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FOREWORD

The work described in this report was performed under NASA
Contract NAS 7-390, "Basic Investigation of Turbine Erosion
Phenomena". The work was done under the supervision of
Mr. W. D. Pouchot of the Systems and Technology Department
of the Westinghouse Astronuclear Laboratory. Mr. L. G. Hays
of Jet Propulsion Laboratory is the NASA Program Manager.
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[. INTRODUCTION

This report is designed to be used in conjunction with NASA CR-710 (Reference 1)
to give the user sufficient information so as to be capable of utilizing the NASA
Performance Computer Code for Axial Flow Turbines as modified at WANL. The
modified code is written entirely in FORTRAN |V for the CDC 6600 computer. But
the code should be capable of being used with appropriate control cards on any

computer having at least 32 K of core storage.

The following sections of the report give: the applicability and modifications made
from the original code, definitions of the input and output nomenclature, a method for
making the code input applicable for wet vapor turbines, suggestions for further possible
future modifications, three sample problems illustrating the usage of the code, a
FORTRAN listing of the entire code, and control cards showing proper deck setup. No
attempt is made to discuss the method of calculation of turbine performance or to give
computer flow diagrams since these topics are adequately covered in Reference (1).

The modifications made to the code do not significantly change the original program
logic or capability. These modifications for the most part were necessary to enable the
code to accurately calculate wet vapor turbine performance. ldeal gas turbines can
still be analyzed as well as air breathing fossil fuel burning turbines for which the code

waos originally primarily designed.
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Il. INTENT OF CODE

A. Applicability of Code and Limiting Assumptions

(M

The principal purpose of the original code as written by E. E. Flagg" ’ is to provide a
complete performance map of axial flow turbines suitable for use in air breathing fossil
fuel fired jet engines. In the process of accomplishing this end, the code calculates the

two-dimensional bulk flow conditions fore and aft of the turbine rows.

1. Description and Scope of Modified Code

(@)  Axial flow turbines.
(b)  Up to 8 stages.

(c)  Up to 6 radial sectors (although only 5 are usually used for

reasons of symmetry).

(d)  Each sector is a quasi-one-dimensional element with the properties at
the radial centers of these sectors being joined; utilizing simple radial

equilibrium at the stator and rotor exits.

(e) Semi-perfect gas properties (gas constant and specific heat ratio) are
assumed and are input at the entrance and exit of each blade row.
Provision is also made to simulate changes in gas flow rates at the
entrance and exit of each blade row. Energy balance effects are
simulated by changing the values of the gas constant and specific heat

ratio.

" The turbine geometry may be either input as a passage distributed area

(SPA and RPA)* or as effective exit vector flow angles (SDEA and RDEA).

* Nomenclature defined in Section IlI-A of this report.
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The assumption that the effective exit flow angles are approximately

equal to the design blade exit angles is usually valid. Mandatory inputs
are the diameters of the root (DR) and tip (DT) for the entrance and exit
of each blade row and the stator and rotor design inlet angles (SDIA and

RDIA) for each of the radial sectors.

Even though there are two subroutines (L@SS 1 and L@SS 2) which are
capable of calculating losses by a total pressure loss coefficient method,
the values for the coefficients of the series expansion are not generally
known. See page 11 of NASA CR-710. The standard method is to input
the values of optimum recovery coefficients for stator and rotor (SREC and
RREC) together with exponents to be used in the event of both negative
and positive (EXPN and EXPP) incidence. See page 10 of NASA CR-710

for equations used.

Separate cases may be run for various turbine speeds by merely changing

the RPM and indicating that is a change case (STGCH = 0.0).

The FORTRAN |V code calculates a performance map for the case of a
given turbine at a particular RPM by in effect varying the exit back
pressure. The output for each "iteration" (i.e., value of back pressure)
gives flow rates, velocities, flow angles, temperatures, pressures, densities,
Mach numbers, efficiencies, and work done both for an overall stage output
and also row=by-row output for each of the radial sectors. An exact choke
point is found during the calculation of the performance map and the
turbine back pressure is effectively further reduced until the discharge
annulus area is choked at the pitchline sector (assuming AACS = 1.0). A
single performance point can be obtained by simply setting all pressure
ratio increments (DELC, DELL, and DELA) to zero. This is the usual case

when fixed operating conditions are known at design.
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()  The gas flow at the entrance to the first stator is assumed to have uniform
radial temperature, pressure, and velocity. The flow is further assumed to
be exactly aligned with the turbine axial direction (i.e., no tangential

velocity component).

B. Modifications to Code

As stated previously, as originally programmed the code was principally intended for
analysis of JP-4 burning, air breathing jet engines. Internal to the code is a subroutine

for calculating the thermodynamic properties of reacted JP-4-air mixtures. It also had a
capability to input thermodynamic properties which was extended as required by the method
used in determining the performance of wet vapor turbines. It was decided that the thermo-
dynamic properties fore and aft of each blade row would be inputed in terms of repre-
sentative values for the particular working fluid and its state. The variables to be input
would be the ratio of specific heats at constant pressure to that at constant volume and
Boyles and Charles Law gas constant. The internals of the program are then used to the

calculate effective specific heat and various other effective thermodynamic properties.

The following modifications were made in the code:

1. Wherever the Boyles and Charles gas law constant RG appeared in the code, it
was replaced by a two~dimensional variable RV (I, K) with proper choice of
axial blade position | and stage number K to correspond to the location in the

turbine for which the calculation is being performed.

2. A change was made in the input NAMELIST format to allow reading in of a
variable RV. Also a modification was made to read in reference values for the
gas constant, temperature, pressure, and specific heat ratio all at standard sea
level conditions. Formerly the code contained these values for air internally in
a DATA statement. But since gases other than air will be used, it was thought
useful to include a capability for inputing these values for each case rather than

requiring a recompilation whenever a different working fluid was used.
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. .The output was expanded to print out the values for the flow, y (ratio of specific

heats), gas constant, and RWG (the ratio of the flow at a particular station to
turbine inlet flow). To insure that these variables were being properly handled
within the code, decreasing values of y, RV, and RWG were fed in. The output

was found to be consistent after a slight change in the logic.

Since values for y and RV are now fed in for all cases, the subroutines to
calculate y, RG, and Cp's are superfluous since they would never be called
upon. If by inadvertently omitting the inputing of y and/or RV and subsequently
a subroutine for calculating its value is entered, then an error message was added

which would print out the words "SUBR@ UTINE () HAS BEEN CALLED UP@N"

followed by a string of asterisks so that attention would be immediately drawn to
the error. The ( ) is filled in by the name of the subroutine being called.
After the error message is printed out, the calculation is allowed to proceed using

properties for air, water, and JP-4 fuel.
On page 193 of NASA CR~710 the statement:

21 PTP(1, K + 1) =PTBAR (K) * ( (TTRA (I, K)/TTBAR (K) )** E 3 ST2A 153

was found to be incorrect and should read:
21 PTP(I, K + 1) =PTBAR (K) * (TT2A (I, K)/TTBAR (K)) ** E 3
On page 208 of NASA CR-710 the statement:

ASOH = SQRT (GAM (I,K) * G * RG * STTSO(L) ) INST 175

was found to be incorrect and should read:
ASOH = SQRT (GAM (1,K) * G * RG * STTSO(L) )

Any cards from the original code which had to be removed rather than modified
were denoted by a comment card with the words "CARD DELETED" followed by

a string of asterisks.
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8. Asan aid in debugging a computer run, an option was added to allow the printout
of when entry and exit was made from each subroutine. This enables the user to
examine the program logic as an aid in determining where discrepancies occur.
This option is not recommended for other than debugging runs since a large amount

of output results.
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NOMENCLATURE FOR INPUT AND OUTPUT OF MODIFIED CODE

1. "TRUE" or "FALSE" card depending on whether or not a listing of when an

entrance and exit is made from each subroutine is desired. This card is inputed

only once per case.

2. Two heading cards of 60 characters each inputed only once per case.

3. Constants inputed only once per case:

Code Name

STAGE **
STGCH

TTIN
PTIN
WAIR

FAIR

PTPS

DELC

DELL

DELA
STG
SECT

Definition
Stage identification number

Flag indicating whether following data is for the
basic case (1.0) or for a change case (0.0)

Turbine inlet total temperature
Turbine inlet total pressure

Water to air ratio (not used in modified code);
should be input as 0.0

Fuel to air ratio (not used in modified code);
should be input as 0.0

Pitchline pressure ratio (total to static) across first

stator for 0" calculation. This ratio is incremented
by DELC, DELL, or DELA for next calculation

First try at increment to PTPS

Increment to PTPS after first stator has critical flow
and also when choke iteration is complete

Increment to PTPS when last rotor is choked
Number of stages in turbine (8 maximum)

Number of radial sectors (6 maximum)

* Refer to Standard Option Input Sheet (page 11).
** Must be input every time new stage data is read in.
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Code Name Definition Units
EXPN Exponent of cosine term for negative incidence used in -
calculating an inlet recovery factor (see page 10 of
Reference 1)
EXPP Exponent of cosine term for positive incidence used in ——

calculating an inlet recovery factor (see page 10 of
Reference 1)

PAF Profile averaging fork (either 0.0, 1.0, or 2.0); gives the -—
next stage inlet conditions for either: uniform (0.0) at the
average value of the preceding stage, or the radial sector
profiles (1.0) of pressure and temperature of the preceding
stage, or a third option which keeps the exit total tem-
perature radial profile and "smooths" (2.0) the exit total
pressure profile from the preceding stage

SLI Stage loss indicator (0.0 means that recovery, efficiency, -
and flow coefficients are inputed for each stage; 1.0
means that they are inputed only once and are assumed
constant throughout the turbine)

AACS Discharge annulus area choke stop which is the maximum -—
limit for the turbine exit axial Mach number at the pitch-
line sector. This code will continue to decrease the back
pressure until this limit is reached (assuming DELC, DELL,
and DELA # 0.0)

RPM Turbine speed RPM

VCTD Vector diagram interstage output (either 0.0 for overall -—-
stage performance output only or 1.0 for row=by-row
sector performance in addition to overall stage output’

printout)
RSL Gas constant at sea level standard conditions ft 1b/Ib R
TSL Standard temperature at sea level = 518.688 °R
PSL Standard pressure at sea level = 14.696 psia
GAMSL Specific heat ratio ot sea level standard conditions -—-
ENDSTG 0.0 if more stage data to follow; 1.0 if last stage data -—-

has been read in

ENDJQ@B 0.0 if more cases to follow; 1.0 if all data for all cases -—
has been input

PCNH Percent station height distribution (example: if 5 equal -
(in height) radial sectors were desired, then PCNH = 0.2,
0.2, 0.2, 0.2, 0.2)



4. Axial station input for each stage (stations 0, 1, 1A, 2, and 2A)

Code Name Definition

RG Gas constant

GAMG Specific heat ratio

DR Diameter of root or hub of turbine

DT Diameter of tip of turbine

RWG Ratio of station flow to turbine inlet flow

5. Stator radial distributions for each stage (hub to tip sectors)

Code Name Definition
SDIA Stator design inlet angle
SDEA Stator effective exit flow angle — should not be

input if SPA is input

SREC Stator optimum recovery coefficient (nsr )

SETA Stator efficiency coefficient ("75) opt

SCF Stator flow coefficient (Cfs)

SPA Stator passage area per unit height — should not
be input if SDEA is input

SESTH * Stator ratio of exit blade height to throat height

* Only a single value is input.

Astronuclear
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Units
ft 1b/Ib °R

Units

(o from axis)

(o from axis)
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6. Rotor radial distributions for each stage (hub to tip sectors)

Code Name Definition Units

RDIA Rotor design inlet angle (° from axis)

RDEA Rotor effective exit flow angle — should not be (° from axis)
input if RPA is input

RREC Rotor optimum recovery coefficient (7 . ) ---

RETA Rotor efficiency coefficient ("Ir) opt ——

RCF Rotor flow coefficient (Cfr) -

RPA Rotor passage area per unit height — should not be inz/in

input if DREA is input

RTF Rotor test factor used to represent the non~uniform -—
work extraction due to blade end effects

RERTH * Rotor ratio of exit blade height to throat height -

* Only a single value is input.

10



WANL MODIFIED
TURBINE COMPUTER PROGRAM
STANDARD OPTION
INPUT SHEET

Start All Input Cards in Column 2

Subroutine Entry and Exit Listing Option (TRUE or FALSE)
Nome (Comment Information)

Title (Comment Information)

$DATAIN STAGE =
STGCH=

TTIN= ,PTIN= ,WAIR= FAIR= ,
PTPS= ,DELC= ,DELL= ,DELA= ,
STG= ,SECT= JEXPN= LEXPP= ,
PAF= ,SLI= AACS= RPM= ,
VCTD= RSL= ,TSL= PSL= ,
GAMSL= LENDSTG= LENDJ@B= .
INLET RADIAL PROFILE
PCNH(1)= ' . , / '
AXIAL STATIONS
STA. 0 STA. 1 STA. 1A STA. 2 STA. 2A
RG(]): ’ ’ 1 ’ ’
GAMG(]) = r ’ ' 4 [
DR(]): 1 ’ 1 I !
DT(])= 7 7 1 1 I’
RWG(])= 1 I [ 1 I
STATOR RADIAL DISTRIBUTIONS
ROOT PITCH TIP
SDIA(]): 1 1 1 ! ’
SDEA(1)= / / ' / /
SREC(1)= ' , ' , ,
SETA(]):' 7 ’ ’ ’ ’
SCF(])= ’ ’ ’ ’ ’
SPA(1)= , , / y ,
SESTH= ,
ROTOR RADIAL DISTRIBUTIONS
ROOT PITCH TIP
RDIA(])= 1 I ’ 14 1
RDEA(1)= / ' / , /
RREC(1)= , , , , ,
RETA(")2 7 1 ’ 4 I
RCF(])= 14 r ! ’ I
RPA(])= ’ ’ ’ I ’
RTF(1)= / ' , , '
RERTH= ,
ENDSTG= , ENDSTG=1.0 IF LAST CASE
ENDJ@B= $ ENDJ@B=1.0 IF LAST STAGE

1
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B. Output Definitions

1. Station Nomenclature

The axial station numbers (0, 1, 1A, 2, and 2A) following a parameter refer to the following

designations:

Station Number 0 ] 1A 2 2A [

Definition Stator Inlet [Stator Exit {Rotor Inlet {Rotor Exit [Next Stage Stator InlefJ

Also see Figure |V-1 on page 21 for further clarification of terminology.
In the stage and overall performance output printout several parameters are given in terms
of the equivalent parameter referenced to standard sea level conditions. This provides a

common basis for comparison of performance maps for different turbine cases.

2. Stage Performance Parameters

Symbol Definition Units

TTBAR O Stage average inlet total temperature °R

PTBAR O Stage average inlet total pressure psia

WG 0 Stage inlet total weight flow Ib/sec

DELH Stage enthalpy drop (energy output) BTU/Ib
WRT/P Stage corrected weight flow function (Ib/sec) (OR/psicl)]/2
DH/TTBARO  Stage energy function BTU/Ib °R
N/RT Stage corrected speed RPM/(OR)V2
ETA TT Stage total to total efficiency -

ETA TS Stage total to static efficiency -—

ETA AT Stage total to axial total efficiency -

PTO/PSI Stator total to static pressure ratio at pitchline -

12



Symbol
PTBARO/PTBAR2
PTBARO/PS2

PTR2/PS2

TTBAR2/TTBARO
TTR1A/TTBARO

WG 1
PS 1A
TTR 1A
PTR 1A
WG 1A
PS 2
TTBAR 2
PTBAR 2
WG 2
WG 2A
UP/VI

UR/VI

PSI P
PSIR

RX P
RXR
ALPHA O
| STATOR
BETA 1A

Definition
Stage average total to total pressure ratio

Stage average total to pitchline static
pressure ratio

Rotor exit relative total to static pressure ratio
at pitchline

Stage average total to total temperature rotio

Rotor inlet pitchline relative total to stage
inlet average total temperature ratio

Stator exit total weight flow

Rotor inlet static pressure at pitchline

Rotor inlet relative total temperature at pitchline
Rotor inlet relative total pressure at pitchline
Rotor inlet total weight flow

Rotor exit static pressure at pitchline

Stage exit average total temperature

Stage exit average total pressure

Rotor exit total weight flow

Next stage stator inlet total weight flow

Wheel speed to isentropic velocity ratio at
pitchline

Root wheel speed to pitchline isentropic
velocity ratio

Kinetic energy loading parameter at pitchline
Kinetic energy loading parameter at root
Reaction ratio at pitchline

Reaction ratio at root

Stator inlet gas angle at pitchline

Stator inlet incidence angle at pitchline

Rotor inlet gas angle at pitchline

13
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Szmbo'

| ROTOR
ALPHA 2A
DBETA R

M1
M1 RT

MR 1A
MRTA RT

MR 2
MR2 TIP

E/TH CR
N/RTH CR

WRTHCRE/D

Definition

Rotor inlet incidence angle at pitchline
Next stage stator inlet gas angle at pitchline
Rotor root turning angle

Stator exit Mach number at pitchline

Stator exit Mach number at root

Rotor inlet relative Mach number at pitchline
Rotor inlet relative Mach number ot root
Rotor exit relative Mach number at pitchline
Rotor exit relative Mach number at tip

Stage equivalent energy, corrected to standard
inlet critical conditions

Stage equivalent speed, corrected to standard
inlet critical conditions

Stage equivalent flow, correct to standard
inlet critical conditions

3. Overall Turbine Performance Parameters

Sxmbol
PSI P

PSI R

DEL H
WRT/P
N/RT
DELH/TTIN
PTO/PTBAR2
PTO/PS2

PTO/PAT2A

Definition

Overall kinetic energy loading parameter
at pitchline

Overall kinetic energy loading parameter at root

Overall enthalpy drop (energy output)
Turbine inlet corrected weight flow function
Turbine inlet corrected speed

Overall energy function

Overall average total pressure ratio

Overall total to static pressure ratio at pitchline

Overall total to axial total pressure ratio
at pitchline

14

Units

BTU/Ib
RPM

Ib/sec

BTU/Ib

(Ib/sec) (OR/psicx)]/2

RPM/(R) /2
BTU/Ib °R



Symbol
ETA TT
ETA TS
ETA TAT
WNE /60D
N/RTH CR

E/TH CR

Definition

Overall total to total efficiency

Overall total to static efficiency

Overall total to axial total efficiency
Turbine inlet equivalent flow-speed parameter

Turbine inlet equivalent speed, corrected to
standard inlet critical conditions

Overall equivalent energy, corrected to
standard inlet critical conditions

4. Inter-Stage Radial Sector Performance Parameters

Symbol

DIAM O

TT0
PTO
ALPHA 0

| STAT@R
V0

VU o0
VZ0
TS0
PSO
DENS O
MO
CPO

RGO

Definition
Diameter of mid-points of radial sectors at
stator inlet
Total temperature at stator inlet
Total pressure at stator inlet

Gas angle (with respect to axial direction)
at stator inlet

Incidence angle at stator inlet

Gas velocity (composed of tangential and axial
components) at stator inlet

Tangential gas velocity at stator inlet
Axial gas velocity at stator inlet
Static temperature at stator inlet
Static pressure at stator inlet

Static density at stator inlet

Mach number at stator inlet

Specific heat at constant pressure at
station inlet

Gas constant at stator inlet

15
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Ib/sec2
RPM

BTU/Ib

ft/sec

ft/sec
ft/sec
R
psia
Ib/ft3

BTU/Ib °R

ft 1b/Ib °R
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Symbol

GAMG 0
RWG 0

WG 0
DIAM 1

ALPHA 1

DEL A
Vi

VU 1

vVZ 1

TS 1

PS 1
DENS 1
M1

ZWI INC
CPS

CP 1

RG 1
GAMG 1
RWG 1
WG 1
DIAM 1A

PTR 1A
TTR 1A
BETA 1A

Definition

Ratio of specific heats at stator inlet

Ratio of station flow to turbine inlet flow
(by definition this must be 1.0 at the first
stator inlet of turbine)

Weight flow at stator inlet

Diameter of mid-points of radial sectors
at stator exit

Gas angle (with respect to axial direction)
at stator exit

Gas turning angle (ao + a])

Gas velocity (composed of tangential and
axial components (at stator exit

Tangential gas velocity at stator exit

Axial gas velocity at stator exit

Static temperature at stator exit

Static pressure at stator exit

Static density at stator exit

Mach number at stator exit

Zweifel parameter, incompressible

Stator pressure coefficient, incompressible
Specific heat at constant pressure at stator exit
Gas constant at stator exit

Ratio of specific heats at stator exit

Ratio of stator exit flow to turbine inlet flow
Weight flow at stator exit

Diameter of mid-points of radial sectors at
root inlet

Relative total pressure at rotor inlet
Relative total temperature at rotor inlet

Relative gas angle at rotor inlet

16

Units

BTU/Ib °R
ft Ib/Ib °R



Symbol

| ROTOR
R 1A

RU 1A
MR TA

U 1A

PS 1A

TS 1A
CP 1A
RG 1A
GAMG 1A
RWG 1A
WG 1A
DIAM 2

PTR 2
TTR 2
BETA 2
DBETA
R 2

RU 2
MR 2
U2

RX
DELH
PSI P
ETATT
ETA TS
ETA AT

Definition
Incidence angle at rotor inlet
Relative gas velocity at rotor inlet
Relative gas tangential velocity at rotor inlet
Relative Mach number at rotor inlet
Wheel speed at rotor inlet
Static pressure at rotor inlet
Static temperature at rotor inlet
Specific heat at constant pressure atrotor inlet
Gas constant at rotor inlet
Ratio of specific heats at rotor inlet
Ratio of rotor inlet flow to turbine inlet flow
Weight flow at rotor inlet

Diameters of mid=points of radial sectors
at rotor exit

Relative total pressure at rotor exit
Relative total temperature at rotor exit
Relative gas angle at rotor exit

Gas turning angle ( BIA + /32)
Relative gas velocity at rotor exit
Relative tangential gas velocity at rotor exit
Relative Mach number at rotor exit
Wheel speed at rotor exit

Reaction

Enthalpy drop (energy output)

Kinetic energy loading parameter
Total to total efficiency

Total to static efficiency

Total to axial total efficiency

17
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Units

(o]

ft/sec
ft/sec
ft/sec

psia

°R

BTU/Ib °R
ft Ib/Ib °R

ft/sec
ft/sec

ft/sec

BTU/Ib
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Symbol

ZW1 INC
CPR

PS 2

TS 2

CP 2

RG 2
GAMG 2
RWG 2
WG 2

PT 2A

TT 2A

V 2A

VU 2A
ALPHA 2A

MF 2A
VZ 2A
TS 2A

PS 2A
DENS 2A
M 2A

CP 2A

RG 2A
GAMG 2A
RWG 2A

WG 2A

Definition

Zweifel parameter, incompressible

Rotor pressure coefficient, incompressible
Static pressure at rotor exit

Static temperature at rotor exit

Specific heat at constant pressure at rotor exit
Gas constant at rotor exit

Ratio of specific heats at rotor exit

Ratio of rotor exit flow to turbine inlet flow
Weight flow at rotor exit

Total pressure at inlet to next stator

Total temperature at inlet to next stator

Gas velocity (composed of tangential and axial
components) at inlet to next stator

Tangential gas velocity at inlet to next stator

Gas angle (with respect to axial direction) at
inlet to next stator

Axial Mach number at inlet to next stator
Axial gas velocity at inlet to next stator
Static temperature at inlet to next stator
Static pressure at inlet to next stator
Static density at inlet to next stator
Mach number at inlet to next stator

Specific heat at constant pressure at inlet
to next stator

Gas constant at inlet to next stator
Ratio of specific heats at inlet to next stator

Ratio of flow at inlet to next stator to turbine
inlet flow

Weight flow at inlet to next stator

18

psia

°R

BTU/Ib °R
ft Ib/Ib °R

ft/sec
°R
psia
Ib/f+°

BTU/Ib °R

ft Ib/Ib °R
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IV. METHOD FOR CALCULATION OF MODIFIED
PARAMETERS FOR WET VAPOR TURBINES

A. Assumptions Used and Development of Equations for Modified Parameters

In wet vapor turbines since there exists two distinct phases (gas and liquid), the usual ideal
thermodynamic relationships which are valid for gas turbines are not directly applicable.
The approach used to determine the performance of wet vapor turbines involved making a
minimum of changes in the code but required modifying the input data appropriately to
closely simulate the thermodynamic processes of a turbine operating within the saturation
dome of a T-S (temperature-entropy) diagram. The following method was derived and gives
good agreement with the results from the WSD 2-D code as run by Fentress(z).

In order to arrive at a consistent set of relatively simple relationships, the following

assumptions were made:

1. The inlet hub and tip diameters for a given blade row are assumed equal to the
exit hub and tip diameters from the preceding blade row. The same assumption
holds true for the modified parameters y*, n*, and R*. The superscript * indicates
that it is a modified value for specific heat ratio, blade efficiency, and gas

constant.

2. All inefficiencies are assumed to be lumped into the single blade efficiency
parameter n*. This includes such items as incidence and exit losses and flow
coefficients. Consequently EXPP = EXPN = 0.0, SREC =RREC = 1.0,

SCF =RCF = 1.0, RTF = 1.0, and SESTH = RERTH = 1.0. The definitions of these

computer code terms may be found in Section I1I-A.

3. The exit gas flow angle from each blade row is taken to be equal to the exit
blade angle. Therefore, actual blade exit angles (SDEA and RDEA) are input
rather than distributed passage areas (SPA and RPA).
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4. Since all energy changes are accounted for in the calculation of the modified
parameters, there is no need to take into consideration the decrease in the gas

flow rate due to condensation effects. Consequently RWG = 1.0.

5. Radial variations in y*, 7*, and R* are assumed to be negligible.

In applying the following formulas to determine the modified values of R*, y*, and 7%,
care must be exercised to obtain the proper relative velocity either entering or leaving
a blade row. See Figure 1V-1 for clarification of the station terminology used in the
example potassium turbine. The initial values for static temperatures, pressures, specific
volumes, and velocities are obtained from previous 1-D calculations. Definitions of the

nomenclature used are given in Section IV-B.

FIFTH STAGE 4P
. so Vso
Ro = T M
S0
- , L* T = T @)
;2970 10" 'so
)
vy .
p (10 Y’b(i‘ 3)
10 SO\ T,
P*
PTPS = PTO (4)
S
144 P._ v
v - Ts1 S 5)
S1
vy T ToR" ]T T ©
ok (Tg = Tgy)
I- 2
Vi
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b3
STATION 0 — — — a
5TH STATOR
STATION! — — — — — 2
STATION TA o — e e
5TH ROTOR
STATION 2 — — — — — — — — — ~ Y,
V2 -—
STATION 240 — — — — — — 7 Vaat %
6TH STATOR
v
STATION | — — = — — — = T !
STATION JA— — — — — — — — — —— — — — 1A N U,
6TH ROTOR
U
STATION 2 o — — — o — 3
v /

Figure IV-1. Axial Station Velocity Nomenclature
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i R2A
* = *
70 7 2A
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The remainder of the expressions for the modified parameters for the rest of the sixth stage
are the same as those in Equations (8) through (20). For turbines with more than two stages,
the same relationships are repeated for each succeeding stage. Since there is a significant
amount of hand calculations involved in obtaining the modified parameters, a small com-
puter program could be written to punch out these values in a format compatible with the

input to the modified NASA turbine code.

B. Nomenclature Used in Calculation of Modified Parameters

Symbol Definition Units
DR Root diameter in

DT Tip diameter in ,
g Gravitational acceleration (32.2) ft/sec
PS Static pressure psia
PT Total pressure psia
PTPS Total-to-static pressure ratio across first stator ---

R Gas constant ft/°R
TS Static temperature °R

TT Total temperature °R

U Wheel speed ft/sec
\% Gas velocity ft/sec
Vg Specific volume fts/lb

Ratio of specific heats -—

n Overall effective blade efficiency -—-

24



Astronuclear
Laboratory

V. POSSIBLE FUTURE MODIFICATION TO CODE

With the advent of the CDC 6600 computer and its 65 K core (as compared to the
IBM 7094 and its core of 32 K), it is possible to expand the maximum number of
radial sectors to greater than 6 and the maximum number of stages to exceed 8.
Of course computer run times would be longer and a different method of printing

out data would have to be used.

The code could be changed so as to iterate to a desired exit pressure condition
automatically by comparing the average turbine exit total pressure with that
desired. If the difference between the exit total pressures were not within some

given tolerance, the first stator pressure ratio PTPS would be adjusted accordingly.

Non=-uniform turbine inlet radial distributions in pressure, temperature, and
velocity could be achieved by inputing such quantities. The assumption in the

code as presently programmed is that the inlet radial distributions are uniform.
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APPENDIX |
SAMPLE PROBLEMS ILLUSTRATING USE OF CODE

A. NASA Reference Two-Stage Gas Turbine (5 Radial Sectors)

1.  Comparison of Results

The sample problem given in NASA CR-710 was run both on the IBM 7094 (11} and

CDC 6600 computer. The data output from both machines was in exact agreement to at
least the sixth significant figure. The minor discrepancies noted were thought to be due

to the difference in the number of significant places carried in the respective machines.

It was found that the sample problem data output given in NASA CR-710 did not exactly
correspond to that report's data input. When the data input was appropriately changed,
the subsequent output was in substantial agreement (at least to the fourth significant place)
with that given in NASA CR-710. No explanation can be given at this time as to why
there was not agreement to at least the sixth place. But it is felt that the agreement is

more than adequate to satisfy engineering criteria.

2. Data Input

TURBINE COMPLTER PROGRAM
NASA TWO STAGE REFERENCE TURBINE

1¢00 S041 =8 DEGe LOSS PRCFILE .98 ,9464 o977 ¢90,
$DATAIN

STGCH= 1.000
TTIN= 700.000 PTIN= 174140 WwAIR= 0,000 FAIR= 0,000
PTPS= 1600 DELC= 0.000 DELL= 0.000 DELA= 0,000
STG= 2000 SECT= 5000 EXPN= 3,000 EXPP= 3,000
PAF= 0.000 SLI= 0000 AACS= 1,000 RPM=  5041,000
vCTD= 1,000 RSL= 53.350 TSL= 518.688 PSL= 14,696
GAMS| = 1400 ENDSTG= 0000 ENDJOR= 0,000

INLET RADIAL PROFILES
PCNH= 0200 0200 .200 |200 .200 00000

I-1
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2. Data Input (continued)

STAGF=

RG=
GAM(G=
DR=
DT=
RwG=

SD1A=
SUEAas=
SREC=
SETA=
SCF=
SPas=
SESTh=

ROIA=
RDEA=
RREC=
QETa=
RCF =
RPaz
RTfF=
RFEFRTH=

STAGFE=

RG=
GAMG=
DR=
DT=
RWG=

sD1a=
SUEa=
SREC=
SETas=
SCF=
SPa=z

SESTH=

ROTA=
ROEA=
RREC=
RETA=
RCF=
RPA=
RTF=
RFRTH=

1

STA., 0

53.3%n
1+400
19.110

28000
1000

KOOT
0e000
0000
1000

«970

«977

22140
1¢000

50600
0000
1000

«9109
s 980

334408
1000
1010

2 .
STa. 0
53.,3%0
1400
18.265
284845
1000

ROQT
25.000
0000
1.000
«970
2925
30420

1.010

364600
0000
1000

«919
e 9NQ

430350
1000
1010

STae 1
53.350
1.400
19.110
28.000
1.000

STATOR RADIAL DISTRIBUTIONS

0.U00
0.000
1000
«980
«977
26,135

ROTOR
44,900
0.000
1.000
«946
« 980
36,3592
1000

SThe 1
53.350
1.400
17.814
29.296
1000

STATOR RAUIAL DISTRIBUTIONS

22.400
0.000
1.000

.980
«925
36.855

ROTOR RADIAL DISTKIBUTIONS

26.900
0.000
1.000

'9&6
«900

48.150

1.000

STANDARD CPTION
AXTAL STATIONS

STA. 1A
53.350
10400
18.969
2H.14]
1.000

PITCH
04000
0000
1,000
e 940
977
30.135

RADLAL DISTRIBUTIONS

3R.100
0000
1.000
0946
+950
3H976
1000

STa. 2
53,350
1,400
18,406
28,704
1,000

0,000
0.000
1,000
+980
977
34,194

30.200
0,000
1,000

+ 946
950

41,280

1.000

STANDARD CPTION
AXTAL STAIIONS

STA.1A
53.350
14400
17.673
29.437
1.000

PITCH
20.200
0000
1.000
+ 910
0929
43.48%

16100
Ne000
1.000

2946
+900

52.350
1000

STa. 2
53,350
1,400
17,110
30.000
1.000

18,300
0,000
1,000

«9R0
« 975
50,765

4.600
0.000
1.000
e 9406
9900
55,750
1.000

STA«2A
53,350
1.400
18,265
28,845
1.000

Tie
0.000
0.000
1,000

«570

977

38,499

20,900
0.000
1.000

519
«950

43,008

1.000

STA«2A
53,350
1.400
17.110
30,000
l.000

0,000
1.000
«919
»500
58,550
1.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0,000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
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3. Listing of Data Output

NASA TURBINE COMPUTYER PROGRAM
NASA TwO STAGE REFERENCE TURRINE
1.00 ©04)1 <=8 DEGe LOSS PRLFILE .98 9469 977 .90,
CASE 1. O
STAGE PERFOHMANCE

STAGE 1} STAGE 2 STAGE 3 STAGE &
TYRAR 0 70060 6URH
FTRAR ¢ 17.140 10.1¢<0
wG 0 43,612 43.612
CEL * 21.960 11.370
wRT/P 67.320 106.303
OH/TTBARO .03137 «01REQ
N/RT 190.532 204.235R
ETA T1 93545 «930¢k
ETA TS 82312 «7410]
ETA AT 92064 923176
PTo/PS1 1.600 1.3¢7
PTRARO/PTBARZ 14696 1.3%8
PTBARQ/PS2 1.H40 1.415
PTR2/PS2 1.360 10216
TTBAR2/TTBARO 86926 92212
TTR1A/TTBARO «91710 e947%3
WG 1 43,612 43.812
PS 1A 10,770 T.6%9
TTR 1A 64240 5768
PTR 1A 12.478 8.343
wG 1A 43,612 43,612
PS 2 9,314 6.RLQ
TTRAR 2 60K 5611
PTRAR 2 10.120 T7.452
WG 2 43,612 43,612
wG 2a 43,612 43.612
up/vl c44H21 59045
UR/VI « 35559 43632
PSI ¥ 1.02409 53026
PSI R 1.62708 97210
RX F 21620 26054
RX R ~. 08793 -a 07293
ALPHA © 0000 20.3¢7
1 STATOR 0e000 127
RETA 1A 46,336 15.343
1 ROTOR 8.236 -e757
ALPHA 24 20.327 -9.2%9
ORETA R 116.216 86.338
Mo «83798 064215
(D] RY 101118 e TH439
MR 1A «4TN64 «351%6
MR1A RT 69181 50438
MR 2 64048 52017
MR2 TIP « 69787 ILLT
E/TH CR 16.272 9.6%2
N/RTH CR 43393 46542
wWRTHCRE/C 434440 68,554

OVERALL PERFORMANCE

PST P 77717 PSI R 1.32335 DEL H 33.33004
wRT/P 67.3199) N/RT 190.53189 DELH/TTIN 04761
PTO/PTRBARZ 2429991 PTO/PSc 2.49847 PTO/PAT2A 2430903
ETa T7Y «93700 ETA 71§ «86213 FTA TAT «93477
wNE/60C 3141.641 N/RTH CR 4339,329 E/TH CR 24469720
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3. Output Data (corntinued)

NASA TURBINE CONMFUTER PROGRaM
NASA TwO STAGE REFERENCE TURHBINE
1400 ©S041 =68 DEGe LOSS PRCFILE 98B ,9464 o977 90,
CASE Il ©
INTER=STAGE PERFORMANCE

STa 0 STATOR INLET STACE 1,
Dlav ¢ 19,999 2l 177 23,555 25,333 27111
T1T 0 70040 700,0 100,0 70000 70040
PT 0 174160 17.140 17,140 17,140 174140
ALPHA 0 0,000 0,000 U.000 0,000 0.000
1 STATOR 0eNOO 0.000 0,000 0,000 0.000
v 0 299,463 299 .463 299,463 299,463 2994463
Vi 0 04000 N.000 0,000 0,000 0.000
Vi 0 2994463 299,463 295.463 299,463 299,463
TS 0 69245 692.5 €92,5% 6G2+5 692,5
PS 0 16,509 16,909 1€,509 16,509 16,509
NENS 0 + 06436 06434 R Y % « 06434 06434
v 0 «23213 «23213 ec3213 023213 «23213
cP 0 . 23996 «23996 +€3996 «23996 «23996
RG 0 53,350 53,350 53,350 53,350 534350
GAMG 0 1440000 140000 1440000 1440000 140000
RWG 0 1.00000 1.,00000 1.00000 1400000 1.00000
WG 0 € .,58435 T.70066 B,60273 S«.7R081) 10473712 43461168 TOTAL FLOwW
STa 1 STATOR EXIT
nlav ) 19.999 21.7717 3,555 25,333 27111
ALFHA ] 69.539 671,940 660303 6“.911 634359
UEL & 69.539 67.940 6€,303 64,911 634359
v 1 11647872 10B0.202 10117.726 954,148 895,217
Vi, ] 1075.549 1001.125 ¥31,914 864,123 8004175
vZ 1 4014291 40%.69¢ 409,020 404,586 4014413
TS 1 99043 602,9 €l3,8 62442 633.3
PS | 9.252 1n.046 10,712 11,379 114936
NENS 1 «04230 « 04498 00711 « 04920 « 05087
“ ] 96384 +RGT743 .£3798 ¢77904 72567
2wl INC -,66502 -es£961Y -, 13603 -e76R04 »,80159
Ccv S «93195%5 eG2314 «51342 +90150 «88810
cP 1 « 23996 «23990 03996 «23996 «23996
RG 1 53,350 53,350 53,350 53,350 534350
GAMG 1 1.40000 1440000 1.490000 1440000 140000
RWG ) 1.00000 100000 1.,00000 100000 100000
Wiy ) 6.5843% 7.70666 8,60273 9.7R081 10473712 43,61168 TOTAL FLOW
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3. Output Data (continued)

MNaSA TURBINE COWNFUTER PROGRaM
NASA Tw0O STAGE REFERENCE TURMIANE
1400 S064) =8 DEGe LOSS PRLFILE .98 ,966, 977 490,
CASE 1, 0
INTER=STAGE PERFORMANCE
STA 1a RCTCR INLET STagt 1.

