS1,RT(20),RM(203,RH(20),ST(20),SM(20), SH(20)
~+ DSMASS PAREA(20) » ARREAS(20), PR12D(20), PR13D(20), ETARD(20)
~yDR(20),D5(20), BEGR(20), BERS(20), BLOCK (20), BLOCKS (20)
~sBETIMR(20), BET2MR(20), BET1MS(20), BET2MS(20), RADI1(20),RADI2(20)
~s FAIRIN(20), FAIOUT (20, ETASG(20), PSID(20), TARUD(20), SITADR(20)
~»SITADS(20) 5 WD(20),UUD(20)

N = ISTQCE
PAI = 3.1415826
Bl = 1 0

BER = ( 90.0 - BETAl + STAGER ( N )J) » PAI ~ 180.0
B2 = COS ( BeR )

LHC=XW1-XG=RHOG1

DS1=0.07::RC(N)

BETALIR = BETAl* PAI -~ 180.0

DSe = 2.0 = PAL * R v RBLADE(N) = COS (BETAIR) ~/
$COS(BER)

IF(DS2.GE.RC(N3}) DS2=RC(N)
H=(RAAL1%144.0) 7 (2.0=PAI=R)
A1=DS1=H=RBLADE(N)/144.0
A2=DS2%H=RBLADE(N)/144.0

WW1 = LUC = W1 s Bl = Al

WHEe = LHC = W1 = B2 = A2

WH = HH1 + W2
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20.
2l.

1.

2.
3.

4.
5.

7.
8.

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
23.
30.
31,
32.
330
340
35,
36.
37.

0000578
000061B

000000B

000000B
000000B

000000B
000001B
000003B
000006B
000012B
000016B
000021B
000023B
0000258
000030B
000035B
000040B
000042B
0000458
0000568
0000628
0000648
000071B
0000v3B
000077B
000103B
0001068
000110B
0001208
000131B

0004328 -

000136B
000142B
000146B
0001508
000154B
0001608
000162B
0001648

RETURN
END

C 4+t+ttttttttttttttttbtttttttdtrttrttitttttbtttttttttttttttdtstttttetrss

SUBROUTINE NICIRL(ISTGGE,R,XNI,XG,RHOGI,BETQI,le

1HHL » WH2 5 WD

REAL LWC

COMMON JPERFMs RHOG(3) s RERUP» RERLOW, RESUP» RESLOW
~» PREBs RRTIP(20), SRTIP(20),AAAL, AAR2» ARA3s SAREA(20)+ SAREAS(20)
~sP(3)s TG(3) s XAs XU(3) s XCHA s XH(3) 5 XWH(3) s XWT(3)» TH(3), THW(3)
~s OMEGS (202, OMEGR(20), CAPR (20, GAPS(20)
~s RRHUB(20) » RC(20) » RBLADE(20) , STAGER(20)
~s SRHUB(20) s SC(20) » SBLADE(20),STAGES(20)
~y SIGUMR(20) » BET1SR(20) » BET2SR(20) , AINCSR(20) . QDEUSR(EOJ
~»SIGUMS(20) , BET1SS(20) » BETRSS(20) , ARINCSS(20) , ADEUSS(20)°
~s UTIPG(20),UTIP(20),UTIPD(20),UCU(20),UMEAN(20), UHUB(20),U(20),FAI
~s AREA(20), AREAS(20), UU2(20),» UTIF2(20) , UMEAN2(20), UHUB2(20), IPRINT
~s ICENT, ITCENT, FMR1(20),FMAZ2(20), IDESIN, FAID _
~s NS5 NSF» NSLPC» BYPASS, N51,RT(20), RM(203,RH(20),ST(20), SM(20), SH(20)
~s DSMASS, AAREA(20), ARREAS(20), PR12D(20), PR13D(20), ETARD(20)
~s DR(20),DS(20), DEAR(20)» DEQAS(Z20) » BLOCK (20) » BLOCKS(20)

~» BETIMR(203, BETEMR(20), BETIMS(20), BET2MS(20),RADI1(20), RADI2(20)
~»FAIRIN(20),FAIOUT(20),ETASG(20),PSID(20), TAUD(20), SITADR(20)
~s SITADS(20) s HWD (207, UUD(20)

N = ISTRGE

PAI = 3.1415926

LHC=XH1-XG/RHOG1

ALFA=(80.0-BETA1)2.0*PA1/180.0
BETA=(30.0+BETA1)/2.0%PAI/180.0

B1=SIN(ALFA)

B2=SIN(BETAR)

U1l=W1*COS(ALFA)

U2=U1=COS(BETA)

S=2.0=PARI#RRTIP(ISTAGE)/RBLADE(ISTAGE) /2.0
GSI=BETA1+(80.0-BETA1)/2.0

GSIR=GSI#PARI/180.0 .

STAGR=STAGER( ISTAGE)*PAI 180. 0

Y2=GAPR(1STAGE) /2. 0% (WICTAN(STAGR) NICTRN(GSIR))+S
DAMY1=(80.0-CSI)=PAI/180.0C

Y1=Y2=SIN(DAMY1)

DAMY2=(GSI-STAGER(ISTAGE) )#PAI-180.0

DS1=Y1/SIN(DAMY2)

IF(DS1.GT.RC(ISTAGE)) DS1=RC(ISTAGE)
DAMY3=(90.~-(S0.0+BETAL)/2.0)*PAI/180.0

DAMY4=STAGER(ISTAGE )*PARI~/180.0

DAMYS=BETA1%PAI~/180.0

DAMYE=S-CAFR(ISTAGE) /2. 0% (WICTAN(DAMYS)-WICTAN(DAMY3))
DAMY7=COS(DAMY4) =WICTANCDAMY3)+SIN(DAMY4 )

DS2=DAMYE/DAMY?

IF(DS2.GT.RC(ISTAGE)) DS2=RC(ISTAGE)

H=(AAAL1*144.0) 7 (2, 0*PAI*R)

A1=DS1=H=RBLADE(N}/144.0

A2=D0S2*H:=RBLADE(N)7144.0

WWL = LWC = Ul = Bl = Al

WH2 = LHC s U2 = B2 * A2

WH = WWL + WH2

RETURN

END

o B o L e b o
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1.

2.
3.

18.

4.
S.

000000B

000000B
000000B

8000008
000003B
000006B
000007B
000010B
000015B
000020B
000022B
000033B
000036B
000040B

-000043B

0000458
000051B
000054B
000056B
000060B

000000B

0000008
- 0000008

000000B

000001B

SUBROUTINE WICISSC ISTAGE >R »,XWi, XG , RHOGAS iﬂLFRE,Ul ’
SHWL s HH2s WD

REAL LHC

COMMON JFERFM, RHOG(3)» RERUP, RERLUN RESUP, RESLOW

~y PREBs RRTIP(20), SRTIP(2015AAAL» RRAZ2» AAR3s SAREA(20) » SAREAS(20)
~sP(3)s TG(3) s XAs XU(3) s XCH4 s KW (3) s XWH(3) s XHT(3)» TH(3) s THH(3)

~» OMEGS(20)» OMEGR(20) s GAPR(20) , GAPS(20)

~sRRHUB(20) s RC(20) s RBLADE(20) , STAGER(20)

~»SRHUB(20) » SC(20) » SBLADE(20), STAGES(20)

~»SIGUMR(20) » BETISR(20) » BET2SR(20) , AINCSR(20) » ADEUSR(20)
~ySIGUMS(20) » BET1S5(20) , BET25S5(20) , AINCSS(20) » ADEUSS(20)
~yUTIPG(20)Y,UTIP(20),UTIPL(20),UDU(20), UMEAN(20),UHUB(20),U(20),FAI
~s AREA(20)s ARERS(20), LU2(20),UTIP2(20), UMEAN2(20), UHUB2(20),» IPRINT
~s ICENT, IICENT,FMR1(20), FMNAR2(20)» IDESIN, FAID

~»NSs NSF» NSLPC, BYPASSs NS1, RT(20),RM(20), RH(20), ST(203,SM(208) s SH(20)
~s DSMASSs RAREA(20), AGREAS(20), PR12D(20), PR13D(20), ETARD(20)

"~ ~yDR(20),15(20), DEAR(20), NERS(20)» BLOCK(20), BLOCKS(20)

~»BETIMR(20), BET2MR(20), BETIMS(20), BET2MS(20),RADI1 (20), RADI2(20)

~,FAIRIN(20),FAIOUT(20),ETASG(20), PSID(20), TAUD(20), SITADR(20)

~ SITADS(20), HKD(20), WUD(20)

LWC = XWi/ XG » RHOGAS
DS1=( 0.06 # SC ( ISTAGE ) ) ~ 12.0

PAI=3.1415326

B1=1.0

B2R=(90.0-ALFA2+STAGES (ISTAGE) )*PAI/180.0

B2=C0S (B2R)

ALFA2R=ALFA2=PAI~/180.0

DS2=2. 0+PAT*RSBLADE (ISTAGE ) #COS (ALFA2R) /COS (E2R)
IF(DS2.GT.SCC(ISTAGE)) DS2=SC(ISTAGE)
H=(AAAR2%144.0) /(2. 0+PAT*R)

A1=DS1:H:SBLADE(ISTAGE)/144.0

A2=DS2:H:SBLADE(ISTAGE ) /144.0

WH1=LWC=U1%B1=Al

WH2=LHC#=U1=B2:A2

WR=WW1+HU2

RETURN

END

Lol T i i e s i A T o S n o R R AT

SUBROUTINE WICISLCISTRGEsRs XH1sXGs RHOGL, ALFAZs H1s W1, WH2s WD

REAL LHC

COMMON JPERFM,s RHOG(3)s RERUP, RERLOW, RESUP» RESLOW
~»PREBs RRTIP(20), SRTIP(20J,AAA1, ARAZ» ARA3s SAREA(20) s SAREAS(20)
~sP(3)s TG(3) 5 XAs XU(3) s XCHA» XN (3D s XWH(3) » XHT (3D » TH(3) s TWH(3D
~s OMEGS (20 » OMEGR(20), GAPR(20) , GAPS(20)
~»RRHUB(20) » RC(20) s RBLRDE(20) » STAGER(20)
~s SRHUB(20) » SC(20) » SBLABDE(20),STAGES(20)
~s SIGUMR(20) » BET1SR(20) » BET2SR(20) , AINCSR(20) s ADEUSR(20)
~»SIGUMS(20) » BET1S5(20) » BET25S5(20) ,» AINCSS(20) », ADEUSS(20)
~yUTIPG(20),UTIP(20),UTIPL(20),U0UC20),UMEAN(20),UHUE(20):U(20),FAI
~» AREA(20) s AREAS(20), UU2(20), UTIP2(20) » UMEAN2(20), UHUB2(20) s IPRINT
~y ICENT, IICENT, FMR1 (20, FMNA2(20), IDESIN,FAID

~» NS NSF's NSLPC» BYPASSs NS1,RT(20)»RM(20),RH(20), ST(20), SM(20)sSH(20)
~5s DSMASSs RAREA(20) s ARREARS(20), PR12D(20) 5 PR13D(20), ETARD(20)
~» BR(203, 55(20), DEAR(20), BEAS(20), BLOCK(20), BLOCKS(20)

~y BETIMR(20), BET2MR(20), BETIMS(20), BET2MS(20), RABI1 (20}, RADI2(20)
~s FAIRIN(203,FAIOUT (20),ETASG(20),PSID(20), TAUD(20), SITADR(20)

~y SITADS(20), WWD(20)3, UUDB(20)

PAI=3.1415926

LWC = XH1s XG = RHOG1
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8.

10.
11.
12,
13.
14.
15.
16.
17.
18.
19.
20.
al.
22.
23.
4.
25.
c6.
27,
8.
29.
30.
31.
32.
33.
34.
35.
36.

3.
4.

6.
7

9.
10.
11,
12.
13.
14,
15.
16.
17,
18.
18.
20.
21.

2.
3.

000004B
000011B
000015B
000020B
000022B
000024B
000027B
000034B
000037B
000041B
000044B
000055B
000061B
000063B
003070B
000072B
000076B
000102B
000105B
000107B
000117B
000130B
000131B
000135B
000141B
000144B
000147B
0001528
000156B
000160B
000162B

000G00B
0000GOB
000000B
000002B
000003B
000005B
000012B

- 000015B

000022B
000027B
000030B
000034B
0000378
000044B
000051B
000054B
000060B
000065B
000072B
000074B
000077B

000000B

000000B
000000B

ALFA=(80.0-ALFA23}-2.0#PARI/180.0
BETA=(80.0+ALFA2),2.0#PA1-/180.0
B1=SIN(ALFRA)

B2=SIN(BETA)

U1=H1=CO5(ALFA)

U2=H1=COS(BETA)

S=2. O*PAI*SPTIP(ISTQGE)/SBLQDE(ISTRGE)/E 0
GSI=ALFA2+(30.0-ALFR2)/2.0
GSIR=GSI+#PAI~180.0
STAGR=STAGES(ISTAGE ) *PAI~180.0
Y2=GAPS(ISTAGE) 72.0=(WICTAN(STAGR)-NICTAN(GSIR} I +S
DAMY1=(80.0-GSI)*PAI/180.0
Y1=Y2=SIN(DAMY1)
" DAMY2=(GSI- STQGES(ISTQGE))*PQI/IBO 0
DS1=Y1/SIN(BAMY2)

IF(NS1.GT.SCCISTAGE) Y DS1=SC(ISTAGE)
DAMY3=(80.-(80.0+ALFA2)/2.0)#FPAI/180.0
DAMY4=STAGES(ISTAGE)}*PAL-180.0
DAMYS=ALFA2*PAI/180.0
DAMYB=S-CAPS(ISTAGE) /2. 0# (WICTAN(DAMYS)-HICTAN(DAMY3) )
DAMY7=COS (DAMY4)=WICTAN(DBAMY3)+SIN(DAMY4)
DS2=DAMYB/DAMYY

IF(DS2.6T.SC(ISTAGE)Y ) DS2=SC(ISTAGE)
H=(AAARZ2:%144.0)/(2.0%PARI*R)
A1=DS1%H:=SBLADE(ISTAGE)/144.0
A2=DS2:#H*SBLADE(ISTAGE) 7144.0
HH1=LWC=U1%B1#Al

HWH2=L HC:=U2=B2=A2

HH=WH1+HW2

RETURN

END

c ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

SUBROUTINE WICWAK ¢ RHOG » U » DWAKE , DHQKEN )
UISCOF=1.20E~3

~SIGUMA = 4,B534E-3

GC = 32.174

HWE=21.0

DHAKEL = ( WE = SIGUMA # GC ) ~» RHOG ~ U #x 2
SN= dISCOFw*E/(RHUG*SIGUMQ BWAKEL1%#GC)
WELIMT=12,0%(1,0+SN==0.36)
D1=HELIMT*SIGUMA*GC/ (RHOG=Usx%2)
HE=22.0
DHAKEZ2=(WE=SIGUMA=GC) /RHOG U=
SN=UISCOF =2~/ (RHOG*SIGUMR*DBWAKER2%GC)
HELIMT=12.0%(1.0+SN*=0.36)
DR=HELIMT=*SIGUMA=GC/ (RHOG*Ux#2)
KXXX=WICNEW(DWAKELs D1, DHAKEZS D2)
SN=UISCOF =2/ (RHOG*SIGUMA*XXXX#*GC)
WELIMT=12,0%(1.0+SN=%0,36)

DHAKE=WEL IMT#SIGUMA*GC/ (RHOG:Ux32)
DUAKEM = DWAKE ~ 3.2802 *# 1.0E6
RETURN

END

C ++++++++++++++++++++++++++++++++++1++++++++++++++++++++++++++++++++++

SUBROUTINE NICHET(TGI’TG3,TN1,TN3;DQUEN2;DHUEN,

$DELZI, UZ: HIMASS1 s UMASS 1, AMASS, CHMASS, CPGy CPWs DELTGH» DELTHH, RE)
DIMENSION DELHET(S1)

REAL ND » KA » NU » MMASS,NU-
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4.
6.
8.

10.
11.
12.
13.
14.
15,
16.
17.
18.

19.
20.

21,

ce.
23.
24.
as.
26.
27,
c8.
29.
30.
31.
3.

2.
3.

S,
6.

9.

10.

11.
12.
13.
14.
15.
i6.
17.

18.
13.
a0.
21,
ca.
23.

»

' 000000B

0000708
000070B
0000738
0060748
0001008
000103B
0001038
000112B
0001138
0091158
0001278
000131B
000132B
0001408

0001508
0001548
0001568
0001608
0001628
0001648
0001658
000167B
0001708
000173B
0001748
0001768
0091768
000203B

000000B

000000B
000003B
000007B
000013B

0000278
0000308

000043B
00004SB
000050B
000051B
0000548
0000558
0000568
000057B
000063E
000065B

000100B
000102B
000105B
0001068
000111B
000112B

10

11

DELTGH=0.0

DELTWH=0.0

IF(HWMASS1.LT.1.0E-6) GO TO 11

‘PAI = 3.1413827

DAVEAU=(DAVEN2+DAVEN) /2.0%1.0E-6%3.2802 .
IF(BAVEAU.LT.1.0E-6) GO 7O 11

RHOW = 62.54

ND = WMASS1 7/ C RHOW = 4.0 ~» 3.0 * PAI # ( DAVEAU ~ 2.0 ) =% 3)
KA = 0.015 ~ 3600.0 :

PR=0.7

NU=2.0+0.6%SART(RE)*PRx**0,33

HCONUE = KA ~ DARUVEAU = NU

J=1

DELT=((TG1-TH1)+(TG3-TH3))/2.0

DELHH = HCONUE = 4, 0 # PAI % ( DAVERV ~ 2 0 ) #=2=DELT =
$ND=DELZI/UZ

GMASS1= UNQSSI+QMQSS+CHMQ55
DELTGH=DELHH/(GMASS1%CPG)

BELTWUH=DELHH/ (UMASS1=CPH)

TG3=TG3~DELTGH

TH3=TW3+DELTHH

DELHET (J)=DELHH

J=J+1

IF(J.EQ.2) GO 70 10

ERGR=ABS (NELHET(J-1)-BELHET (J-2))
EPS=0.0001

IF(J.GT.S50) GO TO 11

IF (EROR.GT.EPS) GO 70O 10

RETURN

END

C SN

SUBROUTINE WICMASC HW1 » TWL » TW2 » PP1 , PP2 , TGL » TG2 » DZ »
1 PUB1 , PUB2 , Pl , P2 » UZ , DDAVEL , DDAVE2 , HW2 , UMASSL ,
1 UMASS2 , WMASS] s WMASS2 » DMDTAU » AMASS ,RE)

PWBL = WICPWB(TW1)#144.0
PWB2 = WICPWBC( TW2 )#144.0
PHL = ( KWL = PP1 ) ~ ( HAL + 0.6219 )

DMDTL = WICHTRC T61 » TW1 , PPl , DDAVEL » UZ » DZ , WHASSL ,
1PHL ,RE)

PWRAS1 = PUW1 , .

DMDT2 = WICMTRC TG 2 » TH 2 » PP2 » DDAUE2 , UZ » DZ » WHASSL »
1FHRASL »RE)

DMDTAU = ( DMDT1 + TMDT2 ) ~ 2.0

IF (DMDTAV.LT.0.0) DMDTAU=0.0

WMASS2 = WMASS1 - DNMDTAU

IF (KMASS2.LT.0.0) WMASS2=0.0

DMDTAU=WMASS 1~WMASSR

UMASS2=UMASS 1 +DMDTAY

HWR=UMASS2/AMASS

PH2CLL = ( HW2 # PP2 ) ~ ( HW2 + 0.6219 )

PHR2ASE = PW1 * 1.05

DMDT2 = WICMTR( TG2 » TW2 » PP2 , DDAVE2 , UZ » DZ » WMASS2 ,
1PW2AS2 »RE)

DMDTAU = ( DMDT1 + DMDT2 ) ~ 2.0

IF (DMDTAU.LT.0.0) DMDTAU=0.0

WMASS2 = WMASS1 - DHOTAU

IF (WMASS2.LT.0.0) WMASS2=0.0

DMDTAU=WMASS1-WMASSE .

UMASS2=UMASS 1+DMDTAU
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24.
25.
26.
ar.
28.
23.
30.
31.

32.

33.

34.
35.
36.
37.
38.

33.

40.
41.
42.
43,
44,
43,
46.
ar.

NH WM =

14.

18.
19.
20.

21.
az2.

ONOUNTD W -

000113B
000114B
000120B
000121B
000125B
000126B
000127B
000131B

000143B
0001458
000150B
000151B
000154B
000155B
0001568
000157B
000163B
000170B
0001728
000173B
0001748
000176B
000177B
0002028

000000B
000000B
000000B
0000068
00C007B
000011B
000013B
000015B
0000168
000020B
003023B
000025B
000031B
000033B
000045B
000047B
000053B
000060B
000061B
000070B

000102B
000107B

000000B
060000B
000001B
000004B
0000068
0050128
000012B
0000148

HH2 = UMASS2 / AMASS
PH2CL2 = ¢ HH2 = PP2 ) » ( HH2 + 0.5219 )

J=0

PW2ASN = WICNEW ( PW2ASL » PNECLI » PH2AS2 » PH2CL2 )
PH2AS1 = PH2AS2

PW2CL1 = FW2CL2

PH2AS2 = PH2ASN

DMDT2 = WICMTRC( TG2 » TH2 » PP2 , DDAVE2 ,» UZ » DZ » WMASS2 , PU
12A52 ,RE) :
DMDTAU = ( DMDTL + DMDT2 ) ~ 2.0
IF(DMDTAV.LT.0.0) DMDTAU=0.0

WMASS2 = WMASS1 - DMDTAVY

IF (WMASS2.LT.0.0) WMASS2=0.0
DMDTAU=HMASS1-HMASS2

UMASS2=UMASS1+DMDTAY

HW2 = UMASSZ2 / AMASS

PW2CL2 = ( HW2 = PP2 ) o Hd2 + 0.6219 )
ERROR = ABS ( PW2AS2 - PW2CL2 )~/ (PW2AS2+1.0)

J=Jd+1

IF(J.GT.10) GO 7O 3

EPS = 0.01

IF ¢ ERRCR . GT . EPS ) GO TO -2
PH2 = PW2AS2

RETURN

END

C ++T+++++++++++++++++++++++++*++++++++++++++++++++++++++++++++++++++++

FUNCTION WICMTR(TTG, TTH;PPP.DQUE;UZ.DZ,NMHSS,PH,RE)
REAL KG s ND » MMASS

IF(DAVE.LT.1.0E-62 WICMTR=0.0

IF(DAVE.LT.1.0E-6)> GO TO 10
DD=DAVE#*1.0E-6%3.2802

T=CTIG + TTH ) 7 2.0

PAI = 3.1415926

RHOW = 62.2567

RR = DD - 2.0

TT =T = 5.0 7 9.0 -

PP = PPP = 47.880258

DU=4.24028E-3=(TT##1.5) /PP

SCT=0.60

SH=2.0+0.60=SERT (RE)=5CT#*=0,33

KG = DV ~ DD = SH

HU=1115.3279~0.6840909% (TTW- 460.0)
PUBB=PW+23.0/18.0%0.45/HU=PPP*(TTG-TTW)

R = 85.78

ND = MMASS ~» ( RHOW * 4.0 / 3.0 ® PAI # RR = 3 )
WICMTR = KG # 4.0 = PAl % RR % 2 * ( PWBB -~ TTN - Pl -~ TG ) 7R
1 = ND = D2 » U2

10 RETURN

END

C +tttttttttttittsttibbtbtttttrttbttttttttttbtbttbtbttrbbbtttttetettttt

FUNCTION WICPWB(TWB>

TSTAG=TWB

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 TU 41
A=5.45142

B=2010.8

GO TO 42
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9.

10.
11.
12.
13.
14,
15.
16.
i7.
18.
18.

1.
2.

-4,
5.

7

2.
3.

3.
6.

8.

g.
10.
11.
12.
13.
14.
15.
16.
17.

1.
3.
S.

7.
8.

10.
11.
12.
13.
14,
15.
16.
17.
18.

0000158
000016B
000020B
0000218
0090228
0000248
000030B
000033B
0000348
000035B
000040B

00G000B
0000008
000003B
000011B
000013B
00600238

000027B-

000C00B
000000B
0000033
000005B
N00N11B
000011B
000C13B
000014B
000015B
000017B
0000208
000021B
000023B
000025B
000031B
000033B
0000368

0000008 -

0000008
000003B
0000058

000011B -

000011B

0000138 |

000014B
000015B
0000178
0000208

0000218 |

000023E
000027B
000032B

000033B .

000035B
000041B

490

41
42

A=5.9778
B=2224.4

GO 7O 42
A=5.6485
B=2101.1
AA=A-B/(TSTAGC+273.0)
PS=10.0%:AAN
PS=PS-4.88247E~-4
WICPUB=PS-144.0
RETURN |

END

C +++ttttrtttttttttttrtd bttt ttdtb ittt bt bttt bbbt bbbttt bdbtt bbbt 4

100

FUNCTICN HWICNEH(X1,Y1s¥X2,Y2)

T=ABS((X2-X1),X1)

IF(T.LT.1.0E-6) WICNEW=(Y1+Y2)-2.0
IF(T.LT.1.0E-B) GO TO 100

WICNEW=Xx2- ((YE XE)/(((Y2~ 2)=(Y1-X1))/(X2-X1)))
RETURN

END

C #ttttttttttttttttttttttettttttttrttttttrttttitttttttttttttittttttittt

2o

el

40

41
42

FUNCTION WICBPT(TSTRGs PSTAG)
TSTAGC=(TSTAG-4392.0)/1.8
IFCTSTAGC.LT.100.0) GO TA 20
IF(TSTAGC.GE.100.0.AND.TSTAGC.LT.200.0) GO TO 21
A=5.45142

B=2010.8

GO TO 22

A=5.9778

B=2224.4

GO TO 22

A=5.6485

B=2101.1

PS=P5TRG*4.88247E-4
TBOILK=B-(A-~ALOCG10(PS))
WICBPT=TBOILK=1.8

RETURN

END

C +++++ttrttt+itttttittttirttttttt i bttt bbb bbbttt bbbttt bbb bbbt bbb+ 4

FUNCTION WICSH(TSTAG, PSTAG)
TSTAGC=(TSTAG-492.0)-1.8
IF(TSTRGC.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 4e

A=5.9778

B=2224.4

GO TO 42

A=5.6485

B=2101.1

AA=A~ B/(TSTRGC+2?3 0)
PS=10.0=AA

PS=PS-/4.88247E-4
WICSH=0.6218847+P5/ (PSTRG-PS)
RETURN

END

R o R N o e
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14.

28.

36.

41.

44.

45.
47.

000000B
000000B
000004B
000007B
000010B
000013B

000000B

000000B
0000008
000001B
000004B
000006B
000010B
000012B
000013B
00001SB
000017B
000020B
000027B
000030B

0000328 -

0000338
000035B
0000368
0000378
000041B
000044B
000045B
000046B
000052B
0000558
000062B
000057B
000105B
000113B
000117B

- 000122B

000130B
000132B
000137B
000142B
000146B
000151B
000155B
000163B
000176B
000203B
000203B
0002058
0002078
000210B
0002128

~ 000214B

FUNCTION WICTANCX)
A=COS(X)

B=SIN(X)
WICTAN=B/A

RETURN

END

C +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

C IRS=
C IRS=
C IRS=

11

SUBROUTINE NICCEN(RZERO,UZERO;DD»UZ;DELZZ ALFAAU, FN» IRS, RHOGAS

1RHUB, R2, U2, ITIP» UZTIME, XG> XA» XUUs XCH4» RTIPIN, IPRINT)

1:STATOR

2:ROTOR

3:CENTRIFUGAL ACTION FOR UHPOR

REAL N

PAI=3.1415926 .

ALFARAR=ALFARRU=PAI/180.0

IF(DD.LT.1.0E-6) GO TO 12

D=DD=1.0E-6%3.2802

RHOA=RHOGAS

RHOD=62.37

XXAA=KA/KG

XXUU=XUU/KG

XXCC=XCH4-XG

UISCO=(XXAA*0. 05715+XYUU*0 03283+XXCC*0 035),3600.0
ENDTIM=DELZ2/U2

JJ=10

DELTIM=ENDTIM/FLOAT(JJ)

R1=RZERO

Ul=UZERC

TIME=0.0 .

Jdd=1 .