D1aM 14 19.886 21.721 23,555 25,389 27,22
PTR 14 11,994 12.251 164478 12,778 13,083
TTR 14 637.2 639.2 €42,0 6458 650,4

RETA 1A 58,685 53,188 46,396 37,964 27.212

1 ROTOR 84089 Rr,288 E,236 7,766 64312

R 1a 754,102 656,963 S7c,.03¢ 493,769 33,126
AU 1a €4b4,263 25,969 413,810 303,751 198,059
MR A 063340 .S6566 ATUGSG v4n274 +35068

U 1A 437,407 477,785 51€,10¢ 558,452 ©98,801
PS 1a 9,225 10.067 104770 11,461 12.035
1S 1a $89.8 €03,3 €l4,7 62545 634,8
CP 1a « 23996 «23996 «€3996 «27996 023996
RG 1a 534350 53,350 3,350 53,2350 534350

GAMG 1A 1,40000 1.40000 1.40000 1e40000 140000
ewG 14 1.,00000 100000 1.00000 100000 100000

wG 14 £,98435 7.70060 B,E0273 9.7R08Y 10.73712 43.61168 TOTAL FLOW

STa 2 RCTCR ExXIT

niav 2 19,436 21.495 23,555 25,61% 2Te674
PTR 2 114647 12.22% 1€,678 12,810 13,154
TTR 2 63€.5 6£38,8 €42,0 64kl 651,46
agTa 2 §7.531 58,629 59,379 60,258 60.964
UBETa 1164216 111,817 10,719 9a,223 884175
R 2 7004060 738,948 764,765 797,556 Hl8.486
RU 2 €90,63v 630,922 65E,123 692,496 7154611
MR 2 «58812 k) BRS €4048 «6&793 08611
12 4774500 472.802 91t,104 563,406 6087038
RYX -,00402 «11699 W€1420 «3n756 » 38295

DELK 21,683 22,139 2c.182 22,137 21658
PST P 2.90z236 2.4%376 2.V6HYY le7h143 LetHT4 3
ETA TT 91418 .94184 2\ 93451H 094752 $ 92554
gt1a TS +80%9¢ «826R1] 3127 e 81234 «81639
FTA AT .B9419 «92233 «92980 e9743K 91677

Zwl INC «],85326 =1,61317 «1,42033 <«1.24%554 <=1.09099

CP R -,1603% 2095y L4a08] m1eTl 271997

PS 2 S42717 G.29% S.31% g.330 94342

TS 2 5Q%,7 563,13 93,3 5Q3¢3 595,7

cr 2 .23996 23996 .€3996 223996 +23996

RG 2 53,350 53,350 53,350 3,390 534350

GAMG 2 1.40000 140000 1,40000 140000 1.40000

RwG 2 1,00000 100000 1.00000 1400000 1.00000

win 2 €H9H1S 7.85828 8,13519 9eba3F] 10445615 43,61166 TOTAL FLOW
T 2a 104061 10,112 1v.122 1o,148 10,138

T 2a 609.6 ~OToT €076 enTe? 609,7

vV 2a 402,148 406,59y 403,078 404,007 3984169
vu ?2a 164,083 15R.53b 140,019 124 ,R06 106,469

ALPHA 22 244080 224949 20,327 18,592 154509
“MF 24 30670 31338 31636 0372046 «32064
vZ 28 3674151 374,409 377,974 382,924 383,670
TS 24 59¢6,2 594,0 £94,0 Q42 596,95
kS 24 9,304 9,334 9,355 9,376 9,391

DFAS 2a «06713 04241} .0425] e 06259 04249

M 28 . 33594 «34032 « 33736 «33R1) «33255
CP 2a «23998 73996 03996 22996 023996
HG 24 93,3590 53,350 53,350 53,350 53,350

GAMG 24 1.40000 1440000 1,40000 140000 1440000
RwG 24 1,00000 1.00000 1.00000 100000 100000

wG 2a €,89#1% 7.8582¢6 8,73519 9:6A391 104456195 43,6]1166 TOTAL FLOW
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STa
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ALPHA
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Output Data (continued)

NASA TUKBINE COMFUTER PROGRaM
NASA TwO STACGE REFEREACE TURHBINE

€041 =8 O

STATOR INLET
19.323
608,5
10,120
24080
-oG320
4nceld8
164.083
367.151
59642
9,304
« 064713
« 33594
+23996
53.350
1.40000
1.00000
6,89815

STATOR EXIT
18,962
61.651
85.731

852.196
749.990
4040665
548,09
64G34
«03415
e 74259
=1 .03734
o 17731
«23996
53.350
1.40000
1.00000
6$,56380

tG. LOSS
Cast

PRLFILE
1. 0

«98 e 946

INTFR=STAGE PERFORMANCE

21.439
608,5
10.120
22.949
« 549
406,590
158.536
374,409
864 ,0
9,334
4261
«34032
e 23996
53,350
1440000
1.0000U
T.B5826

21.259
59,301
B2.250
795,576
684,085
406,164
555,08
7.321

+ 03556
« 68839
=1,09869
« 73881
« 23996
53,350
1.4000v
100000
7.69027

STACE 2.
23,555
€0B,5
10,1720
2V,.327
o127
403,078
140,019
37/.978
£94,0
Y4355
RTY-LY!
«33736
+€3996
53,350
1.40000
1.00000
8,13519

23,555
51,068
71,395
74,339
62€¢,415
40,742
862,.1
1,624

. 03661
«€4215
~l,13154
10832
«€3996
53,350
1,40000
1.00000
8,/16394

25,671
60HS
10,120
18,592
.292
404,007
128,A06
382,924
5942
9,376

+ 04259
e33R11]
21996
53,350
140000
100000
0066391

25,851
54,670
73,262
695,126
567,111
401,978
SARe3
7.926
-01765
«59484
—1.1‘85“
66221
027996
53,350
100000
9,70679

977

27.787
608.5
10120
15509
=1.090
398,169
106+469
383,670
596.5
9.391

« 04249
« 33255
023996
53.350
1.40000
1.00000
10.45615

28,148
52.234
67.744
6504709
S14.398
398,519
573.2
8.158

« 03841
e55441
=]1al7646
62558
23996
53,350
1.40000
100000
10.79383

«90

43.61166

43,61164
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TOTAL FLOW

TOTAL FLOW



3. Output Data (continued)

NASA TURBINE COMFUTER PROGRAM
NASA TwO STAGE REFERENCE TURBIAE
1400 S04) =8 DEGs LOSS PRCFILE .98 ,946,
CASE 1, o0
INTER=STAGE PERFORMANCE

STA la RCTCR INLET STaGgt 2.

DTAM 1a 18,849 21.202 23,555 25,6908
PTR 1a 7983 f.l61 €,3643 8,600
TTIR 1a S7047 573.3 £76.8 SR]1.8

BETA 1a 404535 28,960 154343 -,585%

I ROTOR 3,635 2.060 ..757 ’5.185

R 14 £22.962 «52,435 409,333 389,963
KU 14 339,876 216,552 10&,311 -3,979
MR 1a + 45573 39220 «35196 033344

U la 4164602 466,353 S1€.104 569,855
PS 14 ©.530 7.361 1,659 7,970
7S 1a 54840 586,2 £62,9 56602
CP 1a «2399¢ 23996 «€3996 22996
RG 1a 53,350 93,350 53,350 53,3%0

GCaANMG 1a 1440000 1,40000 140000 16440000

PWG 1A 1.00000 1400000 1.00000 1400000
wG 18 £.,562380 Te69027 8,763%4 9,76079
STa 2 RCTICR ExXIT

Nlawv 2 18.399 2Ne97T7 23,555 26,133
FTE 2 74650 Belae t,343 8,625
TTR 2 970,0 873,V 76,8 50243

RETA 2 45,203 47,980 49,600 51,528
LRETaA R&,233H To94u 64,943 50,94¢

R 2 €10,218 55K ,390 597,132 646,661
Rt 2 366,232 416,834 454,736 506,279
M 2 « 44500 «4fR 703 2077 «5a377
(4 4N4.€95 4614399 S1€,104 574,808

RX 027867 16UKY 06054 « 38780

NELk 11ek72 11,91 11,682 11,307
FST P 1.77102 1.38665 1.086746 186617

ETA 17 .92499 94980 56776 194026

FTA TS 277200 77551 .15903 72739

ETA AT .92788 54685 S4l60 192302

2wl INC =1,83075 =1,49053 =1,c1766 ~e98k2Y

C- R =.06"11 0364089 23009 63534

S 2 her55 £.857 €,.0860 6,863

T¢ 2 Sere3 €47,9 47,1 54745

Cr 2 . 23596 «?3990 2€3996 23996

RG ¢ 3,350 53,350 53,350 53,1350

GAMG 2 1.40000 140000 1.40000 1e4n000
Rwi 2 l.00000 1400000 1.€0000 1400000

Wi 2 €.,21734 Te460408 B,E7619 1n,0n3H5
PT 2a Te334 7389 7,439 7,491
TY 2a 559,.0 s58,d £59,9 Seles

vV 24 38R, 174 376,670 3%¢,171 40R,102
vU 22 38,4063 46,565 =63,360 -6H &29

ALPKHA 22 -64165 -7.,101 =5,299 -9,667
MF 24 «31n22 032601 33752 235074
VZ 2a 356,102 373,780 381,617 402,308
TS 2a 54k,3 547,V S47,1 5475
rS 2a 6,659 -1 €, 560 6,863

NENS 24 « 03374 + N33R« «U33R4 ¢ 03384

M 2a 31702 . 32853 34202 «38879
CP 2a 223696 23996 023996 023996
RG 2a 53,3590 53,350 83,350 53,350

GAMG 24a 1,40000 140000 1,40000 1e40000
RWG 24 1,00000 1.00000 1.,00000 1400000

G 24 €,21734 Teb604Y 8,67619 10n.0n385

977

284261
8.871
587,.,6

=15,815
=9.115
4004905
=109.,261
+34128
621+606
84209
574.3
023996
53,350
140000
1.00000
10479383

284711
8.926
S88,7

52.888

37.072

685,002
946,256
«59605
631.513
+43067

10,570

267406

«89652

«69018

«88571

'175608

265747
6e8867
549,6

« 23996

53.350

140000
1.00000
11.25376
7537
S564,4
422.019
~85,256
=11+655

+« 35964

413.318
549,6
6.867

« 03372

» 36721

123996

53,350

1440000
1400000
11.25376

¢90,

43461164

43461162

43.61162
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B. Wet-Vapor Potassium Turbine* (5 Radial Sectors)

1. Coalculation of Modified Parameters

Using the equations given in Section 1V, the values for the modified parameters (given in
Table | B-1) were calculated by hand and used as data input to the modified NASA turbine
code. Only the 5th and 6th stages are analyzed and correspond to stages 1 and 2 in the

output listing.

2. Comparison of Results from Modified NASA Code and WSD Code

Table | B-2 shows a comparison of the results between the 1~D and 2-D codes from WSD
and the NASA code using the modified parameters. The total-to-static pressure ratio
(PTPS) across the first stator was adjusted until the turbine exit conditions were identical
to those obtained in the Steam Division codes. The modified parameters were assumed to
remain constant during the small changes in PTPS. Unfortunately, a completely consistent
set of input data was impossible to be obtained from either Table | or Table 1l of Reference
(2) or a combination of the two. The difference in the 2-D blade angle distribution from
that used in the 1-D calculation is most likely the primary reason that the jet velocities

at the mean diameters are not in better agreement.

Figures | B=1 and | B-2 show the slight differences in the angles used in Fentress 2-D
calculations and those used as input to the NASA code 2-D analysis. Figure | B=3 shows
the good agreement between the turbine exit jet velocities as calculated by both codes.
In Figure | B-4, there is also good agreement with the static pressure distributions from the

5th stator exit.

It is therefore concluded that if one performs a hand solution (or uses an appropriate
computer code) for a 1-D turbine analysis, then this method of using modified y, R, and 7
parameters with the NASA codz will give a valid and thermodynamically consistent

two-dimensional analysis of a turbine operating in the wet vapor region.

* Described in Reference (2).




Station

MODIFIED PARAMETERS FOR POTASSIUM TURBINE

D*

R*

TABLE | B-1

*

R T Y Ui
0 5.29 7.51 31.158  1.1825  ---
1 5.15 7.83  30.842  1.1437 0.92577
1A 5,15 7.83 30.842  1.1437  ---
2 5.04 8.28 30.689  1.16607 0.81662
2A  5.04 8.28 30.689  1.16607 ---
0 5.04 8.28 30.689  1.16607 ---
1 4.88 8.62 30.828  1.1447 0.94752
1A 4.88 8.62 30.828  1.1447  ---
2 4,60 9.10 30.763  1.1637 0.8155
2A 4,60 9.10 30.763  1.1637  ---

Astronuclear
Laboratory

= 38.828; PTPS = 1.3619
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TABLE IB-2
COMPARISON OF POTASSIUM TURBINE DATA AT MEAN DIAMETER

1
Blode Row ¥1-D  NASA % &1-p NASA %, @1-D NASA % #1-D NASA % ®1-p NASA % |
Exit Conditions Code (1) Code (2) Differencel Code (1) Code (2) Differencel Code (1) Code(2) Difference Code (1) Code(2) Di‘ference Code (1) Code (2) Difference
Blade height {inch) 1.1t 1.0 0.0 1.34 1.34* | 0.0 1.62 1.62 * 0.0 1.87 1.87* | 0.0 2.25 225+ 0.0
|Mean diameter (inch) 6.40 6.40 * 0.0 6.49 6.49* | 0.0 6.66 6.66 * 0.0 6.75 6.75* 1 0.0 6.85 685 | 0.0
Flow ongle (degree) 64,37 | -- - 64.37(65.03)] 65.03 *| +1.03(0.0)|64.37(63.65)f 63.65 * | -1.12(0.0) 57.32(57.57) 57.57 *| +0.436(0.0) | 60.30(58.98)| 58.98 *| -2.19(0.0)
Static pressure (psia) 37.00 |-- - 28.51 28.198| -1.09 22.04 21,963 | -0.349 19.69 19.495 | -0.950 16.90 16.892{ -0.047
Static temperature Ry | 2052 - -- 1994 1991.9 | -0.105 1937 1936.7 | -0.015 1914 1911.9 ( -0.110 1882 1882.0 0.0
Fiow rate (Ib/sec) 5.76 -— - 5.76 5.75951 0.0 5.76 5.75951 | 0.0 5.76 5.75951! 0.0 5.76 5.7595) 0.0
Jet velocity (ft/sec) 1034 | -- -- 1049(1076.5) 1091.3 [+4.03(+1.371075(1033.5)| 1028.4 |-4.33(-0.496) | 815(811.7) | 823.0 |0.982(-1.39) | 822(790.6) | 779.9 |-4.77(-1.35)
Gamma .21 1.1825* -- 1.203 1,1437% -~ 1.196 1.16607*| -- 1.195 1.1447* 5 -- 1.194 1.1637% -~
Gas constant (H/OR) 31.51 31.158* - 31.23 30.842*%] -~ 30.93 30.689* | -- 30.80 30.828* | -- 30.65 30.763'{ -
Efficiency Coefficient -- - -- -- 0.92577) -- - 0.81662*| -- -- 0.947524 -- - 0.8]55'i -
for Biade Row 1
|
L L . |

(1) From Reference (2)

(2) Using modified NASA Code (5 radial sectors)

Terms in porentheses are from ¥ 2-D code. See Reference (2)

Flow angles are with respect to oxial direction

* Indicates NASA code input data.

®
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3. Deata Input

TURARINE COMPULTER PROGRAM

TWO STAGF POTASSIUM TURRINE
FIVE RADIAL SECTORS

SNATAIN
STGCH=
TTIn=
PTPSs
$TG=
HAF=
vCTD=
GAMS| =

PCNMs

STAGF=

RG=
GAMG=
DR=
D=
Rwi=

SDlaz
SOEaAs=
SREC=
SETAs
SCfs=
SPa=x
SESTH=

RDIAa=
ADEa=
RREC=
RETA=
RCFs=
RPax
RTF=
RERTH=

STAGEs

RG=
GAMG=
DR=
DT=
RwWis

SLlasm
SDEA=
SREC=
SETA=
SCFa
SPas=

SFSTH=

RDIAs
RUEASs
RREC=
RETA=
RCF=
RPa=
RT¢ =
RERTH=

1.000
2067.300
10377
2,000
1.000
1.000

PTIN=
DELC=
SECT=
SLI=
HSL =

1e618 ENDSTG=

«200

1

STA., 0
31.158
lelR2
Se290
7.510
1000

ROOT
0000
660100
1.000
«926
le000
0000
1000

484850
61+600
1.000
«817
1.000
04000
1.000
1000

2

STa. 0

J0.6R9
lel66
50640
Be2R0
1«000

ROOT
324300
60.900

1.000

«948
1.000
0+000

1000

32800
52600
1.000
«B16
1.000
0000
1000
1.000

«200

STA. 1
304842
lelds
5.150
T.830
1.000

0.000
65.000
10000
«926
1.000
0.000

ROTOR
41500
62.650

1.000

817

1.000

0.000

1.000

SThAe 1
30.H28
1.145
4 8H0
Re620
1000

29.700
59,250
1.000
«948
1.000
0.000

ROTOR
16000
56.100

1.000

«Bl6h

1.000

0000

3R.B828 wAlR= 0,000 FAIRs 0,000
0e000 DELL= 04000 UDELA= 0,000
S.000 EXPA=Z 0,000 ExPP= 0,000
0,000 AACS= 1.000 RPM= 24000,000

37,600 TSt= 100,000 PSL= 11,200
0000 ENDJORa 0,000

INLET RADIAL PROFILES
«200 «200 200 0.000
STANDARD CPT]ION
AXIAL STAVIONS

STA.1A STa, 2 STA«2A
30.842 30,.6R9 30,689 0.000
lel4s 1.166 1,166 0.000
5150 5.040 5,040 0.000
7.830 8,280 8,280 0,000
1,000 1.000 1,000 0.000

STATOR RADIAL DISTRIBUTIONS
PITCK TP
04000 0,000 0.000 0.000

654030 64,350 63,650 0,000

1.000 1.000 1,000 0.000

2926 926 926 0.000

1000 1,000 1,000 0.000

04000 0,000 0,000 0.000
RADIAL NISTRIBUTIONS

33.060 22,000 8,500 0.000
534650 64,550 65,350 0.000
14000 1,000 1.000 0,000

817 817 817 0,000
1,000 1.000 1,000 0.000
0000 0,000 0,000 0.000
1.000 1,000 1,000 0,000

STANDARD CPTION
AXTAL STATIONS

STA.1A STa, 2 STA«2A
30.828 30,763 30,763 0,000
14148 l.164 1,164 0,000
44880 4,600 4,600 0.000
84620 9.100 9,100 0.000
1000 1.000 1,000 0.000

STATOR RAUIAL DISTRIBUTIONS
PITCKH TIP

264540 23,400 20.000 0,000

57.570 55,450 54,150 0.000
1.000 1,000 1.000 0.000
948 948 948 0.000
1000 1.000 1.000 0.000
0,000 0,000 0.000 0.000
RAD1AL DISTRIBUTIONS

~2.860 =20.500 =-35,000 04000
53,9480 61,450 63,€00 0,000
14000 1,000 1.000 0.000

.B16 +Al16 216 0,000
1000 1.000 1.000 0,000
74000 0,000 0.000 0,000
1,000 1.000 1,000 0.000

1.000
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4, Listing of Data Output

NASA TURBINE COMPUTER PROGRAM
TWO STAGE POTASSIUM TURBINE
FIVE RADIAL SECTORS
CASE 2. 0
STAGE PERFORMANCE

STAGE ) STAGE 2 STAGE 3 STAGE 4
TTBAR 0 206743 195%.8
PTBAR 0 38,828 23,.5¢c4
w6 0 $5.758 S5.7¢8
DEL K 32.871 17.9%4
DH/TTBARO «01590 «00918
N/RT 827,549 542,687
ETA TV + 82986 «827€¢1
ETA TS « 73329 71650
ETA AT 60877 +8253)
PTO/PS] 1.377 1.205
PTRARO/PTBAR2 1,651 1.331
PTBARO/PS2 1.76A 1.393
PTR2/PS2 1.396 1.219
TTBAR2/TTBARO 294606 096900
TTR1A/TTHARQ + 97296 Lk L
WG 1 $.758 5.758
PS 14 26.198 19.455
TTR 14 2011 e4 192443
PTR 14 30,472 2045¢0
wG 14 Se758 5.7%8
PS 2 21.963 16.862
TTRAR 2 1955,8 18982
PTBAR 2 23.526 17.616
w6 2 5.758 5.7%8
wG 25 5,758 S.7%8
uP/vl 45953 +63693
UR/VI «35610 «44358
PSI P «86799 144324
PSI R 1044550 91223
RX P 42916 P42GL8B
RX R 020906 el28k0
ALPHA 0 04000 264147
1 STATOR 0.000 ~.353
RETA 1A 33.910 =l.5t4
1 ROTOR RS0 1.216
ALPHA 24 260167 -6,6%1
CBETA R 109,973 84,948
L « 72584 +55RED
¥1 RT 86583 e 70312
MR 1A « 36920 «29GE€R
»R1A RTY «55090 42459
MR 2 '6BHO6 +529¢9
¥R2 TIP 75376 65043
E/TH CR 39,397 234242
N/RTH CR 2627446 2713065
wRTHCRE/C 1eH06 24893

OVERALL PFRFORMANCE

»S1 P 66847 PSI K 1.19809 DEL. H 50482569
wRT/P €e74307 N/RT $527.B4R74 NDELH/TTIN e 02459
PTO/PTRAR? 2419659 PTQ/PSc 2.29R97 PTO/PAT2A 2020133
FTa 1T 83219 ETA 1€ «TRG 24 ETA TAT «83138
wNE/60C 191,002 N/RTH CR PR274,545 E/TH CR 60491617
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4. Output Data (continued)
NASA TURBINE COMFUTER PROGRAM
TWO STAGE POTASSIUM TURBINE
FIVE RADIAL SECTORS
CASE e 0
INTER=STAGE PERFORMANCE

STA 1a RCTOR INLET STAGE 1.

DIAM 14 S.418 S.954 €,490 7.026 T«562
PTR 1a 29.654 30,037 30,472 31,095 31.763
TTR 1A 200644 2008,6 2011 ,4 201547 2020.5

BETA 1a 48,373 42,053 33,910 22.748 9.389

1 ROTOR -e477 553 850 748 «889

R 1A 7544950 644,729 555,112 479,687 433.031
RU 1A 5644315 431849 305.689 185,482 70646
MR 1A 50486 «42985 .36920 «31830 . 28681

U la 67,371 623.501 675,631 735,760  791.890
PS 1a 25,666 27.0449 2t,198 29,351 30.308
TS 1A 1970,3 1982,3 1591,9 20012 2008,6
CP 1a +31545 «31545 031545 «31545 031545
RG 1A 30,842 3N.842 30,n42 30,842 30.842

GAMG 1A 1.,14370 1414370 1.14370 1614370 1,14370
RWG 1A 1,00000 100000 1,00000 100000 1,00000

wG 1A .96621 1.06158 1.15544 1024444 1.33073 5.75839 TOTAL FLOW

STA 2 ROTOR EXIT

plav 2 S.364 6,012 €,660 7.308 74956
PTR 2 29.607 30,095 30,660 31,441 32.298
TTR 2 200€.0 2009.1 2013,0 20186 2024.8
BETA 2 61,600 62650 63,650 64,550 654350
UBETa 109.973 1064703 91,560 87,298 T4.739
R 2 9R2.663 1002.932 1028,350 1063,272 1100.854
RU 2 864,397 890.820 921,504 960,092 10004536
MR 2 «65H12 .67166 EBBEE «71198 73709
2 561,716 679,575 691,433 765,291 833,150
RX «27374 «35918 42914 e49716 «55252

DELM 32.437 32.881 33,097 33,027 32.852

PST P 2.,5480% 2.09519 1.,74763 1646741 1424504
ETA TT «82775 JR321H 83334 #3074 « 82585
ETA TS WT1574 72958 o« 13R22 ¢« 73985 73811
ETA AT o 7911/ «RQ466 «E1300 81534 «81449

ZWl INC =1,34588 =1,19694 =] ,06034 =+92090 =-,81566

CP R 240976 «58675 « 10861 e 14T «B4S27

PS 2 21,823 ?21.907 21.963 22.019 224058

T8 2 193643 1936,5 1936,7 19370 1937.4

cP 2 21692 27692 E7692 e27692 027692

RG 2 an,end 30689 0, 6R9 30,489 30.6R9

1-17
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40

STa ¢
Nnlas ¢
It 0

PT 0
ALPHA
I STATOR
v o

vu 0

vZ o

TS 0

PS 0
NENS 0
L]

(o1 ]

RG ¢
GAMG 0
RwG 0
WG 0

STa |
Nnlav
AL PHA
DEL A
v
Vil

vZ 1

TS 1

PS 1
NENS 1
vl

Zwl INC
cP S

cv 1

RG
GAMG ]
Rwe ]
Wis ]
GAMG 2
RwG 2

Output Data (continued)

NASA TURBINE COMFUTER PROGRAM
TwO STAGE POTASSIUM TURHINE

FIVE RADIAL SECTORS

STATNR INLET

5,812
206743
38,R28

0.000

0,000

447,396
0.000
447,390
20519
36.991
« 08232
«28€86
e25G44
3l1.158
1.18250
1,00000
296621

STATOR EXIT

Sesld
664100
664100

1237.825
1131.€86
€01s49%
197Ce3
25,666
06042
.82778
-, 74081
,86936
e 31549
30eF02
1.14370
1.00000
+96€21
l1.16607
1.00000
«93714
23,655
1957.3
E56,829
302.681
32.628
«31302
467,379
193643
214823
. 05788
e 37293
21692
304689
1.16607
100000
«93714

CASE

€e U

INTER=STAGE PERFORMANCE

§.956
20€7,3
38,828

0,000

04000

447,396
04000
447,396
2081,9
36.99]
«08332
« 28086
025944
31,158
1.182%0
1.00000
l.0€6158

S.954
65,600
65,600

1158,855
105%,350
478,729
19R2,3
27.044
« 06370
77262
= 75242
« 85095
+31545
30,842
1414370
1.00000
1.0€158
le16607
1.00000
1.03939
23.5606
1955,9
529,680
2h1,.,2640
29.552
« 30858
460,772
14936,5
21.907
«N830n
e 38473
77692
IN, 689
1s16007
leftgUOUL
1.03"’39

STACE

€,400
2067.3
3&,828
0,000
0e000
“41,396
0,000
447,396
20519
3€,991
+U8332
s CB686
05944
31,158
l.18250
1.00000
1.,155%44

€,49y
65,030
65,030
1091,327
985,319
460,698
1591,9
2€,198
»U6609
« 12584
‘016537
+£3194
231545
Ju,ke2
1414370
1,00000
1.15544
1.16607
1.00000
1.14342
23,492
1955,0
S50&,671
224,071
2€,147
e 20566
45¢€ ,437
1936,7
21,903
«05321
REFTILS]
7692
3U,.hRY9
lolbb07
levounn
lela342

|

6,844
20ATe3
38,828

0,000

0,000

447,396
0,000
447,396
206149
36,991
«0R332
«2R686
e 2RG44
31,158
118250
100000
1024644

7.n26
64,350
64,350
1021,951
921,243
442,375
20n1e2
29,1351
«0aRGSE
67812
“eT7ANG3
WHnR3G
«31545
30, R42
1el4370
1426444

1e1r607
1400000
1:25298
23,480
195543
496,706
194,801
23,n91
« 30596
456,913
197740
22,019
08334
«33260
27692
30,686
Telarri?
ten000
1 elBnYn

1-18

7.288
2067.3
38.828

0,000

0.000

4474396
0,000
447,396
2051,9
364991
«08332
« 28686
025944
31.158
118250
1.00000
133073

74562
634650
63.650

9624546
862,536
4274230
2008,6
304308
207045
«63751
-4 79547
« 78396
«31545
30,842
1414370
1.00000
1633073

lelb607
100000
1437946
23473
1955.9
488,699
167,386
204030
«30742
459,139
1937.4
224058
« 05342
«32721
e 27692
304689
lelbon?
1400000
16379406

5.75839

5.75839

5475839

S+75839

TOTAL FLOw

TOTAL FLOW

TOTAL FLO4

TOTAL FLO&



4.

TWO STAGE POTASSIUM TURHINE

Output Data (continued)

NASA TURBINE COMFUTER PROGRAM

FIVE RADIAL SECTORS

STA
DIAwm

PT
ALPHA
1 STATO

v

vu
vZ
TS
PS
DENS
M

ce
RG
GAMG
RWG
w0

OO0 CODOOODO0O0DOOTTOOODOO

STa
DIAm
ALPHA
OEL

vu
vz
TS

DENS

Zwl IN
ce
cP
RG

GAMG
RWG
wG

bt it ot st ot (f) (7Y ot st ot fd plt ot Pt PP Gt ot b

STATOR INLET

S.364
1957.3
23.655%
32.928

o628
€56.829
302.€81

193643
21.823
. 05288
¢ 37293
« 27692
30.689
1,16€607
1.00000
«93714

STATOR EXIT

S.254
60,500
93.828

G72.507
849,749
472.965
1897.0
18.218
«0448S
66265
-1,15¢€24
67216
«31340
30.K28
1.14470
1.00000
«90940

CASE

2. [\

INTER=STAGE PERFORMANCE

6,012
1985,.,9
23.566
29,552

=.148

529.680
261,240
460,772
1936,5
21.907
«N530H8
«35473
« 27692
30,6R9
1.16607
1.00000
1.03939

6.002
59,250
88,802

RA9,612
764,538
454,853
1905,.4
18,945
« 04644
«60483
=1.17526
«h4949
«31340
30.828
1414470
100000
1.03454

STaCE 2.

€,660
1555,0
23,492
2€.147
»,393
50€,671
224,071
456,637
1536,7
21,9063
«05321
34051
27692
30,689
1.16607
1.,00000
1.14342

€,750
§1,570
83,717
823,007
694,656
441,353
1511,9
19,495
JU4763
«55860
61830
«31340
30,828
1.14470
1,00000
1.15778

=19

7.308
198543
23,480
23,091

-.309

496,706
194,801
450,913
193740
22,019
e08334
«33260
027692
30,689
116607
100000
1.25R98

7.498
55,850
78,841

758,647
627 ,R34
42%,815
191846
20,045
004880
¢51402
-1419784
057133
03]340
30,R28
1014470
1.00000
1027150

T+956
1955.9
23,473
20.030

e 030
488,699
167.386
459,139

1937 .4
224058
+ 05342
«32721
« 27692
304689
l1.16607
100000
137946

Be246
54,150
T4.180

707.705
573.632
4144479
1923,9
204459
004967
« 47883
=1.19952
«52315
«31340
30.828
le14470
1.00000
1.38518

575839

575840
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4. Output Data (continued)

NASA TURBINE CONMFUTER PROGRAM

TWO STAGF POTASSIUM TURRINE
vEaN DIAMFTER CALCULATION
CASE 3, 0

STa
NIAm
7T

PT
ALPHA
1 STATO

Vi
V2
TS
PS
NENS

cP
RG
GAMAG
RwWG

O OO D DODODOODODODTODDO D

STa
NlAM
ALPHA
DEL

Vi)
V72
TS
PS
PENS

Zwl TN
o2
cr
Ry

GAMG
HWs

Yt pd et gt (fY) () bt b prh pt pd pd et P pet et s

STATOK INLET

54290
206743
3B, RP8

Ds000

0s000

4474396
e 000
4476390
2051.9
364591
» (R332
« 2RARE
e 25644
31.19%8
1e1RZ50
1,00000

STATOR EXIT

Se 150
65,720
G, 720

1329.131
17464734
460,+98
195%.5
240344

« 05R12

e 19220
=.65026
«HBET(

e« 31545
30aF42
114370
1.00000

INTFR=STAGE PERFORMANCE

FaOV
2067,.3
3H,.H2R

(e UQU

NeNY

447,390
06000
447,396
2091,.,9
3”.991
e NH332
«27B0OHR6
0?8594«
31.1598
1e 1825y
100000

He4QV
65,030
.03V

1091.327
YRG . 31Y
4hT 4,698

PRe10n8
s 06607
o 12984
'076537
«A3194
«31945
30,842
10‘“370
100000

STACE 1.

%10
2U67,.3
e RN

0,000

0000

441,396
Us 000D
441,396
2051,9
3€,991
«0R/337
«CHBERL
025944
31.168
1.18250
1,00000

1.830
6U,672
60,672

940,563
H20,011
460,698
2V11.,3
30,458
o 07070
2254
’055406
W 17374
031545
30,442
1.14370
1.00000
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C. Wet=-Vapor Potassium Turbine * (Mean Diameter Calculation)

1.  Comparison of Results

The same modified parameters given in Table | B-1 are used in the one radial sector (mean
diameter) calculation. The results are in good agreement with the 5 radial sector calculation
as can be seen by comparing the calculated parameters at the mean diameter. In the single
sector case the hub and tip values are calculated assuming a free vortex distribution.**

There is a slight inconsistency in the results in that PS’ TS, p , and M for station 0 of the
second stage are not identical to those at station 2A of the first stage. The discrepancies

are small and thought not to be significant. At this time there is no explanation for this
anomaly. The output format for the mean diameter case is slightly different from that using

5 radial sectors.

2, Data Input

TURBINE COMPLTER PROGRAM
TWO STAGE POTASSIUM TURBINE
“EAN DIAMETER CALCULATION

SDATAIN

STGCHs= 1,000
TTIN= 2067,300 PTIN= 38,828 WAIR= 0,000 FA]lR= 0,000
PTPS= 1.377 DELC= 0000 DELL= 0.000 DELA= 0,000
STGs= 2.000 SECT= 1.000 EXPN= 0,000 EXPP= 0,000
PAF= 1.000 SLI= 0000 AACS= l.000 RPM= 24000,000
vCTO= 1,000 RSL= 374600 TSL= 18r00.000 PsSL= 11,200

GaMSL= 1.618 ENDSTG= 0.000 ENDUYOR= 0,000

INLET RaDIAL PROFILES

PCNH= 1000 0,000 0000 0,000 0,000 0.000

* Described in Reference (2)
** Assumes a constant axial velocity component
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2. Data Input (continued)

STANDARD CPTION

STAGE= 1} AXTAL STATIONS
STa, 0 STa. 1} STA. 1A STa, 2 STA2A
Ry= J1.15R 30.842 30842 30,689 30,689 0,000
GAMG= lel82 1.144 lelés 1.166 l.166 0,000
DR= S¢290 5.150 S¢150 5.040 5,040 0.000
DT= Te510 T.830 74830 8,280 8,280 0,000
RwG= 1000 1.000 1000 1.000 1.000 0.000
STATOR RADIAL DISTRIBUTIONS
ROOT PITCH Tip
SDIa= 0000 0.000 04000 0.000 0,000 0.000
SDEA= 654030 0.000 0000 0,000 0,000 0,000
SREC= 1.000 0000 0000 0.000 0.000 0.000
SETa= «926 0.000 0000 0,000 0,000 0.000
SCF= 1.000 0.000 0.000 0.000 0,000 0.000
SPa= 0000 0.000 0000 0,000 0,000 0,000
SESTH= 1000
ROTOR RADIAL DISTRIBUTIONS
ROIA= 33,060 0.000 0.000 0,000 0,000 0.000
RDEA= 63.650 0,000 0.000 0.000 0,000 0.000
RREC= 1.000 0,000 0000 0,000 0,000 0.000
RETA= «817 0.000 0,000 0,000 0.000 0.000
RCF= 1000 0.000 0000 0,000 0,000 0.000
RPA= 0000 0.000 0,000 0,000 0,000 0.000
RTF= 1000 0.000 0.000 0,000 0.000 0.000
RERTH= 1000
STANDARD CPTION
STAGE= 2 AXTAL STATIONS
SThA« 0 $TA. ) STA.la STa. 2 STAs2A
RG= 30.6FR9 30.828 30.828 30,763 30,763 0.000
GAMG= 1e166 1+145 14145 lelbé l.164 0.000
DR= 5040 4.880 4.8R0 4,600 4,600 0.000
DT= Be2R0 Re620 84620 9,100 9,100 0.000
RWG= 1000 1.000 1000 1,000 1.000 0.000
STATOR RADIAL DISTRIBUTIONS
ROOT PITCH TiP
sDIa= 26.54n 0.000 0000 0,000 0.000 0.000
SDEA= 57570 0.000 0.000 0,000 0,000 0,000
SREC= 1.000 0.000 0000 0,000 0,000 0.000
SETA= + 948 0000 0.000 0.000 0,000 0.000
SCF= 1000 0.000 0000 0,000 0,000 0,000
SPa= 0000 0.000 0,000 0,000 0.000 0,000

SESTH= 1.000
ROTOR RADIAL DISTRIBUTIONS

RLUIA= =2.860 0000 04000 0.000 0,000 0.000
RDEs= 58.980 0,000 0000 0,000 0.000 0.000
RREC= 1000 0.000 0000 0.000 0,000 0.000
RETA= +«816 0.000 0000 0.000 0.000 0,000
RCF= 1000 0,000 04000 0,000 0.000 0.000
RPa= 0000 0.000 04000 0‘000 0,000 0.000
RTF= l1«000 0.000 0000 0,000 0.000 0,000

RERTH= 1000
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3. Listing of Data Output

NaSa TURBINE COMPUTER PROGRAM
TWOQ STAGE POTASSIUM TURBINE

MEAN DIANETER CALCULATION

CASE 3. 0
STAGE PERFORMANCE
STAGE STAGE 2 STAGE 3 STAGE 4

TTBAR 0 206743 19%2.6
PTRAR 0 38,828 23.1%7
wé 0 5777 S.117
CEL ¥ 33,818 19.5€2
wRT/P 6,765 1l.01l0
OH/TTRARO .01636 «01002
N/RT 27,849 543,133
ETA T «83062 83613
ETA TS . 730390 272533
ETA AT «80618 813602
PTo/PS] 1.377 l.212
PTRARO/PTBARZ 1e675 1o1362
PTBARQ/PS2 1.803 1.430
PTR2/PS2 1423 1.748
TTRARZ2/TTBARO «9445] «96618
TTR1A/TTBARY «97296 98317
WG 1 S.777 S.717
PS 14 28,198 19.1¢6
TTR 14 2011e6 19209
PTR 14 30,472 20.1¢4
wG 14 S. 777 5.717
PS 2 214540 16,219
TTRAR 2 195246 1886.5
PTBAR 2 23.187 17.nc2
WG 2 S.777 S.717
wG 2A S777 5.717
uP/vlI «45217 61216
UR/VI «35039 42713
PSI P +8G8299 c4R294
PSI R 1448713 299352
RX P 44730 045539
RX R «18072 «10147
ALPHA ¢ 0e000 28.042
I STATOR 0.000 1.502
RETA 14 33.910 -.209
I ROTOR + 850 2.6%51
ALPHA 24 28,042 wl. 642
ORETA R 97.560 58,7171
LA « 72584 +567€6
M1 RT «89220 «734590
MR 1A « 36920 e30442
MR1A RT «56669 «ha1t)
MR 2 +70B79 «56012
MR2 TIP « 78183 e 70431)
E/TH CR 40,532 25.3¢€6
N/RTH CR 2627446 2732940
WRTHCRE/C 1.812 2.942

OVERALL PERFORMANCE e 53.38050

. PSI R 1.25R31 D H o
zgi/; e.?gég; N/RT 527.84R74 DELH/TTIN 02582
PTO0/PTBAR2 ?.28102 PTO/PSE 2.3243? z}g/sﬁle 2.23;;3
+836 ETA TS « 7192 .
ELQ/IED 792?5%1 N/RTH CR 26274,585 E/TH CR 63.97H18
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3.