RE=D=U1-UISCO

B1=0.44

N=0.0 i

IF(RE.LT.1.9) B1=24.0

IF(RE.LT.1.9) N=1.0
IF(RE.GT.1.9.AND.RE.LT.500.0) -B1=18.5
IF(RE.GT.1.9.AND.RE.LT.500.0) N=0.65
B=((UISCO==N)=B1#PAI*(RHOA*%(1.0-N))#6.0)(8, 0*RHOD*PAI)
C=B/(D=x(1,0+N)) .
IF(IRS.EQ.3) C=0

UW1=R1/12.0%2.0=PAl=FN/60.0

IF(R1.GT.RTIPIN) UW1=RTIPIN/12.0%2, O*PQI*FN/SO 0.
UN2=UZ=WICTANCALFAAR)

IF(ALFAAU.LT.1.0) UW=UNW1

IF(ALFAAV.GT.1.0) UW=UH1-2.0

IF(IRS.EQ.3) RHOA=23.364

IFC(IRS.EQ.3) RHOD=16.043

A=U=UW+ (1. 0-RHOA-RHOD)

IF(IRS.EQ.3) DELU=A-R1l=*12.0*DELTIM

IF(IRS.NE.3) DELU=(A/R1%12.0-CxUl#=(2,0-N))I*DELTIM
IF(IRS.NE.3.AND.DELU.LT.0.0) DELU= 0 0

Uli=ul

U2=U1+DELU

DELU=U2-U11

UARVE=U1+DELU-2.0

DELR=UAUVE=DELTIM=12.0

R2=R1+DELR

TIME=TIME+DELTIM
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43.

43,
50.
51.

52,
53,
54.
55.
55.
57.
58.

1.

2.
3.

5.
6.

8.
g.

10. -

11.
12.
13.
14.
15,
16.
17.
18.
18.
20.
2l.

22,

23.
24.

10.

0002168

000236B
0002368
0062368
000240B
000241B
0002448
000247B
000250B
0002508
0002548

000000B
00C000B

000000B
000002B

‘0000038

000010B
000011B
000013B

000016B

000021B
000024B
000027B
000031B
000034B
000037B
0000428
0000458
000047B
0000528
0000S5B
000056B

000074EB

000074B
0000768

000000B

000000B -

000000B
0000028
000003B
000010B
000G11B
000013B
003016B
000021B

lo1

12

IF(IPRINT.EQ.2)
$WRITE(6s 101) R1,UW,A, U1, DELU, U2, UAVE, DELR, R2, TIME
FORMAT(IH »7(F11.4,2X),E10.4,2X,F10.4,2X,E10.4)
ul=uz

R1=R2 '

JJJ=JdJdJ+1

UZTIME=UZ=TIME®*12.0

IF(TIME.GT.ENDTIM) GO TO 12

IF(JJJ.EQ.JJ) GO TO .12

GO 70 1t

RETURN

END

o S U SO S S SRS S S S WU AT S A S AT W WIS S I SRS W W WO O W AP a S

SUBROUTINE WICDMUCIPRINT, IRAD, AMASUL, AMASUT, AMASYsR1,R2,
$STAREA, RSTAUE » DELMAS)
PAI=3.1415926

RST1=RSTAVE

AL=STAREA :
A2=PAI=(R1=#2-R2#%2)/144.0
A2=A2%0.5

DMCENT=A2/A1=AMASY

IF (DMCENT.LT.0.0) DMCENT=0.0

IF (DMCENT.GT.AMASU) DMCENT=AMASY
IF (DMCENT.LT.0.0) DMCENT=0.0
IF (IRAD.E@.1) DMIN=0.0

IF (IRAD.EQ.1) DMOUT=DMCENT
IF(IRAD.EQ.2) DMIN=DMCENT

IF (IRAD.EQ.2) DMOUT=DMCENT

IF (IRAD.E@.3) DMIN=DMCENT
IF(IRAD.EQ@.3) DMOUT=0.0
AMASU2=AMASU1+DMIN-CMOUT

IF (AMASU2.LT.0.0) AMASU2=0.0

IF (AMASU2.GT.AMASUT) AMASU2=AMASUT
DELMAS=AMNASU2-AMASU1L

IF (IPRINT.EQ.2) WRITE(6,200) AMASUL,AMASU2, DMIN, DMOUT,» DMCENT,
$AMASUT » ANASU,» BELMAS

200 FORMAT(1HO0,8(F10.5,3%))

RETURN
END .

I G o o o T T b & § SIS ST AT S AT S A

elgieizininiy]

SUBROUTINE WICDMSCIPRINT, IRAD, AMASH1s» AMASHT, AMASH,R1sR2s STAREAS

' $RSTAVE, RTIP, DMIN, DMOUT, AMASWE, DELMAS)

AMASW1:MASS FLOW RATE OF WATER IN A STREAM TUBE IN INTEREST

AMASWT: TOTAL MASS FLOW RATE OF WATER WHICH ENTER THE COMPRESSCR

AMASW: TOTAL MASS FLOW RATE OF WATER WHICH IS SUBJECT TO ,
CENTRIFUGAL -FORCE

IRAD=1:TIP

IRAD=2: MEAN

IRAD=3: HUB

PAI=3.1415326

RST1=RSTAVE

A1=STAREA

AR=PAT#*(R2x%2-R1%%2),/144.0

A2=A2%0.5

DMCENT=R2-A1*ANASH

IF (DMCENT.LT.0.0) DMCENT=0.0

IF (DMCENT.GT.AMASWT) DMCENT=AMASWT

IF(RL.GT.RST1) GO TO 110
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H WM+

i1,
12.
13.
14.

15.
16.
17.
18.
13.
20.
2l.
22.

23.
4.
25.

14.
15,

1?.
18.
18.
20.
21.

a2a.

23.
24.

000023B
000023B
000024B
000024B

0000268
0000268
0000278
000034B
000037B
000041B
000044B
000045SB

000063B
000063B
0000658

000000B

000000B
0000008
000002B
0000038
000010B
000011B
000013B
000016B
000021B
0000238
000023B
0000248
0000248
000026B
0000268
0000278
000034B
000037B
000041B
006044B
0000458

000063B
0000638
0000658

0000008
000000B
003000B
00G6002B

C

110

100

200

R1.LT.RSTL
DMIN=DMCENT

DMOUT=DMCENT

GO TO 100

CONTINUE

R1.GT.RST1

DMIN=0.0

DMOUT=DMCENT

IF (IRAD.EQ. 1) DMOUT=0.0

IF(IRAD.E@.3) DMIN=0.0
AMASWR=ANASU L +DMIN-DMOUT

IF (AMASHE.LT.0.0) ANMASK2=0.0
DELMAS=AMASWR-AMASW1

IFCIPRINT.EQ.2) WRITE(S,200) amnsua.annsu1.nMIN.DMUUT DMCENT,
$AMASHT, AMASH» DELMAS

FORMAT (1HO, B(F10.5,3X))

RETURN :

END

C +trtttittiitttbbbbtbitbbbitt bbb bbbt bbb bbb bbb bbb b bbb bbb b

aoOonoonn

110

100

200

SUBROUTINE uICPML(IPRIHT.IRAD.amasul,aMﬂsuT.emasu.Rl.Ra.STaREa.
$RSTAUE, RTIP, DMIN, DMOUT, AMASHZ, DELMAS)
AMASH1:MASS FLOW RATE OF WATER IN A STREAM TUBE IN INTEREST
AMASWT: TOTAL MASS FLOW RATE OF WATER WHICH ENTER THE COMPRESSOR
AMASW: 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=RSTAUE

A1=STAREA _

AR=PAT* (RR=#2-R1%%2)/144.0

A2=A2%0.5

DMCENT=A2/A1*AMASH

IF (DMCENT.LT.0.0) DMCENT=0.0

IF (DMCENT.GT.AMASWT) DMCENT=AMASWT

IF(RL.GT.RST1) GO TO 110

DMIN=DMCENT

DMOUT=DMCENT

GO TO 100

CONTINUE

DMIN=0.0

DMOUT=DMCENT

IF (IRAD.EQ.1) DMOUT=0.0

IF (IRAD.EQ.3) DMIN=0.0

AMASKR=ANASIWL+NMIN-DMOUT

IF (AMASWE.LT.0.0) AMASW2=0.0

DELMAS=ANASWR-AMASHL

IF(IPRINT.EG.2) WRITE(6,200) AMASH2, AMASWL, DMINs DMOUT, DMCENT,
$AMASHT » AMASHs DELMAS

FORMAT (1HO, 8(F10.5,3X))

RETURN

END

C +++++++*++++++++++*L++++++++v+++++*+++++++++++++++++++++++++ e

SUBROUTINE NICDRG(DvDELU‘;PHGQSl RHGAS2» CD2, DELU2, DRAG1, RE)
REAL. N» N1

GC=32.174

IP=1
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S. 000004B UISCOG=12.0E-B

6. 000005B PAI=3.1415527
7. 00GC006B IF(B.GT.0.0) GO TO 300
8. 000011B CD2=0.0
9. 000011B DELUZ=0.0
10, 000012B BRAG1=0.0
11. 000013B RE=0.0
12. 000013B "GO TO 301
13. 0000148 300 RE1=(RHCGAS1+D=*DELUL1)/VISCOG
14, 000017¢B RE=RE1L
15. 0000208 B11=0.44
16. 0000218 . N1=0.0
17. 0000228 IF(RE.LT.1.9) Bl1=24.0
18. 000027B IF(RE.LT.1.9) Ni=1.0 ’
18. 0060328 IF(RE.GT7.1.9.AND.RE.LT.500.0) B11=18.5
20. 000037B IF(RE.GT.1.9.AND.RE.LT.500.0) N1=0.8
21. 000044B CD1= B11/(PE1 +%N1)
22. 0000468 DRAG1=0.5:+RHGAS] * (D"LUI‘*E) (PAI#D*x2)%CD1
$/GC .
a3. 0000568 DAMY=DRAG1#GC/(CD1=0.,5*RHEAS2* (PAT#N*%2) )
24. 0000658 IF(IP.EQ.2) WRITE(E,200) DsDELUL,RHGASL,RHGASZ,REL, B11,N1,

$CD1s DRAGL . DAMY
25. 00010SB 200 FORMAT(1HO,10(F10.5,2X))

26. 0001058 DELU2=SERT (DAMY)
27. 0001078 ’ RE2=RHGAS2:D+LELU2/UISCOG
28. 000111B B1=0.44
29. 0001138 N=0.0
30. 000114B IF(RE2.,LT.1.9) Bl=24.0
31. 0001208 IF(RE2.LT.1.9) N=1.0 )
32. 000123B IF(RE2.GT.1.9.AND.RE2.LT.500.0) B1=18.5
33. 00013208 IF(RER.GT.1.9.AND.RE2.LT.500.0) N=0.6
34. 000135B CD2=Bl/(RE2:==N)
35. 000137B IF(IP.EQ.2) NRITE(G;lOl) Rel»B11,N1,CD1,DELVL1sRE2, B1,N,CD2s
$DELLU2’
36. 000160B 101 FORMATC(1HOs,2X, 10(F10,5,2%))
37. 000160B RE=(RE1+RE2) /2.0
38. 0001628 301 RETURN
38. 0001658 END
R R RAARARS LA LRSS
1. 00G000B SUBROUTINE WICSIZ(WMASSL,LMASSS, QHINGI;QNIHGE;HNING3 DL, DS, D1,D2»
$D3, BLIMIT AMSLL, AMLGE - DSLL, DLGE)
2. 0000008 TMASS1=HMASSL+WMASSS+AMING1+AMING2+AMING3
3. 0000048 AML=0,0
4. 00000558 AMS=0.0
3. 0000058 IF(DL.GT,.DLIMIT) AML=AML--UMASSL
G. 000013B IF(DL.LT.DLIMIT) AMS=AMS3-HMASSL
7. 000017B IF(DS.GT.DLIMIT) AML=AML+WMASSS
g. 0000238 IF(NS.LT.DLIMIT) AMS=AMS--WMASSS
9. 0000278 IF(D1.GT.DLIMITY AML=AML-+AMINGL
10. 0000338 IF(DL.LT.DLIMIT) AMS=AMS+AMINGL
11, 0000368 IF(D2.GT.DLIMIT) AML=AML-+AMING2
12. 000041B, IF(D2.LT.DLIMITY AMS=AMS+AMING2
13. 000044B- IF(D3.GT.DLIMIT) AML=AML-+AMING3
14. 000050B - IF(D3.LT.DLIMIT) AMS=RMS+AMING3
15. 0000548 TMASS2=ANL+AMS
i6. 0000558; ERROR=ABS(THMASS1-TMASS2)
17. 0000578 IF(ERROR.LT.1.0E-6) GO TO 100
18. 0000628 IF(TMASS2.LT.1.0E-6) GO 73 100
19. 0000648 TT=TMASS1/TMASS2
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20.
e2l.
22.
230
4.
25.
eb.
er.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37,

. 38.

39.
40.
41.
42.
43.

000065B
000071B
000074B
000077B
000102B
000102B
000104B
00910SB
000103B
000114B
000122B
000131B
000140B
0001478
0001568
000165SB
000174B
000203B
000212B
0002128
000214B
000221B
0002258
0602278

000000B

000000B
000000B
000002B
000003B
000007B
000011B
0000128
000020B
0000368
000042B
000043B
000046B
000050B
000053B

000000CB

000000B
000002B

. 000003B

000005B
0000068
0000i0B
000011B
000013B
000023B
000025B
000030B

IFCTT.
IF(TT.
IFCTT.
IFCTT.
100 AMLGE=
AMSLL=
ADL=0.
ADS=0.
IF (DL.
IFCDL.
IF(DS.
IF(DS.
IF(D1
IF (D1
IF(D2.
IF(D2.
IF(D3.
IF(D3.
DLGE=A
DSLL=A

LT.1.0) AML=AML/TT
LT.1.0) AMS=AIS/TT
GT.1.0) AML=AML=TT
GT.1.0) AMS=ANS=TT

aML

AMS

0

0
GT.DLIMIT.AND.AML.GT.0.0)
LT.DLIMIT.AND.AMS.GT.0.0)
GT.DLIMIT.AND.AML.GT.0.0)
LT.DLIMIT.AND.AMS.GT.0.0)

+GT.DLIMIT.AND.AML..GT.0.0)
LLT.BLIMIT.AND.AMNS.GT.0.0)

GT.DLIMIT.AND.AML.GT.0.0)
LT.DLIMIT.AND.AMS.GT.0.0)
GT.DLIMIT.AND.AML.GT.0.0)
LT.DLIMIT.AND.AMS.GT.0.0)
DL
DS

ADL=ADL+DL * (WMASSL/AML)
ADS=ADS+DL# (WMASSL/AMS)
ADL=ADL+DS#* (WMASSS/AML)
ADS=ADS+DS#* (WMASSS/AMS)
ADL=ADL+D1*(AMING1/AML)
ADS=ADS+D1# (AMING1/AMS)
ADL=ADL+D2* (AMING2/AML)
ADS=ADS+D2* (AMING2/AMS)
ADL=ADL+D3=(AMING3/AML)
ADS=RDS+D3% (AMING3/AMS)

IF(DL.GT.0.0.AND.DLGE.GT.DL) DLGE=DL
IF(DS.GT.0.0.AND.DSLL.GT.D5) DBSLL=DS
RETURN

END -

O e o B R L D = = T TS SRR

SUBROUTINE WICPRP(XAIR, XH20, XCH4s Ts RMIXs CPMIXs GAMMAS G115 G2s G3)

CTINR
C CPMIX IN B

TU-/LBM-R

C RMIX IN LBF-FT/LBM-R

RAIR=1
RH20=1
RCH4=1
XXAIR=
XXH20=
XXCH4=

545.3/28.3964
545.3718.016
545.3/16.043
XAIR/ (XARIR+XH20+XCH4)
XHE0/ (XAIR+XH20+XCH4)
KCHA/ (XAIR+XHZ0+XCHA)

RMIX=XXAIR*RAIR+XKXH203#RH20+XXCH4#RCH4
CPMIX=XRAIR=*WICCPA(T)+XKH20*WICCPH(T ) +XXCH4*WNICCPC(T)

GAMIMA=1.0-(1.0-RMIX/CPMIX/778.0)

G1=GAM
G2=(GA
G3=-1.
RETURN
END

MA/ (GAMMA-1.0)
MMA-1.0)72.0
0/ (GAMMA-1.0)

[ I O o B T e  m o o = T S R

FUNCTI

CTINR

C CPAIR IN B
TK=5.0
A=3.65
B=-1.3
C=3.23
D=-1.9
E=0.27
R=8214

ON WICCPA(T)

TU/LBM-R
/9, 0%T
359
3736E-3
421E~6B
1142¢-9
5462E-12
.3/28.9€4

CP=(A+B#TK+C#TK %2+ DuTKe23+EXTKse%4 ) %R

WICCPA
RETURN
END

=CP«2,3885E-4
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13.

- 1B.

18.
19.
20.
c2l.
22.
23.

000000B

000000B
000002B
000003B
000005B

‘0000068

0000108
000011B
0000138
009023B
0000258
0000308

000000B

000000B
000002B
000003B
006005B

-0000068B

000010B
000011B
000013B
000023B
0000258
0000308

000000B

0000008
0000028

006003B-

000004B

0000218
0000308
0000358

0000378,
000040B

0000418
0000438

600045B°

0000468,
000062B
000063B
0000728
000077B
00C101B
000102B

000104B -

0001058

0001078

ol R o o N T o o o S T el

CTI
C CPH

C +++

CTI
C CPC

C +++

12
10

FUNCTION WICCPH(T)
NR

20 IN BTU-iLBM-R

TK=5,0/9.0=T

‘A=4.07013

B=-1,10845E~-3

C=4.15212E-8

D=-2.86374E-3

E=0.807021E-12

R=8314.3-18.016
CP=(A+B=TK+CaTKsn2+DaTKses3+E#TK##4 ) 2R
WICCPH=CP+2.3E85E-4

RETURN

END
B T TR ST

FUNCTION WICCPC(T)
N R
H4 IN BTU/LBM-R

TK=5,0/3, 0T

A=3.82619

B=-3.8794GE-3

C=24,5583E-6

D=-22.7323E-9

EF=6.86270E-12

R=8314.3/16.043

CP= (9+BwTk+CsTKR*E+D*TK**3+E*TK**4)*R
WICCPC=CP::2.3885E-4

RETURN .

‘END

o B 2 2

SUBROUTINE WICGSL(SIGUMA,BET1S, BET2S, AINCIS, ADEVIS, AMACHL,
1BET1, DEQS, DEGNs SITACS, SITACNs BET2N, OMEGANs Xs AK 1, AK2, AK3
2,U21,UzZ2-UR1,R1,R2)

AINCI=BETI-BET1S+AINCIS

BET2A=BET2S

X1=BET2A

DEEDFG =HICED(AK3, UZ1,UZ2y UR1»R1,R25 BET1, X1, SIGUMA, AINCIS, AINCI)
$-DEQS

ADEVUI=ADEVIS+(6.40-9.45+#AMACH1+3.45=X) *DELDEQ®#AK 1

IF(AMACH1.LT.X) ADEUI=ADEUIS+6.40%DELDEQ#AK 1

BET2C=BET25-ADEVIS+ADEVI

Y1=BET2C

N=1

IF(N.GT.1) GO TO 10

BET2A=BET2S#1.1

Xe2=BET2A

DEAN=WICED(AK3»U21,UZ2,UR1,R1,R2» BETL» X2s» SIGUMA, AINCIS, AINCI)

DELDEQ=DEAN-DEQS

ADEVUI=ADEVIS+(6.40-3,.45*AMACH1+9, 454X )*DELDEQ*AK |

IF(AMACHL.LT.X) ADEUVI=ADEVIS+6.40#DELDEQ#AKL

BETEC=BET25-ALEVIS+ADEVI

Ya2=BET2C

DELBET=ABS((X2-Y2)/X2)

EPS=1.0E-6

IF(DELBET.LE.EPS) GO TO 11

BET2AR=HICNEN(X1, Y1, X2,Y2)
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24.
25.
26.
27.
c8.
29.
30.
31.
32.
33.
34.
35.
36.

37..

ONOOUTAWN -

y—
ow

11.

s b
whn

14,
15.

4‘
S.
6.

000111B
000112B
00C113B
000115B
000117B
000120B
0001208
000128
0001258
0001258
000125B
000133B
0001418
000144B

000000B

000000B
000000B
000002B
0000058
00000GB
000007B

000011B

0000148
000027B
000031B
000034B
000036B
000045B
0000508

000000B

000000B
000000B

00G000B

000002B

00G004B

1
1

X1=X2
Yi=Yg2
N=N+1
IF(N.GT.50) GO 7O 13
GD 70 12
1 BETZN=X2
GO 70 14
3 URITE(6,201)

201 FORMAT(1HO,#D0 NOT CONVERGE#)

1
1

GO 70 15
4 SITACN=WICMTK(SITACS, AMACH1, DELDEQ, AK2)
OMEGAN=WICLOS(BET1, EET2Ns SIGUMA, SITACN)
S RETURN
END

[ I o o o S B o & L o S rarar s

SUBROUTINE WICSDL (CHORDs SIGUMAs BETAL1, BETA2 UGy RHOGS
$AMASSH» AREA, UZ, OMEGAP)

PAI=3.1415326

RHOGO=RHOG

RHOPO0=AMASSH/AREA/VUZ

RR=RHOP0-/RHOGO

UISCOG=0.128E-4

C=CHORD-12.0

RE=UG=C=RHOGO-VISCOG
DELC=0.37/(RE=%0.2)/(1.0+1.442:RR)*#%0,8
DELP=0.1402%DELC

BETAIR=BETA1#PAI~/180.0

BETAZ2R=BETA2#PAI/180.0

OMEGAP=DELP#2. 0‘SIGUMQ/CUS(BETQER)*(CDS(BETQIR)/CDS(BETAER))**2
RETURN

END

c+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++A+++++++++

SUBROUTINE NICSTL(ISTQGEyIRUTOR,DﬁualeNE;DELU,UE;U3’NMHSS’UZ,N
%, BETAL, BETAZ, ALFAZ, ALFA3: DELULI2, DELULZ,
$0OMEGRU, OMEGRL » CQMEGSUs OMEGSL » BRAGRU» DRQGRL;DRHGSU.DRHGSL:REHUE)

C ITROTOR=1 ROTCR
€ IROTOR=2 STATOR

REAL M, MMASS

COMMON JPERFM, RHOG(3)» RERUP, RERLUN,RESUP,RESLON

~, PREB, RRTIP(20),SRTIP(20),AAAL, ARAZ, AAA3, SAREA(20)» SAREARS(20)
~yP(3)» TG(3)» XAy XU(3) s KCHF» XW(3) » XWH(3) s KHT (3D s TH(3) s THH(3D

~, OMEGS(20), OMEGR(20) s GAPR(20), GAPS(20) . :

~»RRHUB(20) » RC(20) » RBLADE(Z0) , STAGER(20)

~, SRHUB(20) , SC(20). » SBLADE(20),STAGES(20)

~» SIGUMR(20) » BETISR(20) , BET2SR(20) » AINCSR(20) » ADEUSR(29)
"~» SIGUMS(20) » BET1SS(20) » BET25S5(20) » AINCSS(20) » ADEUSS(20)
~s UTIPG(20),UTIP(20),UTIPD(20),U0OU(20), UMEAN(20), UHUB(20),U(20)sFAI
~» AREA(20), AREARS(20), UU2(20),UTIP2(20), UMEAN2(20), UHUB2(20) s IPRINT
~» ICENT, IICENT, FMR1(20), FMA2(20), IDESIN, FAID

~» NS5 NSF» NSLPC, BYPASSs NS1, RT(20),RM(20)» RH(20), ST(20),5SM(20), SH(20)
~s DSMASSs ARREA(20), ARREAS(20), PR12D(20), PR13D(20), ETARD(20)
~sDR(20),BS(20), DEGR(20), DEGS(20), BLOCK(20), BLOCKS(20)

~y BETIMR(Z20), BET2MR(20), BETIMS(20), BET2ZMS(20)»RADI1 (20}, RADIZ(20)
A,FHTPIN(EO):FﬁIOUT(cO),ETGSG(EO),PSID(“U),TQUD(EO),SITQDP(EOJ

~s SITADS (20}, HHD(20), UUD(Z0)

PAI=3.1415827 -

GC=32.174

RHOW=62.3
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8.

10.
11,
12.
13.
14,
15.
16.
17.
18.
19.
20.
21,
22.
23.
24.
25.
26.
ar.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
33.
40.
41,
42.
43.
44,
45.
a6,
47.
48.
439,
50.
SlL.
Se.
S3.

54.
55.
S6.
57.
58.
33.
60.
61.
62.

002005B

000010B
000012B
06000148
00060168
000022B
0000308
000031B
000034B
000034B
0000368
000041B
000045B
000052B
00005S6B
0000628
0000638

003064B-

00CCE6B
000071B
0000768
000G7EB
0001008
000100B
000102B
000103B
000105B

-000112B

000113B
0001208
000131B
000136B
000143B
000147B
0001S38B
000160B

0001608

0001628
000162B

0001648

000165B
000167B
000171B
000173B

.000207B

00021SB
000215B

000234B
0002348
0002368
0002378
000241B

‘go0e4eB -

0002528
0002648
0002648

C +++

C DRO

2000
2001

4000

4001

2002

720

2010

B 2 L R ST A S e
IF(IROTOR.EQ.2) GO TO 100
PLET DRAG IN ROTOR

DD=DARU»1.0E-623.28

UG1=H1 :

UP1=UG1-DELV

A1=HMASS:=RC(ISTAGE) 712.0-U2
A2=RHOW:4,.0/3.0%PALl*(DD/2.0)%#x3

TN=0.0

IF(WMASS.GT.0.0) GO TO 2000

GO TO 2001 '

TN=Al/A2

VAVE=(H1+H2)/2.0

GMUL1=(80.0-BETA1)/2.0%PA1/180.0

DELUU1I=UG1-UP1=C0OS(GMUL)

IF(N.GT.2) DELUU1=DELUU2
TNU=TN#(180,0-BETA1-BETA2)/360.0

KHW(2)=XLHWN(1)

KWT(2)=KWUT(1)

XKU(2)=XU(1)

CALL HWICPRP (XA, XU(2), H#CH4, TG(2), RMIX, CPMIX, GAMMA, G1, G2, G3)
IF(IPRINT.EG.2) WRITE(G,4000)

FORMAT (1HO, #BROPLET DRAG IN ROTOR (UPPER PART)#)

CALL WICDRG(DD,DELUUL,RHOG(1),RHOG(2),CD2, DELU2, DRAGL, RE)
DELUU2=DELU2 :

CDRU=CD2

RERUP=RE

DRAGRU=DRAG1=*TNU
AREAL=PATI=(RRTIP(ISTAGE)#%2-RRHUB(ISTAGE)%%2),144,0-10.0
DELPRU=DRAGRU/AREAL

OMEGRU=DELPRU~ (0.5#RHOG (1) /GCx#W]1sx2)

CDRUU=CDRU=DEL UUR=#2:%PA1 /4. 0% DD#=2#TNU/UAVUE*#2/RC(ISTAGE)*#12.0
GML1=(30.0+BETAR1)2.0%PARI/180.0

DELUL1=UG1-UP1=COS(GML1)

IF(N.GT.2) DELUL1=DELULZ2 -
TNL=TN:#*(180.0+BETA1+BETR2)-360.0

IFCIPRINT.EQ.2) WRITE(G,4001)

FORMAT (1HO, #DROPLET DRAG IN RGTOR (LOWER PART)#)

CAaLL WICDRG(DD,DELUL1,RHOG(1),RKOG(2),CD2, DELU2, DRAGL,RE)
DELUL2=DELU2

CDRL=CD2Z-

RERLOW=RE

DRACRL=DRAGL1=TNU

DELPRL=DRAGRL-AREA1

OMEGRL=DELPRL~(0.5*RHOG(1)/GCxW1s2)
CDRLL=CDRL*DELUL2%#2%PAl /4, 0%DD*=2#TNL/UAUE*#2/RC(ISTAGE)*12.0
IF(IPRINT.EQ.2) WRITE(G,2002)

FORMAT(1HC, #=DROPLET DRAG SUMMARY=Z)
- IFCIPRINT.EG.2) WRITE(S, 720)DELVUL, DELVUR, DELUL1, DELULZ2, CBRU, CD
$RUU, CDRL: CDRLL
% DRAGRU, DRAGRL

FORMAT(1HO, 10(F10.5,2X))

RUP1=(30.0-BETA1)~-180.0

RLOI1=(80.0+BETA1)-180.0

RUP2=(90.0-BETA2)/180.0

RLOW2=(90,0+BETR2)-180.0

RERUVE=RERUPs (RUP1+RUP2) 0. 5+RERLOW* (RLOW1+RLOW2) *0.5
IF(IPRINT.EQG.2) WRITE(6,2010) RUP1,RUP2,RLOWL,RLOWNZ2
FORMAT(1HO0,4(F10.5,2X))

GO 70 209
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O & o o o R e RS A S S = B RS RS RS AT
C DROPLET DRAG IN STATOR
63. 000264B 100 DD=DAU*%1.0E-6%3.28

64. 009267B UGl=W1

65. 000270B UP1=UG1-DELV

66. 000272B A1=WMASS:=SCC(ISTAGE) 712.0/U2

67. 000276B A2=RHOW*4.0-3.0:+PAI=(DD/2.0)%%3
68. 000304B TN= 0 0

63. 000305B IF (UMASS.GT.0.0) GO TO 5002

70. 000310B GO TO 5003

71. 000310B - 5002 TN=Al/A2
72. 000312B 5003 VAUE=(U3+U2)/2.0

’3. 000315B BELUUL=DELUUR2

74. 0003168 TNU=TN=(180.0-ALFA2-ALFA3)~360. 0

7’5, 000323B IFC(IPRINT.EQ.2) HRITE(6,2005)

76. 000332B 2005 FORMAT(1HO,#DROPLET DRAG IN STATOR .(UPPER PART)#)

7. 000332B CALL WICDRG(DDB,DELUU1,RHOG(2),RHOG(2), CDE:DELUE;DRQGI:RE)
78. 000334B DELUU2=DELUR2

79. 000334B ChSu=Cb2

80. 0003368 RESUP=RE

81. 000337B DRAGSU=DRAG1=TNU

8a2. 000341B AREA2=PAI=(SRTIP(ISTAGE)*=2- SRHUB(ISTQGE)**E)/144 0710.0
83. 000346B DELPSU=DRACGEU AREAZ

84. 000247B OMEGSU=DELPSU~ (0.5%RHOG(2) /GC*U2#%#%2)

8s5. 000354B - CDSUU=CDSU+DEL UU2==2#PATl 4. 0*DD**2# TNU/UAVE*#2/SC(ISTARGE) *#12.0
ea. 000355B DELUL1=DELUL2

8r. 0003678 TNL=TN=(180.0+ALFA2+ALFA3)/360.0

88. 000374B IF(IPRINT.EQ.2) WRITE(6,2006)

88. 000402B 2008 FORMAT(1HG,#DROPLET DRAG IN STATOR (LOWER PART)#)

0. 000402B CALL WICDRG(DD, DELUL1,RHOG(2),RHOG(2),CD2, DEL.UZ» DRAGL,RE)
Sl1. 000404B DELUL2=DBELU2

9z. 000404B CDSL=CD2

3. 000406B RESLOW=RE

94, 000407B DRAGSL=DRAG1*TNL

95. 000411B DELPSL=DRAGSL 7AREA2

8sB. 000413B OMEGSL=DELPSL~(0.5*RHOG(2)/GC=#U2%%2)

7. 000417B CDSLL=CDSL=DELUL2=x2:%PAI 4, OwDD**E*TNL/UﬁUE*ia/SC(ISTHGEJ*lE 0
g8. 000431B IF(IPRINT.EQ.2) WRITE(6,2007)

gs. 000437B 2007 FORMAT(1HO,=DROPLET DRAG IN STATOR (SUMMARY)#)

160. 000437B IF(IPRINT.EQ.2)WRITE(GE, 721) DELUUL, DELUUZ, BELUL1, DELUL2, CDSU, CD
$SUU, CDSL» COSLL
~s DRAGSU» DRAGSL

101. 0004568 721 FORMAT(1HO, 10(F10.5,2X3)

102. 0004568 SUP1=(80.0-ALFA2),130.0

103. 000460B SLOW1=(80.0+ALFAR2)/180.0

104. 000461B SUP2=(380.0-ALFA3)/180.0

105. 0004638 SLOW2=(90.0+ALFA3)/180.0

106. 000464B REAUE=RESUP*(SUP1+5UP2)%0.5+RESLOW*(SLOW1+SLOWR2)#0.5
107. 000474B IF(IPRINT.EQ.2) WRITE(B,2011) SUP1,SUP2, SLOW1,SLOWZ

108. 00050GB 2011 FORMATC(1HO, 4(F10. Ss EX))
103, 0005068 200 RETURN
110, 0005108 END
o o S B S G o S ST AT I R S N S ST SFRFRVIT UV I RO ST SR

1. 000000B SUBROUTINE WICFML(WG1,WG2sFMASS, RHOGL,» CHORD, SIGUMAs BETALs BETAR2S
$CDF» OMEGAF) '

2. 000000B PAI=3,1415826

3. 000000B UISC0G=0.128E-4

4. 000002B UISCOL=6.500E-4

5. 000003B C=CHORD/12.0
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000005B
0G0O010B
000013B
000021B
000024B
000026B
000030B
000032B
000035B
000041B
000043B

000000B
0000008
000000B
000005B
000007B
000010B
000012B
000013B

- 0000158

0000208
000023B
000027B
00C031B
000034B
000040B
000044B
000047B
000053B

000000B
000000B
002000B

0000008’

0006008
0000328

000034B-.

0000358
000037B

"0000408B

CH+++

10

WGAVE=0,5=(HGL+HG2)
UFILM=0.,5=HGAVE=VISCOG-VUISCOL
CDF=FMASS=UFILM~(0.5*RHOG1=HG1=HG1%C)
BETAIR=BETAl=FAI-180.0
BETAZ2R=BETA2=PAI1/180.0
BETA3R=0.5%(BETAIR+BETAZR)
CS1=COS(BETAIR)==2
CS2=COS(BETA3R) #x3
OMEGAF=CDF=SIGUMA=CS1,CS2

RETURN

END )
R o e  ARRRS L s

SUBROUTINE WICRSL (SIGUMAs BETAl, BETA2» CHORD» DL CDR, DMEGAR)
PAI=3. 1415526
IF(DL.LT.1.0E-6) CBR=0.0
IF(DL.LT.1.0E-6) OMEGAR=0.0
IF(DL.LT.1.0E-B) GO-TD 10
BETRIR=BETA1=PRI~/180.0
BETAZR=BETAZ=FAI~/180.0
BETA3R=0.5%(BETAIR+BETAR2R)
CS1=COS(BETALR) %2
CS2=COS(BETA3R) %3
C=CHORD=2.5430.011 . 0E6
A=C~DL

IF(A.LT.100.0) A=100.0
CDR=1.83-+1.62:ALOG10(A)
CDR=1.0/CDR%#2.5
OMECAR=CLR=SICUMA=CS1/CS2
RETURN

END

(D0 R B T T o B o A e e s SR B

C +++

B i B e m S S SRR S T e e e s

SUBROUTINE WICSPD(AMASSs ISTRGED

REAL. MsMIN,M1,M2s MIRELs M2REL

COMMON JPERFM, RHOG(3), RERUP, RERLOW, RESUP, RESLOW
~» PREB, RRTIP(20),SRTIP(20),RAAA1, ARA2, ARA3, SAREA(20), SAREAS(20)
~yP(33, TG(3) s XA KU(3) s XCHA» XKU(3) 5 XHH(3) » XHT(3)» TH(3)» THH(Z)

~» OMEGS(20) » OMECR(20), CAPR(20)» GAPS(20)

~sRRHUB(29) » RC(20) » RBLADE(20) , STAGER(20)
~» SRHUB(20) » SC(20) » SBLADE(20),STAGES(20)
~ySICUMR(20) , BETISR(20) , BET2SR(20) » AINCSR(20) » ABEUSR(20}
~s SICUMS(20) », BET1SS(20) s BET2SS(20) » AINCSS(20) » ADEUSS(20)
~,UTIPG(20),UTIP(20),UTIPD(20),UCU(20), UMEAN(20),UHUB(20),U(20),FAI
~» AREA(20) » AREAS(20), UUR(20)» UTIP2(20) » UMEAN2(20) » UHUB2(203» IPRINT
~» ICENT, IICENT,FMR1(20),FlA2(20), IDESIN, FAID

~» NS, NSF > NSLPC» BYPASS, NS1,RT(20),RM(20),RH(203,ST(20),SM(20), SH(20)
~» DSMASS AAREA(20) s ARREARS(20), PR12D(20), PR13D(20), ETARD(20)

~» DR(20), DS(20), DBEAR(20), BEGS(20), BLOCK(20), BLGCKS (203

~s BETIMR(203}, BET2MR(20), BET1MS(20), BET2MS(20),RADI1(20),RADIZ2(20)
~sFAIRIN(Z0), FAIOUT(20), ETASG(20), PSID(20), TRUD(20),SITADR(20)

~s SITADS (20, WWD(20), UbD(BO)

DIMENSION TD(20)

AJ=778.26

AMASSS=Ai1ASS

PAI=3.1415326

GC=32.174

TREF=518.70

PREF=14.7x+144.0
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11.
12.

13.
14.
15.

16.
i7.
18.
19.
20.
21.

22.
23.
24.
25.
6.
27.
28.

- es.
30.
31.

32.
33.
34.
35.

36.
37.

38.

33.
40.
41.
42,
43.
44.
45.
4B.

47.
48.
43.
50.
51.

S2.
S3.
54,
53.
S6.

000042B
0000478

0000618
0000638
000065B

000073B
0000738
000075B
000076B
000100B
0G0101B
000110B
000114B
000117B
0001208
0001218
000122B
0001238

0001248
0001278
000133B

000133B
000136B
0001358
000146B

0001468
000157B

000157B

000157B
0001578
0001618
00016c2B
000164B
000170B
000171B
000177B

0092048
000204B
0002068
000207B
000211B
000212B
000221B
0002258
000230B
0002358

AAARRLT=PAI=(RRTIP(1)==%2-RRHUB(1)*%2)/144, 0=BLOCK (1)
CMASS=AMASS*SAERT(TG(1)/TREF )/ (P(1)/PREF )*AARARLT/SAREA(1)
C IGV INLET
ISTAGE=NS1
CaLL WICPRP(1.0+0.050.0,TG(1)sRMIX, CPMIXs GAMMAS G1sG2s G3)
CALL WICMAC(ISTAGEsAMASS, TG(1),P(1),MsUZ,Cs 0.0, 0.0,RMIX, CPMIX,
$AREAS(NSL))
UZIN=uz2
AIN=C
MIN=M
TOIN=TG(1)
POIN=P(1)
PSIN=P(1)/(1,0+G2#M=u2)%x(]
TSIN=TG(1)/(1.0+G2xMxx2)
RHOGIN=PSIN/RMIX/TSIN
FAIIN=UZIN/UTIPG(1)
FAID=FAIIN
GAMAIN=CAMMA
TOIN=TG(1)
POIN=P(1)
C IGU INLET PRINTOUT
IF(IDESIN.EQ.2) GO TO 93
WRITE(G, 1000)
1000 FDR1RT(lHl.#*ﬁ****a******** DESIGN POINT INFORMATION seseseseitsestsesesiese
Hs st
WRITE(G,1010)
1010 FORMATC(1HO, 1X, 52ttt COMPRESSOR INLET sesstsesez)
WRITE(G, 1020) TOIN,POIN, TSIN, PSIN,RHOGIN
1020 FORMAT(1HO, 1X, #TOTAL TEMPERATURE AT COMPRESSOR INLET=#,F10. 5,/»
$2X, #TOTRL. PRESSURE AT COMPRESSOR INLET=#,F10.2s/»
$2X» “STATIC TEMPERATURE AT COMFRESSOR INLET=#,F10.5,/,
$2X, *STATIC PRESSURE AT COMPRESSOR INLET=#,F10.2,/,
$2X%, “STATIC DENSITY AT COMPRESSOR INLET=#,F10.5)
WRITE(Gs 1030) AIN,UZIN,MINsAREAS(NS1),FATIN
1030 FORMAT(1HO, 1Xs #ACOUSTIC SPEED AT COMPRESSOR INLET=#,F10.5,/s
$2X, #FAXIAL UELGCITY AT COMPRESSOR INLET=#,F10.5s/s
$2%s =MACH NUMBER AT COMPRESSOR INLET=#,F10.5s/,
$2%, “"STREAMTUBE AREA AT COMPRESSOR INLET=#,F10.5,/,
$2Xs #FLOW COEFFICIENT AT COMPRESSOR INLET=#,F10.5)
S9 CONTINUE
C ROTOR INLET
I=N51
ISTRGE=1
ALFAl= BETESS(I)
ADEUSS(I1)=ALFA1-BET2MS(I) .
IF (ADEUSS(I).LT.1.0E~6) HDLUSS(I) 0. 01
NSF 1=NSF+1
100 IFCISTAGE.EQ.NSF1) AMASS=AMASS/(1.0+BYPASS)
CALL WICMAC(ISTAGEs AMASS, TG(1)sP(1),MUZ,Cs0.0sALFAL,
$RMIXs CPMIXs AREACISTAGE))
CPMIX1=CPMIX
GAMMAL=GAMMA
UzZ1=y2
Al=C
M1=M
PS1=P(1)/(1.0+G2#ML =) %xG1
TS1=TG(1)/(1.0+G2x2M1=:2)
RHOCS1=PS1/RMIX/TS1
IF(ISTAGE.NE.NS1) FAIRINCISTAGE)=UZ1-UTIPG(ISTAGE)
IF(ISTAGE.EQ.NS1) FAIRINCISTAGE)=UZ1/UTIPGC(ISTAGE-1)
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57. 0002428 ALFAIR=ALFA1=PAT180.0

8. 000244B - U1=UZ1-CGS(ALFAILIR)

59. 0002468 US1=UZ1=lICTAN(ALFALR)

60. 000251B IFCISTARGE.NE.NS1) W51=U(ISTAGE)-US1
6l. 000257B IF(ISTAGE.EQ@.NS1) WS1=U(ISTAGE-1)-US1
6e. 0002628 WU=HS1-UZ21

63. 0002638 BETAIR=ATAN(WY)

64. 0002668 BETA1=BETAIR#*180.0/PAl

65. 000270B IF(ISTAGE.E@.NS1) GO TO 102

66. 0002728 BETISR(ISTAGE)=BETAL

67. 000273B AINCSR(ISTAGE)=BETA1-BETIMR(ISTAGE)
68. 0002758 102 W1=UZ1/COS(BETAIR)

63. 0003018 MIREL=H1/A1

70. 000303B TREL1=(1.0+G2=MIREL==2)*TS1

[T 0003068 PREL1=(1.0+G2=MIREL=%2)%s:G1*PS1

’ C ROTOR QUTLET

2. 000314B P(2)=PR12D(ISTAGE)=P(1)

3. 0003178 TR12=(PR12B(ISTARCE)*#(1.0-G1)~1.0)/ETARD(ISTAGE)+1.0
4. 0003268 TG(2)=TR12=TG(1)

7S. 000330B CALL WICPRP(1.0,0.050.0, TG(2),RMIX,CPMIX, GAMMA, G1,G2s C3)
6. 000333B GAMMAZ2=GAMMA

77, 000333B CPMIX2=CPMIX

78. 0003358 GAMMAU=(GAMMAL+GAMMAZ2) 72.0

79. 000337B CPMIXU=(CPMIX1+CPMIX2)-2.0

80. 000342B G1AU=GAMMAU/ (CAMMAU-1,0)

81. 000344B G2AU=(GAMMAU-1.0) /2.0

82. . 000346B DELT=TG(2)-TG(1)

' 83. 000350B US2=(U(ISTACGE)*US1+DELT=CPMIXU=#GC=AJ) ~UU2(ISTAGE)
84. 0003568 JJi=1

85. 0003578 uza2as=uz1

86. 0003608 200 US2uz2=US2-/UZEAS

ar. 000363B ALFACR=ATAN(US2UZ2)

88. 0003668 U2=UZ2AS/COS (ALFAZR)

83. 000370B TS2=TG(2)-VU2#%2/(2.0=CPMIX2%*GC*AJ)
90. 000376EB A2=SART (GAMMAZ*RMIX=TS2%GC)

Sl. 000403B M2=U2/A2 -

a2. 000404B PS2=P(2)/(1.0+G2#MR=x2)#:G1

3. 000412B RHOGS2=PS2/RMIX/TS2 .

34. 000415B UZ2CL=AMASS/ (RHOCS2#AREAS (ISTAGE) )
85. 000417B . IF(JJ.EG.2) GO TO 201

86. 0004228 IF(JJ.GT.2) GO TO 202

97. 0004248 X1=UZ2AS

8. 0004258 Y1=Uz2CL

93. 0004268 UZ2RS=U2Z2CL

1g0. 000427B Jd=JJ+1

lo1. 000431B GO TO 200

102. 000432B 201 X2=UZ2AS

103. 000432B Ye=Uz2CL

104. 000434B "UZ2AS=WICNEW(X1, Y1, X2,Y2)

105. 000437B JI=JJ+1

106. 0004408 GO 70 200

107. 000441B° 202 IF((ABS(UZ2AS-YZaCL) UZ2ARS).LT.1.0E-6) GO TO 300
108. 000446B X1=X2

108. 0004468 Yi=Ye

110. 0004508~ X2=UZ2RS

111, 000451B Ye=UzaCL

112. 0004538 UZ2AS=HICNEW(X1, Y1, X2,Y2)
113. 0004558, JJ=JJ+1

114, 0004568 GO TO 200

115. 000457B 300 vza=uZeClL
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116.
117,
118.
113.
120.
121.
122,
123.
124,
125.
126.
127,
128.

129,

130.
131.
132.
133.

4.
1335.
136.

137.
138.
138.
140.
141.
142.
143.
144.
145.

146.
147.
148.
148.
150.
151.
152.
153.
154.
155.
156.
157.
158.
158.
160.
161.
162.
163.
164.
165.
166.

000460B
0004638
000464B
000457B
0004718
000471B
000474B
000477B
000501B
000504B
000512B
000515B
0005258

000563B

000601B
0006108
000613B
0006208

000632B
0006358
000635B

0003378
000641B
0006428
000652B
000660B
000670B
006673B
0006748
0006768

000705B
000706EB
000711B
000713B
00071SB
000715B
000716B
0007228
000730B
0007358
0007368
000747B
0007528
0007558
0007608
000762B
0007648
000785B
0007565
0007678
000r71B

WS2=UU2(ISTAGE)-US2

WS2UZ2=UWS2/UZEAS

BETAZR=ATAN(WSRUZ2)

BETA2=BETAZR*180.0/PAL

BET2SR(ISTAGE)=BETAZ
ADEUSR(ISTAGE)=BETR2-BET2MR(ISTAGE)
H2=U22AS/COS(BETAZR}

MeREL=H2 A2

TREL2=(1.0+G2=M2REL=*%2.0)*TS2
PREL2=(1.0+M2REL*%2,0)#x(1%PS2
FAIOUT(ISTAGE)=UZ2/UTIPG(ISTAGE)
DR(ISTACGE)=1.0-W2/H1+ABS(WS1-WS2)/2.0/SIGUMR(ISTAGE) /H1
DEGR(ISTAGE)=COS(BETA2R)COS(BZTARIR) *
$(U21,UZ22) =
$(1.12+0.61*COS(BETAIR) ##2/5SIGUMR(ISTAGE) » :
SUHICTANCBETARIR) ~(RADIZ(ISTAGE) 7RADI 1 (ISTAGE) ) %
$(Uz22/U21)=WICTAN(BETAZR) )~U(ISTAGE) U211 %
$(1.0-(RADI2(ISTAGE) /RADIL (ISTAGE))#x2))
PRRELI=(1.0+G2AU*UCISTAGE ) %=2/ (GCAMMAU=RMIX*TREL 1+GC)
$#((UU2CISTAGE) AUCISTARGE) d#x2-1,0) ) #%G1lAV
PLOSSR=PR12D(ISTAGE)/ (TG(2)/TG(1))*=G1AU#*PRRELI
IF(PRRELI.LT.FLOSSR) PRRELI=1.0
OMEGR(ISTAGE)=(PRRELI-PLOSSR)/(1.0-PS1/PREL1)
SITADR(ISTAGE)=OMEGR(ISTRGE)=*COS(BETA2R)I#%3.0
$/(2.0=SICGUMR(ISTAGE)#COS(BETALIR)#%2,0)
ALFAZ2=ALFAZR%*180.0/PAI

BET1ISS(ISTAGE )=ALFA2
AINCSS(ISTAGE)=ALFA2-BETIMS(ISTAGE)

C STATOR OUTLET

350

ADEUSS(ISTAGE)=0.1

PLOSSS=PR13D( ISTAGE ) /PR12D( ISTAGE) '
PR13=(TG(2)/TG(1))#*G1AUFPL 0SSR*PLOSSS,/PRRELT
OMEGS(ISTAGE)=(1.0-FLOSSS)/(1.0-PS2/P(2)).
ETASG(ISTAGE )=(PR13#%(1.0,G1AY)~1.0)/(TR12~1.0)
P(3)=PR13:P(1)

TG(3)=TG(2)

TD(ISTAGE)=TG(1)
PSID(ISTAGE)=GC*AJ*CPMINU*ETASG (ISTAGE) #(TG(2)-TG(1))/
$(UTIPG(ISTAGE )::2)

TAUD(ISTAGE)=PSID( ISTAGE ) /ETASG ( ISTAGE)
ALFA3=BET2MS{ ISTAGE ) +ADEUSS ( ISTAGE)
ALFA3R=ALFA3=PAI/180.0

CALL WICPRP(1.0,0.0,0.0,TG(3),RMIX, CPMIX, GAMA,G1sG2sG3)
JJ=1

UZ3AS=UZ2

U3=UZ3AS/COS(ALFASR)

TS3=TG(3)-U3%:2, 0. (2. 0=CPMIX*GC*A)

A3=SART (GAMA*RMIX=TS3%#GC)

M3=U3/A3

PS3=P(3)/((1.0+G2*M3%%2.,0)*%G1)
RHOGS3=PS3/RMIX/TS3

IF (ISTAGE .EQ. NS)AREA( ISTAGE+1)=AREAS ( ISTAGE)
UZ3CL=AMASS/ (RHOGS3+AREA(ISTAGE+1) )

IF (JJ.EQ.2)G0 70 351

IF(JJ.GT.2)G0 TO 352

X1=U23AS

¥1=UZ3CL

UZ3AS=UZ3CL

JI=JJ+l

GO TO 350
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167.
168.
1E8.
170.
171.
172,
173.
174.
175.
176,
177.
178.
i73.
180.
181.
182.

183.

184.
185.
186.

187.
188.
188.
190.
1591.
182.

193.
184.
1585,
136.
187.
1388.

198,
200.
201.
202.
203.
204.

205.
206.
207.
208.
208.
210.
21i1.
cla.

c13.

000772B
0007728
0007748
000777B
001000B
001001B
001006B
0010068
001010B
001011iB
001013B
001015B
001016B
001017B
001020B
001025B

001054B

001067B
001072B
001102B

0011058
001107R
001113B
001117B
001117B
001122B

001122B
001132B
00:132B
001142B
001142B
001145B

001145B
001155B
001155B
001165B
0011658
001170B

001170B
0012018
001201B
00i21eB
0012128
001212B
001217B
00122¢2B

g01222r

351 X2=UZ3AS
Ye=Uz3CL
UZ3AS=HICNER(X1, Y1, X2s Y22
JJd=dJ+1
GO 70 350
352 IF((ABS(UZ3AS-UZ3CL) UZ3CL).LT.1.0E-E)GO TO 400
®1=X2
vi=ve
®e=UzZ3AS
Y2=Uz3CL
UZ3AS=HICNEW(X1, Y15 X2, ¥Y2)
JJ=JJd+1
GO 7O 350
400 U23=U23CL
IFCISTAGE.EQ.NSIRADI1 (ISTAGE+1)=RADI2(ISTAGE)
DEQS(ISTARGE)=COS(ALFA3R) /COS(ALFAZR)I*(UZ22/UZ23) #
$(1.12+0.61=COS(ALFAZR) 2, 0-SIGUMS(ISTAGE) *
SUICTANCALFACRI-HNICTANC(ALFA3R ) *(RADIL (ISTAGE+1)/RADI2(ISTAGE) ) »
$(U2Z237U22)))
SITADS(ISTAGE ) =OMEGS( ISTAGE ) *CUS(ALFA3R) /(2. 0#SIGUMS(ISTAGE) ) *
S({COS(ALFA3R) /COS(ALFAZR) Y##2,0
US3=uz2:HICTANC(ALFA3R)
DSC(ISTAGE)=1.0~-U2,U3+RBS (US2-US3)72.0/SIGUMS(ISTAGE) /U2
WWDC(ISTAGE)=W1/H2
C PRINTOUT OF STAGE PERFORMANCE
IFC(IBESIN.EQ.2) GO 70 1231
WRITE(G, 1000)
WRITE(B, 1100) ISTAGE

1100 FORMAT (1HO, 1Xysesesesris STAGE=Hy 12y 2 #xxxnz)

WRITE(G,1101) )

1101 FORMAT (1HO, 16Xs #TOTALHs 8Ky #TOTALZs 7Xs ZSTATICHs 7X» ZSTATICs 7X»
$ESTATICEs /s 17X 2TEMP#, 7¥, #PRESSURE#, 7X» #TEMP#, 7X» X PRESSURE#, 6X»
$#DENSITY:)

WRITE(B,1110) TG(1),P(1),7S1,FS1,RHOGS1

1110 FORMAT (1HO,s 1Xs #ROTOR INLET#, 1%, S(F10.35,3X))

WRITE(Bs 1120) TG(2)sP(2),TS2sPS2, RHOGS2
1120 FORMATC(LH ,1X,#ROTOR OUTLET#,5(F10.353X))
WRITE(B, 1111)

1111 FORMATC(1HO, 16X, #AXIAL=» 6}y #ABSOLUTE, 5X» #RELATIVE#Z, 5X, #TAN COMP#»
$5X%s #TAN COMP#, /5 15K, 2UELOCITY#y SX» ZUELOCITY#» SXs ZUELOCITY» 4%,
$#0F ABS ULL#, 3X,#0F REL UCZL#)

WRITE(E, 1130) UZ1,ULl,H1,USL,KSL

1130 FORMAT(1HO, 1Xs #ROTOR INLET#, 1XsSCF10.5,3%X))
WRITE(B, 1140) vUZ2,U2,H2,US2,HS2

1140 FORMAT(1H , 1X,#ROTOR OUTLET#,S(F10.5,3X))
HRITE(B, 1141)

1141 FORMAT(1HO, 15X, #ROTOR, 7¥s #ABS MACH#, 5Xs ZREL MACH#, SXs #REL TOTAL#,
$4Xy, =REL TOTAL#Z»s 7/ 16X+ #*SPEEDs EXs #NUMBER#s 7X» ZNUMBER, 7X, ssTEMP#, 8X)»
$#PRESSURER)

WRITE(G, 1150) UCISTACE),M1sMIREL, TREL1, PREL1

1150 FORMAT(1HO, 1Xs #ROTOR INLET#, 1X,5(F10.3,3X))

WRITE(B, 1160) UU2(ISTAGE)sM2» M2REL, TREL2, PRELZ
1160 FORMAT(1H ,»1X,#ROTOR CUTLET#,5(F10.3,3K))

I=15TAGE

IF(ISTAGE.EQ.1) I=NS1+1

WRITE(E, 1161)

1161 FORMATC(1HO, 14X, #ABS FLOW, SX» #REL FLOW#, 4Xp¢STREﬁMTUBE¢,18X,
SZFLOWZs /9 16X #ANGLE, X5 72ANGLER» 83X+ #AREAH# IX» #RADIUSH, 5K
$#COCFFICIENT®)

WRITE(B,1170) BETESS(I-11,BITIZR(ISTAGE)»AREACISTAGE),
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214.
215.

216.
eiv.
218.

- 218,

220,
cel.
aea.
223.
224.

225,
226k,
227,
228.
229.
230.

231.
232,
233.
234.

235,
236.
237.
238.
238.
240.
241,
242.
243.
244,
245.
245.
c47.
248.
243.
250.

251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
2bl.