DENS
cp
GAMG

RwG
wG

QOutput Data (continued)

NASA TURBINE COMPUTER PROGRAM
TWO STAGE POTASSIUM TURKRINE
FIVE RADIAL SECTOHS

ROTCR INLET

5.254
19.788
1917.0
32.348

-e452

559,846
299.5%2
« 38147
5504197
184215
1897.0
«31340
30.K28
1414470
1.00000
«90940

RCTOR EXIT
5.050
19.669
1915.5
824600
844948
6824758
542393
«46369
§28.H34
e220043
18.960
1.63020
+ 88797
074297
85743
=-1.4323]
e 32764
l6.,889
1882.4
L,2H103
30.763
1.1637¢
1.00000
+B6346
17.685
1893,.3
414513
13.559
1.873
«PR163
414.69)
1882.4
16.889
« 04200
.2R178
«28103
304763
1.16370
1.00000
«86346

CASE ¢ce O
INTFR=STAGE PERFORMANCE

6,002
20,105
1919,.8
16,648

« 548
4744753
136.V10

e 32277
628,527
18,945
1909.4
«31340
30.828
lelé470
1.00000
1.0345%

5,950
20,069
1919,4
S6.100
72.748

726,616
603.100
049354
623,082
« 33978
1°,696
1.19919
«A5186
.B5155
“l.11191
«857310
16,889
1881,48
«28103
1.16370
100000
099454
17.650
1892,7
409,759
-19,982
-2.823
21527
405,267
1481 ,48
16,889
eN4201
«27561
«28103
0,763
116370
100000
« 93454

STAaGE 2.
¢,750
20,520
192443
-1,584
1,276
441,522
=1¢,202
«€9968
70¢,858
19,495
1511,9
«31340
30,828
1.14470
1.00000
1.15778

€.850
20,600
1925,2
5&,980
51,396
T71%.865
606t ,334
0952969
711,330
42908
1¢,208
«£9898
»E388RK
« 12943
+£3705
-, 66859
«€7947
16,892
1£82,0
«c8103
30,763
1,16370
1.00000
1,135583
11,650
1893,6
404,869
-4E,996
‘6'951
27297
401,894
1€82,.,0
1€.R92
04201
07499
«€8103
30,763
1.16370
1.00000
1,13553

7,698
21,156
1991.7

-20,2179
.221
454,016
-157,354
«3n76?
785,188
20,045
197R.6
«31340
30,828
1elaalo
100000
1027150

7.750
21,390
199404
61,450
41,171

A51,208
747,701
«57800
811,577
«51 389
17,619
069187
«B81776
«In7£9
8140
-¢67083
+ 71551
16,895
18R2.9
«2R103
30,763
114370
100000
1030005
17,679
1806.,8
411,799
-63,877
~-8,924
27624
406,814
18829
16,895
e 04200
«27963
« 28103
30,763
1¢12370
1400000
130005
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Be.2406
21.871
1940.2

=34.969
.031
505.793
~289,886
036222
863.518
204459
1923,9
«31340
30.828
lelés70
1.00000
1,38518

8,650
224300
1945.0
63,600
28.631

924,085
827.713
«62726
905.825
«57638
16959
«54219
.79218
«68159
78772
~+«51999
«70041
16.899
1884.3
«28103
30.763
1.16370
1.00000
1.46480
17.708
1898,6
4184240
'78.112
=10.764
«?TB90
410.881
1884,3
16.899
« 04198
«28390
«28103
30.763
1.16370
1.00000
1e464R0

S.75840

575839

5675839

TOTAL FLOW

TOTAL FLOW
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3. Output Data (continued)

NASA TURBINE COMFPUTER PROGRAM
TWwO STAGF POTASSIUM TURRBINE )

MEAN DIAMETER CALCULATION

STa
DIAM
PTR
TTR
RETA
1 ROT

R

RU
MR

U

PS
TS
cp
RG
GAMG
RWG

STA
DIlam
BETA

DHE

R
RU
MR

u

DE
PST
ETA
ETA
ETA
Zwl 1
cp
PS
Ts
cp
RG
GAMG
RWG
PT

14
1A
1A
1A
1A
OR
1A
1a
14
14
1a
1A
1A
1a
1a
14

2
2
2
Ta
2
2
2
2
RX
LH
P
T7
TS
AT
NC

NN D

2A
2A
2A
2a
2a
2A
2Aa
2a
2A
2a
2A
oA
24
24
2a

RCTCR INLET

5.150
29.190
200046
56,927

«291
844,214
707.428

« 56669
€39.306
244344
1955.5
031545
30,842
1.,14370
1,00000

ROTOR EXIT
54040
614327
118.254
977.999
858,070
.65625
527,787
.21685
33.818
2.97392
.83062
.73030
.80€15
“1,54897
.25488
21.278
192640
.27692
304689
1.16607
1.00000
23.187
195246
573.834
330.283
354140
.31487
469,253
192540
21.278
.05176
.38505
W27€92
304689
1.16607
1.00000

CASE
INTER=STAGE PERFORMANCE

6,490
30.472
2011.4
33,910

+850
595,112
309.689
«36920
679,631
2R.108
1991,.9
31545
30.842
114370
100000

6,660
63,650
97.560

1057.223
947,377
«70879
697,433
«44730
33,818
1.78568
«R3062
« 73030
«80615
-1.06034
e 72431
21.540
1932.4
027692
30,689
1.16607
1.00000
23.187
1952.6
531.667
249,944
28,042
31460
469,253
1932,.4
21.540
« 05230
« 35644
027692
30.689
1.16607
1.00000

3, 0

STAGE 1.

1.830
3¢.116
20264,7

0007
1,473
460,698
« 056
«306493
819,955
30,458
2011,.3
«31545
30,842
1.14370
1,00000

€,280
66,283
6€,290
116€6,653
106,121
.18183
867,079
«57436
33,818
1.18905
83062
«73030
80615
-, 13654
84406
21,664
1633,9
27692
30,689
1.16607
1.00000
23,187
1952,6
510,506
201,042
23,192
31647
465,253
1933.9
21,664
«052%6
34212
27692
30,689
l.16607
1.00000
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3. Output Data (continued)

NASA TURBINE COMPFUTER PROGRAM
TWO STAGE POTASSIUM TURRINE
MEAN DIAVMETER CALCULATION
CASE 3, U
INTER=STAGE PERFORKMANCE

STA 0 STATOR INLET STACE 2.
DIAM 0 5,040 6,660 E,2R0
TT 0 1957.6 1982.b 1962,.,6

PT © 23.187 23.187 23,187
ALFMA 0 354,140 2R,042 23,192
1 STATOR 1¢715% 1.902 1,305
vV 0 73,434 531.06/1 510.506

Vi 0 3304783 269,944 20l.,042

vZ 0 469,753 469,293 469,253

TS 0 1928, 8 1932,4 133,48

PS 0 ?le266 21540 21,6052
NDENS 0 +05173 « 0523V L Y4Y
v « 38806 ¢ 18644 e34213

cr 0 o PTE92 « 27697 e €7692

RG 0 30, F¢R9I 30,689 30 ,6R9
GAMG 0 l1e16607 1e16607 lelbb07
RwG 0 1.00000 100000 1.00000

STa ) STATOK FXIT

NiLAM 1 4G B0 5.75() E,620
ALPHA ) 69376 97.570 50,945
LEL a 1004469 Ha.,b0172 7“.137
v 1 1073.451 R385 ,928 711014()

AV | §75,.,46h9 709,225 85¢.235%

vZ 1 448,068 44K, 068 44k ,068

TS 1 18792 1508,.1 1920.4

PS 1 16,948 19.126 20,120
NENS 1 e 04213 e N46RZ sU4HG4
v 1 e« 73490 B6TE6H «48161

Zwl INC -1,00388 -1.,21163 -1031570
Cr S 11424 « 58509 «484K7
cP 1 «31340 e313a4uv 031340

RG 1 J0H2HM I, 824 30,420
GAMG ] lel4aT( leldéT0 1.14“‘70
kw1 1.00000 100000 1.00000
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3. Output Data (continued)

NASA TURBINE COMPUTER PROGRaAM
TWO STAGE POTASSIUM TURRBINE

“EaN DIAMETER CALCULATION
Cast 3, 0
INTER=STAGE PERFORMANCE

STA 1A ROTOR INLET STAGE 2.

ND1aM™ 1a 4.880 6.750 €,620

PTR 1a 18.936 20.164 21,8946

TTR 1a 1905.7 1920,9 1941,.0

BETA 1a 46.027 -e209 ~38,030

1 ROTOR «940 2651 €043

R 1a 645.339 448,071 56€,.,840

RU 1a 464,433 «]1.633 =350,448

MR 14 «%4181] «30442 s§8524

U 1la £11.032 706,858 90¢c.684

PS 1a 16.648 19.126 20,120

TS 1a 1876.2 1908,1 1920.4

CP 1a 31340 «31340 31340

RG 1a 30,828 30.828 30,828

GAMG 1A 1.14470 1614470 1,14470

AwG la 1.00000 1.00000 1,00000
STa 2 RCTCR EXIT

DlAv 2 44600 6.850 9.100

RETA 2 476552 58,980 65,806

0BETa 93.579 58,771 21.776

R 2 628,292 B22.853 1034,685

RU 2 463.€10 T05.175 943.799

MR 2 42764 «56012 « 10431

(VI 4pl.710 717.330 952,949

RX 012058 .45539 659732

DELN 19.562 19.562 19,562

PS1 P 1.98€11 «96582 +96853

ETA TT7 +83613 «83613 «£3613

ETA TS « 12533 « 72533 « 12533

ETA AT «83602 +R3602 «£3602

Zwl INC «]+94035 -.88134 -,48493

CP R -,05500 « 70348 «€9775

PS 2 16,218 16,219 1€.,219

TS 2 1873.7 1873.7 1¢73,7

cr 2 «28103 «28103 068103

RG 2 30,763 30.763 30,763

GAMG 2 1.16370 1.16370 1.16370

RWG 2 1.00000 1.00000 1.00000

PT 2a 17.022 17.022 17,022

TT 2a 188645 1886,5 1886,5

vV 2A 4240434 424.222 424,146

VU 2a -18-101 =12.155 -54150

ALPHA 2A w2e444 -10642 -10236

MF 2aA « 28865 « 28865 « £8B65

VZ 2aA 4244047 424,047 424,047

18 2a 1873.7 1873,7 1€73,7

DENS 2a « 04092 « 04052 204052

M 2A «CBRI2 +2BBT7 +28872

CP 2a «28103 «28103 «€8103

RG 2a 30.763 IN.763 30,763

GAMG 2a 1.16370 1.16370 1.,16370

RWG 2A 1.00000 100000 1.00000
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APPENDIX II
LISTING OF CODE

The asterisks in the identification columns (73—80) indicate that the card has been
changed from the original listing given in NASA CR-710. Most of the changes are in
format statements so as to make the output nomenclature agree with the names of program

variables used in the computer code.

PROGRAM JIM(INPUT»OUTFUT,TAPES=INPUT»TAPE6SOUTPUT)

CNTCP NTCP nol
c NASA TURBINE PRUOGRAM NTCP n02
(o NTCP n03
REAL MFSTOP NTCP no0é&
LOGICAL PREVER,SRFLAG sncasgen
COMMON  SRFLAG YL I
COMMON /SNTCP/GeAJsPRFCoICASE ¢PRFVERIMFSTOPy JUMP o LOPINy ISCASE « NTCP no6

I1KNsGAMF 4 IP o SCRIToPTRNS ISECT 4KSTG,wTOL¢KHOTOL +PRTOL » TRLOOPLSTG, NTCP 007
2LBRC+ IBRC s ICHOKE + ISORN 4 CHORE 4PTOPS1 (698) sPTRS2(648) ¢ TRDIAGeSCoRCe NTCP n08

IDELFRIPASS e TPCILOPCHISS NTCP 009
C NTCP nlo0
COMMON /SINPUT/ RSLeTSLePSLeGAMS| » iy

IPYPSUPTIN'TYIN'“ﬂlR!F‘IR.DELCQDELL'DELA'AACSOVCTOOSTG'SECT'ElPN. NTCP nl2
2EXPP o EXPRE o RPMePAF o SLTIsSTGCHeFNDJORINAME (10) o TITLE(10) sPCNH(6) v#anodans
3RV(6'8)'GAM(ﬁ’a)'DR(6'8)'0T(6.8).R"G(6'8)'ALPHAS(&'G)OALPHA1(6'R)..IQQQQQ.
QETA“S(boS)vETAS(b'B)QQFS(GoB)oANhO(bOR)oBETAl(608)'RETA2(608)!ETARNTCP nis
5R(608).ETAR(é!R)'CFR(G'S)'TFR(Gvﬂ)OANDCR(6'8)OQNEGAS(608)0A50(608)NTCP nleé6
GOASNPO(GOR)oﬁCMNO(bve)0A1(608)9A?(608)Oﬂ3(608)0A4(6'8)'A5(6v8)oA6(NTCP ni7
7698) ¢ UMEGAR(69R) +BSIA(6¢8) sASMPIA(648) +BCMNIA(648)+B1(698) ¢B2(64BINTCP n18

AyB3I(638) 184 (698) +BS(618) 4B6(648) ,SESTHI(B) +RERTHI(8) NTCP 019

C NTCP n20
REAL MR2¢M2 ' MF 2 NTCP n2l
COMMON /SFLOW2/TS2(6ek) +CP2(B)IR2(698) 9sRHOS2(648) +BET2E (648) sRU2 (6NTCP n22
loG)oVUZ(bqa).DPURZ(e.G)oVZZ(6o8).MR2(6-8)'MF2(6-8)-M?(b'e) NTCP n23

c NTYCP n2é
DIMENSIUN CS(B)sCRI(8) NTCP n2S

Cc NTCP n26
(o NTCP n27
caLl SLITE(O) NTCP n28
WAIR=0,.0 NTCP n29
FAIR=0,0 NTCP n30
PTPS=1.02 NTCP n31
DELC=0.D NTCP n32
DELL=0.0 NTCP n33
DELA=0.0 NTCP n34
EXPN=2.0 NTCP n35
EXPP=2,40 NTCP n36
EXPRE=0.0 NTCP n37
RV(1s1)30,0 #anadoane
PAF=040 NTCP n39
SLI=040 NTCP n40
AACS=1l.0 NTCP 041l
SECT=1.0 NTCP n4?2
VCTE=0.0 NTCP né3

WTOL=1l.E=04 NTCP naé
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Listing of Code (continued)

100

10000

w

&

= ¥

RHOTUL=) eE=N¢
PRTCL=1.t=06k
PCN=(1)=1.0
GAM(191)=20.0
RWG(ls1)=1.0
ETAS(ls1)=0.0
ALPFAL(191)2040
ETAK(141)=0.0
RETAZ2()141)=0,0
TRLOOP=D .
TRDIAG=ue0
6G=232.17405%
AJ=T7T78,161

1CASE=0
PREVER=,FALSE.
READ (54100) SRFLAG
FORMAT (1XsL1)
IF(SRFLAG) wRITE(6+410000)

FORMAT(1H]1+39H AN ENTRY HAS BEEN MADE IN MAIN PROGRAM)

caLL INIT

ISCaSE=0D

1F (PREVER) GO TO 1

DO 25 I=1.+8

CS(I)=0.0

CR(I1)=0.0

PASS=0

PRPC=CS (KN)

CALL STAQ)

1F (PREVER) GO TO 40

IF (ICHOKE ,NFL0) GO TC 3
IF(SCRITEQele) SC=SC*}l.,
CALL STala

1F (PREVER) GO TQ 40
LOPIN=0

JuMP=n

PRPC=CR (KN)

CALL STaZ2

CR(KN)sPRPC

IF (PREVER) GO TO 490

IF (le=MFP2(1eKN))240+595
IF (JUMP)ARsK920

CALL STacZa

IF (PREVER) GO T0O 40

IF (KN=KSTG)7¢999
KN=KNe}

LOPIN=0

JUMP=n

-2

NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP

nas
n46
na47
ne8
n49
n50
nS}
nsS2
n53
054
nSS
nsé6
nS7
nSA8
n59

[ XXX 2 X% X )
(22X 22 X% 1
dobabons
L XX 22 XX X

NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP
NTCP

060
n6l
n62
n63
néé
n6%
ne6
ne7
n68
n69
n7o
nTl
nt2
n?73
n7é4
nTsS
n76
077
n78
n79
nRO
nAl
naz2
nR3
nlé4
nAS
nA6
nk7
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Listing of Code (continued)
PRPC=CS (KN) NTCP n88
CALL STal NTCP nR9
CS(KN)=PRPC NTCP n90
1F (PREVER) GO TO 40 NTCP n91
IF (JUMP) 343420 NTCP n9?2
9 CALL OVRALL NTCP n93
IF (VCTD)11lellslo0 NTCP n94
10 CALL INSTG NTCP n9S
11 PaASS=], NTCP n96
IF (TRDIAG)13913,12 NTCP n97
12 CALL DIAGT(0) NTCP n98
13 IF (le=MFSTOP) 26424414 NTCP n99
14 IF (DELC)24+24,415 NTCP 100
15 IF (DELL)17e17016 NTCP 101
16 IF(CELPR)24+¢2441R NTCP 102
17 IF (CHOKE) 26418926 NTCP 103
18 ISCASE=]SCASE+] NTCP 104
19 UL=(]ISORR=1)#H+LSTG NTCP 108
IF(SCeEUWsls) VELPREDELL NTCP 106
PTOPSL (1P JL)ZPTOPSL1(LPeJL) +DELPR NTCP 107
20 LOPIN=] NTCP 10R
KNELSTG NTCP 109
IBRC=LBRC NTCP 110
1PC=0 NTCP 111
IF (KN=1)21+21422 NTCP 112
21 IF (ISORK=]1)29200 NTCP 113
22 IF (ISORK=1)8+Bs4 NTCP 114
40 WRITE(64+106) NTCP 115
24 IF (ENDJUOR=1,)1923+23 NTCP 116
23 IF(SRFLAG) wRITE(64+20000) PYTYY FTTy
20000 FORMAT(1H]e40H AN EXIT HAS BEEN mMADE FROM MAIN PROGRAM) P
CALL EXIT sunatgnd
106 FORMAT (//3IX6SHTHE PREVIOUS CASE WAS HEEN TERMINATED DUE TO ERRORS NTCP 118
1= CHECK DUMP,) NTCP 119
sTOP NTCP 120
END NTCP 121
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Listing of Code (continued)
SUBROUTINE INIT INIT a0}
CINIT INIT no02
o SUBROUTINE FOR INITIALIZATION OF INPUT DATA INIT a03
c INIT nos
REAL MFSTOP INIT a0S
LOGICAL PREVER.SRFLAG 4nsasase
COMMON  SRFLAL Sesatane
COMMON /SNTCP/GoAJsPRFCoICASE «PRFVERIMFSTOP JUMP oL OPIN» ISCASE INIT no7

1KNy GAMF ¢ IP 4 SCRIToPTRN S ISECT4KSTG,WTOL sRHOTOL yPRTOL ¢+ TRLOOP+LSTG, INIT no8
2LBRC s IBRC ¢ [CHOKE ¢ ISORK ¢ CHOKE 4PTOPSL (648) sPTRS2(698) o TRDIAGeSCeRCs INIT 009

ANELPHIPASSyIPCoLOPC,HISS INIT nl0
(o INIT nl)l

COMMON /SINIT/HL(69B) 9H2(698) +DPA(648) 10PL1(64¢8)+DPL1A(6+8)sDP2(6+48)INIT n}2
100P2A16+8) sCSALF1(648) 9ALF1(648) CSHET2(608) yBET2(64R8) yRADSD(648) ¢+ INIT nl3

2RADRD (698) s ANNT (698) s ANN2 (648) ¢ ANNZ2A(69H) 9ANNLA(698) yULAL6+8) INIT nle
AUZ2(698) vANNN(648) sPTOLHeB) o TTO(H,R) JALPHAD(698) «PTP (6+8) INIT n1S
C INIT nlé
COMMON /SINPUT/ RSLeTSLePSLGAMS| » tanadtene

1PTPSYPTINGTTINGWAIRCFAIR,DELCsDELLYDELAJAACSoVCTDeSTGeSECTIEXPN, INIT ni8
2EXPPyEXPRE o RPMePAF eSLT +STGCHeENDJURBINAME (10) e TITLE(LO) «PCNH () s@nuuRane
ARV (6sH) sGAM(698) sOR(698) 40T (6¢8) yRWG(H/98d) sALPHAS (648) sALPHAL (6,R) vt nbudoae
hETAGS(bvd)oETAS(b'8)oSFS(boﬁ)oANhO(6vﬂ)cHETAl(603)oRETAZ(Goﬁ)oETARINIT n2l
ER(6sB) sFTAR(69R) ¢CFR(E4B) s TFR(6+A) s ANDCR (H98) yOMEGAS (6+48) 1ASO(K8) INIT n?2?2
69ASMPO(H98) yACMNO(648) 1AL (648) 242(6s8) 143 {6+8) 944 (6+8)21AS5(648)4A6(INIT n23
T698) sOMEGAR(69R) +BSIA(RIB) 1BSMPIA(648) sHCMNIA (D4B) 4B (6eB) sB2(9B) INIT n2s

BoB3(698) sHG (698) +BS(698) ¢B6(648) (SESTHI (B) yRERTH]I (8) INIT n25

C INIT n26
NDIMENSTION HF1A(6e8) sHO(6sR) 9H2A (K9 8) INIT n2?7

Cc INIT n2R
(o READ INPUT DATAs CHECK FOR ERRORq, INIT n?29
c SKIP CHANGE CASES IF BASIC CASE HAS AN ERROR INIT n30
IF(SKRFILAG) wRITE(6+10000) snandane

10000 FORVAT (44H aN ENTRY RWAS BEEN MADF IN SUBROUTINE INIT ) snasdaee
3 CALL INPUT INIT n31
ICASE=ICASE ] INIT n32
IF(STGCH) SS9 4 INIT 033

4 IK=1 INIT n34

S CALL CHECK (L) INIT n3%

GO TO(6e8) oL INIT n36

6 WRITE(69100)1ICASE INIT n37
IF(STGCH) 34347 INIT n38

7 1K=2 INIT n39

G0 T0 3 INIT ne0

8 IF (IK=2)G4343 INIT néld

C INITIALTZE INDEX REGISTERS ANN FORKS INIT na?
9 ISECT=SECT+.00UN] INIT né43
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KSTGE= STGs,000] INIT né4é
LOPC=0Q INIT n4S
CHOKE=D, INIT n4b
ICHOKE=( INIT na?
ISORK=] INIT ne8
KN= ] INIT n49
LSTG=] INIT nS0
THRC=1 INIT nS]
LRRC=1 INIT nS2
DELPR=DELC INIT 053
SC=0.0 INIT n54
RC=0.0 INIT nSS
PRPC=040 INIT n56
1PC=0 INIT nS7
1SS=0 INIT nSA
PTRA=0,0 INIT nS9
C TESY STAGE LLUSS INUICATOR INIT n6&O
IF(SLIN13,413,11 INIT né6d
11 DO 12 I=1.1SECY INIT n62
DO 12 J=1.KSTO INIT n63
ETARS(]14J)3FTARS(Is1) INIT n6é
ETAS(I4J)aETAS(Is1) INIT n6S
CFStIy)=CFSItIs 1) INIT n66
ETARR(ToJ)=ETARR(] 1) INIT néb7
ETAR (1o U)=ETAR(]W1) INIT nASB
CFR(IeJ)=CFR(lo1) INIT a69
TFR(Te+ N =TFR(I101) INIT nTO
12 CONTINUE INIT n71
C TEST FOR EWUAL SECTORS INIT n72
13 IF(PCNH(1)=1,)1641441% INIT n73
14 DO 1% 1=1,1SECT INIT n74
15 PCNKI(]I) = 1«/SECT INIT a75
C SET uUP SFCTOR HEIGFTs PITCH DTAMETERs ANNULUS AREA) INIT n76
C PITORLINE wHEEL SPEED INIT 77
16 DO 19 K=].KSTG INIT n78
SHO=DT (1 eX)=DR(1eK) INIT n79
SHI=NT (2eK) =DR{29K) INIT 0RO
SHIAZDT (34K)=DR (3 4K) INIT nB81
SH2=DT (4 eK)=DR (4 sK) INIT nB82
SH2A3DT (99K)=DR{ByK) INIT nB3
DO 18 I=].ISECT INIT nRé
HO(l oK)= S*PCNKH(])®#SHU INIT n8S
H1(l oK) =,SuPCNH(])®SKI INIT n86
H1A(IsK)=,5#PCNH(])#SH]A INIT nB7
H2 (1 sK)=.S4PCNHI(])®SHZ INIT nBA
H2A(1eK) = ,S#PCNH(]) #SF2A INIT n89
IF(I=1)20420417 INIT nQ0
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20

17

21

i8
19

22
23

24
25

26

27

28
31
29

30

DPO(TsK)=NR{] oK) * HO(T1eK)
DPILIeK)=NRI(29K) » Hi(ler)
DP1A{I oK) =DR{3¢K) * flA(IOK)
DP2({1sK)=NR(4sK) HE{l4K)
DP2A4 (I oK) =DR{5¢K) » F2A(]eK)

GO T0 21

NPO(IsK) = HO(I=1eK)+ HO (ToK) sLPO(]=10K)
DP1(IsK) = Hl1(I=1leK)» Hl¢IeK)eLPYl(]I=] oK)

DP1A (1K) = Hl1A(l=19K)e HIA(T 4K ) eDPJA(]=],4K)
DP2(1sK) = H2(1="1eK) o H2(IsK) oCP2(1=]109K)
DP2a(]leK) = H2A(l=]1on)e HPA (1 4K) +DP2A(1=]K)

ANNO (T 9K)=2,021816620PU (1 K)arn (], ,K)
ANNT (LK) =2,021816620P1 (1 K)o (I ,K)
ANNIA(T«R)=NPLALLsK)BF1A(lek)®,0P1B166
ANNZ2 (I 4K)=2,021H8166%0Pc([sR) 812 (] K)
ANNZ2A (oK) =,0210166%0F2A(1skK)8H2A (1K)
ULALIsK)= 3,14199%0P1A(14K)%RPM/ 720,
U2 (1eK)= 3¢1415940P2(1yr)*RPM/T2n,
CONTINUE
CONTINUE
DEFINE PITCHLINE IANDEX
IT=ISECT=2# (1SECT/2)
IFLIT)22922423
IP=[SECT/?
GO 10 Pa
IP=(ISECT+1)/2
CALCULATE INLET ANL EXIT ANGLFS IN RADIANS
IF (ALPHAL (1+1))25925927
SDEAF=(Q,
DO 26 K=1,KSTG
DO 26 IzlsISECT
CSALFY (1 oK) =ANDO (I oKIHUCFS{I oK)/ (SESTHI(K)*3,14]1792DP) (1K) *
1SGRT(ETAS(]sK)))
ALF1 (I sK)=ATANP (SQRT (L, =CSALFI (I K)®CSALF1(IeK))9CSALF1(19K))
G0 70 31
DO 28 K=],KSTG
DO 28 I=l,1SECT
ALF1 (1K) = ALPHAL(I,K)®,01745328
CSALF1(IsK)=COS{ALF1(Llex))
1F (BETAZ2(141))29529,32
RDEAF=0,
DO 30 K=1+KSTG
DO 30 I=leISECT
CSBET2(1eKI=ANDUR{I ¢KIBCFR(T+K) /(RERTHI(K)#3,14]1594DP2(IsK)#®
1SART(ETAR(I KD ) )
RET2(I14K)=ATAN2( SQRT(1.=CSRET2(1,K)*CSHBET2(1eK)) sCSBET2(1+K))
60 T0 3¢

i1-6

INTT n9l
INIT no2
INIT n93
INIT n9s
INIT n9S
INIT n9é6
INIT n9Q7
INIT n9R
INIT n99
INIT 100
INIT 101
[ XXX 22X 2 ]
L XT X XXX X
[ XY X2 XX X ]
LYY XY X )
BPHOLOR O

INIT Y107
INTT 108
INIT 109
INIT 110
INTT 111
INIT V12
INIT 113
INIT 1164
INIT 118
INIT 116
INIT 117
INIT 118
INIT 119
INIT (20
INIT 121
INIT 22
INIT 123
INIT 124
INIT 125
INIT 126
INIT 27
[T XX 2% X )
INIT 129
INIT 130
INIT 131
INIT 32
INIT 133
INIT 134
INIT 135
INIT 136
INIT 137



Listing of Code (continued)

32

33
34

35
36
37
38
39
40
20000

100

D0 33 K=]1,.KSTG
DO 33 I=1,ISECT
BET2(TsK) = BETA2(sK)® 01745328
CSBET2(IsK)=COS(BET2(L4K))
DO 35 Kz1,4KSTG
DO 35 I=1,1SECT
PTP(I1+K)=PTIN
PTO(I+K)=PTIN
TTO(IeK)STTIN
ALPHAQ (IsK)=0eD
PTOPS1 (1sK)=PTPS
RADSD{(I+K)=a PHAS(IeK)®,01745328
RADRD(I+K)=HETAL (1oK)¥%,01745328
IF(RV(1+s1))36936,37
CALL R(PTINSTTINCFAIRIWAIRYRV(141))
GAMF=0,0
GO TO 34
GAMF=1,0
CALL CHECK ()
GO TO (39+40)9J
GO 10 3
IF(SRFLAG) WRITE(6+20000)

FORMAT (45SH AN EXIT HAS BEEN MADE FROM SUBROUTINE INIT

RETURN

FORMAT (28X s 6HCASE [S913H HAS AN ERROR)

END

-7
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INIT 138
INIT 1739
(XX 2 3 XY X
INIT 16]
INIT 142
INIT 143
INIT 164
INIT 145
INIT 146
INIT 147
INTT 14R
(T2 X X 2% ¥
(2 XXX XY X )
[ XXX 2 XX %)
[ZX X 2 2% X )
INIT 153
INIT 154
INIT 15%
INIT 186
INIT 187
INIT 158
[ XX XX 2% X )
[T X2 XY T ]
(2222 XY X}
INIT 160
INIT 161
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SUBROUTINE TIWNPUT INPT no0l
CINPUTY INPT no02
CREBRNRN RN AR INARNIROIRNIBQIBVBRDIRDDRRRRRROCRRBRDERBRRDEHRNBRDBOBR N Ra G INPT n03
C INPT 004

REAL MFSTOP INPT n0S

LOGICAL PHREVER,SRFLAG SoHBOG B

COMMON  SRFLACG YT L)

COMMON /SNTCP/GeAJsPRFCoICASE+PRFVERIMFSTOP s JUMP o _LOPINy ISCASE s INPT no7

IKN9eGAMF o IP ¢ SCRTIToPTRN S [SECT 4KSTG,wIGL4RHOTOL +PRTOL s TRLOOPSLSTG, INPT noO8
ZLBRCy IHRCy ICHOKE » ISORK4CHOKE +PTOPS1 (648) yPTRS2(698) yTRDIAGYSCeRCe INPT n09

IDELPRIPASS, TPCoLOPC 1SS INPT 010
(o INPT n1l
COMMON /SINPUT/ RSLeTSLePSLsGAMS) , LA LA LA

1PTPSePTINGTTINGWAIRGFAIRGDELCoVEL LoNELAYAACSsVCTD9STGISECTIEXPN, INPT 013
2EXPPIEXPRE,  RPMyPAF9SLT+STGCHyFNDJOBINAME (10) ¢ TITLE(10) yPCNH(g) s#atR0ass
IRV 6948) 1GAM(K£98) sSR(69B) 4ST (Ael8) ,SWG(698) sALPHAS(698) 9ALPHAL (6,8) s #dattaun
GETARS(AeB) +ETAS(60B) 4CFS(69R) ANPO(61H) sHETAL (648) +BETA2(698) +ETARINPT nl6
SR(698) gETAR(69B) 9CFR(E4B) s TFR(09a) 1 ANNTR (698) yOMEGAS (698) yASO(648B) INPT n17
€ 9ASMPO (6 9H) ACMNO (698) sA1 (64R) 042 (648)91A3(698) 344 (6e8B) +sAS(698),A6(INPT n18
7698) sOMEGAR (A9R) +HSTA(6+8) sRSMPIA (6+H) 9BCMNIA(648) 9Bl (698) 9B2(6e8) INPT n19

ReHI(HIR) IR4(691R) +BS5(698) 4BOE(6+8) (SESTHI(8) yRERTHI (8) INPT n20

c INPT 02}
DIMENSION X(698938)9sY(6938) Banatasy

¢ INPT n23
EQUIVALENCE (X(lelol)e RVI1el1))do(Y(10l)y RG(1)) T P

c INPT 025
COMMON HG(H) Bueniynd

1 GAMG (6) sDR(6) +LT(6) sRWG(6) ySNDIALE) +SDEA(A) ySREC(6) +SETA(K) s#unadans

1SCF (K) +SPA(6) 1RUTA(6) *RDEA(H) +RRFC(6) sRETAL6) ¢RCF (6) sRTF (K) +RPA(6) INPT 027
2eSTPLCIE) vSINR(6) 9SIAMP (6) 1 SINMN(6) +SCPS(6) 4SCPC(6) +SCPQ(6) 9 SCNS(H6INPT n28
31 9SCNC(6) sSONE(6) sRTPLC(6) +RINR(4) sRINMP (6) yRINMN(6) yRCPS(6) ¢RCPCUINPT 029

46) yRCPQ(6) s RCNS(6) sRCANC(6) sRCNUW L&) INPT n30
C INPT 031
NAMFLIST/NATALIN/ RSLe ISLePSL «GAMS tedatonn
) PTPSIPTINSTTINGWAIRIFAIRGWOELCINELL+DELAYAACS WCTDRBRURRuE

19STGeSFCToSTAVE sEXPNJEXPPoEXPREYRPMePAF 9 SLISENDSTGyENDJOBePCNH RGe #enadans
2GAMG o DRWDT eHWG s SDIAWSLEAJSREC«SETAISCFoSPAWRDIAWRNDEARRECRETALRCFINPT n3s
FoRTF yRPAYSTPLCySINReSINMP 4 SIMMN 4 GCPSeSCPCoSCPUZSCNS¢SCNCYSCNQWRTPLINPT n35

GCIRINRIRINMP ¢RIIWNMN e RCFSsRCPC eRCPNyRCNSIRCNCyRCNQ 9 SESTHIRERTH, INPT p6
SWTOL ¢ RHUTOL oPRTOL s TRLLOP 4 TRNIAGySTOCH INPT n37

o INPT n13H
DATA BLANKS/66666666/ INPT n39

C INPT n40
o INPT n4d
c READ THE HEALDING CARDS EVERY TIMp ENTRY IS MADE INPT né42
1F (SRFLAL) wRITE(6410000) LAA A AL S A

-8
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Listing of Code (continued)

10000 FORMAT (44K AN ENTRY HAS BEEN MADF IN SUBROUTINE INPUT ) fnantane
10 REAC(546669) (NAME(I)sl=1+10) INPT né43
20 READ(5,6669) (TITLE(I)e1=1410) INPT naé4

J=0 INPT naS
30 DO 25 L=1+38 sanatpee
DO 25 1=146 INPT né7
25 Y(IsL)=HLANKS INPT na&B
SESTH=RLANKS INPT n4o9
RERTH=RLANKS INPT nS0
REAC(S+DATAIN) INPT nS1
40 K=STAGE+.0001 INPT nS2
S50 ISECT=SECT+.0001 INPT AS83
60 DO 80 L=143R sanbtans
70 DO 80 I=146 INPT aSS
IF (Y(IsL) NESBLANKS) GO TO 71 INPT n56
Y(IslL)=0e0 INPT nS7
GO TO 80 INPT n&R
71 X(IeKebL)=Y(IWl) INPT nS9
80 CONTINUE INPT n60
IF(SESTH.FR.BLANKS) GC TO 95 INPT ne6l
90 SESTHI(K)=SESTH INPT n62
GO TV 96 INPT n63
G5 SESTH=0. INPT né6s
96 1F(RERTH.EQ.BLANKS) GC TO 105 INPT n6S
100 RERTHI(K)=RERTH INPT 066
60 T0 110 INPT n6&7
105 RERTH=0. INPT n68
110 IF (K=1)120+120+130 INPT n69

120 WRITE(6466T0)NAMEsTITLEsSTGCHaTTINIPTINIWAIRGFAIRePTPSWDELCIDELLy ®ooodone
INELASSTGSECTIEXPNYEXFP, PAF 9S| I9AACSsRPMyVCTDIRSL 9 TSLIPSL9GAMSL#nantans

2eENDSTGeENNJOB ¢ PCNH Sooudane
JeJe] INPT 073

130 WRITE(690671) KeRGeGANGIDRIDTIRWAeSDIAISOEAWSRECeSETAISCFoSPA, Rronadans
1SESTHY INPT n7S
1RDIAWRDEALZRREC,RETAYRCF4RPAJRTF ¢RERTH sanotane

140 IF (OMEGAS{1+K)) 1600160150 INPT a77
150 WRITE(6+6672)STPLCeSINReSINMP4SIMNMNGSCPSySCPCeSCPQySCNSsSCNCeSCNQ INPT n78
1RTPLCIRINRGRINMP ¢RINMN gRCPSyRCPCRCPA4RCNSsRCNCRCNQ INPT n79

160 JsJel INPT nRO
180 AM= J=29(J/2) INPT nR1
150 IF(AM)P0042109200 INPT nR2
200 WRITE(646673) . INPT nA3
210 IF (ENDSTG=14)304170,170 INPT nRa
170 IF(SRFLAG) wRITE(6920000) MY PR
20000 FORMAT(1H1+45H AN EXI1 nAS BEEN maDE FROM SUBROUTINE INPUT ) Rpuodane
RETURN Gaopdpny

6669 FORMAT(10A6) INPT n86
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Astronuclear
Laboratory

Listing of Code (continued)

6670 FORMAT (1H1+24X924HTURBINE COMPUTER PRCGRAM/6X410A6/6X910A6/2X, INPT nR7
17THSCATAIN/2X9TH STGCHEF]10e3/2XTH  TTINSF104¢391XeT7H PTINEF10e392Xo*snosans
16H wAIREF104392X, sapatane
25HFAIRZF1N0.3/2XsTH PIPS2F10,301xeTH CELCSF10.3+42Xe6H DELL=F10,30%00utaus
32X e SHOELA=F10e3/2XsTH STG=F10e391XeT7F SECTEF10.3¢2Xs6H EXPNaF)0#ovavase
Ge3v2XeSHEXPP=F10,3/2X%> H PAFZF10,392X96H SLI=susnodpos
EF10e¢393X¢SHAACSSF10ed9 2Xo5H RPMzF10,3/2Xe7H VCTDZF10e394X94HRSL# 0 8RB GRN
EBF100396Xe4HTOLZEF106393X04HPSLEF1Ne3/2X9TH GAMS L =F10,391Xe THENDSTG#n o0t ane

T2F10e301 X4 THENDJOBBF10,3//25X«21HINLET RADIAL PROFILES #spandaon
] /74X eSHPCNH2E (FRe 342X} /1M1 ttontand
6671 FORMAT (PBX+165HSTANDARL OPTION/3X,6HSTAGE=13+16X%s14HAXIAL STATIONS/®#es#stase
111X06HSTA, NGXg0HSTA, 14Xe6HSTAL1AGXI6FSTA. 23XeTH STAL2A/ [Ty
23IXeEH RG=6(FBe3Je2X)/ sonpbane
33Xy EH GAMGZA(FReI2X) /73Xy 6H DR=6(FB,3¢2X)/3X9hH DT26(FBe3e2X)/INPT 097
IIXpEH  RWG=A(FBe392X)/7/22X92THSTATUR RADIAL DISTRIBUTIONS/ INPT n98
413X+ 4HROOT 215X 4SHPITCre 16X IRTIP, Ganodany

€3XygbH SUIA=E(FBe392X)/3X46H SDEA=6(FB.392X) /3IXy60H SREC=6(FR.392X)/7/INPT 100
6IXsEH SFTAZA(FBa392X)/3XebH SCFee(FB,342X)/3Xe6H SPAZ6(FR,392X)7INPT 101
TIX et HSESTHEFR3//722%X926HROTOR RANTAL NDISTRIBUTIONS/ sesndpan
R3Xe6H RDIAZA(FReI92XN)/73IXNe6H RDEA=E(FH,392X)/3X96H RREC=6(FBe392X)/INPT 103
93IXebtH RETAZA(FBRe3Is2X)/3X96H RCF=hA(FB,3¢2X)/3X96H RPAZ6(FB,392X)/Baduttnne

13X9€H  HIF=h(FRe392X)/3IXebHRERTH=1FRe3/) sonndane
6672 FORMAT (/25X e23HLOSS CCEFFICIENT oPTION/22Xe2THSTATOR RADIAL DISTRIINPT 106
1RUTIONSY/ INPT Y07

23X9&HSTPLC=A(FRe392X)1/73X46H STNRz=a(FBeIe2X)/3Xe6HSINMP=6(FB.342X)/INPT 108
AN OHSINMN=A (FRoI92X) /73X 96H SCPSz6(FB,342X)/3Xe6H SCPC=6(FB,3+2X)/INPT 109
43%96H SCPQ=A(FReI12X)/3X96H SCNS=6(FB,392X)/3XehH SCNC=6(FB3Ie2X)/INPT 110
E3IXeEH SCNA=6(FHa3e2X)/7023X+26HROTNR RACTAL DISTRIBUTIONS/ INPT 111
EIRGEHRTPLC=A(FReI02X)/3X9s6H RINR=RK(FB,3e2X) /3X96HRINMP=6(FBs342X)/INPT 112
TAXeEHRINMN=A(FReJ92K) /3% 9sHH RCPS=h(FH,392X)/3Xe6H RCPC=6(FB.392X)/INPT 113
A3IXeFH RCPOSA(FRe392X)/3XebH RCNS=6(FBe392X)/3Xeb6H RCNC=6(FBsI3e2X)/INPT 114

93Xe6H RCNQ=A(FA,392X)) INPT 115
6673 FORMAT (1HI) INPT 116
END INPT 117
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SUKKOUTINF STAanl ST01 nol
CSTAQ1 ST01 no2
C ESTABLISH FIRST STATCHR £XIT FLOw, ADJUST FLOWS FOR COOLING STO1 03
c IR IMNJFCTION BETwEEN STATIONG O ANC 1o FIND INLFTY ST01 no4
c MaCH NUMHER aND INCIDENCF ANGLE LOSS AT STATION 0, ST01 n0S
c aDJUST Pry GET NEw FLOW AT STATION 1 FOR FINAL RESULT. ST0l noO6
C ST01 noO7

REAL MFSTOP ST01 noOB

LOGICAL PREVER,SRFLAG St

COMMON  SRFLAG docatabe

COMMON /SNTCP/GeAJIPRFCy ICASE «PRFVEROMFSTOP s JUMP 4 LOPINy ISCASE STN1 nl0

1KNyGAMF o IP ¢ SCRITWPTRA S ISECT oKSTG WTOLRROTOL sPRTOL s TRLOOPSLSTG, douatans

2LBRCy IRKC o 1rRUKE ¢ ISORPM s CHOKF 4P TOPS1 (6481 ¢sPTRS2(AeH) ¢ TRDIAGISCsRCe STO1 n12
AINELFRIPASSTPCLILOPCHISS ST01 13
C L ST01 nl4
COMMON /SINTT/HL(6eB)YIHZ2 (69R) 4DPA(648)9DP1(6sH)sDP1A(6+8) +DP2(A/,8)STN1 n1S
JoDP2ALEO8) o CSALF 1 (648) s ALF 1 (648) 4COBETZ2(6+8) sHETZ2(64R8) yRADSD(648)+STOL nl6
2RADHD (6 +08) ¢ AANT (6e8B) ¢ ANNZ (648) s ANNZA(A18) «ANNIA(64B) 4ULA(648) STl m\7

UP(Es8) s ANNN (D yH) ePTO(6eR) 4 TTN(H,R) JALPHAD(648) sPTP(698) STl n18
C STol n19

COMMON /STHPUT/ RSLyTSLePSL«GAMS) , Baupdpon

1PTPS o FTING TTINGWAIRWFAIRGODELCWDEL L9DELAJAACS,VCTDWSTGISECTHEXPN, ST01 n21

CEXPP L XPRF o RPMePAF sSLT ¢STGCHIFNUJORINAME (10) o TITLE(10) yPCNH () sRoseda0e
FRV(EeR) 9GAM(EIR) sDR{EIR) eUT (HeB) JRWG(A®8) sALPHAS(698) s ALPHA) (64R) sunaudnby
GETARS{O6¢8) FETAS(6e8) s CFS(69R) JANNNLEIH) sBETAL (648) ¢yBETAZ(69R) WETARSTN] nPé
ER{6eH) «F TAR(LIH) ¢CFR(E4B) s TFR(O6+R) s ANNCH (698B) +OMEGAS (648) ¢ AS0(£,8)STN]1 n?S
€sASMPO(E98R) ¢ACMNN (OB} 9A1 (64B) 182 (698)143(64B) 924(648)9A5(648),46(STO]1 n26

T6e8) s UMEGAR(69R) sHSIA(B+RB) +ASMPIA(O9yBY sBCMNIA(648) yB1(638)3sRB2(648)STN1 n27

84R3(6IN) IRG(6IB) sRS(618) 9B6(HAe8) 4SESTHRI(B) yRERTHI (8) STA1 nP8
C STOHl n?9

REAL MO STN1 n30

COMHPON /SSTAQl/CPO(R)Y PSO(Ae8) ¢VD(698) s TSO(615STN] n3)

18) s VUO (698) oVLD(H98) ¢RHOSO(6+413) +pS1(698) 2y WGT] (B)sTAL1(B) 9WGl1(608) s STO1 n32

? CPDOR1I(648) ¢ST1(648B)s CPLIR) yPHIL1(698)4TS1(6+8)sV1(6,8)STNY n33

JoRHOSL (69R) JALFIE(64B) s VUL (AsR) »vZ1(698) aMO(698) 2 WGTO(8) s WGN(6,R) Husuitpon
C ST01 n3S

NDIMFNSTON TAQ{8) TTOTSO(698) sPTOPSO (648) sFFAD (698#ututase

1) sABSO(69R) ST01 n37
c ST01 n38
(o} STl n39

IF(SRFLAG) wRITE(6910000) Haoudanh
10000 FORMAT (444 AN ENTRY HAS BEEN MADF IN SUHROUTINE STAOQ) ) LA A A LA L A

K=KN L-2-X-2-2-2'%- % -1

SCRIT=0.0 STO1 n40

1=1¥ ST01 n4l

10==~] STOl na?