001237B
001237B

0012548
0012548
0012678

0012678

001267B
0012678
001271B
0012748
001275B

001277B
001300B
001302B
001305B
001310B
001317B

001322B
0013248
001330B
001333B

0013338
0013378
001337B
0013438
001343B
001347B
001347B
001353B
001353B
001357B
001357B
0013638
001363B
001367B
0013678
001372B

00137¢2B
001402B
001402B
0014128
0014128
001422B
0014228
0014328
001432B
0014428
0014428

1170

1180
1190

1231
C REP

C OVE

C PRI

421

1710
1720
1730
1740
1760

$RADI1(ISTAGE), FAIRINCISTAGE)

FORMAT (1HO» 1X, #ROTOR INLETH» 1Xs5(F10.5,3X))

WRITE(Bs 1180) BET1SS(ISTAGE)s BET2SR(ISTAGE) s AREAS(ISTAGE)
$RADIZ(ISTAGE), FRIOUT (ISTAGE)

FORMAT(1H » 1X, "ROTOR OUTLET#»S(F10.5,3X))

WRITE(B,1190) PR13,ETASG(ISTAGE), PR12B(ISTAGE)s ETARD(ISTAGE), TR12

FORMAT(1HO, 1X, #STAGE TOTAL PRESSURE RATIO AT DESIGN POINT=#,F10.5s
$/,2Xs #*STAGE ADIABATIC EFFICIENCY AT DESIGN POINT=#,F10,5s /2%,
$#ROTOR TOTAL PRESSURE RATIOQ AT DESIGN POINT=#,F10.5,/,2X,
$#ROTOR ADIABATIC EFFICIENCY AT BESIGN POINT=#,F10.5,/,2X,s
$~#ROTOR TOTAL TEMPERATURE RATIO AT DBESIGN POINT=#,F10.5)

CONTINUE
EAT

TG(1)=TG(3)

P(13=P(3)

ALFA1=BET2MS(ISTARGE)+ADEUSS(ISTAGE)

ISTAGE=ISTAGE+]

IFCISTAGE.LE.NS)GO TO 100
RALL PERFORMANCE AT DESIGN POINT

OUALPR=P(3)-POIN

OUALTR=TG(3)/TOIN

GAMMAU=(GAMAIN+GAMMA) ~2. 0

G1AU=GAMMAU/ (GAMMAU-1.0)

OVALEF=(0VALPR#=(1.0/GLAV) - 1 0)/(QUALTR-1.0)

QUALDT=TG(3)-TOIN
NTOUT OF QUERALL PERFORMANCE QT DESIGN POINT

IF(IDESIN.EQ.2) GO TO 433

WRITE(G, 10003

HWRITE(G»,421)

FOPWQT(lHO,rnx******** OUERALL PERFORMANCE AT DESIGN PUINT L

NRITE(S,485) TOIN

FORMAT(1HO, 1X, #COMPRESSOR INLET TOTAL TEMPERATURE=#,F8.2)

WRITE(6,426) POGIN

FORMAT (1HO, 1X, =COMPRESSOR INLET TOTQL PRESSURE=#,F10.2)

NRITE(S 4273 CMASS

ORMAT (1HO, 1X, *CORRECTED MASS FLOW RHTE=r,F8.3)

NPITE(B,429) OUALPR

FORMAT (1HO, 1X, *0UERALL TOTAL PRESSURE RATIO=#,F8.4)

WRITE(6,430) OUALTR

FORIMAT (1HO, 1X5 0OVERALL TOTAL TEMPERATURE RATIO=#,FE.4)

WRITE(6,431) CUALEF
"FORMAT (1HO, 1X, #*0VERALL ADIABATIC EFFICIENCY=#,FG.4)

WRITE(B,432) OUALDT

FURMHT(IHOplX;#DUERQLL TEMPERATURE RISE=#,F8.3)

HRITE(G» 1621) '

FORMATC(1HOs 14K, =15, SXs & #oSX;#B#;SXi#4¢,5X,¢5¢,SX,#S#,5Xo
$#7#5 5X» 2B5%s OX» #I7s 4Xs # 105, 4K, Z1 17, 4K, #12#» 4Ks #1375 4X, #1445,
$4Xs #1552 4Xs #165) ’

HRITE(E,»1710) (BETISR(I), I=1,N3)

FORMATC(IH 5 1X, #BET1ISR(I}#:2Xs 17(F5.2s 1X))

WRITE(Es 1720) (BET2SR(I), I=1,NS)

FORMAT(1H » 1X, #BET2SR(I)=, 2K, 17(F5.25 1X)3

WRITE(B, 1730) (AINCSR(ID, I=1,NS)

FORMATC(IH s 1Xs #AINCSR(I)#,2X, 17(F5.251X))

WRITE(E, 1740) (ADEVUSR(IJ}, I=1,NS)

FORMAT(1H 5 1Xs #ADEUSR(I)#, 2%y 17(F5.2s 1X))

WRITE(G, 1760} (BET1SS(I), I=1,NS)

FORMATC(1H 51X, #BET1SS(1)#,2X, 17(F5.2s1X))

WRITE(E, 1770) (BET23S(I), I=1,NS1)
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a62.
263.
264.
265.
266.
267.
268.
269.
270,
a71.
ara.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.

001452B
001452B
0014628
001462B
001472B
001472B
0015028
0015028
001512B
001512B
001522B
001522B
0015328
0015328
0015428
001542E
0015528
0015528
001562B
0015628
0015528
0015528
001565B

1770
1780
1790
1791
1793
1794
1795
1796
1797

1788
433

FORMAT(1H 51X, #BET25S(I1)#,2Xs 17(F5.251XK))
HRITE(G, 1780) (AINCSS(I), I=1,NS)
FORMAT(H » 1X, #AINCSS(I)#s 2%, 17(F6.2))
HRITE(6, 17390) (ADEUSS(I)sI=1,NS)
FORMATC(1H » 1X, #ADEUSS(I)5,2X, 17(F5.2,1X))
HRITE(Bs 1791) (TD(I)»I=1,NS)

FORMAT(IH » 1X, #TD(I)#,BXs 17(F5.05 1X))
HWRITE(B, 1793) (OMEGR(I)s I=1,NS)
FORMATC(1H » 1X, #0OMEGR (I35, 3X, 17(F9,.351X))
HRITE(B, 1794) (OMEGS(I)s I=1,NS) .
FORMAT(1H » 1X, #OMEGS(I)#,3X, 17(F5.3,1X))
WRITE(6, 1795) (SITADR(I), I=1,NS)
FORMAT(1H » 1X, #SITADR(I)s5% 3Xs 17(F5.45 1K))
WRITE(B51786) (SITADS(I)sI=1,NS)
FORMAT(1H » 1X,#SITABS(I)#,3X, 17(F5.4,1X))

"HRITE(Bs 1737) (DEAR(I), I=1,NS)

FORMATC(IH » 1X, #DEQR(I)#,SXs 17(F5.35 1X))
HRITE(E, 1788) (DERS(IJ, I=1,NS)
FORMAT(1H 51X, #DEBS(I)#55Xs 17(F5.35 1X))
CONTINUE

AMASS=AMASSS

RETURN

END
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TEST CASE
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TEST CASE NO. 1
(Air Only)
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ERNHERENENREREREnr Rt n it INPUT DATA oo tsin mie s st e N u e f a8 es
FMF(FRACTION OF DESIGN CORRECTED SPEED)=1.000

KDINCINITIAL WARTER CONTENT QF SMALL DEUPLET)= 0

XKDDINCINITIAL WATER CONTENT OF LARGE DROPLET)= 0

RHUMIDCINITIAL RELATIVE HUMIDITY3= .00 PER CENT

ACHYCINITIAL METHANE CONTENT)= 0

TOG(CCMPRESSOR INLET TOTAL TEMPRATURE OF l’;F}S).= 518.70

TOW(COMPRESSOR INLET TEMPERATURE OF DROFLRET)= 513.70

PO (COMPRESSOR INLET TOTAL PRESSURE)=2116.80

DfN(INITIIL DROPLET DIAMETER OF SMALL DROPLET)= 20.0
DDINCINITIAL DROPLET DIAMETER OF LARGE DROPLET)= 600.0

FND(DESIGN ROTATIONAL SPEED)= 38492.1

DSMASS(DESIGN MASS FLOW RATE)=  25.5000

BYbﬁSS RATIO = 1.0050

COMPRESSOR INLET TOTAL TEM#ERQTURE(GQS PHASE) 518.70 R

COMPRESSOR INLET TOTAL PRESSURE=2116.80 LB/FTx2 ‘

PREB(FERCENT OF WATER THAT REBOUND AFTER IMPINGEMENT)= 50.0 PERCENT

ROTOR SPEED= 9492.1 RPM ' .
CORRECTED ROTOR SPEED= 8432.1 RPM( 100.0PER CENT OF DESIGN CORRECTED SPEED)
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wRagennngssxnwe DESICN: POINT INFORMATICHN sstsesemisestiesees i
wzzzz COMPRESSOR INLET wiwss

TOTAL TEMPERATURE AT COMPRESSOR INLET= 518.70000
TOTAL PRESSURE AT COMPRESSOR' INLET=  2116.80
STATIC TEMPERATURE AT COMPRESSOR INLET= 483.23241
STATIC PRESSURE AT COMPRESSOR INLET= 1725.23
STATIC DENSITY AT COMFRESSOR INLET= .06610

ACOUSTIC. SPEED AT COMPFRESSOR INLET=1084.47473
AXIAL. UELQCITY AT COMPRESSOR INLET= 584.81337

MACH NUMBER AT COMPRESSOR INLET= .54848
STREAMTUBE AREA AT COMPRESSOR INLET= .64861
FLOW COEFFICIENT AT COMPRESSOR INLET= .33261 |
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EX X

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STACE
STARGE
ROTOR
ROTOR
ROTOR

STAGE= 1 xsemsex

TOTAL
TEMP

518.700
S67.614

INLET
OUTLET

- ARIAL
UVELOCITY

INLET 603.843885
QUTLET 571.04301

ROTOR

SPEED
INLET 8r8.042
QUTLET  8&70.587
ABS FLOW

ANGLE
INLET 6.63000
OUTLET 35.51433

TOTAL FRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY :
TOTAL TEMPERATURE RATIO AT BESIGN POIMNT=

TOTAL
PRESSURE

2116.800
£842.862

APSOLUTE
VELOCITY

B607.98356
702.43644

ABS MACH
NUMBER

.961
624

REL FLOW
ANGLE

53.20104

38.94625

AT DESIGN POINT=
&T DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=

STATIC

STATIC
TEIP PRESSURE
487.912 1709.001
525,582 2185.821
RELATIVE TAN COMP
UELOCITY  OF ABS UEL
1008.08131 70.82921
734.24570  403.04717
REL MACH REL TOTAL
NUMBER TEMP
.931 572,552
653 571.429
STREAMTUBE
AREA RADIUS
.64323 10.60000
.57395 10.51000
1.23500
.91272
1.34300
.93300
1.08430

185

STATIC
DENSITY

. 066
.078

TAN COMP
OF REL UVEL

807.21328
461.54024

REL TOTAL
PRESSURE

2930.253
7574.884

FLOW
COEFFICIENT

. 38857
37632
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ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
RATOR

STACGE
STAGE
ROTOR
ROTOR
ROTOR

STAGE=

INLET
OUTLET

INLET
OUTLET

INLET
OUTLET

INLET
QUTLET

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY

TN

n

2

TOTAL
TEMP

567.614

. 614.948,

AXIAL
UVELOCITY

580.14010
527.36832

ROTOR
SPEED

870.587
860.647

ABS FLOW
ANCLE

6.21000 -

36.83530

TOTAL
PRESSURE

2825.928
3673.706

ARSOLUTE
VELOCITY

583.67613
659.43115

ABS MACH
NUMBER

.513
.258

REL FLOW

ANGLE

54.26926
41.38875

AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=

STATIC STATIC
TEMP PRESSURE
539,274 2361.973
578.855 2371.117

RELATIVE TAN COMP
VELOCITY  OF AB3 UEL
993. 42989 64.15055
702.93351  335.83255
REL MACH REL TOTAL
NUMBER TEMP
.873 521.370
.596 519,882
STREAMTUBE
AREA RADIUS
.53542 10.51000
.50261 10.33000
1.29300
.91221
1.30000
.93300
1.08333

TOTAL TEMPERATURE RATIO AT DESIGN POINT=

186

STATIC
DENSITY

.082
.036

TAN COMP
OF REL VEL

806.43636
464.75477¢

REL TOTAL
PRESSURE

387%.3399
8636.952

FLOW
COEFFICIENT

.40881
. 37253
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pReed STAGE= 3 wwiess
TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRZSSURE DENSITY
ROTOR INLET 614.843 3653.925 . 581.261 .3183.551 .101
ROTOR OUTLET 663.870 4768.372 636.907 4121.153 .121
AXIAL ABSOI_UTE RELATIVE TAN COMP TAN COMP
UVELGBCITY VELOCITY UELOCITY OF ABS VEL OF REL VEL
ROTOR INLET S533.37030 534.12747 1008.36504 -12,95670 855.38049
ROTOR QUTLET 444.47534 570.67312 622.53028 357.32386 435.385303
ROTOR AES MACH REL MACH REL TOTAL REL TOTAL
_ SPEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET 842.424 .448 .846 675.887 5084.568
ROTOR GUTLET 753.883" 462 . 504 669.010 9128.642
ABS FLOW REL FLOW STREAMTUBE . FLOW
ANCLE ANGLE AREA RADIUS _COEFFICIENT
ROTOR INLET -1.43000 58.02558 47320 10.17000 .39511
ROTOR OUTLET 38.84355 44,44581 .47305 39.58400 . 32883
STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.30100
STAGE ADIABATIC EFFICIENCY AT BESICN POINT= 97785
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT= 1.30500
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .29100
ROTOR TOTAL TEMPERATURE RATIO AT DESICN POINT= 1.07855
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ROTOR
ROTOR

ROTOR
ROTOR

ROTQOR
ROTOR

ROTOR
ROTOR

STACE
STAGE
ROTOR
ROTOR
ROTOR

TOTAL
TEMP
INLET  B663.870
QUTLET  708.797
ARIAL
VELOCITY
INLET 682.78673
OUTLET 649.18303
ROTOR
SPEED
INLET  771.186
OUTLET  758.181
ABS FLOW
ANGLE
INLET .38000

OUTLET 29.23201

TOTAL PRESSURE RATIOD
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATID
ABIABATIC EFFICIENCY

TOTAL
PRESSURE

4753.756
5832.8659

ABSOLUTE
UVELOCITY

682.81069
744.35839

ABS MACH
NUMBER

.558
.591

REL FLOW
ANGLE

48.26742
31.23397

AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=

STATIC STATIC
TEMP PRESSURE
625.255 3850.416
663.054 4509.573

RELATIVE TAN COMP
VELOCITY  OF ABS UEL
1025.73688 '5,72023
759.38906  364.18558
REL MACH REL TOTAL
NUMBER TEMP
.838 712.395
.603 710.679
"STREAMTUBE
AREA RADIUS
.16138 9.31000
.15035 3. 15300
1.22300
.55919
1.22700
.88500

TOTAL TEMPERATURE RATIO AT DESIGNH POINT=

188

1.06767

STATIC
DENSITY

.115
.130

TAN COMP
OF REL VEL

765.46614
383.88573

REL TOTAL
PRESSURE

6092.426
13741.777

FLOW
COEFFICIENT

.742286
.70573



ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

INLET
OUTLET

INLET
QUTLET

INLET
OUTLET

INLET
OUTLET

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL TEMPERATURE RATIO

= DESIGN POINT INFORMATION messcsssmssesesis s

5 aesrcesese

TOTAL
TEHP

708.737
r45.614

AXIAL
VELOCITY

£638.00784
632.44913

ROTOR
SPEED

747.933
r40.868

ABS FLOW
ANGLE

8.86000
33.32842

. TOTAL

PRESSURE
5813.844

6382.427¢

ABSOLUTE
VELOCITY

676.26003
756.34816

AES MACH
NUMBER

.533

.585

REL FLCW
ANGLE

43.89245

27.19481°

AT DESIGN FODINT=
AT DESICN POINT=
AT DESIGN POINT=
AT DESIGN POINT=

STATIC STATIC
TEMP PRESSURE
671.028 4792.730
£93.441 5542.742

RELATIVE TAN COMP
VELOCITY  OF ABS UEL
926.56150  105.32404
711.05048  415.90862
REL MACH REL TOTAL
NUMBER TEMP
.731 741.930
.550 741.081
STREAMTUBE
AREA RADIUS
.14222 3.03000
.13539 © 8.94400
1.13400
.95495
1.20100
.93300
1.05335

AT DESIGN POINT=

189

STATIC
DENSITY

. 134
. 149

TAN COMP -
OF REL VEL

E42.E6876
324.85245

© REL TOTAL

PRESSURE

6832.319
14096.645

FLOW
COEFFICIENT

. 753E3
. 71376



rsessis STACGE= 6 )
TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET  746.614 £941.730 713.972 5326.540 .1586
ROTOR OUTLET  785.028 8149,591 747 .285 6811.243 .171
AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
UELOCITY VELOCITY VELOCITY OF ABS VEL. OF REL UEL
ROTOR INLET 6293.34181 £29.56023 958.38077 16.533931 722.78824
ROTOR OUTLET 594.31699 687.07378 711.05095 343.72086 383. 44462
ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET 739.378 -, 482 .733 789.618 8462.191
ROTOR OUTLET  733.165 .514 .532 788.733 16491.997
ABS FLOW REL FLGW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT
ROTOR INLET 1.41000 48.95347. . 12989 8.92600 72753
ROTOR OUTLET 30.01772 33.20956 .12514 8.85100 .68774
STAGE TOTAL PRESSURE RATIC aT DESIGN POINT=  1.16100
STACE ADIABATIC EFFICIENCY AT DESIGN FOINT= .81537
ROTOR TOTAL PRESSURE RATIO AT DESIGN POINT=  1.17400
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .87300
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT=  1.05879
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STAGE= 7 3stsesest

STATIC

DESIGN POINT INFORMATION mesmssmmssesss sxx

TOTAL TOTAL STATIC STATIC
TEMP PRESSURE: TEMP PRESSURE DENSITY
ROTOR INLET 785.028 8059.348 755.218 £993.435 174
ROTOR OUTLET  822.002 9373.0e2 781.033 7313.181 . 188
AXIAL ABSOLUTE RELATIVE TAN COMP - TAN COMP
UVELGCITY UELOCITY UVELQCITY OF ABS VEL  OF REL UVEL
ROTOR INLET 608.46583  612.58727 895.72552 70.384005 657, 23822
ROTOR OUTLET 588.436S1 707.65127 688.43869 377.68185 340.324397
ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SFEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET ’23.278 . 456 .B67 821.083 9408.952
ROTOR OQUTLET  ¢?18.007 .518 504 819.821 17494.804
ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS - COEFFICIENT
ROTOR INLET 6.55000 47.21108 .12043 3.73200 .713839
ROTOR OUTLET 32.25659 29.62645 11335 8.66800 . 70655
STAGE TOTRL PRESSURE RATIO AT DESIGN POINT= 1.15200
STAGE ADIABATIC EFFICIENCY AT DESICGN POINT= .88759
ROTOR TOTAL PRESSURE RATIO AT DESICN POINT= . 1.18300
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .85000
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.04€77
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- ROTGOR
ROTGR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STACGE
ROTOR
ROTOR
-ROTAR

8 s 2335
TGTAL
TENMP
INLET 802,002
OUTLET  873.933
ARIAL
UELGCITY
INLET B13.25442
OUTLET 605.81241
'ROTOR
SPEED
INLET 713,948
QUTLET  703.180
ABS FLOW
ANGLE
INLET 5.24000
QUTLET 40.12835

TOTAL PRESSURE RATIC
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY

T0TAL
PRESSURE

3284.369
11224.802

ABSOLUTE
VELOCITY

615.92757
752.32318

ABS MACH
NUMBER

,448-

. 356

REL FLOW
RNGLE

46.85613
17.63013

AT DESICN POINT=
AT DESIGN POINT=
AT BESIGN POINT=
AT DESICGN PDINT=

STATIC STATIC
TEMP PRESSURE
750.955 £085.411
822.825 9047.821

RELATIVE TAN COMP
UELOCITY  OF ABS UFL
838.46478 57.32174
635.65878- 510.65385
REL MACH 'REL TOTAL
NUMBER TEMP.
.654 857.020
.454 855,732
STREAMTUBE
AREA RADIUS
.10811 8.61900
.10186 8.48300
1.17700
.73978
1.20800
.86700
1.06318

TOTAL TEMPERATURE RATIO AT DESIGN POINT=

192

STATIC
DENSITY

.192
.2086

TAN COMP
OF REL VEL

656.62621
192.52565

REL TOTAL

PRESEURE

10770.488
17683.737

FLOW
COEFFICIENT

.74443
. 73540
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b3

STAGE= 9 sesxweusn

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET 873.933 10827.702 839.963 9482.336 .212
ROTOR OUTLET  908.493 124€8.508 858.171 10161.577 .2e2
AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
UVELOCITY UELOCITY VELOCITY OF ABS VEL  OF REL VEL
ROTOR INLET 619.79666 645.85147 808.72977 181.59355 519.51508
ROTOR OUTLET 621.17319 787.58012 658.¢8178 484.17601 217.82665
ROTOR ABS MACH REL #ACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE
ROTOR INLET 701.103 457 .572 893.227 11815.435
ROTOR OUTLET  v02.103 . 551 .461 893.333 202r4.187
ABS FLOW RZL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT
ROTOR INLET 16.23000 39.96982 . 05637 8.46400 . 7VES7
ROTOR QUTLET 37.33478 19.33244 .08223 8.47600 .774239
STAGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.13400
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= .80329
ROTOR TOTAL PRESSURE RATIO AT DEGIGN POINT= 1.14100
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= .83000
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.03854
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xirnk GTAGE=10 st

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

INLET
OUTLET

TOTAL
TEMP

908.493
860.272

AXIAL

VELOCITY

INLET 676.36161
OUTLET 659.51612

INLET
OUTLET

INLET
CUTLET

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY

ROTOR

_ SPEED

1041,988
1043.983

ABS FLOW

ANGLE

16.50000
37.43465

TOTAL
PRESSURE

12392.015
14858.025

ABSOLUTE
VELOCITY

705.77656

- 830.57551
ABS MACH

NUMBER

.491
.567

REL FLOW
ANGLE

51.17109
39.57489

AT DESIGN POINT=
AT DESICGN POINT=
AT DESIGN POINT=
AT DESIGN FOINT=

STATIC STATIC
TEMP PRESSURE
868.068 10524.261
904,614 11976.885

RELATIVE TAN COMP
UELOCITY OF ABS UEL
1078.73177 201.63215-
855.63381 504.87043
REL MACH REL TOTAL
NUMBER TEMP
.751 962.504
.584 353.701
STREAMTUBE
AREA RADIUS
.08275 8.47100
.07771 8.53600
1.18200
.87744
1.19300
,S1000
1.05639

TOTAL TEMPERATURE RATIO AT DESIGN POINT=

194

STATIC
DENSITY

227
.248

TAN COMP
OF REL VEL

840.35541
545.11255

REL TOTAL
FRESSURE

15246.275
34518.645

FLOW
COEFFICIENT

.57535
.56102
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L3 2

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

STAGE=11 ssexexx

TOTAL
TEMP

INLET =~ 860.272
QUTLET 1015.288

AXIAL
VELOCITY

INLET 667.92072

OUTLET 650.50780
~ ROTOR
SPEED
INLET  1063.022
OUTLET 1068.188
ABS FLOW
ANGLE
INLET  22.78000
OUTLET 42.71960

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL TEMPERATURE RA

TOTAL
PRESSURE

14771 .281
17828.937

ABSOLUTE
VELOCITY

724.85370
885.42704

ABS MACH
NUMBER

.431
.389

REL FLOW
ANGLE

438.46817
35.70330

AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=

TI0

STATIC STATIC
TEHP PRESSURE
917.855  12548.933
952.427  14134.824

RELATIVE TAN COMP
UELOCITY  OF ABS UEL
1027.77536  281.86605
801.07480  600.68345
REL MACH  REL TOTAL
NUMBER TEMP
.636 1003.108
.533 1003.893
STREAMTUBE
AREA RADIUS
.07431 8.64200
.07029 8.68400
1.19700
.£3885
1.20700
.93400
1.05729 -

AT DESICGN PUINTﬁ

195

STATIC
DENSITY

.256
.278

TAN COMP
OF REL VEL

781.15561
467.50446

REL TOTAL
PRESSURE

© 17291.083

35080.785
FLOW

COEFFICIENT

. 56888
55405
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FTRIXR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

STAGE=12 wswxxn

TOTAL
TEMP

INLET 1015.288
OUTLET 1068.470

AXIAL
VELGCITY

INLET 641.30607
OUTLET 634.24236

ROTOR
SPEED

INLET  1075.322
OUTLET 1077.290

ABS FLOW
ANGLE

INLET  24.28000
OUTLET ~ 43.63548

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIO
ABIABATIC EFFICIENCY

TOTAL
PRESSURE

17681.224
21058.337

ABSOLUTE
VELOCITY

704.08145
8r6.33443

ABS MACH
NUMBER

.463
.568

REL FLOW
ANGLE

50.74154
36.68839

AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=
AT DESIGN POINT=

STATIC STATIC
TEMP PRESSURE
875.525 15293.324

1008.283 163r7.94v

RELATIVE TAN COMP
VELOCITY OF ABS UEL
1013.41041 290.63945
790.93392 604.73025
REL MACH REL TOTAL
NUMBER TEMP
.667. 1057.800
.512 1058.142
STREAMTUBE
AREA RADIUS
.06743 8.74200
.06354 8.75800
1.18000
.87100
1.19100
.92400
1.05337

TOTAL TEMPERATURE RATIO AT DESICGH POINT=

196

STATIC
DENSITY

.294
.316

TAN COMP
OF REL UEL

784.68285
472.56016

REL TOTAL
PRESSURE -

20528. 324
39801.685

FLOW
COEFFICIENT

.54621
.54020
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eI

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

ROTOR
ROTOR

STAGE
STAGE
ROTOR
ROTOR
ROTOR

STAGE=13 ®izwx

TOTAL
TEMP

1063.470
1115.935

INLET
OUTLET

AXIAL
VELOCITY

INLET 633.58192
OUTLET 631.31546

ROTOR
SPEED
INLET  1081.842
OUTLET 1087.377
ABS FLOW
ANGLE
INLET  25.79000
OUTLET 42.32034

TOTAL PRESSURE RATIO
ADIABATIC EFFICIENCY
TOTAL PRESSURE RATIOD
ADIABATIC EFFICIENCY
TOTAL TEMPERATURE RATIO AT DESICGN POINT=

TOTAL STATIC STATIC
PRESSURE TEMP PRESSURE
20863.844 1029.939 - 18180.863
24139.468 1058.174 19855. 060
ABSOLUTE "RELATIVE TAN COMP
VELGOCITY UVELOCITY OF ABS VEL
704.26631 1000.50439 307.51420
853.83022 813.16051 574.86258
ABS MACH REL MACH REL TOTAL

NUMBER NUMBER TEMP
.451 .641 1108.721
.541 .515 1110.581

REL FLOW STREAMTUBE -

ANGLE AREA RADIUS

50.70876 . 06067 8.73500

33.07038 . 05728 8.84000

AT DESIGN POINT= 1.14500 »

AT DESICN POINT= .. .8G6623

AT DESIGN POINT= 1.15700

AT DESIGN POINT= .893700

1.04345

197

STATIC
DENSITY

.331
.352

TAN COMP

OF REL VEL

’74.32744
512.51435

REL TOTAL
PRESSURE

23873.938
4ri02.224

FLOW

COEFFICIENT

.53963
«33770
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b deg=to

ROTOR
ROTOR

- ROTOR
ROTOR

ROTOR
ROTOR
STAGE
STAGE
ROTOR

RDTOR
ROTOR

STAGE=14 s
TOTAL
TEMP
INLET  1115.935
. QUTLET  1371.330
AXIAL
VELOCITY
INLET 634.92439
QUTLET 623.19394
ROTOR
SPEED
INLET 1094, 142
OUTLET 106,971
ABS FLOW
ANGLE
INLET . 23.393000
OUTLET 44.01478

TOTQL PRESSURE RATIO AT DESIGN POINT=
ADIABATIC EFFICIENCY AT DESIGN PUINT=
TOTAL PRESSURE RATIO AT DESIGN POINT=
ADIABATIC EFFICIENCY AT DESIGN POINT=

TOTAL
PRESSURE

23889.101
28189. 140

ABSOLUTE
UELOCITY
£95.17343
856.55711

ARS MACH
NUMBER

.4368

.536
REL FLOW
ANGLE

51.94490
38.45148

STATIC STATIC
TEMP' PRESSURE
1077.633 21011.397
1112.238 23273.804
RELATIVE TeN coMP
UELOCITY OF ABS VEL
1030.02084 283.08439
795.76814 662.12170
REL. MACH REL TOTAL

NUMBER TEMP

.646 1161.720
.492 1162.086
STREQMTUBE '

AREA RADIUS
05481 ' 8.89500
+05203 " 8.91800

1.17300
.83082
1.18000
.82800
1.04364

TOTAL TEMPERATURE RATIO AT DESIGN POINT=

198

STATIC
DENSITY

.365
.392

TAN COMP
OF REL UEL

811.05730
484.84373

REL TOTAL
PRESEURE

27693.438

513803.412

_FLOW
COEFFICIENT

.54078
.53073
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3 AERH

STAGE=15 wuxus

TOTAL TOTAL STATIC STATIC STATIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET 1171.330 28021.916 1137.218 25118.100 .414
ROTOR OUTLET 1214.915 31776.853 1168.097 2r433.245 .441
AXIAL - ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY UELOCITY VELOCITY OF ABS VEL  OF REL UEL
ROTOR INLET 614.55554 £658.27809 1061.68327 235.90577 865.73991
ROTOR OUTLET 600.53056 r73.42782 860.185393 487 .32081 615.80085
ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESEURE
ROTOR INLET = 1101.6465 .402 -649 1225.949 33168.434
ROTOR OUTLET 1103.122 . 467 .518 1226.027 66767 .670
ABS FLOW REL FLOW STREAMTUBE FLOW :
ANGLE ANGLE ARER RADIUS COEFFICIENT
ROTOR INLET  20.90000 54.63052 .04939 8.95600 » 522343
ROTOR OUTLET 38.05597 45.71642 - . 04807 8.36800 .51153
STARGE TOTAL PRESSURE RATIO AT DESIGN POINT= 1.123900
STAGE ADIABATIC EFFICIENCY AT DESICN POINT= .89336
ROTOR TOTAL PRESSURE RATIOD AT DESIGN POINT= 1.13400
ROTOR ABIABATIC EFFICIENCY AT DESIGN POINT= .82800
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT=  1.03r21

\
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DESIGN POINT INFORMATION

e3P IR HAN K3

nxzse GTAGE=1E sz
TOTAL TOTAL STATIC STATIC STARTIC
TEMP PRESSURE TEMP PRESSURE DENSITY
ROTOR INLET 1214.915 31636.743 1184.174 28759.551 . 455
ROTOR OUTLET 1269.735 36888.442 1225.530 32301.589 .484
AXIAL ABSOLUTE RELATIVE TAN COMP TAN COMP
VELOCITY VELOCITY VELOCITY OF ABS VEL OF REL VEL
ROTOR INLET 599.32926 626.61344 1100.66508 182.83025 8923.18356
ROTOR OUTLET S564.18324 754.11217 828.10710 500.38227 606. 18366
ROTOR ABS MACH REL MACH REL TOTAL REL TOTAL
SPEED NUMBER NUMBER TEMP PRESSURE
ROTUR INLET 1106.074 . 376 .660 12739.023 38305.884
" ROTOR QUTLET 1106,366 .445 .489 1278.854 72073.383
ABS FLOW REL FLOW STREAMTUBE FLOW
ANGLE ANGLE AREA RADIUS COEFFICIENT
ROTOR INLET 16.87000 - 57.00844 . 04662 8.99200 .51048
ROTOR OUTLET 41.57028. 47 . 05527 . 04563 8.88600 .43053
STACE TOTAL PRESSURE RATIO AT DESIGN FOINT= 1.15300
STAGE ADIABATIC EFFICIENCY AT DESIGN POINT= . 89353
ROTOR TOTAL PRESSURE RATIC AT DESIGN POINT= 1.16600
ROTOR ADIABATIC EFFICIENCY AT DESIGN POINT= 93400
ROTOR TOTAL TEMPERATURE RATIO AT DESIGN POINT= 1.04512
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STAGE
STAGE
STAGE

STAGE
AxXIAL
ROTOR

TOTAL PRESSURE

#*ROTOR INLET: =ROTOR OUTLET#* #STATOR OUTLET#
2353.8301

STATIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GAS)
STATIC DENSITY(MIXTURE)

AXIAL UVELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

TANG. COMP. OF ABS. UEL.

TANG. COMP.
ACOUSTIC SPEED

OF REL. VEL.

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT

FLOW AREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE

INCIDENCE
DEVIATION

DIFFUSION RATIO
MOMENTUM THICKNESS

OMEGA (GAS)
GiiEGA (TOTAL)

TOTAL PRESSURE RATIO=
TOTAL TEMPERATURE RATIC=
ADIABATIC EFFICIENCY=

FLOW COEFFICIENT= .350
UVELOCITY= 530.30
SPEED=1515.04

2116.8000
1786.7061
518.7000
4384.9447
. 0680

. 0680

530.3012
534.0588

972.1732

878.0425
63.2411
814.8014
1090.7875
.4886
.8913

.3500
.6486

6.8007
56.9425
4.08625

INITIAL FLOW COEFFICIENT=
1.33545

1.11005

.890768

2972.3033
2336.4786

5¢5.7813

537.4930
.0815
.0815

500.4600
678.0785
643.9066
870.5874
437.5262
413.0612
1154.9161

. 3355

.5709

.3303
.5738

42.4333
39.5350

5.3639
- -.8650
1.73936

.0355

.06243
. 06249

202

.350 (STAGE= 1 )

2585.6467

575.7813
554.8811
.0877
.0877

438.5308
500.9018

8r0.5874

1154.9567
.4337

.3522

.9354
5.5782

-.6318

1.7640
.0202

. 02836
.02836

336 3 36 36 % 3636 2 I 36 3436 3 S W I I3




2234 L 0T L IEIEIEEFEFEIE RN

INITIAL FLOW COEFFICIENT=

.350" (ISTAGE= 1

) S IE I35 36U I 3¢ 25 36 6 36 36 I 36 36 3¢ 3¢

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

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

Ky=
K=
XHW=
XWT=
XAIR=
XMETAN=
XGAS
HMASS=
HWHMASS=
WTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=
Th=
THH=
P=

“TB=
TDEW=

#%GTAGE INLET

.00000
0

0
0

1.00000

1.00000
. 0
0

0 -

23.40301
0
.00000
23.40301
23.40301
.00000
.07643
. 06805
.06804
518.70000
513.70000
513.70000
2116.80000
671.40656
271.93506

1.38545
1.11005
.80768 .

##STAGE OUTLET =
(BEFORE INTER-
STAGE ADJUST-
MENT)

.00000
0
0

g
1.00000
0
1.00000

0
0

23.40301
0
.00000
23.40301
23.40301
.00000
.08147
.08147
.08147
575.78131
513.70000

0
2972.30333
0
2v4.74640
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##STAGE OUTLET#*
(AFTER INTER-
STAGE ADJUST-
MENT)
- .00000
0
0

0
~1.00000
. 0
1.00000
0
0
23.40301
0
.00000
23.40301
23.40301
.00000
.08767
.08767
.08767
575.78131
513.70000
513.70000
2953.83015

E88.10465
274.74640



36525558 3637 36 S 333030 3 X N INITIAL FLOW COEFFICIENT= .350 (STAGE= 2 ). %9356 3633 3 0 3690 16 26 3¢

STAGE TOTAL PRESSURE RATIO= 1.34535
STAGE TOTAL TEMPERATURE RATIO= 1.08888
STAGE ADIABATIC EFFICIENCY= .83189

" STAGE FLOW COEFFICIENT= .352
AXIAL UVELOCITY= 4838.56
ROTOR SPEED=1415.64

. #*ROTOR INLET#* =ROTOR OUTLET#* #STATOR OUTLET=

TOTAL PRESSURE 2953.8901 39893.4603 .3974.0164
STATIC PRESSURE - 2595.6148 3285.0394 3616.3800
T0TAL TEMPERATURE (GAS) " 575.7813 632.7635 632.76395
STATIC TEMPERATURE(GAS) 554.98133 593.1572 615.8652
STATIC DENSITY(GRS) .0877 .1031 . .1100
STATIC DENSITY(MIXTURED .0877 .1031 .1100
AXIAL VELOCITY . 438.5569 451.7273 443.4317
ABSOLUTE VELOCITY 500.8231 - 635.8535 449.53905
RELATIVE VELOCITY 951.2856 612.1701

BLADE SPEED 870.5874 860.6473 842.4238
TANG. COMP. OF ABS. UVEL. 48.63827 447.4953 -

TANG. COMP. OF REL. UEL. 821.8848 413.1520

ACOUSTIC SPEED 1154.6320 1216.4674 1216.4816
ABSOLUTE MACH NUMBER .4338 «5300 .36386
RELATIVE MACH NUMBER .8325 .5102

FLOW COEFFICIENT .3522 .31381 : .3326
FLOW AREA ’ .5354 .5026 .4732
ABSOLUTE FLOW ANGLE 5.5782 44,7303 -1.5254
RELATIVE FLOW ANGLE 58.7592 42.4462

INCIDENCE 3.14392 8.3303 ‘
DEUIATION .0862 -.0364 h
DIFFUSION RATIO 1.9158 1.8983
MOMENTUM THICKNESS . 0442 .0173
OMEGA (GAS) .08033 .02224

OMEGA (TOTAL) .08039 .02224
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 2

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

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

#xSTAGE INLET=

*

XUy= .00000
KW= 0
RI= 0
RUT= 0
KAIR= 1.00000
XMETAN= 0
XGAS 1.00000
HMASS=

WHMASS= 0
WTi1ASS= 0
AMASS= 23.40301
CHMASS= 0
UMASS= .00000
GIASS= 23.40301
TMASS= 23.40301
WE= .00000
RHOA= .09616
RHOM= . 06805
RHOG= . 08767
6= 575.78131

TU= 513,70000
e 513,70000

P= 2953.89015

TB= 688. 10465
TDEW=

274.74640

1.34535
1.09898
.839189

#2STAGE OUTLET=#

(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0
0
1.00000

1.00000
0
0
0
23.40301
0
.00000
23.40301
23.40301
.00000
.10306
.10306
.10305
632.763945
513.70000

0
3389.46031
0
arr.17752
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#2STAGE OUTLET#=
(RFTER INTER-
STARGE ADJUST-
MENT)
.00000
0

]
v

0
1.00000

0
1.00000
0
0
0
23.40301
0
.00000
23.40301
23.40301
.00000
.11004
.11004
.11004
£32.763845
513.70000
513.70000
3374.01641
703.68519
277.17752

)
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$5ESHEER SRS IRSESI036 52 SR S5 INITIAL FLOW COEFFICIENT= .350 (STAGES 3 ) #8335t nitans

OTACGE TOTAL FRESSURE RATIO= 1.26048
STAGE TOTAL TEMPERATURE RATIO= 1.08331
STAGE ADIABATIC EFFICIENCY= .81684

STAGE FLOW CCEFFICIENT= .333
AXIAL VELOCITY= 449.46
ROTOR SPEED=1351.44

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

TOTAL PRESSURE 3974.0164 5101.3211 5009.2002
STATIC PRESSURE 3616.3429 4476.3401 4707 .2567
TOTAL TEMPERATURE (GAS) 632.7635 685.4855 685.4855
STATIC TEMPERATURE(GRS) 615.9983 660.4465 673.4583
STATIC DENSITY(GAS) +1100 .1270 .1310
STATIC DENSITY(MIXTURE) .1100 .1270 .1310
AKIAL UVELOCITY 443,.4604 389.4365 377 .6287
ABSOLUTE UELOCITY 443.6193 549.4712 380.8195
RELATIVE VELOCITY 955.4080 S62.7624 :

BLADZ SPEED 842.4238 793.8829 771.1864
TANG. COMP. OF ABS, VEL. -11.9766 387.6310

TANG. COMP. OF REL. VEL. 854.4004 406.2518

ACOUSTIC SPEED 1215,39342 1271.3542 1271.3808
ABSOLUTE MACH NUMBER . 3698 .43E4 .239385
RELATIVE MACH NUMBER .7940 .4470

FLOW COEFFICIENT .3326 - .2882 -4105
FLOW RREA .4732 .4730 .4730
ABSOLUTE FLOW ANGLE ~-1,5264 44,8663 7.4246
RELATIVE FLOW ANGLE £2.2532 48.2107

INCIDENCE 6.1832 7.6969

DEVIATION 8.4807 7.0446
DIFFUSION RATIO 2.0751 1.8366
HMOMENTUM THICKNESS . 0478 .03883
CMECGA (GAS) .08753 . 14740

OHMECA (TOTAL) : . 08753 . 14740
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INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 3 )
STAGE PERFORMANCE AFTER INTER-STACGE ADJUSTMENT(JPERFM=2)

362 ST STIEIEISEIL NN N IE K5 F I I W I I FE I I I I 3 I I 3F 2536

STAGE TOTAL FRESSURE RATIO= 1,26043
STAGE TOTAL TEMPERATURE RATIO= 1.08331
STAGE ADIABATIC EFFICIENCY= .81684

#2GTAGE INLET

##STAGE OUTLET s
(BEFORE INTER-
STAGE ADJUST-

#*2STAGE OQUTLETs
(AFTER INTER-
STAGE ADJUST-:

MENT) MENT)
Xy= .00000 .00000 .00000
K= 0 0 0
KW= 0 g 0
KAT= 0 0 Q
XAIR= 1.00000 1.00000 1.00000
XMETAN=
XEAS 1.00000 1.00000 1.00000
WUMASS= 0 0
HWWMASS= 0 0
HTHMASS= . 0 0
AMASS= 23.40301 23.40301 23.40301
CHMASS= 0 0 0
UMASS= .00000 .00000 .00009
GMASS= 23.40301 23.40301 23.40301
THMASS= 23.40301 23.40301 23.40301
WS= .00000 .00000 .00000
RHOA= 11771 .12702 { .10097
RHOM= . 06805 .12702 ’ . 100397
RHOG= .11004 12702 . 10097
T16= 632.76945 685.48553 £85.48553
TH= S13.70000 513.70000 S513.70000
THW= 512.70000 0 513.70000
P= 3974.01641 5101.32106 5009.20024
TB= 703.68513 ) 0 718.939503
TDEW= err’.1v7se 268.36283 2638.36289 -
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sxmxsrmacasxesnsrese  INITIAL FLOW COEFFICIENT=

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

STAGE FLOW COEFFICIENT= .641

AXIAL VELOCITY= 589.33

ROTOR SPEED= 319.87

1.138662

1.06136

.85105°

.350 (STAGE= 4 )

#ROTOR INLET# =ROTOR OUTLET# =STATOR OUTLET#

TOTAL PRESSURE

STATIC PRESSURE

TOTRL TEMPERATURE(CAS)
STATIC TEMPERATURE(GAS)
STATIC BENSITY(CGAS)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

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

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMEER

FLOW CDEFFICIENf
FLOW 'AREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE

DEVIATION
DIFFUSION RATIO
FOMENTUM THICKNESS
OHMEGA (GAS)

GHMEGA (TOTAL)D

 5008.2002
4296.7782
685. 4855

656.2643
.iee?
. 1227

5839.3897
554.3731
S810.7935
771.1864

76.8057
634.3807

1254.2393

.4733
.7261

6407
.1614

74246
49.6754

. 7554

6024.8334 5894. 1247
4884.1440 5185.4606
727 .5442 727.5442
685.4610 €38.2213
.1336 .1392
. 13236 .1392
581.3061 589.6111
713.4135 585.5118
675.7753
758.1814 747.9928
413.5722
344.6092
1233.98674 1293.7731
.5565 .4603
.52re2
<6313 .6654
.1503 . 1422
35.4301 8.0825
30.6603
8.6501 :
9503 =.7775
1.5354 1.5344
. 0587 .0140
08318 .02692
.08319 . 02692
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FTI R R LR RIRIE RS INITIAL FLOW COEFFICIENT= .350

(ISTRGE= 4 )
STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT(JPERFM=2)

T2 I I I F NI EITIENN

STAGE TOTAL PRESSURE RATIO= 1.19662
STAGE TOTAL TEMPERATURE RATIO= 1.06136
STAGE ADIABATIC EFFICIENCY= .85105

#25TAGE INLET#=# %#uGTAGE OUTLET# #2GTAGE OUTLET®#

(BEFORE INTER-
STARGE ADJUST-

(AFTER INTER-
STAGE ADJUST-

MENT) MENT)
XU= .00000 .00000 .00000
K= 0 0 0
Khli= 0 0 0
XWT= 0 0 0
XAIR= 1.00000 1.00000 1.00000
XMETAN= 0 0 -0
XCAS 1.00000 1.00000 1.00000
WMASS= 0 0
WWIASS= 0 0 0
WTIASS= 0 0, 0
AMASS= 11.87233 11.67233 11.67233
CHITASS= 0 0 0
UMASS= .00000 .00000 .00000
CMASS= 11.67233 11.67233 11.67233
TMASS= 11.67233 11.67233 11.67233
HS= .00000 .00000 .00000
RHOA= .13697 .13353 .13918
REQM= . 06805 .13353 .13918
RHOG= . 12272 .13353 .13918
6= £85. 48553 . 727.54417 727.54417
Thi= 513. 70000 513.70000 513.70000
THI= 513.706000 0 513.70000
P= 5009.20024 6024.83343 5994, 12468
TB= 718.99503 0 729.81122
TDEW= 269.958289 271.36253 271.36263
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STAGE
STAGE
STAGE

STAGE
AaxXIAL

ROTOR SPEED= 886.08

#ROTOR INLET= #ROTOR OUTLET= *STQTGR OUTLET#
7309.1765
6507.5573

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GAS) -
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GAS)
STATIC DENSITY(MIXTURE)

RIAL UELOCITY

ABSOLUTE UELOCITY
RELATIVE VELOCITY

BLADE SPEED

TANG. COMP. OF AES. VEL.
TANG. COMP. OF REL. VEL.
ACOUSTIC SPEED
ABSOLUTE MACH NUMBER
RELATIVE MACH NUKMBER

FLOW COEFFICIENT
FLOW AREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE :
DZVIATION
DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

OMEGA (TOTAL)

ADIABATIC EFFICIENCY=

FLOW CGEFFICIENT= .B66
UELOCITY= 5E39.69

5894.1247

5185.2528

727.5442

698.2860
. 1382
.13%2

539.68%4
535.6058
888.2358
747.99¢8
83.7419
654.2503
1233.1012
.4606
.6863

6655
. 1422

8.0825
48.40283
8.4623

INITIAL FLOW COEFFICIENT=

TOTAL PRESSURE RATIO=
TOTAL TEMPERATURE RATIO=

1.213838
1.

060399

.34550

7378.6209
60539.6616

771.9185
730.0673
. 1556
. 1556

554.17390
712.4715
626.9037
740.8631
447.7811
2393.0880

1337.3186

210

.5389
.4741

.6254
. 1354

38.9388

27.8732
8.55£3
1.1132
1.7298
.0033

.00475
.00475

.350 (STAGE= 5 )

771.9195
745.3501
.1633
.1633

550.3157
550.3157

739.37r80

" 1337.4010

.4115
.6362
.1299
.1833
-1.2267

1.6313
.0305

. 05265

69636 3% 96 28 J6 ¢ 3 36 3 21 3F 3 3636 I % 3¢
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 5

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

1.21939

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO= 1.06083
STAGE ADIABATIC EFFICIENCY= .34550

XU=

KW=

K=
CXHT=

XAIR=

XMETAN=

XCAS

WMASS=

HIWMASS=
WTMASS=
AMASS=

CHMASS=

UMASS=

GMASS=
TMASS=
WE=
RHOA=
RHOM=
RHOG=
TG=
TH=
ThW=
P=

TB=
TDEW=

##STAGE INLET=

.00000
0
0

0
1.00000

1.00000
0

11.67233

.00000
11.67233
11.67233

.00000

. 15442

. 06805

. .13918
727 .54417
513.70000
S513.70000

5334, 12468

729.8112e

2r1.36263

0

0
0

0

##GTAGE OUTLET##

(BEFORE INTER-
STAGE ADJUST-
MENT)

.00000
0
0

g
1.006000

1.00000
0
0
0
11.67233
0
.00000
11.67233
11.67233
. 00000
. 15554
. 15554
. . 15554
771.81951
513.70000

0
7378.62087

0
273.08753

211

=%STAGE OUTLET#
(RFTER INTER-
STAGE ADJUST-
MENT) -
.00000
0
0

0
1.00000
0
1.00000
0
0
0
11.67233
0
.00000
-11.67233
11.67233
.00000
.16328
. 16328
. 16328
771.91351
513.70000
513.73000
7309, 17654
742.14735
273.087353

)}
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INIT:AL FLOW COEFFICIENT=

STAGE TOTAL FRESSURE RATIO= 1.18654
STACE TOTAL TEMPERATURE RATIO= 1.05385
STAGE ADIABATIC EFFICIENCY= . 86607
STAGE FLOW COEFFICIENT= .636

AXIAL VELOCITY= 550.38

ROTOR

SPEED= 865.04

.350

TOTAL PRESSURE 7308. 1765 8816.6235
STATIC PRESSURE 6507.4014 7587.3587
TOTAL TEMPERATURE(CAS) v71.9195 818.1164
STATIC TEMPERATURE(GAS) 747.0210 784.1867
STATIC DENSITY(GAS) - 1633 .1813
GTATIC DENSITY(MIKTURE) L1633 .1813
AXIAL VELDOCITY 550.3811 514.3482
ABSOLUTE VELQCITY 550.3839 642.6013
RELATIVE VELOCITY 920.3250 620.9S20
BLADE SPEED 7¥33.3780 733.1655
TANG. COMP. OF AES. UEL. 1.7611 385.2043
TANG. COMP. OF REL. VEL. 737.6170 347.8612
ACOUSTIC SPEED 1336.5625 1373.4584
ABSOLUTE MACH NUMBER .4118 -46E3
RELATIVE MACH NUMBER .6886 .4535
FLLOW COEFFICIENT .6363 .33946
FLOW RREA .1293 .1251
ABSOLUTE FLOW ANGLE . 1833 35.8302
RELATIVE FLOW ANCLE 53.2711 34.0787
INCIDENCE 7.5811 4,1502
DEVIATION - 7.4387
DIFFUSION RATIO - 1.8062
HOMENTUM THICKNESS . 0454
CGIMEGA (GAS) .06738
GMEGA (TOTAL) .06738

212

(STAGE= B )

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

8745.7076
7924.8089
818.1164
785.6827
.1867
.1867

518.2021
522.5194

728.2783

1373.4083
.3788

.6130
. 1204
6.4617
-.0883

1.6048
.0294

. 05769
. 05769

9536 25 3633636 3 38 3 36 I6 3% 35 96 38 3 3 3
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INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 6 )
STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO= 1.19654
STAGE TOTAL TEMPERATURE RATIO= 1.05985
STAGE ADIABATIC EFFICIENCY= .86607

#3STAGE INLETss

#¥#STAGE QUTLET %
(BEFORE INTER-
STAGE ADJUST-

##STAGE OUTLET#3%
(AFTER INTER-
.STAGE RDJUST-

MENT) MENT)
XU= .00000 .00000 .00000
KW= 0 0 0
KW= 0 0 0
XWT= 0 0 0
XAIR= 1.00000 1.00000 1.00000
AMETAN= 0 0
XCAS 1.00000 1.00000 1.00000
WIAsSS= 0 0
WHWMASS= 0 0 0
HTMASS= 0 0 0
AMASS= 11.67233 11.67233 11.67233
CHIMASS= 0 0 0
UMAsSS=. .00000 .00000 .00000
GMASS= 11.67233 11.67233 11.,67233
TMASS= 11,67233 11.67233 11.67233
HS= .00000 .00000 .00000
RHOA= 17748 .18132 . 18656
RHOM= .06805 .18132 . 18666
RHOG= . 16328 .18132 . 18666
TC= 771.91851 818.11642 818.115642
Th= 513.70000 513.70000 S13.70300
THEl= S513.70000 0 513.70000
P= ¥308. 17654 8816.62355 8745.7076G2
TB= 742,14783 0 ¥53.67281
TDEW= 2r3.08753 274.62091

213
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It et SRR SR INITIAL FLOW COEFFICIENT=

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

STAGE FLLOW COZFFICIENT= .613
KIAL UELOCITY= 5138.26

ROTOR SPEED= 846.38

#ROTOR INLETs #ROTOR OUTLET® #STATOR CUTLET#
10280.4634
8380.7053

859.6583

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GARS)
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GAHS)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

TANG. COMP. OF ABS. UEL.
TANG. COMP. OF REL. UEL.
~COUSTIC SPEED

ABSCLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW FREA

ABSCOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIBENCE

DZVUIATION

GIFFUSION RATIO
HMOMENTUM THICKNESS
OMECA (GAS)

oMEGA (TOTAL)D

8r45.7076
7324 .6568
818.1164

735.7587
. 1867
.18€7

518.2616
522.5814
847.2421
728.2v83

58.8103
669.4674

1378.40:4

.37381
6147

.6131
.1204

6.4617
52.2016

9.1916

1.17543

1.05078

.81378

10343.6746
8923.0614
859.6583
824.5923
.2028
.2028

507.7313
654.5692
592.2380
718.0068
413.1220
304.8848
1414.4220
.4665
.4221

.59395
.1133

33.1340
30.93842
10.7240
6.2542
1.7650
.0210
.03508
. 03508

214

.350 (STAGE= 7 )

837.8175
.2099
.2093

514.4858
516.5307

713.9479

1414.3603
.3652

.6245
.1081

S.1777

-. 0623
1.6550

. 0254

.04784
.04784

eI I I I6 3634 I 3 36 3¢ % 2 W R R



semensseensrenesresr  INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 7

STAGE

STACGE
STAGE
STAGE

PERFORMANCE AFTER INTER-STAGE ADJUSTHMENT (JPERFM=2)

TOTAL FRESSURE RATIO=
TOTAL TEMPERATURE RATIO=
ADIABATIC EFFICIENCY=

#2STAGE INLET:

RU= .00000

K= 0
KW= 0
XWT= 0
KAIR= 1.00000
XMETAN= 0
XCGAS 1.00000
WMASS=

WWPMASS= 0
HTMASS= 0
AlASS= 11.67233
CHMASS= 0
UnAsS= .00000
GMASS= 11.67233
TIASS= 11.67233
W3= .00000
RHOA= .20037
REOM= . 06805
RHOG= . 18655
TG= 818.11642

TH= 513.70000
THW= 513.70000

P= 8745.70r62

TB= 753.67291
TDEU= 274.62031

1.17549
1.05073
.91379

##S5TAGE OQUTLET::
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000
0
1.00000
0
0
11.67233
0
.00000
11.67233
11.67233
.00000
20279
.20273
.20273
859.65826
513.70000
0
10348.67456
) 0
268.00787

215

#u5TAGE OUTLETs=
(RFTER INTER-
STAGE RADJUST-
MZNT)
.00000
0
0

0
1.00000
0
1.00000
0
0
11.67233
0
.00000
11.67233
11.67233
.00000
.20984
.20384
.20384
853.65526
S13.70000
513.70000
10280.46837
751.86427
268.00787

)
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STAGE TOTAL PRESSURE RATIO= 1.20089
STAGE TOTAL TEMPERATURE RATIO= 1.06425
STAGE ADIABATIC EFFICIENCY= .81624

STAGE FLOW COEFFICIENT= .625
AXIAL VELOCITY= 514.54
ROTOR SPEED= 823.79

#ROTOR INLET= =ROTOR OUTLETs =#STATOR OUTLET*

TOTAL PRESSURE 10280.4634 12568.8515 12345.6935
STATIC PRESSURE 9380.5524 10557.3338 11281.4781
TOTAL TEMPERATURE(GAS) 859.6583 914.8877 914.8877
STATIC TEMPERATURE(GAS) 837.8300 871.3158 892.0835
STATIC DENSITY(GAS) .2098 2271 .2370
STATIC DENSITY(MIXTURE) .2058 .2271 .2370
AXIAL UVELOCITY : 514.5387 504.5486 507.8209
ABSOLUTE VELOCITY 516.64653 731.0673 528.76399
RELATIVE VELOCITY 842.6568 533.7524 i

DLADE SPEED 713.8479 703.1735 701.1086
TANG. COMP. OF ABS. UEL. 46.6247 529. 0464

TANG. COMP. .OF REL. VEL. 6&7.3233 174.1331

ACOUSTIC SPEED 1413,3527 1458.3792 1438.3516
ABSOLUTE MACH NUMBER - . 3555 .9072 .3626
RELATIVE MACH NUMEER .5862 .3703

FLOW COEFFICIENT 6245 .6125 .6330
FLOW AREA .1081 .1018 .0370
ABSOLUTE FLOW ANCGLE S.1777 45.3577 16.1822
RELATIVE FLOW ANGLE 52.3650 : 19.0408

INCIDENCE 10,1350 8.6577

DEVUIATION 3.7808 ~.0478
DIFFUSION RATIO 1.874¢7 1.7700
MOMENTUM THICKNESS .0811 .0743
OMECGA (GAS) . 08331 .11097
OMEGA (TOTAL) .093831 .11097
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 8

STAGE PERFORMANCE AFTER INTER-STAGE QDJUSTMENT(JPERFM=E)

STAGE TOTAL FRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

##GTAGE INLET:#

XU= .00000

XH= : 0
KW= 0
ART= 0
RAIR= 1.00000
KMETAN=

XGAS 1.00000
WiMASs= 0
HWMASS= 0
HTHMASS= 0
AMASS= 11.67233
CHMASS= 0
UMASS= .00000
GMASS= 11.67233
TMASS= 11.67233
Ha= .00000
RHOA= .22415
RHOM= . 06805
RHOG= 20984
16= 853.65826

TH= 513.70000
THW= 513.70000

P= 10280.46337

TE= 761.86427¢
TDEW= £688.00rE7

1.20089
1.06425
.81624

#2STAGE OQUTLET:#=
(BEFORE INTER-
STAGE ADJUST-
MENT)
.06000
0
0

0
1.00000

1.00000

0

0
0
11.67233
0
.00000
11.67233
11.67233
.00000
.27 04
.22704
.22704
914.88771
513.70000

0
12568.85149
0
263.69355

217

##STAGE OQUTLET#®#=
(RFTER INTER-
STAGE ADJUST-
MENT)
.00900
0

~

U

0
1.00000
0
1.00060
0

0
0
11.67233
0
.00000
11.67233
11,67233
.00000
.23633
.23699
.23699
914.88771
513.70000
513.70000
12345.63354
774.83081
269.63355

)
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STAGE TOTAL PRESSURE RATIO= 1.15536
STAGE TOTAL TEMFERATURE RATIO= 1.04450
STAGE ADIABATIC EFFICIENCY= .913930