-1
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Listing of Code (continued)

WGT1(K)=0,0
Jw=zl
IF(GAMF) 24243
2 TAY(K)E,954TTO0(IPyK)
CALL GAMMA(PTINGTAL(K) 9FAIRWAIR,GAM(2K))
3 CALL FLOWIC(D)
1F (PREVER) GO T0 26
WOTY (K)=WGT1(K)+wGl (oK)
C TEST FOR TIP SECTOK
IF(ISECT=1)1S¢5¢4
4 I=1+]1D
IF([)646922
22 L=1~1D
PS1(I+K)ZPST( LeK) «FLOAT(1D) *OPDR] ( LoeK)®(
THI (TeK)eHY( LeK)) /2
PTOPS1(IsKk)=PTO(IsK)/FS1(1sK)
IF (PTOPS1(TyK)=)a)2793+3
27 PTRA==],
PTOPS1(IsK)= 1,0
GO 10 3
6 10=1
1=1P+1D
G0 Y0 22
C CALCULATE STA 0 FOkh INCIDENCE CURRECTION
S IF (JWw=1)16416,18
16 IF(GAMF)T47417
T GAM{19K)3GAM(24K)
17 EX=(GAMI(1eK)=]1,)/GAM (]l yK)
EXI=le/ENX
WOTO(K)=WGT1(K)/RWG(29K)
I= 1P
WGO(TsK)BWGL (T oK) /RWG(29K)
FFAO (L oXK)BWGO(I9K)SSQNT( TTO(I 4K))/(144#PTO(]eK)®
1ANNO (] oK) )
19 y=1

8 CALL PRATIO(FFAO(IoK)9sGAM(14K)sRV(1eK) sPTOPSO(T4K) 4PRTOL)

PSO(I1eK)ZPTP (1K) /PTQOFSO (1K)
TTOTSO(IesK)=PTOPSO(]4K)®eEX
TSO(IsK)ISTTO(L X)) /ZTTQTISO(]I oK)
9 IF(GAMF) 10410412
10 TAO(K)=oO® (TTO(IeK)*TS0(TeK))
CALL GAMMA(PTINsTAO(K) 9P AIR,WwAIR,GAM(19K))
EX3(GAM(1leK)=le)/GAM(1lyK)
EXI=le/EX
IF(u=1)11e11012
11 usJel
GO 170 8

1-12

STo0l
Svol
ST01
St01
ST01
ST01
ST01
ST01
St01l
ST01l
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nel
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n7S
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12 CPO(K)=RV () oK)IBEXI/ZAY Baoeband
DO 14 I=1,ISECT ST01 n9l
WGO (I oK)=WGT (1 eK)/RWG(2¢K) STOl n92
PTOMO= PTN(]eN) ST01 n93
FFAO(TI+K)=WGO(19K)®SQRT( TTO(TeK))/Z (144.%PTO(ToK)® ST0l n9é
1ANNQ (1 4K)) ST01 n9S%
IF(l1.EQsIP) GO TQO 28 ST01 096
PSO(IsK) = PSO(IPeK) ST0l n97
PTOFSO(IsK) = PTP(leK)/ PSO(I+K) STol nS8
28 TTOTSO(TesK)=PTOPSO(] oK) REX STO1 n99
TSO(I2KI=STTO(LWK)/TTQISO (1K) ST01 100
13 VO(TIaR)I=OQRT(2,2GHAJRCPO (RIS (TTO(TIK)I=TSO(I4K))) STnl 101
AASO (1 4K)=SQRT(GAM (1K) #GHRYV (1K) #TSO(1eK)) LA LA 1
MO(ToK)=VO(ToR)/AASO (1K) . ST0Y1 103
SI(IeK)=ALPHAQ (I 4K)= HADSD(T4K) STO01 104
IF(SI(I4R))Pa924,20 ST01 105
246 FXPS=EXPN 4 e STol 106
GO TO 21 STO1 107
20 FEXPSsEXPP STol1 108
21 PTOPSO(TsK)I=S{1+EXOMO(IoK)IYETARS (T9K)RGAM(1,4K)I®MO(I4K) /20 ST01 109
18 (CCS(ST{T X)) RMEXPS) ) euEX] 5701 110
PTOtIsK)SPSO(IeK)#PTOFSO(IsK) ST01 111
WO (T eK)I=ZWGN (I 4KIHPTO (I eK)/PTOMO ST01 112
WGI(ToK)ZWGI (I oyK)H#PTO(14K)/PTOMO ST0l 113
RHOSO(TsK)=144.%PSO(I'K)/Z(RV(]1eKy#TSO(I9K)) LA At 4 4
VUO (T eK)SVO LT oK) SIN(ALPHAD (T oK) ) STo0l 115
VZO(TeK)=EVO(L+K)#COS(ALPHAD (Te4K)) ST01 116
14 CONTINUE ST01 117
c END OF INCIDENCE LCSS CORRECTION LOQP ST01 118
WGT1(K)Y=0, STH1 119
I=1P ST01 120
I1D=~1 ST01 121
Jw=? STol 122
15 GO TU 3 ST0l 123
18 CONTINUE ST01 124
WGTO (K)SWGT]1 (K)/RWG(29K) ST01 125
IF(TRLOOPEQ.0.) GO TC 23 ST0l 126
WRITE(6+1000) wWGTO(K) swGl1(K)y (WROILIK) oL=19ISECT) ST0l 127
WRITE(Ae1001) (PTOPSO(LeK) s L=1+ISECT) S$T01 128
WRITE (6+1002) (Wil (LeK) oL=14ISECT) ST01 129
WRITE(641003) (PTOPS1(LeK) oL=1,ISECT) STOl 130
1000 FORMAT(2re6H WGETO=FB,392X96H WGT1=FBe3/2Xe6H WG0=6F843) $701 131
1001 FORMAT (1A 7THPTOPSO=6FES) ST0l1 132
1002 FORNMAT (2ZReb6H wWG1=6F8¢3) STol 133
1003 FORMAT(1X,7HPTOPS1=6F&,5) STOl 134
23 CALL CHECK (g} STol 135
GO TO (29426)9J ST01 136
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25 CALL DIAGT(1)
26 IF(SRFLAG) WRITE(6+20000)

20000 FORMAT(45H AN EXIT HAS BEEN MADE FROM SUBROUTINE STao0l )

RETURN
END

i1-14

ST01 137

(XX 232324
(XX L X% L)
(22X XY L

ST0l 139
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SUHROUTINE FLOWl (D) FLwl 00l
CFLOwW) FLwWl no2
c ESTABLISH VALUES FOR STATOR EXIT fFLOW FLwl n03
c FLWl noé

REAL MFSToP FLwl n05

LOGICAL PREVER,SRFLAG I re

COMMON  SRFLAG Snaabane

COMMON /SNTCP/GeAJsPRFCoICASEPRFVERIMFSTOP,, JUMP o OPINs ISCASE FLWl 0noO7
IKNsGAMF 3 IP ¢ SCRITPTRNIISECT4KSTG WTOLRHOTOL 4PRTOL » TRLOOP4LSTG, AL A4 LT
2LBRC s IRHCy JCHOKE « ISORN ¢yCHOKE s PTORS1 (648) yPTRS2(6+8) ¢ TRDIAGYSCoRCy FLW) 009
IDELPRPASS IPCLLOPCo 1SS FLWl nloO

c FLwl 0nll

COMMON /SINIT/HL1(698B)9vH2(6+98)0UPn(6+8B)s0P1(6+8)DPLA(6+8)9DP2(648)FLW]1 nl12

1+0P2A(648) ¢CSALF1(638) 3ALF1(6+48),CSBET2(6+8)+BET2(6+8) sRADSD(6,8) sFL W]l nl3

PRADKRD(698) s ANNY (698) s ANN2(6sR) s ANNCA(E9B) 9ANNLA(698)9ULA(698) s FLWl nl4é
FU2(Es8) sANNO(648) sPTO(6e8) s TTN(6,R) sALPHAD(6+8) «PTP (648) FLW]1 nlS
c FLWl 016
COMMNON /SINPUT/ RSLeTSLePSLeGAMS o tanebaee

1PTPSePTINGTTINGWAIRGFAIR DELCIDELLYDELAJAACS VCTDoSTGeSECTIEXPNy, FL W1 ni8
2EXPPsEXPRE » RPMoPAF o SLTIsSTGCHeFNDJOBINAME (10) o TITLE(L10) oPCNH () 2 00abune
JRV(698) 1GAM(698) yOR(698) 30T (648) JRWG(K98) sALPHAS (698) yALPHAL (6,R) s#nnastane
GETARS (6e8) 9ETAS(698) sCFS(6+8) «ANNN(69R) yHETAL1 (648) +RETA2(648) sETARFLW] n21
GR(698) yETAR(E98) yCFR(E4B) s TFR(6eR) sANDCOR(H9B) sOMEGAS(698) yASO(6,48)FLW]1 n22
6o ASMPO (698) sACMNO{6+8) gAY (648)1AD(6¢8B)91A3(648) sA4(6:8B)91AS(6498) A6(FLW] n23
7698) sOMEGAR(69R) +BSIA(6e8B) sARSMPIA(6+8) +HCMNIA(6+8)9B1(648)9B2(648B)FLW] n24

BsHB3(698)1B4(698) +BS(698) eBH(698) (SESTHI(B)WRERTHI (8) FLW1l n2S

C FLW1 n26
REAL Mo FLW1 n27
COMMON /SSTAQL/CPO(8) PSO0(6eB) oVO(698) s TSO(69FLW]1 n?R

18) s VUO (69R) +VZ0(698) ¢HHOSO (1) sPS1 (6+8) ¢WGT1(8) 9 TAL(B) sWGL(69R) s FLW] n29

2 OPDR1(648)sST(64R) s CPI(B)sPHIL1(69B) s TS1(648)9V]1(6,8)FLWL1 n30
FeRHOS1(698) ¢ALFIE(698) o VUL (608) svZ2]1(698)eMO(6+8) 9yWOTNI(B) 9yWG0(6,R) ®nanvans

c FLwWwl n32
DIMENSION PHIIC(B)9sPTFSICI(8)4VIC(698)¢TS1C(64H) +RHOSIC(698) 4WGIC(6F WL n33
198)sCSALIE(€98B)9sSFF (698) FLwl n34

(o} FLW1l n35
o FLW1 n36
IF(SRFLAG) WwRITE(6910000) YTy

10000 FORMAT (4aH AN ENTRY KAS BEEN MADF IN SUBROUTINE FLOWY ) saosdane
KsKN tooetane
EXS(GAM(2¢K) =]l ,) /GAM(ZyN) FLwl 037

(o COMPUTE ISENTROPIC STATOR TEMpFRATUKE RATIO FLW]l n3R
7 PHI1(14K)=PTOPSL (lex)®eEX FLwl n39

c TEST FOR LUSS COEFFICIENT INPuY FLW]1 n4o0
IF (OMEGAS(141))29201 FLW] né&l

1 CALL LOSS) (1sK4EX) FLwl n4?2

1-15
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2 TSIUIoK)ETTO(LoRKIR (1, ~ETAS(Tex)®(1a=)/PHI1(1sK))) FLW1 n&3
IF(I=1P)b6,s340 FLwl n4s

3 IF(GAMF) 44445 FLW1 n4S

4 TAI(K)=o5’(TT0(l'K)0T§1(I’K)) FLW] naé
CALL GAMMA(PTO(IPsK) ¢ TAL(K) 4FAIR WAIR4GAM(2,4K)) FLW1 n&?

S EXB(GAM(24K)=]1l,0)/GAM(24K) FLW1l n48
FXIzle/ER FLW] 049

C CRITICAL PRESSURE RATIO FLW1 050
CALL PHIM(EXIsETAS(I oK) oPHIIC(K) PTPSIC(K)) FLW1 nS1
CPL(K) =RV (2.K)®EX]I/AY PRUREHHR

C EXIT VELOCITY FLwl nS3
6 VI(IeK)ISSQRT (2. *G*AJSCPLI (KIS (TTO(TI9K)=TSI1(1,K)})) FLW1 nSé

C EXIT PRESSURE FLW1 nSS
PS1(1sk)=PTO(L4K)/PTOFS] (1eKk) FLW1 nS6

C eXIT UENSITY FLwl nS7
RHOSL1 (I 4K)=144,%PSL1(ToK) /(RV(29K)yaTS1(14K)) *ponhonn

C TEST CRITICAL PRESSURE RaATIO FLW1 n59
IF(PTORPSLI(T+K)=PTPSIC(K))15, AR FLWY n6&O

C GREATER THAN CRITICAL FLwl n6l
8 IF (IP=]) 2199421 FLWl nh2

9 IF (PRPC)Y10610422 FLWl nk3

C PREVIUUS PITCH NONCRITICAL FLW1 né4
10 PRPC=1, FLWY1 né6S
PTIOPSI(IsKIZPTPSICIK)I*(]1,+PRTOL) FLWl 066

GO TO 7 FLW]l n67

21 IF (PTOPS1(1+K)LESPTOPSTI(IPWK))Y GO TC 22 FLW] n6R

GO TO 1?2 FLWl n&9

22 IF ((1.EWa1)eORG(ISEGeISECT)) SerIT=1. FLwl 070

GO TO 11 FLwl a7l

C PITCH OR QUTHOARD SECTOR FLwl n72
11 CONTINUE FiLwl n73
VIC(T1eK)ISSQRT (2, #GRAYRCRI(K)STTO(Tok) #ETAS(I4K)# (PHIIC(K) FLwl n74
l=le)/PHILICIK)) FLwl n75
TSIC(Lek)IZTTO(T oK) #(Je=bTAS(TeK)e(le=1/PHIIC(K))) FLWl n76
RHOSIC (1 oK) =144 .,8#PTO(ler)/( PTPGICI(K)RTSIC(TsK)#RV (29K)) I ryss

WGIC (I sR)RHOSICITIoKIMVIC(I4K)RANNL (] o KIHCSALF1 (]eK) FLwl n7R
WGI(1eK)=2WGIC(TeK) FLW1 n79

13 CSALLIE (ToK)2wGl (I oK)/ (RHOSL ([ oK) av]1(leK)I®ANNY (1eK)) FLwl nRO

C EFFECTIVE STATOR EXIT ANGLE FLwl nH1
14 ALFIE(ToR)=ATAN2(SQRT (] 4=CSALIE(TR)®CSALLIE(TsK) )y FLW] nR?
1CSALIE (W) FLwl nR3

GO TO 16 FLwl nR4

12 1F ¢ PRPC=1a)19915024 FLwl nRS

26 WOYILIsKIBSFF (1) #PTOLT oK) /SQRTITTO(LK)) FLwl nRA

GO 10 13 FLwl nAR7

o PRESSURF HATIO LESS THAN CRITreaL OW SUPERSONIC FLOW DECREASE FLWl nRH
15 WOY (T oR)=RHUSI(ToKIUVL([oR)#ANNT (Tok)#CSALF] (T oK) FLwl nR9

=16
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CSALIE(IsxK)uCSALF1 (1K) FLW]l 090
ALFlE(TsK)mALF) (] oK) FLWl 091
SFF(1sK)BWGY (1yK)®SQRY(TTO(1+K))/PTO(]IK) FLW]l n92
16 VUl (1sK)BV)(1oK)@SIN(ALFLIE(TsK)) FLW]1 n93
DPDR1(1+K})®,01388889¢HHOS] (TeXK)®VUL (1K) ®VU]L (14K)/ Senasaen
1(G*DP1 (1K) FLW1 095
VZ1(Isi)mVIC(ToK)SCSALLE(T9K) FLW1 096
IF(I.LT.ISECT) GO TO 17 FLW1 n97
1IF(PRPC.EQs1e) PRPCE2. FLW1 098
17 CALL CHECK(J) FLW1 099
GO TO (19920)9J FLwl 100
19 CALL DIAGT(2) FLWl 101
20 IF(SRFLAG) WRITE(6020000) senaspen
20000 FORMAT (4SH AN EXIT HAS BEEN MADE FROM SUBROUTINE FLOW] ) tansbane
RETURN rYYYIIryx;
END FLW1 103
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SUBROUTINE LOSS1(IeK,EX) LOS1 ool
CLOSS) LOS1 no02
C LOSY nO03
(of CALCULATE EFFICIENCY LOSY 004
C LOS1 n0S

REAL MFSTOP LOS1 006

LOGICAL PREVERSRFLAG SRBoBaRe

COMMON  SRFLAG Sasntane

COMMON /SNTCP/GrAJePRFCoICASE PRFEVERIMFSTOP, JUMP L OPINsISCASE LOSY onoO8

TKNoGAMF ¢ [P ¢SCRIT4PTRNSISECT ¢KSTG,wTOL 4 RHOTOL +PRTOL s TRLOOP+LLSTG, LGS1 n09
2LBRCIRRC s 1CHOKE « ISORMyCHOKE sPTOPSL1 (648) ¢PTRS2(698) ¢y TRDIAGYSCoRCs LOS1 010
ADELPRIPASSeIPCyLOPCHISS LOS1 nll
(o LOS1 nl2

COMMON /SINIT/HL(6+8)2H2(698) 0P (6+8)9DP1(6e8) DPLA(6+8) sDP2(6+8)LOST n13

100P2A(As8) s CSALF1(60R) yALF1(6+8) ,CSHETZ(6+8) +BET2(648) yRADSD(648)1L0S1 nlé

2RADFRD(698) s ANN]1 (69B) s ANN2(6,8) v ANNZA(R98) s ANNIA(64,8)9ULA(698) s LOS1 nlS
FU2(EsB) s ANNN(69B) sPTO(6eB) o TTO(HR) JALPHAO(698) +PTP (648) LOS1 nlé6
C LOS1 nl7

COMMON /SINPUT/ RSLeTSLsPSL+GAMS) , Sanutane

1PTPSPTINGTTINGWAIRGFATRGOELCOWUELLYDELAVAACSyVCTDISTGSECT+EXPN, LOS1 019

2EXPPIEXPRE,  RPMIPAF+SLTI+STGCHIFNDJORINAME (10) o TITLE(10) yPCNH(6) 9o 0senune

ARV (E+18) 9GAM(698) +DR(608) sDT (648) RWG(698) yALPHAS (698) 1ALPHAL (6,R) s #adnspae

AETAHS(bca)oETAS(boB)-@FS(boe)oANnO(boe)oBETA1(6o8)oBETA2(608)'ETARLOSI n2z2

CER(6¢8) yETAR(698) sCFR(€E4B) s TFR(6+A) s ANDOR(698) yOMEGAS (698) ¢ASO(6,8)L0OS1 23
€9ASMPO(69R) yACMNO(69¢R) 9A1(6+8) sAD(648)9A3(698)1AG(698)91A5(6+8) A6(LOS]1 n24

7698) yOMEGAR (698) +BS1A(6+8) yBSMPIA(6+8) sBCMNIA(6+8) 9B)1(698)9B2(6+48)LOS1 025

ReBI(AsR) NG (698) 9BS(698) yB6E(648) (SESTHI(8) yRERTHI (8) LOS1 n26
C LOS1 n27

REAL MO LOS] n?28

COMMON /SSTAQL/CPO(B) PS0(6+8) 4V0(698) e TSA(692L0SY 029

18) s VUO(H69R) ¢VZ0(698) s MHOSO(6+R) +0SL1(648) s WGT1(8) 9 TAL(B) WGl (698)y LOS1 n30

2 CPDR1(648)sSI(648)9 CP1L(B)¢sPHI1(648)47S1(648)9V1(6,8)L0S] n31

AyRHOS1(698) sALFIE(6¢8) 9sVUL (698) 29vZ1(6+8) sMO(698) s WGTO(8) yWG0(6,8) #utadase
c LOS1 033
c LOS]1 n34é

1F (SKRFLAG) WRITE(64+10000) *onabaow
10000 FORMAT (44K AN ENTRY WAS BEEN MADF IN SUBROUTINE LOSS) ) LA LA AL A

EXPAN=E0,0 LOSl n3S

EXPP=0,0 LOS1 n36

ETARS(I+XK)=1,0 LOS1 n37

SI(leK)BALPHAD (oK)= RADSO (1K) LOS1 n38

IF(ST(1eK))ISe1,42 LOS1 n39

1 WO1=OMEGAS(14K) LOS1 n4o0

GO 10 9 LOS1 nesl

2 AS=al(l.K) LOS1 na2
AC=A2 ([ oK) LOS1 043
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Listing of Code (continued)
AQmA3(]4K) LOS1 nae
IF(ASMPO(TeK)=STI([oK))3040es LOSY naS
3 WMNSEST (I ,K)/ASMPQ(]4K) LOS1 naé
AR=ASMPO (1+K) /ASO (1K) LOS1 047
G0 70 8 LOS]1 one8
& WMWSSE),0 LOSY nao
ARaST(14K)/7AS0(]eK) LOS1 050
GO 70 8 LOS1 oS5l
S ASsA4(].K) LOS1 nS2
ACEAS (1K) LOS1 nS53
AQmAB (] 4K) LOS1 nSe
IF(SI(IoK)=ACMNO (T oK) )6sa oo LOS1 0SS
6 WMNSEST (J4K)/ACMNO (] oK) X LOS1 056
AR®ACMNO (] oK) Z7ASO (] 4K) LOS1 nS7
8 WOls(l.,*AR®AR® (ASCeAR® (ACCAR®AQ)))#WMWSH*OMEGAS (I ,K) LOSl n%s8
9 ETAS{] oK) m(1e=(le/ (PTOPSI(I¢K)®(1,=w0])ew01))*®EX)*PHIL(]I4K)/ LOS1 nS9
1(PHIY (oK) =1,) LOS] 060
CALL CHECK(J) LOS1 nAl
IF(SRFLAG) WRITE (6920000) SRNBBRBE
20000 FORMAT (45H AN EXIT HAS BEEN MADE FROM SUBROUTINE LOSS] ) LA AR AL 2 A
RETURN LOS1 né62
END LOS1 né63
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SUBROUTINE R(PoToeFowsRX) R 001
CR R noe2
c CALCULATE GAS CONSTANI ] 003
WRITE (69100) snsnsgee

100 FORMAT (//120H SUBROUIINE R HAs BEEN CALLED UPON 00800000 000RCRRRRNNLRY
L T T L P Y Y Y Y P Y Y Y Y T YT Y YT YT YYYYYYYY YRR YY T LT LY T Y Y ¥

2%%e//) P00asane
RX253435065¢(+658%F+32,433%)/(1,¢FeVw) R 004
RETURN R 005
END R 006
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SUBRKOUTINE GAMMA(PsToF ¢weGAaNMX) GaMA 001
CGAMMA GAMA 002
c GAMA 003
c CALCULATE SPECIFIC HEAT RATIO FOR MIXTURE GAMA 006

WRITE (69100) tanadane

100 FORMAY (//120H SUBROUTINE GAMMA wAS BEEN CALLED UPON eassesacnpedtenpevone
LA AL T T TR Y T Y P YT PP Y e Y R T Y Y P R Y YRR TR YT T Y Ry ey

29¥y//) baontans
CALL CPA(PsToFowoCPAX) GAMA n0S
IF(F)2+20]) GAMA n0é6

1 CALL CPF(PoToFoeweCPFX) GAMA nO7
2 IF(w)be493 GAMA no08
3 CALL CPWw(PsToFoweCPwx) GAMA n09
4 CPGAS (CPAXeFRCPFXOWOCFWX) /(] ,¢F o) GAMA 010
CALL H{(PoTeFonweRX) GAMA nll
GAMX=CPGX/ (CPLUX=RX/TT8,161) GAMA n12
RETURN GAMA n13
END GAMA nlé
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SUBROUTINE cPA(PsToFenyCPAX) CPA o001
cCPa CPA n02
c CALCULATE SPECIFIC HWEAT RATIO FOR AlK cPA no03

DIMENSION CPA 004

IXT(T)eA(T) CPa n0sS

WRITE (6s9100) sroaspne

100 FORMAT (//120H SUBROUTINE CPA HAG BEEN CALLED UPON etsssasesttssetsensdans
R T T R T Ty e Y T L T R Y R R X R A A A LA L L Ll g

2a%y//) soootanh
IF(T=100e)14202 CPA 006

1 TX=100. ’ CPA noO7
60 10 5 CPA noOS8

2 IF(6600e=T) 30404 CPA 009
3 TXE6400,. cPA nloO
GO TO 5§ cPA  nll

4 TX=T CPA n12.
S XT(1)=TX/1000. CPA nl13
PO 6 12247 CPA nl4

6 XT(I)axT(I=1)®XT (1) CPA n1S
CPAX=2,426490TE~01"2.,6657395E=02uXT(1)464,661T7TS56E=024XT(2) CPA nl6
1=1¢3566542E=028XT(3) =t 4500931E~na®XT(4)+1,0303393E~03¢ CPA 17
2XT(5)=1,7159795E=040X1(6)+9,16279]11E=064XT(7) cPA 018
RETURN ‘ cPa 019
END cPA 020
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SUBROUTINE CPF (PyToF gnyCPFX) CPF 00l

CCPF CPF 002
o CALCULATE SPECIFIC HEAT RATIO FOR FUEL CPF 003
DIMENSION CPF n0a
IXTUT)sA(T) CPF  n0S
WRITE (69100) AL A ALY A

100 FORMAT (//120H SUBROUTVINE CPF HAg BEEN CALLED UPON wesasssdacasncassastane
lQQ#“QOQOQ{QQQOQ.Ql'ﬂ..'ﬂ.“ﬁ.’h“ﬂ....'b.G.Q.ﬁ..".C...Q...'.G0.0Q..QQOOOOQﬂ

2#&,//) [ XXX XY X )
IF(T=400e)19292 CPF 006

1 TX=400,. CPF  n07
GO TO 5 CPF noOR

2 IF(3000.=T) 394494 CPF no09
3 TXx=3000. CPF nl0
GO 7O S CPF 01l

4 TX=T CPF nl2
§ XT(1)=TX/1000. CPF  n13
DO € 1=2+7 CPF nlé4

6 XT{I)=XxT(I=1)%XT (1) CPF 015
CPFX=2] 4062524 3F=01¢9,5291284E~-014XT(1)=742605169E-014XT(2) CPF n16
12464814 06E=010XT(3)+5,3332162E=02%XT(4)=6,4h99R14E=02*XT(5) CPF n17
24176495596 7E=02#XT(6) =l 6029820E=n3%xT(7) CPF n18
RETURN CPF  n19
END CPF n20
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SUBRKOUTINE CPW(P¢ToF onoCPWX) , cPw a0l
CCPw CPw n02
c CALCULATE SPECIFIC HEAT FOR wATEn VvaPOR CPw n03
DIMENSTON CPW n0é
IXT(T)eA(T) CPWw n0S
WRITE (69100) soandnen

100 FORMAT (/71201 SUBROUTINE CPw HAG UEEN CALLED UPON #8sstaestssssnsdsosntans
l...O.G.Q'Q....O............QQ..QQQ....Q.Q.'Q.Q..Q.0.'....0......0..90.06..

2.0.//) XYL XYY
IF(T=6400s))0e292 CPW noéb6

1 TX=400, CPw n07
GO 10 s CPw n0OB

2 IF(3000e=T) 300,44 CPWw 009
3 TX=3000. CPW 010
GO YO0 5 CPw nld

4 TXaT CPw nl2
S XT()1)=STX/1000 cCPWw  nl13
NO 6 I=2+7 CPW nl4

6 XT(I)=sXT(I=1)®*xT(1) cCPW 015
CPWX=4.,5778850E=~01+9,7007556E=020xT(1)+]1.6536409E=01 CPwWw nlé6
19XT(2)=4¢113B066E~024AT(3)=2,6970875L=~02#XT (4)¢2.2619243E~02 CPw 017
PRXT(S)=6e2TN620TE=039AT (6) ¢6.2244T10E=04®XT(T7) CPw n1l8
RETURN CPw 019
END CPW n?20
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SUBROUTINE PRATIO(TFFeGAMRRXPTPSePRTOL)

CALCULATE PRESSURE RAI]O
LOGICAL PREVER.SRFLAG
COMMON  SRFLAOG

1F (SRFLAL)
FORVMAT (44H AN ENTRY MAS BEEN MADF IN SUBROUTINE PRATIO)

wRITE(6910000)

ARGAMA/ (GAMX=],)

RE2,.,/GAMX

C=(GAMX+],)/GAMX

D=TFF@SURT (RX/ (64.3481%4))

PCRITE ((GAMXe]l,)/20) 00

PUP=PCRIT
PLOwW=] .0
PTRMO=(,0

PTRa (PUP+PLOW) /2.

DELFMESORT (147 (PTR®#R) =],/ (PTR®®¢) ) =D

IF(CELFM) 24343

PLOw=P TR
GO 10 4
PUPEPTR

PREs (PTR=-PTRMO) /PTR
IF {(ABS(PRE)=PRTOL)I6+645

PTRMO=BP TR
GO Y0 1

IF(PCRIT=PTR) T480e8

PTPS=PCRIT

GO T0 9
PTPSaPTK
CONT INUE

IF (SRFLAG)

CPRATIO
C
10000
1
2
3
4
)
6
7
8
9
20000

FORMAT (4SH AN EXIT HAS HEEN MADE FROM SUBROUTINE PRATIO)

RETURN
END

wRITE (6+20000)
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PRIO no0l
PRIO no2

PRIO n03
[ XYY XY 2]

(XY XX XY X ]
S000% 000
[T XX XY X ]
PRIO n0n4
PRIO n0S
PRIO no6
PRIO n0OT
PRTIO n0R
PRIO n09
PRIO nloO
PRIO nll
PRIO nl2
PRIO n13
PRIO nle
PRIO nl15
PRIO nlé6
PRIO n17
PRIO nlA
PRIO n19
PRIO n20
PRIO a2l
PR10 n?22
PRIO n23
PRIO n24
PR1O n?S

PRIO n26
[ XXX X XY X

[ XXX XY X ]
PRIO n27
PRIO n2H
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SUBROUTINE CHECK ()

SURROUTINE TO CHECK SENSE LIGHTSs

COMMON /SNTCP/GesAJyPRFC,ICASE PREVERMFSTOP , JUMP ,LOPIN, ISCASE
IKNgGAMF 4 IP ¢ SCRITSPTRN S ISECT oKSTG wTUL 4HHOTOL sPRTOL s TRLOOP,LSTG,
2LHBRCy IRHC o 1rHUKE s ISNRH yCHOKE ¢PTOPSL (648) ¢PTRS2(648) ¢y TRDIAGYSCHRC

VER,SRFLAG

IPC4LOPCISS

CCHECK

c

c
REAL MFSTOP
LOGICAL PRE
COMMON  SRFLAG
IDELPRyPASS,

c

10000 FORMAT (44n AN ENTRY KWAS REEN MADF IN SUHROUTINE CHECK

20000

IF(SRFLAG)

NO I Izlee
CALL SLITeT
GO TO (2+1)
CONT INUE
J=2
1F(SRFLAG)
RETURN

J=l

wRITE(6+10000)

(1vJ)
oJ

wRITE(6420000)

PREVENR=, TRUF

IF (SRFLAOG)

FORMAT (45H AN EXIT HAS HEEN MADE FROM SUHROUTINE CHECK )

RFTUKN
END

wRlITE (6020000)
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CHCK
CHCKX
CHCK
CHCK
CHCK

nonl
no2
0073
nos
nosS

[ 22X 22X )
[ZX XX XX 2]

CHCK
CHCK
CHCK
CHEX
CHCK

nov
nos8
no9
nlo
nll

NEGRNSEN
(XXX 22X}

CHCK
CHCK
CHCK
CHCK
CHCK

ni2
nl3
nle
n1s
nlé6

[ XX 22X X

CHCK
CHCK
CHCK

n17
niK
n19

[ 2 XX X XY X
[ Z X2 22X X

CHCK
CHCK

n2o
n2}



Astronuclear

Laboratory
Listing of Code (continued)

SUBROUTINE STA1lA ST1A nol
CSTAlA ST1A no02
c ST1A no03

REAL MFSTOP ST1A noé4

LOGICAL PREVER,SRFLAG BataNpne

COMMON SRFLAG [YYY T YY)

COMMON /SNTCP/GesAJyPRFCs JCASE «PRFVERIMFSTOP y JUMP oL OPINs ISCASE ST1A noé6

1KNoGAMF s IP 4 SCRITsPTRNeISECT oKSTG wTOLyRHOTOL 9sPRTOL 9 TRLOOP 4L STG, baondane
2LRRCYIBRCICHOKE ¢ ISORK s CHOKE +PTOPS1 (6+8) yPTRS2(6¢8) yTRDIAGISCIRCe ST1A n08
ADELPRePASSs IPCoLOPCo 1SS ST1A n0%

C ST1A onloO
COMMON /SINIT/HI(6+B)9H2(69R) ¢DPn(6e8)9s0P1(698)¢DP1A(698) sDP2(6,8)ST1A nll
1eDP2A(6+8) o CSALF 1 (648) o ALF1(648),CSBET2(6+8)+BET2(648) 9RADSD(6,8)9ST1A nl?2
2RADRD (6 +8) 9 ANNL1 (698) 9 ANN2 (648) ¢ ANNZA(698) 9ANNLA(648) yULA(6+8) ST1A nl3
AU2(E9B) s ANNO(69B) sPTO(648B) 9 TTN(6,8) yALPHAD(648) +PTP (648) ST1A nlé

C ST1A nlS
COMMON /SINPUT/ RSLeTSLIPSL+GAMS) LA A A AL A A
IPTPSoPTINGTTINGWAIRFAIRGOELCDELLYDELAJAACS VCTDySTGISECTIEXPN, ST1A nl17
2EXPP JEXPRE o RPMePAF oSLIsSTGCHeFNDOJOBINAME (10) o TITLE(10) yPCNH () s #oetSuun
FRVI(EIB) 1GAM(698) ¢DR(£98) sDT(6¢8) JRWG(H98) 9ALPHAS (698) 9ALPHAL (64R) s Rt ans
6ETA“S(608)OETAS(S'B)OSFS(GOS)oANDO(GQH)QBETAI(6'8)OBETAZ(GOS)OETARSTIA n20
SR(698) 4y TAR(698) +sCFR(E4B) s TFR(H64R) sANDCR (6+8) s+OMEGAS(6+8) 1AS0(6,8)ST1A n21
69ASMPO(A98) s ACMNO(698) 1AL (6¢8B) 942 (69B)91A3(6+98) 244 (6+8)9AS(648),A6(ST1A nP2
7698) sOMFEGAR(698) +BSIA(698) yRSMPIA(648) sBCMNTIA(648)9B1(698)yB2(648)ST1A n23
AeB3I3(69B)IBL(69IB) +BS{698) ¢B6E(648) ,SESTHI(B) +RERTHI (8) ST1A n24

C ST1A n?2S

REAL MO ST1A n26

COMMON /SSTAQLl/CPO(8) PSO(69R) ¢VO(698)9TSO(69S5T1A n27

1R) s VUO(6+8) s VZ0(698) shHOSO(6+sR) oPSL1(698) 9WGT1(8) 9TAL(B) WGl (698)s ST1A n28

2 CPDR1(6+8)9S1(648)s CPL1(B)sPHI1(648)4TS1(6+8)9V1(6,8)ST1A n29
FeRHOS1(698) sALFLE(6¢8) s VUL (69R) syZ1(6¢8)9MO(698) ¢yWGTO(B) sWG0(6,R) Wonattpse

REAL MR1A ST1A n3l

COMMON /SSTALA/VULIA (698} ¢WwG1A(6sR) ewOT1A(B) 4VZ1A(648)y CP1A(B), ST1A n32

1PS1A(6s8) ¢RULA(6sB) ¢yR1IA(61B) sRETIA(E9R) sRI(698) s TTRIA(698)sPTRIA(6STIA n33

29B)sMR1A(69B)9TS1A(HeE) LA AL LA
C DETERMINE FLOW CONLUITIONS RELATIVE TO ROTORs FIND INCIDENCE ST1A n35%
C ANGLE RECOVERY ROTOR INLET STATIONSe OBTAIN GAS PROPERTIES, ST1A n36
c ABSOLUTE TANGENTIAL COMPONENT VELOCITY ADJUSTED FOR DIAMETER ST1A n37
C CHANGE TO CONSERVE ANGUL AR MAMENTUM, AXTAL COMPONENT ST1A n38
C VELOCITY ADJUSTED FOR WEIGHT FLOW, AREAyy AND DENSITY CHANGE ST1A n39
c FROM STA 1. ST1A n4l
c ST1A né4l
c ST1A n4?2

IF (SRFLAG) WRITE(6+10000) TYYL Y S
10000 FORMAT (44H AN ENTRY KAS BEEN MADF IN SUHBROUTINE STAlA ) #onadans

K=KN LT Y 2
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1=1F ST1A né3

10==1 ST1A néé
TS1A{I¢K)=TS1 (oK) ssandaae

(o RATIO OF FLOw CHANCGE ST1A nab
WRZRWG (39K) /JRWG(24K) STIA na7

C TOTAL STATION FLOW ST1A n48
WGTI1A(K)=WR*wGT] (K) ST1A n49

o ADJUST TANGENTIAL VELOCITY ST1A nS0O
13 VUIA(T+K)=VUL(TeK)I®DPL(I oK) /DPLA(]K) ST1A nS1

c ADJUST FLOW ST1A nS52
WGlA(1eK)=WRWG]) (1 4K) ST1A 053
RHOSTR=RHOS1 (1K) ST1A n5é
ADJUST AXIAL VELOCITY ST1A nSS

1 VZIA(T oK) =2WROVZLI (T oK) ®ANNL (T9K) *RHOSY (19K)/ (ANNYA (IsK) ST1A nS6
1%RHQSTR) ST1A nS7

via =SQRT(VULA (T oK) SVULIA(T oK)« VZIACT oK) ®VZ1A (LK) ) ST1A n58
IF(1=1P)2¢3¢2 ST1A nS9

2 EX=(GAM(34K)el,) /GAM(IsK) ST1A n60
ExI=1le/€Ex ST1A n6l

GO T0 ¢4 ST1A né62

3 IF(GAMF) 1241292 ST1A n&3

12 TAla z SR (TTO(IwK)e1S1ALIWK)) tenatpae
CALL GAMMA(PTO(I+K)eTALlA FAIR,WATR,GAM(3 X)) ST1A né6S
EX=(GAM(34K)=1,)/GAM (I 9K) ST1A n6é
EXI=)o/EX ST1A née7

4 CP1A(K)aRV(34K)%EX]/AV toesndans
DELTS=(V1(lek)®V1I(IeK)=V]A »y 1A Y/ (2,%G*A*CPLlA(K)) ST1A nk9
TS1A(T4K)=TS1(TeK)¢DELTS tenatpes
PS1A(I+K)=PS1(ToeK)I®(1e+DELTS/TS1(19K))*2EX] ST1A n71
RHOS1A 2144¢7PS1A(I oK) Z/(RVI3K)®TSLA(IsK)) sanathgen

C CENSITY FRROR ST1A n73
RNOE = (RHOS1A «RHOSTR) /RHOS1A ST1A n7s

IF (ABS(RHOE)=RHOTOL)€E¢6+5 ST1A n7S

5 RHOSTR=RHOS1A ST1A n76

60 T0 1 ST14 a77

6 RUIA(TIK)=VULA(IsK)=ULA(T 1K) ST1A n78
RIACIIK)I=SART (RUTA(T oM )#RULIA(19KyYy¢VZIA(I oK)} ®VZIA(T9K)) ST1A n79
SBET1A =RULA(]eK)/RIA(T4K) ST1A nRO
BET1IA(I+K)=ATAN2(SBETIA +SQART (1. =SBET1A *SBETI1A )) ST1A a8l

IF (OMEGAR ({1 eK))Be8s7 ST1A n82

7 ETARR(I4K) =1, ST1A 083
EXPRE=0.0 ST1A nBé

8 MRIA(I4K)=R1A{T oK) /SGHT (GAM(34K)8G*RV (I9yK)®TS1A(I4K)) tanebaas
TRTS14A 2]+ (GAM(IIK)=14) ®MRIA(LsK)RMRIA(TI¢K) /2 ST1A n8é6
IF(TRTS1A,GT.1,) GO TU 32 ST1A n87
PREVER = ,TRUE, ST1A n88

GO Y0 17 ST1A nA9
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32

9

10
1l

14

15

16

17
18
20000

TTRIA(TI «K)=TS1A(IsK)®IRTS]A

RI(IsK)=HBET1A(I+K)=RACRD (1K)
IF(RI(I oK) eGTe1e57079€) RI(I4K)=7,570796
IF(RICT oK) oL Tew1aST0796) RI(14K)z =1e8570796

IF(RI(TWK))IF99410
EXPR=EXPN

GO T0 11

EXPR=EXPP

PRPS1A 3(l.*(TRTSIA
1EXPR))oeEX]
PTRIA(I+K)=PS1A(leK)®FRPS1A
IF (ISECT=1)14416914
I=1+10

IF (1115415413

1D0=1

I1=1F+1ID

GO 70O 13

CONTINUE

CALL CHECK (J)

GG TO (17+18)ey4

CALL D1AGT(3)

IF (SRFLAG) WRITE(6+20000)

=1e)#ETARR(IsK)# (COS(RI(I9K)) 0o

FORMAT (45H AN EX1T HAS BEEN MADE FROM SUBROUTINE STAYA )

RETULRN
END
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Listing of Code (continued)

CSTA2

10000

SUBKOUTINE STA2 ST2 a0l

ST2 n0n2
SATISFY CONTINUITY OF FLOW AT ROTOR EXIT ST2 003

ST2 0n0s
REAL MFSTOP ST2 n0S
LOGICAL PREVER,SRFLAG Saoatgew
COMMON SRFLAG YYIIrY
COMMON /SNTCP/GeAJyPRFCy1CASE JPRFVERIMFSTOP , JUMP 4 LOPINy ISCASE ST2 n07

IKNsGAMF s IP s SCRIToPTRN ¢ ISECToeKSTG,WIOL ¢ KHOTOL «PRTOL ¢ TRLOOP4LSTG, A S AL S A

2LBRC s [BRC, TCHOKE s ISORR 4 CHOKE «PTOPS1 (648) +PTRS2(6+8) s TRDIAGSCeRCe ST2 009
IDELPRYPASSs IPCLLOPCISS ST?2 olo
ST2 01l

COMMON /SINTIT/HL (698)9H2(648) 40PN (648)90P1(6e8B)OP1A(698)+DP2(64RIST? nl2

1oUP2A(648) o CSALF 1 (6¢B) sALF1(0¢8) CSHET2(648) +BET2(64R) 9yRADSD(648)9ST2 n13
ZRADRU (6481 s ANNT (698} ¢ ANN2 (64B) 9 ANNCA(H8) sANNLA(648) 4ULA(698) STe nls
3U2(6+8) ANNO(OsB) sPTO(H6sR) «TTO(6,R) ¢ALPHAD(6e8B) +PTP (6¢8) ST2 0l%
ST2 nlé6

COMMON /SINPUT/ RSLeTSLIPSLeGAMS) o Ssaabone

1PTPSsPTINGTTINGWAIRGFATIRZDELCDE| LeDELAJAACSVCTDsSTGeSECTHEXPN, ST2 nl8

2FEXPPJEXPRE RPMyPAF oSLI sSTUCHWFNDJORINAME (10) « TITLE(10) ¢yPCNH () 10 nogne
JRVIEsB) vGAM(63B) sDR(69B) sDT (698) yRWG (A 98) sALPHAS (698) s ALPHA] (64R) s#asabaee

aETAHS(boa).ETAS(ovB)oQFS(o.R)oANDO(ﬁoR).uETAl(6.8)-8ETA2(6.8).ETARST2 n21
SR{HIB) JETAR(OIR) sCFR(G1B) s TFR(640) s ANDCH (698) eOMEGAS (698) 9AS0(6,8)ST2 n22
E9gASMPO (HeB) dACMNO (698) sA) (6+8) 980 (64B) 1A3(6+8B) 1AL (698) 91AS(6+8) 4A6(ST2 n23
76+8) syOMFGAR(698) yBSIA(6¢B) ¢sRSMPIA(648) sHCMNIA(6+8)9B1(698)+82(6:8)ST2 n24
BeB3(69R) 1RG4 (698) 1BS(698) 4B6(648) SESTHI(B) +RERTHI(8) ST2 n2S
ST2 026

REAL MR1A ST2 o027

COMMON /SSTALA/VULA(G98) 4wGlA(6eR)IWGTLIA(B) 4y VZ1A(648)sy CPlA(B), ST2 n28

1PS1A8(648B) ¢RULIA(0e8) ¢RIA(698) yBET1A(698) sRI(6+8)sTTRIA(648) +PTRIA(6ST2 0n29
298) e MR1A(64R)ITS1A(BY) “oneRane
ST2 03l

COMMON /SSTA2/V2(69B)9TTR2(H+8) sPTH2(698) sWG2 (648) 9WGT2(B) s TA2(R)+ST2 n32

1 PS2(6e8) PFr[2(608) ST?2 033
ST2 034

REAL MRZ2yM2 WMF2 $T2 035

COMMON /SFLOW2/TS2{64E) sCP2(RB)*RP(6¢8B) sRHOS2(69R) +BET2E(648B) sRU2(6ST?2 nl6

148) s VU2 (648)910PURZ(64B) s VL2 (618) ¢MR2(648) sMF2(648) 9M2(648) ST2 037
ST2 n38

NIMENSION WGT2C(8) oFFA2(6¢8),152(8) ST2 039

ST2 040

ST2 04l

IF(SRFLAG) wRITE(6+410000) treadate

FORMAT {444 AN ENTRY HAS BEEN MADF IN SUBROUTINE STA2 ) snnadans

K=KN *nonOane

J=l ST2 042
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Listing of Code (continued)
SCRIT=0,0 ST2 n&d
PTRMO=], ST2 oné4é
1S2(K) =0 ST2 0n4S
EXIZGAM(34K) / (GAM (34K ) =] ,) ST2 46
WR=RWG (49K) /RWG (34K) ST2 047
DO 1 I=1y1SECT ST2 na8
TTR2(I4K)=TTRIA(I oK) ¢ (U2 (1 9K)#%2 o« ULA(LK)##2)/(2,2G*AJ*CPLA(K)) ST2 049
PTRZ(IyKI=PTRIA(T+K)®(TTR2(T1eK)/TTRIA(I9K))weEX] ST2 050
1 WG2(leK)3WR#WWGIA (I sK) ST2 nS1)
WGT2(K)=wR*wGT1A (K) $T2 nS52
I=]f ST2 nS3
10==1 ST2 nS4
WGT2C(K)=0, _ ST2 0SS
IF (ICHOKE) 2642643 ST2 %6
26 IF{LOPIN)27427,3 ST2 057
27 1F(GAMF)2420416 ST2 0S8
2 TA2(K)=,95#TTR2 (IPyK) ST? %9
CALL GAMMA(PTR2(1sK) ¢+ TAZ(K) ¢FAIR,WATIR4GAM(4,K)) ST2 060
16 FFAZ ([ oK)SWG2 (T oKI®SQGRT(TTR2(T 1K) )/ (1444*PTR2(I+K)®CSBET2(1eK) @ ST2 061
1ANNZ2 (1 4K)) ST?2 n62
CALL PRATIO(FFAZ2(1sK)sGAM(44K) sRY (49K)sPTRSZ2(I4K)+PRTOL) Ssantonn
3 CALL FLOw2(I) ST2 nés
1F (PREVER) GO TO 22 ST2 né6S
WOT2C(K)=WGT2C (K) ewG2 (I sK) ST2 né66
L=1 ST2 067
IF (PTRS2(I+K) 4LECPTRS2(IPsK)) L=1 ST2 n68
IF(ISECT=1)7+7494 $ST2 n69
4 I=1410 ST2 070
IF{1)Se5He6 ST2 0n71
S 10=) ST?2 n72
1=1P+ID ST2 n73
6 L=]-10 ST? n74
PS2 (1 oK) =PSP2 (LK) +FLOAT(ID)#DPDRp (Lo K} # (H2(T9K) +H2 (L oK) ST2 n75
1)/2. ST2 n76
PTRS2 (1K) =PTR2 (1K) /FS2 (1K) ST? n77
IF (PTRS2(IeK)=1,119,19¢3 $ST2 n78
19 PTRSZ2(14K) = 1,0 ¢ PRTOL S12 n79
GO 10 3 ST2 0AR0
7 IF(IS2(K))BsE99 S1T2 o8l
8 EXI=GAM(44K) / (GAM(49K)=1,) ST2 0nR2
CALL PHIM(EXTIETAR(L ¢%) +PHIXoPRCRIT) ST2 nR3
PRUP=PTR2 (IP oK) ¥#PRCRIIT#PS2 (L oK) /(PTR2(L1KI#PS2(IP4K)) ST2 nB4
19 (1, +PRTOL) ST2 RS
PRLOWS]. ST2 n86
60 TO 10 ST2 nA7
9 IS2(K)=IS2(K)*] ST?2 nB8A
10 L = IBRC + 1 ST2 nA9
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Listing of Code (continued)

11
12
13
29
31

30
14

17
24

28

23
15

18 WRITE(651000)K4PRUPsPHLOWIWE PRCRIToJoeWGT2(K) sWGT2C (K) 9 (WG2(L 9K)»

1000

1001
25

20
21

22
20000

IF (ICHOKE ,EQeL) PTRS2(IP,K) = PRYP
IF(wGT2(K)=wGT2C(K))1£415911
PRLOW= PTRS2(IPsK)

GO 10 13

PRUP= PTRS2(IP,4K)

1S2(K)=])
WES1e=WGT2(XK)/WGT2C(K)

JuJel

1F(JU=32)129+18914
IF(ICHOKE=L) 30¢31¢30

SCRIT= =~wE

GO 10 158

IF(LOPIN)144s14,1S

PRE=Z (PTRS? (1P sK)=PTRM() /PTRS2(IP,K)
1F (AHS(PREI=PRTOL)1T917.24
CONTINUE

IF (AHMS(WE)=wTOL)1591S¢23
PTRMOZPTRS2 (1P 4K)
WGT2C(K)=0,.0

I=IP

IDz=~]

IF (SCRIT)2R842R015
PTRS2(IPIK)I R, H® (PRLOW*PRUP)

IF (PTRS2(1PsK) JLEJPRCRIT) PRPre0,0

GO T0 3
SCRIT= 1.
1F (TRLOOP,EG.V.) GO TCL 25

1 L=1lsISECT)

WRITE(69100)1) {PTRS2(L'K)sL=)sISErT)
FORMAT (2X42HKZ] 4,
1F8eEs1Xs THPRCRIT2FBeS 12X ¢ 2H =14/
2PXe6H WGT2=F8e392X96HnGT2C=F8,3/
I2X9EéH  WG2=6F8,3)

FORMAT (2X 4 6FPTPS226F8e5)

CALL CHECK (J)

GO TO (20421)9J

CALL DIAGT (4)

G0 YO 22

CALL LOOP

IF (SRFLAG) WRITE(6+20000)

FORVAT (45H aN EXIT HaAS BEEN MADE FROM SUHBROUTINE STA2

RETURN
END
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ZX96R PRUPEFBe592X ¢ 6HPRLOWRFB8,5,2Xy6H

WE=

ST2 0990
St12 n9l
ST2 n92
ST2 093
ST2 094
ST2 0n9S
ST2 n96
ST2 097
ST2 098
ST2 099
ST2 100
ST2 101
sST2 102
ST2 103
ST2 104
ST2 105
ST2 106
st2 107
ST2 1108
stT2 109
St2 1110
ST?2 111
s1T2 1112
ST?2 113
ST2 114
ST2 115
ST2 116
ST2 1117
ST2 118
sTe2 119
St2 120
ST?2 1121
St2 122
ST2 123
ST12 124
S12 125
ST2 126
sY2 127
S12 128
SY2 129
SRt ans
[ 22X X X2 2
(YT Y1 X2 X ]
ST2 131
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SUBROQUTINE FLOwZ(I) FLw2 nol
CFLOW? FLw2 no02
o CALCULATE ROTOR EXIT SECTOR F(Ow FLW2 n03
c FLwW2 n0s

REAL MFSTOP FLW2 n0S

LOGICAL PREVER4SRFLAG 2nsarane

COMMON  SRFLAG tasntase

COMMON /SNTCP/GeAJePRPCyICASE «PREVERIMFSTOP 4 JUMP o LOPIN9 ISCASE FLw2 007
IKNyGAMF o [P 9 SCRITJPTRNSISECT oKSTGWTOL+KFOTOL¢PRTOL ¢ TRLOOP4LSTG, #onadace
ZLBRC o IBRC 3 ICHOKE ¢ ISORN s CHOKE sPTOPS]1 (648) oPTRS2(648) y TRDIAGySCeRCy FLW2 009

ADELPRIPASSHIPCILOPC,ISS FLw? nloO
c FLw?2 nll

COMFON /SINIT/H) (698) 9H2(64R) +DPA(648)9DP1(698)+DP1A(648)9DP2(6,8)F W2 012
190P24(698) 9 CSALF 1 (6+48) s ALF1(6+8) CSBETZ2(6+8) sBET2(648) +yRADSD(6,48) oFLW2 013

2RADRD (6+¢8) s ANN]Y (698) o ANN2(6,8) s ANN2A(698) sANNLA(698) yULA(6e8B) FLW2 nlé
FU2(EeB) s ANNO(6s8) sPTO(6+R) s TTO(6,R) +ALPHAO(6+8) +PTP (648} FLw2 nl5

(o FLW2 nl6
COMMON /SINPUT/ RSLeTSELsPSLsGAMSE o sapatoow

1PTPSoPTINGTTINGWAIRWFAIRWDELCUELL yDELAJAACSoVCTDsSTGeSECTHEXPN, FLW2 n1R
PEXPPIEXPRE RPMyPAF oSLIsSTGCHeFNDJORONAME (10) o TITLE(10) yPCNH(K) 9002t p0e
ARV(EsB) sGAM{E98) sDR(698B) +DT (6+8) RWNG(H98) s ALPHAS(698) 1 ALPHAL (6,8) v8aondane
4ETARS(698) +ETAS(6e8) 9CFS(6+8) s ANPO(69B) oBETAL (648) 9BETA2(698) +ETARFL W2 n21
SR(6+8) yE TAR(69R) ¢CFR(EyB) 9 TFR(6490) sANDCR(648) sOMEGAS (698) 1AS0(648)FLW2 n22
69ASMPO (ReR) s ACMNO (6eR) s A1 (648) 1AD(648B)9A3(698B) +sA4(64R)1AS(648B) yA6(F W2 1?23
7698) sOMEGAR(69R) ¢yBSTAL6+48) sRSMPTIA(64B) ¢sHCMNIA(648)9B1(648)+B2(648B)FLW2 n24

BeB3(69R) WHL(E698) ¢sBS(698) ¢B6E(6¢8) (SESTHI(B)yRERTHI (8) FLW2 025

Cc FLwW2 n26
COMMON /SSTA2/VE2(6eH)ITTR2(64R) +PTR2(698) sWG2(64B) ¢WGT2(8) 9 TA2(R) +FLW2 n27

1 PS2(698) 4sPF12(6sR) FLw2 n28

(o FLW2 n?29
REAL MRgyM? +MF 2 FLw2 n30
COMMON /SFLOWZ/TS2(64€)sCP2(8B)1H2(648) sRHOS2 (648) «BET2E(698) sRU2(6FLWZ n31
1¢8)eVUZ (64B) sDPUR2(698) ¢VZ2(648) 4MR2(69B) sMF2(648) ¢M2(698) FLw? n32

c FLw2 n33
DIMENSTIUN PLAS2C(H) ¢PFRIZC(H) sR2C(698) +TS2C(698) ¢+RHOSPC(648) ¢+ WGPC(6FLW2 n34
198)+CBFTZE(698)91AS2(698) ¢RFF (A4 B) FLw2 n35

C FLwW2 n36
(o FLwW2 n37
IF(SRFLAGY wWRITE(6910000) LA A AL A A

10000 FORMAT (44K AN ENTRY HAS BEEN MADF IN SULBROUTINE FLOW? ) LA AL AL L 4
K=KN #onpepno
EX=(GAM(44K)=1,) /GAM(4yK) FLw2 n38

C ISENTHROPIC RUOTOR RELATIVFE TEMpFRATURE RATIO FLw2 n39
10 PHIZ2(I4K)= PTRSZ (1K) ®®EX FLW2 n40

1F (CMEGAR(TsK)) 24291 FLW2 n4&l

1 CALL LOSS2(14.K) FLw2 n&42
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Listing of Code (continued)

c EXIT TEMPEHATURES
2 TS2(IsK)IZTTR2(T4K)I®* (1 e=ETAR(IsK)B()e=1e/PHI2(14K)))
1F(I=IP)164346
3 IF¢( GAMF) 49495
4 TA2(K) =98 (TTR2(1eK)e1S2(1eKk))
CALL GAMMA (PTR2(1eK) s TA2(K) +FAIR wAIR4GAM(4,K))
S EXI=0AM(4,4K) /7 (GAM(44K) =],)

EX=]le/ERXR]
(o CRITICAL PRESSURE hmATIO
CALL PHIM(EXISETAKR(I 48) oPHIPC(K) ,PL1AS2C(K))
C SPECIFIC mEAT AT CCNSTANT PRFSSUKE
6 CP2(K)= HVI(4yK)REX]/A.
o FELATIVE EXIT VELCCITY

R2(1eK)SSQRT(2.8GRAYBCP2 (KB (TYRD (1 4K)=TS2(1eK)))
c EX1T PRESSURE
PS2(lek)= PTR2(1sK)/ FTRSZ2(T4+K)

c EXIT OENSITY
RHOS2 (1 oK) =144 ,%PS2(TR) /(RV (49K @#TS2(1yK))
C TEST CRITICAL PRESSURE RATIO

IF( PTRSZ(14K)=PIAS2CIK))1Sy Te7
IF (IP=]) 278422
1F (PHPC)G4+Gy1R
PRPC=1.,
PTHS2 (1K) =P 1AS2CIKY® (] ,+PRTOL)
GO 710 0
22 IF (PTRSZ2(1eK) JLEPTRS2(IPWK)) GO T0 18
GO TO 13
18 IF ((1,EW,1) . 0R.(I.EGeISECT)) SrrlT=),
GO 70O 11
11 CONTINUE
RZC(IIK)IESQHRT (2, #GRAJRCP2 (K)#TTR2 (1 oK) RETAR (T oK) #(
1PHIZCIK)I=1,4)/PHIP2C(K))
TS2C (1 4R )=TTR2(14K) O (L, =ETAR (I 9Ky (1le=]l,/PHI2C(K)))
RHOS2CII 1K) =14409PTH2 (] oK)/ (RV {4 K)I®P1AS2CIK) #TS2C (I ,4K))
WG2C (1o R ) =RHCSPCIToKYRR2C (T yk) #ANN LI oK) #CSBET2 (] 4K)
12 WG2 (1 eK)=wG2C (] oK)
GO TO 14
13 1F( PRPC=14)15¢15424
26 WO2(I19sK)ISRFFI1sK)®PTRE (] oh) /SQRT(TIKZ(IsK))
GO 10 le
C CVEREXPANSIONv AFTER SUPERSONIC- FLUW LLECREASE
14 CRETRE(TsKIENOP (1K) /IRROS2(TeK)aRZ2 (LK) BANNZ (] 4K))
RETZE (oK) =ATANZH{SQHRT (] 4 =CHETPE(T4K)HCRET2E (T19K) ) yCRET2E (14K} )
GO 10 1le
16 WG2 (1 sK)IZRHOSZ2(TsK)PRe (T oR)HANNZ2 (1oR)#CSHET2 (1K)
CHET2E (1 oK) =CSHETZ{I4K)
RETFE(leK)z BETZ (1K)

O~
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Listing of Code (continued)
RFF(IoK)=wG2 (1 4R)*SQRT (TTR2(1.K))/PTR2(14K) FLW2 n90
16 RU2(I+sK)ZR2(IsK)SSIN(EET2E (T4K)) FLW2 n91
VU2 (1eK)SRU2 (] oK) =U2 (1K) FLw2 n92
DPOR2(TsK)= (RHOSZ2(IeK)®#VUR(19K)eVUR(IsK)/ (G*DP2(14K)))*,01388REF*4satune
VZ2{1sK)SR2 ([ sK)®CBETEE (1K) FLW2 n94
AS2(I1+K)SSQRT(GAM (4 oK) #GHRY (4,K)8TS2(19K)) spantans
V2(IeK)=SQRT(VZ2(LeK)MVZ2 (1K) +VII2 (1K) ®VU2(IsK)) FLwWZ2 n96
M2(TeK)IV2(T9K)/Z7AS2(]eK) FLw2 n97
MR2(TeK)=R2 (I 9K) /7AS2(}sK) FLw2 n98
MF2(T1eK)=MR2 (I 4K)#CBEI2E (1 4K) Fiw2 n99
IF(1.LTLISECT) GO YO 17 FLw2 100
IF(FRPC+EQel.) PRPCz2, FLw2 101
17 CALL CHECK(J) FLw2 102
GO TO (194€1)0y : FLw2 103
19 cALL DIAGT(4) . FLwW2 1064
21 IF(SRFLAG) WRITE(6+20000) Baoadant
20000 FORMAT (45H AN EXIT HAS BEEN MADE FROM SUBROUTINE FLOWZ ) LA AALL LAY
RETURN I YT}
END - FLWZ 106
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ng of Code (continued)

SUBROUTINE LOSS2(1sK) L0S2 nol
CLOSS?2 LOS2 n02
C CALCULATE ETA R FROM GUADRATIC PALYNMOANIAL LOS? a03
c LOS2 nos

REAL MFSTOP LOS2 n0S

LOGICAL PREVER,SRFLAG spnatace

COMMON  SRFLAG spastaen

COMMON /SNTCP/GoAJsPRFC,JCASE JPRFEVERIMFSTOP, JUMP . L OPIN, ISCASE, LOS2 no7

IKNgGAMF s [P o SCRIToPTRA 2 ISECT JKSTG WTOLJRHOTOL ¢PRTOL » TRLOOP,LSTG, L0S2 no8
2LBRC s IBRC, ICHOKE y ISORM s CHOKE 4PTOPS] (648) yPTRS2(6+8) ¢ TRDIAGsSCeRCe LOS2 n09
IDELFPRIPASSsIPCHLOPCH 1SS L0S2 nlo
c L0OS2 nll
COMMON /SINPUT/ RSLeTSLePSLGAMS , sanadane
IPTPSsPTINGTTINGWATRGFAIRJUELCoDE| LoNDELAVAACS VCTDSTGISECTIEXPN,y, LOS2 nl13
2EXPPLEXPRE,  RPMyPAF sSLI+STGCHsFNUJORINAME (10) o TITLE(10) yPCNH(6) s0naotane
ARVIESB) sGAM(698) +yDR(E98) sUT (698) JRWG(698) oALPHAS(6¢8) 1ALPHAL (64R) r#esstaoe
6ETAFS(608)OETAS(boﬁ)o@FS(boB)oANhO(bvﬂ)oﬂETAl(608)oBE’AZ(G'B)OET‘”LOSZ nys
ER(6+8) sETAR(698) +CFR(E4BIITFR(6sn) s ANDUR(69B) vOMEGAS(6+8) 9+AS0(6,8)L0S2 17
EeASMPO(OIR) ¢ ACMNO(698)9A1 (64B) 1A (6+8) 9A83(698)9A(64R)1AS5(6+8)4A6(L0S2 n18
T698) yOMEGAR{69R) yBSTA(6¢B) yASMPIA(6,8) +BCMNIA(6+8)¢B] (698) +B2(648)LOS2 n19

BeHI(HIB) IRG(698) 4BS5(698) 1BOE(648) ,SESTHI(8) +RERTHI (8) LOS2 na20
o L0S2 021

REAL MR1A LOS2 n22

COMMON /SSTALA/VULA(698) ¢WG1A(Gen) IWOT1A(B)4VZ1A(698B)s CPIA(BR)y LOS2 n23

1PS1A(648) yRULA(6+B) sRIA(698B) yHET1A(698) sRT(6+8) ¢« TTRIA(648) 9sPTRIA(6LOS2 n24

298} +MRIA(KRyA) o TSIA(HE) tanadane
(of L0S2 n?6

COMMON /SSTAZ/V2(6eB)sTTR2(6+R) sPTR2(698) +WG2(648) +WGT2(8) s TA2(R)L0OS?2 n27

1 PS2(648)sBF12(648) LOS2 n2R
(o} LOS? n29
¢ LOS2 n30

IF (SRFLAG) wRITE(6+10000) fountane
10000 FORMAT (44H AN ENTRY KAS BREEN MADF IN SUBROUTINE LOSS?2 ) sanutnen

ETARR(IsK)=1,0 L.0S2 n31

IF(RI(TeKYY4ols2 LOS2 n32

1 WlA2=0MEGAR(]IsK) L0OS2 n33

GO 1O 8 L.0S2 n3s

2 AS=R]1(1+K) L0S2 n35

AC=B2(1.K) LOS2 n36

AQ=R3 (1K) L0S2 n37

IF (RSMPIA(T4K)=RI(IsK))34646 L0S2 n38

3 WMWR=RTI (1 4K)/8SMPIA(]eK) LOS2 n39
AR=RSMPIA(I+K) 7BSIA(IIK) LOS? n4o
GO 10 7 LOS? n4l

4 AS=RG(].K) LOS2 n4?
AC=RS ([ 4K) LOS2 na&3
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Listing of Code (continued)
AQ=H6 (1K) LOS2 naé
IF(RI(IsK)=HCMNIA(LIK))IS,606 LOS2 na4S
S WMWh=RI(J4K)/BCMNIA(TWK) LOS2 n4b
ARsBRCMNIA (Y oK) /BSIA(IK) L0S2 n47
GO TO 7 LOS2 n48
6 WMWR=1.0 LOS2 049
ARsRI(1+K)/RSIA(TK) L0S2 nS0O
7 W1A2=2OMEGAR (1K) ®# (]l ,+ARBARG (AS+ARS (ACLAR®RAQ) ) ) *wMWR L0S2 nS1
8 EXz=(GAM(34K)=1,)/GAM(34K) LOS2 nS2
ETAR(I1oK)={le=(1e/ (PTRSZ2(1oK)# (]l ,=W]A2)+W1A2))##EX)MPHI2 (1K) / LOS2 nS3
1(PHIZ2 (1K) =1,) L0S2 n54
CALL CHECK(J) L0S2 nSS
IF (SRFLAG) wRITE(6+20000) tuaatuan
20000 FORMAT (45H AN EXIT HAS BEEN MADE FROM SUBROUTINE L0SS2 ) Sansdans
RETURN LOS2 nSé6
END L0S2 nS57

11-37



Astronuclear

cLocpP

OOOOO

c

C
10000

c

C

C
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C
2

C
3

C
4
Y

Laboratory

Listing of Code (continued)

SUBKROUTINE 1LOUP

FANDLES ALL LOGIC FOR ITFRATINMG

REAL MFSTOP
LOGICAL PREVER,SRFLAG
COMMON  SRFLAG

COMNON /SNTCP/GeAJsPRFCoICASE JPRFVERIMFSTOP 3 JUMP | LOPINy ISCASE
IKNGGAMF ¢ [P ¢ SCRIToPTRAYISECToKSTG,wTOL sHHOTOL +PRTOL s TRLOOP,(LSTG,
2LBRC s IRRC 4 TFrHOKE » ISORR g CHOKE o PTOPS1 (648) s PTRS2(69H) ¢ TRDIAGISCeRCo

ADELPRIPASSIPCHLOPCH 1SS

COMMON /SINPUT/ RSLeTSLIPSLGAMS,

IPTPSePTINTTINJwATRFALIR, UELC.UF{LODELAvAACboBLLOoSTGOSECTvEXPNo
RPMePAF sSLI«STGCHsFNDJORINAME (10) o TITLE(10) ¢+PCNH(6) s#0v00dans

2EXPF ¢EXPRE o

TU CBTAIN EXACT CHOKE POINT-
UNDERFLCwy, NO CHOKE INITIAL CHOKEs CHOKE ITERATION
SUBCRITICALs CHOKE TTERATION SUPERCRITICAL+MULTIPLE
CHUKE» CrOKE ITERATTON COMPLETE

LOOP
LOOP
LOOP
LOOP
LooP
LooP
LooOP
LOOP

nol
no2
no3l
noG
nosS
noé
nov
n08

L X2 X% 1 ]
LZX XX 2% 2]

LooP
LooP
LooP
LnoP
LOOP

nlo
nll
nl2
nl3
nlé

LA XX XX X -1 4

L0O0OP

nlé

IRV(EIE) 1GAM(A18) ¢sDR(E18) yUT(648) RWG (R 98) yALPHAS (648) 1 ALPHA] (6,R) 98 un0tane
RETAFS(hvh)'ETAS(EOB)OQFS(OOQ)oANhO(bOH)OHETAI(608)OBETAZ(GOQ)QETARLOGP
SR(6+8) st TAR(AIB) sCFR(Esb) s TFR(69n) s ANNDCH(69H) yOMEGAS(698) +ASO(648)LOOP
6eASMPO (698) 1ACMNO (698) gA1 (6sR) 9AD (69B) 1A3(698) 144 (69R) 9AS(648) 4A6(LOOP
T7698) sOMFGAR(69R) sBSTALE8) sRSMPIA(648) sHCMNIA(6+8) 9B (648) +R2(6,8)LOOP

EeBI(698) sR4(698) sB5(698) +B6(648) SESTHI(H) »RERTHI (8)

IF(SRFLAG) wRITE(6910000)

FORMAT (44 AN ENTRY KAS REEN MADF IN SUBROUTINE LOOP

IJ=R«KSTO
INCKEASE BLADE ROw COULNTER
IBRC=1BRC+1

TEST NEGATIVE SECTOR FRESSURE RATIOV

IF (PTRN)18+191

TEST CHOKE ITERATION (N RLADE ROw

IF (ICHOKE=TBRC) 39243
TEST INCREMENT TOLERANCE
IF (PRTOL=DELPR) 39344
TEST STATION FLOw CRIITICAL
IF (SCRIT)S«596

CHOKE ITERATION COMPLETE
ICHCKE=Q

1PC=IBRC

1SS=1BRC

ISORR=2¢ (TRRC/2) #2=[BKC
JL= (ISORK=1)#BeKN

IF (JL=1J)22+23:23
DELPREDELL

11-38

LOOP
LOOP

n19
n20
n21
n22
n23
n24

LA XX 2 22 2 ]
L2222 2. X 24

LooP
LooP
LooP
LOOP
LooP
LOoP
LOOP
LOOP
Loop
LOOP
LooP
LOOP
LooP
LOOP
LOOP
Loorp
LOOP
LOOP
Loor

n2s
n2é6
n27
nen
n2%
n30
n31
032
n33
n3s4
n3s%
n36
n37
n38
a39
n&o
nal
nae2
nal

n/


http://RPM.PAF.su

s NeXe el

Astronuclear

Laboratory
Listing of Code (continued)

24 LOPC=0 LOOP n&é
CHOKE=1, LOOP naS
LSTG=KN LOOP na6
LBRC=]BRC=1] LOOP nea?7
GO TO 18 LOOP nas8

23 DELPR=DELA LOOP na9%
GO T0 24 LOOP nS0

S IF (ICHOKE=IBRC) 1847418 LOOP nS1
TEST CHOKE ITERATION LOOP LOOP nS2

6 IF(1SS-IBRC)BY)H.18 LOOP nS3
CHOKE ITERATION LOOP nSé
ISORKR = 1 FOR STATOR LOOP nS&S

s 2 FCR ROTOR LOOP nSé6

7 DELPR=ENELPR/2. LOOP nS7
JLE(ISORR=1)#8B«STG LOOP n&8
PTOPSL(IPJL)IZPTOPSL(IPsJL) +DELPR LOOP n&9
GO T0 16 LOOP né6d
CHOKE HAS OCURRED LOOP n6l

8 IF(ICHOKE)BN80s13 LOOP ne62

80 JsS(]BRC=2# (KN=]1)=~]1)#g8*KN LOOP nk3

WRITE(6+801) IBRCoPTOPS1(IPsY) LOOP né6é

B0)] FORMAT (16X1DHBLADE ROw I3+8K CHOKED,4XSHPTPS=F10,.5) LOOP n6S
TEST SINGLE CALCULATICN POINT LOOP n6Ké6

9 IF (DELC)1Rs18,10 . LOOP né67
TEST PREVIOUS CHOKE LOOP nAk8

10 IF (IPC)11s11v12 LOOP nk9
SAVE COMBINATIONS PRICR FIRST CHNOKE LOOP a70

11 LBRCS=LRRC LOOP nTl
1SORRS=]SORR LOOP n72
JL=(ISOKK=1) 2B« STG LOOP n73
SPTFS=PTOPSY (IPy JL) =CELPR LOOP n74
LSTGS=3LSTG LOOP na75
SDELPR=DELPR LOOP n76
GO 10 13 LOOP n77

12 JL=LSTGS* (I1SORRS=]1)4p LOOP n78
DELNU = (PTOPSI(IPsJL)=SPTPS) /4. LOOP n79
IF (DELNULLE,0,0001) LELNU = SDE| PR/4, LOOP RO
DELPR = DELANU LOOP AR
SDEIL.PR = DELNU LOOP nR2
WRITE(6+1201) IPCe IBRCYDELPR LOOP nR3

1201 FORMAT(6X11HHLADE ROwS 15+5H AND 1592%Fs CHOKED = INCREMENT NOW LOOP nR4
1F10.5) LOOP nRS
LBRC=LRRCS LOOP nB86
LSTG=LSTGS LOOP aB7
1SOKR=ISORRS LOOP n8R
PYOPSYI (IPsJL) = SPTPS « SDELPR LOOP nR9
LOPC=10 LOOP ng0
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C
13
14
15

C
16
C SET
17

c
18

C
19
20
2001
21
20000

1CHOKE=0

1PC=0

1SS=0

CHOKE=0.0

GO 1O 17

TEST PREVIOUS COMPLETE CaALCULATION
IF (PASS) 15415416

ICHCKE=IBRC

DELPR=,5%NELPR

JL= (ISORK=1)#8+LSTG
PTOPSL(IPWJL)=SPTOPS1(1PeJL) =DELPR
SET INDEX REGISTERS

CONT INUE

LOPC=LOPC»] o

JUMP FOR CHOKE ITERATION

JUuMP =]

GO 70 19

JUMP SET FOR NO CHOKE OR CHOKE CoMPLETE
JUMP =y

TEST LOOP=-TwACE

IF (TRLOOUP) 219214520

WRITE(6+42001) IRRCOLHRC s ISURRyKNe| STGIFCoISSy ICHOKE ¢ JUMP4LBRCS,
JISORRSyLSTGSeSPTPSyPTUPSY (IPeJL) 4NELPRIDELLSCRIT,LOPC

FORMAT (3X1215/3X4F10.5+F1040¢110)

IF(SRFLAG) wrRITE(6+20000)

FORMAT (4SH AN EXIT HAS BEEN MADE FROM SUBROUTINE L00OP )

RETURN

END
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LooOP
LOOP
LOOP
LOOP
LOOP
LoOP
LOOP
LOOP
LOOP
LOOP
LOOP
Loor
LooP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOQP
LoOP
LOOP

n9l
n92
n93
n94
095
n96
n9v
n98
n39
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

[ 22T 2 2T 2 )
Hopdpas
sabhodpye

LOOP

116
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SUBROUTINE STAR2A ST2A nol
CSTA2a ST2A n02
C DETERMINE INLET FLOw CONDITIONS Y0 ALL STATORS ST2A n03
c AFTER THE FIRST STATOR ST2a 004
C ST2A n0S

REAL MFSToOP ST2A n06

LOGICAL PREVER,SRFLAG Banndone

COMMON SRFLAG tnantpes

COMMON /SNTCP/GeAJsPRFCeICASE«PREVERIMFSTOP, JUMP 4| OPINs ISCASE ST2A 008

1KNgGAMF ¢ IP s SCRIToPTRAVISECT 4KSTG WTOL4RHOTOL 4 PRTOL » TRLOOP,,LSTG, Snosdane
2LBRCyIBRC o ICHOKE ¢ ISORNyCHOKE +PTOPS1 (6,8) oPTRS2(6+8) ¢ TRDIAGISCYRCs STPA nl0
INELPRIPASSy TPCoLOPCHISS ST2A 0}l
c ST?2A n12
COMMON /SINIT/H1(648)sH2(608) PN (648)90P1(648)+sDPLA(698)1DP2(6,R)ST24 n13
14DP2A(6eB) 2 CSALF 1 (6sB8) 9ALF]l (648) CSBET2(608) +BET2(648) sRANSD(6,A)9ST2A nl4b