STAGE FLOW CGEFFICIENT= .633
AXIAL UVELOCITY= S07.390
ROTOR SPEED= 802.25

: #ROTOR INLET® =ROTOR OUTLET% #STATOR OUTLET=
TOTAL PRESSURE 12345.6935 14336.6902 14263.7226

STATIC PRESSURE " - 11281.2350 12232.4808 . 131383.2043
TOTAL TEMPERATURE(CAS) 914.8877 §55.6015 955.6015
STATIC TEMPERATURE(GAS) 852.2055 914.3024 935.0742
STATIC DENSITY(CAS) .2370 .2508 .2645
STATIC DENSITY(MIXTURED .2370 .2508 .2645
mIAL UVELOCITY - 507.8956 504.5532 478.4400
© ABSOLUTE VELGCITY 528.84€6 713.7256 503.1838
RELATIVE UVELOCITY 751.3761 541,.7555
BLADE SPEED 701.1086 702.1027 1041.39876
TANG. COMP. OF ABS. UEL. 147.3867 504.8072
TANG. COMP. OF REL. VEL. 533.7220 197.2355
RCOUSTIC SPEED 1456.8748 1481.3003 1431.4642
ABSOLUTE MACH NUMBER . 3630 .4839 .3374
RELATIVE MACH NUMBER .5157 .3673
FI_.OWd COEFFICIENT 6331 - .6289 .4070
FLOW AREA . 0970 .0923 .0323
ABSOLUTE FLOW ANGLE 16.1822 45.0144 18.0433
RELATIVE FLOW ANCGLE 47.4717 21.3570
INCIDENCE 2.3317 8.1844 |
BEVIATION 5.2970 1.5433
DIFFUSION RATIO 1.8431 1.8616
MOMENTUM THICKNESS .0252 : .0200
OHEGA (GAS) .04159 .03468
CrMEZGA (TOTAL)D .04158 .03468

218
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STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT (JPERFM=2)

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ABIABATIC EFFICIENCY=

##STAGE INLET=s

KU= .00000

K= 0
K= 0
RNT= 0
RAIR= 1.00000
XMETAN= , 0
XGAS 1.00000
HiMASS= 0
WLHASS= 0
WTMASS= 0
AMASS= 11.67233
CHIASS= 0
UMASS= .00000
GMASS= 11.67233
THASS= 11.67233
WS= .00000
RHOA= .25293
RHOM= . 06805
RHOG= .23699
T6= 914.88771

Th= 513.70000
THUW= 513,70000

P=  12345.69354

TB= 774.83081
TDEW= 269.69355

1.15536
1.04450
.913990

#=STAGE QUTLET=#=
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0

~

)
0
1.00000
0

1.00000
0

0
v
11.67233
0
.00000
11.67233
11.67233
.00000
.25071
.25071
.25071
- 855.60152
513.70000

0
14336.69023

0
270.84693

219

#25TAGE OQUTLET#*s
(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0
]
1.00000
0

1.00009
0
0
0
11.67233

0
. 00000
11.67233
11.67233
.00000
.26017
.26017
.26017
855.60152
513.70000
513.70000
14263.72250
785.37543
270.846399
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STAGE TOTAL PRESSURE RATIO= 1.25604
STAGE TOTAL TEMPERATURE RATIO= 1.07347
STAGE ADIABATIC EFFICIENCY= .88423

STACGE FLOW COEFFICIENT= .461
AXIAL VELOCITY= 542.18
ROTOR SPEED=1175.57

®ROTOR INLET# =ROTOR OUTLET= =#STATOR OUTLET#=

TOTAL PRESSURE 14253.7226 18032.6041 17315.7526
STATIC PRESSURE 12899.8540 15068.4044 16329.5258
TOTAL TEMPERATURE(GAS) 955.€015 1025.8110 1025.8110
STRTIC TEMPERATURE(GAS) 929.3445 . 9¢5.0088 839.7322
STATIC BENSITY(CGRS) .2602 .2834 .3061
STATIC DENSITY(MIXTURE) .2602 .2834 .3061
wIAL VELOCITY 542.1761 518.0677 513.1280
ABSOLUTE VELOCITY 570.2372 785.4702 567.7388
RELATIVE VELOCITY 1021.1334 683.8v23

ELADE SPEED 1041.9876 1045.8330 1063.0217
TANG. COMP. OF ALS. UVEL. 176.6733 585.5185

TANG. COMP. OF RELL. UEL. 835.3083 . 4B60.4645

ACQUSTIC SPEED 1485.6443 1540.3844 1540.8245
ARSCLUTE MACH NUMBER .3838 ) .5153 . 3684
RELATIVE MACH NUMBER .B873 .4557

FLOW COEFFICIENT .4612 .4415 .4370
FLOW ~REA .0827 0777 .0743
ABRSOLUTE FLOW ANGLE 18.0483 48.6363 25.3368
RELATIVE FLOW ANGLE 57.9300 41.5762

INCIDENCE 8.4100 12.2263

PEVIATION : 3.6562 2.5568
DIFFUSION RATIO . 1.3123 2.0621
TOMENTUM THICKNESS .0503 .0281
OHMEGA (GAS) 07377 .03842
CiiEGA (TOTAL) 07877 .033942
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INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 10

STAGE PERFORMANCE AFTER INTER-STACE ADJUSTMENT (UPERFM=2)

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

XU= .00000

Xli= 8
XK= 0
XUWT= 0
XAIR= 1.0000C
XMZTAN= 0
XGAS 1.00000
HMASS=

WWMASS=

WTMASS= 0
AMASS= 11.67233
CHIMASS= 0
UMASS= .00000
GHMASS= 0
TMaSS= 11.67233
HE= .00000
REOA= 27977
RHOM= . 06805
RHOG= .26017
TG= 955.860152

TH= 513.70000
THH= 513.70000

P= 14263.72260

TB= 785.37543
TDEW= 2r0.84699

#2STAGE INLETx

0.

1.25604
1.07347
.88423

#u5TAGE OUTLET s
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
G

0

0
1.00000
0
1.00000

0
Y
. 11.67233

. 0
.00000

0
- 11.67233
.00000
.28323
.28923
.28323
1025.81100
* 513.70000

0
18032.60411

0
2v2.88102

221

##STAGE OUTLETx%
(AFTER INTER-
STAGE RDJUST-
MENT)

.00000
0
0
0
1.00000

1.00000
0
0
0
11.67233
0
.00000
11.67233
11.67233
.00000
.30607
.30607
.30607
1025.81100
513.70000
513.70000
17915.75259
£02.61749
272.38102

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

STAGE FLOW COEFFICIENT= .437
RIAL UVELOCITY= 513.24

ROTOR SPEED=1174.10

#ROTOR INLET# «%ROTOR CUTLET= =STATOR OUTLET#

TOTAL PRESSURE

STATLIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GAS)
STATIC DENSITY(MIXTURE)

AXIAL UVELOCITY
ABSOLUTE UVELGCITY
RELATIVE UELGCITY
BLADE SPEED

TANG. CGMP. OF ABS.
TANG. COMP. OF REL.
ACOUSTIC SFPEED
ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

UEL.
VEL.

FLOW COEFFICIENT
FLOW FREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIBENCE

DEVIATION
DIFFUSION RATIO
MOMENTUM THICKNESS
OMECA (GAS)

OMEGA (TOTAL)

17915.7526
16328,9933
1025.8110
8988.9774
.3061
.3061

'513.2398
567 .8636
957.3850
1063.0217
243.0102
820.0114
1538.7427

. 3690

.6287

.4371
» 0743

25.3368
57.9578
9.9378

INITIAL FLOW COEFFICIENT=
1.25237

1.07175

.88590

22640.3524
18741.6775
1633.4133
1043.7464
. 3386

. 3366

493.4343

. 833.7243
632.7883
1068. 1879
672.0253
386.1620
1586.2306
.5303
«4025

.4203
0703

53.7121
38.7598

12.0921

5.16€8
2.0330
.0572

.07694
.07634

222

«350 (STAGE=11 )

22437.1803
20760.1544
1038.4133
1076.1803 -
.3616
.3616

478,.3162
538.6128

1075.3223

1596.2960
.3374

.4074
.0675

27.3717
3.0917

2.2918
.0406

.05211
. 05211

BT 3¢ 366 I W 36 I 36 3¢ I 3 W34 %
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INITIAL FLOW COEFFICIENT=

496363 36 63 I I I 36 36 J6 96 36 3L 3 I

.350 (ISTAGE= 11 )

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

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

#%STAGE INLET==

XU= .00000
XK= 0
XWh= : 0
XHT= 0
XAIR= -0
XMETAN= 0
xXGAS 1.00000
HMASS= 0
HWMASS= 0
HTMASS= 0
AMASS= 11.67233
CHMASS= 0
UMASS= .00000
GMASS= 11.67233
TMASS= 11.67233
HS= - 00000

© RHOA= .32735
RHOM= . 06805
RHOG= .30607
TG= 1025.81100
TH= 513.70000
THH= 513.70000
P= 17815.75253
TB= 802.61743
TDEW= 0

1.25237
1.07175
.88530

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

1.00000
0
0
0
11.67233
-0
.00000
11.67233
11.67233
.00000
. 33637
. 33537
. 33637
1093.41328
513.70000
0
22640.35240
: 0
274.823943

223

#2STACGE OUTLET#=
(RFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000

1.00000
o
0
0
11.67233
0

.00000
11.67233
11.67233

.00000

. 36150

.36150

.36150
1099.41328
513.70000
513.70000

22437.18026

§20.39758 .

274,92943
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STAGE
STAGE
STAGE

STAGE
AXIAL

ROTOR SPEED=1174.10

TOTAL PRESSURE RATIO=
TOTAL TEMPERATURE RATIO=
ADIABATIC EFFICIENCY=

FLOW COEFFICIENT= .407
VELOCITY= 478.41

INITIAL FLOW COEFFICIENT=

+350 (STACE=12 )

1.23130

1.06707

. 86622

#ROTOR INLET= #ROTOR OUTLET#* %STATOR OUTLET=

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPERATURE(GAS)
STATIC BENSITY(GAS)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY

“ABSOLUTE VELOCITY
RELATIVE UVELOCITY

BLADE SPEED

TANG. COMP. OF ABS. UVEL.
TANG. COMP. OF REL. UVEL.
ACOUSTIC SPEED

ABSOLUTE MRCH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW PREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE

DEUIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

OMEGA (TOTAL)

22437.1803
20753.6128

1099.4i33
1076.3649
.3615
.3615

478.4108
538.7252
955.9602
1075.3223
247 .6853
827.6370
1583.8072

« 3380

»0938

4075
.0675

27.3717
539.8702
11.6302

224

2r7930.5652 2v626.9676
23508.9181 25763.5860
1173.1533 1173.1539

1119.3351 1151.0370
.3937 .41395
.3337 .4195

466.6581 458.5859
823.3543 527.8149
613.3485

1077.23904 1081.8416
£78.3381

3388.9523 -

1648.1415 1648. 1650
«5066 .3202
L3777
. 3975 .3306
.0635 .0607

55.4742 29.6763
40.5276
12.8442 '
6.6276 3.8863
2.1810 2.3725
0711 . 0530
. 08302 . 06868
. 06868

.03302

B6 9636 36 96 96 26 36 36 96 3 33 36 3 -9 38 3%
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INITIARL FLOW COEFFICIENT=

.350 (ISTAGE= 12 )

P I I 363 I IE 6 36 6 I I 3E T X3

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

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

#2STAGE INLET s

XU= " .00000

XU= 0
XK= 0
XHT= 0
KAIR= 1.00000
XMETAN= 0
XGAS 1.00000
HIMASS= 0
HWHMASS= 0
HTMASS= 0
AMASS= 11.67233
CHMASS= 0
UMASS= .00000
GMASS= 11.67233
TMASS= 11.67233
HS= .00000
REUA= .38252
REOM= . 06805
RHOG= .36150
TG= . 1098.41328

TH= 513.70000
THKW= 513.70000

P= 22437.18026

TB= 820.33758
TREW= - 274.92943

1.23130
1.06707
.86622

#*%GTAGE OUTLET ==
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0
0
1.00000
Y
1.00000

0

0
11.67233

0

.00000
11.67233
11.67233

.00000
.39347
.33347
.33347

1173.15334
513.70000

0
27930.56525

0
0

225

*xSTAGE OUTLETses
(AFTER INTER-
STAGE ADJUST-
MENT)
.00000
0

0

0
1.00000
0
1.00000
0

0
s
11.67233
0
.00060
11.67233
11.67233
.00000
.41945
.41845
.41345
1173.15394
513.70000
513.70000
27626.36760
€37.55275
0



32930 SHSEIN I SRR S S N AT INITIAL FLOW COEFFICIENT= .350 (STQGE$13 ) fofiafalabl bbbt L L

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

STAGE FLOW COEFFICIENT= .391
AXIAL VELOCITY= 458.67

ROTOR SPEED=1174.10

#ROTOR INLET* =ROTOR OUTLET* #STATOR OUTLET#*
27626.39676
25763.0673

1173.15339

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMRERATURE(CAS)
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GRS)
STATIC DENSITY(MIXTURE)

AXIAL UELOCITY

ABSOLUTE VELGCITY
RELATIVE VELOCITY

ELADE SPEED

TANG. COMP. OF ABS. UVEL.
TANG. COMP. OF REL. UVEL.
ACCUSTIC SPEED

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW RREA

ABSOLUTE FLOW ANCGLE
RELATIVE FLOW ANCGLE
INCIDENCE
BEVIATION
DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

GHMEGA- (TOTAL)

1151.2208
.4185
.4185

458.6683
527.8110
933.3750
1081.8416
251.3683
820.4733
1645.5231
.3208
.5712

.3907
. 0607

29.6763
£0.7935
13.0135

1.19601

1.05853

.84287

33500.3482
28736.5816

1241.8209

1191.4240
.4521
.4521

450, 7370
800.3580
620.1988
1087.3763
661.3691
426.0078
1694.8805

.4781

.3705

.3839
.0573

55.724¢
43.3844
13.7847
6.9344
2.1805

. 0633

.08051
.08051

226

33042.2239
31067.9866
1241.8209
1221.3274
.4768
.4768

446.6330
510.3760

1094.1423

1634.8869
.3011

.3804

.0548
28.3412

5.0112

2.5072
.0741

.09617
.09617



F RIS IEIE SN NNR

INITIAL FLOW COEFFICIENT=  .350 (ISTAGES 13 )  SMsitstsstsses s ntinn

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

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

#%GTAGE INLET#s

Ry= .00000

XH= 0
KW= 0
XWT= 0
XAIR= 1.00000
XMETAN= 0
®EAS 1.00000
WMASS= 0
WHMASS= 0
HTMASS= 0
AMASS= 11.67233
CHMASS= 0
UMASS= .00000
GMASS= 11.67233
TMASS= 11.67233
HS= .00000
RHOA= -44133
RREOM= .06805
RHOG= .41845
T6= 1173.15334

TH= 513.70000
THH= - 513.70000

P= 27626.96760

TB= 837.55275
TLEW= 0

1.13601
1.05853
.84287

#2STAGE OUTLETs# =
(BEFORE INTER-
STARGE ADJUST-
MENT)
.00000
0
-0
0
1.00000

1.00000
0
0
0
11.67v233
0
.00000
11.67233
11.67233
.00000
.45189 .
.45183
.45189
1241.82085
513.70000

]
33500.34820
0
2r8.523862

227

#2STAGE OUTLETs»
(RFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
.0
0
1.00000

1.00000
0
0
0
11.67233
0

.00000
11.67233
11.67233

.00000
.4v672
.47672 -
.47672
1241.82085
S13.70000
513.70000
33042.22332
852.83500
2r8.52962



e L INITIAL FLOW COEFFICIENT= .350 (STAGE=14 )  #8335353 3% 35969 3 43 3 3¢

STAGE TOTAL FRESSURE RATIO= 1.20835
STAGE TOTAL TEMPERATURE RATIO= 1.06105
STAGE ADIABATIC EFFICIENCY= .84r63

STAGE FLOW COEFFICIENT= .380
AXIAL UELOCITY= 446,70 :
ROTOR SPEED=1174.10

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

TOTAL PRESSURE 33042.2233 40440.0863 38926.4297
STATIC PRESSURE 31067.5444 34810.6428 37846.7124
TOTAL TEMPERATUREZ (GAS) 1241.8209 1317.6382 1317.6382
"STATIC TEMPERATURE(GAS) 1221.4823 1265.7922 1299.8148
STATIC DENSITY(GAS) 4767 .5155 .5472
STATIC DENSITY(MIXTURE) .47867 .5155 .5472
AXIAL VELOCITY 446.7045 435.1859 426.736S
ABSOLUTE UVELOCITY 510.4511 815.2649 478.0087
RELATIVE VELQCITY 857.6915 585.2404
ELADE SPEED 1094.1423 1086.9714 1101.6457
TANG. COMP. OF ABS. UEL. 247.0130 683.3384
- TANG. COMP. OF REL. UVEL. 847.1283 407.5731
ACOUSTIC SPEED 1682.3317 1745.7425 1745.7474
ABSOLUTE MACH NUNMBER .3016 .4732 .2738
RELATIVE MACH NUMBER .3653 .3461
FLOW COEFFICIENT .3805 3707 .3635
FLOW RREA .0548 . 0520 .0500
ABSOLUTE FLOW ANCGLE £8.9412 S57.7376 26.78086
RELATIVE FLOW ANGLE 62.1366 43.1234
INCIDENCE 12,1768 13.7076
BEVIATICN 6.2034 5.8806
DIFFUSION RATIC 2.3230 2.7547
MOMENTUM THICKNESS . .0787 .0794
OMEGA (GAS) . . 09338 .039124

OMEGA (TOTAL)D .083838 .09124

228
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 14

STAGE PERFORMANCE AFTER INTER-STAGE 9DJUSTMENT(JPERFM=25

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

##GTAGE INLET#s

xy= .00000
K= 0
K= 0
KWT= 0
XAIR= 1.00000
XMETAN=

XEAS 0
WHMASS= 0
HWiMASS=

HTMARSS=

AMASS= 11.67233
CHMASS=

UMASS= - .00000
GMASS= 11.67233
TMASS= 11.67233
WS= .00000
RHOA= .48872
RHOM= . 06805
RHOG= 47672
JG= 1241.82085
TH= 513.70000
Thi= 513.70000
p= 33042.22392

TB= 852.83500
TDEW= 278.52862

0
0
0

]

1.20835
1.06105
.B4763

##STAGE OQUTLET=#
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0

) 0
1.00000
0
0
0
0
0

11.67233 '

0
.00000
11.67233
11.67233
.00000
.91523
.51523
.91523
1317.63819
513.70000
0
40440.0E626

0
280.29321

229

##STAGE OUTLET#

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

0"
1.00000
0
1.00000
0
0
-0
11.67233
0
.00000
11.67233
11.67233
.00000
.9471e
.54r12
.94712
13ir.63819
513.70000
313.70000
39926.42958
869.7343392
280.29321

)
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DEVIATION
DIFFUSION RATIO
MOMENTUM THiCKNESS
OMEGA (GAS)

OHMEGA (TOTAL)D

FLOW COEFFICIENT=
UELOCITY= 426.79
SPEED=1174.10

INITIAL FLOW COEFFICIENT=

TOTAL PRESSURE RATIO=
TOTAL TEMPERATURE RATIC=
ADIABATIC EFFICIENCY=

.364

TOTAL PRESSURE 338926.4297
STATIC PRESSURE 37946.3135
TOTAL TEMPERATURE(GAS) . 1317.6382
STATIC TEMPERATURE(GAS) 12S9.9723
STATIC DENSITY(CGAS) .5471
STATIC DENSITY(MIXTURE) .9471
AXIAL VELOCITY 426.7931
ABSOLUTE VELOCITY 478.0720
RELATIVE VELOCITY 983.6514
BLADE SPEED 1101.6457
TANG. COMP. OF ABS. UEL. 215.4077
TANG. COMP. OF REL. VEL, 886.2380
ACOUSTIC SPEED 1742.8492
ABSOLUTE MACH NUMBER .2743
RELATIVE MACH NUMBER .5644
FLOW COEFFICIENT .3635
FLOW AREA © .0500
ABSOLUTE FLOW ANCGLE £6.7806
RELATIVE FLOW ANGLE 64.2855
INCIDENCE 10.1255

1.16448

1.05086

.80561

47283.7333
42119.2447
1384.7833
1342.39465
.5878
.5873

413.0504
735.8883
643.9989
1103.1218
603.0327
434.08390
1788.5335
.4154
.3635

- .3518
.0481

55.8546
50.1049
17.0146
5.0049
2.1681
.0612

.03481

. 034391

230

.350 (STAGE=15 )

13638.0145
.6036
.6036

410.7180
451.8444

1106.0739

1788.5323
.2526

3498
. 0466

24.6351

7.7651
2.9008

.1196

FE 3 36 I 3636 36 36 3 I 36 A 3 3 3431 3 I N

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

46492.7712
44527 .4672
1384.7833.

.15318
.15316
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 15 ) .*iiiiiiiii******iiii

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

STAGE TOTAL FRESSURE RATIO=
STAGE. TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

#2STAGE INLET=

xU= .00000

XH= . 0
KW= 0
XWT= 0
XAIR= 1.00000
XMETAN= - 0
®GAS 1.00000
WMASS= 0
WWMASS= 0
WTMASS= 0
AMASS= 11.67233
CHIASS= 0
UMASS= .00000
GMR3S= 11.67233
TMASS= 11.67233
HS= .00000
RROA= .56785
RHOM= . 06805
RHOG= - .954rl12
TG= 1317.63819

TH= 513.70000
THW= 513,70000

pP= 33826. 42958

TB= 863.73992
TDEW= 280.78321

1.16446
1.05086
. 80561

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

0
0

11.67233
0
.00000
11.67233
11.67233
.00000
.58763
.98769
.58769
1384.78392
513.70000
0
47283.79333
0
281.77485

231

=*xSTAGE CUTLET®=
(ARFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000

0
1.00000
0
0
0
11.67233
0
.00000
11.87233
11.67233
.00000
.60957
.60957
.60957
1384.78%S2
513.70000
513.70000
46482.77117
883.78289
281.77485
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STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

STAGE FLOW CCEFFICIENT= .350
AXIAL VELOCITY= 410.76

ROTOR SPEED=1174.10

#ROTOR INLET= =ROTOR OUTLET* ®=STATOR OUTLET=
46492.7712
4452r.1812

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPERATURE(CGAS)
STATIC BENSITY(GAS)
CTATIC DENSITY(MIXTURE)

XIAL VELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

TANG. COMP. QF ADBS. VEL,
TANG. COMP. OF REL. VEL.
ACOUSTIC SPEED

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW AREA

ABSCOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE

DEVIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
CMEGA (GAS)

OMEGA (TOTAL)

1384.7833
1369.1368
.6086
.6096

410.7573
451.8876
1005.4420
1106.0733
188.3636
S17.7103
1785.9457
.2530
.5630

.3498
. 0466

24.6351
65.8872
9.5472

* INITIAL FLOW COEFFICIENT=

1.16948
1.05362
.78082

55815.5588
50016.5613

1453.0445
1417.53%2
.6613
.6613

386.7880
735.9604
616.7886
1106.5659
626.1232
480.4407
1836.5226
.4050
.3394

.3294
.0456

58.2344
51.1635
17.8944
5.7635
2.2586
. 0605

.08267
.08267

232

.3350 (STAGE=16 )

54372.1431
52788.5105

1453.0445
1447 .7v427
.6834
.6834

374.2861
384.0394

I

1836.4883
.2081

.3188
. 0456
12.9369
3.9069

3.4054
.1899

.24891
.24831

L2 22l e it 22l i L2 L1 T
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T3 RW NN

INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 16 )

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

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

RU=
K=
K=
KUT=
KAIR=
KMETAN=
KGAS
HMASS=
HHMASS=
HTMASS=
ANASS=
CHIMASS=
UMASS=
GMASS=
THASS=
WS=
RHOA=
RHOM=
RHOG=
TG=

TH=
TH=

P= 4
TB=
TDEW=

#%STAGE INLET#=

.00000
0

0
0
1.00000

1.00000

0

’ .0
11.67233
0

.00000
11.67233
0
.00000
.62928
. 06805
60857
1384.783992
513.70000
513.70000
£492.77117
883.7828%
281.77485

1.16948
1.05362
.78082

#2STAGE OUTLET==
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
0
0
0
1.00000

1.00000

0
0
11.67233
0
.00000
11.67233
0
.00000
.B6115
.B6115
66115
14538.04452
513.70000
0
55815.55880

0
283.36412

233

*#GTAGE OUTLET**
(RFTER INTER-
STAGE ADJUST-
MENT)
.00000
0
0

0
1.00000
0
1.00000
0
0
0
11.67233
.0
.00000
11.67v233
11.67233
.00000
.68338
.58338
.£B8338
1433.044952
- 513.70000
513.70000
54372.14308
858.70299
283.36412

P36 36 I I 26 I I I 36 I I I I W 36T 3T



w#uuesnesnt QUERALL PERFORMANCE se%itsesesesmses
INITIAL FLOW COEFFICIENT= .350

CORRECTED SPEED= 8492.1 1.000 FRACTION OF DEIGN CCRRECTED SPEED
INITIRL WATER CONTENT(SMALL DROPLET)= 0

INITIAL WATER CONTENT(LARGE DROPLET)= 0

INITIAL WATER CONTENT(TOTAL)= 0

INITIAL RELATIVE 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=232.089
CORRECTED MASS FLOW RATE OF GAS PHASE 232.083
"OVERALL TOTAL PRESSURE RATIN=25.6860
OUERALL TOTAL TEMPERATURE RATIO=2.8129
OUERALL ADIABATIC EFFICIENCY= .7E30
_**#******* PERFORMANCE OF FANs LPCyHPC sestirxtesis
GAS PHASE STAGNATION STAGNATION  ADIABATIC
CORRECTED PRESSURE TEMFERQTURE EFFICIENCY

MASS FLOW RATIO . RATIO
FAaN 232.0886 2.356564 1.3215 .8285
LPC 56.2331 2.8475 1.3941 .8al12
HPC 23.3167 3.8118 1.5268 .8392

234



TEST CASE NOQ. 2
(1.0% Small Droplet Ingestion, Detail Printout)
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WA TN n e nwwtt INPUT DATA 3538383630366 96 36 3 35 3136 5036 36 36 336 31 4 36 34 30 30 30 36 3¢
FNF(FRACTION OF DESIGN CORRECTED SPEED)=1.000
XDINCINITIAL WATER CONTENT OF SMALL DROPLET)= .010

XDDINCINITIAL WATER CONTENT OF LARGE DROPLET)= 0
RHUMIDC(IMITIAL RELATIVE HUMIDITY)= .00 PER CENT
XCH4C(INITIAL METHANE CONTENT)= 0

TOG(COMPRESGOR INLET TOTAL TEMPRATURE OF GAS)= 518.70
TOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)= 513.70
fO(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)= 8492.1

DSMASS(DESIGN MASS FLOW RATE)=  25.5000

BYPASS RATIO = 1,0050

COMPRESSOR INLET TbTﬁL TEMPERATURE(CGAS PHASE) 518.70 R

COMPRESSOR INLET TOTAL PRESSURE=2116.80 LB/FT#=2

PREB(FERCENT OF WATER THAT REBOUND AFTER IMPINGEMEHTif 50.0 PERCENT

ROTOR SPEED= 94392.1 RPi

CORRECTED ROTOR SPEED= 9492.1 RPM( 100.0PER CENT OF DESiGN CORRECTED SPEED)
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% COMPRESSOR INLET sesesens

»x

TOTAL TEMPERATURE AT COMPRESSOR INLET= 518.70000
TOTAL PRESSURE AT COMPRESSOR INLET=  2116.80
STATIC TEMPERATURE AT COMPRESSOR INLET= 489.23241
STATIC PRESSURE AT COMPRESSUR INLET= 1725.23
STATIC DENSITY AT COMPRESSOR INLET= . 06610

ACOUSTIC SPEED AT COMPRESSOR INLET=1084.47473
ARIAL UVELCCITY AT COMPRESSOR INLET= 534.81337

MACH NUMBER AT COMPRESSOR INLET= .54848
STREARMTUBE AREA AT COMPRESSOR INLET= .64861
FLOW COEFFICIENT AT COMPRESSOR INLET= .38261

238




At this point the program would again output the design point
information for stages 1 through 16. In order to conserve space, this
part is omitted, and the reader is referred to pages 185 - 201.
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R R S E  a ) INITIAL FLOW COEFFICIENT=

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

STAGE FLOW CCEFFICIENT= .350
AXIAL UVELOCITY= 530.30

ROTOR SPEED=1515.04

1.38853

1.