2RADRD{698) s ANNY (698) s ANN2 (648) 9ANNCA(H98) sANNLA(648)4sULA(608)y ST2A nlS
JU2(E18) s ANNN(648) sPTOL6+8) s TTO(O,R) yALFHAQ(6+8) sPTP(K98) ST2A nlé
o ST?2A n17
C ST?2A nl8
COMMON /SINPUT/ RSLeTSLIPSL«GAMS| o A2 2 422 2

IPTPSyPTINGTTINGWAIRGFAIRGDELCWVUELLIDELAJAACS VCTD o STGeSECTIEXPN, ST2A n20
2EXPP+EXPRE RPMosPAF sSLTIeSTGCHeFNDJOReNAME (10) o TITLE(10) oPCNH(Q) 100N a00
FRV(E98) 10AM(498) sDR(69B) 30T (6548) 4RWG (K 0H) sALPHAS(6498) s ALPHAL (6,R) 18 0s0ottone
aEtARS(éob).FTAs(boa)oSFS(h.P).ANno(ﬁoa)quTAl(eoG)oBETA2(6oS)'ETARST?A n23
ER(6+8) yETAR(E618) yCFR(E48) s TFR(6sr)IANDOR(698) yOMEGAS(698) 1ASO(K,8)ST2A n24
E4ASMPO (69R) s ACMND (698) ¢4) (648) 942 (6981 9A3(648) 986 (698) 9AS(648),A6(ST24 n25
76¢8) yOMEGAR(698) yBSIA(698) vRSMPIA(648) yHCMNIA(6+8) 4Bl (648) eR2(64+8)ST24 n26

84B3(69R)sBLIEIR) 1BS(618) 486(6e8) SESTHI(B) +RERTHI (8) ST2A n27

c ST24 n28
REAL MO STPA n?29
COMMON /SSTAQL/CPO(R)Y PSO(AeB) e VO (6sR) s TSO(69ST2A n30

18) s VUL (6H9R) oVZ0(608) gMHOSO(69R) o+PS1(64s8) sWGT1 (B) e TAL(B) 9 WGl (69R) s ST2A n3)

Fa DPDRI(6s8)eST(648)s CPIIB)sPHIL(69BR) 4 TS1(6e8)9V]116,8)ST2A n1l2
A4RHOSL (69R) s ALFLIE(64R) 9 VUL (6s8) 4w Z1 (648) sMO(H698) sWGTO(B) 9 WGN(6,8) #usavaas

C ST24a n34
REAL MR1A ST24 n35

COMMON /SSTALA/VUIA(RIH) ewGIA(G4R)IWGTLIA(RB) sVZ1A(698) CPl1A(R), ST?A n36
1PS1A(64B) ¢sRUIA(Ds8B) sRIA(OsB) sRET1A(69R) ¢RI(69B) s TTRIA(648)+PTRIA(6ST24A n37

298) e MRIA(AIR)ITS1A(BE) Raneboad
C St2a 039
COMMON /SSTAR/V2{(6sB)ITTR2(6eH) sPTRP2 (698) sWG2(648) ¢WGT2(R) s TAZ2(R)eSTPA né0
1 PS2(6eB) sPrI72 (64R) ST?2A nal
C ST?2A n42
REAL MRZsM2 s MF 2 ST2A n43
COMMON /SFLOWZ/TS2(6eE) sCP2(RYIND(64B) IRHUS2 (64R) ¢BET2E(648) sRU2(6ST24 n4é
1oB)sVUR (H48) gUPDR2(B4E) o VL2 (6 sH) ¢MR2(A08) ¢sMFP (64R) 4M2(648) ST?24 n4aS
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REAL M2AsMFPA

COMMON /SSTAZA/wG2A(698) ¢WGT2A(B) 4VUZA(698) ¢VZ2A(698)9PS2A(608),

ST2a
ST2A
ST24A

1ALF2A(696)oTTZA(ﬁoB)oET?A(ﬁvB)oTTBAR(B)vPTBAR(B)oSTTO(B)OSPTO(S)Q ST2A
2M2A (698) yMF2A(648) 9sCPCA(B) s V2A(648) 9 TS2A(6+48) 9 TAS(B)yPAS(8) yGAMS (BST2A

3)sCPS(B) sDELHVD(698) o mVBAR(R)

DIMENSION TTTS2A(648)

IF(SRFLAG) wRITE(6910000)

FORMAT (44H AN ENTRY MAS BEEN MADF IN SUBROUTINE STA2A )
K=KN

10=z~-1

1=1F

TS24 (1 4K)=2TS2(1eK)

WR=RWG (S oK) /RWG (49K)

SUMT=0.0

SUMLT=0.0 ca aca
SUMLP=20,0

WGT2A(K)=wR#wG T2 (K)

VU2a ([sK)aVI2{TeK)®DPE (1K) /0P2A(T9K)

WG2A (1 yK)=wR#wG2 ([ 4K)

RHOSTR=RHOS2 (1K)

VZ2A (oK) 2WR#VZ2 (1 oK) *ANNZ ([ oK) #QHOS2 (1 oK)/ (ANN2A (] oK) ®*RHOSTR)
V2A(T oK) ZSQRT(VUZA(T oK) OVUZA(TeKyeVZ2A(I4K)#VZ2A(]I9K))
IF(I=IP)4e2v4

1F ( GAMF) 39304

TA2a 2,58 (TTR2(1eK)*TS2A(14K))

CALL GAMMA(PTR2(IPyK)9sTA2A +FATRIWATIR¢GAM(S4K))
EXZ(GAM(S,K)=1,)/GAM(S4K)

EXIsle/ER

CP2A(K)ERV (S9K) REXI/ Ay
DELTS=(VZ2(1sK)#V2(IeK)=V2A(ToK)IRYy2A(]eK))/(2,%GHAJRCP2A(K))
TS2A({14K)=TS2(19K)*DELTS

IF(TS2A(]eK) 4GTs0s) GC TO 32

PREVER = ,TwUE,

MFSTOP = 2,

GO T0 30

32 PS2A(14K)13PS2(1 oK) ® (1e+DELTS/TS2(19K) ) *9EXI
RHOS24A 2144.9PS2A(14K) / (RV(S,KI*#TS2A(I4K))
1F (ABS (RHOSTR=RHNS2A )=1,E=07)6+645

5 RHOSTR=RHOS24A
GO T0 1

6 SALF2A 2VU24 (19K) /V2A(1,K)
ALF2A(1+K)=ATANZ (SALF2A »SAURT (1 .=SALF2A #SALF2A ))

11 IF (1=1P)28+24428
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n&é
n&7
né8
n&o9
n50

(222 2. 2% L}

ST2A
ST2A
ST2A
$T24A

nS2
nS3
054
0S5

dpaptans
shnodpae
X222 2% 2 )

ST2A
ST2A
ST2A
ST2A
5724
ST2A
ST2A
3T2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A

ns6
nS7
ns8
ns9
n60
n6l -
né2
n63
n6é4
n65
n66
n67
n68
n69
nTo0
07l
nT2
n73
nté4

P22 1 2% X )

ST2A
S$T2A
ST2A
ST2A
ST2A
ST2A
ST2A

n7é
0nT7
n78
079
080
ngl
nR2

L2222 22 % ]

ST2A
ST2A
ST2A
ST2A
§$T2a
ST2A

LT
n8%
n86
087
nAB
n89
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24 1F (GAMF)25,25,26 ST2A 090
285 TAS(K)=,5e(Tal (K)eTA2(K)) ST2A n9)
PAS(K)Z 90 (PTO(IPeK)eFT2A(IP+K)) ST2A n92
CALL GAMMA (PAS(K) 9 TASIK) yFAIRyWATRIGAMS (K)) ST2A n93
GO 10 27 ST2A 094
26 GAMS(X)3,5%# (GAM(29K) ¢CAM(4yK)) ST2A 095
27 E4sGAMS(K) / (GAMS (K)=]1e) ST2A n9é6
RVBAR(K) = 8% (RV(2sK)shV (49K)) I T YY)
CPS(K)mRVBAR(K)*Ea/Ay Sanatans
28 DELPVU (T o) (UTA(T oK) RVULIA(T oK) +12{ oK) RVUR(]eK))/7AJ/G ST2A n98
MZ2A(1eXK)2V2a (I oK) /SQRT (GAM (G 4K ) *Ga#RV (SeK)#TS2A(1¢K)) tanadtans
DELTTSTFR(TyK)®DELHVD (1 +K) /CPS(K) ST2A 100
TT2A(1+K)2TTO(T oK) =DELTT ST2A 101
TYTS2A(1 oK)l eo (M2ZA(TIK)O®M2A ([ oK) ® (GAM(SeK)=14)/2,.) ST2A 102
PTPS2A = (TTTS2A(1lex))enEX] ST2A 103
PT2A(1 oK) 2PS2A(]eK)#PIPS2A ST2A 104
MF2A (oK) =MP2A (T oK) ®COS(ALF2A(T*K)) ST2A 105
IF (ISECT«1)13415913 ST2A 106
13 I=1+]D ST2A 107
IF (I)1e914412 ST2A 108
14 10=] ST2A 109
I=IP+1D ST2A 110
g0 10 12 ST2A 111
15 CONTINUE ST2A 112
DO 16 I=]1,ISECT ST2A 113
RWEWG2A (oK) /wGT2A (K) ST2A 114
TRETTZA(I,K)/TT2A (1P, K) ST2A 115
PREPT2A(14K)/PT2A{]IPsK) ST24 116
SUMT=SUMT+RW*TR S7124 117
SUML TZSUMLT+RW#ALOG(Th) ST2A 118
16 SUMLPaESUM| P+eRwW#a 0G(PK) ST2A 119
E32GAM(SeK) / (GAM(SeK)=1,) ST2A 120
TTBAR(K)STTPA ([P oK) #SGLMT ST2A 121
PTBAR(K)ZPT2A(IP¢K)®EXP (SUM| P+E3a (ALUG(SUMT) =SUMLT)) ST2A 122
IF (K=KSTG)17+18,18 ST2A 123
17 STTO(Ke1)=TTBAR(K) ST2A 124
SPTO(K+1)=PTBARI(K) ST2A 125
No 23 I=l,1SECT ST2A 126
29 SI(IeKel)=ALF2A(I oK)= RADSD(]sK+y) ST2A 27
IFIST(IoRe1)aGTe 16570796) SI(lexel)= 1.570796 sonatpee
IF(ST(IoKa)) el Te=1eSTUTI6) SI(lexel)==1.570796 LA 222 L 14
IF (OMEGAS (J+K))Bs8s7 ST24 130
7 ETARS(1¢Kel)=1,0 ST2A 131
EXPSI=®Q,. ST2A 132
GO 70 117 ST2A 1133
8 IF(SI(IsKe1))949410 ST24 134
9 EXPSI=gXPN ST?2A 1135

i1-43



Astronuclear
Laboratory

Listing of Code (continued)

10 EXPSI=EXPP

21 PTP{1eK+l)=PTBAR(IK)®(TT2A(L+K)/TTRAR(K) ) ##E3

117
C
C
c

22

23

18

30

31

20000

GO 70 117

IF (PAF=1,)19920.21
UNIFORM PROFILES

19 PTRP(IsKe1)=PTBAR(K)
PTO(loK+1)= PTP (1 eKe1)

19(1o* (TTTSZ2A(14K) =1, ) *ETARS (I oKe1)®(COS(SI(IoKe1))@EXPS]) ) #eEX]

2/(TTTSPA(]eK))BEEX]
TTO(TeK+1)=TTBAR(K)

GO 10 23

SAVE PROFILES
20 PTP(1eK+]1)=PT2A(]sK)
PTO(IeKk+]1)= PTP(JoKe1)

1#(1a¢(TTTS2A(1sK) =Ll o) ¥ETARS (19K+1)®(COS(SI(TeKe1))#wEXPSI))#*EX]

2/7(TTTS2A(TeK))BREX]

GO0 TO 22

SMOOTH PRESSURE PROFILES

PTO(loekel)= PTP(leKe})

19 (1 ee (TTTS2A( LK) =14)PETARS (T eKs1)#(COS(SI(I9Ke1))®aEXPSI)) #oEXT]

27{TTTS2A(TeK) ) BeEX]
TTO(IeKe1)=TT2A(]WK)

CONTINUE

MFSTOP=MF2A (1P +K)/AACS
CALL CHECK(Y)

GO TO (30+31)9¢J

CALL DIAGT(S)

1F (SRFLAG)

FORMAT (45H AN EXIT HAS HEEN MADE FROM SUBROUTINE STaA2A )

RETURN
END

wRITE(6+20000)
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$T2A
ST2A
ST2A
ST2A
ST2A
ST2A
ST2A
S72A
ST2A
S124a
$T2A
ST24A
ST24A
ST?2A
ST2A
$72A
ST2A

136
137
138
139
160
11
142
143
166
145
146
147
148
149
150
151
152

[ XXX XY X ]

ST2A
ST2A
ST2A
ST2A
ST24A
ST?A
$T2A
ST2A
ST24

154
155
156
157
158
159
160
161
162

L2 X 2 2% 1)
[ X222 2% X}
(XX XXX X

ST2A
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SURROUTLILE STA) ST1 0l

CSTAl STl 002
c SATISFY CONTINUITY OF FLOW AT EXYT OF ALL STATORS ST) no3
c AFITER THE FIRST STATOR ST1 n0&
c ST1 005
REAL MFSTOP STl 006
LOGICAL PREVER,SRFLAG Yy Yy
COMMON  SRFLAG YTy rey]
COMMON /SNTCP/GsAJsPRFCy JCASE PRFVERIMFSTOP ¢ JUMP,LOPINy ISCASE ST1 no8

1KNsGAMF ¢ JP o SCRIT4yPTRNOISECTIKSTG wliOL +RHOTOL +PRTOL » TRLOOP4LSTG, #eaudbaos
2LBRC e IBRC, ICHOKE ¢ ISORM ¢CHOKE 4PTOPS1 (648) ¢+PTRS2(69B) ¢y TRDIAGISCeRCe ST1 010
IDELPRIPASSyIPCHLOPCo 1SS ST1 ol
C STl nl2
COMMON /SINIT/HL(69B)IH2(698) sDPA (648)9DUPL1(6¢8) +DP1A(6498) 4DP2(648)ST1 013
1e0P2A(6e8) sCSALF1(6¢8) sALF1 (608) (CSHET2(698) +BET2(64+8) sRADSD(648) ¢ST1 nla

ZRADKD(698) +ANN1 (698) ¢ ANN2(64R) s ANNZA(H698) sANNLA(648)+ULA(6+8) STl nlS
IU2(64B) sANND(H48) sPTO BRI 9 TTO(6,R) sALFHAD(648) +PTP (698) ST1 nlé
C ST1 nl7
COMMON /SINPUT/ RSLsTSLsPSLeGAMS) easaboad

1PTPSyPTINGTTINGWAIRGFAIR,DELC+DE| LoDELAJAACSsVCTD9STGISECTIEXPN, ST1 019
2EXPPGEXPREs  RPMePAFoSLI+STGCHeFNDJOBINAME (10) o TITLE(10) sPCNH(6) 180000 u00
IRV (E48) 1GAM(698) sUR(698) yDT (648) JRWG (A93) sALPHAS (698) 1ALPHAL (6,8) s#usesossn
GETARS (648) sETAS(608) »LFS(648) sANNO (69R) yBETA] (648) yBETA2(698) JETARST] 022
SR(6+R) yETAR(69R8) sCFR(E4B) s TFR(64A) s ANDOR (698) sOMEGAS (698) 1AS0(648)ST1  n23
69ASMPO(61R) sACMND (698) 2A1 (648) 1A2(648) 143(648) 1A4(64R) sA5(698) 4A6(ST] 024
T648) yOMEGAR (69R) +BSIA1648) ASMPTA (698) sHCMNIA(648) 98] (698) 4B2(648)ST1 025

BeB3(A1B) 48B4 (698) 9BS(698) +B6(648) 4SESTHI(8) yRERTHI (8) STl n26

c ST1 n27
REAL Mo STl 028
COMMON /SSTAQL/CPO(8B) PSO0(6+8) 4VO(69B) e TSO(6+ST1 n29

18) s VUO (6 98) s VL0 (698) ¢ HHOSO(HAeB) 4PSL(6+8) ¢ WGT1(B) 9 TAL1(8) 9WGl(698)s ST1 030

2 CPORI(648) 4ST(648)s CPL(R) +PHIL1(6¢8)4TS1(648)9V]1(6,8)ST1 n3l
FeRHCS 1 (698) sALFIE(6+8) o VUL (A eB) svZ1(6+8) sMO(698) 9 WGTO(8) vWG0(648) @astsduas

c ST1 033
REAL M2AsMF2A ST n34

COMMON /SSTA2A/wG2A(698) ¢WGT2A(8) 4VU2A(698)4VZ2A(698) ¢PS2A(698)y STl 035
1ALF2A(698) s TT2A(648) oFT2A(6,8) s TTBAR(B) yPTBAR(8) ¢STTO(B)+SPTO(8)s STl n36
2MZA(698) sMF2A(698) 9CPCA(B) 9V2A(6,B) 9 TS24(698)eTAS(8) 4PAS(8)yGAMS(BST] n37

) +CPS(B) sNELRVD(698) s *VHBAR (R) Raaobont

o STl 039
DIMENSION WGTIC(RB) oLCl(B)+FFAL1(6,8) ST1 n&o

C ST1 na4l
C STl 042
IF(SRFLAG) WRITE(6+10000) BansOpa

10000 FORMAT (44K AN ENTRY KHAS BEEN MADF IN SUBROUTINE STAl ) hoanbans
K=KN LY 22 ¥y
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16

J=l

SCRIT=0.0

PTR¥0O=.
WRIZRWG (1 eK)/RWG(BeK=1)
WREHWG (2eK) /RWUG (S 9K=]1)

DO 1 I=1+1SECT

WGO (T1eK)SWR1®WGZ2A(]eK=])
WGl (I aK)=WR#WG2A (1 eKa=l)
ALPRAQ(I9K) =ALF2A(l9K~])

PSO(]sK) = PS2A(1'K=])
VO(TeK) = V2A(I9K=})
TSO(IsK) = TS2A(IsK=1)
VUO(TsK) = VU2A(]sK=])
VZO(]eK) = VIZA(T9K=])
MO(IeK) = M2A(] sKw])
CONTINUE

CPO(K)=CP2A(K=))

WGTO(K)=WR1%WGT2A(K=])

WGT1 (K)=WR#wGT24 (K~1)

I1=1P

10==1]

WGTI1C(K)=0,.0

LC1(K)=0D

IF{ICHOKE)1T7s1T0e16

IF(LOPIN)1R«18,y16

IF(GAMF ) 24243

TAL(K)=.95#TTO(IP+K)

CALL GAMMA(PTO(IPeK) o TAl(K) +FAIR,WATR4GAMI(24K) )
FFAL(T oK) ZWGI (T oK) RSQRT{TTO(T 4K )/ (144e2PTO(T9%)*ANN]Y ([ 4K)
1#CSALF1(fsK))

CALL PRATIO(FFAL(Ior) 9GAM(24K) tRV(24K)9PTOPS]1 (1 4K)yPRTOL)
CALL FLOWL(T)

IF (PHFVER) GU TO 25

WGTIC(K)=WGT1IC(K)*wG] (1K)

L=1

IF (PTOPST (1K) oLELPTUPSL(IPWK)) L=]
IFUISECT=1) 79704

I1=1+1D

1IF(1)5+596

10=1

1sIP+ID

L=1-10
PSI(IoKIZPST(LeKIFLCAT(IN)#DPURY (LoR) R (HI(TeK)er] (LyK)) /2,
PTOFS1(Iek)=PTO(I oK) /FST (1K)

GO TO 16

IFILCI(R))BeBIY

LCl (k) =1

i1-46

ST1 ne3
STl néé
ST1 0nAS
L XYY XY 2]
ST1 néé6
STl o047
[ X2 XX XY L)
ST1 né4R
STl n49
STl nSO
ST1 Sl
STl nS2
STl nS3
STl n54
ST1 oSS
(XXX X XY X ]
(XXX XY 2 ]
(XXX XX X
(T2 X2 X% X ]
STl nS7
STl oS8
STl n59
ST1 060
STl 06l
STl né62
STl n63
ST1 n64
ST1 né6S
ST né6
ST1 né7
[ XX XX 2% X ]
ST1 n&9
ST1 ntTo
ST1 71
ST1 an72
ST1 n73
ST1 n74
ST1 n715%
ST1 nTé
STl n77
ST n78
ST n79
STl 0RO
ST nKkl
ST1 onBR2
STl nR3
ST1 nké
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Listing of Code (continued)
EX=GAM(2eK) /(GAM(29K)=1,) ST1 nBS
CALL PHIM(EX ETAS(L+K)9PHIX,PRCRTT) STl n8é
PRUPE PTOPSI(IPK)®PRCRIT/PTOPS]L (I oK) STl 87
1#(l.+PRTOL) ST1 nBA8
PRLOW=Z]1,0 ST1 nas9
GO0 TO 10 STY a%0
9 LCI(K)=LCl(K)Y*) ST1 n9l
10 L = IBRC «+ 1 ST1 n92
IF{ICHOKE LEQ.L)Y PTOPSL(IPWK) = PpuP ST1 093
IF(uGTI(K)=wGT1C(K))1colBell ST1 nos
11 PRLUWZPTOPSYI (IPK) ST1  n9S
GO 70 13 ST n9é6
12 PRUP=PTOPS]Y (IP4K) STY  n97
13 WE=1e=wGT1(K)/WOTLIC(K) ST1 n98
JsJe1l ST n99
IF(J=32)29422+22 ST) 100
29 IF(ICrOKE=L) 3093130 ST1 101
J]1 SCRITs «wf ST 102
GO TO 19 ST1 103
30 IF(LOPIN)14414,415 ST1 104
14 PRES(PTOPSYI(IP4K)=PTRMQ) /PTQOPS]1 (1P K) . ST 105
IF (ABS(PRE}=PRTOL)IZ21921.27 STl 106
21 CONTINUL ST1 107
1F (AHS(WE)=wTOL) 15915420 ST1 )08
27 PTRMO=PTOPSI(IPsK) ST1 1109
WGTIC(K)a0,e0n ST1 110
I=]P ST 111
10==] ST1 112
1F (SCRIT)Y19+19415 STl 113
19 PTOPS1(IPeK)=e5% (PRLON+PRUP) ST1 114
IF (PTORS)I (IP1K) (LEPKCRIT) PRpCS0. STI 115
GO T0 16 STl 116
20 SCRIT= ), ST1 117
15 TF(TRLOOP,EW.0.) GO TCL 28 STl 118
22 WRITE(641000)K4PRUP¢PRLOWIWE +PRCRIToJowGT)(K) s WGTIC(K) 9 (WGl (LeK)s STI 119
1 L=1sISECT) ST1 120
WRITE(6+1001) (PTOPS1(LeK)eL=)sISFCT) ST 121
1000 FORMAT (2X42HK=]4, cXs6H PRUPEBFBe¢S 97X s 6HPRLOWRFB,542X96H WEs ST1 122
1FB8eRs 1 Xo THPRCRIT3FB.592Xy2HYs14/ ST1 123
22%X9fH WGTI=FReI92Xe6HWGTICmFB,3/ STl 124
32Xe6H  WG1=AFB,.3) STl 125
1001 FORMAT(1X47HPTQOPS]136FE,S) ST) 126
28 CALL CHECK(J) STl 127
GO TU (23424)9J ST1 128
23 CALL OIAGT(?) ST1 129
GO 10 2S5 ST 130
24 CALL LOOP ST 131
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25 IF (SRFILAG)

20000 FORMAT (494 AN EXIT HAS BEEN MADE FROM SUBROUTINE STA)

RETURN
END

wRITE(6+20000)
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SUBROUTINE @vRaLL ovLL no01
COVRALL oviL no2
c PURPOSE 1S TO CALCULATE STAGE PERFORMANCE VALUES ovLL no03
c AFTER FLOW ITERATION IS COMPLETEn THROUGH THE LAST STAGE OVLL no4
c ovLL n0S

REAL MFSTOP OvVLL n06

LOGICAL PREVER,SRFLAG senetans

COMVON  SRFLAG sasesase

COMMON /SNTCP/GyAJsPRFCoICASE sPRFVERWMFSTOP, JUMP | OPINy ISCASE OvlLL no8

IKNeGAMF o IP ¢ SCRIToPTRNIISECT oKSTG WTOL+RHOTOL ¢PRTOL s TRLOOP,LSTG, oviLL. no09
ZLBRCeIBRCy JCHUKE ¢ ISORR9yCHOKE oPTOPSL (648) 4PTRS2(698) ¢ TRDIAGeSCoRCe OVLL nl0
IDELPRyPASSy IPCHLOPCISS ovLL nll

o ovLL n12
COMMON /SINIT/H) (698)9H2(6¢8) yDPa(6+B)90P1(698)+sDP1A(6+8) 9DP2(6+8)10VLL n13
1oDP2A(6¢8B) ¢CSALF1(608) 4sALFL(6e8) CSBET2(6e8)BET2(64a) ¢sRADSD(648)90VLL nlé

2RADRD (6 9B) s ANN] (698) s ANN2 (648) s ANN2A (A IH) s ANNLA(648) 4sULlA(6+8) 0 oviLL n1S
JU2(€98) sANNO(648) sPTO(64B) s TTO(6,A) sALPHAO(648) «PTP(618) ovLL nlé6
c OvLL nl7
COMMON /SINPUT/ RSLeTSLPSLGAMS desndans

IPTPSyPTINGTTINJWAIRGFAIRDELC DEL LIDELAVAACSVCTD¢STGeSECTIEXPN, OVLL n19
2EXPP JEXPRE RPMoPAF «SLIsSTGCHsENDJORINAME (10) « TITLE(10) yPCNH(K) s 8anaRaae
ARV IEs8B) vGAM(698) yDR(698) yDT (648) JRWG(69H) sALPHAS (648) 1 ALPHAL (64R) s ®eandann
GETARS(AeB) oFTAS(698) 1CFS(69R) JANNO(69R) +BETAY (648) sRETA2(698) yETAROVLL n22
ER(64H) yFTAR(69B) sCFR(E4B) s TFR(64R) sANDCR(698) yOMEGAS(648) AS0(6,8)0VLL n23
6oASMPO (698) ACMNO (69B) 9A)1 (648) sAD(648) 1A3(64B) sA4(648) 1AS(648) 4A6LOVLL n24
T498) sOMEGAR (69R) 9BSTA(6+R) yASMPIA(6+8) sBCMNIA(O.B) 9sB1 (£e8)9B2(geBIOVLL 025

ByBI(698) 1B4G(698) 1B5(698) 4BOE(648) ,SESTHI(B) ¢+RERTHI (8) OoviLL n26

C OovLL n27
REAL MO ovLL n28
COMMON /SSTAQL/CPO(Y) PSO(6+8)4sVO0(6e8) ¢ TSO(6+0VLL n29
18)sVUOD(698) oVZ0(698) ¢mHOSO(698) sPSL(6¢8) sWGT1(B) 9 TAL(B) sWGl(69R) s OVLL 0130

2 DPDR1(6e¢8) sST1(648)s CPI(R) 9yPHIL1(648)9TS1(648)9V1{(6,8)0VLL n3]
JsRHOS1(698) sALFLIE(608) s VUL (698) 2vZ1(648) MO (698) +WGTO(B) sWG0(6,8) ®unadpase

C oviL n33
REAL MR1A OoviLL n3¢

COMMON /SSTAJA/VULA(698B) +nwG1A(GsRr)IWGT1A(B) sVZ1A(698B)s CP1A(B), OVLL n35S
IPS1A(6sH) yRUIA(698) +sRIA(6¢8)+BETIA(69R) yRI(6+8) s TTR1A(648) sPTRIA(HBOVLL n136

2+8) sMRIA(AIR) 1 TS1A(6,E) tanadae
COMMUON /SSTA2/V2(698)sTTR2(6sR) sPTR2(698) sWG2(6+8) s WGT2(B) e TA2(R) +OVLL n38

1 PS2(6+8) ¢PF12(6+8) OovLL n39

c OVLL n&o0
REAL MR2¢M? ' MF 2 OvLL nal
COMMON /SFLOWZ2/TS2(648) sCP2(R) IR (648) sHHOS2(6498) ¢BET2E (6,8) »RU2(60VLL né2

198) s VU2 (64R) yUPDR2(6¢8) s VZ2(6+8) 4MR2(648) sMF2(648)eM2(648) OovLL ne43

C ovLL nés
REAL M2AsMF2A OVLL nas%
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COMMON /SSTARA/WGR2A(698) ¢yWwGT2A(B) 4 VURA(698) ¢VZ2A(698) 9PS2A(6e8), OVLL na&b
1ALF2A16+8) s TT2A(A98) +FT2A(648) s TTBAR(A) yPTBAR(B) sSTTO(8) sSPTO(8)s OVLL 047
2M2A(6e8) sMF2A(60B) sCPEA(B) sV2A(64R) s TS2A(698) s TAS(B) 4 PAS(8) 9yGAMS(B0OVLL n48
3)+sCPS(B) +DELFYD(698) yHVBAR(R) Sanndaee

C OvLL nSO

COMMON /SOVRAL/UELHT (64R) sDELHTI (698) yCELHSI (698) ¢DEHATI(608) oviLL nS]

1ETATT(6¢8) oFTATS (698) sETATAT (698) ovLL nS2
C ovLL nS3

REAL MIS(#)+¥IRS(B)sMH]1AR(B) yMR2T(B) OvVLL 054

DIMENSION SAQ(R) +SIS(E)esSBLA(R) +QIR(B)9SAZ2(8) s THCR(B) +EPSI (B) +DELTOVLL nSS
1(8) oSETATT(R) s SETATS (E) ySETAAT(8) ySWRTFP (8) 9y SNRT (B) ySDHT (8) » SETHC (BOVLL n56
2) 9SARTHC (B) +SWRTED(B) +SPTPT2(8) +SPTPS2(8) ¢ST2TTO(8) ySTRTTN(B) »UPSI(OVLL nS7
JA) JUPUPS(R) yURS(8) yURLRS (B) VIS (a) 2sUPVIS(B) yURVIS(B),PSIPS(R) +PSIROVLL nSA
4S(B) +RXP (R) +RXR(8) +OBETAR(8) +DELHTS(8) yUEHTIS(B) yDEHSIS(8) yOHATIS(OVLL nS9
ER) s PAT2A(69R) tasadabe

Cc OVLL nél
C sensonnsnsacens CARD DELETED wvensatrasevatesnns 'YYYTe Y}
C OvLL né3
c OvLL n64

IF(SRFLAG) wRITE(6010000) AL AT L

10000 FORMAT (44H AN ENTRY KAS BEEN MADF IN SUBRUOUTINE OVRALL) LA LA AL LAY

STITo(1)=TTIN ovLL n6S

SPTO(1)=PTIN OvVLL néA

RGO=0.0 [ XXX 2.2-% 3

TA02z0.0 ovLL n67

PAD=0e0 OVLL nk8

GAMC=0,0 ovLL nek9

OuUPLP=2(0,.0 ovLL n70

OURUR=0.0 ovLL a7l

OVELHT=0.0 OvVLL nT2

S E)J=GAMSL/ (GAMSL=1,) ovLL n73

DO 17 K=14KSTG OvLL n74

RGO=RGO+RVBAR (K) bPHostane

IF (GAMF) 14142 ovLL n75
1 TAO=TAO+TAS(K) ovLL n76

PAO=PAQ+PAS(K) ovLL n77

GO T0O 3 OvVLL n78
2 GAMC=GAMU+GAMS (K) OvVLL n79
3 E2=GAM{]) +K)/ (GAM(1wK)I=]1,) oviL nAR0

EI=CAM (S 9K}/ (GAM (S eK)=1,) OovLL nAal

E4=GAMS (R) / (GAMS (K)=14) ovLL n82

ES=1./E4 OvLL nA3

DELFTS(K)=0.0 OvLL nB4

DEHTIS(K)=0.,0 ovLL n8S

NEHSIS(K)=0.0 ovLL nB86

DHATIS(K)=0,.0 ovLL n87

DO & I=1+ISECT OvLL nBAA8
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RW=SwG2A(14K)/A#GT2A(K) ) OovLL nR9
DELHT (I ok)=DELHVD (T sK)I®TFR(]4K) OvLL 090
DELRTI(L o) =CPSIKI®TTO(T oK) (1e=(PT2A(IsK)I/PTP(19K))@#®ES) ovLL 091
ETATT(I o )=NELHT (L1 oKI/DELHTTI (I 9Ky ovLL n92
DELHSI (T oK) ZCPSIKI®TTO ([ oK) (1e=(PS2A(LsK)/PTP(19K))W®ES) ovLL 093
ETATS(14K)=DELHT (1 +XK)/DELHST (1K) ovLL n94
PAT2A(T oK) mPS2A(I oK) (] ,e (GAM(SeK)=1¢) *MFRA (T oK) ®MF2A(]4K) ovLL 0n9S
1/72.)%%¢3 ovLL n9é
DEHATI (1oK)=CPS(K)®TTO(IyR)®(1e=(PAT2A([9K)/PTP(1,K))®®ES) ovLL 097
ETATAT (1ex)2DELAT (1 oK) /OEHATI (] ex) ovLL n98
DELFTS(K)=DELHTS (K) ¢RW®DELHT ([ oK) ovLL 099
DEHTIS(K)=DERTIS(K) sRWw*DELHTI (1 ox) ovLL 100
DEHSIS(K)=NErSTIS(K) sRW*DELHST (1 ok) oviLL j01
DHATIS (R)3DHATIS(K)oRu®DEHAT]I (1 ox) ovLL 102
6 CONTINUE ovLL 103
13 SAQO(K)=ALPHAQ(IPK)*5],2958 ovLL 104
SIS(K)=ZS] (IPK)*57,2958 OovLL 108
SBlA(K)SBETIA(IP.K)®#5]7,2958 ovLL 106
SIR(K)=R] (IPyK)#57,295R ovLL )07
SAZ2 (K)=ALF2A([PIK) #57.2958 ) ovLL 108
THCRIK) = GAM(]+K)®(GANSLel ) #RV (1 ,K)®STTO(K)/ Ty TS
1 (GAMSL® (GAM(]1 oK) ol o) ¥RSLOTSL) OVLLAY09
EPST(K)SGAMSL®((GAM(19K)+]l,4)/2e)ueE2/ (GAM(],K)®((GAMSL ovLL 110
1¢1e)/724)%0EY) oviLL 111
DELT(K)=SPTN(K)/PSL ovLL 112
SETATT(K)aDELHTS(K) /DEHTIS (K) ovLL 113
SETATS(K)=DELHYS(K)/CEHSIS (K) OovLL 114
SETAAT (K) sOELHTS(K) /DFATIS (K) oviLL 115
C t®ospess CARD DELETED#®esneass sannenee
SWRTP(K)= WGTO(K)®*SURT(STTO(K))/sPT0(K) ovLt 117
SNRT (K)3RPM/SQRT (STTO (K)) OVLL 118
SOHT (K)Y=DELRTS(K)/STTO (K) oviL 119
SETHC(K)=DELRTS(K) /THCR(K) ovLL 120
RTHCRSSURT (THCR(K) ) oviLL 121
SNRTHC (K) =RPM/RTHCR ovLtL 122
SWRTIED (K)=WGTO (K)®RTKCR®EPST (K) /nELT (K) OvVLL 123
SPTPT2(K)=SPYU(K)/PTRAR(K) OvLL 124
SPTPS2(K)=SPTO(K)/PS2{]IP4K) OoviLL )25
ST2TTO0(K)=TTBAR(K) /STI0(K) ovLL 126
STRITO(K)I=TTRIA(IPeK)/STTO (K) oviLL 127
UPS(K)E S8 (ULA(IPeK)&L2(IPyK)) oviLL 128
UPUPS (K) 2UPS (K) ®*yPS (K) ovLL 129
OUPUPSOUPYP +UPUYPS (K) ovLL 130
URS (K) 2S5 (ULA(1eK)®0h (39K)/DPLA(19K)«U2(1eK)®DR(49¢K)/DP2()9K)) oviLL 131
URUKS (K)3UYRS (K) #URS (K) OoviLtl 132
OURUKRZOURURSURURS (K) ovLL 133
ODELHT=0DELHT*DELHTS (K) OVLL 134
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14

15
16

17

IF (DELHSI(IPIK)) 14914415

VIS(K)=1.

GO T0 16
VIS(K)BSQRT (2. #GRAJRCELHSI (IP4K))
UPVIS (K)3UPS(K)/VIS(K)

URVIS (K)=URS(K)/VIS(K)
PSIFS(K)SGHAJ*DELHTS (K) /(2. *UPUPS (K))
PSIRS(K)ZGHAJ*DELHTS (K) / (2« #URURS (K) )
RXP(K)Z1e=(le=(PSL1(IPIK)/PTP(IPsk))®%ES) /(] ,«(PS2(IPK)/
1PTP (1P 4K} ) #%ES)
VUIR=VUL (1K) ®DP1 (1K) /DR (2K)
VIR=SART({VUIR®®#2+V/] (lex)®e2)

PHIRS) o/ (1 oe=V]IH®#2/ (2 #G*AJOCP1 (K)®TTO(]sK)®ETAS(]19K)))
PTPS1R=PHIR## (GAM(2eK) / (GAM(2+K) ]l e} ) #PTP (1K) /PTO(]4+K)
RXR(K)Ele=(1e~(1le/PTPSIR)®#ES)/ (1,=(PS2(1sK)/PTP(]eK))®*ES)
DBETAR(K)= (HET1A(1 oK) *BET2E (14K))#57.2958
MIS(K)=2V] (IPsK)/SQRT(CAM(24K) #G*pY (29K) #TS]1 (IPeK))
TS1R=TTO(1eK)=VIR®#2/ (2 ,#G#a )uCPy (K))

MIRS (K)2VIR/SURT (GAM (24K ) #G#RV (2,K)*TSIR)
VULARZSVUIA(19K)POPL1A(1yK)/DR(39K)

VIARSSQRT (VULAR##2¢VZIA(]sK)B82)

TSIARZTTO (1 oK) =V]AR®RNZ/ (2.*G*AJ*PlA(K))
RUIARZVU)AR=ULA(14K)®LR(3eK) /DPLA (1K)
RIAR=SQRT (RULAR##2eVZ21A()9K)®a2)
MH1BR(K)=R]1AR/SQRT (GAM (34K)#G#RV (JsK ) *TS]AR)
VU2T=VU2 (ISECT 4 K)*DP2(ISECT4K) /DY (44K)
V2T=SURT (VU2T#82eVZ2(ISECTok) 882
TS2T=TS2(ISECT oK) (IV2UISECTK)#80.V2TH82)/(2,%#G#AJRCP2 (K))
RU2T=VU2TeU? (ISECTsK)*DT (49K ) /0P> (ISECT+K)
R2T=SQRT (RUT##2+V /L2 (ISECT oK) #¥2)
MR2T(K)SR2T/SORT (GAM (44K)#GRRYV (4 ,K)#TS2T)
CONTINUE

IF (GAMF) 44407
TAO=TAO/STG
PAO=PAO/STG
CALL GAMMA(PAUCTAOQFAIRWWAIRsGAMN)

GO Y0 8
GAMO=BGAMO/STG

EO=(GAMO=1,)/6GAMO
RGO=RGO/STG
CPO=RGO/EO/AY
K=KSTG

ODEHTI = 0.
ODEKRSI = 0.
00HATI = 0,

DO S I=1ysISECT
RW=WG2A(1yK) /WGT2A(K)
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oviLL 135
OovLL 136
ovLL 137
oviLL 138
ovLL 139
OVLL 140
OvLL 141
OvVLL 142
OviLL 143
OVLL 144
OVLL 145
OVLL 146
ovLL 147
OVLL 148
OvLL 149
OovLL 150

(X222 XYY}

ovLL 152
[ XXX XY X}
OVLL 154
ovVLL 155
OvVLL 156
ovLL 157
ovVLL 158
[ X2 XX XX 2]
OVLL 160
ovLL 161
ovLL 162
ovLL 163
OVLL 1664
[T XTI XY X
OVLL 166
ovLL 167
ovVLL 168
OvVLL 169
ovLL 170
ovLL 171
oviLL 172
ovLL 173

[ Z X2 X XX X
L2222 XYY ]
ovLL 175
ovLL 176
ovLL 177
OovLL 178
ovLL 179
OvLL 1R0
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ODERTI = CPO®TTO(Io1)*(1,=(PT2A(1+K)/PTP(]s]))®®EQ) *RWeODEHT] ovLL 181
ODEHS] = CPO®TTO(I91)®%(14=(PS2A(T+K)/PTP(191))%%EQ) ®RWeODEHS] OovLL 1R2
9 OOHATI = CPO®TTO(191)*(1,~(PAT2A(19K)/PTP(14)1))#®FE0)#RW+0ODHATI] OviLL 183
OPSIP=G#AJRODELMNT/Z (2,%Y0UPUP) ovLL 184
OPSIR=G®#AJOODELHT/ (2. *OURUR) oviLL 185
OWRTP2SWRTP (]) OvLL 186
OWNED=SWRTED (1) *SNRTHC (1) /60. ovLL 187
ONRTHC=SNRTHC (1) OovLL 188
ONRT=SNRT (1) OovLL 189
ODHT=ODELKHT/TTIN OviLL 190
OPTNT2=PTIN/PTRAR(KSTG) OvLL 191
OPT0S2=PTIN/PS2(1P+KSIG) oviLL 192
OPTATZ2=PTIN/PAT2A(IP4KSTG) ovLL 193
NETATI=sODELRT/ODENHTI ovLL 194
NETATS=0DELKT/0VENS] oviLL 19S
OETAAT=00ELRT/0DHATI OvVLL 196
OETHC=ODELHT/THCH (1) ovLL 197
Cc oviLL 198
C PRINY OUT FOR STAGE PERFORMANCE ovLL 199
1=1 ovLL 7200
WRITE (As1000)NAME « TITLE ¢ ICASE«ISCASE oviLL 201
1000 FORMAT (1H]921X«29HNASA TURBINE CNAMPUTER PROGRAM /6X,10A6/ ovLL P02
1 6X91086/ 30Xs6HCASE I391Heel3,/28Xe)?KRSTAGE PERFORMANCE /19X Spnataad
2THSTAGE 1l o6XeTHSTAGE ZobXe THSTAGF 396XeTHSTAGE 4/ ) OvVLL 204
IF (KSTG~4)19¢19,18 oviLL 720%
18 KS=4 ovLL 206
GO 10 20 ovLL 207
19 KS=KSTG ovLL 208
20 WRITE(6+41001) {STTO(K) sK=TsKS) oveLL 209
1001 FORMAT (2X4]12K TTRAR 02X eF10a193XeF1l0ele3XsF]104193XsF1l041) sanadyne
WRITFE(Ael002) (SPTO(K) en=TsKS) oviLL 211
1002 FORMAT (2X,412H PTBAR 02X eF10.2e3X0F10e3e3XsF104393XeF1043) LY re s
WRITE(6+1003) (WOTO(K)sK=]eKS) rTYIreY
1003 FORMAT (PXe1PH NG 0C2XeF10a3¢3X9F10e393X9F10e39¢3XeF10.43) #anadoas
WRITE(641006) (DELHTS(R) eK=]4KS) ovLL 215
1004 FORMAT (2Xe12F DEL H2XeF10ee3XoF10e393XeF10,3¢3%XeF1043) AR A AL LA
WRITE (64100%) (SWRTP(K) on=]14KS) ovLL 217
1005 FORMAT (2X 417K WhT/P2XeF10e3e3XosFl0e303XeF10,3e3%XeF10.3) LAS A A L2 4
WRITE(6¢1006) (SDHT(K) sRk=]1KS) ovLL 219
1006 FORMAT (2Xel2H DH/ZTTEARNDZCX sF10e8¢3XsF10e9e3XsF10.,5¢3XeF10.5) bennbans
WRITE (641007) (SNRT(K)sK=]sKS) oviL 221
1007 FORNMAT(2X412k N/RT2RaF10a2393XeF10e303XsF]10e393XeF10.3) sasoteas
WRITE(64100K) (SETATT (%) ¢sK=]4KS) OviL 223
1008 FORMAT (2Xo12HK ETA TT2XoF10emy3XeFl0aSs3XsF10,5¢3X9F1045) T rey
WRITE (601000) (SETATS(K) sKk=]9KS) OVLL 225
1009 FORNMAT (2X412K ETA TSP2X4Fl10.Re3X9F10eS593XeF1045¢3XeF1065) LA AL L2
WRITE (As)010) (SETAAT (K) oK=]4KS) ovLL 227
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1010
1011
1012
1013
1014
1015
1016
2003
1017
1018
1019
3003
1020
1021
1022
4003
5603
1023
1024
1025
1026
1027
1028

1029

FOR AT(2X412K FTE ATPXeF10.C93x9F1065¢3XeF10.5¢3X9F1045)
WRITF(651011) (PTOPS]1(IPWK) 9K=T9KS)
FORMAT (2X 412K PTO/PS]12XsF10,3¢3XeF10e30¢3XeF)0.303XeF1043)

WRITF (641012) (SPTPT2(K) sK=],4KS)

FORMAT (1X413KPTHARO/PIBAR2 32X eF10e303X1F10e343XeF106303XsF10.3)

WRITE(6+1013) (SPTPS2 (K)sK=]4KS)

FORMAT (2Xe12K PTBARO/PS22XeF10,23¢3XsF10e393XsF10.393XsF10.3)
WRITE(6¢1014) (PTRS2(TF k) s 2] 4KS) ’

FORMAT (2X412H PTR2/PSE2XeF10.393X9F1Ne3¢3XeF10,393XeF1043)
WRITE(6+41015) (ST2TTO(K) eK=] 4KS)

FORMAT (1X¢s13INTTBAR2/TIBAROZX +F10,593%XeF10.5¢3X9F10,543X9F10,5)

WRITE(66101A) (STRTTO(K) 4K=]sKS)

FORMAT (2Xe12HTTRIA/TTBARNZX «F10.5e3XeF10e5¢3XeF10,503X9F10,5)
WRITE (6¢2003) (WGT1 (K) ¢+K=T+KS)

FORMAT (2Xe12H WG 12XeF10,393X9F10e393XeF)10e303XeF1043)
WRITE(6¢1017) (PS1A(IPIK) oK=TeKS)

FORMAT (2Xo12H PS 1AZ2X4F10,3¢3%XeF10e303X9F104343XeF1043)
WRITF(6:1018) (TTRIA(TFsr) sKk=] o KS) L.
FORMAT (2Xe12H TTh 1A2XeF10,7e3XeF1l0,103XeF10,13XeF10,1)
WRITE(6+1019) (PTRLIA(TFK) 9R2]4KS)

FORMAT (2Xo12H PTH 1A2XeF1043¢3XeF1l0e393XeF10e303XeF10.3)
WRITE(6¢3003) (WGTIA(K) 9r=]sKS)

FORMAT (2X 412K wE 1A2XoF10,3¢3XeFl0e303X9sF10.3e3XeF10.3)
WRITE(6+¢1020) (PS2(IPeK) eK=]14KS)

FORMAT (2Xe12H FS 22X eF10e3¢3XeFl0e393XeF10,343XeF1l0.3)
WRITE(641021) {TTRBAR(K) sk=14KS)

FORMAT (2Xe12H TTRBAR 22X oF10,103XeF10elo3X0F104)93XsF1l041)
WRITE(641027) (PTBAR(K) yKk=14KS)

FORMAT (PX4)2H PTRAR 22X eF10e3e¢3XeF10e3¢3XsF10.343XeF10.3)
WRITE(6¢4003) (WGT2(K)sK=T9shS)

FORMAT (2Xe12H WG 22X eF10,3e3XeFl0e393X9F10.393XsF10,3)
WRITE(6¢5003) (WGT2A(K) sr=1¢KS)

FORMAT (2X 412K WE PA2XeF10.393XeF10eI9s3XeF104303%XsF1043)
WRITE(6+¢1023) (UPVIS(K) ¢K=1y»KS)

FORMAT (2Xg12H UF/VI2X F10,5¢3XeF10e5¢3X9F10.5¢3%X9F10,5)
WRITF(6e1026) (URVIS(K) sK=]9KS)

FORVMAT(2X4172H UR/VI2XeF10,503XsF1l0e593XsF10.543XeF1045)
WRITE (641025) (PSIPS(K) sK=]sKS)

FORMAT (2Xy 12K PSI pZXQFIOQSQ3‘0‘1005’3"F1005'3X'F1005)
WRITE(6+1026) (PSIRS(K) sr=19sKS)

FORMAT (2X e 12K PST R2X4F104593XeF10e593XesF106503XeF10.5)
WRITE(6£+1027) (RXP(K) 9K=]4KS)

FORMAT (2X412H X P2XyF10,5e3X9F10e503X9F10.5¢3X4F10,5)
WRITE(6+)1028) (RXR(K) ¢Ke]leKS)

FORMAT (2X 412K FX R2XeF10.503X9F1l0e¢503X0F10,5¢3XsFl0e9)
WRITE(641029) (SAQ(K) ¢K=]4KS)

FORMAT (2X417H ALPFA 02XeF10,303X9Fl0e303XeF10e303XsF10.3)
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sosnoaon
ovLL 229
T rY Y]
ovLL 231
YT Yy

ovLL 233

(2 X X2 22 X

ovLL 235

(22X 22X 2]

ovLL 237

I TYYY YY)
ovLL 239
YT IY )
YT YTY)
YT Y Y Y
I XYY
YT YYY:

OVLL 243

[ 2 XXX XX Y]
OVLL 245
(X2 XX XXX ]
Nanataes
[ XXX XX Y X )

OvVLL 247

Y Y'Yy
OvLL 249
YT
ovLL 251
YTy Y2
YT XYY
sasassae
YT YT
YTIIYYY

ovLL 253

(T2 22 XXX

oviLL 255
TYTYY YT

OvLL 257

(2222 X2 X ]

ovLL 259
snessene
ovLL 261
TI XTI 2T Y

OvLL 263

Sndatann

OvLL 265

BRBEBBEE
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WRITE(601030) (SIS(K) ¢Kn]KS) ovLL 267
1030 FORMAT (2Xy12H 1 STATOR2CX4sF10,393XsF1l0e303X9F10,3¢3X4F10,3) 2224212
WRITE(6+41031) (SB1A(K) sK=]19KS) OovLL 269
1031 FORMAT (2Xy]12H BETA 1A2XsF104393XeFl0e303XeF10s3¢3XeF1043) tpentane
WRITE(6+1032) (SIR(K) sK=]14KS) ovLL 271
1032 FORMAT (2Xy12H I RCTOR2X4F1043e3XeF10e393X9oF10,303XeF10.3) Henntans
WRITE(691033) (SA2(K) 4K=1eKS) ovLL 273
1033 FORMAT (2X 412K ALPHA 2A2XoF10,303XeF1l04393XeF10,303X9F10,3) "BBBONGN
WRITE(6+1034) (DBETAR(K) o K=] 4KS) ovLL 275
1034 FORMAT (2Xe12M DRETA R2X4F104393XsF10e303XsF10e393X9F1063) tesosane
WRITE(691038) (MIS(K) oK=]4KS) ovLL 277
1035 FORMAT (2Xe12H M 12XeF10.,5¢3XoF1l0e5¢3XsF10.,5¢3XsF10,.5) teoatans
WRITE(6+1036) (MIRS(K) 9K=]¢KS) ovLL 279
1036 FORMAT (2Xy12H Ml RT2XeF10,593XsF10e6503XeF10593X9F10,5) taRatane
WRITE(691037) (MR1A(IPIK) sK=] 4KS) oviLL 281
1037 FORMAT (2X412KH MR JAPXeF10.593XeFl0eS593XsF1065¢3XeF1045) ‘RNt ane
WRITE(6+1038) (MR1AR(K)} s K=],KS) OVLL 2R3
1038 FORMAT (2Xe12H MR1A RTZ2XeF10,593XeFl0e593X9F10,543X9F10e5) snoaNnon
WRITE(6+1039) (MR2(IP4K) 4K=] 4KS) OvLL 285
1039 FORMAT (2Xe 12K MR 22X 4F10,5e3XeF1l0e5¢3XeF10.503XsF10.5) fatadane
WRITE(6+41040) (MR2T(K)» K=z] 9sKS) OvLL 287
1040 FORMAT (2X412H MR2 TIP2XeF10,5¢3XsF1l0e5¢3X9sF10,5¢3XeF10,5) tnBBtBne
WRITE(6+4104)) (SETHC(K) sK=]14KS) OVLL 289
1041 FORMAT (2X,12W E/TF CR2XeF10,3e3XsF106303X9F10.39¢3XeF10,3) Sabndone
WRITE(691042) (SNRTHC (K) eK=] 4KS) oviLL 791
1042 FORMAT (2X4]12W N/RTF CR2X4F10.)93XsF10e193X0F10.193XeF10,1) Csosasene
WRITE(691043) (SWRTED(K) e K=] ¢KS) ovLL 293
1043 FORMAT(2X412K WRTHCRE/D2XeF10,303X0F10e393XeF10e3¢3XsF10,3) tRBLBRNe
IF (KSTG=KS)22422421 OvVLL 2958
21 WRITE(691045)NAMEZTITLE«ICASEsISCASF OviLL 296
1065 FORMAT(1H]1921Xs29HNASA TURBINE COMPUTFR PROGRAM /6X4y]10A6/ oviLL 297
1 6X910A67 30Xs6HCASE I30lH,913/28Xe17HSTAGE PERFORMANCE /19X tanabans
2THSTAGE S¢6XsTHSTAGE €9hXeTHSTAGE T+6X27HSTAGE 8/ ) OovVLL 299
1=5 oviLL 300
KS=KSTG ovLL 1301
GO TO 20 OoviLL 2302
22 WRITE(6+¢1044)0PSIPOPSIRODELHT+OWRTP4CNRTIODHTOPTNT2 OvVLL 1303
10PTOS2s0PTAT2+0ETATT 4CETATSsOETAAT2OWNED 9yONRTHC W QETHC OVLL 304
1044 FORMAT(//31Xe19HOVERALL PERFORMANCE/TX99HPS]T P (L A2 A4 224
1F10.59 SXe10KPSI R Fl0e5e SXQHDEL * F10s5/7X+9OHWRT/P ssnasane
2F10.59¢ 5Xo10KN/RT F10eSe SXOHDELH/TTINF10.5/7Xe10HPTO/PTBARZ #utatune
3F9.5¢ SXel0KPTO/PS2 F10e5¢ SXOHPTO/PAT2AF104S/7Xs9HETA TT PRBORRRS
4F10.59 5X910META TS F10.5s SXOHETA TAT F1045/7X99HWNE/60D T LT
EF10.39 SXe)OKN/RTH CR F10e39 SX99HE/TF CR F10,5/) SRBHENNS
IF(SRFLAG) WRITE(6420000) SoNRBNEE
20000 FORMAT (1M1 945H AN EXIT HAS REEN MADE FROM SUBROUTINE OVRALL) #ooabene
RETURN ovLL 311
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END OVLL 312
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SUBROUTINF NTAGT (M) DIGT nol
CDIAGT DIGT onan2
c OIGT no3

REAL MFSTOP DIGY nnée

LOGICAL PREVERSRFLAG snnanasan

COMMON  SRFLAG I TYIIrY

COMMON /SNTCP/GesAJIPRFCICASE JPREVER¢MFSTOP 4 JUMP 4 OPINy ISCASE D1GT no6

IKNoGAMF ¢ IP+SCRIT4PTRASISECToKSTG,wTOL+RHOTOL oPRTOL s TRLOOP(LSTG, DIGY ao7
ZULBRC s IBRRC o IMHOKE « ISORM ¢ CHUKE yPTOPSL (698) sPTHRS2(69R) ¢ TRDIAGYSCoRCy DIGT nn8
IDELPRIPASSHTPCLLUPC, 1SS DIGT n09
C DIGT nloO
COMPON /SINIT/HI(6+8) 9HZ (60R) s0PA(6+8)UP1(6e8) DPL1A(6¢8) DP2(6,RIDIGT nld
190P2A(6+8) o CSALF 1 (608 sALF1(648),CSHETLC(648) BET2(6+8) ¢sRADSD(648)9¢DIGT n12

2RADHD(6+8) ¢ ANN] (608) s ANN2 (648) v ANNZA(Ae8) yANNLA(698) yULA(648B) s DIGT nl3
IU2(698) tANNO(64B) sPTO(6eB)sTTO(HR) JALPHAO(HH) sPTP (698) DIGT nlé
(o DIGY nlS
COMMON /SINPUT/ RSLeTSLPSL+GAMS) , Sonavgee

1PTPSsPTINGTTINGWALIRGFATRGDELC Ok LeDELAJAACS VCTD4STGeSECTHEXPN, DIGT n17
2EXPPEXPRE RPMoPAF oSLTeSTGCHeFNDJORINAME (10) « TITLE(10) oPCNH () v #0taoaes
ARVIFIB) sGAM(69R) ¢DR(E698) sUT (6,8) dRWG(6oH) s ALPHAS (698) 1 ALPHAL (64R) 1 %0sadnue
GETARS(6418) oFTAS(698) ¢yCFS(098) yANNO(698) +BETAY (6+8) +BETA2(698) sETARDIGT n20
ER(6+R) ¢ETAR(AIR) sCFR(EWH) s TFR(6+sR) sANDUH (698) yOMEGAS(698) sASO(6,8)DIGT n21
EoASVPO (69R) s ACMNN (6sB) »A] (6eR)1AD (69B) 983 (69B) 944 (6eB)9AS(64B) A6(DIGT n22
T6+48) +OMEOGAR(691R) +BSTA(6418) +BSMPTIA(69H) vHCMNIA(6+8) 9Bl (698)9B2(6+8)DIGT n23

BeB3(6IB) 1R4(698) 4B5(698) 4B6(6+8) (SESTHI (B8)yRERTH] (8) DIGY n2é4

(o} DIGT n2S
REAL Mo DIGT n?26
COMMON /SSTA0L/CPO(BY Y PS0(6+8)eVO(69R)+TSO(6¢DIGT n27

1R) s VUO (H9R) sVZD(698) smHOSOU(6+B) spPS1 (698) ¢ywGT1(8)9TAL1(B) WGl (69A)s DIGT n28

2 CPOR1I(698) 4ST1(648)s CPLIR)yPHIL1(64R)TS1(648)eV]1(6,BIDIGT n29
A9RHCS1(69R) JALFIE(Be8) s VUL (A98) ovZ1(608) sMO(608) s WGTO(B) yWG0(6,8) #nvadnne

C DIGTY n3l
REAL MR1A DIGY an32

COMMON /SSTALA/VULA(698) yWG1A(6ea)sWwGTLA(B)yVZ1A(6e8)y CPIA(8), DIGT n33
1PS1A(6e8) ¢RUIA(698) sRIAL698)yRETIA(698) ¢sRI(698) e TTRIA(6+8)9PTRIA(EDIGT n3s

2eB)eMRIA(AWN)ITS1A(H4E) Besndone

C DIGT n36
COMMON /SSTAZ2/V2(698)2TTR2(6+8) yPTR2(69H) +WG2(648) s WGT2(8B) 2 TA2(8)eDIGT n37

1 PS2(698) sPFrI2(648) DIGT n38

o DIGY n39
REAL MRZ2yM2 s MF 2 DIGT n40
COMMON /SFLUOWZ/TS2(648) «CP2(R)1RD(648) sHHOS2(698) yBET2E(6+8) 2RU2(6DIGT nal

1¢8) sVU2(648) sDPUR2 (6ek) sVZ2(698) MR2(698) yMF2(648) ¢4M2 (648) DIGY na&2

C DIGT n43
REAL M2AsMF2A DIGT n4é

COMMON /5STAZA/wG2A(698) «WGTPA(R) 4 VU2A(698)9VZI2A(648)9sPS2A(6e8)y DIGT nas
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c

10000 FORMAT(44H AN ENTRY KAS REEN MADF IN SUBROUTINE DIAGT )

1000 FORMAT(1H]1+5Xe10A6/6X910A6/20X929HNASA TURBINE COMPUTER PROGRAM/

10
1001
1002
1003
1004
1009
1006
1007
1008

14

19
1009
1010
1011
1012
1013
1014
1015
lole

1ALF2A(698) 9 TT2A(69B) oFT2A(6+8) s TTBAR(R) yPTBAR(B) ¢STT0(B) +SPTO(8)s DIGT n4éb
ZM2A(69R) s MFPA(60d) 9sCPCA(B) s V2A(64B) s TS2A(698) s TAS(B) 4PAS(8) +GAMS(BDIGT 0n&7
3)sCPS(B) sDELHVD(698) y*VBAR(A)

IF(SRFLAG) WwRITE(6010000)

WRITE(601000)NAMESTITLE

131Xs10HDIAGNOSTIC)

IF (MeEWe0)

GO T0 10

GO TO (10419911912013) M

DO l& K=],4KN

WRITE(6¢1001)K,CPO(K) 9GAM (] +K)
FORMAT (GX g I1HK 9IS eIXeIrCPOF10.3+9XsSHGAMMAYF10,5)

WRITE(6+41002)
FORMAT (3X46N
wRITE(6+41003)
FORMAT (3K 6
WRITE(6+1004)
FORMAT (3X 46K
WRITE(641005)
FORMAT (3K 4AH
WRITE(64100F)
FORMAT (3X 46k
WRITE(6+1007)
FORMAT (3X46H
WRITE(6e100R)

(PTP(I4R) 1=, ISECT)
PTPs6FL0.3)
(PTO(I+K)sI=141ISECT)Y
PTOs6F10.3)
(PSO(IeK)eI=1,sISECT)
P50'6F10-3)
(TTO(I oK) eI=S1sISECT)
TTUeBF10.1)
(TSO(IeR)eI=141SECT)
TS0ehFl0.1)
(VO(TeK)oI=leISFCT)
VOs6F10.3)
(ALPHAQ (I +K) o I=1¢IGECT)

FORVAT (3A4ARALPHAQW6F L043)

WRITE(61009)
IF (MeEieQ)
GO 10 1#

NO 20 K={ KN
FORMAT (3X 46K
WRITE(&e1010)

(ST{Iex) o I=1+ISFCTy

60 10 19

Sle6FL0.3)

KoeCP1(K) 2sGAM(24K)

FORMAT(UXg1HK OIS eIXeIFPCPIoF10,3+0X9SHGAMMASGF10,5)

WRITE(6s10] 1)
FORMAT (3Xe6HK
WRITE(6e1012)

(PS1{T 4R} eIl=14ISECT)
PSlebF10.3)
(VPDRYI (Len)sI=)oISECT)

FORMAT (3XehH DPURLWEF10.5)

WRITE(641013)
FORMAT (3IXe6H
WRITE(6+1014)
FORNMAT (3R46H
WRITE (6e1i019)
FORMAT (3X 46K
WRITF(6s101F)
FORMAT (3X4hr

(TS1(T4®)aI=1,41ISECT)
TS1+:4F1l0.1)

(WGl (] 4R)el=leISECT)
wGlehFl0e3)

(VI1(leK)aI=1ls]ISECT)
V1eAF1043)

(ALF1IE (Ller)oI=14ISFCT)

ALFlE AF]10,3)
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01GT
0167
01GT
OIGT
DI16GT
DIGT
DIGY
DIGT
OIGT
01GT
0IGT
DIGT
DIGT
D1GT
0167
DIGT
DIGT
DIGY
DIGT
DIGT
DIGY
DIGT
DIGT
DiIGT
DIGY
DIGT
DIGT
DIGT
0167
DIGTY
DIGT
DIGT
DIGTY
0IGY
OIGY
NDIGT
NIGT
NDIGT
0167
DIGT
DI16Y

050
nS1
n52
nS3
054
n55
ns56
ns7
ns8
ns9
060
n6l
n62
n&3
n64
065
n6é6
n67
n68
n69
n70
nT1
n72
n73
nté
n7S
n76
nr?
n78
nT9
nRO
nRl
nR2
LLE]
nl4
n8S
n86
n87
n8s8
n8o
noeon
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20 wrITE(ARI1N1T) (aLFLIToR) o I=19ISEFT) DIGT n91
1017 FORMAT(3Xe6KH ALF196FL10.3) DIGY n92
IF (M.EWen) GO TO 11 DIGT 093
GO 7O 14 DIGT n94
11 DO 15 K=1¢KN DIGT 095
WRITE(6e1n01R) KeCPLIA(K)sGAM(3I4K) DIGY n9é6
1018 FORMAT(OAZIHKIIS549Xe4rCPIAWWF10e3,8Xy5HGAMMALFL10,.5) DIGT n97
WRITE(641019) (PTRIA(Lex)sIx)oISECT) DIGT n98
1019 FORMAT (3Xe6k PTRIAWAFL0,.3) DIGT n99
WRITE(6+1020) (PS1A(TeK)sI=1,1SECT) DIGT 100
1020 FORMAT(3Xe6+ PS1As6FL0.3) DIGT 101
WRITE(641021) (TTRIA(LeR)sI=1eISFCT) DIGY 102
1021 FORMAT(3Xe6H TTK1A96F1041) DIGT 103
WRITE(60¢1027) (#GlA(I9K)4I=1,4ISECT) OIGT 1064
1022 FORMAT (3Xe6H wGlAeKF10,.3) : DIGT 105
WRITE(A+1023) (RIAL{L4R)eI=]1,ISECT) DIGY 106
1023 FORMAT (3XebH R1A+&F10,3) DIGT 107
WRTTE(6¢1N024) (HET1A(lsR)eIm)eISFCT) S DIGT 108
1024 FORMAT (3Xe6k RET1AW6F10,3) DIGT 109
15 WRITE(6+1029) (RI(IeK)sI=1eISECT) DIGT 110
1025 FORMAT (3Xe4H RIe6F10,3) DIGTY 111
1F (M.FRe0) OO TO 12 DIGT 112
GO T0 1w DIGT 113
12 DO 16 K=].KN DIGT 114
WRITE(641026)K4CP2(K) 9GAM{I(K) OIGT 115
1026 FORMAT (GR1HKeIDe9XeIFrCP29F10.399X9SHGAMMALF10.5) DIGT 116
WRITE(641027) (PTR2(I1'K) sl=1sISECT) DIGT 117
1027 FORMAT (3Xe6r PTR246F10,3) DIGT 118
WRITE(6¢1028) (PS2(1eR)eI=1.ISECT) DIGT 119
1028 FORMAT (3Xx46H PS2+6F10.3) DIGT 120
WRITE(6¢1029) (UPDR2(1eK) o I=1oISFCT) DIGT 121
1029 FORMAT (3XeaH DPDR2+6F10,5) DIGT 122
WRITE(691030) (TTR2(IeK)el=191SEcT) DIGT 123
1030 FORMAT (3XebR TTR2+6F10,1) DIGT 124
WRITE(6+1031) (TS2(LeN)eI=1,41SECT)Y DIGT 125
1031 FORMAT (3x9AKH TS2.6F10,1) DIGYT 126
WRITE(641032) (wG2(l oK) sI=1,1ISECT) DIGT 27
1032 FORMAT (3X96M wG2e6F10,3) DIGT 128
WRITE(6¢1033) (R2(IeK)sI=141SECT)Y DIGY 129
1033 FORMAT (3Xe6H R2+6F10,3) DIGT 130
WRITE(641034) (HET2E(Lyn)oI=1+ISECT) DIGT 131
1036 FORMAT (3x46H BET2E46F10,3) DIGT 132
16 WRITE(6+41035) (BET2(19K)sI=)sISErT) DIGT 133
1035 FORVAT (3Xe6H HBET2+6F10,3) DIGT 134
IF (MeEweN) GO TO 13 DIGT 135
GO 10 1% DIGT 136
13 DO 17 K=l4KN DIGT 137
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1036
1037
1038
1039
1040
1041
1042
1043
1044
1045

1066

LK 1]

WRITE(Ae1036)KsCP2A(K) sGAM(G oK)
FORMAT (9X 9y 1HK TS« 9X94FCP2AsF10e3,AXsOHGAMMALF]0,5)
WRITE(6+s1037) (PT2A(LIsR)41214ISEFT)
FORMAT (3Xe6H PT2A46F10,3)
WRITE(6e103R) (PS2A(]I k) sI=141ISErT)
FORMAT (3XehH PS2A46F10,3)
WRITE(6¢1039) (TT2A(1eK)el=141SErT)
FORMAT (3xe6k TT2A46F10,1)
WRITE(6e1040) (TS2A(TIK)sI=101SEFT)
FORMAT (3XebH TS2A46F10,1)
WRITE(helN4]) (WG2A(IsK)el=1sISECT)
FORMAT (3Xebk wG2A46F10,3)
WRITE(6e1042) (V2ALLWK)eI=1,sISECT)
FORMAT (3X¢AH V2A+6F10,3)
WRITE(6e1043) (ALF2Aa(lex)eI=14ISFCT)
FORMAT (3XyhH ALFZ2A46F10,3)
WRITE(6e1044) (ST(IeK)el=loISECT)
FORMAT (3Xx4aH SI1v6F10.3)
WRITE(691065) LeCPS(K) sGAMS (K)
FORMAT (OX o 1HLPTISs9Xe3FrCPSeF10.3¢0XsSHGAMMAPF10,5)
WRITE(6elnah) (PTP(IsL)oI=14ISECT)
FORMAT (3X 46N PTPs6F10,3)
WRITEL641047) (PTO(lsL)s1I=141ISECT)

WRITE(6+1068) (TTO{I4L)eI=lsISECT)

1047 FORMAT (3X46H PTOs6F10,3)
17

1048 FORMAT (3Xy6H TT0+6F10,1)
18 CONTINUE

20000

IF (SRFLAG) wRITE(6+20000)

FORMAT(1H1+4SH AN EXIT HAS BEEN mADE FROM SUBROUTINE OIAGT )

RETURN
END
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SUBROUTINE INSTO INST nol
CINSTG INST n02
C INTERSTAGE OUTPUTY INST no3
C NUMBER OF SECTORS [S THREE OR LFSSsHUB AND CASING VALUES ARE INST 004
C CALCULATED AND PRINTED INST n05
(o NUMBER OF SECTOKS IS MOWRE THAN THREE»ONLY SECTOR PITCHLINE INST noé6
C VALUES ARE PRINTEC INST no?
C INST noO8

REAL MFSTOP INST 009

LOGICAL PREVER,SRFLAG saontgne

COMMON SRFLLAG Bauodene

COMMON /SNTCP/GrAJsPRFCIICASE PREVERIMFSTOP 4 JUMP 3 OPINS ISCASE s INST nid

IKNoGAMF o IP ¢ SCRITWPTRNGISECT yKSTG WTOL+RHOTOL oPRTOL ¢ TRLOOP 4L.STG, INST nl12
2LBRCIBRC,ICHOKE 4 ISORK4CHOKE sPTOPS]1 (6+48) yPTRS2(698) yTRDIAGySCsRCe INST 013
JDELPRsPASSHIPCHLOPCH1ISS INST nlé

C INST 0l1S
COMMON /SINTIT/HL(698) tH2(64R) +DPn(698)9DP1(698)+DPLA(698) 1DP2(648) INST nlé6
1eDP2A(6+8) yCSALF1(6s8) 9 ALFL1(648) CSHET2(648) ¢BET2(648) sRADSD(648) 9 INST 017
2RADRD (6 98) s ANNL(698) s ANN2 (6498) 1 ANN2A(H18) sANNLA(648) 4ULA(6+8) s INST n18
AUL(Es8) s ANNO(698) sPTO(BIB) s TTO(6,8) yALPHAG(6+8) +PTP(61+8) INST 019

C INST n20
COMMON /SINPUT/ RSLeTSLePSLsGAMS » BREROHDE
1PTPSePTINGTTINSWAIRJFATRGDELCoDE| L+DELAJAACSIVCTD9STGISECTIEXPN, INST 022
2EXPP 4EXPRE y RPMyPAF o SLI+STGCHarNDUJORINAME (10) 9 TITLE(LIO) sPCNH () s#eaogas
IRV(6+8) sGAM(698) vDR(698B) gDT (65+8) 4RWG(H98) sALPHAS(6e8) 9y ALPHAL (64R) statiinne
GETARS(648) yETAS(608) 4yCFS(64R) vANNO(69R8) yHETAL (648) +BETAZ2(698) ¢ETARINST 025
ER(6¢8) yETAR(69R) yCFR(CE4B) 1 TFR(64n) v ANDCR(698) yOMEGAS(69¢8) ,AS0(6,8) INST n26

6+ ASMPO (648) s ACMNO (608) AL (64B) 1AP(69B)9A3(648) ¢AL(648)91AS(648) 4A6(INST 27
7698) yOMEGAR(698) «BSIA(698) yASMPIA(6+8) 9v8CMNIA(O48) 9Bl (698B)sB2(ge8) INST n28
ReB3(61B) sRL (69R) ¢BS(698) ¢B6(648) ,SESTHI(B) yRERTHI (8) INST n29

C INST n30

REAL MO INST n31

COMMON /SSTAQL/CPO(R) PSO0(6+8)+sV0(698)sTS0(69INST n32

18) sVUU (60R) ¢ VL0 (698) s FHOSO(6e8) sPSL1 (668) s WGTI(B) s TAL(8B) sWGl(698)s INST n33

2 DPDR1(6¢8) eSI(6sRY s CPL(R) sPHIL (648) 4 TS1(698)9V1I(648)INST n34
FsRHOSL1 (698) sALFLE(69B) e VUL (6¢B) ¢evZ1(648) 1MO(648) ¢sWGTO(8) 1WG0(6,8) wavntaan

C INST n36
REAL MR1A INST n37
COMMON /SSTALA/VULA(698) ¢yWwGIA(6sA) s WGTL1A(B) 4VZ1A(698)9 CPlA(B), INSY n38
1PS1A(648) ¢RULA(6+8) +RIA(69B8) vBET1A(6918) «RI(6+8) s TTR1A(648) sPTRIA(6INST n39
298)sMRIA(64B)sTSLIA(AE) sanatane

C INST n4d
COMMON /SSTA2/V2(69R)IITTR2(6sR) sPTRZ2(698) sWG2(6¢8) sWGT2(B) ¢ TA2(B) 2+ INST n42

] PS2(6¢8)4PF12(64¢8) INST né3

c INST n4s
REAL MRPyMP W MF 2 INST n4S
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10000

8) sRUP{OINST nab

COMMON /SFLCW2/TS2(648) «CP2(8)9R2(698) sRHOS2(648) +BET2E (6,

108) e VU2 (64R) yDPDR2 (6¢E) ¢ V22 (648) MR2(698) sMF2(648) ¢M2(698) INST na?
INST naR

REAL M2AasMF2A INST na9

COMMON /SSTAZA/WG2A(698) ¢yWGT2A(8) 4VU2A(648)4VZ2A(648)9PS2A(6+8)s INST nSO
JALF2A(698) s TT2A(6s8) 9FT2A(648) s TTRAR(B) 9PTHAR(8)9STTO(B) +SPTO(R) ¢ INST aS)
2M2A(698) sMF2A(698) yCPcA(8) +V2A(6,8) 9 TS2A(648)9TAS(B) yPAS(R) +GAMS (BINST n&2

) sCPOIB) o NELHVDN(698) ykVBAR(R) tevadony
INST n&4
CUMMON /SOVRAL/DELHT (648) sDELHTI (698) yCELHSI (64R) yDEHATI(6eR) » INST aSS
1ETATT(6e8) +sETATS(69H) 'ETATAT (6198) INST n66
INST nS7
COMMON STOPO(T7) o STETO(T) « STALF(T)sSTSI(T) «STVO(T)oSTVUOI(T) » INST n&8

1STVZO(7)+STTSO(7) eSTPSO(7) «STDENA(T) 9STMO(T7) s STOP1(7) sSTALFE(T)y INST 059
2STOELA(7) oSTVL(7)oSTVLL (7) oSTVZ1(7)+STTIS1(T) +STPSL(T)sSTDENL(T)s INST 060
ISTMI(7) o ZWIINC(T) s CPS(7)+STDP1A(T)» INST 0kl
ASTPTRI(7)4STBET1(7)eSTIRI(T) 4STRIA(T) sSTRUIA(T) ¢STMRIA(T) 9STULA(T7) ¢ INST 042
SSTDP2(7) 9STHET2(7) +SDBETA(T) +SR2(7) 9 SRUZ(T) ySMR2 (7) 4SU2(T) sRX(7) s INST 063
6STDELH(7) oSTPST(7)9SETATT(7) «SETATS(7) 9SETAAT(T) ¢RZWINC(T) o INST 064
7 CFRUT) +STPT2a(T)9STTT2A(T) 4STV2A(T) 9STVURA(7) s8esssons
BSTALF2(7) oSTMF2a(T) sSITTR1(7)+STYZ2A(7) +STTS2A(7)+STPS2A(7) ySTDEN2#nosssas
G(7) eSTMAA(TY+STTTO(T) sLUsJJsKeSTWGO(T) sSTWG] (T) ¢STWGLA(T) 4STWG2(7) #voasose
99STWG2A(T7) «SFLOO+SFLOLsSFLOYAWSFI 02+SFLO2AISTPSIA(T) ¢STTS1A(7), wwssssve

GSTPYR2(7) «STTTR2(7) «SIPS2(7)+STTg2(7) CuneReGe
INST n&R

INST nAR9

IF(SRFLAGY WRITE(6+10000) Senndane
FORMAT (44H AN ENTRY HWAS BEEN MADF IN SUBROUTINE INSTG ) stoaedtoene
DO 9 K=]9yKSTG INST n70
SFLOO =0e0 Sanotaoe
SFLOY1 =0.0 fanoBan
SFLOlA=0.0 Gaoadoss
SFLOZ2 =060 YT ITY
SFLQO2A=0e0 Canadeee
E1= (GAMS (K) =) /GAMS(K) INST a71
E2=GAM (1 oK)/ (GAM (] o) "]1,) INST 7?2
E3I=CGAM(2eK) 7 (OAM(24K)=1,) INST n73
Ea=GAM(3eK)/(OGAM(39K)~]1,) INST nT4
ES=CGAM{4sK) /7 (GAM (4eK)~1,) INST nTS
EGsCAM(SeK) / (GAM({SeK)=1,) INST n76
RELOCATE PIYCHLINE VALUES INST Aa77
JEISECT ] INST n7H
DO 5 I=1+1SECT INSTY A79
KS=y=1+¢) INST aRO
STWEOIKRS)=WR O (KS=]9K) Soantyee
SFLOO =SHLON *STaGO(KE) Conebaud
SITTOUINS)=2TTu(Rd>=]4K) 1n&T ru)
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STIRND () =R J{Kk3=]9K) INST nl2
STPTQ(KS)=ZPTP(KS=len) INST nR}
STALF (KS)=ALPHA( (KS=19K)#57,2958 INST nRa4
STSI(KS)=ST(RS=~1sK)*5],2954 INST n45
STVO(KS) =V (KS=] ¢K) INST n86
STVLO(KS)avUN (K=l ex) INST 087
STVZ0(KS)=V20(KS=1eKk) INST nRR
STTSO(KS)=aTSO(KY=1¢K) INST nag
STPSO(KS)=PSO{KS=1yK) INST 090
STNEND (KS) 2144, 4STPSO(RS)/Z(STTSO(KS) RV (]19K)) I T YT R
STMO (KS) M) (KS~] oK) INST nQ2
STWGEL (KS)2whB]l (KS=]eK) 22222 T T
SFLLO]1 =SFLO1 +STwGl (k3) [ZTYT XYY
STNPL(KS)=DP1{KS=14K) INST n93
STALFE (KS)=aLFlE (KS=1x)#57 2958 INST 094
STOFLA(KS)Z (ALPHAQ (KS=l oK)} s ALFLlE (KS=]l %)) 57,2953 INST n9S§
STVI(KS)=V](KD=]leK) . . INST n96
STVUL(KS) 2VUL(KS=]1eK) INST nQ7
STVZ21(KS)=V71(KS=]l¢K) INST n9H8
STTS1(K3)xTSL{KS=] oK) INST n9Q
STPS1 (KS)=PS]l (KS=]14K) INST 100
STNEN] (RS)=RKHOS] (KS=]sK) INST 101
STM] (KS)EV] (KS=19K)/(SQRT(GAM(2sw ) ®GPRV (29K ) #TS] (KS<19K))) (2222222