10869

. 89654

.350 (STRGE= 1 )

3 38 I 36 3¢ 36 3236 3 34 36 36 3L 36 ¥ XX

#ROTOR INLET#* %ROTOR OUTLET= #STATOR OUTLET=

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GA3)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

TANG. COMP. OF RES. VEL.
TANG. COMP. OF REL. UEL.
~COUSTIC SPEED

ABSOLUTE MACH MNUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW AREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIBENCE
DEUIATICON
DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGAR (GAS)

OMEGA (TOTAL)

2116.8000

1793.6677
518.7000
4394,7052
. 0680

. 0686

530.3018
534.0534
972.1734
878.0425
63.2412
814.8013
1085.0632
.4822
.8360

.3500
. 6485

6.8007
56.8425
4.0625

2963.4889 2939.3674
2322.7007 2575.6199
575,5954 575.5954
537.2341 554.4704
.0810 .0871
.0819 .0879
502.5744 501.4220
578.7781 503.7088
651.3535
870.5874 870.5874
456.2442
414,3433
1148.7208 1148.7468
.6003 .4385
.5760
.3217 .3542
.5733 .5354
42.2338 5.4621
39,5036
5.1636 ‘
-.8954 -.7479
1.78568 1.7458
.0347 .0225
.08104 .03247
.0G641 .03764
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INITIAL FLOW CCZFFICIENT=

.350 (ISTAGE= 1

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

STAGE TOTAL FRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

XU=
XH= .
XHH=
RWT=
XAIR="
XMETAN=
XGAS
HMASS=
HHMASS=
HTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
- Ws=
RHOA=
RHOM=
RHOG=
TG=
TH=
THW=
P=
TB=
TDEW=

#xGTAGE INLET=#

.00000
.01000
0
.01000
.93000

. +899000

.23611

.23611
23.37452

.00GC00
23. 37452
23.61062

.00000
.07648
. 06865
. 06736
518.70000
513.70000
S513.70000
2116.80000
671.40656 -
271.93506

1.38859
1.10368
.83656

=#GTAGE OQUTLET=

(BEFORE INTER-
STAGE ADJUST-
MENT)
.00000
.G1000
0
.01000
.33000
0
.93000
.23611
0
.23611
23.37r452
' 0
.00000
23.37452
23.61062
.00000
.08110
.08191
.08110
575.59544
521.31858

0
2963.4E895
0
2v4.722038

241

*%STAGE OUTLET s

(AFTER INTER-
STAGE ADJUST-
MENT)

.00008
.0088!
0
.003391
. 33000
0
.98008
.23406
0
.23408
23.37452
0

.00205
23.37656
23.61062
.00009

. 07925

. 08796

. 08708
© 575.539326
S521.37085
513.70000

2939.36745 |

€87.85162
413.385332

)
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sxassueessnzerszeesz  INITIAL FLOW COEFFICIENT=

t

STAGE TOTAL PRESSURE RATIO=

STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

STAGE FLOW COLFFICIENT= .354
AXIAL VELOCITY= 501.32

ROTOR SPEED=1415.84 '

=ROTOR INLET# *ROTOR OUTLET#

2939.3674

2575.6881
575.5933

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE (GCAS)
STATIC TEMPERATURE(GAS)
STATIC BENSITY(GARS)
STATIC DENSITY(MIXTURE)

AKIAL UVELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

TANG. COMP. OF ABS. UEL.
TANG. COMP. OF REL. UEL,
ACQUSTIC SPEED

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW AREA

ABSOLUTE FLOW ANCLE
RELATIVE FLOW ANGLE
INCIDENCE

DEVIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

CHMEGA (TOTAL)

554.2925
.0871
. 0880

501.3185
503.6051
953.3660
870.5874
47.93€9
822.6505
1148.2343
.4386
.8380

.3541
.535%4

5.4621
S8.6421
3.0321

©1.34080

1.03864
.88422

242

3960.6534
3262.7022

632.3722
598.6532 -
.1021
.1032

455.3373
635.8834
615.3188
860.6473
445.2958
415.3514
12053,7844
.5337
.5165

.3216
.5026

44,3612

42.3706
7.9612
.0106
1.9013

.0423

.07715
.08273

.350 (STAGE= 2 )

*STATOR OUTLET#
3941.0927
3576.6373

632.3722

615.2651
.1030
.1100

453.4281
453.6386

842.4238

1208.8071
.3750

.3355
.4732

-1.7478

-.2578
1.8643

.0180

.02344
.02803
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INITIAL FLOW COEFFICIENT=

.350 (ISTRGE= 2

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

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

KU=

RU=
Khl=
RUT=
XAIR=
XMETAN=
®GAS
WMASS=
WHiMASS=
WTMASS=
AMASS=
CHMASS
UMASS=
GMASS=
TMASS=
LS=
RROA=
RHOM=
RHOG=
TG=
TH=
TU=
P=

TB=
TDEW=

#3:3TAGE INLET==

.00008
.00831
0
.00931
.93000

.93003
.23406

.23406

23.37452

.00205
23.37656
23.61062

.00008
.08572
. 06865
. 08708
575.53326
521,37085
'513.70000
2938.36745
687.85162
413.95332

1.34080
1.09864
. 88427

##STAGE OUTLET:s

(BEFORE INTER-
STAGE ADJUST-
MENT)

.00003
.00991
0
.0038391
.93000
0
.83009
.23406
0
.23406
23.37452
0
.00205
£3.37636
£3.61062
. 00008
.10220
.10322
.10220
632.37216
530.16118
0
3960.65335
0

418.57136

243

#%5TAGE OUTLET#s
(AFTER INTER-
STAGE ADJUST-
MENT)

.00030
.003870
0
. 00870
.538000

0
.33030
.22837
0
.22837
23.37452
0
.00714
23.38165
23.61062
.00031
10165
.11003
. 10886
632.36701
530.28344
513.70000
3541.082656
703.23264
444.74623

)
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STAGE TOTAL FRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

STAGE FLOW CCEFFICIENT= .336

KIAL VELOCITY= 453.49

ROTOR SPEED=1351.44

#ROTOR INLET:* #ROTOR OUTLET# #STATOR CUTLET»
3341.0927
35r6.5694

£632.3670

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE (GAS)
STATIC TEMPERATURE(GAS)
STATIC DENSITY(GAS)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY

ABSOLUTE UVELOCITY
RELATIVE UVELGCITY

BLADE SPEED

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

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW AREA

ABSOLUTE FLOW ANGLE

. RELATIVE FLOW ANGLE
INCIDENCE

PEUIATION

DIFFUSION RATIO

MOMENTUM THICKNESS

CHEGA (GAS)

CHMEGA (TOTAL)

615.1273
.1080
.1100

453.4937
453.7047
9£8.9383
842.4228
-13.8384
856.2622

1209.2863

.3752
.8012

.3356
.4732

-1.7478
€2.093

6.0234

INITIAL FLOW COEFFICIENT=

1.25863
1.08322
.81e27

5052.1100
4425.1846

684.8353
659.8735
. 1257
.1268

393.3181
550.4457
S567.2865
733.8829
385.0861
408.7369
1264.6281
.43385
.4523

.2910
.4730

44.3341
45.10355

7.2241

8.3755
2.0616
.0454

.08370
. 03835

244

.350 (STARGE= 3 )

4960.3323
4652.8806
684.9853
672.7450
.1296
.1308

381.3665
384.3807

771.1864

1264.6584
.3033

.4146

.4730
7.1827

6.8027

i.7988
. 0825

.14084
.14630
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et e e S e o) INITIAL FLOW COEFFICIENT=

2350 (ISTAGE= 3 ) #3333 %% 5536 % % 5% %

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

STAGE TOTAL FRESSURE RATIO= 1.25863
STAGE TOTAL TEMPERATURE RATIO= 1.08321
STAGE ABIABATIC EFFICIENCY= .81235

##STAGE INLET##  #=STAGE OUTLET=#  =xSTAGE OUTLET=x

(BEFORE INTER-
STAGE ADJUST-

(AFTER INTER-
STRGE ADJUST-

MENT) MENT)
XU= . 00030 .00030 . 00066
XW= .00970 .00870 .003934
KW= o 0 0
KWT=" .008r0 .00370 .00934
KAIR= .839000 .93000 .3939000
XMETAN= - 0 0 0
XCAS .93030 .33030 .93066
HWMASS= .22897 .22897 .22063
HWHASS= 0 0 0
HTMASS= .22897 .22337 .22063
AMASS= 23.37452 23.37452 23.37452
CHMASS= 0 0 0
UMASS= .00714 .00714 .01547
GMASS= 23.38165 23.38165 23.38939
TMASS= 23.61062 23.61062 23.61062
W&= .00031 .00031 . 00066
RROA= .11681 12573 . 10361
RHOM= . 06865 . 12694 . 11968
RHOG= .10836 .12571 . 11856
TG= 632.36701 684.99527 684.98735 !
TH= S530.28344 536.74693 536.93583 .
THW= 513.70000 ) 0 513.70000
P= 3941.09266 5052.10993 4860.39231
TB= 703.23864 0 718.41424
TDEW= 444.74623 441,.53377 459. 10835
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INITIAL FLOW COEFFICIENT=

STAGE TOTAL PRESSURE RATIO= 1.17385
STAGE TOTAL TEMPERATURE RATIO= 1.06061
STAGE ADIABATIC EFFICIENCY= .79214
STAGE FLGOW COEFFICIENT= .649

AXIAL VELCCITY= 5397.02

ROTOR SPEED= 3813.87

.350 (STAGE= 4 )

=ROTOR INLET#® =ROTOR OUTLETs =STATOR OUTLET*

TOTAL PRESSURE 43960.3923 5915.8244 5852.5316
STATIC PRESSURE 4231.6744 4764.0483 5010.2461
TOTAL TEMPERATURE(GAS) 684.9874 726.50186 725.5016
STATIC TEMPERATURE(CAS) 654.7733 £683.5736 695.4355
STATIC DENSITY(GAS) .1211 .1306 .1350
STATIC DENSITY(MIXTURE) .1222 .1318 .1363
AXIAL VELOCITY 597.0157 5384.2406 607.7142
ABSOLUTE VELOCITY 601.7378 726.7186 613.1243
RELATIVE VELOCITY 916.9367 633.8333
LLAPE SPEED ) 771.1864 758.1314 747 .8928
TANG. COMP. OF ABS. UEL. 75.2373 407.8154
TANG. COMP. OF REL. VEL. 6£95.3491 350.3661
ACOUSTIC SPEED 1247.2434 1285.7733 1285.3897
ABSOLUTE MACH NUMBER . 4825 .2B55 .4770
RELATIVE MACH NUMBER .7352 .5413
FLOW COEFFICIENT .6430 .6460 .58358
FLOW ARER .1614 .1503 . 1422
&BSOLUTE FLOW ANGLE 7.1827 34.4610 7.6483
RELATIVE FLOW ANGLE 439.3756 30.5237
INCIDENCE .4556 7.6810
BEUIATION L8137 -1.2117
DIFFUSION RATIO 1.5068 1.4665
MOMENTUM THICKNESS 0671 .0246
CMEGA (GRS) .08382 .04828
.10081 .05435

CHEGA (TOTAL)
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE=" 4

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

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

KU=

KH=
K=
XWT=
XRIR=
. XMETAN=
ACAS
HMASS=
HWHASS=
HTMASS=
AMASS=
CHIMASS=
UMASS=
GMASS=
TMASS=
HS=
RHOA=
RHOM=
RHOG=
TG=

Th=
TWH=

P=

TB=
TDEW=

#=GTAGE INLET#®=

.00066
.00934
0
.003934
.93000

.939066
.11004

.11004

11.65811

.00772
11.66583
11.77587
. 00066

. 13573

. 06855

.12108
684.98735
536.93933
513.70000

43860.39231

" 718.41424

453.10835

1.17885S
1.06060
. 73220

#uGTAGE OUTLET##=

(BEFORE INTER-
STAGE ADJUST-
MENTD
.00066
.00934
0
.00934
.938000
0
. 93066
.11004
0
.11004
11.65811
0
00772
11.66583
11.77587
. 00066
.13069
.13187
. .13064
726.50156
944.82405
0
5815.82441
0

463.41245

247

#xSTAGE OQUTLETHs:
(AFTER INTER-
STAGE ADJUST-
MENT)

.00086
.00914
0
.00814
.35000

0
. 93086
.10758
0
. 10759
11.65811
0
.01017
11.66828
11.77587
.00087
.12076
. 13624
.13500
726.49720
544.83474
513.70000
5852.53153
728.35202
470.03573

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

STAGE FLOW COEFFICIENT= .686

AXIAL VELOCITY= 607.76

ROTOR SPEED= £85.08

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPZRATURE(GAS)
STATIC DENSITY(GAS)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY

ABSOLUTE VELOCITY
RELATIVE VELOCITY

BLADE SPEED

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

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW AREA

"ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE

DEVIATICN

DIFFUSION RATIO
MOMENTUM THICKNESS
GMEGA (GARS)

OMEGA (TOTAL)

*ROTOR INLET=
5852.5316
5008.9874

726.4372

695.2200
.1350
.1362

607.7622
613.2175
801.8067
747 .9928
81.6139
666.3783

1284.68763

4773
.7020

.6859
. 1422

7.6483
47.6340

7.6840

INITIAL FLOW COEFFICIENT=
1.20554

1.06053

.83626

#ROTOR OUTLET=

7187.5568 7055.4687
5855.3853 6207.S745
770.4732 770.4732
727.4180 743.3088
.1508 . 1565
.1522 .1578
571.5426 574.1788
722.8373 574.1925
644.6347
740.8631 739.3780
442.6116
233.2574
1328.4338 1328.3680
.5501 .4323
.43806
.6450 .6638
.1354 .1293
37.7548 -.4174
27.5576
7.3748
. 7876 -1.8274
1.6750 1.5374
.0017 .0513
.00244 .09253
. 00750
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.350 (STAGE= 5 )

#STATOR OUTLET*

.038318
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INITIAL FLOW COEFFICIENT=

.350 (ISTARGE= S

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

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

XyU=
KW=
KW=
XWT=
"XAIR=
XMETAN=
XGAS
WMASS=
WHMASS
WTHMASS
AMASS=
CHMASS
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=
TH=
THW=
P=
TB=
TDEW=

#2GTAGE INLET#s

.00086
.00814
0
.00814
.93000
0
.33086
.10759
0
.10759
11.65811
0
.01017
11.66828
11.77587
.00087
.150899
. 06865
. 13500
726.43720
544.93474
513.70000
5852.53159
728.35202
470.03573

1.20554
.89631

#2STAGE OUTLET

(BEFORE INTER-
STAGE ADJUST-
MENT)
.00086
.00814
0
.00914
.938000
0
.99086
.10739
0
.10733
11.65811
0
.01017
11.66828
11.77587
.00087
.15093
. 15224
. 15085
770.47316
553.16879
0
7187.53676
0
475.30736

249

1.06053

##STAGE CQUTLET#*=

(ArTER INTER-
STAGE ADJUST-
MENT)
.00106
.00834
0
.00834
.38000

0
.93106
.10525
0
.10525
11.65811
0
.01251
11.67062
11.77587
.00107
.14273
. 15788
. 15647
770.46323
553.27132
513.70000
7055.46858
v39.82026 -
480.23426

)
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Fe 5376 ST ISR S0 IS5} INITTAL FLOW COEFFICIENT= .350 (STAGE= B ) 33 %5%% %623 562643 3% 3¢

STAGE TOTAL PRESSURE RATIO= 1.18814
STAGE TOTAL TEMPERATURE RATIO= 1.05336
STAGE ADBIABATIC EFFICIENCY= .83r395

STAGE FLOW COEFFICIENT= .664
AXIAL UVELOCITY= 574.25
ROTOR SPEED= 885.04

*ROTOR INLET* *ROTOR OUTLETs# #*STATOR OUTLET=*

TOTAL PRESSURE 7055.4687 8483.23978 8382.83980
STATIC PRESSURE 6207.8032 7244.4473 7512.3139
TOTAL TEMPERATURE(GAS) 770.4632 816.2033 816.2033
STATIC TEMPERATURE(GAS) 743.1425 780.8621 v91.5621
STATIC DENSITY(GAS) . 1365 .1738 .1778
STATIC DENSITY(MIXTURE) 1579 . 1753 .1734
AXIAL VELOCITY 574.2506 535.7638 545.1638
ABSOLUTE VELOCITY S574.2659 655.1738 547.8504
RELATIVE VELCCITY 939.4932 644.9105

BLADE SPEED 733.3780 733.1655 728.2783
TANG. COMP. OF ABS. UVEL. -4.1834 375.6824

TANG. COMP. OF REL. UEL. 743.5614 357.4831

ACOUSTIC SPEED 1327.5334 1370.2288 . 1370.1024
ABSOLUTE MACH NUMEER .4326 .4814 .39938
RELATIVE MACH NUMBER . .7077 .4738

FLOW COEFFICIENT ; .6638 .6205 .6437
FLOW AREA .1283 .1251 .1204
ABSCLUTE FLOW ANGLE -.4174 . 34.9883 5.6849
RELATIVE FLOW ANGLE 52.3212 33.0535

INCIDENCE 6.6312 2.3083

DEVIATION 7.0235 -.8651
DIFFUSION RATIO 1.7283 1.4834
MOMENTUM THICKNESS .0427 .0361
OMEGA (GAS) .06517 .07403
OHMEGA (TOTAL) .07004 .08104

250
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INITIAL FLOW COEFFICIENT=

«350 (ISTAGE= 6 ) T AT I 3696 93606 3696 28 963634 45969638

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

STAGE TOTAL PRESSURE RATIO=
STAGE TOTAL TeMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

##GTAGE INLETs=

RU= .00106
Xbi= .00834
K= 0
XUT= .00894
XATR= .95000
XMETAN= 0
XCAS .99105
HMASS= . 10525
WWMASS= 0
WTHASS= . 10525
AMASS= 11.65811
CHIMASS= 0
UMASS= .01251
GMASS= 11.67062
TMASS= 11.77587
WS= .00107
RHOA= 17154
RHOM= .0B8865
RHOG= .15647
TG= 770.46923

TW= ° 553.27132
Thi= 513.70000

P= 7055. 45868

TB= 739.92026
TDEW= 480.23426

©1.18814
©1.05835
.83802

#2STAGE QUTLET==

(BEFORE INTER-
STAGE ADJUST-
MENT)
.00106
.00834
0
.00884
.393000
0
.99106
.10525
0
. 10525
11.65811
0
.01251
11.67062
11.77587
.00107
.17331
.17536
.17380
816.20331
560.23663
0
8483.23781

0
485.16514

251

**STAGE QUTLET %%

(AFTER INTER-
STAGE ADJUST~
MENT)

.001338
.00861
0
.00861
. 99000
0
.83133
.10136
0
.10136
11.65811
0
.01640
11.67451
11.77587
.00141
. 16427
. 17929
. 17775
816.139706
560. 40405
513.70000
8382.89797
750.91936
492,25926
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INITIAL FLOW COEFFICIENT=

STAGE TOTAL PRESSURE RATIO= 1.16834
STAGE TOTAL TEMPERATURE RATIO= 1.05032
STAGE ADRIABATIC EFFICIENCY= .88837

STAGE
RIAL
ROTOR

UEZLOCITY= 545
SPEED= 846.S8

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(CAS)
STATIC TEMPERATURE(GAS)
STATIC BENSITY(GAS)
STATIC DENSITY(MIXTURE)

AXIAL VELOCITY
ABSOLUTE VELGCITY
RELATIVE UVELOCITY
BLADE SPEED

TANG. COMP. OF ABS.
TANG. COMP. OF REL.
ACOUSTIC SPEED .
ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

VEL
UVEL

FLOW COEFFICIENT
FLOW AREA

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE

DEVIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
OHMEGA (GAS)

OMEGA (TOTAL)

FLOW COEFFICIENT=

.644
.38

8322.8380 9898.1373
7511.8546 8460 .5242.
816.1971 857.2672
731.4182 820.5982
.1778 .13931

L1793 .1848 .
545.38497 533.4645
548.0833 663.7228
857.0107 618.5630
728.2783 718.0068
. 54.2913 '404.39002
. 673.9884 313.1066
1359.2681 1404.8882
.4003 .4803
.B332 . 4436
.6433 .6298
.1204 - .1133
5.6849 37.1985
51.0202 30.4100

8.0102 8.7885
5.6800

1.63C3

.0178

.03071
. 03800

252

350 (STAGE= 7 )

*ROTOR INLET* =ROTOR OUTLET* #STATOR OUTLET*
9784.0340
8832.8928

857.2672
832.9542
. 1986
.2003

543.8031
545.3371

713.9473

1404.7433
.3882

.6601
.1081

4.3143

-.9257
1.5201
.0332
.06560
.07241

FEI I I I TN I I I W R T




R Y Y
STAGE

STAGE
STAGE
STAGE

Ry=

XHN=
KW=
KWT=
XAIR=
XMETAN=
XCGAS
WMASS=
WWMASS=
WTHMASS=
AMASS=
CHMASS=
UMASS=
GIASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=

TH=
THW=

P=

TB=
TDEW=

eI IR 3E

#u=GTAGE INLET#=

.00133

. 00861
0
.00861
.99000

©.93133
.10136

.10136

11.65811

.01640
11.67451
11.77587

.00141

.18251

. 06865

L1777S
816.15706
560.40405
513.70000

8382.83797

750.91936

492.25926

TOTAL PRESSURE RATIO=
TOTAL TEMPERATURE RATIO=
ADNIABATIC EFFICIENCY=

it

0

0

0

1.16834
1.05031
.88648

##STAGE OQUTLET=s

(BEFORE INTER-
STAGE ADJUST-
MENT)
.00139
.00861
0
.00861
.99000
0
.99139
.10138
0
.10138
11.65811
0
.01640
11.67451
11.77587
.00141
.19329
.19480
.19313
857.2G715
566.27814
0
9898. 13726
0

488.21208

253

INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 7
PERFORMANCE AFTER INTER-STAGE ADJUSTMENT(JPERFM=2)

#%S5TAGE OUTLET#w
-(AFTER INTER-
STAGE ADJUST-
MENT)
.00179
. 003821
0
.00821
.938000

0
©.93179
.09665
0
. 09665
11.65811
0
.02111
11.67923
11.77587
.00181
.18432
.20020
.19856
857 .25595
566.47941
513.70000
9724. 03401
758.50323
485.21127

)
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*%***%**%%**&%*%*%%* INITIAL FLOW COEFFICIENT= .350 (STAGE= 8 )  #6363383% 393 33 5 5 3 6 % 5t 3% %

STRGE TOTAL PRESSURE RATIO= 1.19433
STAGE TOTAL TEMPERATURE RATIO= 1.06479
STAGE ADIABATIC EFFICIENCY= .78429

STAGE FLOW COEFFICIENT= .6B0
AXIAL UELOCITY= 544.10
ROTOR SPFEED= 823.79

#ROTOR INLET= =ROTOR OUTLETs =STATOR OUTLET=

TOTAL FRESSURE 97594.0340 11871.7421 11697.3285
STATIC PRESSURE 8832.2419 9945.2350 10559.2522
TOTAL TEMPERATUREC(GAS) 857.2600 . 812.8051 '812.8051
STATIC TEMPERATURE(GAS) 832.8133- 867.0049 88¢.2368
STATIC BENSITY(GHS) . 1986 .2148 .2228
STATIC DENSITY(MIXTURE) .2002 .2165 2247
AXRIAL UELOCITY 544.1029 533.8952 540.5230
ABSOLUTE VELOCITY 545.6431 750.0474 560.4086
RELATIVE VELOTITY 855.3565 562.2723

BLADE SPEED 713.894¢3 703.1795 r01.1086
TANG. COMP. OF AB3. UEL. 41.0483 526.8084

TANG. COMP. OF REL. VEL. 6B72.8837 176.3711

£COUSTIC SPEED 14¢4.0006 1443.2436 1443.1529
ABSOLUTE MACH NUMEER .3886 .5236 .3867
RELATIVE MACH NUMBER .6164 .3925

FLOW COEFFICIENT .6605 .6481 .6738
FLOW AREA .1081 .1018 .0870
ABSOLUTE FLOW ANGLE 4.3143 44.6172 15.3086
RELATIVE FLOW ANCGLE 51.0412 18.2809

INCIDENCE 8.8112 6.9172

DEUIATION ' 3.0308 -.9214
DIFFUSION RATIO 1.88835 1.6335
MOMENTUM THICKNESS L0773 .0830
OrMEGA (GAS) .038306 .13021
GHMEGA (TOTALD .102386 .13542

254
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 8

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

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

XU=
K=
XK=
KHT=
XAIR=
XHMETAN=
XCAS
HWMASS=
WWMASS=
WTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TCG=
TWH=
THH=
P=
TB=
TDEW=

#*%GTAGE INLET=

.00173

.00821
0

. 00821
.938000

0
.99179
. 09665
0
. 09665
11.65811
0
.02111
11.67923
11.77587
.00181
.21414
.06855
~.19856
857 .25995
566.47941
513.70000
§794.03401
758.50323
455.21127

1.19433
1.064r8
. 78435

##STAGE OUTLETs#
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00179
.00821
0
.00821
.93000
0
.99179
. 09665
0
. 09665
11.65811
0
.02111
11.67823
11.77587
.00181
.21503
.21657
.21480
912.80515
573.29128

11971.74213
0
501.13053

255

*#STAGE QUTLET#s#
(AFTER INTER-
STAGE ADJUST-
MENT)
. 00227
.00773
0
.00773
.S9000

0
.8922r
.09102
0
.09102
11.65811

.02674
11.68486
11.77587

.00229
.20689
.22449
.22276
912.79698
573.53202
513.70000
11697.3c848
770.96403
507.67536

0

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

STAGE FLOW COEFFICIENT=

.674

AXIAL VELOCITY= 540.94

ROTOR SFPEED= 802.23

#ROTOR INLET#* =ROTOR OUTLET#* *STATOR OUTLET*
. 13488.7085

TOTAL PRESSURE

STATIC PRESSURE

TOTAL TEMPERATURE(GAS)
STATIC TEMPERATURE(GAS)
STATIC BENSITY(GAS)
STATIC DENSITY(MIXTURE)

ARIAL VELOCITY

ABSOLUTE UVELLOCITY
RELATIVE UELGCITY

BLADE SPEED

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

ABSOLUTE MACH NUMBER
RELATIVE MACH NUMBER

FLOW COEFFICIENT
FLOW AREAR

ABSOLUTE FLOW ANGLE
RELATIVE FLOW ANGLE
INCIDENCE

BEUIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

OMEGA (TOTAL)

11637.3285
10558.2369
912.7370
887.1377
.2228
.2245

540.93739
550.8377
773.6048
701.1085
148.0712
553.0375
1448.0275
.3873
.5342

.6743
.0370

15.3086
45.6337
.4937

INITIAL FLOW COEFFICIENT=
1.15314

1.04406

.81622

13562.4881
11433.2002
§53.0108
9039.2203
.2355
.2373

537.9283
735.6083
574.0238
702.1027
S01.7488
200.3538
1482.3537
.5018
.3916

.6705S
.0923

43.0063

20.4280
65.1863
4.3680
1.6973
.0193

. 03440
.033966

256

+350 (STAGE= 8 )

12345.86383
953.0108
929.8880
.2483
.2504

508.7708
533.2668

1041.9876

1482.5366
.3587

.4336

.0823

17.0804
.5804

1.7102
.0164

.02385

. 9006 3 36 I I 6 I 36 I 4 I 3 3 I 3 2F
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 9 )

FEEE 336 952626 36 I 236 36 I 2436 6 4 I¢

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

STAGE TOTAL FRESSURE RATIO=
STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

#%GTAGE INLET=s

XU= .00227

KW= 00773
KW= 0
RKWT= .00773
XAIR= .93000
XMETAN= 0
XGAS .99227
HMASS= .08102
WHMASS= 0
HTMASS= .03102
AMASS= 11.85843
CHMASS= 0
UMASS= .02674
GMASS= 11.68486
TMASS= 11.77587
WS= . 00223
RHOA= .24018
RHOM= . 06865
RrHOG= .22276
TG= 912.736398

TH= 5¢3.53202
THH= 513.70000

P= 11697.32848

TB= 770.36403
TDEW= 567.67536

1.15314
1.04405
.91628

#%STAGE OUTLET:s
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00227
.00773
0
.00773
.93000
0
. 99227
.08102
c
.09102
11.65843
0
.02674
11.68486
11.77587
. 00229
.23584
.23734
.23551
853.01083
5¢9.35301
c
13562.48810

0
512.25293

257 .

##5TAGE OUTLET#»
(AFTER INTER-
STAGE ADJUST-
MENT)
.00323
0
0
0.
.99677
a

1.00000
0

0
0
11.65843
0
. 03775
11.69618
11.69618
.00324
. 22455
.24383
.24383
853.00241
§79.85191
513.70000
13488.70848
781.26234
523.15571
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STAGE TOTAL PRESSURE RATIO=
STARGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

STAGE FLOW COEFFICIENT= .493
AXIAL VELOCITY= 5739.63
ROTOR SFEED=1175.57 .