IS ==2.,#ALFLE(KS=14K) =1.570796 INST 103
ZWT INC(KD)=rQS¢( IS Ve (SIN(ALPHAQ(XS=1+K))®COS(ALFLIE(KSINST 106
1=19K))/(COS(ALPHAOD(KS=1eK))®SIN(ALFIE(KS=19K)))el,) INST 108
CPSIKS)I=] = (STVU(KS) 28TV (KS) ) *0> INST 106
STWGE1A(KS)=aGLlA(KS=]1,4K) sanndane
SFLO1A=SFLLO1A*STHGlA(RS) XYY
STOP1A(KS)=NPlA(KS=]4K) INST 107
STPTR]Y (XS)=PTR]A(KS=]9K) INST 108
STTTRI(KS)=TTR1A(KS=]1K) INST 109
STBET1(KS)=2rET1A(KS=]19K)*57,2958 INST 110
STRI(KS)=RI(KS=14K)¥57,2958 INST 111
STRIA(KS)=2R1A(KS=19X) INST 112
STRULA(KS)=RBULA(KS=14K) INST 113
STMHIA(KS)=MRIA(KS=]4K) INST 114
STULA(KS)=U18(KS=]¢K) INST 115
STPSI1A(KS)=PS1A(KS=],4K) srnavnee
STTS1A(KS)=TS1A(KS=],4K) *a0ndaaw
STWGE2 (KS)2wW62 (KS=14K) ®asadane
SFLU2 =SFLO? *STwG2(KS) LA LT
STOR2(KS)=NP2 (KS=]19K) INST 116
STHET2(KS)=HET2E (KS=]19K)#57,2958 INST 117
SOBFTA(KS)=(RETLIA(KS=14K)+BET2E (KS=19K) ) #57,2958 INST 118
SR2(KS)IR2 (KS=1sK) INST 119
SRUZ (KS) =R (K§=]sK) INSY 120
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INST 121

SUZIRD)ZU2 (KS=] 9K) INST 122
STPTR2(KS)=P[R2(KS=1,K) sanotsen
STTTRZ2(RS)=TTR2(KS=1,4K) Boeedony
RX(KS)=]e=(1e=(PS1(KS=14K)/PTP(KG=]loR))®®E])/{].=(PS2(KS=~1sK)/ INST 123
1PTP(KS=1sK))®2F]) INST 1764
STDELH (K5)=DELHT (KS=11K) INST 175
STPSI(KS)=2.R0BAJRDELFTIKS=1eK) /7 (ULA(KS=]14K)®ULA(KS=]sK) INST 126
10U (KRS=] 9yK)#YZ2 (KS=]14sK)) INST 127
SETATT(KS)SETATT (KS=]eK) INST 128
SETATS(KS)=ETATS (KS=]19K) INST 129
SETAAT(KS)ZETATAT (KS=14¢K) INST 130
7R = =2,4HET2E (KS=]1sK) =1.570796 INST 131
RIZWINC(KS)=C0S¢( ZR Yo (SIN(BET1A(KS=1¢K))#COS(RET2E (KS=INST 132
119K) )/ (CUSIHETIA(KS=19K) ) #SIN(BETPE (KS=19K)))*1,) INST 133
CPR(KS)=1,~(STR1IA(KS)/SH2(KS))®#8o INST 134
STPS2(rS)=PS2(KS=]1¢nr) GaBatsEe
STTS2(KS)=TS?2(KS=14K) Banstaon
STWG2A (KS)=wG2A(KS=] 4K) conutane
SFLOPA=SFLOPA+STwG2A (KS) PP T
STPT2A(KS)=PT2A(KS=14K) saBudae
STTT24(KS)=TT2A(KS=]¢K) soesntann
STV2a(KS)=V2aiKS=1¢K) panatunn
STVL2A(KS)=VU2A(KS=1,4K) BHBGBHBY
STALF2 (KkS) =ALF2A (KS=19K) 57,2958 INST 139
STMF 24 (KS)EMF2A(KS=]4K) BRaatany
STVZ2A(RS)=VZ2AIKS=],K) DaBBeaY
STPS2A (KS)=PS2A(KS=]14K) spoataes
STTS2A(KS)=TS2A(KS=] oK) Bototasn
STMPA(KS)2M2a (KS=],yK) Ty IIy;
STDENZ(KS) 2144 ,2STPS2A(KS)/Z(STTSOA(KSIHRV(5,4K)) PR R s
5 CONTINUE INST 1464
IF (ISECT=3)333s6 INST 147
CALCULATE nud VALUES INST 148

3 L=l INST 149
JJSISECT+2 INST 150
1=1 INST 151
L=l INST 152
STDPO(L)=NR (1K) sonnband
R1=CPO(IeK)/NR (1K) BoaBBeD
STOPYI(L)=NR(2K) P ey
R2=CPYI (1K) /DR (2eK) INST 156
STNR1A(L)=DR(34K) paeababe
R3=CPLA(I+K) /DR (3 eK) INST 158
STDP2 (L) =DR(49K) INST 159
R4=CP2 (19K /DR (4 4K) LS A AR 2 4
TALF=SINCALFI (ToK))I®RI/COS(ALFL(T4K)) INST 161
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10

2
7

RS=CP2A (1K) /0R(SeK)
STATION 0 STATOR INLET

STTTO(LISTTN (LK)

STPTO(L)=PTP(I4K)

STVZ20(L)=VZO(]leR)

STVUO (L)=VUN (I .K)®*R)
STVO(L)YZSQRT(VZO (T ex)*VLO(TeK)+STVUN (L) @STVUO (L))
STTSO(LIZSTTO(I oK) =STVO(LI®STVO(L)/(2e#CRAJSCPO(K) )
STPSO(L)=PSO (I 4K)®(STISO(L)/TSO(T4K))#HED

STDENO (L) =164 ¢#S5TPSO(L)/(RV(]14K)aSTTSO(L))

STALF (L) =ATAN2(STVUO (L) 9STVZO (L)) ®57.2958
STSI(L)=STAILF(L)=ATANC(SIN( RADSN(1l+K))I®R1+COS( RADSD(IsK) )}
1#57.2958

ASORSSQRT (GAM () +K) #GahV (1 9K)#STTgo (L))
STMO(L)=STVO(L)/Z/7ASOH
STATION 1 STATOR Ex]T

STVZ1(L)=vZ)1 (1K)

STVL1I(L)Y=VUL (1 4K)#R2
STVI(L)=SQRT(VZI{Iek)®VI]I (IaK)*STVULI (L) ESTVUL (L))
STTSI(L)=TTO(l oK) =STVL(L)I®STVI(L) /7 (28G2AJCP]L (K))
STPS1(L)SPSI (T4 )*(STISI(L)/TSL(TeK))®®e]

STDENL (L) =144.#STPS1(L)/STTSI(L)/RV(24K)
STALFE(L)=ATAN2(STVULIL) +STVZI (L)) ®*S5T7.2958
STOELA(L)=STALF (L) *STALFE (L)

ASIF=SQRT (GaM(2+K) 8GarV (29K)#STTg) (L))

STMY (L) =STVI(L)/AS]IH

7S 2=2,2STALFE(L)/ 5729548 =-1,57n796

ZWIINC(L)= COS( 2S)*(STVUN (L) #STVZI(L) /Z(STVZO(L)#STVUL(L))*1,)

CPS{L)=1e=(STVOIL)/STV] (L)) D%

STATION 1a ROTOR TNLET
VUIAHZVULIA(TK)*R3
STRUITA(L)=VUIAH=ULA(TK)/R3
STBETL(L)=ATAN2(STRUIA (L) +VZ1A(].K))¥*57.2958
T=TALF=(TALF/R3 = SIN(RADRD(14K))/COS(RADRD(I+K)))/R3
STRI(L)=STHETLI(L)=ATANZ( Teloe )#57.2958
STRIA(L)=SSQRTISTRULIA(L)I®STRULA(LY+VZ1A(TeR)#VLZIA(]IWK))
VIALAH=VZIA(T oK) #VZ1A(T oK) ¢VUTAHaVU] AR
DELTSH=(VI(TeK)®V]I([4R)=VIALAH) /(P #0G#AJ2CPLA(K))
TS1AH=TS1 (T oK) ¢VELTSH
STTS1A(L)=TS1ANK
STMRIA(L)=STRIAIL) /SQRTIGAM(34K) 8GRV (JsK)#TS]1ANH)
TTRSHI] «*STMRIAIL)®STVRIA(L)®(GAM(39KI=14)/2.
STTTRI(L)=TS1AH*TTRSH
IF (RI(IsK))29207
EXPRI=ZEXPN
GO 10 11
FXPKI=E xPp
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INST 162
INST 163
INST 164
INST 165
INST 166
INST 167
INST 148
INST 149
INST 70
PRBBOPHY
INST 172
INST 73
INST 174
(XX 22 XY X4
INST 76
INSY Y77
INST 178
INST 179
INST RO
INST 131
INST R2
L2 X X2 2% X )
INST Re
INST 18RS
(XX X XXX X4
INST 1R7
INST 1RR
INST 1RO
INST 190
INST 191
INST 192
INST 193
INST 196
INST 195
INST 196
INST 197
INST 19R
INST 199
INST 200
[ X2 F X F¥-X ]
- XXX X% X
INST 202
INST 203
INST 204
INST 208
INST 206
INST 2n7
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11 PTRSEMZE(1e+ (TTRSH=]l ) SETARR(T oK) #rOS(RI(] oK) )RWEXPR]I)#SE4 INST 208
PS1AHZPS) (T ek)B (1 ¢*DELTSH/TSI (len))@RE4 INST 209
STPS14(L)=PS1AH Tl
STPTR1(L)=PS)AH*PTRSH INST 210
STUTA(L)SULA(LWK)/R] INST 211

STATIOUN 2 ROTOR FxXIT INST 212
VUZH=VUP (Tex) ®*Ra INST 213
SKUZ (L)Y=VU2KreUR2 (1K) /H4 INST 216
STRET2(L)=ATANP (SRU2(L) +VZ22(1+K)) 25742958 INST 215
SOUBETA(L)=STHET] (L)Y +SIBETZ2(L) INST 216
SR2 (L) =SURT(SKRUZ (L) ®SMUP (L) eV/Z2(1,K)*vL2(14K)) INST 217
VOVPHaBV/IZ2 (T eK)}OV/I2([gK)evURHEVU2H INST P18
DELTSH=(VR2(T4RKI®V2(T4R)=V2VIH)/ (2, ,*0RAJ8CP2 (K)) INST 719
TS2r=TS2(1er) sNDELTSH INST 220
STTS2(L)=TSPH sssadgoc
SMR2 (L) =SR2 (L) /SART(GAM (4 eK)#GRRY (4 oK) #TS2H) YT Y
SU2(L)=ue(1+X) /Ra INST 222
PS2F=PS2 T eRn)®(TS2H/TS2 (1K) ) #PLn INST 223
STPS2(L) =P [TYIITT L)
RX(L)IZLa=(1e=(STPSLILI/PTP(Tek))eweb]l) /(1e=(PS2H/PTP (1sK))#eE]) INST 224
STDELRHIL)={STULA(L)I®VL]IAHeSU2(L)aVUPH)#TFR(1 4K}/ ( G*AJ) INST 225
STPSI(L)Z2,.,8G*AJRSTNELH(L) Z7(STULA(L)®#2+SU2 (L) #ep) INST 226
SETATT(L)=STLELM (L) /CELHTL (T 4K) INST »27
SETATS(L)»=STCRELAH(L) /CELHSI (T oK) INST »2R
SETAAT (L) =STLELR (L) /REHATL (T oK) INST 229
ZR ==2,85TBET2(L)/5T,c9%8 =1,570796 INST 230
RZAINC (L) =COSH LR)S(STRULA(L)I®U72 (1K) /(VZIA(TK)8SRUZ2(L))*]1,) INST »31
CPRILI=1a=(STRIA(L)/SH2(L) ) 08D INST »3°7
SIPIPA(L)=PT2A (] +X) YY YL
STTT2Aa(L)=TT2A (1K) voonbsoe
STVZ2A(L)=V/L2A([eK) L2222 4
STVL2A (L) =VI 2A (] +K)#RE YT Y e eey
V2APARSSTVUPALL ) ##2eyL2A (]l ex)ne? danedosn
STVZ2A(L)=SOURT (VZAZAN) sanntpne
STALF2(LI=ATAN? (STVUZA (L) VZ2a([.K))®G7,2954 LTI AL L)
NDELTSZs{VPAIT 1K) 8#2=VAZAN) /(P o #naAJRCP2A(K)) INST 240
STTR2A(L)=TS2A (1K) +DELTSS ITT LY L
STRPS2A(L)=PSPA (1K) (L, eDELTSP/TQ2A(1,4K) ) #%EE sasadane
STDEN2 (L} =166e#STPSPAIL)I/(RV(Seky#STTS2A (L)) tusndane
SQTMZA(L)ESTVZALIL) /SURI (GAM (R oK) #naRV (ReK)#STTS24(L)) snnadunn
STMF2A (L) =STNM2A(L)I®COS (STALF2 (L) /5T.29%8) LA S AL 2 24
IF (LeGTel) GO TO 8 INST 246

CALCULATE TIP VALUES INST 247
I1=1SECT INST 24R
L=ISECTe2 INST 249
STDRO(LI=NT (1K) INST 280
R1=0PO(T oK) /2T (1 9K) INST 751
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STOP1(L)=NT(29K) INST »52
R2=CPL(1eK)/NT (24K) INST 253
STOPIA (L) =0T (34K) INST 254
R3I=CPIA(IL+K)/DT(3eK) ’ INST »55
STOPZ2(L)=DT(49K) INST 256
R4=CP2(19K) /DT (4eK) INST 587
TALFaSIN(ALFI(TeK))®RI/COS(ALF1(T,4K)) INST »58
RS=CP2A (1 +X)/UT (54K) INST 259
GO 70 10 INST 260
6 LJ=? INST 261
JJ=I1SECTe) INST 262
8 CALL wOul INST 263
9 CONTINUE INST 764
IF (SRFLAG) wRITE(6920000) dneatane
20000 FORVMAT(45H AN EXIT HAS BEEN MADE FROM SUBROUTINE INSTG ) LA LA AL 24
RETURN INST 265
END INST 266
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Listing of Code (continued)

CwOUT

SUBROUTINE wQUT wWOouT 00l

WOUT no02

WOUT 003
REAL MFSTOP WOUT noé
LOGICAL PREVER,SRFLAG tssatgae
COMMON SRFLAG NBeadane
COMNMON /SNTCP/GeAJIPRFCICASE «PRFVERIMFSTOP, JUMP4LOPING ISCASE . wWOUT 006

IKNeGAMF s IPsSCRIToPTRAPISECT 4KSTG.WTOL4RHOTOL ¢PRTOL 9 TRLOOP L STG, wWOUT no07
2LBRCyIBRC o ICHOKE + ISORR ¢ CHOKE +PTOPS1 (648) 9PTRS2(698) ¢ TRDIAGYSCeRCs WOUT 008
INDELPRIPASS,IPC4LOPCL 1SS WOUT n09

wOUT nl0
COMMON /SINIT/HI{(698H) *H2(648) ¢OPn(648)90P1(698) sOP1A(6¢8) +DP2(648)WOUT nll
190P2A(6+8) eCSALF1{60B) yALF1(6¢8) CSHET2(6+8) +BET2(6,8) yRADSD(6,4,8) +WOUT nl2

ZRADHD (6e8) s ANNYI (698) ¢« ANN2(6¢8) 9y ANNCA(A9B) 1ANNLA(6+8) ¢ULA(648) WOUT nl3
U2 (6e8) sANNO(648) sPTO(648) s TTN{6.8) yALPHAO(6e8) +PTP (648) wWOUT nlé

WOUT nl1S
COMNMON /SINPUT/ RSLeTSLePSLsGAMS| » tanabane

1PTPSsPTINGTTINGWAIR,FAIRJDELCoDELLYDELAJAACSoVCTDoSTGeSECTHEXPN, WOUT nl7
ZEXPP ¢EXPKE y RPMsPAF oSLI+STGCHsFNDJUOKINAME (10) 2 TITLE(10) s PCNH () 1% 0nastune
FRVIE1B) 9GAM(£98) DR (£98) 40T (608) RWG(698) s ALPHAS(698) s ALPHAL (648) s Reanbans
SETARS(698) 2FTAS(698) yCFS(698) e ANDO(H69R) s BETAL (608) yBETA2(6¢8) ETARWOUT n20
ER{648) yETAR(698) +CFR(Es8) s TFR(6+R) +ANDCR (598) +OMEGAS (608) yASO(6,8)WOUT n21
EvASNPO (698) v ACMNO(698) 4R (64,B)91AP(698) 2R3 (648) A4 (64R)IAS(648) 4A6(WOUT n22
T7698) 1OMEGAR(698) +BSIA(6+8) +RSMPIA(698) vHCMNIA(6+8) 981 (698)+B2(6+8)WOUT 023

89B3(698) R4 (69B) yBS(698) yB6(6+8) SESTHI (B) ¢RERTHI(8) WOUT n24

SRetsae
REAL MO T IrY Y]
COMMON /SSTAQL/CPO(B) PSO0(698) 9V0(698) ¢ TSO(6r2nnndpae

18) e VUO(69R) sVZO(698) ¢ FHOSO(608) sPS1(6+8) sWGT] (B) s TAL(B)sWGl (60R) s #esataons
2 CPDRY1(6+8)+ST(64R)s CPL1(B)sPHIL1(6+8)9TS1(698)9V]1(6,R)Rs00Bane
3¢RHCS1 (698) «ALFIE(6+sB)I g VUL (6s8) ovZ]1(698) sMO(648) ¢ WGTO(B) ¢1WG0(648) ®ensbane

Spnatane
REAL MR1A Y TYIIT Y.
COMMON /SSTAL1A/VULA(698) yWwG1A(6en) yWGT1A(B) yVZ1A(648)9y CPlA(B), S®ooadane
1PS1A8(648) sRUIA(6+8) sR1A(698) +sRETIA(698) sRI(698) s TTRIA(698) yPTRIA(6%unntpan

2¢8) ¢sMR1A(698) 9 TS1A(6,4E) TP YTy
ssnangne

COMMON /SSTAZ2/V2(648)91TTR2(6+B) sPTR2(698) sWG2(698) sWGT2(8) s TAZ2(8) s%anadaes

1 PS2(698) sPFI2(64R) YIS I )
’ (I rYY:

REAL MR2 M2 MF Sanatane

COMMON /SFLOW2/TS2(6e8)sCP2(8)1RP(698) ¢sRHOS2(648) ¢BET2E(648) ¢RU2 (6% wnatpne

108)9VU2(698) sDPDR2(648) s VZ2(6+8) MR2(698) sMF2(648) 4 M2(6498) Snoatone
TS YT

REAL M2AsMF2A Snanoane

COMMON /S5STAR2A/wWG2A(698) ¢ WGT2A(8) ¢ VUZA(6198) ¢ VZI2A(698) 9PS2A(608)y Senstaas
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TALF2A(648) 9 TT2A(698) oFT2A(6+48) s TTHAR(B) 9PTBAR(B) +STTO(B) 1SPT0(B) sy @#nendans
2MP2A(698) ¢MF2a(698) 9CPCcA(B) +1V2A(6,R) s TS2A(698)91TAS(8) ¢yPAS(R) ¢GAMS (Broandassn

3)eCPO(B)YDELKNVD(698) yhVHAR (R) ' TYI2 L
o sSanoOa0w
COMMON /SOVRAL/DELHT (€48) sDELMHTI (698) ¢CELHSI (698) yDEHATI(K08) snanoane
1ETATT(648) 9ETATS(69B)'ETATAT (698) YT
c wOouUT 025
COMNON STCPO(T) oSTFTO(T) «STALF(T) 9STSI(T)oSTVO(T) 4STVUOL(T) s wOUT n26

1STVZO(T)+sSTYSO(T)Y oSTPSO(7) 2STNENA(T) oSTMO(T) o STOPL(T7)oSTALFE(T)s WOUT 027
2STDELA(7) oSTVL(T) oSTVLL(T) 9STVZL (T} 9STTIS1(T)eSTPSL(T)9STDENLI(T) e WOUT 028
ASTML(T) o ZWIINC(T) CPS(T)+STDPLA(T)» WOoUT n29
GSTPTRL(7) oSTBETI(7)oSIRI(T)sSTRIA(T) ¢STRULA(T7)+sSTMRLIA(T)sSTULA(T) #WOUT n30
SSTOP2(T7) +STHET2(7) o SOEETA(T) 9SR2(7) +SRUZ(T) ¢ySMR2(T7)9SU2(T)sRX(7)s WOUT 031
G6STOELH(7) o STPST(7) oSETATT(7)eSETATS(T)sSETAAT(T) ¢RIWINC(T)» wWOUT n32
7 CPR(T)9STPT2A(T)oSTTT2A(7)¢STV2A(T) sSTVURA(T) s#suninns
BRSTALF2(7) oSTMF2A(T)eSITTRLI(T) «STVZ2A(T) +STTS2A(T7) +STPS2A(T) +STDENZ# RGNS anS
G(T)sSTMR2A(T)oSTTTO(T)oLJeJJoKeSTWGO(T) oSTWGY(T) e STWGIA(T) ¢STWG2 (7) *anubuns
GeSTWG2A(T) e SFLOOWSFLOL9SFLOL1ASF| 029SFLU2AWSTPSIA(T) STTSIA(T), LA A2 2L % 2

GSTPTR2(7) ¢STTTR2(T)sSIPS2(T)eSTTS2(7) sonsbann

c WOUT n36
(o PRINT OuUT FOR INTERSTAGE DATA wOuT n37
IF(SRFLAG) wRITE(6+10000) snspbaRs

10000 FORMAT (44H AN ENTRY HAS REEN MADF IN SUBROUTINE wOUT ) sanntans
8 WRITE(6s1000INAMESTITLES ICASEISCASE WOoUT n38
1000 FORMAT (1H] y20X29HNASA TURBINE COMPUTER PROGRAM/6X10A6/6X10A6/30X WOUT n39
1SHCASE 13,1He13/24X23FINTER«-STAGF PERFURMANCE//) wWOUT n40
WRITE(6¢1001)K o (STOPO(L) 0 I=LJsJU WOUT nél

1001 FORMAT (SXSHSTA 02X12KRSTATOR INLET1O0OXSHSTAGEI3elHe/4X6HDIAM 02X, WOUT né42
16F10.3) WOUT n43
WRITE(641002) (STTTO(I) v I=LJeJJ) WOUT néé

1002 FORMAT (10H TT 0e2Xes6F10.1) WOUT n4S
WHITE(6e1003) C STPTO(L) e I=LJeJJ) wWouUT né&é

1003 FORMAT (loH PT 0902X96F10,.,3) WOUT na7
WRITE(6+10064)( STALF (1) e12LJedd) WOUT n48

1004 FORMAT (lOH ALPHA (0e2Xx46F10,3) WOUT n49
WRITE(641008){( STSI(L)e1=LJsJdJ) WOUT nS0

1005 FORMAT (loH 1 STATOR9ZXs6F10,3) WOUT nS1
WRITE(641006)( STVO(L)s1z=2LJeJdd) WOUT nS2

1006 FORMAT (l0H V 0912Xe6F10.3) WOUT 0583
WRITE(641007) ( STVUO (L) o I=LUeJJ) WOUT nSé

1007 FOR~AT (1l0H VU 092X96F10.3) WOUT nS5
WRITE(6:1008)( STVLZO(L) o I3LU9JJ) WOUT aS56

1008 FORMAT (l0H VI 092X9s6F10,3) wouUT nS7
WRITE(6+1009)( STTSO(L) «ISLJsJJ) WOUT n58

1009 FORMAT (1l0H TS 092Xe6F10,.1) WOUT nS9
WRITE(6+41010) ¢ STPSO (L) s1=LJYyJJ) WOUT n60

1010 FORMAT (10H PS (Q92X+6F10,3) WOUT né6l
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WHITE(/01011) (STOENO (L) s I=LJ0JIJ)
FORMAT (10H DENS 092X46F)0.5)
WRITE(61012) 0 STMO(L) o T=L Y JJ)
FORMAT (10H M 092X46F10,5)
WRITE(641996) ( CPO(K)sl=LJeJdd)
FORMAT (10H CP DeeXe6F10,5)
WRITE(6+2000) (RV (1K) oIz JeJJ)
FORFMAT (10H RG 092X46F10,3)
WRITE(692001) (GAM{L oK) oIzl s IJ)
FORMAT (1oH GAMG 092X 4bF10.5)
WHITE (692002) (RWG(1eR)eI=LJeJI)
FORMAT (lOH RWG 092X46F10,5)
IF(ISECT.LE.3)GU TO 11013

WRITE(6+2003) ¢ STAGN (1) s 1=LYeJdJd) «SFLOO

FORMAT (l0H
WRITE(60)013)(STDPLI(I)sl=LJdedd)

FORMPAT (/5XSHSTA 12X11FSTATOR EXIT/4X6HLUIAM 12X46F1043)

WRITE(601016) (STALFE(L) e I=LJedd)
FORMAT (loH ALPHA 192X406F1043)
WRITE(6410158) (STDELAC(L) o T=LJeJJ)
FORMAT (lOH DEL A9s2X,46F10,3)
WRITE(6el01A) U STVLI(LD)eI=LJeIJd)
FORMAT (l0H V 192X,46F10.3)
WRITE(641017) (€ STVUL (D) s1z2LJsdd)
FORMAT (l0H VU 192X46F10.3)
WRITE(6e1N1R)( STVLI L) v IZLJeJY)
FORMAT (10H VZ 192%X46F10,3)
WRITE(691019)( STTS1(I)el=Lyedd)
FORMAT (10H TS 192%Xe6F10,1)
WRITE(641064)( STPS1(1)el=LJedd)
FORMAT (l0OH PS 192X46F10.3)
WRITE(641020) (STDEN1 (L) e T1=LJsJJd)
FORMAT (lOH DENS 192%x,6F10.5)
WRITE(691021) 0 STMI(D) o I=LyeJJ)
FORMAT (10H M 192X46F10.9)
WRITE(6+1022) (ZWIINC(L)eI=LJeJd)
FORMAT (10H Zwl INCo2X,46F10.9)
WRITE (6+1026) ¢ CPS(L)el=Lyedd)
FORMAT (10H CP S92Xx46F10,59)
WRITE(642999) ( CPL(K)eI=LJoyd)

FORMAT () OH CP lecXebF1l0,9)

WRITE(6+3000) (RV(2sK) oIzl JeJJ)

FORMAT (10K RG 192X46F10.3)
WRITE(6+¢3001) (GAM(2eK) s 1=LJsJU)

FORMAT (l0H GAMG 192X46F10.9)
WRITE (693002)(RAG(2eR) o I=LyUsdJ)
FORMAT (lOH Hw( 192Xe6F10,5)

WG 092X46F10,95+42X911HTOTAL FLOW oF10.5)
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IF(ISECTWLE.3)GO TO 11000 sneabuan
WRITE(6+3003)( STWGL (1) s18LJeJdJ)4SFLO] sanehasne
3003 FORNMAT (1l0H WG 192X46F10.5¢2X911HTOTAL FLOW 4F10+5) cRantane
11000 WRITE(6+1000)NAMEs TITLE+ICASEsISCASE Senadaae
WRITE(6¢1028)K(STDPIA (1) eIzl Jedy) wWOUT a91
1028 FORMAT (4X6HSTA 1A2X11FROTOR INLET]OXSHSTAGEI3elHe/3IXTHDIAM 142X, WOUT n92
16F10.3) wOouT n93
WRITE(6+1027) (STPTRY1 (1) sIsLJsdJ) wOouUT n94
1027 FORMAT (10H PTR 1A92X46F10.3) wOuUT 095
WRITE(6+41029) (STTTRI(L)eIzLJeJJ) WOUT n96
1029 FORMAT (10H TTR 1A92Xe6F10.1) wouT n97
WRITE(6+41030) (STBETL (L) e1=LJsJJ) WOUT n98
1030 FORMAT (loH BETA 1A+2X46F10,3) wouT n99
WRITE(6+41031)( STRI(1)eI=LUurdd) wWOuT 100
1031 FORMAT (10H 1 ROTOR2X46F10,3) wOouT 01
WRITE(691032) ¢ STRIA(L)sI=LJsdd) wouT 102
1032 FORMAT (1l0H R 1A¢2X46F10.3) wouT 103
WRITE(6+1033) (STRULA(L)sI=LJedd) wWOUT 104
1033 FORMAT (loH RU 1A92Xy6F1043) wouT 105
WRITE(6+1034) (STMR1A(L) eI=LJeJJ) wOouT 106
1034 FORNMAT (1l0OH MR 1A92X,6F10,5) wOoutT 107
WRITE(6¢1038)( STULA(L)sI=LJedd) wOuUT 108
1035 FORMAT (10H U 1A92X46F10,3) wWOUT 109
WRITE (692035) (STPS1A(I)yI=LJeddy spcotans
2035 FORMAT (lOH PS 1Aa32X,6F10.3) Snaobane
WRITE (692036) (STTSIA(]) sl=Ldeddy AR AL LA
2036 FORMAT (10M TS 1A92X,6F10.1) snsatane
WRITE (6+3999) (CP1A(K) v I=LJsJJ) snondens
3999 FORMAT (10K CP 1A.éXe6F10,5) tssadaan
WRITE(604000) (RV(IsK) eIzl JeJJ) LA LA AL 2 4
4000 FORMAT (l0OH RG 1A92X46F10,3) ssonbaos
WRITE(644001) (GAM(3sK)s1=LJsJIJ) sa008ane
4001 FORMAT (1l0M GAMG 1Ae2X46F10.5) tasetane
WRITE (634002) (RWG(3eK) s I=LJeJd) tanttane
4002 FORMAT (10H RWG 1A92X46F10.5) sacabans
IF(ISECTJLEL3)IGU TO 14037 enanbaan
WRITE(644003) (STWwGlA(Ll)eI=LJsJJ) SFLOYA snevdane
4003 FORMAT (loH WG 1AI2X,6F10.9e2Xs11HTOTAL FLOwW 4F10e5) senabaan
11037 WRITE(691037) (STOP2(1)elzLJeJd) sroobone
1037 FORMAT (/SXSHSTA 22X10FROTUR EXIT,/4X6HDIAM 22X +6F1043) wouT 111
IF(ISECT«LE.3)GU TO 11036 tphndans
WRITE (6+¢2037) (STPTR2 1) eI=LJed LA A L 44
2037 FORMAT (loM PTR 292X+6F10,3) YT Y I
WRITE (6¢2038) (STTTR2UI)eI=LJedN) tanadane
2038 FORVAT (lOH TTR 292X46F10,1) Senedane
11036 WRITE (6+1036) (STHET2(1)s1=LJeJ) spoatane
1036 FORMAT (10H BETA 2e2X46F10,3) wout 113
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Listing of Code (continued)

1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
10€5
206S
20€6
4999
5000
5001
5002
5003

110%3
1083

WRITE(6e1A3~) (SUNETA (L) elzLgyyd)

FORVMAT (loH VDBETAI2X 6F]10.3)
WRITE(641039)( SRZ(L)e1=LJeud)
FORMAT (10H R 2+2x,6F10,3)
WRITE(6e)040)( SRUZ(1)sI3LgsJd)
FORMAT (10H RU 292X,6F10,.3)
WRITE(641041) (0 SMR2(1)sIsLyeyd)
FORMAT (lOM MR 242X46F10.9)
WRITE(6el1042) ¢ SUZ (L) e12Lgedd)
FORMAT (10HMH U 292X46F10,3)
WRITE(641063)( RX(1)eI=2LJeJd)
FORMAT (lOM RX92X46F10,5)
WRITE(601064) (STOELH(L) s T=LJeJJ)
FORMAT (10OH OELR2Xx46F10.3)
WHITE(6+1045)( STPSI(LI)eT2LgeJJ)
FORMAT (10H PSI Pe2x,46F)1n,5)
WRITE (Ao l046) (SETATT (1) vI=LgsJJ)
FORMAT (l0H ETA TTe2X46F10,.59)
WRITE(6s 104 (SETATS (L) eIzl yeJdd)
FORMAT (lowH ETA TSe2X,6F10.9)
WRITE(ARelDGr) (SETAAT (L) v T1=LJeJd)
FORMAT (loMH ETA ATe2X46F10.5)

WRITE(6+41069) (RZWINC(L) o I=3LJeJJ)
FORMAT (10K Zwl INCe2X,46F10.5)
WRITE (6e106%) ( CPR(L)sI=Lyedd)

FCRMAT (loH CP Re2X,46F10,9)
WRITE (60206%) ( STPS2(I) eIz JedJy
FORMAT (10H PS 292X46F10.3)
WRITE (6920F6)( STTS2(1)eI=LJeddy
FORMAT (10K TS 292X46F10,1)
WRITE (694999) ( CPR2(K)sI=LJsJJ)
FORMAT (10H CP 24eXe6F10.5)
WRITE(6+5000) (RV{(4eK) e I=LJdeJJ)
FORMAT (l0OH RG 292X46F10.3)
WRITE(6+5001) (GAM{GeK) o1zl Uy JJ)
FORMAT (l10MH GAMG 292X 46F10.5)
WRITE (6¢5002) (RWG(4eR) e1=LJeJd)
FORMAT (10M HWG 292X 46F10,5)

IF(ISECTSLEL3)GU TO 11053

WRITE (6+45003)( STWG2(L) e1=LJoJuJ)SFLO?

FORMAT (10H WG 292X 46F10.5e2Xe)11HTOTAL FLOW
WRITE(6+41053) 0 STPT2A(1) s I=1LJesddy
FORMAT (1l0H PT 2A92X46F10.3)
WRITE(64105%4)( STTT2A( (1) yl=LJeddy
FORMAT (10OH TT 28¢2%x46F10,.1)
WRITE(641058)( STVPALIL) eIz Jeddy
FORvAT (loH V 2A92X4,6F10,3)
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wOouT 114
WOUT 119
WOUT 116
wWOUT 117
woutT 118
wOouUT 119
WOouT 120
wOouT 121
WOUT 122
wOouUT 123
WOUT 124
wouT 12%
WOUT 126
WOUT 127
wOoutT 128
WOUT 129
wWOuUT 130
wouTtT 131
WOUT 132
wWOUT 133
WOUT Y34
WOuUT 135
wWOUT 136
L2 X2 F%-% J
WOUT 138
LYY 2 ¥y ¥ )
#odottans
L2 XX X214
L2222 X% X )
XX 22 X% X
22 2L XY X}
L X2 2.2 %X
L X X2 2 2% -2
Sttty
LX-X-2-2. 2% 2}
LE-2-2 L 2°% -3 ]
L X-2-2- 2 2°% 1]
[ 2. X-2-2-F %X )
L2 2.2 2.%-2-3
[ X% X 2- Y 3
L XX 2 X% X
L2 X2 L2 2
WOuT 141
LY XL 2% X
WOUT 143
22 2 2-X.%- X1
wOouT 145



Listing of Code (continued)

1056
1057
1058
1089
1060
10€1
1062
1063
5999
6000
6001
6002
6003

21000
20000

WRITE(6+1056) ( STVUZALL) oIzl Jeddy
FORMAT (10M VU 2A92X46F10,3)
WRITE(6+1057) (STALF2(L)e1=LJeJdJ)
FORMAT (10H ALPHA 2A92X46F10,3)
WRITE(6+1058) 1 STMF2A(I) s I8 JedD
FORMAT (1OH MF 2892X%46F10,5)
WRITE(6+1059)( STVZZALI) eI JedU
FORMAT (loOH VL 2A92X46F10,3)
WRITE(6+41060)( STTS2A(1)eIl=LJdedy
FORMAT (1l0H TS 2A92Xx46F10.1)
WRITE(6+)061)( STPS2A(1) e I=2LJeddy
FORMAT (10M PS 2A92X46F10,3)
WRITE(691062) (STOEN2(L)e1=LJsdd)
FORMAT (1l0H DENS 2A12X46F10.9)
WRITE(6+1063)( STM2ALI) oIzLJeddy
FORVMAT (10MH M 2A+2X436F10,5)
WRITE(6+5999) (CPRA(K)»I=LJeJJ)
FORMAT (10K CP 2A42X46F10,.5)
WRITE(646000) (RV(SeK) 1=l Js JJ)
FORMAT (loOH RG 2A92X46F10.3)
WRITE(6+6001) (GAM(SeK) eIzl JeJJ)
FORMAT (1l0H GAMG 2A92X46F10.5)
WRITE (606002) (RWG(SeR) s IZLJeJJ)
FORMAT (lOH RwG 2A+2X46F10.5)
IF(ISECT4LE.3)GO TO 21000

WRITE(6+6003) (STWG2A(L) s ISLJeJJ) 4SFLO2A
WG 2A92X46F10.592Xs11HTOTAL FLOW 4F10e5)

FORMAT (1l0H
IF(SRFLAG) wRITE(6+20000)

FORMAT (1H] +45H AN EXI1 HAS REEN mMADE FRCM SUBROUTINE WOUT

RETULRN
END
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[ XYXX2 XXX}
wWOUT 147
wOotllIT 148
wWOUT 149
LYY XY X ]
WOUT 151
[ XY XX XXZX]
wOouUT 1S3
[ XY XX XX X
wOouT 185
[ XX XXX X
wOouT 157
wOouUT 158
WOUT 159
XY X XX 14
wOUT 161
[ XYY XY X}
[ YYX X XY X ]
22000 p00
(XXX X XXX}
(XY XY XS
XXX XY X}
LYY XXXy Y]
[T XX XY X ]
[ FYYX XY X
(XXX XY X}
(X2 X 2 X% X )
anntane
Secodpod
WOouT 162
wOouUT 163



Astronuclear
Laboratory

Listing of Code (continued)

SUBROUTINE PHIM(EXIsETA+TRePR) PHIM no1l
CPHIM PHIM no2
LOGICAL PREVER,SRFLAG tonptgne
COMNMON  SRFLAG YT IYY
IF (SRFLAG) wRITE(6+10000) L XYY YT L
10000 FORMAT (44 AN ENTRY mAS BEEN MADF IN SUBROUTINE PHIM ) "nBebane
A = EX[=eS PHIM n03
B = =(EXxies()ls=ETA)/2,) PHIM n04
C = ETars2,. PHIM n0S
X = (=B =SQRT(R®*#2 =gy.#a0C))/(2.84) PHIM no6
TR = ETA/(ETA=X) PHIM no7
PR = TReefX] PHIM no08
IF(SRFLAG) wRITE(6+20000) sanntane
20000 FORMAT (4SH aN EXIT HAS BEEN MADE FROM SUBROUTINE PHIM ) YY1y}
RETLRN PHIM n09
END PHIM pnlo0
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APPENDIX 111
CONTROL CARDS FOR WANL CDC-6600 COMPUTER

A. Control Cards for FORTRAN Deck Setup

JOB Card

Account Number Card
ID Card

RUN Card

LAC Card*

LG@ Card
End-of-Record Cord
FORTRAN Deck

- -~ - - - - -
- - - - - - -

End-of-Record Card
End-of-Record Card
Data Deck

~ - ~ - - - -

End-of-File Card

Example

JOB , 10.
AS77987.
ASD1097, TURBIN, 120, 75000, O1.
RUN (P,,,,,, 14000)

L@C, 75000.

LGOD .
7/8/9
PROGRAM

ooooooo

- - - - ~
~ ~ - - ~ ~

END
7/8/9

7/8/9
FALSE

~ - - ~ ~ ~ ~

ENDJJB=1.0$
6/7/8/9

* The L@OC card is required to initialize the core to zero before compilation and execution.
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B. Control Cards for Binary Deck Setup

Example

JPB Card J@B, 10.
Account Number Card AS77987.
ID Card ASD1097, TURBIN, 120, 7500, O1.
LAC Card L@C, 75000.
L@AD Card L@AD (INPUT)
EXECUTE Card EXECUTE.
End-of-Record Card 7/8/9
End-of-Record Card : 7/8/9
Binary Deck Binary Cards
End-of-Record Card 7/8/9
End-of-Record Card 7/8/9
Data Deck Data Cards

! ENDJQB = 1.0 $
End-of-File Card 6/7/8/9
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