INITIAL FLOW COEFFICIENT=

 «e350 (STAGE=10 ) #2339 9 325 38 20 969675 3 38 36 3 26 36
"1.25133
1.07043
. 90832

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

TOTAL PRESSURE 13488.7083
STATIC PRESSURE 12035.8382
TOTAL TEMPERATURE(GAS) 853.0024
STATIC TEMPERATURE(GAS) 923.3843
STATIC DENSITY(GAS) .2438
STATIC DENSITY(MIXTURE) .2438
AXIAL VELOCITY 573.6851
ABSOLUTE UVELOCITY 606.4326
RELATIVE UELOCITY 1040.3388
BLADE SPEED 1041.9876
TANG. COMP. OF AB5. VEL. 178.1171
TANG. COMP. OF REL. UEL. 863.8704
ACOUSTIC SPEED 1482.1341
ABSOLUTE MACH NUMBER .4092
RELATIVE MACH NUMBER .7013
FLLOW COEFFICIENT .43931
FLOW FREA . 0827
ABSOLUTE FLOW ANGLE 17.0804
RELATIVE FLOW ANGLE 56.1371
INCIBENCE 6.6171
DEVIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

OMEGA (TOTAL)

16955.73969 16878.8813
14073.4285 15214.192¢
1020.1251 1020. 1251
8963.38355 991.2073
.2718 .2871
.2718 .2871
553.7134 548.2050
797.3829 589.3135
730.3217
1043.38830 1063.0217
S73.7773
476.2051
1535.5486 1535.6019
.5252 .3303
.4810
.4710 .4663
0777 .0743
46.0195 23.8340
40.6362
9.6085
2.77e2 1.0540
1.7602 1.8273
. 0367 .0173
. 06069 .02674
. 06063 . 02674

258
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INITIAL FLOW COEFFICIENT=

»350 (ISTAGE= 10

STAGE PERFORMANCE AFTER INTER-STAGE ADJUSTMENT(JPERFM=2)
STAGE TOTAL PRESSURE RATIO= . 1.25133

STAGE TOTAL TEMPERATURE RATIO= 1.07043

STAGE ADIABATIC EFFICIENCY= .90632

#*#GTAGE INLET==

.00323

xXU=

KW= 0
XUW= 0
XWT= . 0
XAIR= .93677
XMETAN=

XGAS 1.00000
WMASS= M
HHMASS= 0
HTMASS= 0
AMASS= 11.65843
CHMASS= 0
UMASS= .03775
GMASS= 0
TMASS= 11.65618
W= .00324
RHOA= .26523
RHOM= . 068565
RHOG= .24383
TG= 8953.00241

TH= 573.85181
THH= 513.70000

P= 13488.70848

TB= 781.26234
TDEW= 5e3.15571

=#STAGE OUTLET:s*
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00323
0
0
0
.99677
0

1.00000
0
0
0
11.65843
0

.03775
0
11.69618
.00324
.2rez2
.27169
.27168
1020.12508
5r9.85131

0
16955.739633

0
530.77756

259

#%GTAGE OQUTLET*#=
(RFTER INTER-
STAGE ADJUST-
MENT)
.00323
0
0
0
.99677
0

1.00000
0
0
0
11.85843
0

03775
11.68618
11.69618

.00323
.28763
.28706
.28706
1020.12308
5r38.851391
513.70000
168v8.88133
738.03560
530.77756

)
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INITIAL FLOW COEFFICIENT= .350 (STAGE=11 )

STAGE TOTAL PRESSURE RATIO= 1.25400
STAGE TOTAL TEMPERATURE RATIO= 1.07040
STAGE ADIABATIC EFFICIENCY= .50808

STAGE FLOW COEFFICIENT= .467
AXIAL UELOCITY= 548.33

ROTOR SPEED=1174.10

TOTAL PRESSURE 16878.8813 21305.3086
STATIC PRESSURE 15213.5873 17525.1223
TOTAL TEMPERATURE(GAS) 1020. 1251 1091.8402
STATIC TEMPERATURE(GAS) 991.4025 1034.8083
STATIC DENSITY(GAS) .2871 .3168
STATIC DENSITY(MIXTURE) .2871 .3168
AXIAL UVELOCITY 548.3345 "~ 525.,13959
ABSOLUTE VELOCITY 599.4562 844.8455
RELATIVE VELOCITY 987.0988 664.0872
BLADE SPEED 1063.0217 1068. 1879
TANG. COMP. OF ABS. UEL. 242.2334 661.7644
TANG. COMP. OF REL. UEL. 820.7883 406.4235
ACOUSTIC SPEED 1533.5405 1590.3555
ABSOLUTE MACH NUMBER .3309 .5332
RELATIVE MACH NUNMBER .6437 . .4238
FLOW COEFFICIENT .4670 .4473
FLOW AREAR .0743 .0703
ABSOLUTE FLOW ANGLE 23.8340 51.5634
RELATIVE FLOW ANGLE 56.2548 37.7345
INCIDENCE 8.2348 9.9434
DEUVIATION 4.1445
DIFFUSION RATIO 1.9336
MOMENTUM THICKNESS . 0429
OMEGA (GAS) .058390
OMEGA (TOTALD .05930

260

=ROTOR INLET# =ROTOR OUTLET# #STATOR OUTLET#*
21166.0901
19417.6666

10381.9402
1066.3684
.3406
.3406

508.7548
565.7171

1075.3223

1580.4641
.3357

.4333
. 0675

25.9343

1.6543
2.0672
.0273
.03728
.03728

63626 36 36 3 36 36 95 38 I I 26 9696 6 4 3
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 11 )

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

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

#2GTAGE INLET:#:=

XU= .00323

KW= 0
XHW= 0
XWT= 0
XRIR= 0
XMETAN= 0
XGAS 1.00000
HMASS= 0
HHWMASS= 0
WTMASS= 0
AMASS= 11.85843
CHMASS= 0
UMASS= .03775
GMASS= 11.69618
TMASS= 11.69618
HS= .00323
RREOA= .31012
RHOM= . 06865
RHOG= .28706
TG= 1020.12508

TH= 579.85191
THW= 513.70000
pP= 16878.£8133

TE= 738.03560
TEEKH= 0

1.25400
1.07040
.80808

#%#5TAGE QUTLET#s

(BEFORE INTER-
STAGE ADJUST-
MENT)

.00323
0

0
0
0

1.00000
0
0
0
11.65843
0
.03775
11.69618
11.69618
.00323
.31729
.31667
.31667
1081.94022
573.85181

0
21306.390856
0
538.61312

261

#*STAGE OUTLET#=

(AFTER INTER-

STAGE ADJUST-
MENT)

.00323

. s

0

0
. 39677
0
1.00000
-0
0
v 0
11.65843
0
. «03775
11.69618
11.69618
.00323
.34123
.34056
.34056
1091.94022
. 5739.85191
513.70000
21166.09012
815.71467
538.61312.
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musgssxaespesepnens  INITIAL FLOW COEFFICIENT= .350 (STAGE=12 )

STAGE
STAGE
STAGE

STAGE
AXIAL
ROTOR

TOTAL FRESSURE RATIO= 1.23417
TOTAL TEMPERATURE RATIO= 1.06603
ADIABATIC EFFICIENCY= .88937
FLOWN COEFFICIENT= .433

UELOCITY= 508.87
SPEED=1174.10

#ROTOR 'INLET# #ROTOR OUTLET# #STATOR OUTLET+
26122.4493
24191.6173

TOTAL PRESSURE 21165.0901 26333.5226
STATIC PRESSURE 19417.0367 22053.6228
TOTAL TEMPERATURE (GAS) 10891.9402 1164.0924
STATIC TEMPERATURE(GAS) 1066.5648 1109.1614
STATIC DENSITY(GAS) .3406 .3720
STATIC DENSITY(MIXTURE) .3406 .3720
AXIAL VELOCITY ) 508.8650 4384.8160
ABSOLUTE VELOCITY 565.8483 832.6739
RELATIVE UVELOCITY 971.7434 641.0692
BLADE SPEED - 1075.3223 1077.23904
TANG. COMP. OF ABS. UEL. 247.4657 663.7037
TANG. COMP. OF REL. UEL. 827.8536 407.2867
ACOUSTIC SPEED 1588.0611 1641.7676
ABSOLUTE MARCH NUMBER .3563 .5142
RELATIVE MACH NUMBER .6113 .38359
FLOW COEFFICIENT .4334 .4214
FLOW AREA .0675 . 0635
ABSOLUTE FLOW ANCLE 25.9343 53.5409
RELATIVE FLOW ANGLE 58.4218 39.4788
INCIDENCE 10.0818 10.9108
DEUIATION 5.57€8
DIFFUSION RATIO 2.0250
MOMENTUM THICKNESS . 0552
OMECA (GAS) .07232
OMEGA (TOTAL) .07232
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«

1164.0824
1133.9845
.3370
.3370

485.6343
551.6271

1081.8416

1641.8106
.3360

.4136
.0607

28.3138

2.5238
2.1596
.0371
.05071
.05071
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INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 12

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

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

XU=

XH=
XWW=
XHT=
XAIR=
XMETAN=
XCAS
WMASS=
HWRIMASS=
HTMASS=
AMASS=
CHMASS=
UMASS=
GMASS=
TMASS=
WS3=
RHOA=
RHOM=
RHOG=
TG=

TW=
THH= .
P= 2
TB=
TDEW=

#=STAGE INLET#*

.00323
0
0

0
.98677

1.00000
0
0
0
11.65843
0
.03775
11.68518
11.68618
.00323
.36332
. 06865
.34056
1081.394022
979.85181
513.70000
1166.c9012
815.71467
5:8.61312

1.23417
1.06608
.88937

#2GTAGE OUTLET*
(BEFORE INTER-
STACE ADJUST-
MENT)

.00323
0
0
0
.89677
0
1.00000
0
0
0
11.85843
0
.03775
11.68618
11.69618
.00323
. 37257
.37184
.37184
1164.09235
579.85191
0
26339.52256
0
0

263

#*STAGE OUTLET#s
(RFTER INTER-
STAGE ADJUST-
MENT)
.00323
0
0
0
. 99677

0
1.00000
0
0
0
11.85843
0
. 03775
11.69618
11.69618
.003e3
33767
. 33630
" .39690
1184.038235
579.85191
513.70000
26122.44326

832.86573
.0

)

***i***i***}*i{****:‘*
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' STAGE TOTAL FRESSURE RATIO=

STAGE TOTAL TEMPERATURE RATIO=
STAGE ADIABATIC EFFICIENCY=

STAGE FLOW COEFFICIENT= .414
AXIAL UELOCITY= 485.73
ROTOR SPEED=i174.10

INITIAL FLOW COEFFICIENT=

1.1332
1.0

2
S747

.87183

+350 (STAGE=13 )

*ROTOR INLET#* %ROTOR OUTLET# #*STATOR OUTLET=

TOTAL PRESSURE 26122.4433
STATIC PRESSURE 24191.0301
TOTAL TEMPERATURE(GAS) 1164.0924
STRTIC TEMPERATURE(GAS) 1140.1793
STATIC DENSITY(GAS) .3969
STATIC DENSITY(MIXTURE) .3569
AXIAL VELOCITY 485.72S1
ABSOLUTE VELOCITY 551.7369
RELATIVE VELOCITY 853. 1366
BLADE SPEED 1081.8416
TANG. COMP. OF ABS. VEL. 261.6886
TANG. COMP. OF REL. UEL. 820.1531
ACOUSTIC SPEED 1633.2478
ABSOLUTE MACH NUMBER . 3366
RELATIVE MACH NUMBER .5815
FLOW COEFFICIENT .4137
FLOW RREA .0607
ABSOLUTE FLOW ANGLE £8.3138
RELATIVE FLOW ANCLE 59.3642
INCIDENCE 11.5842
DEVUIATION

DIFFUSION RATIO
MOMENTUM THICKNESS
OMEGA (GAS)

OMEGA (TOTAL)

316
270
1
11

4
8
6

10
6
4

16

264

61.6344
55.7035
230.5300
79.8050
.4230
.4230

75.9732
07.3125
45.0086
87.3768
52.0759" .
35.3010
87.8717
.4841
-3868

.4054
.0573

53.8730
42.4445
11.9330
6.0545
2.0337
. 0481
.0v162
.Griee

31326.6191

239230.5888
1230.3900

1208.8454

.4533
.4533

470.77393
531.0324

1094.1423

1687.8872

.3146

.4010
.0548

27.5588

3.6288
2.2912
.0531
. 07274
.0v2v4
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INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 13 )

6343 I I6 I 3 I I3 I I X%

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

STAGE TOTAL PRESSURE RATIO= 1.18922 -
STAGE TOTAL TEMPERATURE RATIO= 1.05747¢
STAGE ADIABATIC EFFICIENCY=

##STAGE INLET#%

XU= .00323
KW= . 0
XK= 0
XNT= 0
XAIR= .93677
XMETAN=

XCAS 1.00000
HMASS= 0
HWMASS= 0
WTMASS= 0
AMASS= 11.65843
CEMASS= 0
UMASS= .0377S
GMASS= 11.65618
TMASS= 11.69618
HS= .00323
RHOA= .42060
RHOM= . 06865
RHOG= .39630
TG= 1164.08235

TH= 573.85191
THW= 513.70000

P= ~ 26122.44926

TB= 832.86573
TLEW= 0

.87183

##STAGE OUTLET=#=
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00323
0
0
0
.39677

1.00000
0
0
0
11.65843
0
03775
11.69618
11.69618
.00323
.42355
.42881
.42881
1230.23003
579.85191
0
31661.63440
0

552.76242
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#2STAGE OUTLET#=
(AFTER INTER-
STAGE ADJUST-
MENT)

.00323
0
0
0
.939677
0

1.00000
0
0
0
11.85843
0

.03775
11.69618
11.69618

.00323
.45408
.45319
.45319
1230.93003
579.85191
513.70000 -
31326.61915
848.26644
552.76242



wastEsanepesnesesnzre INITIAL FLOW COEFFICIENT= .350 (STAGE=14 )

STAGE TOTAL PRESSURE RATIO= 1.21348
STAGE TOTAL TEMPERATURE RATIO= 1.06059
STAGE ABIABATIC EFFICIENCY= .87416

STAGE FLOW COSFFICIENT= .401
AXIAL VELOCITY= 470.85
RGTOR SPEED=1174.10

#ROTOR INLET# #ROTOR QUTLET* =STATOR OUTLET*

TOTAL PRESSURE 31326.6181 38376.2820
STATIC PRESSURE 29230.0980 32928.118!
TOTAL TEMPERATURE(CAS) 1230.38900 1305.5736
STATIC TEMPERATURE(GAS) 1208.0153 1253.1074
STATIC DENSITY(CAS) .4532 .4916
STATIC DENSITY(MIXTURE) .4532 .43916
AXIAL UELOCITY 470.8533 457.2813
ABSOLUTE UELOCITY 531.1164 820.8047
RELATIVE UVELOCITY 9r0.3164 617.7523
BLADE SPEED 1094.1423 1096.3714
TANG. COMP. OF ARS. UEL. 245.7258 681.6261
TANG. COMP. OF REL. UEL. 848.4184 415,3453
ACOUSTIC SPEED . 1685.4136 1738.5498
ABSOLUTE MACH NUMBER .3151 .4784
RELATIVE MACH NUMBER .9757 . 3600
FLOW COEFFICIENT .4010 .3885
FLOW AREA .0548 .0520
ABSOLUTE FLOW ANGLE 27.5588 56.1436
RELATIVE FLOW ANGLE 60.8706 42.2486
INCIDENCE 10.9506 12.1136
DEVIATICON 5.3286
DIFFUSION RATIO 2.1864
MOMENTUM THICKNESS .0635
OMEGA (GAS) .08328
OMECA (TOTAL) .08328
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38014.2054
353973.4058
1305.573G
1286.4745
.5232
.5232

447.2369
495.2298

1101.6457

1738.5660
.2848

.3809..
.0500

25.4331

4.5331
2.5441
.0550
. 06646
. 06646
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INITIAL FLOW COEFFICIENT= .350 (ISTAGE= 14

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

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

XU=
K=
XWW=
XUT=
XAIR=
XMETAN=
XGAS
WMASS=
KUIASS
WTMASS
AMASS=
CHMASS
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=
Th=
ThH
p= . 3
TE=
TDEW=

1]

1}

#:GTAGE INLET#:#

oo

11.65843
0
.03775
11.69518
11.69518
.00323
.47693
. 06855
.45318
1230.99003
5¢9.85191
513.70000
1326.61815
848.26644
582.76242

1.21348
1.06059
.87418

##GTAGE OUTLETse=
(BEFORE INTER-
STAGE ADJUST-
MENT)
.00323

[an ]

11.85843
0

03775
11.69618
11.69618

.00323
.48230
.439133
.49133

1305.57364
579.85191

0
38376.28195
0
5539.90434
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##STAGE OUTLETs#
(AFTER INTER-
STAGE ADJUST-
MENT)
.00323
0
0
0
.99677
0
1.00000

]

0
11.65843

0

.03775
11.69618
11.69618

.00323
.52413
.52310
+52310
1305.57364
579.85191
513.70000
38014.20544 .
865.30796 -
559.90494

)
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INITIAL FLOW COEFFICIENT=

350 (STAGE=1S ) #ESESmreXsesmeneens

- STAGE TOTAL PRESSURE RATIO= 1.16852
STAGE TOTAL TEMPERATURE RATIO= 1.05037
STAGE ADIABATIC EFFICIENCY= .83316

STAGE FLOW COZFFICIENT= .381
AXIAL UELOCITY= 447.30
ROTOR SPEED=1174.10

#ROTOR INLET* =ROTOR OUTLET# =STATOR OUTLET

TOTAL PRESSURE 38014.2054 45028.2277 44458.2810
STATIC PRESSURE 35978.9591 40042.8265 42448. 3242
T0TAL TEMPERATURE (CAS) 1305.5736- 1371.3335 1371.3335
STATIC TENPERATURZ(GAS) 1286.6405 1329.2931 1354.6053
STATIC DENSITY(GAS) .5231 .5B633 .5862
STATIC DENSITY(MIXTURE) .5231 .3635 .9862
AXIAL UVELOCITY 447.3002 431.7760 428.0086
ABSOLUTE UVELOCITY 4595.3010 738.2343 465.7277¢
RELATIVE UVELOCITY 995.1300 663.9065

BLADE SPEED 1101.6457 1103.1218 1106.0733
TANG. COMP. OF ABS. UVEL.  212.7102 538.73S0

TANG. COMP. OF REL. UVEL. 888.8355 504.3227

ACOUSTIC SPEED 1735.7243 1780.97v66 1780.9773
ABSOLUTE MACH NUMBER .2854 .4184 " .2B615
RELATIVE MACH NUMBER .5733 . 3763

FLOW CDEFFICIENT .3810 .3678 .3645
FLOW AREA .0500 . 0481 . 0466
ABSOLUTE FLOW ANGLE £5.4331 54.2058 23.21739
RELATIVE FLOW ANCLE 63.2891 438.4315

INCIDENCE g.1291 15.3658

DEVIATION 4.3315 6.3479
DIFFUZION RATIO 2.0623 2.6795
MOMENTUM THICKNESS . 0503 .0843
OMEGA (GAS) .08026 .11432
CMECGA (TOTAL) . 08026

268
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" INITIAL FLOW COEFFICIENT=

.350 (ISTAGE= 15

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

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

XU=
XW=
KHW=
XUT=
XAIR=
XMETAN
XCGAS
WMASS=
WHMASS
WTMASS
AMASS=
CHEMASS
UMASS=
GMASS=
TMASS=
WS=
RHOA=
RHOM=
RHOG=
TG=
TH=
THH=
P=
TB=
TOEW=

#2STAGE INLETss

.00323
0
0
0
.99677
= 0

1.00000
= 0
= 0
11.65843
0

.03775
11.69618
11.69618

.00323
.54575
. 06855
.52310
1305,57364
579.85191
513.70000
38014.20544
865.30796
559. 90434

1.16952"
1.05037
.83916

##STAGE OUTLET##
(BEFORE INTER-
STAGE ADJUST-
MENT)

.00323

0

0

0

.893677

1.00000
0
0
c
11.65843
0

.03775
11.69618
11.69618

.00323
.56445
.56335
.956333

1371.33948
578.85191

0
45028.22772
0
565.98312
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*%STAGE OUTLET##
(AFTER INTER-
STAGE ADJUST-
MENT)

.00323
0
0

0
.S9677

1.06000
0
0
0
11.65843
0

03775
11.68618
11.69618

- .00323

.58r29

.08614

.58614
1371.33348
79.85181

513.70000
44458.28088

8r3.603]12

- 565.98312

3
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L LB T Y INITIAL FLOW COEFFICIENT= .350 (STQGE=18 Y BN IE I I IE 66 I I I3 2

STAGE TOTAL FRESSURE RATIO= 1.176380
STAGE TOTAL TEMPERATURE RATIG= 1.05353
STAGE ADIABATIC EFFICIENCY= .81430

STAGE FLOW COEFFICIENT= .365
AXIAL VELOCITY= 428.05
ROTOR SPEED=11v4.10

: - *ROTOR INLET= #ROTOR OUTLET# =STATOR OUTLET=
TOTAL PRESSURE 44458.2810 53428.4011 52322.9747¢

STATIC PRESSURE 42448.0138 47823.3978 50698.5131
TOTAL TEMPERATURE(GAS) 1371.3335 1444.7504 1444.7504
STATIC TEMPERATURE(GAS) = 1354.732¢ 1403.2506 1432.8059
STATIC DENSITY(GAS) - .5861 .6376 - .BB619
_STATIC DENSITY(MIXTURE) +95861 .6376 .6619
AXIAL VELOCITY 428.0530 402.0117 387.2411
ABSOLUTE UVELOCITY 4535.7750 736.4268 395.0845
RELATIVE UVELOCITY 1016.9302 633.4533

BLADE SPEED : 1106.0733 1106.5658 I
TANG. COMP. OF ABS. UEL. 183.6220 61v.0180

TANG. COMP. OF REL. UEL. S22.4520 489.5480

ACCUSTIC SPEED 1778.4451 1828.9923 1828.97r32
ABSOLUTE MACH NUMBER .2613 .4069 .2160
RELATIVE MACH NUMBER .5718 .3500

FLOW COEFFICIENT .3646 .3424 .3298
FLOW AREA . 0466 0455 .0456
ABSOLUTE FLOW ANGLE 23.2179 56.9142 11.4328
RELATIVE FLOW ANGLE 65.1068 50.6075

INCIDENCE 8.7663 16.5142

BEVIATION 5.2075 8.4028
DIFFUSION RATIO 2.1718 3.1704
MOMENTUM. THICKNESS . 0522 .1420
OMEGR (GAS) . .07298 .13740
OMEGA (TOTAL) .07238 . 15740
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INITIAL FLOW COEFFICIENT= .350 (ISTRGE= 16 )

STAGE PERFORMQNCE AFTER INTER-STAGE ADJUSTMENT(JPERFM=2) .

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

#xGTAGE INLET#*

KU= .00323

XK= 0
XK= 0
XWT= 0
XAIR= .98677
XMETAN= 0
XGAS 1.00000
WIMASS=

LWMASS= 0
WTMASS= 0
AMASS= 11.65843
CHIMASS= 0
UMASS= .03775
GMASS= 11.69618
TMASS= 0
HS= .00323
RHOA= .60765
RHOM= . 06865
RHOG= .58614
TG= 1371.33948

Th= 579.85191
THW= 513.70000

P= 44458.280938

TB= 878.60912
TDEW= 565.98312

1.17630
1.05353
.81430

#2STAGE OUTLET#
(BEFORE INTER-
STAGE ADJUST-
MENT) ’

.00323

0

0

0
.93677

1.00000
0
0
0
11.65843
0
.03775
11.69618
0
.00323
.63866
.63741
.63741
1444.75041
579.85191

0
53428.40108
0
572.63516

27

*#STACE OUTLET##*
(AFTER INTER-
STAGE ADJUST-~
MENT)
.00323
0
0

0
.99677

1.00000
0
0
0
11.65843
0

.03775
11.69618
11.€9618

.00323
.56317
.66187
.66187
1444,75041
579,85191
513.70000
52322.97472
894.99536
572.63516
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raxewsrxier QUERALL PERFORMANCE sts#stsesstisst
INITIAL FLOW COEFFICIENT= .350 .

CORRECTED SPEED= 3482.1 1.000 FRACTION CF DEICN CORRECTED SPEED
INITIAL WATER CONTENT(SMALL DROPLET)= .010.

INITIAL WATER CONTENT(LRRGE DROPLET)= 0

INITIARL WATER CONTENT(TOTAL)= .010

INITIARL RELATIVUE HUMIDITY= .0 PER CENT

INITIAL METHANE CONTENT= 0

COMPRESSOR INLET TOTAL TEMPERATURE= 518.70
COMPRESSOR INLET fOTﬂL PRESSURE= 2116.80
CORRECTED MASS FLOW RATE OF MIXTURE=234.147
CORRECTED MASS FLOW RATE OF GAS PHASE 231.806
OUVERALL TOTAL PRESSURE RATIO=24.7180
OUVERALL TOTAL TEMPERATURE RATIO=2.7853
OUVERALL ADIABATIC EFFiCIEHCY= .7873
Bty PZRFORMANCE OF FAN,LPC,HPC stistsstiexsnen
GAS PHASE STAGNATION STAGNATION  ADIABATIC
CORRECTED PRESSURE TEMPERATURE EFFICIENCY

MASS FLOW RATIO RATIO
FAN 231.8060 | 2.3433 1.3206 .81886
LPC 56.7342 2.7193 | 1.3913 .8048
HPC 24,6731 3.8780 1.5160 .8704
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Test Case No. 3
(1.0 Large Droplet Ingestion, No Mass Transfer,

Overall Performance Only Printout)
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P62 TSI M S M N R XN TNPUT DATA 56963636 35698 3656 38 36 3638 3 96 3636 36 36 38 38 96 3 36 3¢ 3438 3¢ 96

FNF(FRACTION OF DESIGN CORRECTED SPEED)=1.000
XDINCINITIAL WATER CONTENT OF SMALL DROPLET)= 0
XDDINCINITIAL WATER CONTENT OF LARGE DROPLET)= .010
RHUMIDBCINITIAL RELATIVE HUMIDITY)= .00 PER CENT
XCH4(INITIAL METHANE CONTENT)= 0

TOG(COMPRESSOR INLET TOTAL TEMPRATURE OF GAS)= 518.70
TOW(COMPRESSOR INLET TEMPERATURE OF DROPLRET)= S13.70
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)= 39492.1

DSMASS(DESIGN MASS FLOW RATE)=  25.5000

BYPASS RATIO = 1.0050

COMPRESSOR INLET TOTAL TEMPERATURE(GAS PHASE) 518.70 R

COMPRESSOR INLET TOTAL PRESSURE=2116.80 LB/FTx*x2 '

PREB(PERCENT OF WATER THAT REBOUND AFTER IMPINGEMENT)= 50.0 PERCENT

ROTOR SPEED= 394S2.1 RPM

CORRECTED ROTOR SPEED= 94S2.1 RPM( 100.0PER CENT OF DESIGN CORRECTED SPEED)
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FAIO STAGE PRATIO TRATIO

.340
.340
.340
.340
.340
.340

.340

«340
.340
«340
«340
.340
.340
«340
.340
.340

1

w 0 ~N oo 1 H W N

10
11
12

13

14
15
16

1.3790
1.3274
1.2474
1.1775
1.2033
1.1869
1.1673
1.19835
1.1531
1.2477
1.2517
1.2325
1.1978
1.2123
1.1691
1.1777

1.1113
1.0983
1.0827
1.0605
1.0804
1.0592
1.0502
1.0649
1.0440
1.0701
1.0701
1.0860
1.0573
1.0805
1.0502
1.0534

ETA
.8645
.8560
.7848
.7836
.8892
.8349
.8836
.7808
.8182

.8997

. 9050
.8858
.8638
.8?41

8408

.8219

XU
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000

.0000
.0000
.0000
.0000
.0000
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KW

0
.0043
.0068
.0058
.0058
.0058
.0058

.0058

.0058
.0058

.0058 -

.0058
.0038
.0058
.0058
.0058

XHW
.0100

.0057

.0032

o O O O o © O o 0o 0 o o o

XWT
.0100
.0100
.0100
.0058
.0058
.0058
.0058

" .0058

.0058
.0058
.0058
.0058
.0058
. 0058
.0058
.0058

TG
518.70
576.41
633.05
£85.33
726.86
770.77
816,42
857.40
813.00
853.16

1018.97
1091.50

1163.52

1230. 1€
1304.61
1370.12

TH

513.70
513.70
522.65
529.49

537.90
547.65
557.26
566.25
576.60
585.87
598.81
615.84
625.63
£34.85
645.28
654.94



wmannnnen® QUERALL PERFORMANCE ¢35t %5
INITIAL FLOW COEFFICIENT= .340
CORRECTED SPEED= 3492.1 1.000 FRéCTION OF DEIGN CORRECTED SPEED
INITIAL HATER CONTENT(SMALL DROPLET)= 0
INITIAL WATER CONTENT(LARGE DROPLET)= .010
INITIAL WATER CONTENT(TOTAL)= .010
INITIAL RELATIVE 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=223.012.
CORRECTED MASS FLOW RATE OF GAS PHASE EES.?EI
DUERALL TOTAL PRESSURE RATIO=23.7528
OUERALL TOTAL TEMPERATURE RATIO=2.7824
CUERALL ADIABATIC EFFICIENCY= .7747
suxnusnxns PERFORMANCE OF FANsLPC)HPC swmumuusun
GAS PHASE STAGNATION STAGNATION  ADIABATIC

CORRECTED PRESSURE TEMPERATURE EFFICIENCY

MASS FLOW RATIOD RATIO
FaN 226.7215 2.2834 1.3214 « 7834
LPC 56.8264 2.7016 1.3307 , .8006
HPC 24.8488 ‘ 3.8505 1.5141 .8685
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